The Politics of Decentralized Environmental Policy:

Theoretical Considerations and Preliminary Findings

Clark C. Gibson

Department of Political Science

University of California at San Diego

9500 Gilman Drive

La Jolla, California 92093-0521

E-mail:   ccgibson@ucsd.edu
Paper prepared for the Open Meeting of the Human Dimensions of Global Environmental Change Research Community, to be held in Rio de Janeiro, October 6-8, 2001.
The Politics of Decentralized Environmental Policy:

Theoretical Considerations and Preliminary Findings

Clark Gibson

Introduction

Long frustrated by the lackluster performance of national governments, policymakers, donors, and scholars increasingly push for the devolution of public authority to regional and local governments.  According to proponents of decentralization, making lower-level officials responsible for the provision of a wide variety of goods and services should result in more efficient and participatory government that better satisfies public demands.  Concerned with the destruction of forests in the developing world, environmentalists and decentralization advocates have convinced many central governments to make municipal governments responsible for protecting environmental – especially forest – resources (FAO 1999).  

Critics, however, argue that decentralizing forest protection will lead to even greater levels of deforestation because local governments will under-invest in environmental protection since they cannot capture all the benefits of the public goods it creates (Bahl 1999; Manor 1999). As a result, decentralizing forestry policy may have enormous consequences since forests help produce the public goods of global and regional climate stability as well as preserve the biodiversity of both flora and fauna.  They are also central to the livelihoods of millions of rural people (Arnold 1990, 1992; Ostrom 1990; Costanza et al. 1997; Gibson, McKean, and Ostrom 2000).
In this paper I examine the theories that regularly accompany discussions regarding  decentralization, present an alternative framework that highlights the political incentives of local authorities, and present some preliminary evidence from a survey of Guatemalan mayors.  Despite the central government’s intention of creating better management through the local municipality, a close examination of mayoral incentives indicates that better forest conservation in Guatemala is not likely from this policy change.

The paper begins with a discussion of the decentralization literature by discussing relevant theories from public finance, public choice, development, natural resource management, and the new institutionalism.  It then discusses the context of forest management in section two.  Section three presents a more politically-centered framework and offers hypotheses about why municipal mayors – the elected officials responsible for implementing local policies – comply or not with laws requiring them to protect forest resources within their jurisdictions.  Some preliminary evidence is presented alongside the hypotheses from a survey of 100 Guatemalan mayors.  Concluding remarks are presented in the last section.

1.  The shift to the local:  how decentralization works

While advocacy for strong local government has a long history, decentralization is currently central to ideas about effective public policy, democracy, and the environment.  Whether presented in the form of formal federal structures or the informal rules of rural communities, scores of books and articles now laud the positive effects of decentralized governance.  Such work is also consonant with the current development thinking of donors and multilateral lending agencies (e.g., InterAmerican Development Bank 1994; OECD 1997; World Bank 1988, 1997), which now fund scores of projects with decentralization as at least part of their goals.  The World Bank identifies sixty countries where decentralization is an important component of development strategy (Bahl 1999).

The purported benefits of decentralization are legion.  Decentralization can lead to the more efficient delivery of public services (e.g., Edel and J. Rothenberg 1972; Oates 1972; World Bank 1988; Rivlin 1992), more equitable outcomes (e.g., Feldstein 1975; Maro 1990), greater citizen participation in public affairs (De Tocqueville [1835] 1945; Dahl 1981), more flexible government policies (e.g., Bish and Ostrom 1973), greater local institutional capacity (e.g., Rondinelli, McCullough, and Johnson 1989), and more accountable government (e.g., Dahl 1981; Crook and Manor 1998, Blair 2000).  Indeed some authors hardly distinguish between decentralization and democracy at all (e.g., Totemeyer 1994; Blair 1998).  

The reasons presented for the success or failure of decentralized government policy can be grouped into three sets: financial, administrative, and political.  Studies in public finance and public choice argue that the key to effective decentralization is the correct mixture of central and local public financial institutions (Musgrave 1959; Oates 1991; Bahl and Linn 1994).  When officials succeed in constructing institutions that correctly balance government expenditures, regulation, and taxing powers between the center and the subunit, the costs of policy are minimized in two ways.  First, local populations are more likely to factor in the costs of resource use into their decision-making if they bear the costs of this use.  Second, the proximity of local participants to their decision-makers, along with access to local skills and information (Inman and Rubinfeld 1996; Ferejohn and Weingast 1992), can reduce administrative and management transaction costs. 

