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Beginning in 2002, Kenyan water governance transitioned from a monocentric, top-down system to

one exhibiting traits of polycentricity. In this paper, we investigate the changes made to water policy

following the 2002 reform, outcomes produced in a collection of community- and catchment-level user

groups in the Mount Kenya region, and the conformance of these changes and outcomes with

principles of polycentricity. A new framework is used to capture the complex institutional

arrangements and interactions existing before and after the polycentric transformation. Unlike many

previous polycentricity studies, the present research focuses primarily on the outcomes of the

polycentric shift and determines if these correspond to predictions from polycentricity theory. We

utilize survey data collected in 2013 from water managers, as well as archival research to interrogate

congruence with principles of polycentricity. This study contributes to the broader discussion on

polycentricity in two fundamental ways: (i) It documents the functioning of a water management

system following a top-down imposed polycentric reform, and (ii) It empirically inspects whether

these polycentric reforms have produced benefits predicted by polycentricity theorists, such as

experimentation by local water users, increased collective action, and improved coordination between

levels of management.
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Introduction

In 2002, Kenya began to transition from a highly centralized system of water

governance to one demonstrating a polycentric order. The country’s current regime

includes several features that scholars associate with polycentricity and have pro-

posed should lead to effective water management in terms of equitable water distri-

bution and coordination between multiple decision makers. Independent groups of

local users are allowed to devise their own water allocation rules in response to

changing ecological conditions. Local users also participate in regional, watershed-

delineated users’ associations that coordinate use throughout a watershed’s catch-

ment and impose regionally appropriate restrictions on water use during times of
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scarcity. Throughout Kenya, user groups are part of an overarching system of

national laws that coordinates water governance between local, regional, and

national actors.

The Kenya case allows us to examine two areas of research on polycentricity

that are rarely addressed. First, we inspect a deliberate national government effort in

transitioning toward polycentric resource governance, which few have investigated

(exceptions include Andersson & Ostrom, 2008; Baldwin, Washington-Ottombre,

Dell’Angelo, Cole, & Evans, 2016). Second, while many polycentricity scholars have

developed propositions about why polycentric structures result in improved natural

resource governance, few of these propositions have been empirically tested. There-

fore, we move beyond a descriptive analysis of the governance structure to investi-

gate whether Kenya’s reforms have produced the beneficial outcomes predicted by

theory.

In this paper, we combine data from fieldwork and archival research to ask: In a

particular social-ecological system (SES), how have actor roles and local-level rules

adjusted following the 2002 top-down reform? More specifically, to what extent do

Kenya’s postreform governance outcomes reflect the benefits predicted by polycen-

tricity theorists? With respect to this research question, we test two hypotheses:

Hypothesis 1: In the postreform period, user groups will experiment with new

approaches to governance by adjusting their rules.

Hypothesis 2: Some of this experimentation will correlate with improved local

conditions.

In addition to directly testing the above hypotheses, we also draw on survey evi-

dence to examine the way that communication and coordination within Kenya’s

polycentric system has affected governance within user groups. This inspection pro-

vides an opportunity to empirically examine the alignment of formal and informal

outcomes with the theorized traits of a polycentric system.

Our investigation will focus on a SES within Kenya’s Upper Ewaso Ng’iro basin

on the northern and northwestern slopes of Mount Kenya.

To document regional- and national-level drivers leading to water reform, as

well as changes to key subsystem variables (i.e., resource system, resource units, gov-

ernance system, and actors) following reform, we use a new framework: the

“combined IAD-SES framework,” which was recently developed by scholars affili-

ated with the Ostrom Workshop of Indiana University (see Cole, Epstein, &

McGinnis, 2014). This framework allows us to capture complex social, biophysical,

and institutional arrangements and interactions at the regional and national level

and explain the Government of Kenya’s transition from top-down water governance

to an approach in which responsibilities are distributed across multiple levels.

The structure of the remainder of the paper is as follows. First, we review the lit-

erature on polycentricity, identifying the key features of polycentric systems and the

theoretical mechanisms by which these features might be expected to lead to

improved natural resource governance. Next, the combined IAD-SES framework is
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described and used to briefly explain the Government of Kenya’s transition from

centralized to multilevel water governance. The study site is then described, fol-

lowed by an explanation of the data and methods used in our empirical analysis. We

then inspect postreform governance outcomes, including rules-in-use, at the commu-

nity and catchment-level within the Upper Ewaso Ng’iro basin as of the summer of

2013. Finally, we discuss our empirical findings and their conformance with polycen-

tricity theory.

