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ABSTRACT	  

This research applied the social network approach to unveil the social structure 

underlying the members of two traditional irrigation systems (TISs) in Sonora. This 

research used two TIS case studies representing rural communities located in arid and 

semiarid lands in the Sonoran Desert region, in the northwestern part of Mexico. The 

irrigators represented a subset of rural villages where everyone knew everyone else. The 

theoretical framework in this study suggested that social embeddedness of the economic 

activities of TIS irrigators is an important factor supporting their local institutions. 

Irrigators who are socially embedded posses more social capital that help them in 

overcoming social dilemmas. Evidence of social embeddedness is theoretically 

incomplete when not related to a tangible dimension of the TIS’s performance. This 

research also dealt with the difficulty of assessing the sustainability or successfulness of a 

TIS. The results showed that the irrigators sharing a rural village are entangled in a mesh 

of social ties developed in different social settings. The most salient variable was family; 

cooperative ties within the irrigation system tend to overlap more than the expected by 

chance with kinship relationships. Likewise, irrigators had a strong preference for peers 

geographically close or those within the same irrigation subsector.  Finally, the 

qualitative part of the study did not reveal the presence of severe social dilemmas. 

Irrigators in each community have developed successful forms of local arrangements to 

overcome the provision and appropriation issues typical of common pool resources. 
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Nevertheless, the qualitative analysis revealed that there are other socioeconomic 

variables undermining the sustainability of the systems, such as migration, water 

shortages and social capacity of the systems.  

	  

Keywords: traditional irrigation systems, Sonora, common pool resources, social networks, social capital, 
social dilemmas, ERGM   
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CHAPTER	  1	  

INTRODUCTION	  

1.1 Introduction 

Arid environments cover 41% of the earth’s land surface (M.A. 2005). The use of 

arid and semi-arid lands has been seen as a way to expand food producing territories. By 

definition, arid lands have limited water for plant production. In situations where it is 

possible to relax the water constraint though irrigation, the potential productivity of arid 

lands is even higher than that of temperate zones (Standhill 1986).  

Irrigation in arid lands has arisen at the initiative of local communities or as large 

government-sponsored irrigation works. Both cases require the mobilization of social 

resources to build and maintain infrastructure. In fact, irrigation projects are suggested to 

be “natural monopolies” (Ely 1894; Goesch 2001). 

Irrigation in arid lands implies the control and management of a scarce resource 

and the appropriation of its agricultural products. At the same time, as aforementioned, 

social effort is required to sustain the productive capacity of the irrigation works. 

Therefore, irrigation creates an arena where stakeholders face the interaction of multiple 

heterogeneous interests. According to Bandaragoda and Firdousi (1992) the sustainability 

of irrigation depends not only on economic, technological, and ecological factors, but 

also on the institutional framework in which these factors interact.   
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Societies with irrigation systems in place have managed to devise institutions for 

the operation of their systems. In the case of large government-sponsored irrigation 

systems, “irrigation districts,” government bureaucracies are responsible for the 

management, administration and maintenance of those systems as well as conflict 

resolution. On the other hand, irrigation systems created from local communities’ 

initiatives, also known as “traditional irrigation systems” (TISs), are the result of a path-

dependent sequence of events, where institutions took the form of customary rules, 

traditions, rules-in-use, and so forth; instead of having designated bureaucracies, the 

administrative roles were taken by the farmers themselves. TIS probably arose from easy-

to-divert, naturally concentrated sources of water requiring only local raw materials, 

labor, and traditional technologies to build the irrigation works. 

In general, by their characteristics, irrigation systems are considered common pool 

resources (CPR). The institutions needed by them are considered a second-order CPR. 

This means that the provision of institutions by the farmers themselves, under a rational 

assumption, is an unlikely event. One reason TIS has attracted the attention of scholars is 

because, however unlikely, irrigators have devised and sustained their local forms of 

institutions. E. Walter Coward Jr. (1977) regarded these systems as “empirical arenas” of 

great theoretical significance for research.   

This research studies TIS institutional forms and the role of local social structure 

in solving the appropriation and provision problems of irrigation systems.   

      



22 
 

1.2 Problem Statement 

As mentioned in the previous section, irrigation systems require institutions to 

assure their sustainability. The absence of institutions to organize irrigators may lead to 

undesirable outcomes, such as deterioration of the productive capacity of the system.  

Irrigation institutions can be externally provided, for instance by the government, 

or may arise locally. Local forms of institutions are not visible to outsiders. Most people 

relate the word “institutions” to formal organizations such as schools, government 

agencies, and water users’ associations. Traditional irrigation systems (TIS), also known 

as small-scale self-organized irrigation systems, rely on non-formal institutions such as 

rules-in-use, traditions, and network mechanisms to overcome their social dilemmas. 

According to Messer and Townsley (2003), many development efforts with the 

poor have failed because those attempting to assist have not fully understood local 

institutions. Policy makers and government agents usually look for visible evidence of a 

formal institution, and if they do not find it, they often categorize a TIS as “not 

organized.” 

This study deals with institutions through social network mechanisms, which are 

also known as “network governance” or “social embeddedness of economic activity.” 

Social embeddedness is an even more invisible institutional form because it exists only in 

the social relations among a group of people. 

The operation and management of a TIS requires the interaction of irrigators. In 

addition to that, farmers in a TIS typically share multiple social contexts, so farmers are 
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socially embedded in multiple networks of relations. Any form of economic exchange, 

whether related or not to the irrigation system, is “entangled” with other relations, 

making economic decisions contingent on other social ties. Therefore, social 

embeddedness constitutes a form of social capital supporting the functioning of the 

irrigation system. 

1.3 Objectives 

Considering the problems stated above, the primary objective of this research was 

to demonstrate that cooperative relations among irrigators of TISs are socially embedded. 

Social embeddedness was assessed by unveiling the network’s mechanisms that affect the 

willingness to cooperate among a group of irrigators.  

To accomplish this objective, research was conducted in two case studies of TISs 

in two rural communities: “Rancho Viejo” and “General Mariano Escobedo”, both 

located in the northwestern state of Sonora, Mexico (Figure 1.1). In each case, 

dimensions related to organizational, agroecological, socioeconomic, and irrigation-

system functioning were described to assess the sustainability of each system. 

This study did not directly test the relation between “social embeddedness” and 

“sustainability of the irrigation system”; instead it just unveils the presence of economic 

exchanges that are embedded in other important social ties. Theory argues that this mesh 

of social relations conditions economic exchanges, challenging the assumptions 

supporting the appearance of social dilemmas. 

Summing up, the objectives of this research were: 
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1) To unveil the underlying social structure of two groups of TIS irrigators. 

2) To assess the factors affecting the TISs’ sustainability. 

 

Figure 1.1. The general location of the two case studies in Sonora, Mexico. 

1.4 Relevance of the Study 

This research is of interest to both policy makers and scholars working with the 

governance of CPRs. It has become a truism that resources held in common are 

vulnerable to overexploitation (Berkes et al. 1989). Moreover, for a long time scholars 

and policy makers were attached to the idea of Hardin (1968) that CPRs users would 

inevitably fall into a social dilemma.  
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Policy makers suggested many solutions to avoid the overexploitation of CPRs. 

For instance, a commonly suggested policy was the privatization of the CPRs such as 

“tradable water rights” (Rosegrant et al. 1995); Rosegrant and Gazmuri 1996). A strong 

government regulation, also known as the “state solution,” implied that external coercion 

was necessary to make individuals achieve their common interest in a group (Sarker and 

Itoh 2001). These solutions first implied the difficulty of devising market mechanisms to 

autoregulate the exploitation of a resource, and secondly required the dependence of 

irrigators on government bureaucracies and institutions.  

 The idea of the inescapable fate of CPR users gradually changed as scholars 

looked at cases around the world where resource users had become self-organized with 

almost no external help, and it was also documented that these users had been exploiting 

their resources for a long time in an apparently sustainable way (Feeney et al. 1990).  

For policy makers and government agents involved in the management of water 

for irrigation, the potential need for robust organizations of irrigators has been 

highlighted worldwide as a consequence of the process of transfer of the irrigation 

districts from the government to the irrigators. In the literature there are documented 

cases for Turkmenistan (O’Hara and Hannan 1999), Turkey (Svendsen and Murray-Rust 

2001), India (Meinzen-Dick et al. 2002), South Africa (Kamara et al. 2002), Bulgaria 

(Theesfeld 2004), Nepal (Bhatta et al. 2005), Indonesia (Pasaribu and Routray 2005) and 

Pakistan (Latif and Tariq 2009).  In Mexico, the adoption of economic neoliberal policies 

(Martin 2005) put decentralized governance of water resources as a centerpiece of 
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Mexico’s neoliberal reform strategies (Wilder and Romero 2006). These reforms put 

forward a government withdrawal from the irrigation districts. The government required 

the formation of water users’ associations with legal standing to “receive” the irrigation 

infrastructure and take charge of its management and maintenance.  

Also, government agents involved in rural development face the challenge of 

creating incentives for the farmers to take over the operation and management of newly 

developed irrigation works (for an interesting case study, review Mathieu 1992.) 

The governance of CPRs has attracted the attention of many scholars. For 

instance, Wade (1987) implied the importance of knowing which factors increased the 

likelihood that peasant villagers would be able to sustain locally based rules of restrained 

access to CPRs; Meinzen-Dick et al. (2002) considered under which conditions users are 

most likely to be organized and take part in irrigation management; Kähkönen (2002) 

studied the role of social capital in the delivery of water and sanitation, and attempted to 

explain the circumstances in which collective action among irrigators is likely to be 

successful; Vant (2007) studied the level of ease and the values of cooperation within a 

water user’s association; Carlsson and Sandstrom (2008) considered the question of what 

kinds of social structural features were likely to facilitate well-performing co-

management systems, but they limited themselves to a theoretical analysis;  Prell et al. 

(2008) studied which characteristics of social networks increased the likelihood of 

collective action; Bodin and Crona (2009) studied how social structures, created by 

pattern of relations, enhanced or hindered natural resources’ governance initiatives; and, 
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last but not least, Ostrom (1990) identified, across case studies, eight design principles or  

enabling conditions that should be present in order for successful CPR management to 

occur within institutions (Agrawal 2002). Adherence to these design principles has been 

the theoretical framework guiding many case studies research efforts (Ostrom and 

Benjamin 1993; Sarker and Itoh 2001; Quinn et al. 2007). 

The research reported here has the potential to help the policy makers and 

government agents interested in the organization of irrigation system users to visualize 

and understand local forms of institutions occurring though social network mechanisms. 

Government should not displace or “crowd out” local forms of CPR governance; instead 

it should enhance and harness local institutions to its development purposes. 

In the scholarly realm, this research contributes to the body of case study literature 

and adds empirical evidence of a tangentially studied dimension of the CPR’s 

governance: “social embeddedness.”  Finally, most of the empirical evidence supporting 

the accepted theory in CPR governance has come from case-study research. As 

acknowledged by Basurto and Ostrom (2009), despite the uniqueness of each case study, 

the problem comes from assuming that there are no commonalities across cases that can 

be the foundation for theoretical analysis, explanation, and diagnosis. 

1.5 Research Questions and Hypotheses 

The causal construct of “social embeddedness” and “sustainability of TIS” 

imposed the necessity of a mixed-methods research design. Qualitatively, the study 

gathers evidence on multiple dimensions designed to answer the central research question 
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of whether or not, or to what extent, a given TIS can be considered as a sustainable 

system. Quantitatively, the study looks at the irrigators’ social networks to unveil factors 

influencing network topology and the endogenous network effects on cooperation or the 

likelihood of collective action among irrigators. 

The qualitative part of the research deals with the difficulty of operationalizing in 

a single variable the sustainability of an irrigation system. The qualitative analysis was 

designed to demonstrate that there was no direct relationship between a successful case 

study and successful local institutions. A successful case understood as a sustainable 

irrigation system was expected to be affected by many variables. Two central research 

questions were addressed: (RQ1.1) How successful have the local forms of institutions of 

TIS been in overcoming the appropriation and provision issues arising from the use of a 

CPR? In this case, the CPR is the irrigation system. A second research question was: 

(RQ1.2) What TIS’s socioeconomic and contextual dimensions are affecting the 

sustainability of the irrigation system?  

The objective of the first methodological approach was to provide a fairly accurate 

picture of each case study, and in lieu of having them categorized as “sustainable” or not 

by the author, the reader is given information to make his/her own judgment. 

  The quantitative part of this dissertation follows two strategies described below. 

 

 



29 
 

1.5.1 First Quantitative Strategy   

The members of a TIS are usually a subset of a rural village. This village 

represents a common social setting and foci of activities where different forms of social 

ties, especially kinship relationships, have evolved over time. The abundance of relatives 

(family) among a group of irrigators limits the potential ties from which any other social 

network might be derived (such as “cooperative network”); this effect was defined by 

Wong et al. (2006) as “baseline homophily.”  

The first quantitative approach uses a data-mining strategy designed to unveil an 

irrigator’s social embeddedness by exploring the usefulness of a list with the names of the 

irrigators to derive a kinship network. This methodological approach was possible 

because in Mexico a person’s two surnames are formed following a patronymic naming 

convention putting the father’s paternal surname first and the mother’s paternal surname 

second. Using irrigators’ surnames made it possible to construct a “proxy network” for 

kinship relationships.  

I argue that family is the main relation driving multiple relations (“multiplexity”) 

among irrigators. Family ties are widespread within the irrigator’s community, forming 

an important “baseline” for hemophilic ties. Therefore, the research question 2.1 is: 

(RQ2.1) Is this “proxy network” a good representation of the kinship ties among 

irrigators?  From this research question two hypotheses were derived: 

Hypothesis 1.1: A proxy kinship network derived from a membership list of TIS, 

where persons sharing at least one surname are considered as “direct family,” results in a 
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“good” approximation of (or presents a “substantial agreement” with) the real family 

relationships present among the members of it. 

Hypothesis 1.2:  Using a proxy kinship network derived from a membership list of 

the TIS, it is possible to create a Markov dependence graph to derive a valued network 

for direct and extended family resembling a “good” approximation of (or presenting a 

“substantial agreement” with) the real family relationships present among the members of 

it. 

Definitions and technical aspects of these hypotheses are discussed in depth in the 

methodology chapter. 

1.5.2 Second Quantitative Strategy 

Kinship ties represent just one factor driving the network’s configuration. The 

second quantitative strategy to unveil social embeddedness creates a dependence graph as 

a way to systematically put together network mechanisms that affect the formation of 

cooperative ties among irrigators. 

The second quantitative strategy represents the core analysis of this dissertation.  

This analysis intended to respond several research questions: (RQ2.1) Are the irrigators 

structurally (socially) embedded?  (RQ2.2) What variables are influencing the formation 

of cooperative relations?  (RQ2.3) Are the ego-networks surrounding each irrigator 

conditional on social proximity (“propinquity”)? (RQ2.4) Are cooperative relations 

dyadic or network embedded? 

The set of hypotheses derived from these research questions were:  
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Hypothesis 2.1: Random distribution of cooperative relationships as a global null 

hypothesis, so the mapped network structure does not govern ties’ preferences. 

Hypothesis 2.2: Family homophily is a salient factor in the formation of partners’ 

ties, and consequently any structural effect is more likely to affect the formation of 

partners among irrigators if they are also relationally tied as family. 

Hypothesis 2.3: “Ego-networks” surrounding each irrigator within the 

organizational boundaries are conditional on geographic proximity. That is, the closer 

two users are, the more likely that they nominate each other as a partner. 

Hypothesis 2.4: The likelihood of partner formation between two irrigators 

exhibits strong extra-dyadic interdependencies. Dyadic relations are embedded on triadic 

or larger structures. 

The dependence graph allows the testing of the influence of many attribute 

variables in the formation of cooperative ties. These factors were incorporated into the 

model as control variables.  

1.6 Dissertation outline 

This dissertation is organized into seven chapters. Chapter 2 focuses on three 

important points for this research: (a) the definition of traditional irrigation systems 

(TISs) in the context of the area of study; (b) the importance of government participation 

in the irrigation sector; and (c) the sustainability of irrigation systems, particularly the 

difficulty of categorizing a case study as either a success or failure. 
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Chapter 3 presents a literature review to establish the features of irrigation systems 

that categorize them as common pool resources (CPR). This chapter theoretically relates 

irrigation systems as CPRs to the necessity of institutions to overcome the social 

dilemmas of CPRs, and also discusses the importance of non-formal institutions such as 

rules-in-use and customary law, and particularly social embeddedness. Social 

embeddedness is defined and discussed in this chapter and some of its structural 

dimensions are presented. 

Chapter 4 gives a detailed description of the research design and procedures for 

data collection. Also, the limitations and assumption of the data are discussed. The 

methodology is divided into two parts: a qualitative section and a quantitative part. In 

addition, the quantitative part is subdivided into three independent analyses. Each part 

reviews the research questions and specifically relates each hypothesis to its test 

procedure. 

The results of the analysis are divided, with Chapter 5 addressing the qualitative 

part and Chapter 6 addressing the quantitative part. 

Finally, Chapter 7 integrates the results from the preceding three chapters and 

gives a summary and conclusion. The dissertation is concluded with recommendations 

for future research.    
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CHAPTER	  2	  

TRADITIONAL	  IRRIGATION	  SYSTEMS	  IN	  SONORA	  

2.1 Introduction 

The Mexican state of Sonora is characterized by its aridity; 94% of its area is 

classified as either arid or semi-arid land. In these drylands, agriculture, as a reliable 

source of food, is only possible through irrigation. Along the western half of the state of 

Sonora, large tracts of the most arid lands were converted to large irrigation districts that 

were sponsored by the government from 1930 to 1992. These irrigation districts were 

responsible for the economic development of the state and their neighboring 

communities. In fact, the Yaqui River district is considered the cradle of the “Green 

Revolution.” Many small-scale irrigation systems belonging to rural communities are 

scattered along the floodplains of the main ephemeral rivers along side the geographically 

delimited irrigation districts. These systems did not enjoy a continuous governmental 

presence and their characteristics are heterogeneous and dependent on particular historic 

and contextual factors. These small-scale irrigation systems constituted the object of 

study of this research.    

 This chapter starts with a brief geographical description of the region of study, 

emphasizing its aridity. It presents graphically the evolution of the area planted either 

under irrigation or dry-farming, then discusses three important aspects of irrigation 

systems: 1) the definition of traditional irrigation systems (TISs) in the region of study;  
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2) the participation of government in the irrigation sector; and 3) the categorization of 

TISs as successful or sustainable. 

2.2 The State of Sonora 

The region of study consists of the state of Sonora, located in the northwest of 

Mexico (see Figure 2.1b). The population in 2010 was 2.6 million people and, according 

to INEGI (2010), 14% were living in rural areas (places with population < 2,500). 

Despite the many cities along the border with the United States, most people live in the 

cities near the large irrigation systems (see Figure 2.3).  

As previously noted, a defining characteristic of the state of Sonora is its aridity. 

The state is dominated by the transborder Sonoran Desert, which extends along the 

coastline and eastern half of the state into southern Arizona. As shown in Figure 2.1a, 

most of the area is categorized as arid (46.5%) or semi-arid (48%) land in the Köppen 

climate classification system (INEGI 1992).  Agronomically, this implies water is the 

most restrictive factor affecting agriculture production.  

Despite the aridity of the state, a considerable area of land is under the dry-

farming system (Figure 2.2). Dry farming presents more variability, both with farmers’ 

decision-making about how many acres to plant and with the percentage of harvest 

failures due to weather-related events. As shown in Figure 2.2, almost one out four 

hectares of dry-farming on average was reported as a harvest failure. In contrast to dry-

farming, irrigated crop land has a much lower rate of harvest failure, with expected losses 

averaging about 2%.   
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Figure 2.1a) The climate of Sonora according to the Köppen climate classification system 
(INEGI 1992); b) The location of the state of Sonora in Mexico.  

 

Figure 2.2. Cropland planted in the state of Sonora from 1980 to 2009 divided into a) 
irrigated and b) rainfed (data taken from OEIDRUS-Sonora www.oeidrus-sonora.gob.mx).  

 



36 
 

Therefore, in the arid and semi-arid state of Sonora, irrigation represents a means 

of securing production against the vagaries of weather. In Sonora, irrigated land includes 

two different administrative forms of irrigation: the aforementioned irrigation districts 

(IDs), averaging 506,000 hectares; and the irrigation units with 128,000 hectares (see 

Table 2.1 and 2.4). In the next section, the differences between these two forms of 

irrigation systems are explained.   

2.3.0 Irrigation Systems in Sonora 

In Mexico irrigation is categorized into two groups: irrigation districts (IDs) and 

irrigation units (IUs).  

2.3.1 Irrigation Districts 

In Sonora, the IDs were government initiatives to reclaim large tracts of arid, 

underdeveloped lands located along the coastal desert plains. Large dams and canals were 

built by the federal government to assure a water supply for irrigation of these lands. 

Henderson (1965) mentioned that in the northwest of Mexico (including Mexicali, which 

is not located in Sonora) there were only 126,000 hectares of farmland in the major 

irrigated areas in 1926, but by 1963 the area under irrigation had increased to 850,000 

hectares.  

Sonora has seven IDs (Table 2.1). IDs are easy to distinguish from IUs because: 

they were created by a presidential executive order published in the federal official 

gazette (Diario Oficial de la Federacion); they have definite geographic boundaries; and 
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until 1992, the government managed them. Figure 2.3 shows the location of the seven 

irrigation districts. 

Table 2.1. Irrigation Districts in the state of Sonora 

ID 
number Irrigation District Area irrigated by 

pumping (ha) 
Area irrigated 

by gravity 
flow (ha) 

Total area 
irrigated 

(ha) 
014 Rio Colorado 22,765 0 22,765 
018 Colonias Yaquis 0 22,800 22,800 
037 Caborca 32,295 2,380 34,675 
038 Rio Mayo 0 96,871 96,871 
041 Rio Yaqui 0 249,415 249,415 
051 Costa de Hermosillo 55,942 0 55,942 
084 Valle de Guaymas 23,928 0 23,928 

  
134,930 371,466 506,396 

Source: Comision Estatal del Agua, Presentation February 21, 2008 
url: http://www.azwaterinstitute.org/media/Binational/Ulloa%20presentation.pdf  

 

 

Figure 2.3. Map showing the location of the seven irrigation districts in Sonora and isohyets 
(adapted from CNA [2008]). See Table 2.1 for description by ID numbers shown here. 
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2.3.2 Irrigation Units 

Despite the fact that just 20% of the irrigated land in Sonora is under the IU form, 

almost half (46%) of the irrigated land of Mexico is under this category.  

The official name of IUs is URDERAL a Spanish acronym for “irrigation units for 

rural development.” URDERAL is an administrative concept created to include small-

scale irrigation systems not included in IDs. The term appeared first in the 1972 Federal 

Water Law as a figure created with the assistance of the Secretariat of Hydraulic 

Resources (SRH), and it was defined as a group of rural irrigators associated to secure the 

maintenance, conservation and management of an irrigation system. In 1977 the SRH 

was merged with the Secretariat of Agriculture and Livestock to form SARH (Secretariat 

of Agriculture and Hydraulic Resources), which had a special office to deal with the IUs. 

IUs were attended by SARH until 1986, when they were passed on to the CNA1 (National 

Water Commission).  

Silva-Ochoa and Quijada-Uribe (2000) noted that the apogee of IUs in Mexico 

occurred during the 1970s. I argue that it was due to two important factors. First, SRH 

(and then SARH) was the federal agency with the most presence in the rural communities 

compared to any other federal or state agency. For instance, despite the fact that the 

neoliberal policies have reduced the number of staff within this agency, it still maintains 

192 regional offices in addition to the state headquarters. Moreover, regional offices have 

another 713 branches located in rural communities all over the country. Silva-Ochoa and 

                                                
1	  The acronyms are based on the Spanish names. 
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Quijada-Uribe (2000) pointed out that during the 1970s there was one agricultural 

extensionist for each 1,500 hectares. Second, during the presidential terms of Luis 

Echeverria Alvarez (1970-76) and José Lopez Portillo (1976-82), the government made it 

a priority to develop programs to help ejidos2 and rural peasants. For instance, Lopez 

Portillo used the 1976-1981 oil-boom to establish the Mexican Food System, a program 

designed to make the nation self-sufficient regarding food production. Finally, scholars 

agree that the period before the 1970s exhibited a strong bias to support the large IDs at 

the expense of small-scale rural irrigation systems.  

The government has paid little attention to IUs since 1987. In fact the actual 

census of IUs is a compilation of various other records collected by SARH (Coronado-

Peraza 2007). According to this compilation, there were 925 IUs in the state of Sonora 

(CNA 1999). This census does not provide any criteria for including of an irrigation 

system in the list. 

Similarly, the National Water Law of 1992 does not provide a precise definition 

for irrigation units. For instance, Section 58 of this law mentions only that rural farmers 

are allowed to freely form associations to secure the provision of water for irrigation.  

                                                
2	  “Ejido” is a type of land tenure. There are many definitions of “ejido,” but I agree with Dayton-Johnson 
(2000) that Stephen’s (1997) definition gives a good explanation: “Ejido refers to agrarian reform 
communities granted land taken from large landowners as a result of the agrarian struggles during the 
Mexican Revolution (1910-1917) … Such land is held corporately by persons who make up the ejido. 
Originally ejido bestowed use rights on a list of recipients, while the state retained ultimate property rights. 
Ejido land could not be sold or rented, but holders could pass their use rights on to relatives. As a result, 
many families have worked the same parcels of land for several generations. In 1992, changes amending 
Article 27 of the Mexican Constitution made it possible to privatize ejido land following a complex process 
of land measurement, certification, and individual titling.” 
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Since 2005, the Sonoran state agency in charge of water policies, CEA (Water 

State Commission), started to update the IU census for the Sonoran and San Miguel 

rivers. Apparently the criteria for inclusion were different (more liberal) from those used 

in the CNA (1999) compilation, because the numbers the Sonoran agency got did not 

match the CNA’s (1999) list. 

From the definition of IUs found in the 1992 water law, two important factors are 

highlighted: “rural farmers” and “association.” That is, IUs involve rural spaces and 

communal usage of water and irrigation infrastructure. But interviews with state and 

federal officials revealed that the term was used generically to include any irrigation 

system not located with an irrigation district. 

In the next section I argue that IUs as defined by the law must include all 

traditional irrigation systems (TIS), but that not all IUs can be considered a TIS. 

2.4.0 Traditional Irrigation Systems 

The Merriam-Webster Dictionary (2011) defines “tradition” as the continuity in 

social attitudes, customs and institutions. Also, the concept presupposes some sort of 

informality where these norms are passed on by word of mouth or by example from one 

generation to another without written instruction. Therefore, TISs involve a time 

trajectory (continuity) and informality in their level of management and technology. The 

forms of institutions they take locally are likely to be the result of institutional bricolage 

designs. 
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Besides the traditional dimension of the TIS, there are other features typical of 

these systems. As previously noted, IUs represent a broader concept that should include 

all the TISs, but the reality is that the IU is a loosely defined concept created by the 

government. Table 2.2 presents a non-exhaustive list of features of TISs that 

encompasses the sense of rurality, commonality, and traditionalism in technology and 

institutions.    

Table 2.2. Features of traditional irrigation systems 

Characteristics 
a) Geographically clustered 
b) Small-scale in terms of aggregated irrigated area 
c) Irrigators live in a rural village and are a subset of its population 
d) No commercial crops. Agriculture forms part of their livelihood 

strategies 
e) Self-organized. Minimal government intervention and no 

professional staff for the management and operation of the system 
f) A group of irrigators collectively uses the irrigation infrastructure 
g) Non-formal organization 
h) Irrigation works are a patchwork of locally built structures combined 

with more sophisticated and expensive structures 
i) The hardware and soft (know-how) technology required to maintain 

and operate their systems is within their economic means 
(affordable) 

j) Tradition or path-dependency 
          
Under the criterion of Table 2.2, an isolated, small-scale system owned by a single 

person would not be considered a TIS. But perhaps a geographically clustered group of 

independent small-scale irrigators living in a rural town might be considered a TIS. These 

examples manifest the difficulty of integrating a list of IUs and/or TIS. 
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2.4.1 TISs in Sonora      

The previous two sections stated that the best proxy available for TISs are IUs, but 

with the reservation that the Mexican law and agency officials have no clear and unified 

definition of IUs. Therefore, it is likely that some TISs are not considered IUs.  

If recording the simple existence of the IUs is a hard task, gathering information 

about the creation of irrigation units is even more challenging, requiring a case-by-case 

approach. Some IUs were created as small-scale reclamation projects, and they are no 

more than a generation old so their inception still resides in irrigators’ memories. But 

other IUs have a history that extends back to the prehispanic era. For instance, Doolittle 

(1984) noted that on some of the currently irrigated lands, present-day irrigation 

technology, involving gravity flow and a network of distribution canals, is likely to be 

similar to that used under the colonial system. In some cases, it is not much different 

from the technology used by the indigenous people (Doolittle 1984). The author studied 

evidence of floodplain irrigation in the Serrana, or the western foothills of the Sierra 

Madre Occidental in eastern Sonora, using historical documents of observations recorded 

by early explorers and missionaries. The documents described the Sonoran River Valley 

as a breadbasket and the comments implied a full year agricultural cycle (i.e., double 

cropping). This suggests that some IUs have evolved from these ancient systems. 