The public finance and public choice literatures, however, cautions against facile decentralization.  Where the policy in question concerns goods that have substantial spillover effects, no blend of financial institutions can ensure efficient outcomes.  Environmental policy frequently addresses natural resources that can provide goods and services to those who do not live in the immediate vicinity – e.g., a forest in Guatemala provides the good of biodiversity to someone living in the United States.  Theories of public choice tell us that the more spatially non-excludable a good or service, the more likely a government unit will under invest in its provision since it cannot reap an investment’s full benefits.  The most efficient and equitable arrangements for the delivery of public services therefore hinge upon the type of good in question: some services are more amenable to central provision than others.  And unless there are significant incentives to offset the investment in providing environmental goods that may spill over to other jurisdictions, one would expect a lack of efficient provision.

Public policy studies argue that the success of decentralization depends upon its administrative framework.  Among other things, researchers point to inappropriate or redundant assignment of serve responsibilities, inadequate vertical and horizontal coordination of the public sector’s local activities, arbitrary and excessive central control of local fiscal decisions, weak managerial and technical capacity, information asymmetries between center and local governments, a lack of training at all government levels, the lack of “true” decentralization by the central government, and poor monitoring institutions (Adamolekun 1991; Smoke 1993; Prud’homme 1994; Parry 1997; De Mello 1999; Crook and Manor 1998; Agrawal and Ribot 1999; Blair 2000; Bird and Vaillancourt 1999; Bahl and Linn 1994, Bahl 1999; Gibson 1999b).  Such administrative diagnoses for the failure of decentralized policies generally carry the seed for their amelioration, e.g., more training, less administrative overlap, better technical capacity, etc. 

In a shift away from featuring the administrative and financial aspects of decentralization, studies from development, political science, and environmental management view certain political phenomena as crucial factors in the success or failure of decentralized policies.  These more political factors – participation, accountability, and social capital – have been seen as important in generating successful outcomes for decentralized policy.  

The development literature view of the politics of decentralization revolves around participation and accountability.  Authors in this area argue that local-level participation in government programs and policy allows for local knowledge and aspirations to be part of project design, implementation, management, and evaluation, which can lead to a better match of policy to people (e.g., Crook and Manor 1998; see also the earlier work on the efficacy of participation in Uphoff and Esman 1974; Leonard and Marshall 1982).  Participation can also bring about the good of more democratic governance (De Tocqueville [1835] 1945; J.S. Mill cited in Green 1993; Dahl 1981; Nzouankeu 1994; Souza 1996).

Scholars of development argue that decentralization requires accountability as well as participation to succeed.  Several recent studies assert that without institutions tie local politician’s actions to the preferences of the electorate, no decentralized strategy will work (Manor 1999; Crook and Manor 1998; Agrawal and Ribot 1999; Blair 2000; Rolla 1998).  Local level elections are the most cited form of accountability: regular, fair, and competitive elections are thought to induce politicians to create policies that turn their newly won decentralized powers into efficient and equitable outcomes (Echeverri-Gent 1992; Fiszbein 1997; Blair 2000; Agrawal and Ribot 1999).  But other institutions have also been mentioned in this literature that help discipline local officials choices, such as public meetings, formal grievance procedures and opinion surveys.  

The idea that the skills and ideas of local citizens have positive externalities also appears in studies of social capital.  Social capital, the knowledge and understandings that individuals bring to recurrent activities, generates trust and reciprocity that, in turn, can shape government performance (Putnam 1993a, 1993b; Ostrom 1999; Coleman 1988; Fukuyama 1995).  Social capital allows individuals to coordinate activities at a lower cost and credibly commit themselves to sequences of future actions.  The presence of social capital is particularly important when individuals face collective-action situations where they might easily follow short-term, maximizing strategies that leave them worse off in comparison to the outcomes that could be achieved given available strategies (e.g., Gibson, Lehoucq, and Williams forthcoming).  Many decentralized environmental policies seek to free ride on the presence of social capital in a community by using local knowledge and relationships to prevent illegal resource use (Gibson, Ostrom, and Williams 2000).