Polycentricity

Polycentricity was first proposed as a possible approach to governance in the

early 1960s. At the time, many metropolitan areas included city, county, and subur-

ban jurisdictions, as well as the presence of state and federal agencies with special-

ized but limited authority in particular policy areas. Scholars of government tended

to presume that such overlapping jurisdictions were chaotic at best and pathological

at worst, and called for consolidation of service provision to improve efficiency

(Aligica & Tarko, 2012; Cottrell, 1949). Vincent Ostrom, Tiebout, and Warren (1961)

countered this argument by proposing that consolidated approaches to service provi-

sion were likely to be inefficient, because such “one size fits all” approaches could

not account for divergent preferences among different groups of citizens, or differing

economies of scale among different public services. In contrast, polycentric sys-

tems—with “many centers of decision making which are formally independent of

each other”—might actually improve efficiency (V. Ostrom et al., 1961, p. 831).

In the decades since, a growing number of scholars have further developed the

concept of polycentric governance, both theoretically and empirically. Much of this

literature focuses on polycentric approaches to natural resource governance and

development. Not unlike government scholars of the 1960s, many development

scholars in the immediate postcolonial period tended to presume that centralized

government control was necessary to ensure efficient use of natural resources (e.g.,

Scott, 1998; Shivakoti & Ostrom, 2001). Numerous scholars—including, most

famously, Elinor Ostrom—countered this presumption through empirical documen-

tation of cases in which local resource users were able to manage resources effec-

tively (Agrawal & Gibson, 1999; E. Ostrom, 1990, 1999). As these cases have

accumulated, the concept of polycentricity has developed beyond the original con-

ception proposed by V. Ostrom, Tiebout, and Warren.

Polycentricity has been defined in numerous ways, and not all scholars agree

about what makes a particular governance system “polycentric,” although studies

have tended to converge around a few key characteristics. First, polycentric systems

always involve multiple, independent centers of decision making (Andersson &

Ostrom, 2008). Polycentricity is distinct from decentralization, however, in that

mechanisms for coordination and cooperation between decision centers are crucial

features of polycentric regimes (Pahl-Wostl & Knieper, 2014). Polycentric systems

also feature overlapping jurisdictions that create partially redundant institutions (da

Silveira & Richards, 2013; McGinnis, 1999). Overlap can be geographic, perhaps in
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the form of nested decision centers (Andersson & Ostrom, 2008), or may be func-

tional, where multiple decision centers have authority in a given policy area (Galaz,

Crona, €Osterblom, Olsson, & Folke, 2012).

Moreover, many scholars of polycentricity have asserted, either implicitly or

explicitly, that these structural features give rise to good governance outcomes. For

example, the presence of multiple, independent decision centers is thought to allow

local decision centers to experiment with informal rules governing resource use, sug-

gesting the possibility of innovation and learning (Andersson & Ostrom, 2008). It

also allows local groups to devise rules that respond and adapt to local conditions,

theoretically making polycentric systems more resilient to ecological shocks (Galaz

et al., 2012). Because local actors best understand local needs and conditions, they

may be better positioned to craft informal rules that meet localized needs more effi-

ciently and equitably than government administrators’ formal rules (Folke, Hahn,

Olsson, & Norberg, 2005; Ribot, Agrawal, & Larson, 2006).

Perhaps more important, however, coordination and overlapping authority

among these independent decision centers can enable mutual adjustment among

decision centers (V. Ostrom, 1999). Indeed, mechanisms for communication and

coordination distinguish between polycentric systems and those that are decentral-

ized (Andersson & Ostrom, 2008; Pahl-Wostl & Knieper, 2014). Such coordination

might, for example, allow local user groups to communicate with regional or

national policymakers, giving them a “voice” in policy matters that can help improve

outcomes (Andersson & Ostrom, 2008). Coordination can also be crucial where mul-

tiple local user groups are nested within a shared water basin, forest system, or fish-

ery. Coordination and overlapping authority allows user groups to communicate

and adjust their use in ways that benefit the system as a whole, essentially enabling

collective action at multiple levels of governance (Cole & McGinnis, 2014).

It is not a foregone conclusion, however, that polycentric governance structures

will always give rise to the beneficial governance outcomes predicted by theory.

Indeed, V. Ostrom et al. (1961) were cautious to note that independent centers of

decision making may not inevitably give rise to “orderly outcomes”; instead, this is

an empirical question (p. 831). Recently, a number of studies have provided empiri-

cal evidence that polycentric governance regimes tend to have high performance

(Basurto & Ostrom 2009; E. Ostrom, 1999; Pahl-Wostl, Lebel, Knieper, and Nikitina,

2012), particularly when compared with non-polycentric or less-polycentric systems

(da Silveira & Richards, 2013; Pahl-Wostl & Knieper, 2014). There has been limited

empirical testing, however, of the theoretical propositions that scholars have devel-

oped to explain the apparent success of polycentric systems, including experimenta-

tion with informal rules and adaptation to local conditions.