The path-dependence evolution of IUs explains the fact that they commonly 

employ traditional technologies. Carter and Howsam (1994) pointed out that small scale 

irrigation systems tend to adopt a level of technology that its users can operate and 

maintain, so having a locally manageable technology reduces the number of exogenous 
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threats to their systems’ sustainability. It is likely that these local irrigation systems used 

local materials to build their infrastructure; for instance, Nabhan and Sheridan (1977) 

described the use of living fence rows in the San Miguel River in Sonora to maintain, 

extend, and enhance floodplain fields.   

Another important feature of IUs is “communality.” For instance, most IUs 

involve a single rural community where irrigators are a subset of a rural village. Farmers 

living in the same village share many other challenges, traditions, social spheres, etc. For 

an ethnographic analysis of a rural community with an irrigation unit, review Sheridan’s 

(1988) book, in which he dedicated one chapter to describing the operation of the 

Cucurpe’s irrigation system. A thesis (Coronado-Peraza 2007) of the College of Sonora 

(Colegio de Sonora) in Hermosillo reported in the study of 63 irrigation units located 

along a segment of the Sonoran River in the municipalities of Huepac, San Felipe de 

Jesus, Aconchi, and Baviacora; each municipality has a rural village that concentrates 

most of the county’s population. I could mention other examples of small rural towns 

having one or many irrigation units, but that is not within the scope of this research.  

In addition to sharing a common rural village, irrigators in IUs usually are 

members of an ejido or bienes comunales landholding, among other common affiliations. 

Irrigated land involves either small private property or an ejido. The latter is considered 

“respected property,” implying that despite the fact that they do not have a “property 

title,” they treat it as if they did. Nowadays, it is common to find portions of this 

“respected land” as parcelada (parcel) and with a “parcel certificate.” 
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To add even more heterogeneity to the IUs, the characteristics of the irrigation 

units in terms of area, users, and mean plot are summarized in Table 2.3. 

Table 2.3. Main characteristics of the Irrigation Units in Sonora (CNA, 1999)  

Characteristics Mean SD Min Max 
Irrigable land (hectares) 138.4 226.6 1 2574 
Number of users 27 47 1 863 
Mean plot (hectares) 14.9 23.1 0.1 200 

 
The amount of irrigable land had a standard deviation about 64% higher than the 

mean itself (Table 2.3), suggesting a high degree of variability. The number of IUs by 

each of the six Sonoran (hydrological) river basins and the average planted area is shown 

in Table 2.4.  

Table 2.4. Irrigation Units by River Basin in the state of Sonora 

River Basin UDERALES 
(number) 

Average planted 
area (hectares) 

Water used 
(hecto m3) 

Water from 
wells 

Sonoyta River 79 9,643 155 98.06% 
Concepcion River 172 27,813 384 66.93% 
Sonoran River 199 35,263 434 68.43% 
Matape River 57 11,426 152 54.61% 
Yaqui River 241 27,196 152 54.61% 
Mayo River 177 16,781 1795 62.40% 
Total 925 128,122 3072   
Source: CNA Website http://www.conagua.gob.mx  (accessed May 2, 2011) 
 
Most of the IUs in Sonora have adopted traditional forms of organization and 

irrigation technologies. Organizational activities are carried out by the farmers 

themselves, without external aid. Moreover, IUs are a patchwork of traditional 

rudimentary technologies combined with recent improvements added in discrete events. 



45 
 

Finally, irrigation units are associated with a rural lifestyle, with peasants 

cultivating small plots of land, and with a sense of community. On the other hand, 

irrigation districts have irrigators who extend their social life into large cities; moreover, 

IDs institutional roots have been, until recently, in government bureaucracies.      

2.5. The Role of Government in Irrigation 

In contrast with large irrigation districts (see section 2.3.1), TISs have been 

systems requiring minimal government intervention, and so much of the scholarly interest 

in them resides in the assumption that they are sustainable. This sustainability is 

attributed in part to the ability of irrigators to craft their local institutions with almost no 

external assistance.  

The objective of this section is to emphasize that, despite the fact that TISs have 

been autonomously managed and that the government generally is transferring the 

maintenance and management of large irrigation districts to the irrigators, irrigation 

efforts either as TISs or large irrigation districts will continue to be a social concern 

receiving government assistance. 

I offer a non-exhaustive list of arguments aimed at justifying the government 

intervention in the irrigation sector; among them I mention: 

• the development of arid lands, that is, putting arid lands into a more productive 

use; 

• the sentiment of irrigation development as a welfare policy;  

• the control of water as a source of political power; 

• the need for an integrated management of water resources; and 
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• food self-sufficiency policies.  

2.5.1 Development of Arid Lands 

The first arguments are related to the public interest of putting arid lands to more 

productive use and the large investments required to do so with irrigation that are 

unaffordable by individual farmers. Irrigation in arid lands has been an important 

development policy.  

The need to expand the cropland frontier onto arid lands and the public interest in 

these projects links the first two arguments of the government participation in the 

irrigation sector. In the next section, I use as an example the case of the United States to 

illustrate the first two arguments. 

2.5.2 Irrigation as Welfare 

In the realm of the western expansion of the United States, Haynes (1902) talked 

about vast tracts of vacant public land, desert-like in character, where their utilization 

depended upon irrigation to supplement the scant or absent rainfall. Localities where 

water was easily diverted had been already taken up by the pioneers, he implied, while 

the larger works necessary for less accessible localities would require an investment 

beyond the reach of the ordinary settler. He suggested that it would be in the interest of 

the public at large in the nation to have all potential agricultural lands utilized. Elwood 

Mead (1903) pointed out that the obstacles that must be overcome to construct the 

irrigation works are sometimes too serious for men of limited means, whereas men who 

have enough money to succeed do not care to incur the hardships of this enterprise.        
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2.5.3 Control of Water as a Source of Political Power 

In the same scenario, Mead (1903) described how private investments in ditches 

and irrigation works were made by corporate irrigation enterprises which sold bonds to 

secure the necessary money (Whitbeck 1919) to make them self-supporting enterprises. 

Ditch owners in the private sectors believed that water rates should be high enough to pay 

an interest on their investments and also to pay a rent, and operating and maintenance 

costs. On the other side, farmers (usually poor homesteaders) wanted water rates low 

enough to enable them to cultivate their land at a profit. Up to this point, everything 

makes sense economically; but the conflict shifted the issue into the realm of political 

economy, since farmers as a whole had more political influence locally compared to the 

corporations, which were usually foreign. As a result, the canal companies had to yield. 

This situation obviously discouraged private investment. This discussion takes us to the 

third argument, the control of water as a source of political power. 

An alluded reason for government participation has been the fact that irrigation is 

politically significant as a source of power and leverage in local, regional, and national 

political arenas (Kelly 1983). Canal bureaucracies usually have a lot of discretionary 

power, because they are responsible for rationing an input that is valuable (especially in 

arid lands) among competing users (Wade 1982). There is also a debate about whether 

the control of water nurtured the political power balance of ancient “hydraulic societies” 

or whether the state’s coercion was required to assure everyone’s participation in 

maintaining the system.  
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2.5.4 The Need for Integrated Management of Water Resources 

But the derivation of “political power” from the management of water resources as 

a general rule seems to be a “by-product” more than an end in itself. Hutchinson and 

Herrmann (2008), referring to the 1954 book “The Future of Arid Lands” edited by 

Gilbert F. White, noted that applying the system’s approach to land management was in 

its infancy, and did not gain a firm foothold in general consciousness until the 1960s and 

1970s. Nowadays, scholars are familiar with terms such as “watershed management,” 

“integrated management,” “holistic management,” etc. Since then, the presence of 

government has been suggested to manage large systems. John Wesley Powell suggested 

this in a report, as cited by Alston (1978): “Powell recognized that if rights on small 

streams were allowed to be taken without consideration of the use to which the more 

important large streams would be put, there would be an undue waste of water. He felt 

the necessity to suggest the control of such use through government agencies.”  

2.5.5 Food Self-sufficiency Policies     

Finally, policies to promote agricultural self-sufficiency at the national level have 

prompted large governmental investments in irrigation works around the world. 

“National food security” is used by some to mean “self-sufficiency,” i.e. the country 

produces the food it needs or that which its population demands (Pinstrup-Andersen 

2009). The scenes of famine (the worst-case scenario induced by food insecurity) caused 

by severe Sub-Saharan African droughts (Lamb 1982; Dos Santos and Henry 2008) and 

the possibility that exporting countries might suspend food exports in pursuit of a non-

commercial foreign policy objective (Paarlberg 1980) highlighted the precariousness of 
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many nations’ food systems and triggered governments to follow policies to secure their 

domestic food needs. For example, as a result of severe droughts in 1978 and 1979 that 

coincided with the US grain embargo of the Soviet Union, Mexico sensed a strategic 

weakness in its dependence on the US for a large fraction of its basic food supply. As a 

result, the Mexican Food System (Sistema Alimentario Mexicano) was launched in 1980. 

The program aimed to reach grain self-sufficiency (Hall and Price 1982).   

Hillel (1997) pointed out two important factors threatening food security: 

population growth, and change in climate. Climate change scenarios are generally 

pessimistic for the irrigation sector. Even without the negative effects of global warming 

most social models project increased pressure on food production due to the increase in 

population.  

To summarize these general ideas concerning the participation of government in 

the irrigation sector, I conclude that government, as a representative of the public at large, 

still has good reasons to invest in irrigation infrastructure. 

 Additionally, the case of small rural irrigation systems is very peculiar, since 

much of the investment required to construct and maintain their irrigation infrastructure 

are far beyond their financial capacity. Irrigators of TIS will continue to lobby for 

subsidies and support to improve and maintain their irrigation works. 

2.5.6 The Actual Role of Government in Irrigation Units 

In the past when IUs were the charge of the SARH agency, most of them received 

organizational and technical assistance. As previously noted, SARH (now the Ministry of 



50 
 

Agriculture, Livestock, Rural Development, Fisheries, and Food, or SAGARPA for its 

acronym in Spanish) had (has) an extensive network of regional offices. Agent officials 

often attended the meetings of water users’ associations and provided guidance and 

assistance in their organizations. This agency was and continues to be responsible for 

gathering records of the area of land planted, harvested, and so forth. Many of the 

agency’s functions are intrinsically related to the agricultural activities of the IUs. 

Now, SAGARPA is concerned only with the agricultural activities of the IUs; the 

organization, regulation, and infrastructure improvements and maintenance concerns 

were passed to the CNA (National Water Commission), a federal agency, and the CEA 

(Water State Commission), a state agency. These two agencies together have a staff of six 

people to attend to the entire state of Sonora and they run two important programs aimed 

at IUs. 

One of the programs is designed to improve the irrigation systems through the 

adoption of modern technologies and to improve the common infrastructure. The other 

program claims to formally organize the IUs and promote an entrepreneurial mentality 

among farmers. These joint programs operate on a case-by-case basis, and so far they 

have worked with 22 IUs in the state.    

2.6 Sustainability in Irrigation 

Most of the research on TISs is based on “case study” methodology, and one of 

the main debates consists of defining a case as “successful.” Measuring success, either as 
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a binary categorization or as a continuous measure, is challenging for the analyst because, 

as mentioned before, TISs are highly contextualized and heterogeneous. 

Broadly, a proxy for success may be “irrigation sustainability.” Sustainability was 

defined by the World Commission on Environment and Development in 1987 as 

“meeting the needs of the present without compromising the ability of future generations 

to meet their own needs.” Le Gal (2003) recognized three dimensions of sustainability in 

the realm of irrigation systems: technical, ecological, and social. 

Technical sustainability is related to the maintenance of the hydraulic 

infrastructure in order to secure and maintain efficient water service (Le Gal 2003). Also, 

as suggested by Carter and Howsam (1994), a locally manageable (affordable) 

technology increases the likelihood that rural farmers have the resources to maintain the 

infrastructure without the need for external aid. Technical sustainability indicators consist 

of engineering variables such as conveyance efficiency, distribution design, etc.     

Ecological sustainability is related to irrigation practices that preserve the quality 

of water and soil. For example, waterlogging, salinity, soil compaction, and erosion are 

problems often related to faulty irrigation and agricultural practices that reduce the 

productivity of soils. A classical example is the decline of the Sumerian civilization of 

Mesopotamia, which is believed to be due to poor irrigation practices that resulted in salt 

build-up in the soil (El-Ashry 1995). A more recent case involves the Aral Sea as an 

example of unsustainable irrigation development. Also, seawater intrusion because of 

excessive pumping of groundwater can cause the abandonment of cropland. For example, 
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irrigation district 051 Costa de Hermosillo in the region of study (see Figure 2.3), began 

in the 1950s by extracting water from deep wells. According to Henderson (1965), 

cropland reached 130,000 hectares, but with an estimated overextraction of groundwater 

equivalent to three times the calculated recharge rate; since then, 55,000 hectares were 

abandoned because of the high salinity levels of groundwater. Steinich et al. (1998) and 

Castellanos et al. (2005) studied different dimensions of the salt-intrusion consequences 

in this irrigation district.  

The economic viability of the systems is usually measured by the cropping 

intensity or crop yields.  Cropping intensity is related to the degree of use of lands in 

terms of crops per year. External price mechanisms may influence farmers’ decisions to 

plant their fields; for instance, decisions to plant irrigation units with fodder are sensitive 

to the price of alternative feedstuffs. Ecological problems such as low soil fertility and 

poor water quality may lower crop yields, making them unprofitable. Rural-urban 

migration also affects the level of utilization of an irrigation system. It is easy to see how 

the economic viability of the irrigation system is a dimension linked to several variables 

that feed back on each other.    

Social sustainability is related to the institutional elements of the irrigation 

systems. Elinor Ostrom (1990) referred to long-enduring self-organized irrigation 

institutions to describe irrigation systems that have been operating for several 

generations. Ostrom (1990) studied characteristics of these systems in an effort to 
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account for the success of these institutions in sustaining the physical works and gaining 

the compliance of generations of users with the rules in use.   

Social sustainability may be related to the other two dimensions of sustainability –

ecological and technical – but not necessarily. Social sustainability means social capital 

in the form of network structure (social embeddedness), institutions, norms, traditions, 

rules in use, and so forth. 

In summary, the operationalization of “success” is of a multidimensional nature; 

no line can be drawn indicating the appropriate combination of favorable characteristics 

where “success” emerges (Pagdee et al. 2006). Meizen-Dick et al. (2002) implied that 

there is a selection bias in case-study literature of TISs simply because if these forms of 

local organizations are not strong, the systems fall out of service or are taken over by the 

government. In either case, there is little to write about. Also, TISs with low social 

capacity, defined as the ratio of active stakeholders to total stakeholders, might be 

unattractive methodologically and analytically. 

Generally, just by its existence a TISs is related to successful local forms of self-

organization. For a long time, scholars were attached to the Hardin’s (1968) idea that the 

destiny of the CPR users was inevitably to fall sooner or later into a social trap. The idea 

of this inescapable fate of the CPR users was gradually changed as scholars looked at 

cases involving TISs. 
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2.7 Summary 

The difficulty in defining a TIS suggested the importance of including a 

discussion of the concept in this chapter. Also, the complexity and multidimensionality of 

the assessment of the sustainable or successful performance of TISs merited the presented 

review of literature. The sustainability of a TIS is usually taken for granted and there is a 

selection bias in considering TIS as “successful” cases escaping social dilemmas. 

Analytically, it is more comfortable to work with case studies of systems that have high 

levels of social capacity and farmers’ participation. Also it is more interesting to the 

reader to learn how a group of commoners managed to successfully avoid the “Tragedy 

of the Commons” than to read about a non-successful case.  

Finally, this chapter emphasizes that one of the virtues of TISs is the lack of 

government intervention in the organization, management and maintenance of their 

infrastructure. However, the presence of government is relevant in aiding the TISs to 

improve and maintain their infrastructure; also, government representing society at large 

will continue to be interested in irrigation, given that it is the main user of water and that 

it sustains a reliable source of food production.  

In the next chapter, the theoretical concepts supporting the irrigation systems’ 

social network approach are discussed. Readers familiar with subjects such as common 

pool resources, social capital, social dilemmas, and institutions, and not interested in the 

social network analysis intricacies can skip the next chapter without much loss. 
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CHAPTER	  3	  

IRRIGATION	  SYTEMS’	  SOCIAL	  NETWORK	  APPROACH	  	  

3.1 Introduction 

The necessity of institutions for the organization and management of irrigation 

systems derives from the fact that they have characteristics of common pool resources 

(CPR), such as common property and rival consumption. Common property and rival 

consumption are arenas for “social dilemmas” preventing the emergence of cooperation 

and collective action required to overcome the appropriation and provision problems 

typical of CPR.  

Social dilemmas have an underlying “individualistic” assumption. According to 

Caporael et al. (1989), an important assumption of social dilemmas is that people’s 

choices are individualistic, selfish, and rational. Moreover, social dilemmas are based on 

“rational choice models,” which follow the dominant approach of neoclassical 

economics.  

New economic sociology challenges the orthodox economists’ view of 

individualism and mutually independent rationality. Instead, it sees economic actors as 

structurally embedded on social relations, or socially embedded.  

In the first part of this chapter, “irrigation system” is defined with special 

emphasis on its institutional elements. Then I discuss the concept of CPR, describing the 
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characteristics that make irrigation systems CPRs. The ongoing forces leading to the 

appropriation (overutilization/overextraction) and provision (undermaintenance) 

problems are defined and explained in the “social dilemma” concept. Then I proceed to 

analyze different institutional approaches, highlighting the problems and difficulties of 

the purposeful creation of formal institutions. Then I attempt to construct a critique of the 

rational choice model, providing arguments to support the non-individualistic approach 

of the New Economics Sociology. I define “social embeddedness,” regarding it as a form 

of structural social capital. Finally, I relate structural social capital as a dimension 

appropriate for representation and study through social network analysis. Social 

embeddedness is operationalized through the presence of social mechanisms.     

3.2 Irrigation Systems and Institutions 

Irrigation systems involve two important elements: hydraulic infrastructure and 

institutional elements. First, the hydraulic infrastructure implies the engineering 

techniques and physical infrastructure required to modify the spatial or temporal 

distribution of water occurring in natural channels, depressions, drainage ways, or 

aquifers, and its manipulation to convey it onto the fields. Cropland with any devise or 

infrastructure aimed at providing supplemental water to the plants beyond that naturally 

available through precipitation can be considered “irrigated land.” In contrast, non-

irrigated land, known as “temporales” in Mexico, was defined by Nabhan (1979) as “dry-

farming” to refer to agrosystems where plants depend only on “in-situ” rainfall. Second, 

the institutional element of an irrigation system relate to the fact that they usually involve 

many users, parcels, and a complex network of conveyance canals that require 
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coordination. Smell and Svendsen (1990) defined (irrigation) institutions as the rules 

governing social behavior and defining relationships among irrigators within an irrigation 

system.  

Institutions are important for irrigation systems because the latter are considered 

common pool resources (CPR). In the next section, the concept of CPR is defined and 

explained in the realm of irrigation. 

3.3 Common Pool Resources 

The concept of CPR is related to the idea of ownership and access of the 

resources. At one extreme is private property. Schlager and Ostrom (1992) mentioned 

that full owners have the whole set of property rights: access and withdrawal of 

resources, management, exclusion and alienation. At the other extreme of the spectrum is 

public property (or open access) where the owners are a group of unidentifiable 

individuals (or the public at large) and everyone has access and withdrawal rights (Cole 

2002; Eggertsson 2003). CPR lies in-between private and public property. CPR involves 

a set of multiple identifiable co-owners using a resource; co-ownership implies that they 

cannot exclude each other from using the resource but they can collectively regulate one 

anothers’ access and use (Cole 2002). Mckean (2000) defined CPR as goods that can be 

kept from potential users only at great cost or difficulty, but because they are 

substractable in consumption they are subject to deterioration.  

The first feature of CPR that irrigation systems possess is the co-ownership issue. 

Livingston (1995) defined two important aspects of irrigation systems’ necessity for co-
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ownership. First, significant economies of scale exist in the construction of irrigation 

infrastructure so individual irrigators are usually unable to transport small amounts of 

water in isolation. Second, water supplies are naturally concentrated into site-specific, 

common pools or streams. The necessity for joint effort is what constitutes the defined set 

of identifiable co-owners of an irrigation system.  

Excludability is difficult (but not impossible) in irrigation systems. It is difficult to 

exclude an irrigator from the system because its parcel is part of the larger system. 

Sometimes a segment of a canal that connects the rest of the system passes through a 

parcel, making its exclusion more difficult.  Finally, Bravo and Marelli (2008) recognized 

two elements of an irrigation system subject to rival consumption: infrastructure and 

water. 

Subtractability, or rival consumption, is an important issue in irrigation systems 

and it is present in both infrastructure and water. The possibility of non-rival 

consumption by multiple consumers is the major feature distinguishing public property 

from CPR (Aspeteguia and Maier-Rigaud 2006). For instance, the irrigation 

infrastructure has a limited capacity for water conveyance so there is a finite service time. 

Therefore the use of the system by one individual affects the timing of supply for the rest 

of the users. Additionally, in arid and semiarid regions, water is not plentiful so irrigators 

compete to appropriate a limited quantity of water.  

The necessity of institutions for the management of irrigation systems is not as 

simple as a problem of operating and coordinating the system. It has profound roots in 
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irrigators’ minds involving interacting with their peers. CPR users are subject to what is 

known as “social dilemmas.” 

3.4 Social Dilemmas  

Situations involving the lack of defined private property and/or collective 

utilization of a resource, as is the case of a CPR, are prone to experiencing social 

dilemmas. Social dilemmas have also been referred to as “social traps,” “prisoner’s 

dilemma,” and “tragedy of the commons.” A social dilemma implies a dynamic process 

where choices made by rational individuals lead to aggregated outcomes that no one 

would choose (Bate 1988). For instance, the psychologist John Platt used the metaphor 

“social trap” to describe a situation where in the short-run individuals are trapped in 

positive reinforcing loops that in the long-run yield outcomes inconsistent with the global 

best interest of society (Platt 1973; Costanza 1987; Rothstein 2005). 

The idea of individuals ensnared in a “social trap” is based on a rational choice 

model. As Rothstein (2005) pointed out, human action is understood as the result of 

rational utility maximization that is conditional on some social context, and individuals’ 

actions are strategic so that what people do depends on what they believe other are going 

to do. Individual strategic behavior is the main argument of the prisoner’s dilemma 

(Macy 1991).  

Finally, social dilemmas are associated with perverse incentives and uncertainty 

about others actions.  The actions related to “perverse incentives” include freeriding, 

lying, cheating, defecting, opportunism, and so forth. On the other hand, uncertainty 
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about others’ actions is usually related to lack of trust.  These perverse incentives and 

lack of trust in the system create a “collective memory” where individuals cannot 

rationally decide to forget (Rothstein 2005).  

In the next section I describe the exact dynamic of how social traps take place in 

irrigation systems. 

3.5 Irrigation Systems and Social Dilemmas 

David Freeman (Freeman 1990, as cited by Ostrom and Gardner 1993) concisely 

described the underlying social dilemma in the irrigation systems as: 

“The logic of the individually rational utility seeker may not coincide with the 
logic of the community. If, for example, farmers individually observe that their leaky and 
misaligned watercourse requires improvement, they will not invest in corrective action on 
individually rational grounds.  Assuming a sizable number of farmers, each will calculate 
as follows. If one farmer invests time, energy, and money required to improve the channel 
going through his or her own land and other farmers do not make comparable corrective 
investments in a coordinated fashion, then the payoff in improved water supply and 
control (the collective good) is negligible. However, if many farmers undertake the 
improvement effort on each of their sections, and one individually rational decision-
maker does not do so, she or he will still enjoy a substantial share of the benefit provided 
by the work of others, at no personal cost. Therefore, the rational, calculating individual 
will choose to do nothing either way. The collective good will not automatically evolve, 
even though the individuals in question may posses full and accurate information about 
the potential benefits of improving the channel and may have the required know-how and 
resources to do so.” 

 
CPR usually encounters two broad types of problems: appropriation and 

provision. Appropriation issues deal with the allocation of a limited quantity of resource 

units. On the other hand, provision problems are concerned with the effects of various 

ways of assigning responsibility for building, restoring, or maintaining the resource 

system over time (Saker and Itoh 2001). 
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Hardin’s idea in his influential paper “The Tragedy of the Commons” (Hardin 

1968) was that the destiny of the CPR users was inevitably falling early or later into a 

social trap. However, scholars have studied and proposed many solutions to deal with the 

appropriation and provision issues of CPR. The default proposed solution is institutions. 

3.6 Institutions as a Rational Solution  

 As aforementioned, social dilemmas are based on rational choice assumptions; 

thus “New Institutional Economics” would predict that rational irrigators must 

acknowledge the social dilemma and make the rational decision of devising institutions to 

solve it. If this prediction were true, farmers would form water users’ associations 

(WUA) by themselves, but a problem exits to complicate this prediction. 

The problem is simple: institutions are also CPRs. Kollock (1998) acknowledged 

that institutions are some sort of “second-order public good.”  For instance, a WUA 

provides a service to all the users and requires contributions from them for its 

maintenance. Practically, a WUA is a public good designated to be the solution to an 

underlying social dilemma.  

The fact that institutions are common goods (services) is probably what explains 

the gap between the rational choice prediction and reality. Bates (1995) explained that the 

demand for institutional solutions to collective dilemmas does not imply their supply. 

Moreover, individuals behaving rationally would fail to provide them.  

Despite the fact that the creation and maintenance of institutions is difficult, they 

constitute the main prescription of policy makers. For instance, in Mexico the process of 
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transfer to the irrigators of the large irrigation districts, once managed and maintained by 

the government, required irrigators to form WUAs. Moreover, irrigation reconstruction or 

new reclamation projects sponsored by local governments or international donors also 

prescribe and require the formation of WUAs as a condition for providing financial 

support.  

Regarding this point, I have said that institutions are the prescribed solution to the 

irrigation systems’ social dilemmas, but that the demand for institutional solutions does 

not imply its supply because institutions are themselves CPRs. But, in which way do 

institutions solve the irrigation social dilemmas? Next I provide a non- exhaustive list of 

mechanisms in which a WUA contributes to solve them. A WUA: 

• increases actors’ expectations that others will reciprocate cooperation; 

• contributes to create generalized trust; 

• has a sanctioning system with the ability to punish (somehow) defectors; 

• keeps track of individuals’ actions (monitoring), without making it easier to defect 

anonymously (builds reputations); 

• promotes efficacy, assuring that individuals’ actions can have a noticeable effect 

on the outcome (i.e., “efficacy” address the question of how important someone’s 

participation is for the proper functioning of the irrigation system); 

• reduces transaction costs (in the sense of R. H. Coase’s (1937) article on “The 

Nature of the Firm”); 
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• provides an institutional context that establishes how members must cooperate so 

cooperation is meaningful and rational; and 

• creates a social identity (a membership). 

Undoubtedly, irrigators are better off having a WUA but they are not easy to form. 

Evans (2004) coined the term “institutional monocropping” to refer to the tendency of 

policy makers to try to impose institutional blueprints without taking into account 

geographical and cultural contexts. Furthermore, Meizen-Dick (2007) used the term 

“panaceas of irrigation” to refer to the generalized idea that successful cases can just be 

replicated in other irrigation systems.   

One of the limitations of the “New Institutional Economics” view is that it is 

founded in a strict rational choice model, with rigid interpretations of appearance and 

forms of institutions. In the next section I discuss a more liberal theoretical framework to 

study institutions. 

3.7 Irrigation Communities and “Institutional Bricolage”3 

The terms “institutions” and “organizations” are often used loosely and 

interchangeably (Merrey 1996). For example, when thinking of institutions, most people 

have in mind some sort of formal organization such as a corporate WUA, which 

possesses an elected board of directors and administrative employees. WUAs are in fact 

institutions, but institutions may simply consist of the rules that govern behavior (Quinn 

                                                
3	  “Bricolage” is a French word meaning “do-it-yourself” with the materials available at hand. This term 
was introduced first by Lévi-Strauss (1967) to refer to a process whereby “bricoleurs” acquire resources 
and recombine them in novel ways to solve problems and respond to opportunities. Institutional Bricolage 
encourages institutional improvisation (Bruns, 2009). 
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et al. 2007). For example, unwritten customary rules for sharing water in an indigenous 

irrigation system may be considered an institution if these rules are valued and persist 

over time in a community, regardless of whether national law recognizes its legitimacy 

(Merrey 1996). 

Traditional irrigation systems (TIS) mainly rely on non-formal institutions. Other 

names given to these systems include: farmer-managed or self-governing irrigation 

systems, irrigation communities, or communal irrigation. Basically they refer to irrigation 

systems managed by local communities with almost no external assistance. Readers 

interested in reviewing case studies of traditional irrigation systems are advised to see the 

compilation by Manor and Chambouleyron (1991).  

A more plausible theoretical framework for understanding TIS institutions is 

provided by a post-institutionalism concept of “institutionalist bricolage.” Cleaver (2002) 

defined “institutionalist bricolage” as the process by which people consciously or 

unconsciously draw on existing social and cultural arrangements to shape institutions in 

response to changing situations. Institutional bricolage is conceived as an active process 

in which actors piece together or craft different institutional elements into some sort of 

patchwork (de Koning 2011).  