Studies regarding the decentralization of natural resource management closely reflect the theoretical orientations of participatory development and social capital.  Given the perceived failure of top-down natural resource policy a flood of scholarly papers and reports tout local level resource management (e.g. Arnold 1990; Ascher 1995; Clugston and Rogers 1995; Dei 1992; Douglass 1992; Perry and Dixon 1986; Raju et al. 1993; Robinson 1995; Bhatt 1990; Ghai 1993; Gurung 1992; Lowry and Donahue 1994; for reviews see Wisner 1990, Baland and Platteau 1996, Agrawal and Gibson 1999a).  A choice-theoretic foundation for this type of decentralized environmental policy demonstrated that communities were successful and sustainable alternatives to state and private management of resources.  Scholarship regarding the commons highlights the important time- and place-specific knowledge that members of localities possess and the institutional arrangements they forge to achieve successful, local level resource management (Gibson, forthcoming; Gibson and Koontz 1998; Berkes 1989; Bromley 1992; McCay and Acheson 1987; McKean 1992; Ostrom 1990, 1992; Peters 1994; Wade 1987). 

While the political factors mentioned above – participation, accountability, and social capital – no doubt influence the outcomes of decentralized policy, they do not give much of a role to a political actor who is pivotal in determining the success or failure of decentralization: the local politician (Agrawal and Gibson, forthcoming).  While conceding that it will take significant “political will” to create a successful decentralized policy, most studies of decentralization assume munificent local governments interested in maximizing social welfare.  Local level officials are seen to be embracing of any new powers coming from the center.  They are presumed to want to comply with the new decentralized reforms, and only fall short because of a lack technical competence or appropriate financial resources.

The reality of politicians at the local level is, of course, quite different.  Like their national level counterparts, local politicians worry about staying in power in addition – and some cases to the exclusion of – to reaping the efficiency and democratic benefits of decentralization (Gibson 1999a).  Staying in power, in turn, means that local politicians must make choices about how to employ their limited time and resources to serve political as well as programmatic goals.  Recent research on the national level politics of decentralization finds that the timing, structure, and success of decentralized reforms are contingent on the incentives that presidents, legislators, and party officials that constitutional, electoral, and party systems generate (Willis, Garman and Haggard 1999; O’Neill 1999; Wang 1997).  Indeed, Crook and Manor (1998) find that the localities with the best provision of public services are those with mayors independently elected of the municipal council and where councilmen are elected from geographically separate districts within the municipality.  It is such a configuration of electoral institutions that Crook and Manor argue best encourages mayors to satisfy the needs and wants of their constituents in their study of decentralization in South Asia and West Africa.  Similarly, Ariel Fiszbein (1997) finds that, in a study of sixteen Colombian municipalities, citizen satisfaction and local governmental performance is a function of electoral competition, community involvement, and innovative leadership.  And, in one of the few studies of decentralized environmental management on Latin America, Barry Ames and Margaret Keck (1997-98) note that state-level political structures shape the nature and success of environmental programs in Brazil.   

What is important about this new work is that it unpacks “political will.”  It allows the central actors in policies of decentralization to hold explicitly political preferences, which can and do overwhelm the dictates of economic efficiency.  Given that local politicians are usually the individuals charged with carrying out decentralized policies, explaining the success or failure of such policies demands an understanding of the incentives and constraints local politicians face.

2.  Forest Resources and Forest Policy

Given the many and possibly overlapping biological and economic characteristics of forests, their effective governance is not a straightforward issue.  Until very recently, policy responses to forest management have employed two general strategies: privatize or nationalize.  With privatization, governments allowed the development of forested lands, generally with little thought to good forest husbandry.  With nationalization, governments hoped to pass and enforce laws that would harness the use of forests for economic development.  Both of these strategies have led to mixed results (Arnold 1992, 1998).  

Forest policy has undergone pronounced change over the last thirty years.  While forest policies vary from country to country -- especially between developed and developing countries -- some general trends exist.  Until and through the 1960s, forest policy had been focused on the commercial aspects of forest management.  Forests could either be managed by the state or by private entities, but in either case it was seen as a valuable natural resource whose protection was ensured by the value of its stock and flow to the market.  If the land underneath the trees was considered more valuable than the wood, governments generally did not stand in the way of forest clearing (Richards and Tucker 1988).  This orientation also found its way into overseas aid programs: industrialized countries promoted the scientific, professional management of forest resources to meet economic goals of the governments of less developed countries: vast timber plantations were the prescription of the day.