In this article, we undertake such empirical testing. We examine a system—

water and irrigation governance in Kenya—that has recently adopted reforms instat-

ing the three basic features of polycentricity: multiple decision centers at the local,

water basin, and national levels; overlapping authority among these decision centers;

and formal and informal mechanisms of coordination and communication between

these decision centers. Within that system, we examine processes and behaviors

adopted by water users, focusing in particular on whether Kenya’s polycentric
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structure gives rise to processes and behaviors predicted by polycentricity theory,

such as local groups experimenting with new rules and adoption of rules in response

to local conditions.

The Kenyan case is particularly interesting because whereas most previous stud-

ies have focused on polycentric governance systems that evolved over time, some of

the structural elements that create a polycentric system in Kenya are the result of

national policy changes due to reforms in 2002. Kenya has always had local and

national centers of decision making, but the 2002 reforms formalized the creation of

regional (water basin level) decision centers; created several formal mechanisms for

coordination among local-, regional-, and national-level decision units; and pre-

scribed overlapping authority over water allocation between these decision units. As

a result, the Kenyan case provides the researcher with a rare opportunity to examine

whether polycentric structures, imposed by national actors, give rise to the local-

level behaviors and processes predicted by polycentricity theorists.

We turn now to a description of the Government of Kenya’s transition from

monocentric to polycentric water governance, which is aided by use of the combined

IAD-SES framework.

Transformation from Monocentric to Polycentric Governance

The water governance structure that presently exists in Kenya was largely put in

place following the 2002 Water Act (Liniger, Gikonyo, Kiteme, & Wiesmann, 2005). A

number of drivers led to water reform, and since reform, significant changes have

occurred with respect to the governance system, actor roles, and efforts to match gover-

nance responsibilities with hydrological borders. We briefly document these drivers

and postreform changes at the national level using the combined IAD-SES framework.

The Combined IAD-SES Framework

The institutional analysis and development (IAD) framework, first described in

publication in 1982 (Kiser & Ostrom, 1982), places action situation(s) at its center and

uses exogenous biophysical conditions, community attributes, rules used by partici-

pants, and interactions among actors and their environments to explain decision

making within action situations (Figure 1a). Further, decision making is influenced

by the positions held by participants, the allowable actions, information availability,

and the costs and benefits of decisions within the action situation. The framework

has been described by some as one of the most important institutional analytical

frameworks in policy sciences (Sabatier, 2007), and since its development, has been

extended to a large and diverse number of empirical settings, including international

development (e.g., Gordillo & Andersson, 2004), industrial regulation (e.g., Schaaf,

1989), banking reforms (e.g., Polski, 2003), land tenure (e.g., Mwangi, 2003), problems

related to the water–energy—food nexus (e.g., Villamayor-Tomas, Grundmann,

Epstein, Evans, & Kimmich, 2015), environmental conflicts (e.g., Dell’Angelo, 2012),

and participation analysis (e.g., Bixler, Dell’Angelo, Mfune, & Roba, 2015).
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Like the IAD framework, the more recently developed SESs framework is struc-

tured around a central action situation (Figure 1b). First elaborated in E. Ostrom (2007),

the SES framework seeks to identify components of and interactions between resource

systems, resource units, actors, and governance systems in producing social-ecological

outcomes (McGinnis & Ostrom, 2014). The SES framework operates as a diagnostic tool

as it proposes a set of second- and third-tier variables for analysis of SESs (Table 1), and

Figure 1. (a) The IAD Framework, (b) the SES Framework, and (c) the Combined IAD-SES
Framework.
Source: Adapted from Cole et al. (2014).
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in this way further elaborates upon elements originally appearing in the IAD frame-

work. Since its inception, the SES framework has been applied to a variety of social-

ecological settings, such as fisheries (e.g., Basurto, Gelcich, & Ostrom, 2013; Cinner

et al., 2012; Guti�errez, Hilborn, & Defeo, 2011), forests (e.g., Fleischman et al., 2010), and

water and irrigation (Cox, 2014; Madrigal, Alp�ızar, & Schl€uter, 2011; E. Ostrom, 2011).