The idea of irrigators putting together social, cultural, and customary elements to 

devise their local institutions, in the context of physical and geographical constraints, 

explains the multiple forms of organizations found in TIS. Furthermore, institutional 

arrangements are difficult to detect because they are characterized by a preference for 



65 
 

minimal management activities, a liberal interpretation of compliance, and avoidance of 

sanctions (Cleaver and Franks 2005). 

Social interactions are an important element of TIS institutions. Cleaver and 

Franks (2005) pointed out that an individual’s behavior is affected by social concerns 

consisting of the importance of living in harmony with neighbors, and the need for 

gathering social approval or avoiding disapproval. Moreover, irrigation communities 

usually operate within a single rural village, where everyone knows everyone else. 

In the next section I discuss further the importance of social interaction and I 

explore the idea of socially embedded institutional arrangements. 

3.8 Social Embeddedness 

New economic sociology (or market sociology) was defined by Smelser and 

Swedberg (2005) as the sociological perspective applied to economic phenomena. It 

confronts the individualistic assumption of neoclassical economic models. Market 

sociology challenges explanation of market behavior as a result of an individualistic 

vantage point. Institutions are understood not from a contractual perspective but as the 

efficient result of an agreement of socially unbound individuals (Beckert 2009). The 

general idea is that individual decisions are made by individuals who are rarely isolated 

from interactions with the other individuals, groups, or structures that make up their 

social world (Powell 1990). 

The concept of social embeddedness of the economy was first mentioned by Karl 

Polanyi in 1944. Polanyi argued that a market economy can only exist in a market 
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society. He pointed out the organic dimension of the market, where labor and land 

(natural resources) constitute the human side of the economic process. These production 

factors cannot be considered as commodities, and thus efforts of free market theorists to 

disembed the economy from society are doomed to fail.   

 Granovetter (1985) put forward and extended Polanyi’s ideas and coined the term 

“social embeddedness” (as cited by Rank et al. [2010]) to refer to a perspective in which 

the economic behavior of actors is embedded in their social relations. He mentioned: 

“The behavior and institutions to be analyzed are so constrained by ongoing social 

relations that to construe them as independent is a grievous misunderstanding” 

(Granovetter 1985, 482). Granovetter’s (1985) article operated as a catalyst in the 

emergence of new economic sociology and it is probably the most cited article in this 

field since 1980. For instance, a Google Scholar search (accessed July 19, 2011) of 

“social embeddedness” returned 104,000 links to the article.  

The social embeddedness approach compares two opposite theoretical 

perspectives and proposes the solution lies in the middle. On one side, Granovetter 

(1992) labeled as “methodological individualism” the “undersocialized” view of the 

individual. Brass et al. (1998) called it the “bad apples” perspective, where individuals’ 

characteristics are assumed to be the primary force influencing the “bad functioning” of 

collectives.  In methodological individualism people face threats of moral hazard and 

information asymmetry and respond to them by creating formal relations or contracts 

(Feeney and Smith 2008). On the opposite side, Granovetter (1992) coined the term 
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“over-socialized individual” to refer to a situation where once someone’s social class or 

category is known, everything else about his behavior is understood. To continue the 

metaphor of Brass et al. (1998), this would be equivalent to “bad barrels.” Concluding, 

neither “bad apples” nor “bad barrels” explain economic behavior; rather, what is in 

between them does: social relations. 

There are many forms of embeddedness, such as cultural, institutional, and 

structural. The first two try to find cultural and/or institutional explanations respectively, 

to the appearance of altruism and generalized trust within a society. For example, Levine 

et al. (2001) measured the rates of spontaneous and non-emergency assistance to 

strangers (e.g. “helping a handicapped stranger pick up dropped magazines”), finding that 

rates were stable within country but they ranged from 22% to 95% across the 23 

countries in the study. West (2003) did an experiment of dropping 100 mobile phones 

and 20 wallets (with some cash) in New York, and again in Tokyo. He found that 95 

phones and 17 wallets were returned in Tokyo, compared to 77 and 8, respectively, in 

New York. He attributed the results to cultural factors but also to institutional contexts, 

such as the legal institutions and the transaction cost associated with returning the lost 

object.  

In the research reported here, the social structural dimension of embeddedness is 

studied. In addition to being affected by the institutional and cultural contexts, economic 

behavior is affected by the social structure in which the economic agents are embedded. 

For example, Feeny and Smith (2008) studied the Georgia Department of Transportation 
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(GDOT) outsourcing contracts for private consultants and found that networking 

activities outside the workplace bringing together GDOT managers and private 

consultants played a significant role in enhancing GDOT managers’ perceptions of 

consultants. Pesendorfer and Koeszegi (2007) studied actors in a controlled laboratory 

experiment, finding that socially embedded negotiators better managed to reach 

agreement in difficult situations. 

Advantages, resources, information, trust, etc., embedded on social relationships is 

also a dimension of “social capital.” In the next section I discuss the concept of social 

capital and its structural dimension. 

3.9 Social Capital 

The opposite of an irrigation system pervaded by “social dilemmas” is a system 

with substantial social capital. Social capital may be in the form of strong WUAs, 

unwritten rules, traditions, conventions, and/or social embbededness. 

Social capital is a multidimensional and multilevel concept. Defined broadly, 

social capital constitutes the institutions, relationships, attitudes, and values that govern 

interactions among people and contribute to economic and social development (Grootaert 

and van Bastelaer 2002). 

Social capital is a multilevel concept that can be studied from micro, meso, and 

macro perspectives. From top to bottom, macro social capital involves society at large 

(e.g., a country). At a country level, the prevalence of perverse behaviors such as fraud, 

corruption, opportunism, defecting, etc. are constrained by moral forms and generalized 
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morality, ensuring the prevalence of honest people in the population, and a general 

expectation that others will be trustworthy (Humphrey and Schmitz 1998). Social capital 

at a macro level is the result of institutional and cultural embeddedness. 

The meso level involves communities, organizations, or neighbors. Basically, the 

meso level studies nominally bounded groups defined a priori by the analyst; for 

example, “members of a teachers’ union,” “alumni groups,” religious organizations,” 

“small rural communities,” a WUA, and so forth. 

From the meso level perspective, Woolcock and Narayan (2000) developed the 

idea that communities are endowed with three different forms of social capital: bonding, 

bridging, and linking social capital. First, “bonding” social capital consists of the pool of 

local ties (intra-community) among family, neighbors, and community members. This 

form of social capital is important for “getting by” in day-to-day life and for creating 

cohesion and collective action in the community. The second category, bridging social 

capital, involves overlapping networks, where members of one group can gain access to 

the resources of another group because of overlapping membership. Bridging ties have a 

geographical dimension, implying that ties extend beyond the community local network. 

Finally, Stone (2003) describes linking social capital as involving social relations with 

those in authority, which might be used to gain resources or power.  Linking social 

capital is important for political influence, campaigning and wider social change (Muir 

2011). 
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A well-endowed community has an even mixture of these three forms of social 

capital. For example, too much bonding social capital creates isolated communities 

playing a zero-sum game with a high redundancy of resources and information. Too 

much bridging social capital creates unstable communities with high tendencies for 

migration. Finally, too much linking social capital could create political factions that 

ultimately divide the community. 

The micro level of social capital consists of personal interactions. In this regard 

Lin (1999) provided a very individualistic approach to social capital, defining it as 

investment and use of embedded resources in social relations for expected returns. 

Bourdieu (1980) defined social capital as the resources that result from social structures.  

Johnson and Knoke (2005) argued that the volume of social capital to which a person 

(ego) actually has access is the aggregate of resources that the ego could probably 

mobilize from its alters (persons linked to ego), mathematically: 

 𝐒𝐂𝐢 = 𝐑𝐣𝐏𝐣𝐢
𝐉
𝐣!𝟏                                            (1) 

Where SCi is the ego i’s social capital from the “j” alters in its ego-network; the 

likelihood of ego accessing and using the resources held by their network alters is Pji; 

while Rj is total resources controlled by alter j that could be useful to ego i. For instance, 

as Woolcock and Narayan (2000) explained it, close competitions for jobs and contracts 

are usually won by those with friends in high places, and gaining membership to 

exclusive clubs requires inside contacts. 
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This research follows bottom-up criteria to explain the presence of social capital at 

higher levels.  Falk and Kilpatrick (2000) pointed out that social capital is the 

accumulation of micro-social interactions, which are in turn embedded in the macro-

social order. They provided the idea of a transmission from micro-to-meso-social capital 

levels. This idea also makes sense in the context of Woolcock and Narayan (2000) 

bonding and bridging social capital community endowment, which for the former is 

represented by the aggregate of interactions among community members, and for the 

latter by the aggregate of ties of community members with outsiders. 

  3.10 Conceptual Causal Diagram 

Up to this point most of the concepts depicted in Figure 3.1 have been explained 

and concatenated.  

 

Figure 3.1. A conceptual causal diagram relates social embeddedness to irrigation system’s 
sustainability, with arrows indicating the direction of the causal relation and signs 
indicating whether it is positive or negative. 
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The causal diagram shown in Figure 3.1 sketches the theoretical framework of this 

research. It can be read as follows: as long as users’ economic exchange relations are 

socially embedded in networks of ongoing social relations, irrigators as a group have 

more social capital. As their social capital endowment increases, they can expect more 

cooperation and trust among users and fewer CPR problems/issues, which in turn 

increases the likelihood of having a sustainable irrigation system. Therefore, “social 

embededdness” is a form of social capital from which the farmers withdraw and use to 

improve (lowering transaction costs) their economic activities. Groups not socially 

embedded are at a disadvantage and more dependent on formal institutional 

arrangements. 

The concept of irrigation systems’ sustainability was discussed in Chapter 2. In 

the subsequent sections I define and discuss the proposed social network approach. 

3.11 Social Network Definition and Some Notation 

The structural dimension of social capital is a common element across different 

definitions. Burt (2000) acknowledged that social capital perspectives among scholars are 

diverse in origin and style of accompanying evidence, but they all agree that a given 

social structure is a kind of capital conveying to certain individuals or groups a 

competitive advantage in pursuing their ends. Portes (1998) observed that, “whereas 

economic capital is in people’s bank accounts and human capital is inside their heads, 

social capital inheres in the structure of their relationships.” 
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If social capital lies in the interactions among persons, organizations, agencies, 

etc., then any methodology available to capture and analyze these interactions will help in 

the understanding of social capital. In this regard, Social Network Analysis (SNA) deals 

with the study of the social structure derived from social interactions. SNA depicts agents 

(individuals) as embedded in webs of connections, and the task of the sociologist (the 

analyst) is to describe and explain the patterns exhibited in these connections (Scott 

1988).  

There are a lot of definitions of social networks, but here I stick to Wasserman and 

Pattison’s (1996) definition. They defined a social network as a set of “g” actors and a 

collection of “r” social relations that specify how these actors are relationally tied 

together. 

With this approach, a group of irrigators can be depicted as a network or a graph. 

For instance, if they are asked about their cooperative experiences, collective action 

activities, economic exchanges, or any other type of relation they have with other 

particular irrigators, these interactions among irrigators can be drawn as “lines” or 

“edges.” Moreover, in the context of an irrigation system there is a finite set of irrigators, 

which can be depicted as “nodes” or “vertices.” The set of nodes “V” and the set of edges 

“E” connecting them mathematically form a graph defined as a pair of sets G = {V, E}.  

A social network is usually represented as a sociogram and/or a sociomatrix. The 

first way simply involves drawing a graph composed of nodes and lines connecting them. 
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The second way is to devise a matrix where rows and columns stand for people and the 

numbers in each cell stand for the social connections between the people (Freeman 2000).  

 For illustrative purpose, Figure 3.2 shows a sociogram for a hypothetical network. 

 

Figure 3.2. A hypothetical network where the node’s shape (square, triangle) represents an 
actor’s attribute.  

The graph in Figure 3.2 contains five nodes. Lines connecting two nodes indicate 

who nominated whom as a partner, friend, relative, co-worker, etc. The arrows indicate 

the direction of the nomination. Isolates are nodes with no connection (not present in this 

example). The node’s color and/or shapes can be used to represent different properties of 

individuals such as gender, race, etc. Peripheral members (nodes with few or no links) are 

usually located at the periphery of the graphing space. It is important to note that the 

length of lines and the exact location (e.g. XY coordinates) of nodes do not have a 

meaning in the graphing space. Valente (2010) mentioned that despite the fact that many 

people equate being on a periphery or isolated in a network as a negative quality, often 

peripheral members have connection to other people and other networks in which they 

might occupy important positions.  
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Another form of representing a graph is as a matrix (also known as sociomatrix). 

Figure 3.3 shows the graph drawn in Figure 3.2 as a sociomatrix. 

 

Figure 3.3. A sociomatrix representing the same information in the graph in Figure 2.2. 
“Rows” are sending ties.  

Figure 3.3 represents an asymmetric binary square matrix. It is common that the 

main diagonal has zeros or non-defined values (e.g., NA or some sort of missing values). 

For a dichotomous relation (present or absent), matrix entries are commonly defined as: 

𝐱𝐢𝐣 =
𝟏,                      𝐢𝐟  𝐢 → 𝐣
𝟎          𝐨𝐭𝐡𝐞𝐫𝐰𝐢𝐬𝐞

                  (2) 

Two common substructures of importance are “dyads” and “triads.” A dyad is 

formed by a pair of actors and all the ties between them (Snijders 2001), for instance, in 

Figure 3.2 the graph has g(g-1) = 20 possible ordered pairs of actors (“g” equals the 

number of nodes), 1→5 represents one of them (where “ →” means “link to”). Triads are 

set of three nodes and their relations; for example in Figure 3.2 the subgraph 3→5→2↔3 

represents a triad. 
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More generally, nodes are also called vertices, agents, actors, entities, or items, 

and they can represent many things. Often they represent people or social structures such 

as workgroups, teams, organizations, institutions, states, or even countries (Hansen et al. 

2010). In this research I refer to nodes as actors, users, irrigators, or farmers. 

Relationships can also be generalized to represent different types of relationships 

such as those involving distance, collaboration, co-authorship, kinship, friendship, trade 

partnership, citations, investments, hyperlinking, transactions, or shared attributes. 

Relationships are also referred to as links, edges (when not directed), arcs (when 

directed), ties, connections, and so forth (Hansen et al. 2010).  

Finally, variables in network surveys are defined for population units and for pairs 

of population units (dyads). The former are also known as vertex, attribute, nodal, or 

actor-based covariates. The latter are also known as dyadic, edge, or dyad-based 

covariates (Frank 2005). 

The interested reader can extend the network notation and terminology provided 

in this section by reviewing the Hawe et al. (2004) five-page paper defining a glossary of 

terms related to social network. Readers interested in a more lengthy paper can review 

O’Malley and Marsden (2008). 

In the next section I reaffirm social networks as a plausible theoretical approach 

for understanding and modeling collective action and cooperation within traditional 

irrigation systems. I also further relate the new economic sociology, social 

embeddedness, and the social network concepts. 
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3.12 The Social Network Approach 

The observed network in an irrigation community is the result of a path-dependent 

sequence of social interactions within a rural village. Hareven (1976), referring to 

nineteen-century American rural communities, acknowledged that relatives continued to 

live in proximity to each other and depended on economic exchanges and mutual 

assistance, but there was some degree of interdependence or economic control among 

relatives, especially of parents over children. Another factor contributing to the social 

structure of rural communities was isolation – compounded by lack of public 

transportation, difficult weather conditions, and the decreased availability of public 

services in rural areas, which increased the need for intra-family cooperation (Hofferth 

and Iceland 1998). Finally, communities share many foci of activities, such as: arenas for 

economic exchange, marriage, traditions, areas of joint agricultural activities, range for 

gossip and scandal, and so forth (MacFarlane 1977). Therefore, the social structure of the 

rural village can be considered the result of a long historical process and it is very likely 

to have a high level of social roles overlapping.    

The appropriateness of Social Network Analysis resides in the interdependence of 

economic exchanges across social roles. Microeconomic models assume that economic 

actors are not connected to one another so the units of analysis are independent. 

Conversely, in economic sociology, social ties and economic exchange can be deeply 
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interwoven, such that purposive activity becomes “entangled” with friendship, kinship, 

and other relationships (Smelser and Swedberg 2005; Smith-Doerr and Powell 2005). 

Social Network Analysis offers a sound methodology for unveiling various forms 

of social embeddedness underlying an empirical social network. It allows for the 

possibility of modeling the interdependencies among a network’s actors and of studying 

the presence of network mechanisms in the whole graph. 

In subsequent sections, I enumerate and explain the network mechanisms that give 

rise to the positive effects of social embeddedness in collective action and I propose 

operational methods to test its presence in a network. 

3.13.0 Social Network Mechanisms 

Social network mechanism is defined as the set of theories explaining how social 

structures influence individuals’ behavior to have an effect on social capital. These 

mechanisms represent logical explanations about social network formation and dynamics. 

For instance, “imbalanced triads” or “structural balance” have guided many social 

networks’ theoretical claims; a group, as a triad, is structurally balanced when two 

persons like each other (a “+” tie in a network) and they are consistent with the 

evaluation of all other people, or when two persons dislike each other (a “-” tie in a 

network), and they disagree in their evaluations of all other people (Wasserman and Faust 

1994).  Antal et al. (2006) depicted a triad formed by a married couple plus a common 

friend (see Figure 3.4). 
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Figure 3.4. The evolution of a married couple and a common friend triad (“+” indicate a 
positive tie, and “-“a negative tie) (adapted from Antal et al. [2006]). 

Figure 3.4 is showing that after the “divorce” event the triad becomes imbalanced, 

but balance is restored after another relationship changes. This is an example of the 

interdependence found in social networks. Robins and Pattison (2005) pointed out that 

this interdependence could be taken as a statistical concept, but mentioned that those 

dependencies among observations imply substantive processes underpinning social 

happenings. The drawing in Figure 3.4 illustrates a process that is likely to happen in real 

life. 

A more operational definition of social embeddedness is needed in order to find 

network mechanisms related to the concept. Feld (1997) provided this definition: “the 

amount of structural embeddedness of a tie between two individuals is defined as the 

extent of overlap of social relations between those two individuals, and presumably 

reflects the extent of shared foci of activity that bring these individuals together with the 

same others.” 

First of all, the concept above uses the term “structural.” “Randomness” in social 

relationships within a social network is interpreted as “no structure” (Verbrugge 1979). 

“Random” implies that edges are created following a uniform probability distribution. 
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Moreover, the presence of one tie does not condition the presence of any other. This 

model is known as the Erdös–Rényi model (Erdös and Rényi 1959).  

A random graph does not resemble real-world networks. First, because people’s 

circle of friends tends to overlap to a great extent, this property is known as clustering 

and graphs showing this property fail at being random (Newman 2000). Another issue is 

that in real networks, some nodes are more highly connected than others are (Strogatz 

2001) and this happens simply because some people are more popular and/or socially 

active than others. 

Reexamining Feld’s definition of social embeddedness, we can see that it also 

includes the notion of a “shared foci of activity” with other members of the network. This 

second element is related to the concept of “social distance.” On a social map (a network) 

two actors are socially close if they are “structurally equivalent”; Wasserman and Faust 

(1994) defined this as two actors having identical ties to and from other actors in the 

network. Burt (1976) illustrated the concept with this example: if one actor is a member 

of a group that excludes some other actor, then they will have greater social distance 

between them than they would if both actors were members of the same group. Finally, 

perfectly structurally equivalent actors are probably uncommon, but what is more 

common is to find the Euclidean distance between the two actors’ network positions, 

where a distance of zero corresponds to perfectly identical actors (Burt 1978). This 

method allows the formation of hierarchical clusters that allow identifying which actors 

are socially embedded with whom. 
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Next, I describe other network mechanisms that are analytically useful for 

revealing the features and extent of social embeddedness in a graphed network. 

3.13.1 Structural Cohesion 

Structural cohesion is a group-level property of social embeddedness. According 

to Moody and White (2003), a collective is structurally cohesive to the extent that the 

social relations of its members hold it together. The idea is that individuals are embedded 

on cohesive groups. 

Besides the fact that structural cohesion has an easy-to-operationalize definition, it 

has two insightful elements. First, the important feature is not the density of relations but 

the pattern of them. The “pattern” of relations means that a group is structurally cohesive 

to the extent that a graph of the network has multiple independent relational paths among 

all pair of members. When it has many paths flowing through a single person, it is 

minimally cohesive, because it leaves the unity of the network at the mercy of one 

individual. Second, structural cohesion creates the notion of nested social groups; that is, 

cohesive set of nodes nest inside of each other. The whole network can be divided into 

components or independent subgraphs removing ties otherwise forming part of the graph. 

Strongly cohesive groups are associated with decentralized governance, equality 

among actors, robustness to unilateral action, and an even flow of information. 

3.13.2 Liberated Networks  

The concept of “liberated network” relates to networks where members have 

access to communication technology (such as the internet, cell phones, etc.), 
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transportation, social media, and other options that liberate them from geographical 

constraints (Wellman and Leighton 1979; Wellman 1996). Individuals with liberated 

networks have less dependence on local resources, and having an “exit option” can 

reduce their willingness to cooperate locally. 

This process was defined by Gidens (1990) as “disembeddedness.” He mentioned 

that: “The advent of modernity increasingly tears space away from place by fostering 

relations between ‘absent’ others, locationally distant from any given situation of face-to-

face interaction.” This concept is rooted in globalization as a driver detaching social 

relations from their local context. Finally, it is important to highlight that this notion of 

liberated networks is the only one that addresses the geographical dimension of 

embeddedness.  

3.13.3 Network Heterogeneity 

Actors’ attributes are important drivers forming and dissolving social 

relationships. Social networks evolve over time, driven by shared activities, common 

affiliation of its members, and similarity of individuals’ attributes (Kossinets and Watts 

2006). 

The tendency to disassortative matching between nodes is known as 

“heterophily.” Network heterogeneity refers to the diversity of actors forming a network. 

Attribute data about the actors are commonly used as indicators of heterogeneity 

(Carlsson and Sandstrom 2008).  
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Heterogeneity within groups has two opposing interpretations of its possible 

effects for collectivity performance. First, Meizen-Dick et al. (2002) suggested that less 

participation is expected where farmers live in different villages or have different social 

backgrounds. They argued that social heterogeneity makes communication and 

cooperation more difficult. Bardhan and Dayton-Johnson (2002) also suggested that 

inequality is not good for common management of irrigation systems, and they looked at 

the income variance and landholding inequality and suggested an indirect relationship of 

these variables with canal maintenance and rule conformance. On the other hand, 

homogeneous networks are usually associated with low resilience, redundant 

information, and low availability of resources. The tendency of assortative matching 

between nodes is known as “homophily.” 

Similarity has been considered a strong influence on tie creation, so homophily is 

a good tie predictor. A couple’s personal networks tend to be homogeneous with regard 

to many sociodemographic and behavioral characteristics (McPherson et al. 2001). 

Homophily limits people’s social worlds. For instance, Mollica et al. (2003) studied the 

ties of MBA students, finding ties remained stable over time, and same-race ties were 

common and persistent among racial minorities. Mollica et al. (2003) concluded that 

these ties provided valuable resources for mutual support but they might limit racial 

minorities’ access to resources and information.     
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Bonding social capital, defined previously, is likely to consist of homogeneous 

ties. On the other hand, bridging social capital is expected to include more heterogeneous 

ties. 

Finally, homophily is an analytically useful concept because actors are collapsed 

into attribute sets. The partitioning of a sociomatrix into different subsets based on 

exogenous variables may offer insights about the density of ties within and across 

subsets. This partioning of the sociomatrix can illustrate a form of social embeddedness 

fomented by similarities and/or affiliations.     

   3.13.4 Multiplexity 

Feld’s (1997) concept of social embeddedness mentioned the notion of “overlap of 

social ties.” Multiplexity is the overlap of roles, exchanges, or affiliations in a social 

relationship, such as the co-occurrence of distinct roles within a dyad as a father and a 

son who are also employer and employee (Verbrugge 1979).  

The study of the overlap of roles implies the study of multi-relational networks. 

Figure 3.5 sketches out the idea of multiple graphs where each layer represents a type of 

relationship (e.g. friends, relatives, co-workers, etc.).   
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Figure 3.5. Spheres represent actors who are tied to others along different contexts, 
depicted here as layers (adapted from: Hamill [2006]). 

Each person has a social space from which potential contacts are called upon 

depending on each particular case, situation, struggle, activity, and so forth. Mayer 

(1966) referred to action sets as the sets of people mobilized by an individual in a 

network in order to achieve some goal. Therefore, any form of constrained sociability 

will have actors with multifunctional ties. 

 Verbrugge (1979) mentioned social proximity and actor’s similarities/ 

dissimilarities as possible social constraints enhancing multiplexity.  In addition, I 

suggest that creating and maintaining ties consume time and energy, so a limited “energy 

budget” could limit someone’s social network. For example, in an isolated rural 

community, it might be expensive to travel to attend social events and also to make long-

distance phone calls. Social constraints limit the pool of persons from which potential ties 

are created. For instance, Iwata and Okamoto (2000, citing Takana and Sato [2005]) used 

the term “multifunctionality of rural village” to refer to communities where irrigators 

share multiple social contexts. 
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Finally, the analysis of multi-relational networks is usually designed to reveal 

multiplexity, but it might reveal another important property: exchange. Exchange means 

that: 
!"#$%&'

𝑗  &  𝑖
!"#$!!"

𝑗 , that is, a tie of one type directed from “i” to “j” is returned by a 

tie of another type from “j” to “i” (Skvoretz and Agneessens 2007). This implies the 

exchange of different types of resources and complementary resource dependence.  

3.13.5 Dyadic Embeddedness 

Dyadic embeddedness refers to a situation in which a relation between actor “i” 

and “j” pre-exists a specific trust situation (Barrera and van de Bunt 2009). For example, 

Figure 3.6 illustrates a situation where two individuals have previously met (time t-1), 

which implies that each has a previous knowledge about (experience with) each other. 

Dyadic embeddedness heightens an actor’s ability to read the intentions behind others’ 

behavior and to have one’s own intentions accurately understood (Greenhalgh and 

Chapman 1995).    

 

Figure 3.6. Dyadic embeddedness (adapted from Barrera and van de Bunt [2009]). 
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3.13.6 Reciprocity 

Reciprocity is also known as mutuality and technically is defined as the tendency 

of actor “i” to send a tie to “j” and be matched with “j” sending a tie to “i” (e.g. “i↔j”). 

Structurally, reciprocity is a form of dyadic embeddedness.  

Reciprocity is one of the social network’s mechanisms with deep theoretical roots. 

Alexander (1987) divided the concept into two types of reciprocity: direct and indirect. 

Nowak and Sigmund (2005) defined direct reciprocity as capturing the principle of “you 

scratch my back, and I will scratch yours.” For instance, if at time “t-1” 𝑖
!"#$%&

𝑗  , “i” 

expects that at time “t” 𝑖
!"#$%&

𝑗. Alexander (1987) defined indirect reciprocity as a 

situation in which the return of a tie is expected to come back from someone else; for 

instance if at time “t-1” 𝑖
!"#$%&

𝑗  , “i” expects that at time “t” 𝑖
!"#$%&

𝑘, where “k” is 

someone else of the “g” other members within a group. 

Direct reciprocity involves a dyadic expectation, but indirect reciprocity, also 

known as generalized exchange, is a group (network) expectation. Having a social 

network where everyone is aware of the presence of everyone else and assuming that 

actors’ behavior is contingent only on dyadic relations is unrealistic. In the next section, 

the assumption of dyadic interdependencies is relaxed to dependencies in function of 

higher network substructures, such as “stars” and “triads.” 
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3.13.7 Network Embeddedness  

Network embeddedness refers to situations in which a third person (“tertius”) 

mediates the actual or possible relation between persons “i” and “j” (Figure 3.7).  

 

Figure 3.7. Network embeddedness (adapted from Barrera and van de Bunt [2009]).  

This network mechanism is the inverse of the one depicted in Figure 3.4; that is, in 

Figure 3.7, the network mechanism implies a “triad closure” and in Figure 3.4, a triad 

split. Simmel called the third actor's ability to control the other two actors “Tertius 

Gauden,” which literally means "the third who profits" (Simmel 1950). In Figure 3.7, it is 

assumed that “k” has information about “j,” and the information flow “i←k” conditions 

the appearance of the “i→j.” 

The process illustrated in Figure 3.7 is known as transitivity (e.g.  𝑖
!"#$%

𝑘;   𝑘
!"#$%

𝑗, 

then  𝑖
!"#$%

𝑗 ). With transitivity, it is assumed that triads tend to be balanced in the long 

run. This leads to the concept of “Simmelian-tied dyads.” George Simmel (1950) referred 

to the triad-embedded dyads as “Simmelian ties” (Gibbons and Grover 2006). Dyadic 

relations embedded in triads (relative to dyadic relations in general) are more stable over 
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time (Krackhardt 2002) and exert more pressure on people to conform to clique norms 

and behavior (Krackhardt 1999).  

Two actors “i” and “j,” whether connected or not, could also be embedded in 

multiple triads or cohesive subsets. Structurally this situation is known as k-edge wise 

shared partners (EWSP) or k-dyad wise shared partners (DWSP), depending on whether 

“i” and “j” are connected or not, respectively. Figure 3.8 illustrates these two 

substructures. For instance, EWSP captures friends’ tendency for having common 

friends; on the other hand, DWSP measures the tendency of pairs of unconnected nodes 

to share partners (Snijders et al. 2006).      