The confluence of the failure of most of the plantation projects and increasing understanding about the ecologically valuable roles played by forests in the 1970s shifted subsequent forest policies.  In the late 1970s international donors, seeing the failures of top-down policies began to sponsor forest projects that included the participation of local people.  Timber plantations were downsized into community wood lots using local labor.  However, these, too, met with mixed success.  Although local people did participate in some ways, they rarely had input into the design of the projects.  Donors rarely considered constructing institutions to help distribute program benefits or adjudicate disputes (Thomson and Freudenberger 1997; Persson 1998).
The 1980s witnessed the rise of community forestry, which sought to look first at community needs and then design a local forest program around them.  Ideally, locals began to be included in all phases of project design, with the technical help of professional foresters.  In many countries, community forestry coincided with efforts – domestic or external in origin – to decentralize and downsize governments.  Dozens of countries founded community based programs of forest management, such as the Joint Forest Management in India, the Leasehold Forestry Program in Nepal, the Guesselbodi Project in Niger; the Turkana Rural Development Project in Kenya, and the Bay Region project in Somalia.  Because local communities live with forests, are primary users of forest products, and create rules that significantly affect forest condition, their inclusion in forestry management schemes is now considered essential by many researchers and policymakers although, again, successful outcomes are more the exception than the rule.

Even the most ardent proponents of community forestry concede, however, that successful local management of forests requires a supportive policy environment (Ostrom 1999).  Without the coordination of public agencies, technical assistance, and a predictable environment, poor, rural communities may be unable to govern their forests sustainably.  The challenge facing environmental decentralization is how to design institutions and policies so that elected officials want to conserve forests (e.g., Lutz and Caldecott 1997).  

Part 3.  Understanding Decentralized Forest Policy:  Hypotheses and Preliminary Results

Based on the insights of the new institutionalists (e.g., Bates 1998; Horn 1995; Knight 1992; North 1990),I argue that local politics is key to explain compliance with forest protection legislation.  No matter how well designed the technical aspects of decentralized policy may be, local politicians will influence which policies receive attention, and which ones languish. I hypothesize that mayors will be more likely to comply with the decentralized forest policy if 1) mayors’ believe citizens want it; 2) if there are community organizations in his municipality organized around forestry issues; 3) if citizens’ incomes or municipality revenues depend on forest resources; 4) if the central government assigns personnel and budgetary resources to the municipality to help manage forests; and 5) if the types of powers decentralized to the municipality are significant enough to overcome the costs of implementing policy that produces public goods outside a municipality.

Research Design


To assess the validity of these hypotheses, enumerators interviewed one hundred mayors in Guatemala and Bolivia (the Bolivian work is currently in process and the data are not reported here).
  The sample was selected randomly over the universe of municipalities in each country.  Such a design allows for within and between country variation.  By holding decentralization reforms constant at the national level, I can maximize variation along socio-economic and biophysical dimensions (this variation is not pursued in this paper).  The cross-national design varies the decentralization framework within which mayors operate.  This strategy will permit identifying whether, in line with the last hypothesis, a greater devolution of authority and financial incentives leads to more forest conservation in a wide variety of social and ecological conditions.

Bolivia and Guatemala are ideal countries for a study of environmental decentralization.  First, the central governments from both countries devolved important responsibilities to municipal governments in the 1990s.  Indeed, Bolivian politicians enacted a Popular Participation Law in 1994 that transformed what were mere provincial sections into municipalities, which, for the first time, allowed their citizens to elect their mayors and their councilmen (O’Neill, 1999).  In 1996, they enacted a new forestry law that devolved significant authority and financial incentives to municipalities to administer public forests within their jurisdictions (Pacheco and Kaimowitz, 1998).  Though municipal government has a long history in Guatemala, it was only in the 1990s that central governments devolved important environmental responsibilities to local governments (Gálvez Borrell and Camposeco Hurtado 1997; Godichet, del Cid, and Trputec 1997).   