Despite the utility of the IAD and SES frameworks in studying, among other

things, the sustainability of SESs, each has been criticized for perceived shortcomings:

the IAD for insufficient attention to natural systems, and the SES for its inability to

provide more than a static list of system components. Recognizing these shortcom-

ings, Cole et al. (2014) devised the “combined IAD-SES framework,” which integrates

the SES variables entirely into the IAD framework (Figure 1c). The combined IAD-SES

framework, therefore, allows the user to employ a multilevel analysis tool that

Table 1. Second- and Third-Tier Variables for Diagnosing SESs

Resource
Systems

Resource
Units

Governance
Systems Actors

RS1 Sector RU1 Resource
unit mobility

GS1 Government
organizations

A1 Number of
users

RS2 Clarity of
system boundaries

RU2 Growth or
replacement rate

GS2 Nongovernment
organizations

A2 Socioeconomic
attributes of
users

a. Economic
b. Cultural

RS3 Size of resource
system

a. Area
b. Volume

RU3 Interaction
among resource units

a. Strong to weak
b. Predatory or

symbiotic

GS3 Network structure
a. Centrality
b. Modularity
c. Connectivity
d. Number of levels

A3 History of use

RS4 Human-
constructed
facilities

RU4 Economic value GS4 Property-
rights systems

a. Private
b. Public
c. Common
d. Mixed

A4 Location

RS5 Productivity
of system

RU5 Number
of units

GS5 Operational rules A5 Leadership/
entrepreneurship

RS6 Equilibrium
properties
a. Recharge

dynamics
b. Recharge rate
c. Number of

equilibria
d. Feedbacks

i. Positive
ii. Negative

RU6 Distinctive
markings

GS6 Collective-
choice rules

A6 Norms/social
capital

RS7 Predictability
of system dynamics

RU7 Spatial and
temporal distribution

a. Spatial heterogeneity
b. Temporal

heterogeneity

GS7 Constitutional
rules

A7 Knowledge of
SES/mental
models

RS8 Storage
characteristics

GS8 Monitoring and
sanctioning processes

A8 Importance of
resource

RS9 Location A9 Technology
used

Source: Adapted from E. Ostrom (2009) and E. Ostrom and Cox (2010).
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recognizes the major subsystems of an SES (i.e., the SES framework) in a dynamic

manner where temporal institutional variations are accounted for (i.e., the IAD frame-

work). Given these strengths, this framework appears well-suited for detailing the

drivers of institutional reform and the outcomes produced through such a reform.

We have chosen to employ the combined IAD-SES framework to detail Kenya’s

water reform for several reasons. First, separately the IAD and SES frameworks are

both meant to incorporate feedback mechanisms; however, in the case of the SES,

these mechanisms are not readily identifiable. Using the newly developed frame-

work, we are able to identify not only the existing conditions from the social and eco-

logical realms at the first time step, but also those produced following treatment at a

second interval. Second, the interaction of adjacent action situations in producing

outcomes has been well-developed within the IAD framework (McGinnis, 2011), but

by employing the combined IAD-SES framework, the user’s attention is readdressed

from looking primarily at outcomes produced from actor preferences and institu-

tional arrangements to the role of broader subsystems in achieving social-ecological

outcomes. Finally, as we will highlight, the institutional arrangements within the

Kenya context are particularly complex, and to understand the transformation from

one governance regime to another, a framework characterizing not only the breadth

of interactions across time points but also the depth of interactions at a single time

point, such as multilevel dynamics, is particularly useful. We believe the combined

IAD-SES framework has been well developed for this purpose.

In describing Kenya’s water management reform, we primarily employ informa-

tion retrieved during the summer of 2013 from the Kenyan National Archives, the

University of Nairobi, and the Ministry of Water and Irrigation. We focus on the

period beginning just before the 2002 reform and ending at the time of data collec-

tion (i.e., 2013). Explanations for variable selection before and after the 2002 reform,

as well as action situation dynamics are detailed in the Appendix.

Application of the Combined IAD-SES Framework: Explaining Reform

In the early and mid-1960s as Kenya emerged from colonial rule, the government

retained many of the water governance strategies that were put in place by the British.

The centralized approach established during colonial rule was poorly suited for the

conditions in Kenya and was eventually superseded by reforms at the turn of the

twenty-first century (Baldwin et al., 2016). Among other features, these reforms repre-

sent a shift from top-down water governance to a polycentric approach by creating

decision centers at multiple levels and providing for coordination between regional

and local actors. In the paragraphs that follow, we describe the resource system,

actors, and governance system in place prior to the 2002 reform. We go on to analyze

the way these variables affected appropriation, rulemaking, monitoring, and conflict

resolution. We conclude with a discussion of resource and governance outcomes as of

2013. Table 2 summarizes each of the SES subsystems at two time points, while Fig-

ure 2 uses the combined IAD-SES framework to dynamically capture forces motivat-

ing change, as well as the outcomes produced.
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Table 2. Key SES Variables at Two Time Points