 

Figure 3.8. A “k” edge or dyad wise substructures (adapted from Snijders et al [2006]). 

3.13.8 Network Generalized Exchange 

Network generalized exchange (NGE) (also known as chain generalized 

exchange) implies a group of actors linked through economic exchange that do not pool 

their resources blindly under a group expectation. Instead actors target individuals 
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previously linked to them (Yamagishi and Cook 1993). NGE creates a sort of a clique of 

actors structurally embedded on network of generalized exchange. 

Yamagishi and Cook (1993) contrasted NGE to Group Generalized Exchange 

(GGE). The latter represents a situation where a group of actors have a common 

affiliation or membership, such as a water users’ association. In a GGE, (as depicted in 

Figure 3.9), members pool their resources and then receive back benefits generated by the 

group (e.g., the surveillance performed by a water guard in a WUA). It is assumed there 

is no internal group structure and a perfectly mixed group. This situation simply 

represents institutional affiliation or institutional embeddedness.  

 

Figure 3.9. Diagrams depicting a) Group Generalized Exchange; and b) Network 
Generalized Exchange (adapted from Yamagishi and Cook [1993]).  

Yamagishi and Cook (1993) supported the idea that more cooperation is expected 

from an NGE than a GGE and they tested their hypotheses empirically by conducting 

experimental games. The results supported their views that the NGE leads to an n-persons 

assurance game, and the GGE creates an n-prisoner’s dilemma game. The difference 
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between them resides in the presence of social structure and its ongoing social 

mechanisms. According to Runge (1981), the n-prisoner’s dilemma may be transformed 

into an assurance problem by dropping the assumption that individuals formulate their 

choices independent of the expected choices of the others; therefore individuals’ 

strategies are interdependent.  Runge (1981) suggested that in the assurance game, 

institutional rules are endogenously modified in response to these interdependencies and 

enforcement from the outside is a secondary option if these local arrangements do not 

work. Surprisingly, this definition resembles the institutional bricolage approach. 

 Yamagishi and Cook (1993) also mentioned the “efficacy” issue. The two 

structures drawn in Figure 3.9 differ in the participants’ subjective levels of efficacy or 

diffusion of responsibility. In the NGE situation (Figure 3.9b), each actor depends on 

those actors adjacent to him/her. In the GGE situation (Figure 3.9a) each actor depends 

on 1/(n-1) or one sixth of the group. Therefore, the actors in the GGE are more likely to 

believe that their actions affect others less seriously than those in the NGE, where actions 

are seen as more personal. 

Finally, an NGE is related to the concept of “network governance” (Jones et al. 

1997), where the coordination of economic activities depends on informal social systems 

rather than bureaucracies or formal organizations. In a system ruled by network 

governance, contracts are socially (not legally) binding, and exchanges are facilitated by 

the network structure. The network structure shows individuals’ social preferences. 
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3.14 Summary 

 An irrigation system is considered as a Common Pool Resource (CPR). CPRs 

give rise to appropriation and provision issues where their users face social dilemmas. A 

collective trapped in a social dilemma is expected to be less likely to sustainably use the 

resource owned in common. Rational users are expected to create institutions to deal with 

social dilemmas.    

Institutions can take the form of unwritten norms, traditions, and conventions. 

Also, institutions can be formal organizations run by local irrigators and/or external 

bureaucracies. Either way, institutions provide a framework to predict everyone else’s 

actions.  

As an alternative to the institutional framework, this dissertation explores the 

concept of social embeddedness as a form of network governance. Social embeddedness 

is conceived as individuals enmeshed on densely connected networks of social relations. 

People who are socially embedded depend less on formal institutions to predict their 

personal network peers’ behavior. 

The argument is that traditional irrigation systems (TISs) rely more on social-

embeddedness forms of governance than on formal institutions. In the next chapter I 

discuss various issues. First, I define TISs in the realm of the study area, and explain how 

I identify a TIS as such. Second, I discuss the participation of the government in 

irrigation, considering why the government is or should be involved in the irrigation 
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sector. Third, I define irrigation system sustainability and discuss the difficulty of 

categorizing a TIS as either a success or failure.   

The social network approach introduced in this chapter is expanded upon in the 

methodology chapter.   
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CHAPTER	  4	  

RESEARCH	  DESIGN	  AND	  METHODOLOGY	  

4.1 Introduction 

The nature of Traditional Irrigation Systems (TISs) makes them complex and 

heterogeneous study units. Describing and understanding them requires a case-by-case 

approach. In this regard, the case study approach represents the appropriate methodology 

to obtain an in-depth appreciation of the TIS in its natural, real-life context. Moreover, 

the study of the “social embeddedness” of the irrigators required mapping social 

relations, an activity that is very time-consuming. Therefore, the proposed research 

design made it difficult (i.e., expensive) to get data across many cases.  

The methodological goals in analyzing the information from case studies were 

two-fold. First, it was crucial to assess the “success” or “sustainability” of the TIS under 

study. Second, it was necessary to unveil irrigators’ social embeddedness and explain the 

factors driving the relational social process. The first challenge of the research was done 

though “rapid rural appraisal” techniques. The second one required the application of 

structured interviews, known in social network parlance as “name generators” and “name 

interpreters.” In addition, these interviews also gathered attribute data from the irrigators. 

The critique made in Chapter 3 of the “methodological individualism” (section 

3.8) required the application of an analytical method capable of accounting for social 

networks’ interdependencies. The challenge was to put together systematically the 
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network mechanisms described in Chapter 3 and simultaneously model its 

interdependencies. Social network analysis provided descriptive and stochastic 

techniques to accomplish this task. 

4.2. Population and Sample 

The “target population” to which results of this research are expected to be 

generalized comprises the TISs located in the state of Sonora, Mexico. A TIS is a discrete 

unit bounded geographically by the command area of the irrigation infrastructure and 

organizationally by the set of rightful users. This study did not considered small-holder 

irrigation systems (single owner), unless they were organized (nested) within a group or 

organization, because they do not have a collectivity (common ownership) subject to 

internal “social dilemmas.” Also, the population was limited to TISs within a rural 

community, so cases where irrigators live in large cities (or towns) were not considered.  

4.2.1 Selection of Case Studies 

Because of the information demand required by the proposed methodology and 

the time and financial budget constraints of the research project, some properties of TIS 

made them attractive as case studies. This research chose two TIS cases following these 

criteria: 

1. What is the sample frame available to locate the case studies? 

In Mexico water management falls under the charge of a federal agency: the 

National Water Commission (CNA); a census of these irrigation units was 

provided by this agency. There were at least 925 Irrigation Units identified by 
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CNA in 1999 (CNA 1999) in the state of Sonora. The list left out many 

irrigation units that would be included in the definition of TISs discussed in 

this research; for instance, the General Mariano Escobedo case study was not 

included in this list and the Rancho Viejo case study appeared as a “cluster” of 

irrigation units. Additionally, the list had no geographical information to locate 

each irrigation unit. Therefore, the list just served as a reference in this study, 

but it might be helpful for studies with larger sample sizes.   

2. Size of the system (number of hectares and number of members of the WUA; 

less than 50 members is ideal, more than 100 would be almost impossible). 

3. Distance from Hermosillo, the principal investigator’s place of residence (with 

less than 100 miles considered near and more than 150 miles considered too 

far). 

4. Ease of access to the community (quality of the roads, number of hours to get 

there (with less than 3 hours considered a good traveling time). 

5. Heterogeneity of the users of the irrigation system and its characteristics (with 

a preference for high variance). 

6. Ability to gain consent of the local authorities (county officials, boards of 

WUA, and ejido or communities [in case of communal landownership] if they 

exist). 

7. High social capacity and irrigators’ willingness to participate (sometimes 

communities are submerged in ongoing or recent conflicts that make people 

reluctant to provide information to outsiders). 
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8. The comments and suggestions of agency officials with experience working in 

those communities was requested and taken into account before a community 

was considered. 

4.2.2 Selection of Respondents within a Case Study 

In each of the case studies selected the goal was to map the irrigators’ social 

networks. In this regard, respondents were selected based on whether or not they were 

within the social network boundary. Therefore, the study had the optimistic expectation 

of interviewing all the members of the (defined) social network. In the next section, I 

discuss the steps taken to set the network boundaries. 

4.2.3 Network Boundary Specification 

The initial step to design social network studies is to define the population (or the 

“nodes”) integrating the network. This is an analytical process in which the researcher 

specifies rules for inclusion. Social network methodology has criteria recommended to 

define these rules.  

In this research, two strategies were followed to define the relevant set of actors: 

the nominalist and the realist strategies. In the first one, the analyst self-consciously 

imposes a conceptual framework constructed to serve his/her own analytical purposes. In 

contrast, in the realist strategy, the actors themselves define who is in and who is not in 

the network (Laumann et al. 1992).  

   In this study the nominalist criteria was to include the rightful owners of 

irrigated land within the TIS. The ideal data frame would have been to have a list of 
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recognized rightful members of an irrigation system, but in a TIS such a neat and updated 

list is rarely found. This is where the realist criteria became useful because actual 

irrigators were not always the rightful owners, so it was necessary to ask the irrigators 

about who were the right people to include in the network.  

In this research, the network of irrigators was built by appealing to the irrigators’ 

memory (of “key informants”). The initial list was updated as the interview process 

advanced and the irrigators themselves provided their opinions.   

4.3. Data Collection 

Data were collected through two structured questionnaires. The prototype 

questionnaires were drafted in English and then translated into Spanish. The first 

questionnaire (see Appendix 1) mostly consists of closed-ended questions that were 

designed to be asked of each actor in the network of irrigators. The second questionnaire 

(not included in this dissertation) mostly has open-ended questions and was designed for 

key informants. In general, the questionnaires were framed following the standards of 

Stone (2001) and Grootaert et al. (2004).  

Because the study involved human subjects and the first questionnaire recorded 

identifiable information, both questionnaires were sent for review to the University of 

Arizona’s Institutional Review Board (IRB). After obtaining the IRB’s approval (see 

Appendix 2), the questionnaires were used. 

In the next sections, I describe the techniques used to gather the contextual data 

and the assumptions implied in the social network’s relational data.      
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4.3.1 Rapid Rural Appraisal  

Rapid Rural Appraisal (RRA) is qualitative survey methodology designed to allow 

researchers to learn about rural conditions in a cost-effective way (Chambers 1981; Ison 

and Ampt 1992). The RRA gives more latitude to the research, allowing the purposeful 

selection of respondents, triangulation of opinions, the combination of information 

collected in advance with direct observation, and so forth (Beebe 1995). 

In this research, RRA activities included several field trips to visit the irrigation 

systems, accompanied by key informants. The purpose of the field trips was: 

a) to understand the functioning of the irrigation system; 

b) to conduct a visual inspection of irrigation infrastructure, land parcels, and 

crops; 

c) to learn more about the problems and expectations of the farmers running the 

system; and 

d) to collect geographical data with the intention of unveiling neighbors’ 

relations.  

In order to accomplish the latter, I used free high-resolution images from the “MapMart” 

website (www.mapmart.com) and Google Earth. These images were screen-printed, 

combined into a single image, and geo-referenced; then the whole image was shown to 

the key informants for a photo interpretation and identification of parcels/owners, 

abandoned cropland, and other important landmarks. The results of each field trip were 



100 
 

put in a geographic information system (ArcMap 9.2) that was successively refined with 

each field trip. 

4.3.2. Network Mapping Strategies 

Data in social network studies, also called “sociometric data,” are collected either 

to have a “whole network” or an “ego-centric network.” In the case of “whole networks,” 

the intention is to gather all possible ties among the “g” members of a group or closed 

population, that is, the “g(g-1)” possible directed ties. Ego-centric techniques are used for 

“open populations” and just take a sample of the individual’s (ego) social space. In this 

study, a combination of both techniques was used. 

The process of uncovering ego-networks starts by choosing some social unit (in 

this case an irrigator) as an ego. An ego-network unveils the immediate neighborhood 

surrounding ego and reveals the characteristics of ego’s social world (Freeman 1982). 

The components of the ego-network surveyed for this dissertation are shown in 

Figure 4.1; ego is depicted at the center of the graph with alters (those having a “k” type 

of relation with ego) gravitating around him/her. The concentric circles represent the 

frequency of contact and each quadrant categorizes each alter either as a friend, 

compadre4, family, or extended family. The outer circle represents the network 

boundaries or any other constraint imposed on ego to nominate alters.   

                                                
4	  Titles of “compadre” (noun for males) and “comadre” (noun for females) designate the godparents. 
“Compadrazgo” or coparenthood occurs at a very critical period of the Catholic religion: the Baptism, then 
at that time, a couple with a newborn selects another couple (usually but not necessarily married) as 
sponsors or godparents for their infants (Lopez 1999). 
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Figure 4.1. A sketch of egocentric network depicting irrigators asked for a single type of 
relation (lines linking ego to alters). Alters were categorized into four quadrants. 

The technique for eliciting alters from a group of egos is divided into two 

components: a) name generator, and b) a name interpreter (Marsden 1990). Name 

generators enumerate alters deemed to lie within a network by asking respondents to list 

those people with whom they share one or more criterion relations (McCallister and 

Fischer 1978). Based on the name generator, the researcher asks a series of questions 

(name interpreters) designed to elicit information about alters. Name interpreters elicit 

information about alters’ attributes and alter-alter ties. 

In this study, the leading relationship defining the social network was “cooperative 

ties.” Cooperative relationships among irrigators were measured as a “cognitive tie;” that 

is, respondents were placed under a hypothetical scenario that typically required trust or 
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collaboration with other irrigators. Two name generators were used in this study. In the 

first, irrigators were asked: 

“If you had to form a 5-member working group (e.g. to work in a WUA project to 

improve and maintain the irrigation system infrastructure, or acquire a tractor), based 

on your experience, mention at least 5 people in a descending order to indicate 

preference with whom you would like to partner up.” 

This hypothetical situation was chosen because it had a realistic chance of 

occurring in the environment of the respondents. The first and second name generators 

are found in questionnaire 1 in questions 13 and 22, respectively (see Appendix 1). Both 

name generators asked the respondents to name up to five alters. Additionally, the first 

one limited the interviewees to name only irrigators. 

The first paragraph of this section stated that this research used a combination of 

“whole” and “ego-centric” network collecting techniques. It is usually assumed that ego-

networks are independent, that is, they do not share nodes. Moreover, it is implied that 

egos do not come from a closed population in which they are aware of each other. The 

research design used here assumes that each irrigator was aware of the presence of the 

others and, by design, they were restricted in their choices to the other “g-1” irrigators. 

Consequently, the result was a quasi-whole network. 

On the other hand, the second name generator inquired about alters within the 

irrigator’s unconstrained social space, so it was expected to have non-overlapping ego-

networks. In contrast to the first name generator that unveiled local relationships (intra-
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community ties), the second one offered the possibility of uncovering extra community 

ties (or “bridging social capital” see section 3.9).  

4.3.2.1 Second-Hand Relational Data  

A very important source of relational data was gathered indirectly during the 

interviews. For example, interviewees were likely to mention existing kinship 

relationships such as “farmer A is married to farmer B’s sister.” Likewise, it was 

common for them to mention memberships; for instance a farmer in one of the case 

studies mentioned during the interview that he had formed a group with six other farmers 

to support a farmer who was running for the ejido board’s presidency.   

4.3.3. Data Limitations 

4.3.3.1 External Validity 

Ideally, generalizations of the results of this research should be made over the 

TISs located in the state of Sonora. Unfortunately, the two case studies were chosen non-

randomly and so therefore are not a representative sample of the Sonoran TISs. 

Therefore, findings have a limited external validity and are open to the argument that 

they might be atypical cases. 

4.3.3.2 Construct Validity 

Most of the important variables defined and measured in this research are 

“constructs” of unobservable attributes cognitively created to explain or theorize about 

human behavior. That is, they were not directly measured and “proxies” were used to 

estimate them. 
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4.3.3.3 Reliability of Network Data 

The construction of a social network relies on many assumptions. First, a simple 

snapshot of each network was taken, making the strong assumption that the observed 

pattern of ties was the equilibrium result of a long-term process of social interactions. 

Second, because of the large number of potential ties and the time burden imposed on 

both interviewer and respondent, name generators limit the respondent to name usually 3 

to 20 persons (Granovetter 1976; Campbell and Lee 1991). In this regard, Freeman and 

Thompson (1989) and Killworth et al. (1990) demonstrated that adults in the United 

States and Mexico can name around 5,220 and 600 acquaintances, respectively. 

Therefore, name generators make the assumption that the first elicited names represent 

the strongest and more important of ego’s ties (Marin 2004). The “name generator” itself 

(just eliciting names) is not a problem, it could be easily left unrestricted, but what really 

poses an appreciable respondents’ burden is the “name interpreter”; for example, an ego 

with “N” alters is asked to report on 𝐶!! (combinations) non-directed dyadic relations. For 

instance, if ego had 5 alters, then 𝐶!! = 5! 2! ∗ 5− 2 ! = 10, so ego must give 

information on 10 non-directed ties (Knoke and Yang 2008) 

Finally, the collection of social network data is a free-recall technique. Therefore, 

the researcher trusts individuals to remember network members and alter-alter ties, so the 

investigator is left to the mercy of a respondent’s cognitive biases. 

4.4. Data Analysis 

4.4.1 Qualitative Data Analysis 
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As aforementioned, the qualitative part of this study deals with the difficulty of 

objectively assessing an irrigation system’s sustainability. Therefore, the Rapid Rural 

Appraisal techniques as well as questions included in the questionnaires were designed to 

gain insights about the economical, sociological, technical, and ecological sustainability 

of the irrigation system. Table 4.1 provides the RRA’s checklist used to make this 

assessment.   

Table 4.1. Rapid Rural Appraisal Checklist 

1) Technical 1.1) Infrastructure (visual inspection and farmers’ opinions) 
      1.1.1) Is it working to the fullest? 
      1.1.2) What is its level of maintenance? 

2) Ecological 2.1) Traditional Ecological Knowledge (Q51-52, 
questionnaire 1) 

      2.1.1) Do they have a sense of "commonality" in the usage 
of the water? 

    2.2) Soil problems (visual inspection and farmers’ opinions) 
      2.2.1) Waterlogging 
      2.2.2) Salinization 
      2.2.3) Erosion or loss of fertility 
      2.2.4) Compaction 

    2.3) Abandonment of parcels (tree and bush encroachment) 
    2.4) Depletion of the water source (farmers’ opinions) 

3) Social 3.1) Social capacity (Bos 1997) 
    3.2) Migration (population census data from INEGI) 
   3.3) Socioeconomic differences (wealth index from 

Sheridan [1988]) 
4) Economic 4.1) Cropping intensity 

    4.2) Agriculture as part of farmers' livelihoods 
    4.3) Expectancies (discount rate) (Q51, questionnaire 1) 
    4.4) Recent investments (improvements) in infrastructure 
    4.5) Other incentives to plant (such as subsidies) 

5) Institutional 5.1) Elinor Ostrom's (1990) eight design principles 
    5.2) Characteristics of the common resource (water) 

(Schlager et al. 1994) 
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4.4.2 First Quantitative Strategy: Proxy Networks 

The first quantitative research strategy explored the idea that users of a TIS 

inhabiting a rural village share a common social environment. This common environment 

has probably influenced the formation of many path-dependent ties, especially kinship 

ties. A high prevalence of family ties also makes it more likely that the partnership ties 

needed for collective initiatives related to the operation of TIS are embedded on family 

ties. Scholars have studied the isonymy structure in small towns having a limited rate of 

migration in social and geographic space. Their work suggests there is less diversity in 

small towns than in larger ones (Barrai et al. 1987, 2001).    

Employing mining graph data techniques designed to extract novel and useful 

knowledge from relational data (Holder and Cook 2007), this strategy aims to use a TIS’s 

list of membership to derive or predict kinship relationships. A “list of membership” is 

just a list of the full names (a pair of surnames and a given name) of rightful members of 

an irrigation system.  

The usefulness of a “list of full names” as potential relational data resides in the 

patronymic naming convention used in Mexico. In Mexico names are formed by putting 

the father’s paternal surname first and the mother’s paternal surname next. As a example 

to illustrate this, Angelucci et al. (2009) used the name of the former Mexican president 

Vicente Fox Quesada, who is identified by his given name (Vicente), his father’s paternal 

name (Fox), and his mother’s paternal name (Quesada). This system is further explained 

in the next family tree diagram (see Figure 4.2), where a surname is represented by a bold 
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capital letter and the family relations are with respect to “ego.” For instance, ego’s 

surnames are “AD,” with “A” inherited from his father and “D” from his mother. 

The procedure used to build “proxy networks” in this study is illustrated in Figure 

4.3. First, a node-wise similarity approach was employed, in which each user was 

compared to their peers using a binary classifier (kinship/no kinship). The result of 

comparing user “i” and “j” represented an entry 𝑥!" of the “proxy binary network,” where 

𝑥!" = 1 if “i” and “j” were predicted to be “family” and 𝑥!" = 0 otherwise. 

 

Figure 4.2. Hypothetical family tree diagram, with surnames as capital letters, and family 
relations are shown with respect to ego (at the center of the diagram). 
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 Figure 4.3. Procedure for building the proxy networks. 

The Proxy Binary Network (PBN) node-wise similarity rule assigned a family tie 

to those users having a common surname. The list of membership was stored in a data 

frame object in the R environment (R Development Core Team 2011). For readers 

familiar with R programming, the “match algorithm”5 is shown in Figure 4.4, where 

“listnames” represent the list of membership as a data frame of dimensions “m x 3” 

where “m” represents the number of irrigators and each user (irrigator) was identified by 

an “ID” with two surnames.    

                                                
5	  The loop (in lines 7 to 13) is sensitive to missing data (“NA”). It is recommended to code the surnames as 
numeric values to allow the logic functions to work properly. Finally, the “proxybn” matrix can be 
symmetrized using the function “as.undirected(‘Igraph_object’, mode='collapse')”of the R library Igraph.   
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Figure 4.4. R match algorithm for the proxy binary matrix. 

By design, the PBN does not detect some important family ties. For instance, in 

Figure 4.2 ego (“AD”) does not share any surnames with his grandmother (“B”). 

Moreover, ties between spouses go undetected.  

As a way to visualize which “families” were more central, a Surname to Surname 

Matrix (SSM) was created. In this matrix, 𝑥!" = 1 if surname “k” and surname “l” were 

appended onto a single person, and 𝑥!" = 0 otherwise. This matrix was just a projection 

of the PBN where a two-path in the SSM equals an edge of the PBN. A hypothetical 

example is illustrated in Figure 4.5. It is important to note that the real relationships in 

parenthesis are unknown and the edges are the result of the node-wise similarity match 

algorithm.  
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Figure 4.5A) a PBN derived from Figure 4.2; B) a SSM derived from A). 

In the SSM, a “geodesic distance” (the shortest distance between two nodes) of 

two equals a “kinship tie” in the PBN. Thus, as explained in Figure 4.3, the construction 

of the Proxy Valued Network (PVN) is derived from the topological patterns of the PBN. 

Furthermore, PVN made the assumption that nodes separated by a finite geodesic 

distance greater than one in the PBN (or three in the SSM) were some sort of extended 

family (or in-laws). Isolate nodes have a geodesic distance that goes to infinitum and 

were considered unrelated or not family.  

In the PVN, the most conservative assumption was to consider “family of family 

as extended family;” this is known as “Markov dependence,” where two dyads are 

conditionally dependent if they share a node (Markov dependence is further explained in 

the next section). In this case, the tie closing a triad will be categorized as “extended 
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family6.” The PVN, which takes a relatively liberal approach, considered as extended 

family any nodes connected by a path greater than 1.  

To test the PBN and PVN empirically, interviewees were asked to rate 5 other 

members of the irrigation system chosen at random (see question 35 of the questionnaire 

1 in Appendix 1) into one of these categories:  (1) “family” or “kinship,” (2) “in-laws” or 

“extended family,” and (3) “not family “or “not known.”  The empirical data was then an 

edge list (set of dyads) of length equal to the number of interviewees multiplied by 5; that 

is, not all the possible undirected dyads in the PBN and PVN were tested.  

The hypotheses proposed were: 

Hypothesis 1.1: a proxy kinship network derived from a membership list of the 

TIS, where people sharing at least one surname are considered “direct family” results in a 

“good” approximation of (or presents a “substantial agreement” with) the real family 

relationships present among its members. 

Hypothesis 1.2:  using a proxy kinship network derived from a membership list of 

the TIS, it is possible to create a Markov dependence graph to derive a valued network 

for direct and extended family resembling a “good” approximation of (or presenting a 

“substantial agreement” with) the real family relationships present among its members. 

                                                
6	  “Extended family” included relatives of an individual such as: family in-law, non-nuclear family members 
excluding those closely related by blood links as brothers, father, grandfathers, close cousins, etc. Typical 
expected answers from respondents categorizing someone as “extended family” were: “we are kind of 
relatives,” “we are in-laws,” “I consider him as a distant relative,” and so forth.  
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A dyad-wise comparison of the empirical data against the “predicted” ties was 

conducted through contingency tables. The agreement was assessed by looking along the 

main diagonal of these tables.  

In order to account for the agreement that would be expected purely by chance, 

Kappa was used as measure of agreement (Cohen 1960; Sim and Wright 2005). The 

range of possible values for Kappa is from -1 to 1. Unity represents perfect agreement, 0 

represents agreement no better than the expected by chance (as simple guessing), and a 

negative Kappa indicates agreement worse than the expected by chance (Sim and Wright 

2005).  

In cases where the observed cell counts in a cross tabulation table of two raters 

bunch up in any corner of the table, the Kappa coefficient is known to produce 

paradoxical results.  An alternative form of Kappa, called PABAK (Prevalence and Bias 

Adjusted Kappa), has been proposed as a solution to this problem. 

The formula for PABAK, its variance and confidence intervals were provided by 

Looney and Hagan (2008): 

𝑷𝑨𝑩𝑨𝑲 = 𝟐𝑷𝒐− 𝟏                  (3) 

𝑷𝑨𝑩𝑨𝑲  𝒗𝒂𝒓𝒊𝒂𝒏𝒄𝒆   = 𝟒𝑷𝒐(𝟏!𝑷𝒐)
𝑵

                (4) 

𝑷𝑨𝑩𝑨𝑲  𝑪. 𝑰.= 𝑷𝑨𝑩𝑨𝑲  ± 𝒁𝜶/𝟐 𝑷𝑨𝑩𝑨𝑲  𝒗𝒂𝒓𝒊𝒂𝒏𝒄𝒆             (5) 

 
Where “Po” is the observed agreement, “N” in this case is represented by all the 

observed dyads, “var” stands for variance, and “C.I.” stands for confidence interval. 
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Finally, to rule out hypotheses 1.1 and 1.2, Landis and Koch (1977) standards for 

strength of agreement of the Kappa coefficient and its statistical significance were used.  

4.4.3. Second Quantitative Strategy: Dependence Graph 

Under methodological individualism assumptions, a social network could be 

divided into a set of independent dyads. In this scenario couples exists in isolation rather 

than embedded on social networks influencing them in a variety of ways (Felmlec 2001) 

(see Social Mechanisms section). This is an unrealistic scenario. 

On the hand, in economic sociology the assumption is that actors are linked and 

influence each other. Adopting a network perspective as strategy of analysis implies that 

the understanding of the pattern of network ties among individuals represent 

dependencies implicit in social events (Robins and Pattison 2005). 

In addition to the dependencies related to the social environment, network data 

statistically have sources of interdependence by design. Proctor (1969) pointed out that 

the repetition of the same person in different dyads creates the same effect as in the case 

of panel data where the same objects are measured at different times. According to 

Bolchsler (2008), this repetition effect makes the dependence vary according to which 

column or row actors belong in a sociomatrix, so the dependence is a function of how an 

actor is perceived by or rates other actors, respectively. 

In summary, network data represents dependencies implicit in social happenings, 

so to interpret it requires understanding these dependencies in the network (Robins and 

Pattison 2005). In this regard, a dependence graph constitutes a way of systematically 
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studying the network dependencies. Hypothesizing about forms of dependencies, the 

researcher tests the different processes giving rise to the observed network. 

According to Robins et al. (2007) the term “dependence graph” was first 

introduced into the network literature by Frank and Strauss (1986) following the 

approach described by Besag (1974). A dependence graph regards each tie 𝑥!" as a 

random variable (often binary) and the number of nodes is fixed. The dependence graph 

represents the contingencies among the network variables  𝑥!". These contingencies are 

expressed as the conditional dependence between dyads where two couples may or may 

not be dependent, conditional on the observations of all other dyads in the network. 

4.4.3.1 Stochastic Network Models 

The social networks collected through the name generators (and interpreters), 

explained in section 4.3.2, can be considered as a realization (an observation) out of a 

distribution of random graphs. The aim is to model the observed network as a 

dependence graph model that plausibly reproduces the observed data. 

 The stochastic modeling of network data is a continuously evolving field. The 

actual models were derived from the works of Julian Besag (1974) with the spatial 

interaction of random variables applied to plant ecology. Besag (1974) studied the spread 

of a contagious disease in a field of plants and modeled the likelihood of a plant having 

the disease as conditionally dependent on whether neighboring plants have the disease. 

He derived a probabilistic description of the entire system in terms of hypothetical local 
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dependencies. Dependencies were conveyed into cliques that he defined as the set of sites 

in which every site is a neighbor of other sites. 