Second, Bolivia and Guatemala are mid-level developing countries with important rural sectors.  According to the 1999 CIA World Fact Book, an up to date source of information on socio-economic statistics, these countries had a GDP per capita below $3,800 per year (purchasing parity rates, 1998 estimates).  In each country, agriculture adds approximately a fifth to GDP.  At least 40 percent of each country’s population resides in the countryside.  Third, forests and woodlands cover roughly fifty percent of the national territory in each country.  Finally, each country is conveniently divided into roughly 300 municipalities, thus allowing us to sample identical numbers of mayors in Bolivia and Guatemala (as of June 2000, there are 314 municipalities in Bolivia and 330 in Guatemala

The survey contains questions about the number and types of community groups within municipalities, the ways groups and citizens communicate with the mayor, and how central government agencies collaborate with municipal government.  Enumerators also ask mayors to identify their priorities, land use practices in the municipality, and about the local economy.  To provide a baseline for the assessment of decentralization, the design selects mayors who held office between 1996-2000 in Guatemala and 1997-2000 in Bolivia.

Citizen preferences

Following the democratic and accountability literatures of decentralization, I hypothesize that compliance with decentralized policy turns on what preferences a politician thinks his or her constituents hold.  If the majority of a municipality’s population is small rural farmers and cattle owners, it is difficult to imagine that a mayor would invest much energy in a decentralized forestry policy that demanded municipalities to enforce forest conservation laws.  Even if mayors believed that their constituents thought positively about forest conservation, his or her rankings of citizens’ preferences may still put forests on the bottom of the municipal agenda given their stronger feelings about trash removal, education, transportation, road building, and health concerns.

Data from the survey of 100 mayors in Guatemala offer some support to this general hypothesis.  For example, mayors’ valuation of important economic sectors tends to follow what they think citizens prefer: the correlation between mayors’ and citizens’ views of the importance of agriculture is .407 (p < .001) and of forest resources is .25 (p <.06 level).
   Also, the more communal forests are in a municipality, the higher the importance of forest monitoring is to the mayor (r = .63, p < .01).  And the greater the number of community organizations and non governmental organizations involved in pressing their demands about forest monitoring to the mayor, the higher the mayor ranks forests as assets to the municipality (r = 0.48, p < .01).

Social Capital

In Guatemala, rural people live in communities possessing forest commons.  People in many of these communities are also heavily organized: they have committees that protect and monitor forest boundaries and conditions (e.g., Becker and León 2000; Elías 1997; Gibson forthcoming; Gibson, Lehoucq, and Williams, 2001; Gibson, McKean, and Ostrom 2000; Reyna, Elías, Cigarroa, 1999).  While the reasons for the existence of such groups is not entirely clear, studies indicate that relatively small groups dependent upon forest resources possessing well-defined boundaries have positive effects on forest conditions.  I hypothesize that mayors’ compliance with environmental conservation legislation will increase as the number and density of community organizations in their municipality increases.  In these jurisdictions, mayors will carry out environmental legislation because it will be relatively costless for them to do so.  By working with relevant community organizations, they can simultaneously satisfy their constituents and legal dictates.

There is modest evidence to support the social capital hypothesis in data culled from the survey.  The amount of money or goods contributed by community organizations organized around forests correlates with the importance the mayor gives to forest monitoring (r = .284, p < .07).

Natural resources and the local economy

The particular role played by the natural resource in the local economy also shapes a politician’s policy choices (Gibson and Becker 2000, Gibson 1999a, Bilsborrow and DeLargy 1991; Blaikie and Brookfield 1987).  If the resource is important to municipal finances, a newly decentralized power over the resource may make a great deal of difference to a local politician.  For example, it is likely that a mayor, presiding over a municipality that derives significant revenue from timber taxes, will be quite happy to comply with a decentralized policy that allows more control over local timber concessions.  On the other hand, a mayor from a highly urbanized municipality, or a municipality with a high demand for pastures rather than forests, would invest little effort in this decentralized policy, as it contributes little to either the municipality’s funds or to the preferences of its citizens. 

Data from the survey reveal some support for this hypothesis.  The area of land that is urban in a municipality negatively correlates with the importance mayors give to forest resources (r = 0.5, p <.001).  The more important a mayor ranks forest reserves or parks to his/her municipality, the higher he/she ranks the importance of forest monitoring (r = .22, p < .10).  The higher the mayors rank forests as important land uses to the municipality, the higher percent of the municipal budget will be devoted to forest monitoring (r = .51, p < .000).  These results indicate that the economic structure of a municipality matters to mayor’s choices over policy.