Variable (Code)
Time Point

1—Late 1990s
Time Point

2—2013
Summary of
Subsystem

Resource System
(RS)

Clarity of hydro-
logical bounda-
ries (RS2)

Clearly defined Clearly defined From 1964 to the late
1990s, despite the
clarity of hydrological
boundaries, water
administration took
place along political
boundaries, which did
not compel resource
users to consider
downstream individu-
als (A6). Following the
2002 water reform,
water management
matches hydrological
boundaries, which has
contributed to
improved downstream
water access in some
locations

Streamflow trend
(RS5)

Decreasing Decreasing, but reports
of improved down-
stream river water
access in some
locations

Actors (A)
Leadership (A5) Leadership poorly

aligned with biophysi-
cal units and limited
in its consideration of
local conditions. Infor-
mal user groups
providing model for
reform in late 1990s

Leadership recognized at
multiple biophysical
units

Smallholder farmers
throughout Kenya are
highly reliant on sur-
face water for irriga-
tion purposes. Before
the 2002 reform,
downstream users
were severely disad-
vantaged due to the
poor fit between
hydrological scales
and governance units,
which did not compel
upstream users to be
overly aware of the
catchment-wide conse-
quences of their
actions. After reform,
leadership became bet-
ter aligned with
hydrological scales
and has improved
water access in some
downstream locations

Norms (A6) Minimal consideration of
downstream users

Increased awareness of
downstream users

Resource
dependence
(A8)

High resource
dependence

High resource
dependence

Governance System
(GS)

Government
organizations
(GS1a)

Water Apportionment
Board,
Water Bailiffs

Water Resources
Management Author-
ity, Water Resource
Users Association

Kenya shifted from a
top-down, monocentric
style of water manage-
ment to one with
multiple levels corre-
sponding with various
hydrological scales
after the 2002 reform.
This put in place
WRMA and the

Network structure
(GS3a)

Formal structure:
Top-down

Formal structure:
Multilevel

Connectivity
between govern-
ing units (GS3b)

Minimal connectivity Improved connectivity
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Pre-Existing Conditions before Water Reform

By the late 1990s, the groundwork for water reform was already being laid as, in

response to a largely failing national system, NGOs, government representatives,

community water projects (CWPs), and individual smallholders created an informal

Water Users’ Association (WUA) within Kenya’s Likii River catchment (A5 in Figure

2—left-hand-side variables) to coordinate upstream–downstream water uses, share

information, and resolve disputes (Liniger et al., 2005). This WUA would later be the

model for catchment-level user groups following reform (described below). The

immediate impetus for these actors in establishing the Likii WUA was a rash of

upstream–downstream water conflicts fueled by excessive upstream river water

withdrawals. However, the less apparent drivers—although more universal through-

out the country—had existed since the colonial era. We now explain these drivers.

The Nairobi-based Water Apportionment Board (WAB; GS1a) had several criti-

cal responsibilities during British rule and in the years following independence,

including permit issuance, sanctioning of water misuse, and placing restrictions on

use during periods of scarcity. While the WAB was a national agency based in Nai-

robi, reforms in the 1970s increased participation by local officials, primarily by

opening numerous Water Bailiff offices throughout Kenya to issue permits and mon-

itor permit compliance (GS1a) (Kenya Water Apportionment Board, 1972). These

efforts were largely ineffective, however, as final authority remained with the central

government. In fact, these adjustments led to a less-efficient permitting process:

water users now needed to obtain permits from both local and national officials, and

this process could take years to complete (Kenya Ministry of Water Development,

Table 2. cont.

Variable (Code)
Time Point

1—Late 1990s
Time Point

2—2013
Summary of
Subsystem

WRUAs as regional-
and catchment-level
managers of water and
replaced the WAB and
the Water Bailiffs.
With the creation of
WRUAs, connectivity
between governing
units improved, since
local water users serve
on each WRUA’s man-
agement committee,
and WRUAs work
closely with their cor-
responding WRMA
office. In turn, this has
improved the presence
of monitoring person-
nel and led to rules-in-
use aimed at equitably
appropriating water
between upstream and
downstream users

Water appropria-
tion operational
rules (GS5a)

Nairobi and region-based
permit system. Ineffec-
tive operational rules
for water appropria-
tion between upstream
and downstream users

Regional WRMA offices
responsible for issuing
water use permits.
Operational rules for
water appropriation
between upstream and
downstream users put
in place by WRMA
and WRUA

Monitoring
(GS8)

Water Apportionment
Board personnel and
Water Bailiffs signifi-
cantly underfunded
leading to poor
monitoring

Local monitoring per-
sonnel in the form of
WRUA representatives
and, in some cases,
WRMA staff
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1983). The regional Water Bailiff offices were also significantly underfunded and

often lacked the financial means to patrol riparian locations for nonpermitted water

users (GS8). If water users chose to avoid the permitting process, they ran little risk

of detection. Thus, despite efforts to bolster local water governance, Kenya retained a

largely ineffective top-down system of management (GS3a) with poor coordination

across governance levels (GS3b) up to the turn of the twenty-first century.