In social networks a clique represents a subgraph or configuration. An observed 

network is modeled as a function of the relative prevalence of these subgraphs in the 

entire network. And as aforementioned, these configurations imply a type of 

interdependence. This assumption is plausible given the idea expressed in section 3.9 that 

social capital is the accumulation of micro-social interactions (subgraphs in this case), 

which are in turn embedded in the macro-social order.  

As a way to model the global network structure of the data gathered from the case 

studies, along with different forms of implicit dependencies, an exponential random 

graph model was proposed. 

4.4.3.2 Exponential Random Graph Model (ERGM) 

      ERGMs are sometimes known is social network literature as P-star (P*) 

models (Wasserman and Pattison 1996; Hunter 2007). An ERGM simulates the 

probability distribution function of a given class of graphs (Saul and Filkov 2007). The 

stochastic process giving rise to the observed network is modeled as a function of 

network configurations. 

Network configurations are like “parameters” in a regression model, but they have 

different properties:  a) they are cliques; b) they are isomorphic subgraphs; c) their 

inclusion just represents a “possibility”; and d) they overlap with each other.  
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First, a clique is a subset of fully connected nodes, about which the analyst 

hypothesizes network mechanisms when they are considered as conditionally dependent 

subgraphs. These cliques can also include block dependence (actors with common 

attributes or grouped based on exogenous variables) configurations. In brief, the analysis 

of cliques indicates which subgraphs are equi-probable. 

Second, according to Wasserman and Faust (1994), two graphs (or subgraphs) are 

isomorphic if graphs G and G’ have a one-to-one mapping in their structure. Isomorphic 

graphs have the same number of nodes and lines arranged structurally in the same way; 

that is, except for the nodes’ labels they are equivalent. In ERGMs this is known as the 

homogeneity assumption, which implies that isomorphic configurations have the same 

probability of occurrence. 

Third, the inclusion of a configuration represents a researcher’s theoretical 

concern. The inclusion of a configuration is tested against the frequency of the 

configuration in the empirical network. 

Finally, structural configurations or endogenous parameters overlap with each 

other. Endogenous parameters are generated as a function of the network structure and 

are measured and tested simultaneously. Higher-order substructures (such as triads) are 

formed with lower-order structures (such as edges or two stars). Thus, an ERGM allows 

controlling the effects of higher structures with lower ones. 

The general form of an ERGM is: 
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𝐏 𝐗 = 𝐱 𝐍  𝐚𝐜𝐭𝐨𝐫𝐬 = 𝟏 𝐜 𝒆𝒙𝒑 𝜽𝒌𝒁𝒌 𝒙𝒌
𝒌!𝟏                (6) 

 
The left side of Equation 6 represents the probability distribution of a graph 

conditional (kept fixed) for the number “N” of actors (Goodreau et al. 2009). The right 

side of Equation 6 describes the formula for producing random networks as a function of 

a vector of “k” sufficient parameters (configurations), with “𝜃!” estimated from the 

observed statistics “𝑍! 𝑥 ” counted from the empirical network “X.” Ideally, each “k” 

statistic calculated from the posterior probability distribution of graphs should be 

centered on the mean observed values in “X.” Finally, “c” is a normalizing constant, 

which ensures that the equation is a proper probability distribution (that is, that it sums to 

1).  

The goodness of fit of an ERGM depends on the set of parameters “𝜃!” chosen by 

the analyst. The selection of network configurations must be based on theoretical 

concerns; that is, the network mechanisms that the researcher suspects are influencing the 

social process. This part of the process is known as “model specification” and is 

discussed in the next section.     

4.4.3.3 ERGM Specification 

The process of specifying an ERGM is not different from the process of 

specifying any other regression model. In this research, the specification processes 

consisted of hierarchically nested models based in their dependence assumptions 

(Goodreau et al. 2009). 
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First, a “maximal independence model” was specified. This model includes the 

baseline parameter for edges (Bernoulli model) where all ties 𝑥!" are equi-probable. The 

dependence assumption here implies that  𝑃 𝑥!" = 1|𝑥!" = 1 = 𝑃 𝑥!" = 1 𝑃 𝑥!" = 1 . 

For instance, it means that previous information about “John likes to work with Paul” 

does not affect the condition of whether “Paul likes to work with John.”  

The Bernoulli model is considered a baseline model. This model indicates that 

sociometric choices were made at random, so the network has no meaningful structure. In 

this case, edges occur independently with a uniform likelihood of ocurring. This model 

tests the first global hypothesis: 

Hypothesis 2.1: There is a random distribution of cooperative relationships (global 

null hypothesis). In this case, the mapped network structure does not govern ties’ 

preferences. 

Hypothesis 2.1 is tested by including an “edge” parameter in the ERGM. In 

particular, a negative value for the parameter estimate is expected, indicating that edge 

formation is unlikely unless the edge contributes to complete a higher order subgraph. 

Analytically, the Bernoulli model is not very useful. The dependence assumption 

is the dyadic-independence model where 𝑥!" is conditionally dependent only in 𝑥!" = 1 

given the rest of the graph (Strauss and Ikeda 1990). In this case, the complete subgraphs 

of the dependence graph are of the form 𝑥!" or 𝑥!" , 𝑥!"  (Wasserman and Pattison, 1996). 
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The dyadic-independence model allows the inclusion of only two structural 

parameters: edges and reciprocity (mutuality), although block homogeneity terms may be 

included depending on exogenous variables. These models are said to exhibit dyadic 

independence because the probability of any tie does not depend on the value of other 

ties, but only on the attributes of the two actors involved   𝑖, 𝑗 . 

The dyadic-independence model permits the inclusion of network mechanisms 

such as propinquity, homophily, reciprocity, and multiplexity through the addition of 

dyadic covariates. 

In particular, the dyadic-independence model helps to indicate which variables are 

influencing the formation of cooperative relations (RQ2.2), and whether the ego-

networks surrounding each irrigator are conditional on social proximity (“propinquity”) 

(RQ2.3). In the case of RQ2.2, exogenous variables not dependent on the network’s 

structure can be included and tested in the model. A dataset not exhibiting dyadic or 

extra-dyadic dependence could be safely modeled with standard logistic regression 

techniques or with simpler network model such as P1 (Holland and Leinhardt 1981) or P2 

(Van Duijn et al. 2004) (because the dyadic independence effects modeled through the P1 

and P2 models can be also modeled with the ERGM, those models are not discussed in 

this research). 

The RQ2.2 tests the battery of variables shown in Table 4.2. 
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Table 4.2. Exogenous variables, description and coding. 

Variable Description Variable 
type Dyadic covariate 

Age  Irrigator’s age in whole 
years 

Integer 
variable 

Absolute difference |i-
j| 

Education  Irrigator’s years of 
formal schooling 

Integer 
variable 

Difference (i-j) 

Wealth 
Index  

Calculated from the 
value of three assets: 
livestock, trucks, and 
irrigated land (see 
Sheridan, 1988) 

Continuous 
variable  

Difference (i-j) 

Residence Whether or not the 
irrigator was living in 
the community at the 
moment of the 
interview 

Binary 
variable 

Similarity, 1 =  
living in town, and 0 
otherwise  

Irrigation 
subsector  

Rancho Viejo case 
study TIS is broken 
down into 13 irrigation 
subsectors 

Nominal 
variable 

Similarity, 1 = both 
belong to the same 
subsector, and 0 
otherwise 
 

Linking 
social capital  

Number of links a 
person has over given 
set of institutions or 
government agencies  

Number of 
institutions 
nominated 

Difference (i-j) 

 

The dyadic-independence model also served to analyze a hypothesis of particular 

interest: 

Hypothesis 2.2: Family homophily is a salient factor in the formation of partners’ 

ties, and consequently any structural effect is more likely to affect the formation of 

partners among irrigators if they are also relationally tied as family. 

Rural communities are isolated places and irrigators might choose relatives as 

people to work with in irrigation system’s projects just because they are linked with other 
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irrigators that are members of their family. Hypothesis 2.2 tests if the effect of family 

goes beyond the baseline homophily component (the homophily expected by chance). 

Wong et al. (2006) referred to it as “inbreeding homophily” to the assortative matching 

measured over the potential tie pool.       

The RQ2.3 deals with the spatial distribution of the network’s topology. The 

irrigation system’s users are interconnected to each other by the physical design of the 

irrigation works. For instance, a group of irrigators might be dependent on a common 

ditch, a section of canal, and so forth. A common interest creates a space for cooperation, 

discussion, and socialization. Individuals must meet in time and space to form a 

relationship (Sorenson 2003), so geographical proximity increases the chances of 

interaction because it creates a spatiotemporal common context (Robins and Pattison 

2005). 

Geographic propinquity just creates the scenario for social interaction. This 

implies that ties between non-similar individuals also dissolve at a higher rate 

(McPherson et al. 2001), so the effect of propinquity interacts with nodal covariates. 

Based in this evidence the hypothesis is: 

Hypothesis 2.3: The “ego-networks” surrounding each irrigator within the 

organizational boundaries are conditional on geographic proximity. That is, the closer 

two users are, the more likely that they will nominate each other as a partner. 

Geographical proximity was measured creating a symmetric distance matrix with 

this formula: 
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𝑾𝒊𝒋 = 𝒙𝒊𝒋 𝒍𝒐𝒈𝟏𝟎
𝒙𝒋
𝑼𝑻𝑴!𝒙𝒊

𝑼𝑻𝑴 𝟐
! 𝒚𝒋

𝑼𝑻𝑴!𝒚𝒊
𝑼𝑻𝑴 𝟐

𝟏𝟎𝟎𝒊!𝒋              (7) 

 
In Equation 7, “xUTM” and “yUTM” are the projected UTM coordinates of the 

parcels’ polygon centroids of irrigators “j” and “i”, respectively. Wij represents the 

Euclidian distance in hundreds of meters in a common logarithmic scale. If propinquity is 

a salient factor affecting tie formation, then a significant negative parameter is expected. 

The dyadic independent model is too restrictive to test the hypotheses derived 

from the question “Are cooperative relations dyadic or network embedded?” (RQ2.4). Up 

to this point, the only evidence of “social embeddedness” has been “multiplexity.” 

In this research, dyadic embeddedness (dyadic dependence) was not considered as 

proof for the presence of structural embeddedness in the irrigators’ social network. This 

was because the unit of analysis of the ERGM is the dyad, so it is very likely to have 

dyadic dependence effects anyway. Instead, network embeddedness or extra-dyadic 

dependencies were tested to discover if irrigators’ sociometric choices were contingent 

on third persons not included in a dyad; but, as in the case of baseline homophily, the 

ERGM tests for the presence of more extra-dyadic configurations than can be accounted 

for by exogenous variables in the model.     

The model involving extra-dyadic dependencies is known as “Markov dependence 

model” where: 

   𝒙𝒊𝒋 ⊥ 𝒙𝒍𝒌   𝒊𝒇   𝒊, 𝒋 ∩ 𝒍,𝒌 = ∅                  (8) 
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That is, ties are conditionally dependent when they have a common actor. These 

models allow for the inclusion of higher-order parameters such as k-in/out-stars, k-

mixed-stars, transitivity, and cyclicity. 

Up to this point, the idea is to add higher-order configurations to create the best 

“independent model.” Also, so far the magnitude and the statistical significance 

represented the measures used to rule out hypotheses. But with the inclusion of higher-

order configurations, two indicators become important: a model’s goodness of fit, and 

model degeneracy (Handcock 2002, 2003).  

Model degeneracy can be described in brief as a phenomenon in which a 

seemingly reasonable ERGM can actually provide such faulty misspecification for the 

observed data set as to render the occurrence of the observed data as virtually impossible 

under the model. Despite the fact that model degeneracy is merely a technical 

inconvenience, its appearance helped to relax even more the dependence assumptions 

implied in the Markov model. 

Snijders et al. (2006) proposed a new set of configurations for ERGM (these 

configurations were presented in Chapter 3, in Figure 3.8) that generally avoided 

degeneracy (although did not guarantee its avoidance). The problem is that the Markov 

assumes that triangles (or triad closures) occur all over the graph at a constant rate. This 

effect overwhelms the graph, creating an “avalanche” effect.  

The new specifications for ERGM curb the triad closure effect. The assumption is 

easy and makes sense. For instance, the “k dyad-wise” configuration depicted in Figure 
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3.8 (Chapter 3) becomes the Geometrically Weighted Dyad-wise Shared Partnerships 

(GWDSP). The GWDSP value indicates the tendency for any two networks’ nodes 

(linked or not) to have common partnerships (or any other kind of tie). Similarly, the “k 

edge-wise” configuration depicted in Figure 3.8 (Chapter 3) becomes the geometrically 

weighted edge wise shared partnerships (GWESP). The GWESP captures the tendency 

for any two linked nodes to have multiple shared partners. In addition to these two 

configurations Snijders et al. (2006) also included the Geometrically Weighted Degree 

distribution (GWD), derived from the alternating k star configuration. GWD tries to 

capture the tendency of higher order stars (in-degrees or out-degrees), so popular or 

sociable persons are unlikely to occur. 

The inclusion of the parameters from Snijders et al. (2006) conveys the “partial 

conditional independence assumption.” This dependence assumption is like a three-path 

closure; for instance, under a Markov assumption 𝑥!" ⊥ 𝑥!"   𝑖𝑓   𝑖, 𝑗 ∩ 𝑙, 𝑘 = ∅, but 

if 𝑖 = 𝑙 then the potential tie to complete the clique is  𝑗⟷ 𝑘. Under the partial 

conditional independence assumption, potential ties are conditionally dependent on either 

(a) Markov dependence, and/or (b) if their existence will form a four-cycle (Harrigan 

2006). Thus, even though 𝑖, 𝑗 ∩ 𝑙, 𝑘 = ∅, if there is a tie between either “i” or “j” with 

either “l” or “k,” the four-cycle is closed. 

The partial conditional independence model, along with the Markov model, tests 

the hypothesis derived from RQ2.4: Hypothesis 2.4: The likelihood of partner formation 
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between two irrigators exhibits strong extra-dyadic interdependencies. Dyadic relations 

are embedded on triadic or larger structures. 

Additionally, in Snijders et al. (2006), the GWD, GWESP, and GWDSP terms 

were considered to have a fixed “λ” decaying coefficient provided exogenously by the 

analyst (equations for these configurations were not presented in this document, so the 

interested reader is referred to Hunter [2007]). The decaying coefficient tells the model 

how fast the effect of common friends is diffused. Hunter (2007) estimated the decaying 

coefficients endogenously and called his model a curved ERGM. Hunter (2007) pointed 

out that even in Snijders et al. (2006), the “λ” parameters are not quite fixed because 

those authors used several different values for each “λ.” He settled on values producing 

high estimates of the likelihood function. The curved exponential family techniques used 

by Hunter (2007) and in Hunter and Handcock (2006) automate this procedure but are 

computationally time consuming. 

Finally, I expected to find a positive parameter for GWESP in the presence of 

negative independent two-paths or GWDSP, suggesting that the network tends to closure 

triads. The fact that these parameters showed statistical significance implies that there are 

“network mechanisms” affecting users’ choices to form partners; alternatively it could 

mean that dyadic effects are driving ties. 

A GWD statically significant parameter (whether negative or positive) would 

indicate that the network has a very particular in-degree distribution.  Also I expected a 

negative GWD parameter, which would indicate that high in-degree stars are less likely 
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in the network, unless they are implied by a transitive structure. This was expected 

because perhaps key actors are local leaders within their respective irrigation sectors. 

4.4.3.4 Estimation of ERGMs 

Because of the normalizing constant “c” in the denominator of Equation 6, the 

inference using maximum likelihood estimation (MLE) is computationally infeasible 

(Hunter et al. 2008). The first solution proposed to circumvent this problem was to 

calculate the product of conditional probabilities through the Maximum Pseudo 

Likelihood (MPL) method (Strauss and Ikeda 1990; Arnold and Strauss 1991). The 

properties of MPL estimates are unclear, so the use of MPL is not recommended 

(Wasserman and Robins 2005), despite the fact that in dyadic independence models, 

MPL estimates approximate the MLE. 

More recently, ERGMs have been estimated simulating the distribution of graphs 

generated from a vector “𝜃!” of parameters. A Monte Carlo Markov Chain (MCMC) 

routine is used to simulate a sample of graphs and estimate the parameters in “𝜃!” (Geyer 

and Thompson 1992; Snijders 2002). Simulation is also used to determine the statistical 

significance of each coefficient by comparing the estimates to the statistics found in the 

empirical network. If these statistics are significantly different (rare) than the average 

calculated from the simulated networks (that is, the “null distribution”), then the 

researcher can conclude that the empirical network shows a determined property (Valente 

2010).  
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4.4.3.5 Software 

The ERGMs, relational data preprocessing, and data visualization were analyzed 

in R (R Development Core Team 2011). In particular, the ERGMs were developed in the 

R libraries “statnet” (Handcock et al. 2003) and “ergm” (Hunter et al. 2008; Morris et al. 

2008). Other R subroutines also used were: “sna” (Butts 2010), “networks” (Butts et al. 

2011), and “igraph” (Csardi and Nepusz 2006), among others.  

4.5 Summary 

This chapter presented the mixed-methodology design, which included 

quantitative and qualitative methods of data gathering. These methods were used to 

measure two aspects of the traditional irrigation systems (TISs) that are distinct but 

theoretically related: the social embeddedness of economic activities, and the 

sustainability of TISs. 

The assessment of social embeddedness represented the quantitative component in 

this research. The quantitative part used face-to-face structured interviews designed to 

gather relational data. In this approach the units of analysis were the relations among 

irrigators. The size of the sample collected allowed the statistical analysis of the data. 

The qualitative component of this research involved the challenge of categorizing 

a TIS case study as “sustainable” or successful. An RRA data collection strategy was 

followed. A checklist of important factors related to the TIS’s sustainability and 

performance was proposed to guide the data-gathering efforts. Data collection techniques 

included: observations, field trips with key informants, unstructured interviews, and 
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second-hand information.  In this approach the units of analysis were cases of TISs, so 

results are regarded as case studies. 

The results of each methodological approach are reported separately in the next 

two chapters. The next chapter presents the results of the qualitative approach. The 

findings of the quantitative analysis are then presented in Chapter 6. 
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CHAPTER	  5	  

QUALITATIVE	  DATA	  ANALYSIS	  RESULTS:	  

DESCRIPTION	  OF	  THE	  CASE	  STUDIES	  

5.1 Introduction 

The difficulty of assessing to what extent a TIS case can be considered a 

sustainable system was the main guiding question of the Rapid Rural Appraisal (RRA) 

fieldwork. In Chapter 2, section 2.6 discussed the multiple dimensions affecting the 

sustainability of irrigation systems. In addition to this multidimensionality, these 

variables systematically affect each other through feedback loops, so TISs are expected to 

show mixed and perhaps contradictory values. Moreover, TISs are highly contextualized 

and their actual situations are path-dependent. Nonetheless, for this research 

sustainability dimensions were sorted into five categories: technical, ecological, social, 

economic, and institutional. The main objective of this chapter is to provide a fair picture 

of each case study having these dimensions as a guideline and allowing the reader to 

decide to what extent each case can be considered “sustainable” or “successful.”        

5.2. General Description of Case Studies 

5.2.1 Rancho Viejo Case Study 

Three important factors determined the selection of this TIS for a case study. First, 

the community was located just 44 miles away from Hermosillo (the author’s place of 

residence); second, the irrigators were eager to participate and showed interest in the 
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study; and third, the case was recommended by a CNA agent who had previously worked 

in this community. To collect the data, I made 17 trips to the community from August 21 

to October 28, 2010.    

 Rancho Viejo (which in English means “Old Ranch”) is the name of an ejido 

landholding (ejido "Rancho Viejo”) and its rural community. The ejido polygon depicted 

in Figure 5.1 has approximately 35,217 acres. The town of Rancho Viejo (RV) had a 

population of 288 in 2010 (INEGI 2010), of which 176 people (not necessarily living in 

the community) were ejido landholders (ejidatarios or co-owners of the ejido).   

The origins of RV are not clear. In historic papers and maps, RV appeared as 

neither a “mission” nor as hacienda7; it was just referred to as a place located between 

two existing towns, “Pueblo de Alamos” and “Santa Rosalia” (Perez-Hernandez 1872; 

Eckhart 1960). The elders mentioned during the interviews that, before the ejido was 

formally constituted in 1934, the land was considered two big ranchos (ranches, although 

locals regarded them as haciendas). One of these ranches was located in the town itself, 

and the only reference that the elders had was the trace of the foundations of what they 

called “La Casa Grande” (the big house) where the former landowners lived. The other 

ranch was called La Feliciana, which according to the locals, was a ranch located 1.5 

                                                
7	  “Haciendas” were the productive units of the Mexican agricultural sector from 1640 to 1940. “Haciendas” 
influenced rural life because before 1910 about 82% of the rural communities depended on the haciendas 
(Meyer 1986). Most of the people have a negative connotation of haciendas; haciendas are thought as 
excessive large properties owned by aristocrats exploiting poor landless laborers. The predominant 
sentiment toward haciendas is described in John Kenneth Turner's famous book “Barbarous Mexico,” 
published in 1910.	  
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kilometers to the northeast of the town of RV.  Most of the irrigators acknowledged these 

ranches as their predecessors in irrigating the land. 

 

Figure 5.1. General location of the “Rancho Viejo” case study. 

Actually, the total amount of irrigated land in RV is 867 acres and this subdivided 

into 14 independent sectors (see Table 5.1 and Figure 5.2). Each sector depends on a 
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hand-dug shallow well as a source of water for irrigation. Also, each sector has its own 

water distribution infrastructure. 

Table 5.1. Rancho Viejo irrigation system subsectors 

 Subsector 
(toponymy) 

Total area 
(acres)A 

MembersA MembersB Acres/member 

1 Parean 88.96 8 8 11.12 
2 Narices 37.06 3 3 12.35 
3 Saucito 44.48 3 3 14.83 
4 Viguita 44.48 3 3 14.83 
5 Varal 1 44.48 3 3 14.83 
6 Varal 2 61.78 8 8 7.72 
7 Mora 79.07 7 7 11.30 
8 Valle 1 93.90 11 14 6.71 
9 Valle 2 111.20 13 13 8.55 
10 Bolsa 37.07 1 1 37.07 
11 Fimbreña 29.65 1 1 29.65 
12 Llanito 86.49 8 7 12.36 
13 Metatito 19.77 2 2 9.89 
14 Pozo 88.96 6 6 14.83 

  867.35 77 79 11.12 
A Source: key informants 
B Source: as a result of interviews and name generators 
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Figure 5.2. Rancho Viejo irrigation system subsectors (map created by the author). 

 

5.2.2. General Mariano Escobedo (GME) Case Study 

The first time that I contacted the General Mariano Escobedo (GME) community 

was in 2005 while I was working in rural development projects in the bolseo systems of 

the neighboring ejidos adjacent to GME. From 2006 to 2008, I made at least two visits a 

year to GME and these neighboring ejidos. I formally gathered the data for this research 

from two trips made in August 2010 and another three visits made from August to 

September 2011. I chose this case study because I became interested in the bolseos form 

of irrigation; it seemed incredible to me to see the contrast of an extremely arid landscape 

with flourishing vegetation having no apparent source of water. 

The bolseo system is described in section 5.2.2.1. 
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The ejido was named after General Mariano Escobedo (1826-1902), who is 

considered a national hero because of his role in the Battle of Puebla (5 de Mayo). The 

locals had no explanation for why the ejido was given that name. 

GME is located in the Guaymas Valley, near the south coast of Sonora, bordering 

Irrigation District 084 of Guaymas (see Figure 3.3). Most of the agriculture in the area is 

intensively managed by large private landholders who grow crops for export and irrigate 

them using groundwater. The community is administratively within the municipality of 

Guaymas (see Figure 5.3) and hydrologically located at the lower portion of the Matape 

River Basin. 

In contrast to RV, GME is a recently created ejido. The locals mentioned that the 

ejido was created initially with the intention of providing land to the ferrocarrileros 

(railroad employees) of Empalme during their 1958-1959 strike. The former railroad 

employees occupied the land during the 1960s but they never settled down. In the early 

1970s, the list of landowners was updated by the government; during this process, 

absentees were taken out and replaced by most of the current landholders, who at the time 

were landless laborers who had migrated from the south of Mexico to pursue better-paid 

jobs in Sonora. Originally, the ejido had 63 landholders but there were 41 left in 2011.  



135 
 

 

Figure 5.3. General location of GME case study. 

Most of the irrigation in the region (Valley of Guaymas) depends on the extraction 

of water from deep tubewells, but this technology is not affordable for ejidatarios. 

Instead, a peculiar form of irrigation has been adopted for these ejidos: the bolseo system. 

GME ejido land totals 2,504 acres. According to the GME’s farmers, the whole 

potential cropland (bolsas) totals approximately 726 acres, although not all the area is 

actually under the bolseo system (bolseada). Apparently the bolseo system was 
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developed in 1974 with government funds through the no-longer-existing “National 

Deforestation Plan,” a program aimed at encouraging large-‐scale agriculture.  

The bolseo system irrigation technique is defined and described in the next 

section. 

5.2.2.1 The Bolseo System 

Bolseo systems have existed in the region long before the creation of the post 

revolutionary ejidos (between 1930 and 1992). Professor Henry F. Dobyns (1925-2009), 

a University of Arizona anthropologist, wrote a case study about a group of U.S. 

employees from the Papago Indian Agency who had visited in 1939 the Sonoran bolsas 

along Guaymas and Huatabambo in the Gulf of California. He wrote “At Guaymas, 

Sonora, the Robinson family raised crops with the ‘bolsa’ technique for four generations. 

In 1937, they showed the curious U.S. Indians Agents the flourishing garbanzos, wheat, 

barley and watermelons growing in dark, heavy alluvial soil which is ready for plowing 

about two months after receiving three or four feet of late summer flood water.” 

During my fieldwork in the neighbouring ejidos, some farmers mentioned that 

there are remains of irrigation works built with old masonry techniques. This implies that 

they had not been the first farmers irrigating these lands with this technique. The paper of 

Professor Dobyns implied that the bolseos had been running for a long time in the pre-

revolutionary hacienda system.  But how exactly does this system work? This is 

explained in the following paragraphs.  
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 Bolsa in Spanish means “bag,” or “pocket.” Bolseos is a noun referring to water 

harvesting structures. The term bolsa arises because the parcels are like small basins 

enclosed by earthen bunds or borders along their lower margin (usually along a contour 

line); parcels are flooded and retain water in a basin resembling a bag.  Dobyns (1951) 

described them as follows: “The bolsa impounds water in a lake or pond and it is 

designed to supply moisture sufficient to grow a crop without further irrigation. From 12 

to 36 inches of water is run into the bolsa and allowed to remain until it has soaked into 

the ground, producing deep moisture penetration. In years of subnormal rainfall, 

frequently water from a single shower can be collected into a bolsa and enough moisture 

secured to make subsistence crop of corn, beans, chiles and melons, where the conditions 

are right and owner is willing to work.” 

The most appropriate definition related to the Spanish term bolseos translates as 

“spate irrigation.” Known as “flood irrigation” in English, this system is typical of arid 

lands. For instance, literature has documented working systems in Kakuma, in Northern 

Kenya (Lehmann et al. 1998), in Western Rajasthan, India (Prasad et al. 2004), in Eritrea, 

Ethiopia (Ghebremariam and van Steenbergen 2007), in Balochistan, Pakistan (van 

Steenbergen 1997), and in the Koutine watershed in Southeast Tunisia (Ouessar et al. 

2008), among others. People might confuse this system with “flood-farming” but Dobyns 

(1951) made sure to differentiate it from bolseos, writing: “The Desert people build low 

earthen dikes to spread the flood waters evenly over their fields, or to divert water from a 

small gully into the field… but they made no attempt to retain water on their fields 

beyond the amount naturally flooded over them … .” 
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Bolseos are usually located in very arid environments where in-situ rainfall is not 

enough to support a crop, so bolseos rely on “catchment areas.” The catchment area, also 

known as the water collection or water harvesting area, can range from a few square 

meters to several square kilometers in size (Tauer 1991; Lehmann et al. 1998; Mehari et 

al. 2005). GME bolseos are fed from the catchment area of two ephemeral streams 

(“arroyos” in Spanish): Arroyo El Huico and Arroyo El Gato. The catchment area for the 

former is shown in Figure 5.4.    

 

Figure 5.4. Land uses in the Arroyo El Huico catchment area (computed by the author from 
these sources: H12D62 and H12D72 INEGI 1:50,000 Digital Elevation Models, and Google 
Earth). 
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The GME catchment area has a network of 256 kilometers of arroyos and dry 

washes spread on 51,878 acres of arid rangelands. The whole potential cropland (bolsas) 

totals approximately 726 acres, so there are 68.6 acres of catchment area per acre of 

cropland in GME. Moreover, the length of the longest line within the catchment area is 

22.1 kilometers (13.7 miles) (see Figure 5.4) and the elevation profile of that line shows 

that altitude varies from 141 to 447 meters (463 to 1,466 feet). 

The main use of land of the catchment area is “rangeland” (agostadero) (see 

Figure 5.4). Using Google Earth (accessed March, 2011), it was possible to locate at least 

12 ranches. Apparently, the main other use of runoff water was to supply 51 embankment 

ponds, which were built to retain water for livestock. Immediately above the GME 

bolseos are bolseos belonging to Ejido La Misa. Finally, it was possible to locate two 

large tracts of buffelgrass (Pennisetum ciliare).  