Central Government Support

Mayors may also comply with conservation policies if the central government facilitates their implementation.  By reducing the costs of implementing the decentralized policy, the central government may overcome the negative incentives the environmental protection often generates for local politicians.  Such central government actions like periodic visits by forestry officials, training of local municipal employees, transfer of funds for forest management, and other types of support for a local government’s efforts to monitor forests should encourage mayors to follow legal statutes.  The pilot survey also offers some confirmation for this hypothesis: the more the central government had trained municipal staff to manage the municipalities forest, the higher the mayor ranked forests as important to the municipality’s land uses (r = .556, p < .001) and the more forests covered the municipalities land area (r = .51, p < ,001). 

The data support many of the hypothesized relationships between the forestry sector and Guatemalan mayors.  Two caveats are warranted in these preliminary results.  First, the simple correlations are meant only to illustrate some of the relationships I am finding in the data (the data were received quite recently).  Such rich data clearly demand further analysis to determine which variables are the most important to a mayor’s choices.  I will be working a variety of multivariate techniques in the near future (the project also has a comparative aspect with the same set of questions currently being asked of mayors in Bolivia).  Finally, I did not include any biophysical or socioeconomic control variables which should impact on mayoral choices and constraints. 

Types of powers decentralized

The public finance literature argues that the success of decentralization hinges upon correctly devolving public authority.  The decentralization of responsibilities and resources shapes the overall efficiency and equity of outcomes as well as the incentives local politicians face to implement or ignore new policies.  By comparing the cases of Guatemala and Bolivia, I can explore the effects of different ways of devolving forest protection responsibilities to local governments.

In Bolivia mayors have gained a number of powers from environmental decentralization.  The 1996 Forestry Law not only calls on local governments to help protect forests, but it also channels 25 percent of forestry contracts (patentes) and royalties from forestry use (regalías por el aprovechamiento forestal) to municipal governments.  Further, this law empowers municipalities to solicit and administer up to 20 percent of public forests (bosques fiscales) as municipal forest reserves (Pacheco and Kaimowitz 1998). I would expect that mayors will devote the less time and energy to forest protection in Guatemala because legislation only empowers them to monitor compliance with the 1996 Forestry Law.  According to this law, municipalities must help prevent the unauthorized felling of trees.  Only property owners who have obtained a license from the National Forestry Institute (INAB) can cut trees down.  The law also decentralizes another, but apparently insignificant, benefit to the municipality: the municipality can grant licenses to fell trees for volumes of less than 10 cubic meters per farm and by year.  Given these differences, I hypothesize that rates of compliance with decentralized forest policy should be greater in Bolivia, than in Guatemala.  (Because data from Bolivia is not yet recorded, this section cannot yet compare the data from both countries.)

Part 5.  Conclusion and Implications

This study – part of a larger project -- seeks to understand the politics of decentralized environmental policy.  By focusing on the incentives mayors, I hope to explain why local elected officials do or do not devote their resources to decentralized forest management.  The preliminary evidence suggests that mayors in Guatemala do not rank forests very highly in their list of priorities.  Instead, mayors offer evidence that they focus their energies on the nuts and bolts of development: schools, roads, water, and employment.  This is not surprising given that they need local votes to achieve office, and forests are perceived to deliver few benefits to the municipality.


What is surprising is the lack of debate in most of the literature about the local politics of decentralization.  Governments, bilateral and multilateral aid organizations, and conservation organizations currently espouse the glories of decentralization.  Few, if any, reflect on the political incentives of the local implementers of decentralized policy – actors whose actions can make or break policy, and who may have little regard for global demands for conservation.  Further study of the Bolivian data may show a greater interest in the forestry sector (and its conservation) given the greater amount of material incentives allowed for by decentralized policies.  But as these incentives are tied to the cutting of forests in Bolivia, the successful decentralization of forest management may remain quite elusive.
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�As with any general concept, there are as nearly as many definitions of decentralization as there are studies themselves.  But for most researchers, and for the purposes of this proposal, I define decentralization as any act in which a central government formally cedes power to actors and institutions at lower levels in a political-administrative and territorial hierarchy (Mahwood 1983; Smith 1985; Smoke 1993; Rondinelli 1990; Agrawal and Ribot 1999).
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