Compounding these inefficiencies were incongruities between the hydrological

system itself and the individuals charged with officiating the resource system. In their

efforts to monitor water use and issue abstraction permits, Water Bailiffs were

assigned to jurisdictions based on political (district) boundaries. This complicated

management efforts as these water officials had no reason to consider the effects of

upstream water use on downstream users so long as the downstream users were

within another district (GS5a). Therefore, despite the clear natural borders (RS2) of the

hydrological system (i.e., catchment areas), the management of water use led to opa-

que understandings of downstream water needs (A6); the result of which were fre-

quent downstream water shortages, particularly during dry periods (A8 and RS5)

(Liniger et al., 2005).

Kenya’s 2002 Water Reform

As these water shortages intensified, efforts took place at both the regional and

national levels to reform water management. An informal WUA was established in

the Likii River catchment to coordinate use among water users. Following the initial

success of this WUA, the Government of Kenya incorporated the WUA concept in

its reforms by encouraging the creation of formal Water Resource Users Associations

Figure 2. Application of the Combined IAD-SES Framework: Kenya’s Transition from Monocentric to
Multilevel Water Governance.
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(WRUAs), which would become independent decision units at the catchment-level.

National reforms also created a Water Resources Management Authority (WRMA),

responsible for developing overall policy strategies for Kenya, as well as for certain

appropriation, conflict resolution, and monitoring activities. The reforms also

delineated overlapping and shared responsibilities for rulemaking, appropriation,

monitoring, and conflict resolution at the community, WRUA, and national levels.

Thus, a multilevel system took hold in which individual or community water users

were nested within WRUAs, which were further nested within a WRMA region.

With the opening of regional offices within each of Kenya’s water basins, WRMA

officials were able to better enforce policy changes enacted after the water reform.

From a water appropriation perspective, WRMA now requires users to obtain permits

from one of these regional offices, or if the individual belongs to a community user

group, the user group needs to collectively possess a WRMA permit. Further, an over-

lap between the responsibilities of WRMA and WRUA exists since WRMA must con-

sult with the WRUAs on permit issuance. These permits formally limit the timing and

quantity of water abstracted, and, in times of water scarcity, require a percentage of

water to pass through the catchment to downstream users. Monitoring compliance

with the terms of these permits is shared between WRMA personnel and members of

the WRUA. Additionally, if the permit terms are violated or disputes arise between

upstream–downstream users within the same catchment, WRUA and WRMA may

share conflict resolution responsibilities. In cases where upstream–downstream con-

flicts occur across catchments, WRMA becomes the primary entity responsible for

conflict resolution, creating an overlap of authority between WRUAs and WRMA.

The WRUAs did not become formally recognized as catchment-level user

associations until 2007; nonetheless, informal WUAs were present in multiple

catchments before 2007 and these informal groups provided a blueprint upon

which the WRUAs that existed as of 2013 were crafted (Baldwin et al., 2016). A

WRUA encompasses all members of a particular catchment that possess a

WRMA water use permit, and they operate as truly representative entities, as

the management committee for each WRUA is made up of members from the

catchment: representatives from community user groups, CEOs of large-scale

farms, and individual riparian households, among others.

The primary role of a WRUA is to prevent and resolve conflicts between water

users within a catchment area (WRMA & WSTF, 2009), and to this end, they share

many responsibilities with the regional WRMA office. In terms of rulemaking, WRUAs

are allowed to devise their own constitutions; yet, this is done in partnership with

WRMA, often using a template approved by WRMA. Their closest partnership with

WRMA, however, arguably occurs with respect to water appropriation during the dry

season. As river water becomes scarce, WRUAs are expected to devise a schedule of

appropriation among the catchment members. This requires members to keep their

river intakes shut on all days that they are not scheduled to receive water. In theory,

this program allows a percentage of water to reach downstream users, even during the

dry season. Crafting the schedule of appropriation is often done in close consultation

with WRMA officials and requires WRMA’s approval before implementation. Like-

wise, monitoring compliance with the dry season regulations and resolving conflicts as
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they arise is also typically shared between WRUA and WRMA personnel; yet, WRUAs

may entirely defer conflict resolution duties to WRMA if the offense or grievance is

deemed best handled at a higher level of governance.