Finally, as has been previously suggested, the bolseos do not occur in isolation in 

GME. There were working systems in: Ejido La Misa (upstream of GME), Ejido Esteban 

Baca Calderon (“EBC”, immediately downstream of GME), Ejido Ortiz (located 

downstream of Ejido EBC), Ejido 5 de Julio (downstream of Ejido Ortiz), and Ejido 

Lazaro Cardenas (LC), which does not takes water from Arroyo El Huico but from a 

separate tributary of Rio Matape. The total area has not been officially measured. 
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5.3. Dimensions of TISs’ sustainability 

RV and GME represent cases of TISs. Both had a group of irrigators that were a 

subset of rural communities. Irrigators shared common resources: irrigation infrastructure 

and a common source of water, so they were prone to fall into social traps. In the next 

sections, contextual and socioeconomic differences between the two cases are discussed 

in the realm of TIS sustainability. 

5.3.1. Technical Aspects 

In the realm of TISs, technological sustainability does not imply an optimum 

(efficient) or state-of-the-art technological level, but a technology that is manageable by 

and affordable to local farmers. In both cases, the irrigation works were a patchwork of 

expensive structures made with external resources pieced together with locally built 

structures. 

Also, in both cases, the infrastructure was leaky, misaligned, and far from its 

optimum capacity, but it was working well enough. For instance, GME’s farmers 

complained that their parcels required a systematic land leveling, the addition/removal of 

a spillway here and there, and so forth. RV’s farmers complained about their leaky canals 

and their in-farm inefficiencies in using water. 

A positive rating for the irrigation infrastructure performance (operability) is 

expected to have a positive effect on the TIS sustainability. 
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5.3.2. Ecological Aspects 

5.3.2.1 Sense of Commonality in the Usage of Water 

Officially, the battery of RV wells is located in the Arroyo-La Junta-Santa Rosalia 

watershed, which is a sub-basin of the Sonoran river watershed. The wells were hand dug 

and have a depth of around 65 feet, so they extract water from the “subálveo” 

(subriverbed strata).  CNA considers the region the Santa Rosalia aquifer; theoretically 

water concessions should be (at least) in accordance with the aquifer recharge. In 2008 

CNA estimated an extraction/recharge ratio of 0.867 for this aquifer; that is, extraction 

and recharge are almost in equilibrium.     

In the RV, most of the irrigators had the sense that they were exploiting a 

renewable source of water and therefore they had the sense of “use it or lose it.” They 

highly correlated the water availability with a good rainy season and the number of times 

that the ephemeral arroyos carried water. There was no competitive exploitation among 

individual water pumpers; instead, issues regarding water appropriation usually occurred 

within irrigation subsectors and not across them. 

Irrigators with a sense of commonality of the water usage were more likely to be 

aware of its conservation and depletion. Therefore a strong sense of commonality is 

expected to have a positive effect on a TIS’s sustainability.  

5.3.2.2 Soil Problems 

In both systems, farmers did not complain about problems of water-logging and/or 

salinization. GME farmers complained about the problem of soil compaction; this 
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problem is common to this system because deposited silt tends to create an impermeable 

layer on the parcels, reducing the soil infiltration capacity. As a consequence, water 

seepage occurs slowly and the soil takes longer to reach field capacity for moisture 

levels. 

Neither RV nor GME used chemical fertilizers. Yet, they did not mention 

problems with soil fertility. Farmers from both TISs indicated that the flood-waters 

revitalized their soils. 

Soil degradation definitely affects the agronomic productivity of the irrigation 

system, so it negatively affects the economic viability of the system as well as the 

ecological sustainability. 

5.3.2.3 Cropland Abandonment 

According to Rey Beyanas et al. (2007), the abandonment of agricultural land is a 

phenomenon mostly driven by socioeconomic factors, such as migration to areas where 

new economic opportunities are offered to rural people. In both case studies, the 

abandonment of parcels because of ecological problems appears unlikely; instead, 

migration because of other economic opportunities is a more likely driver.    

In GME, the field trips and the photo interpretation of the high-resolution satellite 

images revealed that a lot of parcels were covered with secondary scrub vegetation. Many 

of these plots have been abandoned for so long that the manual removal of these shrubs 

(trees) is not feasible. The geographic analysis revealed that 39% of the arable land had 

been abandoned (see Figure 5.5).  
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According to the RV farmers, the abandonment of irrigated cropland in the ejido 

was not an issue. During the field trips a high-resolution satellite image was photo-

interpreted with the help of the key informants but it was not possible to locate 

abandoned parcels in the field, confirming RV farmers perception. 

The positive side of cropland abandonment is the eventual passive revegetation of 

cleared land, but land sitting idle reduces the productivity of the whole irrigation system. 

Furthermore, the fixed burden of maintenance of the infrastructure is economically 

supported by fewer acres of land. 

   

Figure 5.5. GME parcels in use.   
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5.3.3. Social Aspects 

5.3.3.1 Migration 

As is shown in Figure 5.6, both communities have declined in population. 

Population growth for RV and GME was -27 and -11% respectively for the 1990-2010 

period. Most of the people lost were from the younger age categories. In order to 

illustrate which cohorts lost persons, Figure 5.7 on the next page shows age structure 

diagrams of the differences between the two population censuses available (1990 and 

2005). Figure 5.7A shows the cohort by cohort differences revealing that most of the loss 

in population occurred along the first six cohorts; in fact, there was no increment in 

people younger than 25 years old between 1990 and 2005 for RV.  

 

Figure 5.6. Population change with respect to 1990, with dark gray equaling the population 
at each census and light gray indicating the difference with respect to 1990 (Sources: INEGI 
1990, 1995, 2000, 2005, and 2010).   
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Figure 5.7. RV community age structure diagrams of population differences 2005-1990, for 
the age category “i”, A) indicates the cohort-wise difference = cohort “i” (2005) – cohort “i” 
(1990); B) cohort “i+3” (2005) – cohort “i” (1990) (Sources: INEGI 1990, 2005).  

Because there is a 15-year difference between the two censuses, and making the 

assumption of negligible mortality and migration/immigration rates, graphs B) in Figures 

5.7 and 5.8 show the difference between cohort (2005) “i+3” minus cohort (1990) “i.” It 

can be seen that people living in the community in 1990 did not make their way up the 

pyramid, that is, there were fewer people than the expected in almost every age category. 

Migration has a positive and a negative effect in TIS sustainability. First, given the 

lack of diversification of the local economies of the case study communities, the 

migration of youngsters is a necessity. As acknowledged by Thomas Sheridan (1989), if 

all heirs remained in the rural community, the fields would become more and more 

fragmented, so emigration is a demographic safety valve for rural communities.  
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Figure 5.8. GME community age structure diagrams of population differences 2005-1990, 
for the age category “i”, A) indicates the cohort-wise difference = cohort “i” (2005) – cohort 
“i” (1990); B) cohort “i+3” (2005) – cohort “i” (1990) (Sources: INEGI 1990, 2005). 

For instance, in the RV, most of the irrigators have sons/daughters who migrated 

out of the community to pursue job opportunities. The graph in Figure 5.9 shows the 

average number of sons/daughters living out of the community. For instance residents 60 

to 69 years old had an average of 4 sons/daughters living out of RV. 

The negative side of migration is caused by the narrowing of the base of the age 

pyramids, indicating the displacement of young people out of the community and, more 

specifically the working age groups. This process leaves many farmers alone with their 

heirs away and unfamiliar with the farming struggles. It also often affects the “generation 

turnover” process, where farmers reaching the retirement age do not have a successor to 

continue the farming activities. 

Psychologically, the lack of an heir working the land increases the farmer’s 

internal discount rate to favor consuming now over conserving for the future. Moreover, 
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irrigators’ incentives to migrate increase as more close family members have already 

migrated out of the community. 

 

Figure 5.9. Users’ average number of sons/daughters living out of the community (left RV 
and right GME case study). 

5.3.3.2 Social Capacity 

“Migration” refers particularly to the loss of population within the community and 

“social capacity” refers exclusively to the presence or absence of stakeholders or 

irrigators. While migration affects the availability of “young hands” to work the land, a 

loss in social capacity erodes directly the human capital of the TISs.  

RV’s social capacity was 63%, so 50 irrigators out of 79 were living in the 

community during the period of study. Of the 29 users living out of town, 8 were retired 

women (widows) who had inherited the parcels from their husbands, and 21 were retired 

men living in the city of Hermosillo. 
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In GME, just 29% of the members of the bolseo system were living in the 

community at the time of the study.  The farmers joked that they did not have enough 

people even to populate the ejido board seats. 

5.3.3.3 Livestock and Socioeconomic Status 

Apparently, there were no sharp differences in the Socioeconomic Status (SES) of 

the RV users. The main resource to be exploited in RV was fodder (either coming from 

the natural rangeland or croplands); the vehicle to transform it into cash was livestock, 

and therefore, the possession of the latter was what mainly explained the variance in SES 

among the users. Livestock increases the ability of the RV commoners to appropriate a 

share of the ejido productivity capacity (gives them usufruct control), while an RV 

landholder without livestock does not receive any rent from their fellows for his/her 

unused share of stocking capacity. 

Other factors accounting for the locals’ perception that someone is doing well 

economically is whether he/she has a “brand new” truck (or more generally a nice car); 

this imparts a kind of status increase in the community. At the time of the study, 65% of 

the users had cars (usually a truck); the newest was from 1998, the oldest from1980 and 

the mean age was 55 with a standard deviation of 4.33 years. Also, indexes of SES take 

into account occupational status and education. Again there were not sharp differences in 

the occupational status of the users; that is, all of them were full-time farmers, and no one 

had a technical or professional job or a was government official of any kind. On average, 
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an RV user had 6 years of formal schooling (range 0 to 15), while 96% of the interviewed 

users had 12 years or less of formal schooling. 

Following as a closely as possible the methodology proposed by Thomas Sheridan 

(1988) in his book, I used the livestock census, the value of land and the value of their 

trucks to construct a “wealth index.” Despite the fact that an index value of 0 was 

technically possible, it was unfeasible because to be an irrigator, it is necessary to posses 

land. The index in thousands of pesos ranged from 82.9 to 535.4 with a mean of 219.8. 

The first six deciles (60%) of the irrigators were below the mean. The Gini coefficient, 

which is a measure of economic inequality (0 = perfect equality to 100 = perfect 

inequality), was 25.4. This indicates a fairly egalitarian community compared with the 

national Gini coefficient for Mexico of 48.1 (Human Development Reports, United 

Nations Development Programme http://hdrstats.undp.org/en/indicators/161.html) and 

those obtained by Sheridan (1988). The distribution of wealth by irrigators’ deciles is 

shown in Figure 5.10. 
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Figure 5.10. Percentage of total wealth by irrigators’ deciles in the RV case study. 

 

Figure 5.11. Percentage of total wealth by irrigators’ deciles in the GME case study. 
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Because the wealth index is in thousands of pesos (the value of productive assets), 

the indexes for RV and GME are comparable. Most of the GME irrigators had only their 

land as a productive asset. The mean wealth index in GME was 67 (ranging from 15 to 

313), significantly lower than the one for RV of 220 (ranging from 82 to 535). 

In both cases, the differences in livestock possession and irrigated land ownership 

drove the wealth differences. The possession of other productive assets was the exception 

for explaining the wealth variance. According to the literature, wealth equality promotes 

higher levels of collective provision (Bardhan and Dayton-Johnson 2002; Jones 2004). 

5.3.4. Economic Aspects 

As previously noted, all the dimensions affecting the sustainability of TISs reflect 

interacting processes whereby the change in one variable either reinforces or suppresses 

the original process (“feedback loop”). Therefore, the economic viability of the irrigation 

systems influences social processes such as migration. This section discusses some of the 

economic aspects influencing the economic viability of TISs. 

5.3.4.1 Off-farm jobs 

The availability of local off-farm jobs has a negative and a positive effect on TIS 

sustainability. First, the positive effect comes from the implication of less migration of 

youngsters pursuing jobs elsewhere and more opportunities to locally diversify the 

household livelihood portfolio. On the other hand, the negative effect of the availability 

of off-farm jobs in the functioning of TISs occurs though the competition of the local and 

off-farm activities for labor. 
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The availability of off-farm jobs affects the local labor market in two ways. 

Firstly, it influences the opportunity cost of labor and, second, it lowers the potential 

availability of laborers. In both case studies, the secondary and tertiary sectors of the 

economy are almost absent; consequently there are no other activities absorbing 

workforce labor. Thus, in both communities the wages reflected the marginal value of the 

physical product of labor (agricultural outputs, fresh cheese, and livestock). 

In addition to the lack of diversification of their local economies, RV and GME 

are relatively isolated communities. The burden of commuting to the nearest city prevents 

most residents from searching for jobs there. Furthermore, irrigators’ employability is 

limited to low-wage jobs, so commuting costs would consume a large part of their 

salaries.  

GME has a slight advantage in off-farm job availability compared with RV. The 

Valley of Guaymas irrigation district has huge entrepreneurial farms cultivating export-

oriented crops, and these farms demand more labor than that supplied by the rural 

communities located along the Valley of Guaymas. This is evidenced by the constant 

transient population of agricultural laborers (mainly people from the South of Mexico) 

surrounding these farms and the nearby towns. One farm, Guadalupe de Guaymas, is the 

main employer of GME laborers. 

One of the farmers of GME had an old bus he used to transport laborers daily back 

and forth to Guadalupe de Guaymas farm. The transportation expenses were paid by the 
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owner of the farm and, depending on the season, laborers make from US$10 to US$26 

per day. 

To sum up, whether due to migration or/and the availability of off-farm jobs, 

farmers’ perceptions were that workforce labor for agricultural activities was scarce and 

over valued.     

5.3.4.2 Crop Intensity 

The cropping intensity is defined as [cropped land/available land]*100 by 

agricultural season, with intensities summated to provide an annual intensity. A crop 

intensity of 100% for a single-crop system, means that all the land in an irrigation system 

is put to full use for one season (Ostrom et al. 1999). This means that the cropping 

intensity may exceed 100% where more than one crop is harvested per year. 

In GME, multiple cropping (several cropping periods per year) is not feasible. In 

the bolseos, the agricultural cycle starts in the middle of August (see Figure 5.12) after 

the runoff season, and the water stored in the soil is enough to grow just one crop. 

On the other hand, the RV irrigation system allows for multiple cropping, and in a 

good year it is even possible to triple crop; but the reality is that in a normal year there is 

barely enough water to allow double cropping. As shown in Figure 5.12, outside of the 

raining season (from July to August), irrigation is required.    
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Figure 5.12. GME bolseos (left) and RV (right) agricultural cycles, crops’ growing seasons 
indicated in gray.  

An assessment of the average cropping intensity was possible using data of 

PROCAMPO8 from 1995 to 2010. In RV, the average cropping intensity was 128% for 

the 1995-2010 period, but in the last ten years of that period, the average was 146% with 

no wide fluctuations. It was during the fall/winter agricultural season when most of the 

land was left idle, and according to the farmers the reason is water scarcity. 

In GME the cropping intensity benchmark was 100%. The cropping intensity was 

calculated by subtracting the abandoned land from the total land of the system, giving a 

69% intensity. 

Ostrom et al. (1999) used the cropping intensity variable to compare the 

performance of irrigation systems managed by the government compared to those that 

                                                
8	  “PROCAMPO” is a federal program where farmers receive a payment of about US$100 per hectare of 
land planted as a subsidy to stimulate agricultural production. The program started in 1994. 
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were self-organized. Intuitively, the higher the crop intensity is the better the irrigation 

system performance.     

5.3.4.3 Subsidies and Recent Investments 

As mentioned in Chapter 2 section 2.5, the support of the government is important 

in the construction, improvement and rebuilding of important irrigation works in rural 

communities. This is particularly important in the bolseo system, which is subject to the 

vagaries of weather, simply because of the fact that they deal with fierce flash floods and 

depend on the integrity of the system to control these flows and channel them smoothly 

into the bolsas (parcels). It is common that extraordinary floods (usually driven by the 

hurricanes coming from the Pacific) surpass the capacity of the system to manage water. 

Then it is common to have canals washed out and concrete structures eroded out of their 

foundations (as shown in Figure 5.13).  

 

Figure 5.13. Farmers in GME discuss how to rebuild a recently destroyed diversion 
structure (photo taken by the author). 
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Since 2008, the state (of Sonora) and the federal government have started making 

investments designed to rebuild and revitalize the bolseo system of GME and other 

bolseos located in the region. In GME, the farmers mentioned that it has been a while 

since they have received any external aid to improve and rebuild their infrastructure. 

Table 5.2 summarizes the total investments made by the government in the region; since 

2008, the investments have summed US$726,666.49, from which around 22% was 

contributed by the farmers, mainly in the form of labor and local construction materials in 

lieu of cash. 

GME farmers also have received support for 112 hectares from PROCAMPO 

since 1994. This payment is very important for them. Many farmers allow others to plant 

their land and get the PROCAMPO payment inlieu of rent. But most of the farmers 

interviewed expressed the opinion that without the money of PROCAMPO, they would 

not plant at all. 

Table 5.2. Subsidies invested in bolseo infrastructure improvements and maintenance 

Ejido* 2008 2009 2010 
Investment  Acres Investment  Acres Investment  Acres 

EBC $20,339.29 172.974 $6,469.98 0 $152,669.75 729.0 
Ortiz $52,971.67 469.5 $133,551.05 506.57 $110,489.71 383.0 
La Misa $46,702.61 420.079 $28,113.65 0 $0.00 0.0 
LC $38,009.02 345.948 $17,054.72 0 $0.00 0.0 
GME $64,560.54 531.277 $0.00 0 $0.00 0.0 
5 de Julio $55,734.49 395.369 $0.00 0 $0.00 0.0 

 
$278,317.62 2,335.15 $185,189.40 506.57 $263,159.46 1,111.97 

Investment in US dollars at a exchange rate of 11.86 pesos/dollar 
Source: Interview with an agent of  the SAGARPHA, Government of the state of Sonora 
*See abbreviations’ meaning in section 5.1.2.1  
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The RV case study has been favored with more subsidies. It was not possible in 

this case to get detailed official information about specific subsidies, but the irrigators 

mentioned that they received PROCAMPO support for two agricultural seasons 

(spring/summer and fall/winter), that their electricity usage for water pumping received a 

special “agricultural rate,” and that the ejido as a whole received an annual payment 

based on the total animal-units they had.     

In summary, both communities have successfully lobbied governmental agencies 

to provide subsidies for their agricultural practices, including for the maintenance of their 

irrigation infrastructure. Lobbying activities are a positive feature for TIS sustainability 

because it reflects a strong farmers’ organization and because of the obtained financial 

aid itself. 

 5.3.4.4 Agriculture as Part of Farmers’ Livelihoods 

As the importance of agriculture for the farmer’s livelihood strategies increases 

the appearance of sustainable TISs becomes more likely. A livelihood strategy is 

understood as all the means of a household required to sustain and support a given 

standard of living (Ellis 1998). 

Ejido RV’s main economic activity is cheese making. Milking their cows daily 

provides them a daily income. Therefore, cattle are the main concern of RV farmers.  

In this regard, a strong incentive for the intensive use of the irrigation system in 

RV is to grow fodder. Ejido RV has more livestock than can be naturally supported by 

the range; for example, in 2008 the stocking coefficient was 15.3 acres compared to the 
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recommended 61.8 acres per animal-unit for a rangeland here in good condition. Most of 

the RV agostadero consists of calcareous, white chalky soil supporting little forage. 

Perennial grasses are almost absent, except for a carpet cover of false grama 

(Cathestecum brevifolium), a tufted, stoloniferous grass which produces little fodder 

(0.01 to 0.03 ton/hectare [Ibarra-Flores et al. 2004]). The production of forage is limited 

to herbaceous annuals that appear during the rainy season. The best range in this area is 

located in the highest parts of Sierra de Mazatan (RV posseses a share of 9,248 acres of 

this Sierra), where the “oak-grassland” vegetation community comprises 1,830 acres out 

of that area. Even though this vegetation type has been severely overgrazed, it is still very 

productive. The problem in the sierra is that the only source of water is from man-made 

water holes (represos); these dry up during the dry season, so ranchers are forced to bring 

their cattle down to the irrigated land. RV also has about 400 acres planted buffelgrass, 

established during the early 1980s, but these constructed grasslands have practically 

disappeared because of overgrazing.  Therefore, the range does not provide year-round 

fodder. As a result, RV ranchers rely on their irrigated parcels to sustain their animals 

during the temporada (the dry season from April to July). It is alongside cropland on the 

riparian floodplains where most of the economic activities are carried out. Without the 

intensively managed irrigated land, RV actual stocking rates would be unsustainable and 

the environmental forces would require ranchers to cut back on livestock. For the RV 

ejidatarios, irrigation is a crucial part of their livelihoods, so cattle are the main incentive 

they have to keep their irrigation system running. 



159 
 

In addition to being dependent on irrigation for agriculture and livestock raising, 

all the farmers interviewed in RV mentioned that they were dedicated full time to farming 

activities. Because the agricultural outputs are almost exclusively fodder, the expected 

earnings are in the form of income from fresh cheese and livestock sales. Table 5.3 shows 

an estimate of the yearly income derived from cattle-raising activities. The average 

income per irrigator can be obtained by dividing the total income in Table 5.3 by 50 

irrigators, despite the fact that the productive assets were unevenly distributed (see Figure 

5.10).  

Table 5.3. Possible income derived from agricultural activities in RV. 

Fresh cheese sales  Heads 
Milk  

(liters/day) 
Cheese 

(kg/day) 
Cheese/ 
lactancy 

Gross income 
($U.S.) 

Milking cows 407 2,035 407 73,260 123,978.46 
            
Wheat bran Tons $/Ton     Cost 
(as feedstuff) 81.4 $230.77     -18,784.62 
Net income (from 
cheese)         105,193.85 
Livestock sales Heads Heads to 

sale 
Average live 
weigth (kg) 

Price 
($/kg) Income 

Calves (males) 161 158 160 $1.77 44,663.88 
Calves (females) 246 169 180 $1.46 44,395.81 
Cows 720 72 380 $0.69 18,941.54 
Bulls 39 8 575 $0.77 3,450.00 
Net income (from 
livestock)         111,451.22 
Total income     216,645.07 
Notes 

    
  

Fives liters of milk per cow; lactancy length of 180 days; five liters of milk per  
kilogram of cheese; the price of a kilogram of fresh cheese was 22 pesos.   
Values in U.S. dollars. Exchange rate of 13 pesos per U.S. dollar. 
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According to GME farmers, it was not possible to make a living solely from their 

farming activities. For instance they referred to the past year, 2010, as a bad season and 

to the present one, 2011, as even worse, because they could not flood their bolsas at all. 

The best attainable income (for garbanzo beans) shown in Table 5.4 is very 

unlikely. For example, they mentioned that even in the case of exceptional years, they 

still struggle to pay the initial costs of planting during the winter/fall season when they do 

not receive PROCAMPO. Likewise, the sesame crop seems to be a fair bet for them, but 

even though it is planted in the summer season when they supposedly receive 

PROCAMPO, they rarely can receive permission to plant sesame in August (see Table 

5.4 notes for the explanation). Therefore, most of the plots are planted with sorghum or 

corn for fodder crops that are far less profitable.  

In order to calculate the potential average income per year, the net income shown 

in Table 5.4 can be multiplied by the average plot size of 7 hectares, in the event that a 

farmer decided to plant a single crop (the most profitable) all over his typical 7-ha plot.  

Finally, only five farmers in GME had livestock at the time of the interviews. In 

conclusion, in GME, seeking additional sources of income is a necessity.  
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Table 5.4. Possible income derived from agricultural activities in GME 

Crop Yield 
(kg/hectare) Price/kg Gross 

income Cost PROCAMPO 
income 

Net income 
($U.S.) 

Sesame seeds 900 1.077 969 -77 0 892.31 
Safflower seeds 1,000 0.462 462 -154 0 307.69 
Garbanzo beans 1,500 0.769 1154 -77 0 1,077.00 
Sorghum             
   direct grazing     46 -38 100 107.69 
    hay     277 -154 100 223.08 
Corn (fodder)     46 -38 100 107.69 
Wheat (grain) 4,000 0.215 862 -154 0 707.69 
Notes: 	  	   	  	   	  	   	  	   	  	   	  	  
Sesame: they do not receive PROCAMPO funds because the crop is off season 
                   and plants are considered hosts for pests. This crop 
                    is manually harvested so it requires a lot of labor. 	  	  

Safflower: GME receives PROCAMPO funds only for the spring/summer 
                       agricultural season and this crop is planted in the winter. 
                        Another inconvenience is that it requires a harvester. 
Garbanzo: idem Safflower. 

	   	   	  
	  	  

Wheat: idem Safflower, but it requires a good runoff season or  	  	  
                  fall/winter rains. 

	   	   	  
	  	  

Values in U.S. dollars. Exchange rate of 13 pesos per U.S. dollar 

 

5.3.5. Local institutions 

None of the communities possessed formal organizations (water users’ 

associations) as required by the organizational laws, so they lack legal standing for third 

parties (such as the government). In RV, they identify themselves as organized by 

“sectors,” but administratively, there is no elected board of representatives; they do not 

have any constitutional document for such a group. Also, it was not possible to find a list 

of members or a map indicating the location of each parcel. Their form of organization 

existed only in the collective memory. 
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In GME the communal decisions about the bolseo system were taken through the 

Ejido Board. Also, it was not possible to find records of any kind about the bolseos.  

Therefore, I used the eight Ostrom’s design principles as a framework. I flesh 

them out with my perceptions as derived from the observational data and the key 

informants’ interviews. I made an effort not to introduce a “positive” bias in each 

principle.     

Principle 1: Clearly Defined Boundaries 

In both cases the physical borders of the systems were clearly defined. In addition, 

both cases had a defined list of rightful irrigators and each irrigator had a defined piece of 

land. 

Principle 2: Proportional Equivalence between Benefits and Costs 

In RV there was a close compliance with this principle. The maintenance of 

common irrigation works was carefully divided up among the members of each irrigation 

subsector; for instance, the maintenance of infrastructure benefiting just one person was 

considered the responsibility of that person, so in that way they simplified the provision 

issues as much as possible. Table 5.5 provides a list of the most common activities 

undertaken to maintain the irrigation system. 
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Table 5.5. Common provision activities in RV irrigation system. 

Activity Frequency Form of payment/contribution 
Clean canals Yearly Own labor or pay in cash in lieu of 

labor 
Clean access paths/roads to infrastructure Yearly Own labor or pay in cash in lieu of 

labor 
De-silt wells Yearly Own labor or pay in cash in lieu of 

labor 
Electric bill Bi-monthly Cash 
Join petitions to agencies/lobbying 
activities 

Continuously Time/participation/co-investment 
(cash) 

Management activities (collecting money, 
keeping records, attending meetings, etc.) 

Continuously Users volunteer their time  

Repair the pumping system Any time it 
malfunctions 

Cooperate with labor/cash 

 

Table 5.6. Common provision activities in GME irrigation system 

Activity Frequency Form of payment/contribution 
Clean canals Yearly Own labor or pay in cash in lieu of 

labor 
Clean access paths/roads to infrastructure Yearly Own labor or pay in cash in lieu of 

labor 
Maintain earth bunds Yearly Own labor or pay in cash in lieu of 

labor 
Maintain parcel-to-parcel water 
input/spillways structures 

When 
needed 
contribute 
labor 

The set of irrigators using them 

Join petitions to agencies/lobbying 
activities 

Continuously Time/participation/co-investment 
(cash) 

Management activities (collecting money, 
keeping records, attending meetings, etc.) 

Continuously Users volunteer their time  

Irrigation During the 
runoff events 

Cooperate with labor 

 
On the appropriation side, in RV the distribution of “irrigated land” per user did 

not influence the appropriation of water; that is, when the water became scarce, they 

would prorate whatever availability they had, regardless of the user’s actual needs. This 

was also true in the case that users decided to plant a water-intensive crop such as wheat 
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or alfalfa; they knew in advance that they would not have any preference and, if water 

shortages ensued, eventually their crops would dry up.  

In GME the appropriation of water was markedly different depending on location. 

Parcels located near the headwaters were watered first and were able to capture runoff 

from even small rainfall events. Conversely, parcels at the tail end of the system required 

extraordinary runoff to receive water. 

Principle 3: Collective Choice Arrangements 

Neither system had any formal mechanisms to vote upon their arrangements, but 

in both systems there were several widely accepted unwritten rules. In RV some irrigators 

indicated that they inherited the arrangements in practice from they parents. 

Principle 4: Monitoring 

Monitoring involves keeping track of users’ behavior. For example, during the 

fieldtrips, I inquired about abandoned plots and the response was: “Those were left 

without water because they did not cooperate.” These monitoring records existed in the 

users’ collective memory. 

Principle 5: Graduated Sanctions 

In both cases there was no strict exercise of sanctions. There were no graduated 

sanctions; the very last resort (after several verbal warnings) to punish someone was to 

deny him/her the right to water his/her plot.  
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Principle 6: Conflict Resolution Mechanisms 

Conflict avoidance was the rule. There were no serious conflicts internally in 

either community. The problems were discussed in local public arenas accessible to 

everyone. Complaints and concerns about the irrigation system were distributed through 

local social networks, where they either were diffused or gained force and acceptance. 