Conditions as of the Summer of 2013

Following this national-level effort to reorient water governance institu-

tions and actor roles, SES conditions as of 2013 indicate that certain features

of polycentric governance and adaptive co-management of water resources

now exist in Kenya (GS3a in Figure 2—right-hand-side variables). Adaptive

co-management suggests that governance responsibilities are most effective

when the scope of influence aligns with hydrological borders (Huitema et al.,

2009). With the creation of WRUAs, water use activities within and across

catchments became better coordinated, particularly during the dry season

(GS3b and GS5a), and individual water users became increasingly aware of

the consequences of their activities on other actors within and outside their

catchment (A6). Our own interviews suggest that, despite these coordination

efforts within catchments, the effectiveness of WRUAs in alleviating water

disparities have been mixed: some downstream users continue to object to

excessive upstream water use, while others feel that postreform water avail-

ability has improved (RS5).

In terms of monitoring (GS8), the 2002 reform has created redundancies in some

catchments, a trait of polycentric governance. Regional WRMA personnel will patrol

riparian zones in search of unauthorized pumping, an effort that is also performed

by members of the WRUA particularly when the dry season appropriation schedule

has been imposed. This duplication of duties creates a safety net where a failure on

the part of one institution is alleviated by the presence of another. While WRMA per-

sonnel may not be as prominent in some catchments compared to others, the very

presence of a catchment-level governance entity (i.e., the WRUA) suggests leadership

will be familiar with local conditions (A5), another important element of adaptive

co-management (Huitema et al., 2009).

With the formal transition from monocentric to multilevel management

described, we now analyze the outcomes of this nationally imposed polycentric shift

on a SES within Kenya’s Upper Ewaso Ng’iro basin. We begin by describing the SES

of interest and then move on to a description of the data used before inspecting the

outcomes of reform.

Study Area

The Upper Ewaso Ng’iro Basin

Both a climatic and social gradient exists in the Upper Ewaso Ng’iro basin

(McCord, Cox, Schmitt-Harsh, & Evans, 2015). Nested within the basin are 25 CWPs

where fieldwork was conducted. These CWPs span an area of approximately
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1,800 km2 and are located predominately on Mount Kenya’s leeward side within five

WRUAs (Figure 3). The CWPs nearest Mount Kenya, on average, receive greater pre-

cipitation totals; however, rainfall events across the region are variable. Throughout

much of the study area, either a bimodal or trimodal rainfall pattern exists, with

rainy seasons taking place from April to June, October to December, and a more

unpredictable rainy season occurring from July to August under the trimodal pattern

(Ericksen et al., 2011). This seasonality results in significant variability of surface

water availability.

In addition to the study area’s environmental gradient, a “social gradient” is also

present. Until the early 1900s, much of the study area was occupied by Maasai and

Samburu pastoralists (Wiesmann, Gichuki, Kiteme, & Liniger, 2000). Large ranches

and farms owned by white settlers that were established during the colonial era (i.e.,

starting at the turn of the twentieth century) have today largely transitioned to

Kikuyu- or Meru-owned small-scale farms, although some large landholdings

remain. Many of these large landholdings have been transformed into highly techni-

cal horticultural operations producing for international markets (Wiesmann et al.,

2000). The Maasai and Samburu pastoralists, who once dominated the area, have

Figure 3. Study Area.
Notes: Isohyets represent average annual precipitation (mm) to demonstrate the region’s environmen-
tal gradient. Boundaries of WRUAs are approximations. Locations of water projects are represented
by the centroid of the water project.
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largely been pushed north to the marginal arid and semiarid rangelands (Kiteme,

Wiesmann, K€unzi, & Mathuva, 1998).

Population growth within the Upper Ewaso Ng’iro basin, which witnessed an

increase from 50,000 in 1960 to approximately 500,000 in 2000 according to Ngigi,

Savenije, and Gichuki (2007), as well as increases in the number of smallholder farm-

ers, typify the trend throughout much of Kenya during the postcolonial era. These

growth processes were encouraged by the Government of Kenya’s subdivision of

former British ranches to be used for smallholder farms, as well as immigration from

nearby densely populated areas in search of locations with high agricultural poten-

tial. In the process, population growth has added new pressures to land and water

resources. As evidence, multiple rivers within the Upper Ewaso Ng’iro basin have

experienced decreasing flows since the early 1960s (Liniger et al., 2005). In some

areas, the decrease in river water availability has shifted livelihood practices from

smallholder sedentary agriculture to pastoralism.