The key informants mentioned that they have never had the need to call in third parties 

(external authorities) to solve a local conflict.  

 Something very peculiar to GME was that they had no meeting room or any town 

hall. Their meetings used would take place under an old ironwood tree located at the 

center of the town. 

Principle 7: Minimal Recognition of Rights to Organize 

The forms of organization in both cases were quite invisible, since there is no 

physical evidence of them (documents, office buildings, administrative staff, etc.). This 

situation could be easily confused with apathy and disinterest, and consequently a lack of 

individual empowerment. Yet in both places each interviewed farmer regarded 

him/herself as important and capable of being heard and of modifying the acting rules.  

Nonetheless, it seems that the social mechanisms and embeddedness, which are 

regarded as positive aspects of the organizations, have a negative side too. For instance, 

in RV two of the irrigation subsectors had not adopted the system of “paying as you 

consume” for the electricity bill; instead they equally divided the bill. Some of the 

interviewees regarded this system as unfair because they planted a smaller parcel than 
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their peers, but they considered it impossibe to change the rules, noting that most of their 

peers were close relatives and that they wanted to avoid conflicts. 

Principle 8: Nested Enterprises 

In both communities the Ejido Board represents the main form of organization 

since all the land was under the ejido tenure. The difference was that in GME irrigators 

did not form any sort of organizational entity. In RV, on the other hand, decisions made 

in the Ejido Board were passed on to each of the irrigation sectors. For instance, two 

years ago when they installed the water meters, the agency CNA approached first the 

Ejido Board, and general decision and agreements were made between the board and the 

agency, but the final decision of whether to participate was up to each of the irrigation 

sectors. 

Despite the fact that the GME system was too small to be administratively 

subdivided, the spatial analysis showed that the system was informally subdivided into 

four general groups depending on from whom they received the water. This subdivision 

is depicted in Figure 5.14. For example, after the water reaches the First Diverting 

Structure (FDS) irrigators can either: 1) let it flow to the Second Diverting Structure 

(SDS); 2) divert water to the Left-Side Canal (LSC); 3) divert water to the Right-Side 

Canal (RSC); or 4) channel the water to the node 1’ depicted in Figure 5.14. According to 

the farmers, a good rainfall event provides enough water to supply the whole system.     
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Figure 5.14. The graph shows how GME irrigators are linked to each other depending on 
their immediate source of water. (See text for explanations of acronyms.) Squares indicate 
irrigation structures and circles indicate individual farmers or plots. Dashed lines indicate 
possible (under special circumstances) water flow and solid lines indicate the actual flow.  

5.3.6. Characteristics of the Common Resource (Water) 

Both systems faced scarcity of water. Its availability was not evenly distributed 

through the year and there was a rivalry over the supply of water; moreover none of the 

systems had storage facilities (beyond the temporary embankment ponds on GME) to 

save their unharvested resource units.   

RV irrigators saw their water table replenished in the rainy season. On the other 

hand, GME farmers knew that they had only a few discrete events to channel water onto 
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their plots and “store” it within the subsoil. Schlager et al. (1994) suggested that the 

degree of mobility and the existence of storage capacity affects the information that users 

possess about their resources and the problems they experience; this affect how they 

design local institutions at arrangements to manage their CPRs. 

RV farmers had more opportunities to get information regarding their water use 

than GME. Their wells have volume meters and also they track the energy usage of each 

irrigator; this is by far a more precise way of knowing every users’ share than the usual 

form of measurement in “hours” of water pumped. In fact, in RV each irrigation sector 

representative keeps track of the energy usage and users pay accordingly. As suggested 

by Schlager et al. (1994), as the users of a CPR have more information, they deal with 

more CPR issues. RV farmers deal with more technical requirements; they were officially 

vested with water rights, and their wells have a “title” which specifies a water quota, so 

they are constantly aware of the necessity of complying with regulations imposed by 

CNA. Because their flow of information is also significantly greater, they have more to 

worry about, so RV users are more likely to face both appropriation and provision issues. 

GME has just one source of water: the flash floods flowing through Arroyo El 

Huico. A key informant mentioned that in a normal year they start irrigating by August 

3rd; by the 15th most of the farmers have inundated their plots at least once. They start 

plowing and planting by the 15th to 20th the parts of the parcels that reach field capacity. 

By the beginning of September, almost everyone has planted their crops; then no more 

water is diverted into the parcels, and they allow Arroyo El Huico to flow freely.  
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 In GME there is no way of knowing the water availability. It is useless to assign 

specific quantities of water to individuals. A good flood event provides water for all the 

parcels and beyond. There is an agreement that in the first flood event, farmers take the 

water in turns depending on the location of their parcels (from head to tail). If a second 

event carries enough water to channel it through the system, those left without water in 

the first flood have preference in the second one. At any rate, tail-enders are at a 

disadvantage. There are no complexities to deal with in GME related with appropriation 

issues, so their discussions revolve around provision issues, such as maintaining the 

common irrigation works and coordinating management of the water during a flood 

event. 

In both cases, the characteristics of the CPR subject to exploitation have shaped 

local arrangements to overcome the provision and appropriation issues. RV local 

arrangements are more complex than those in GME; in the latter there is no formal 

organizational entity and, they manage the bolseos issues through the existing Ejido 

Board. In RV, in addition to the Ejido Board, each irrigation sector is considered an 

autonomous entity. 

5.4. Summary 

The findings in this chapter were in accordance with the predictions based on the 

literature reviewed: sustainability is a multidimensional concept. For instance, Table 5.7 

summarizes the expected effect of the different dimensions of the sustainability on the 
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TISs analyzed as case studies in this research. The actual level of these dimensions was 

calculated for each case study for this chapter and is summarized in Table 5.8. 

Table 5.7. Effect of different variables on a TIS’s sustainability.  

Dimension Effect in TISs’ sustainability 
Irrigation infrastructure performance (operability) (+) 
Soil deterioration (acres) (-) 
Sense of commonality in water usage (awareness) (+) 
Cropland abandonment (acres) (-) and (+) 
Migration (-) and (+) 
Social capacity (+) 
Equality (Wealth Index) (+) 
Availability of off-farm jobs  (-) and (+) 
Cropping intensity (+) 
Agriculture as part of irrigators’ livelihood strategies (+) 
Subsidies and recent investments (+) 
Compliance with Ostrom’s design principles (+) 

 
Additionally, these variables were depicted systematically on a causal diagram in 

Figure 5.15. In the causal diagram, the arrows indicate the direction of the proposed 

causal relation and the sign (“+ or –“) indicates whether there is a positive or a negative 

association between the two variables. For instance, “Organization strength” affects 

positively the level of irrigators’ “lobbying activities,” which in turn increases the 

likelihood of obtaining “government grants for infrastructure.”   

 

 

 

 



171 
 

  

Table 5.8. Comparison between RV and GME case studies.  

Dimension assessed GME RV 
Rain (millimeters) 246A 465B 

Climate Arid Semi-arid 
Population growth of the rural village (1990-2010) 
(%) -11 -27 

Cropland abandonment (% of the total land) 39 0 
Social capacity (%) 29 63 
Crop intensity (%) 61 (of 100%) 146 (of 200%) 
Off-farm jobs (out of the community) Available Not available 
Average possible income (U.S. 
dollars/year/irrigator)C $754 to $7,539 $4,333 

Irrigators with livestock (%) 13 65 
Gini coefficient 39 25.4 

Wealth Index (thousands of pesos)  Mean = 67, Max 
= 313, Min = 15 

Mean = 220, Max = 
535, Min = 82 

Notes 
A “Guaymas FF.CC.” Rain gauge station data from 1969-1986 
 B “Rancho Viejo” Rain gauge station data from 1980-2008 
C Not including off-farm income 

 
The integral analysis of the qualitative data demonstrated that there are different 

socioeconomic and contextual dimensions (see RQ1.2 in the introductory chapter) 

affecting the sustainability of the irrigation systems. 

Finally, regarding research question 1.1 (RQ1.1), “How successful have the local 

forms of institutions of TISs been overcoming their social dilemmas?,” the qualitative 

analysis of the data did not reveal the presence of severe unsolved provision and 

appropriation issues among the irrigators in either case study. There were no 

appropriation conflicts undermining the provision demands (maintenance) of the 

irrigation systems. But as stated in RQ1.2, socioeconomic and contextual issues might 

mask the social dilemmas, so they may be undetected rather than non-existent. Also, 
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superficial qualitative analysis might relate low cropping intensities and the state of the 

infrastructure to the lack of organization and/or social capital.    

 

Figure 5.15. Interaction among different variables affecting a TIS’s sustainability. 
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CHAPTER	  6	  

QUANTITATIVE	  DATA	  ANALYSIS	  RESULTS	  

6.1 Introduction 

In the last chapter, the Rapid Rural Appraisal (RRA) methodology captured 

socioeconomic, institutional, and irrigation systems’ performance variables designed to 

assess the sustainability of each TIS. It was evident from the RRA data analysis that 

neither case faced serious social dilemmas; instead there were other socioeconomic 

drivers diminishing the sustainability of the TISs. 

As discussed in Chapter 3, social dilemmas are a common cause of deterioration 

and destruction of irrigation systems. As the literature suggested, social dilemma 

assumptions require the interaction of independent economic agents. At the first glance, 

irrigators in each of the case studies looked like a group of independent economic agents. 

As the research advanced, however, these apparently independent units gradually 

connected with each other through multiple social ties into a whole network of social ties. 

This chapter presents the results of the sociometric study conducted in each 

community. The first part of this chapter shows the results of the analysis of the kinship 

relationships found by constructing a similarity social network from a list of irrigators; 

that is, it simply unveils the kinship structure exiting in each community. The second 

quantitative analysis intended to analyze if the social structure conditioned the irrigators’ 
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willingness to work in collective projects with their peers and to test if these patterns are 

more than the result of pure chance.  

6.2 First Quantitative Strategy: Proxy Networks 

The very first step to define the network’s boundary and consequently the 

population framework in each case study consists of identifying the list of rightful 

irrigators. The first quantitative strategy used here presumed those irrigators’ surnames 

conveyed important relational data, specifically kinship relationships. Therefore, the first 

quantitative strategy suggested the construction of a proxy binary network, as proposed in 

the methodology chapter, which could then be tested by comparing it to real data of 

kinship relationships.   

A list of 176 ejido landholders in RV yielded 60 different surnames. The top ten 

surnames that are most likely to be found are shown in Figure 6.1. For instance, there 

were 34 persons with the Cuen surname. 

 

Figure 6.1. Distribution of the most frequent surnames in RV. 
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In RV, it was also possible to identify 32 subsets of people having the same 

surnames in the same order; that is, subsets of apparent siblings. Thus, this provides 

evidence that RV community members are interconnected though dense family ties. 

Moreover, from the conversations with two key informants, it was possible to build the 

next network identifying particular types of kinship relations (Figure 6.2). 

 

Figure 6.2. Graph representing the kinship relations among a subset of Rancho Viejo 
irrigators, built from empirical data provided by two key informants (hollow nodes are 
non-irrigators). 

Irrigators were asked to rate the relations they had with other five irrigators 

randomly selected from the membership list. The categories were: “family” or “kinship,” 

“in-laws” or “extended family,” “not family,” or “not known.” In the RV case study, it 
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was possible to get 230 empirical dyads, where by convenience a trichotomous variable 

was created to group “not family” and “not known” into a single category coded “other.” 

The final variable, named “Rater 1.0,” was coded as: “1”: “family”; “2”: “extended 

family,” and “3”: “other.” The 230 dyads were categorized as: 35, 29, and 166 for the 

family, extended family and “other” categories, respectively. 

In GME a list of 50 people was analyzed. People had 53 different surnames, of 

which 36 appeared just once. The top ten surnames that are most likely to be found are 

shown in Figure 6.3. For instance, there were 8 people with the Lachica surname.  

 

Figure 6.3. Distribution of the most frequent surnames in GME. 

In the GME case study, it was possible to get 103 empirical dyads, which were 

categorized as: 17, 13, and 73 for the family, extended family and “other” categories 

respectively.  
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Second-hand information was extremely valuable for unveiling the kinship 

network of GME. Figure 6.4 shows the ensemble of all the ties collected through 

informants providing data on others’ relations. 

 

Figure 6.4. Graph representing the kinship relations among GME farmers (isolates are not 
shown, and colors represent clusters created with the Clauset et al. [2004] algorithm).  

In RV the 230 observed dyads were generated by 46 egos. Given that a total of 73 

individuals were either interviewed or nominated by an interviewee, the irrigators’ list 

was composed of 73 names. This list was used to form a Proxy Binary Network (PBN) 

and a Proxy Valued Network (PVN) as was proposed in section 4.2. The PBN for RV 
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(Figure 6.5) shows clusters of individuals (depicted as nodes) linked by a common 

surname; it also shows individuals playing the role of “bridges” between these clusters 

and people located at the periphery and/or isolated. Figure 6.7 shows the Surname-to- 

Surname Matrix (SSM) derived from the PBN. The graph in Figure 6.7 weights node size 

by node centrality; thus families (read surnames) “11,” “27” and “21” seem to be the 

most important families in town based on this depiction. Isolates in the actor-by-actor 

PBN graph are shown in the SSM as isolated dyads; for instance: node 10 corresponds to 

the 41↔25 dyad, and node 71 to 31↔16. There is a cluster of three brothers represented 

by nodes 58, 24 and 68, which are represented as a single dyad, 18↔13, because these 

nodes share both surnames.  

 

Figure 6.5. Actor by actor graph for RV. Linked nodes have a surname in common. (Note: 
despite the fact that arrows are headed, the graph is undirected).  
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As was shown in the histogram in Figure 6.3, GME has more irrigators with 

unique surnames. This situation might be due to the fact that most of the irrigators are the 

first or second generation of the ejido founders, all of whom had very different origins. 

The graph in Figure 6.6 shows a very sparse network broken down into a few 

components apparently representing family clusters. 

 

Figure 6.6. Actor by actor graph for GME. Linked nodes have a surname in common. 
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Figure 6.7. Surname-to-surname graph for Rancho Viejo case study; nodes represent 
surnames and edges, individuals (see Figure 4.5 B). 

 

Figure 6.8. Surname-to-surname graph for GME case study.  

 
A lot of interesting information can be derived from a single list of membership 

and from its visual representation, such as a few families playing an important role in the 
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community, or irrigators bridging across clusters of “relatives.” But to what extent are 

these ties real?  

The variables “Rater 1.0” and “Rater 2” are cross-tabulated in Table 6.1 to form a 

coincidence matrix; where the variable “Rater 1.0” represents the empirical relationships, 

and the variable “Rater 2” takes the category of “family: 1” when two nodes in the PBN 

(Figure 6.5) are directly connected, “extended family: 2”when two nodes are connected 

through a path greater than two, and “other: 3” when two vertices are unconnected. 

Coincident observations align along the main diagonal of Table 6.1, and the summation 

of the coincident observations divided by the total (“230” in this case) and then 

multiplied by 100, gives the percentage of agreement. The Kappa index is then calculated 

to account for the percentage of agreement ocurring by chance.  

Table 6.1. Coincidence matrix Rater 1.0 versus Rater 2, for the Rancho Viejo case study. 

3x3 Table 
Rater 2  

1 2 3 Row 
Sum 

Ra
te

r 1
.0

 1 26 9 0 35 

2 7 21 1 29 

3 7 134 25 166 

Col. Sum 40 164 26 230 

 
To test hypothesis 1.3, for the level of agreement between raters in Table 6.1, a 

Kappa Index was calculated using an R library called “epibasix” (Rotondi 2009). The 

point estimate of Kappa 0.143 (95% C.I. 0.069-0.218) suggested a poor agreement. The 

categorization resulted in an overpopulation of the “extended family” class. 
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The same analysis for GME (Table 6.2) produced a point estimate of Kappa 0.64 

(95% C.I. 0.485-0.797), suggesting a fair to good agreement. 

Table 6.2. Coincidence matrix Rater 1.0 versus Rater 2, GME case study.  

3x3 Table 
Rater 2  

1 2 3 Row 
Sum 

Ra
te

r 1
.0

 1 17 0 0 17 

2 0 5 8 13 

3 1 8 64 73 

Col. Sum 18 13 72 103 

 
Neither RV nor GME reached a substantial agreement with the real family 

relationships for the three-categories variable, so Hypothesis 1.2, that it is possible to 

create a Markov dependence graph that provides a good approximation of actual family 

relations (section 4.4.2), is rejected. 

Table 6.1 and 6.2 considered as “extended family” any two individuals connected 

by a path greater than two. The next set of coincidence matrices further restricts the 

“extended family” assumption. 

The variables “Rater 1.0” and “Rater 3” are cross-tabulated in Table 6.3 to form a 

coincidence matrix; where the variable “Rater 1.0” represents the empirical relationships, 

and the variable “Rater 3” takes the category of “family: 1” when two nodes in the PBN 

(Figure 6.5) are directly connected; assigns the category of “extended family: 2” to the 

end nodes of a two-path; and assigns the category of “other: 3” when two vertices are 

unconnected or connected by a path greater than 3.  
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To test hypothesis 1.2 for the level of agreement between raters in Table 6.3, a 

Kappa Index was calculated. The point estimate Kappa was 0.29 (95% C.I. 0.187-0.393), 

suggesting a poor agreement with Rater 3 as well.   

Table 6.3. Coincidence matrix Rater 1.0 versus Rater 3 for the Rancho Viejo case study. 

3x3 Table 
Rater 3  

1 2 3 Row 
Sum 

Ra
te

r 1
.0

 1 24 9 2 35 

2 7 14 1 29 

3 7 65 94 166 

Col. Sum 38 88 97 230 

 
 Based on the information in Table 6.3, it seems that the system has no trouble 

categorizing “family” but it struggles to assign correctly those considered “extended 

family” and “not family.” For example, in the first row of Table 6.3 there are 9 people 

who were nominated as “family” but they have no surnames in common; instead they 

appear mediated by one person. Another 2 people were also considered “family” but are 

more than two paths away, indicating the classification was inaccurate.  In the end, 

68.57% of those nominated as “family” had a surname in common. 

For the GME case, the point estimate Kappa was 0.685 (95% C.I. 0.534-0.836), 

suggesting a fair to good agreement (Table 6.4).  

Neither RV nor GME reached a substantial agreement with the real family 

relationships for the three categories variable, so Hypothesis 1.2 is rejected. 
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Table 6.4. Coincidence matrix Rater 1.0 versus Rater 3, for the GME case study. 

3x3 Table 
Rater 3  

1 2 3 Row 
Sum 

Ra
te

r 1
.0

 1 17 0 0 17 

2 0 4 9 13 

3 1 4 68 73 

Col. Sum 18 8 77 103 

 
Maclure and Willett (1987) suggested that is more informative to use several 

Kappas for different combinations of dichotomies than to use one overall Kappa for 

polytomous nominal data. Thus, the variable “Rater 1.1” in Table 6.5A was created by 

dichotomizing “Rater 1.0” to combine the “family” and “extended family” categories. In 

the same way, the variable “Rater 1.2” in Table 6.5B was created by dichotomizing 

“Rater 1.0” to combine the “extended family” and “other” categories. The variable “Rater 

4” considers as “family: 1” only those nodes directly connected with other nodes 

classified as “other: 3.” 

Table 6.5. Coincidence matrix for “Rater 1.1” (A) and “Rater 1.2” (B) versus “Rater 4,” 
respectively, for the Rancho Viejo case study. 

 

 

 

 

 

2x2 Table 
Rater 4  

1 3 Row 
Sum 

Ra
te

r 1
.1

 

1 31 33 64 

3 7 159 166 

Col. Sum 38 192 230 

 

2x2 Table 
Rater 4  

1 3 Row 
Sum 

Ra
te

r 1
.2

 

1 24 11 35 

3 14 181 195 

Col. Sum 38 192 230 

 

A) B) 
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Table 6.5A showed a percentage of agreement of 82%, but a Kappa of 0.505 (95% 

C.I. 0.376-0.635). On the other hand, the contingency Table 6.5B for “Rater 1.2” versus 

“Rater 4” showed a proportion of agreement of 89%, but a Kappa of 0.593  (95% C.I. 

0.449-0.737); both suggest fair to good agreement. These high levels of agreement 

coupled with poor Kappa indexes suggested the use of the PABAK index.  

The PABAK point estimate for contingency Table 6.5A was 0.65 (95% C.I. 0.554 

- 0.75) suggesting substantial agreement. Likewise for Table 6.5B, the PABAK point 

estimate was 0.78 (95% C.I. 0.702 - 0.863), suggesting more robust substantial 

agreement.  

In the GME case (Table 6.6B), the prediction of kinship ties had an excellent 

agreement with the observed data with a Kappa point estimate of 0.966 (95% C.I. 0.899- 

1.033). 

Table 6.6. Coincidence matrix for “Rater 1.1” (A) and “Rater 1.2” (B) versus “Rater 4,” 
respectively, for the GME case study. 

 

 

 

 

  

2x2 Table 
Rater 4  

1 3 Row 
Sum 

Ra
te

r 1
.1

 

1 17 13 30 

3 1 72 73 

Col. Sum 18 85 103 

 

2x2 Table 
Rater 4  

1 3 Row 
Sum 

Ra
te

r 1
.2

 

1 17 0 17 

3 1 85 86 

Col. Sum 18 85 103 

 

A) B) 
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The use of a membership list to build a surnames’ similarity network as a proxy 

for family/non-family ties presented a substantial agreement with the real life ties in both 

case studies. Therefore hypothesis 1.1 (section 4.4.2) that people sharing at least one 

surname can be considered as “family,” is not rejected. 

6.3. Second Quantitative Strategy: Dependence graph 

This section describes the results from the methodology proposed in Chapter 4 to 

analyze the relational data obtained from the name generator, question 13 in the 

questionnaire (Appendix 1). As previously stated, the dependent variable represents a 

cognitive relationship capturing the irrigators’ willingness to form cooperative ties with 

their peers within the irrigation system (this variable is referred in the next section as 

“partners”). The dependent variable was modeled as a function of nodal and edge 

covariates. As mentioned in the methodology chapter, each independent variable included 

in the model corresponds to a dependence assumption used to build a dependence graph.  

Summing up, the goal of this section is to describe a dependence graph 

representing a good fit to the observed data. The predictors in the model are designed to 

unveil the driving forces forming the social network. 

The next section describes a visual depiction of one of the hypothesized forms of 

social embeddedness: multiplexity. 

  6.3.1 Multiplexity Embeddedness 

In this research, multiplexity was considered a form of social embeddedness. 

Multiplexity implies that economic relationships overlap with other kind of social ties 
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such as friendship, kinship, etc. During the name-generation process, irrigators were 

asked to indicate whether their nominees (“partners”) were compadres, family, in-laws, 

friends, or just acquaintances. This provides the opportunity for breaking down each 

partner’s network into compadres, family, in-laws, friends or just acquaintances. For 

multiple networks, one method of comparison is simply to depict the different relational 

ties in separate diagrams with fixed node positions, as was done in Figures 6.9 and 6.10. 

Figure 6.9 for RV shows that family ties are very dense, while the other two networks 

look relatively sparse. In contrast, in GME the friendship network looks denser than the 

other two networks.    
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Figure 6.9. Evidence of multiplexity in RV irrigators’ relationships. Node colors represent 
irrigation subsector, the partners network represents the 100% of edges, which can be 
either “family,” “friends,” or “compadres” (see Figure 3.5 to capture the idea of these 
graphs). 
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Figure 6.10. Evidence of multiplexity in GME irrigators’ relationships. Node colors 
represent irrigation subsector, the partners network represents the 100% of edges, which 
can be either “family,” “friends,” or “compadres” (see Figure 3.5 to capture the idea of these 
graphs). 

In GME, as is shown in Figure 6.11, the partnership ties overlapped 59% of the 

time with friendship ties, 30% of the times with family ties, 3% of the times with 

“compadres,” and 8% of the times with “in-laws.”  

 

Figure 6.11. Overlap of relations with the partnership network (% of dyads) in GME. 

In RV, as is shown in Figure 6.12, the partnership network overlapped 56% of the 

time with some sort of family relationship (“in-laws” and “family”). In both cases, the 
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reference category is “friendship” because no one nominated an “acquaintance” as a 

potential partner. 

 

Figure 6.12. Overlap of relations with the partnership network (% of dyads) in RV. 

 
In addition to the graphs depicted in Figures 6.2 and 6.4, where the exact nature of 

the kinship relationship was provided (as a label along the edge), this visual and 

descriptive analysis supports Hypothesis 2.2: family homophily is a salient factor in the 

formation of cooperative ties (section 4.4.3.3). 

The first quantitative analysis and the descriptive analysis discussed in this section 

demonstrated that the group of irrigators is embedded on a social structure, but this 

descriptive analysis stressed the necessity of having a statistical model with which to test 

the proposed hypotheses. The next section attemps to model stochastically the partnership 

social networks. 

6.3.2. ERGM Analysis 

The ERGM specification process was conducted following the methodology 

proposed in sections 4.4.3.2 to 4.4.3.5 in Chapter 4. The model specification tried 

different graph dependence assumptions. The parameters were added hierarchically and 
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the models were evaluated based on their statistical significance and their goodness-of-fit 

to the observed data. RV and GME databases were modeled separately. 

The literature on ERGMs suggests examining the descriptive statistics of the 

dependent relational variables in order, not including parameters of substructures not 

present in the observed graph. 

The descriptive statistics for the relational dependent variables are shown in Table 

6.7. The number of nodes represent the number of irrigators interviewed (or nominated) 

and the number of edges represents the total number of ties elicited from the name 

generators, which are the unit of analysis of the ERGM. 

The sparseness of the graphs is indicated by the density variable, which is the ratio 

of the actual number of edges and the possible number of edges. In this research the 

networks were sparse by design because the name generators (described in section 4.3.2) 

were constrained to five nominations. 

A graph is connected when there is a path (directed or undirected) between each of 

the nodes in the graph; that is, in a connected graph all the nodes are reachable. In this 

study, all the graphs are fully connected. This property indicates that there are no isolates 

or isolated clusters. 
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Table 6.7. Descriptive statistics for the relational dependent variables.  

Global network statistics RV Augmented 
network 

RV Reduced 
network 

GME network 

Nodes 74 48 39 
Edges 201 143 185 
Density 0.0372 0.0634 0.1248 
Components (semi-path) 
(components: # of nodes) 1:74 1:48 1:39 

Components (direct-path) 
(components: # of nodes) 1:37,1:2, 35:1 1:37, 1:2, 9:1 1:34, 5:1 

Isolates 0 0 0 
Triangles 187 133 348 
Dyad census    
  Mutual 22 22 33 
  Asymmetric 157 99 119 
  Null 2,522 1,007 589 
Clustering coefficient 0.313 0.336 0.416 
Diameter 10 10 6 
Average in-degree 2.716 2.979 4.740 
Triad census    

  003 52,794 12,245 4,503 
  012 9,879 3,737 2,936 
  102 1,393 864 871 
  021D 168 68 91 
  021U 121 94 145 
  021C 252 130 229 
  111D 57 57 128 
  111U 57 33 67 
  030T 39 23 51 
  030C 2 2 13 
  201 3 3 10 
  120D 15 15 21 
  120U 25 6 16 
  120C 9 9 25 
  210 8 8 26 
  300 2 2 7 

 
Table 6.7 also shows the dyad and triad census. These are convenient ways of 

reducing the entire set of sociomatrices to a smaller set (3 and 16, for dyads and triads, 

respectively) of summary statistics. The interested reader is referred to Wasserman and 

Faust (1994, page 366) for a full explanation of the triad census. 
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6.3.2.1 ERGM for RV 

As a first effort, many different Markov dependence models were tried for the 

augmented and reduced networks and none of them fit the data properly. For instance the 

typical model with edges, 2-in-stars, 3-in-stars and triangles (with no nodal and dyadic 

covariates) did not converge well; with the exception of the edge estimate, the magnitude 

of the other three estimates were negligible. It seems that adding higher substructures at a 

constant rate degenerated the samples obtained from these models. 

The second effort involved replacing the structural variables by curved 

parameters. The Markov dependence model assumes that triangles are evenly distributed 

and at a constant rate all over the graph; this assumption tends to overestimate their 

presence. The idea behind the curved models is that it is very likely for two irrigators to 

have a partner in common, but it is less than likely for them to have two or more partners 

in common. The  𝐺𝑊𝐷!!,𝐺𝑊𝐸𝑆𝑃!! and the 𝐺𝑊𝐷𝑆𝑃!! parameters were incrementally 

added allowing the “λ” coefficient to be estimated endogenously. Again, none of the 

parameters produced plausible models from the observed data. 

Therefore, Hypothesis 2.3, that the formation of partnership ties between two 

irrigators exhibits strong extra-dyadic interdependencies, is rejected. 

The third effort was to construct models including only nodal attributes. Models 1 

to 5 in Table 6.8 are dyadic independence models for the augmented network. In Model 

1, the edge coefficient represents the log-odds of a tie, and its corresponding probability 

is calculated as follows: exp (-3.13767) / (1 + exp (-3.13767)) = 0.0416, which almost 
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corresponds to the observed graph density. The negative edge coefficient supports 

Hypothesis 2.1, and its usual interpretation indicates that if two irrigators are not jointly 

involved in any other form of configuration, ties are quite unlikely. This indicates that 

ties are uncommon in isolation, which suggest an unobserved social process driving the 

network topology, so the network has a non-random structure.  

Table 6.8. Approximate MLE results for the dyadic independence model for RV case study 
(augmented network).  

Network  
Statistics 

Model 1A Model 2B Model 3B Model 4B Model 5B 

Density -3.13767 *** -3.35119*** -0.54312*** -2.90351*** -3.88358*** 
Mutuality --- 2.20009*** 0.22724 -0.21585 -0.60801 
Distance M --- --- -3.45381*** -0.59327 -0.75055 
Distance U --- --- -2.58533*** -1.03334*** -1.09335*** 
Distance L --- --- -2.38360*** -0.84672*** -0.90340*** 
Similarity 
(sector) --- --- --- 2.31473*** 2.51387*** 

Similarity 
(residence) --- --- --- --- 1.63034*** 

      
Constraints maxout = 5 maxout = 5 maxout = 5 maxout = 5 maxout = 5 
AIC 1719.5 1623.6 1439.9 1336.4 1263.6 
BIC 1726.1 1636.8 1472.8 1376.0 1309.8 
Significance levels:  <1e-04 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘^’ 0.1 ‘~ ’                                    
A MLE=MPLE (maximum likelihood = maximum pseudo likelihood) 
BMonte Carlo MLE 
Notes: 
Distance M, U or L stands for “mutuality” i↔ j, upper triangle, and lower triangle, respectively.  
Maxout = 5 indicates that nodes’ outdegree is fixed to 5 

 
The deviance can be regarded as a measure of lack of fit between model and data. 

A large deviance indicates a poor fit of data to the model. It is not usually interpreted 

directly but rather compared to deviance(s) from other models fitted to the same data. 

The null distribution of the change in the deviance is approximated by chi-square 

distribution, with degrees of freedom equal to the difference in the number of parameters 
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of the compared models. The null hypothesis is that the reduced model is significantly 

different from an augmented model; a statistic lying above the critical value for a chi-

square distribution makes the null hypothesis implausible, indicating the models differ 

beyond what might be expected by chance.  The next table shows that the best-fitting 

model is Model 5.  

Table 6.9. Analysis of deviance for nested models 1 to 5 (Table 6.8). 

Model Degrees of 
freedom 
(Diff.) 

Deviance 
difference 

Residual 
d.f 

Pr(>|Chi-sq|) 

Null -- -- 7488.8 -- 
Model 1 1 5,771.3 1717.5 < 2.2e-16 *** 
Model 2 1 97.9 1619.6 < 2.2e-16 *** 
Model 3 3 189.7 1429.9 < 2.2e-16 *** 
Model 4 1 105.4 1324.4 < 2.2e-16 *** 
Model 5 1 74.8 1249.6 < 2.2e-16 *** 

 
Model 5 in Table 6.8 suggests that organizational boundaries were more important 

than propinquity or spatial embeddedness, despite the fact that users within a sector are 

geographically closer. As is shown in the mixing matrix in Table 6.10, most of the 

sociometric choices showed a clear a tendency for partnerships to form within irrigation 

subsectors. The odds of being chosen as a partner by an irrigator within the same 

irrigation subsector was 12 times greater (exp(2.51387)) than the odds of being chosen by 

someone from a different subsector. 

 The negative coefficient for the geographical distance parameters indicates that 

there is an asymmetrical effect of distance in the likelihood of tie formation while the 

independent covariate distance is a symmetric variable. The asymmetrical effect results 

because the dyad covariate for distance divides the dependent variable into two groups, 
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one for ties located on the upper triangular matrix and another for ties on the lower 

triangular matrix. The odds ratio for distance indicates that every unit increase in distance 

(100 versus 1,000 meters away) is associated with a 66% decrease ([1-exp(-

1.09335)]*100) in the odds of being nominated by an irrigator as a partner. Consistently 

throughout the five models, the relation between distance and tie formation was negative, 

supporting Hypothesis 2.2. 

Table 6.10. Mixing matrix by irrigation sector in RV (the count of relationships cross-
tabulated by the sectors of the two actors involved).  

 

The MCMC (Markov Chain Monte Carlo) diagnostics for the augmented network 

Model 5 (see Table 6.8) are shown in Figure 6.13. The graphs on the left-hand side of 

Figure 6.13 are trace plots for the selected parameters included in Model 5. The visual 

interpretation of these graphs indicates that the trace plots demonstrate a good mixing 

(they look like “white noise”), and they do not show any trend, indicating that the chain 

reached a stationary distribution (converged). At the right-hand side of Figure 6.13 are 

the density estimates for the selected parameters, with the values measured as deviations 
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from the observed value of each statistic; it is easily seen that the simulated values vary 

stochastically around the observed standardized mean. In conclusion, Model 5 fit the data 

fairly well.   

 

Figure 6.13. MCMC diagnostics for Model 5 (Table 6.8).   

Tables 6.11 and 6.12 show the results of the models fitted for the reduced 

network. The null model had a negative coefficient for edges, supporting hypothesis 2.1, 

that ties are unlikely if two irrigators are not jointly involved in other configuration. 
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The coefficients for “distance” and “sector” were statistically significant and in 

the expected direction, so the reduced network also supported Hypothesis 2.2.    

Table 6.11. Approximate MLE results for the dyadic independence model for RV case study 
(reduced network). 

Network  
Statistics 

Model 1A Model 2B Model 3B Model 4B 

Density -2.59127 *** -0.06620 -0.63711*** -3.23352*** 
Distance M --- -3.40634*** -3.34109*** -0.36545 
Distance U --- -2.64777*** -2.49411*** -0.66508*** 
Distance L --- -2.39404*** -2.24811*** -0.44879*** 
Family M --- --- 4.56583*** 4.16502*** 
Family U --- --- 3.01080*** 3.12521*** 
Family  L --- --- 3.05525*** 3.01158*** 
Similarity 
(sector) --- --- --- 2.54206*** 

     
Constraints maxout = 5 maxout = 5 maxout = 5 maxout = 5 
AIC 1065.8 888.02 748.15 682.65 
BIC 1071.5 910.91 788.2 682.65 
Significance levels:  <1e-04 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘^’ 0.1 ‘~ ’                                    
A MLE=MPLE (maximum likelihood = maximum pseudo likelihood) 
BMonte Carlo MLE 
Notes: 
Distance (Family) M, U or L stands for “mutuality” i↔ j, upper triangle, and 
lower triangle, respectively.  
Maxout = 5 indicates that nodes’ outdegree is fixed to 5 

 
Table 6.13 indicates that the best model for the reduced network is Model 4 (Table 

6.11). This means that the socioeconomic variables such as Wealth Index, age and 

education do not drive the irrigators’ sociometric choices. It is widely believed that 

irrigators might choose to partner with highly educated farmers within their 

socioeconomic status and age cohort. Despite the fact that the coefficients were very low 

in magnitude and did not contribute significantly to improving the prediction skill of the 

models, the parameters had the expected direction; that is, as the absolute difference in 

wealth, education or age increased, the formation of a tie was less likely.     
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Table 6.12. Approximate MLE results for the dyadic independence model for RV case study 
(reduced network).  

Network  
Statistics 

Model 5A Model 6B Model 7B Model 8B 

Density -2.92126*** -3.27293*** -3.28529*** -2.800997*** 
Distance M -0.56346 -0.47466 -0.33385 -0.342466 
Distance U -0.63851*** -0.67723*** -0.68576*** -0.633470*** 
Distance L -0.41520*** -0.42287*** -0.34705*** -0.424879*** 
Family M 4.23389*** 4.19219*** 4.49289*** 4.428408*** 
Family U 2.97954*** 3.04762*** 3.11021*** 3.092964*** 
Family  L 3.07803*** 3.10082*** 3.26516*** 3.109239*** 
Similarity 
(sector) 2.71035*** 2.61809*** 2.85944*** 2.705845*** 

Education -0.05937*** -0.08291*** -0.01342*** -0.006863 
Linking S. C. --- 0.04840*** 0.049359*** 0.049359*** 
Age --- --- -0.02596*** -0.025629*** 
Wealth Index --- --- --- -0.000739*** 

     
Constraints maxout = 5 maxout = 5 maxout = 5 maxout = 5 
AIC 683.88 682.34 679.13 680.85 
BIC 735.38 739.55 742.06 749.5 
Significance levels:  <1e-04 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘^’ 0.1 ‘~ ’                                    
A MLE=MPLE (maximum likelihood = maximum pseudo likelihood) 
BMonte Carlo MLE 
Notes: 
Distance (Family) M, U or L stands for “mutuality” i↔ j, upper triangle, and 
lower triangle, respectively.  
Maxout = 5 indicates that nodes’ outdegree is fixed to 5 

 
Model 4 for the reduced network supported Hypothesis 2.4, that family homophily 

is a salient factor in the formation of partners’ ties. Consequently, any structural effect is 

more likely to affect the formation of partners among irrigators if they are also 

relationally tied as family. For instance, the likelihood of being chosen (“Family L”) or 

choosing (“Family U”) an irrigator as a partner within the pool of kinship ties is very high 

compared to the friendship pool of irrigators. 

Models 5 to 8 (Table 6.12) included the linking social capital variable. This 

variable was captured in question 34 of the questionnaire (Appendix 1). It was expected 



200 
 

that those irrigators who were presumed to have more “contacts” with people in position 

of power would attract more nominations. Again, the coefficients had the right direction, 

because as the absolute difference increased, the likelihood of being nominated increased 

as well. 

Table 6.13. Analysis of deviance for nested models 1 to 8 (Table 6.11 and 6.12).  

Model Degrees of 
freedom 
(Diff.) 

Deviance 
Difference 

Residual 
d.f 

Pr(>|Chi-sq|) 

Null -- -- 3127.48 -- 
Model 1 1 2063.72 1063.76 < 2.2e-16 *** 
Model 2 3 183.73 880.02 < 2.2e-16 *** 
Model 3 3 145.87 734.15 < 2.2e-16 *** 
Model 4 1 67.50 666.65 < 2.2e-16 *** 
Model 5 1 0.76 665.88 0.38214 
Model 6 1 3.54 662.34 0.05982 
Model 7 1 5.21 657.13 0.02242 
Model 8 1 0.28 656.85 0.59605 

 
Another way of checking the goodness-of-fit of an ERGM is through simulation. 

In Figure 6.12, each plot compares the observed data to 100 networks simulated from 

Model 4 (see Table 6.11). ERGMs are generative models in that they attempt to represent 

the processes that govern tie formation at a local level. These local processes, in turn, 

aggregate up to produce characteristic global network properties, even though these 

global properties are not provided as explicit terms in the model. One test of whether the 

model “fits the data” is, therefore, how well it reproduces these global properties 

(Satatnet Tutorial, Sunbelt 2009). Figure 6.14 reveals that ERGM Model 4 does a good 

job of capturing the in-degrees and edge-wise shared partners distributions. 
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Figure 6.14. Model 4 (Table 6.11) goodness-of-fit boxplots. The solid line in each plot 
represents the observed statistics and the boxplots summarize the statistics for the 
simulated networks. The light gray lines represent the range in which 95% of the simulated 
observations fall. 

 

6.3.2.2 ERGM for GME 

The same process followed for specifying the ERGMs for RV was also applied to 

the GME data. The irrigators showed a strong tendency to form ties with peers who were 

geographically close and within the same irrigation subsector (see Table 6.14).  

Table 6.14. Mixing matrix by irrigation sector in GME representing the count of 
relationships cross-tabulated by the sectors of the two actors involved. 
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As was the case in RV, it was not possible to include higher-order structures in the 

models. Therefore, Hypothesis 2.3, that the formation of partnership ties exhibits strong 

extra-dyadic interdependencies, was also rejected for the GME case.  

 Results for the dyadic independence models tried are shown in Tables 6.15 and 

6.16. The null model (Model 1) showed a negative coefficient, supporting Hypothesis 

2.1.  

Table 6.15. Approximate MLE results for the dyadic independence model for GME case 
study.  

Network  
Statistics 

Model 1A Model 2B Model 3B Model 4B 

Density -1.5854*** 2.25059*** 1.45791*** -0.87154** 
Distance M --- -4.60183*** -4.62989*** -1.86154 
Distance U --- -3.33735*** -2.97755*** -1.28234*** 
Distance L --- -2.81191*** -2.391621*** -0.81399*** 
Similarity 
(Family) --- --- 2.365043*** 2.98901*** 

Similarity 
(sector) --- --- --- 1.80173*** 

     
Constraints maxout = 5 maxout = 5 maxout = 5 maxout = 5 
AIC 1091.9 916.54 827.25 776.04 
BIC 1097.2 937.74 853.76 807.84 
Significance levels:  <1e-04 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘^’ 0.1 ‘~ ’                                    
A MLE=MPLE (maximum likelihood = maximum pseudo likelihood) 
BMonte Carlo MLE 
Notes: 
Distance M, U or L stands for “mutuality” i↔ j, upper triangle, and lower 
triangle, respectively.  
Maxout = 5 indicates that nodes’ outdegree is fixed to 5 

 

Table 6.17 showed that the best dyadic independence model was Model 4 (Table 

6.15). As in RV, GME’s irrigators were not influenced by the socioeconomic attributes of 

their peers when making their choices. The coefficients for geographical distance and 
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similarity of sector were statistically significant and in the expected direction, so they 

supported Hypothesis 2.2.   

Table 6.16. Approximate MLE results for the dyadic dependence model for GME case 
study. 

Network  
Statistics 

Model 5A Model 6B Model 7B 

Density -1.11874*** -1.50417*** -0.86749 * 
Distance M -1.59183*** -1.40495*** -1.96921*** 
Distance U -1.20273*** -1.08099*** -1.16519*** 
Distance L -0.75937*** -0.69144*** -0.72636*** 
Similarity (Family) 3.03008*** 3.06048*** 2.95078*** 
Similarity (sector) 1.77282*** 1.81628*** 1.87306*** 
Education 0.07888** 0.11558*** 0.12659*** 
Age --- -0.01488** -0.01273** 
Wealth Index --- --- 0.00339*** 
Constraints maxout = 5 maxout = 5 maxout = 5 
AIC 775.58 777.59 776.99 
BIC 812.68 820 824.7 
Significance levels:  <1e-04 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘^’ 0.1 ‘~ ’                                    
A MLE=MPLE (maximum likelihood = maximum pseudo likelihood) 
BMonte Carlo MLE 
Notes: 
Distance (Family) M, U or L stands for “mutuality” i↔ j, upper triangle, and 
lower triangle, respectively.  
Maxout = 5 indicates that nodes’ outdegree is fixed to 5 

 

Table 6.17. Analysis of deviance for nested models 1 to 7 in Tables 6.14 and 6.15. 

Model Degrees of 
freedom 
(Diff.) 

Deviance 
Difference 

Residual 
d.f 

Pr(>|Chi-sq|) 

Null -- -- 2054.49 -- 
Model 1 1 964.63 1089.86 < 2.2e-16 *** 
Model 2 3 181.33 908.54 < 2.2e-16 *** 
Model 3 1 91.28 817.25 < 2.2e-16 *** 
Model 4 1 53.22 764.04 2.987e-13 *** 
Model 5 1 2.46 761.58 0.1168 
Model 6 1 -0.02 761.59 0.8960 
Model 7 1 2.60 758.99 0.1068 
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In Model 4, the family variable was included as a nodal categorical variable 

instead of as a dyadic covariate. The irrigators were assigned into categories based on the 

clusters created with the Clauset et al. (2004) algorithm shown in Figure 6.4. The results 

showed that the odds of being chosen as a partner by an irrigator who is a relative (family 

or in-law) was 6 times greater than being chosen by someone else (a friend). This 

assertion supports Hypothesis 2.4 for the GME case study. 

The goodness-of-fit analysis indicated that dyads taken independently produced 

statistically significant coefficients for the nodal attributes. Unfortunately, all the models 

fitted for GME, despite the fact that they converged well (graph not shown), are 

degenerate for the partnership network. Figure 6.15 shows that Model 4 (Table 6.15) was 

unable to reproduce the structural properties of the observed network.      

 

Figure 6.15. Goodness-of-fit boxplots for Model 4 (Table 6.14). The solid line in each plot 
represents the observed statistics and the boxplots summarize the statistics for the 
simulated networks. The light gray lines represent the range in which 95% of the simulated 
observations fall. 
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6.4 Summary 

The partnership networks for RV and GME had structural characteristics that were 

difficult to represent by an ERGM for general graphs; nonetheless, dyads taken 

independently showed statistically significant social preferences. 

The models fitted for RV were able to replicate fairly well the global structural 

properties of the observed graphs, even when implicit extra-dyadic parameters produced 

degenerate models.  

The models specified for GME showed the same significant social preferences as 

RV, but the models degenerated and were unable to replicate the global properties of the 

observed social network.  

This means that in both cases, third parties did not influence the irrigators’ 

sociometric choices. Instead, as suggested by the models, the geographical design of the 

irrigation system (propinquity), and even more importantly, by the internal organizational 

affiliation influenced the sociometric choices. That is, irrigators showed a strong 

preference for choos partners geographically close and within their irrigation subgroups. 

As a consequence, the actual triangles found in the network might be byproducts of 

exogenous processes involving these nodal attributes.  

The same interpretation is valid for the reciprocity (mutuality) parameter, which 

was conditioned to “sector” and closeness (geographical distance). 
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The overarching objective of the social network approach proposed in this 

research was to determine whether or not a group of irrigators was socially embedded. It 

would have been theoretically convenient to find significant extra-dyadic structures, as 

was hypothesized, but this was not the case. The only evidence found indicated the 

networks exhibited multiplexity embeddedness and dyadic embeddedness conditioned to 

nodal attributes. 

If, in addition to the extra-dyadic parameters, nodal attributes would have been 

found non-significant, then no evidence of social embeddedness would have been found 

at all.  
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CHAPTER	  7	  

CONCLUSIONS	  AND	  IMPLICATIONS	  

7.1 Summary of the Theoretical Motivations 

The overarching objective of this research was to demonstrate that traditional 

irrigation systems, which are usually regarded in the literature as cases where a group of 

self-organized resource users overcame the social dilemmas posed by a common pool 

resource, represent a group of socially embedded economic agents. To support these 

assertions, extensive literature was reviewed. 

Chapter 2 started addressing the part of the dissertation’s title regarding 

“traditional irrigation systems in the Sonoran Desert.” The importance of irrigation for 

the region of study, defined as the state of Sonora, resides in its aridity. The Sonoran 

Desert dominates the western portion of Sonora, located along the coastline of the Gulf of 

California. There irrigation is a strict necessity for any kind of agrosystem. The eastern 

part of the state of Sonora is limited longitudinally by the Sierra Madre Occidental. This 

region has a semi-arid climate where dry farming is possible for one agricultural season 

(the rainy season). In the belt of semi-arid climate situated between the core Sonoran 

Desert and the Sierra region, different forms of traditional irrigation systems have 

evolved along the flood-plains of the main rivers and arroyos.    

In Chapter 2 I also defined the administrative (government) typology of irrigation 

in Mexico: irrigation systems and irrigation units. I stated that TISs fall into the latter 
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typology, but I acknowledged that not all the irrigation units, as defined by the 

government, can be considered as TISs. I proposed a list of features that TISs should 

include. The proposed list was based on scholarly concerns such as CPRs, social 

dilemmas, self-organized autonomous irrigators, sustainable systems, and so forth. 

Chapter 2 extended the discussion of TISs in two important aspects: government 

participation and sustainability of TISs. First, it is widely assumed in Mexico that 

irrigation districts were fully built and operated by the federal government, but it is also 

acknowledged that irrigation units have not enjoyed such extensive contribution from the 

government. For the region of study, some authors even suggest that the government 

focused its development policies on the seven large irrigation districts to the point of 

neglecting the traditional small-scale forms of irrigation scattered all over the state of 

Sonora. At any rate, in Chapter 2 I offered a list of reasons why the government 

(representing society at large) is again interested in investing in and regulating the 

irrigation sector. More specifically I argued in the chapter that assistance by the 

government in TISs, and more generally in the irrigation units, has not been continuous 

and occurred as discrete events. However, as I suggested, the government assistance is 

and will be socially justified because TISs require the aid of external sponsors despite 

their high level of self-organization and social capital. 

The final section of Chapter 2 discussed one of the methodological difficulties of 

this research: categorizing a TIS as successful in a case study. In this research, the finding 

of social embeddedness of irrigators was theoretically incomplete if the socially 
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structured group of irrigators was not related with a tangible dimension to the irrigation 

system’s performance. The suggested causal relation is that socially embedded irrigators 

have a level of social capital that prevents them from falling into social dilemmas. 

The challenge of categorizing an irrigation system as successful rested in the 

multidimensionality of “successful” cases. The more liberal solution is to make the 

assumption that if the system has been working for a while (perhaps more than a 

generation), then it can be considered a sustainable irrigation system. The assertion I 

proposed was: “a sustainable irrigation system is considered a successful one.” According 

to the literature, the sustainability of irrigation systems can be broken down into five 

components: technical, ecological, social, economic, and institutional. 

In this regard, I suggested that these dimensions affect systematically the 

sustainability of an irrigation system. Additionally, these variables affect each other, thus 

reinforcing or attenuating the initial effects through feedback loops. 

Chapter 3 provided the theoretical grounds for considering an irrigation system a 

common pool resource (CPR). This chapter also explained how the commoners 

(irrigators) experience social dilemmas typical of CPRs, where rational individual 

choices can lead to undesirable aggregated consequences for the irrigation system. I 

argued that social dilemmas are supported in individualistic assumptions of neoclassical 

economic models; that is, under these assumptions, irrigators form a mixed homogeneous 

group making individually rational (profit-maximizing) choices. The appearance of social 
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dilemmas under rational-choice assumptions predicts a rational-choice solution: 

institutions. 

The creation and maintenance of institutions pose a second-order social dilemma. 

In Chapter 3, I suggested the idea that traditional irrigation systems (TISs) relied on 

invisible forms of institutional arrangements. I argued that the most appropriate 

theoretical approach was “institutional bricolage,” where the local institutions are formed 

by a patchwork of cultural, sociological, contextual, and traditional elements.  

Also in Chapter 3, I proposed the idea that successful TISs have a substantial 

endowment of social capital, but that this social capital is not in the form of formal 

institutions. After discussing the definition and different dimensions of social capital, it 

was conceptualized as a relational variable (i.e., affected by social relationships). Social 

capital lies on the ensemble of micro social relations among individuals. 

The structural property of social capital discussed in Chapter 3 supported the idea 

of irrigators as socially embedded actors. Social embeddedness is a concept coined in the 

realm of new economics sociology; basically it involves the study of the individuals’ 

economic decisions as entangled in a mesh of social relations. These relations are not 

necessarily of an economic nature. New economics sociology challenges the 

methodological individualism that gives rise to social dilemmas. 

The final part of Chapter 3 relates the concept of social embeddedness to the 

social network approach described in the title of this dissertation. Irrigators were 

abstracted as nodes and the relationships among them shown as edges. A set of nodes and 
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the edges connecting them is mathematically defined as a graph or a network. By 

definition, relational units within a network are considered interdependent units and not 

independent as in the classical methods of economic and statistical analysis. Finally, in 

addition to the technical aspects of the formation of a graph, this chapter discussed the 

theoretical motivations (i.e., interpretations) of social network analysis, identified as 

network mechanisms. 

Finally, Chapter 4 proposed a mixed methodology to assess both “social 

embeddedness” and “TIS sustainability.” The former implied the gathering of 

quantitative data and the later required a qualitative approach. The causal relations of 

both were not directly tested; instead, they were conceptually supported. 

7.2 Conclusions of the Empirical Analysis                   

As stated in Chapter 1, the main objectives of this research were two-fold: 

1) to unveil the underlying social structure of a group of irrigators in a TIS; 

and 

2) to assess the factors affecting the TIS’s sustainability. 

The proposed methodology was satisfactory in accomplishing these objectives. In 

both case studies, it was possible to get enough relational data to unveil the social 

structure of each group of irrigators. From the analysis of the relational data, I concluded 

that in both cases the groups of irrigators were socially embedded. 
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 Apparently, this assertion may seem a non-falsifiable statement, because eliciting 

names from members of a closed group eventually will create a network. In this regard, 

the modeling of relational data through an Exponential Random Graph Model (ERGM) 

helped to test whether the network patterns were present in a frequency more than would 

be expected by chance. 

In order to be useful, social embeddedness should be conditioning the presence of 

cooperative ties. In this regard, as the null models suggested, the appearance of 

cooperative ties did not occurred randomly in either case. This suggested that there was 

an existing social structure that could be unveiled and modeled.  

The hypothesized network embeddedness – that is, the presence of extra-dyadic 

structures explaining the formation of ties – was not present in the expected magnitude. 

The models suggested that it was not possible to model a dependence graph out of only 

structural covariates. Put simply, third parties apparently did not influence irrigators’ 

sociometric choices; still, the social embeddedness hypothesis cannot be ruled out.  

The models supported the idea that irrigators’ sociometric choices overlapped with 

family ties. The analysis indicated that kinship ties had a high baseline homophily, so it 

was plausible to find a high frequency of multiplexity with family ties. Nevertheless the 

ERGMs showed that inbreeding homophily was significant; that is, more than what 

would be expected by chance.   

In addition to kinship ties, the most salient homophilic effect related to the 

irrigation systems’ subdivisions. In both cases, geographic proximity preconditioned 
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irrigators’ willingness to partner with their peers, but the organizational grouping effects 

of the subdivisions attenuated the physical distance effect. 

The qualitative analysis successfully showed a fair picture of each case study. I 

concluded that neither of the cases was trapped in severe social dilemmas that could 

affect the sustainability of the irrigation systems. Both systems relied on invisible and 

rudimentary forms of organization where it is likely that social embeddedness plays an 

important role.  

This research also demonstrated that the sustainability of traditional irrigation 

systems (TISs) depends on many different variables. That is, social dilemmas might be 

completely absent and still the irrigation systems could fail. For instance, the two case 

studies in this research were experiencing migration processes that were eroding their 

social capacities; that is, stakeholders gradually were leaving the system. In GME, 

abandoned land was associated with absent irrigators who had migrated out of the 

community a long time ago. 

Cropping intensity is a commonly used dimension to assess the performance of an 

irrigation system. In RV, the main variable affecting cropping intensity was the 

winter/fall water supply. On the other hand, in GME numerous factors severely limited 

the land use, including water shortages, land abandonment, and a lack of finances to plant 

crops. 

7.3 Implications for Policy Makers 

The results of this research have several important implications for policy makers. 
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The first implication is that TISs are a very special form of irrigation units that 

deserve to not be treated generically. In the first place, TISs imply the collective 

exploitation of a common resource, so TISs are prone to the appearance of social 

dilemmas. Secondly, the irrigators of a TIS are a subset of a rural village and the town 

provides a common social setting for the development of social ties. Finally, the actual 

states of TISs are path-dependent and most of the actual issues that they face are the 

result of a series of past events. The study of TISs cannot be decoupled from these 

contextual variables.  

The second implication for policy makers regards respecting the TIS’s form of 

organization. The TISs studied relied on quiet, invisible forms of organization. First, 

neither of the case studies had formal organizations such as water users’ associations. 

Moreover, there was no tangible evidence of any administrative management of the 

irrigation systems, such as membership list, records, and maps with the location of the 

plots, etc. Nonetheless, irrigators had successful ways of coordinating the management of 

their systems and mobilizing the resources needed for their maintenance. The irrigators 

have crafted their local institutions as a patchwork of unwritten arrangements, customs, 

and so forth. One important resource supporting their local institutions is social 

embeddedness. Conflicts and opinions regarding the irrigation systems become diffuse or 

gain force through social networks. Policy makers should not distrust the capacity for 

local governance of the irrigators. 
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The third implication for policy makers relates to the participation of government 

in TISs. It is sometimes assumed that formally organized farmers eventually will run the 

irrigation system autonomously. The TISs studied in this research had received different 

but important governmental assistance at discrete events during their existence. The most 

expensive irrigation works in GME and RV had been fully or partially paid for by the 

government. An important conclusion of this research is that some irrigation works will 

be too expensive to be covered by the productivity of the irrigation systems alone. 

Therefore, irrigators in both systems will continue lobbying for governmental support 

and, on the other side, the government will continue to play an important role in 

supporting irrigation. 

Finally, policy makers are advised to analyze systematically the multiple 

dimensions affecting the sustainability of a TIS before categorizing it as a “successful” or 

“failing” case. Social capital, quantifiable as social embeddedness, is just another 

production factor and not a panacea.   

7.4 Suggestions for Future Research   

The suggestions for future research are to undertake studies that include more 

cases. This would allow the testing of case-level variables. Unfortunately, unveiling local 

social networks is a time-consuming task, so the case study approach is likely to be the 

preferred methodology for studies like the research described here. Given a research 

budget that would allow sampling more TIS cases, a systematic approach could be 
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developed that would reduce the time needed for each case study regarding social 

network mapping.  

In this regard, despite the limited generalizability of this research, the deep 

analysis of these two case studies set the foundation (benchmark) for studies involving a 

larger sample of cases. Future research designs might involve sampling a few irrigators’ 

personal networks (ego-centric studies) across many TISs. The patterns found in these 

proposed studies might be compared with the results of this research. 

Finally, research studying the effect of any social capital dimension, such as the 

strength of local institutions as a factor in the sustainability of an irrigation system, are 

suggested to consider the different dimensions of sustainability and their interactions. 
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