The Community Water Projects

CWPs are small, member-based irrigation infrastructure projects that allow

smallholders to access irrigation water (although the primary goal of CWPs is to pro-

vide water for domestic use). Many CWPs were initially funded by government pro-

grams or donors, with subsequent management and infrastructure improvements

undertaken by the CWP’s membership. Some CWPs date back to the colonial era,

although the number of CWPs increased rapidly in the postcolonial period sup-

ported by government programs aimed at increasing small-scale agriculture.

We focus our attention on 25 CWPs within the Upper Ewaso Ng’iro basin. Each

of the 25 CWPs has an intake from either one of the study area’s major rivers or

from a natural spring as is the case with the CWPs in the Ngusishi WRUA (refer to

Figure 3). Intakes can be closed during periods of rationing between CWPs in the

same WRUA. After flowing through the intake, water is then gravity-fed to house-

holds through a series of buried pipes. CWPs vary in their water use restrictions, as

some only allow for irrigation of small plots of land, while others are more flexible.

Typically, this is influenced by the number of members within a CWP, which is

highly variable and can be related to population growth within an area, as well as

decisions made by the CWP’s management committee to either restrict membership

or allow membership growth.

CWPs have long exhibited autonomy in crafting their own institutions, a tradi-

tion dating to the colonial era. Important differences, therefore, exist in management

strategies, including water appropriation strategies during the wet and dry seasons.

CWP management committees make decisions as to whether or not a CWP will insti-

tute a rotation schedule (i.e., alternating water delivery between separate CWP distri-

bution lines on a day-to-day basis) during the wet season and how dry season water

shortages will be managed. These decisions are typically influenced by the number

of members within a CWP. It is not uncommon for larger CWPs to enforce a wet sea-

son rotation in which households receive water three or fewer times in a week, while
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CWPs with smaller memberships may be able to forgo a rotation program during

periods of high river levels. When river levels decrease in the dry season, household

level water availability is typically restricted in both large and small CWPs.

Data and Methods

Data

We use three types of data for this study: survey responses, household-level

water-flow measurements, and archival research. Surveys were administered to

members of the CWP management committee, which included a set of chairperson

surveys (i.e., the manager of the water project; N 5 25); a set of caretaker surveys

(N 5 19); and a collective survey of the CWP’s chairperson, vice-chairperson, secre-

tary, vice-secretary, and treasurer (N 5 19). Responses from the chairperson surveys

revealed the historical context, rules and monitoring policies, and water rotation and

rationing strategies within each CWP. Caretaker surveys offered insight into the

infrastructural design and repairs made to each CWP’s pipe network. And, the col-

lective survey with the CWP management committee was used to better understand

group decision making.

Household-level water flow was measured on a weekly basis from July 2013 to

January 2014. In smaller CWPs, 10 households were measured on a weekly basis, while

in larger CWPs, 20 households were measured weekly. Using a stopwatch, measure-

ments were taken by timing the duration to fill an 18-L bucket; measurements were

then converted to liters per minute. In so doing, we have obtained a temporal record of

weekly flow measurements in each CWP. The large amount of sediment in the CWP

pipes prohibited the use of flow sensors to measure household-level water flow.

Archival research provided an understanding of Kenya’s legal water institutions.

This research was conducted in Nairobi during June 2013 in the Kenyan National

Archives, the University of Nairobi, and Kenya’s Ministry of Water and Irrigation,

and includes statutes, regulations, and historic documents from Ministry of Water

and Irrigation field offices. These three sets of data (i.e., the survey responses, the

household-level water flow measurements, and the archival research) will be used in

the next section to inspect postreform experimentation with rule changes and how

these rule changes correlate with location conditions.

Polycentric Transition Outcomes: Inspection of the Upper Ewaso Ng’iro

Basin SES

Hypothesis Testing

In examining the outcomes of water reform, we focus particularly on the rules-

in-use within each CWP. We attempt to link CWP governance strategies with propo-

sitions from the polycentricity literature and hypothesize the following: First, in the

postreform period, user groups will experiment with new approaches to governance

by adjusting their rules (hypothesis 1), and second, some of this experimentation will
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correlate with improved local conditions (hypothesis 2). We begin our examination

of the outcomes following water reform by describing a case in which rule changes

have clearly led to an outcome that polycentricity theorists would view as favorable.

This is followed with additional evidence (or lack thereof) of outcomes predicted by

polycentricity theory.

Monitoring and maintenance roles within CWPs are an element that appear to

have been adjusted within at least one WRUA following the 2002 reform. CWPs typi-

cally employ a caretaker who is responsible for inspecting CWP pipelines for leaks,

responding to complaints of poor water flow by members, monitoring to ensure that

no members are taking water illegally, and disconnecting members if rules are vio-

lated. However, in the Ngusishi WRUA, CWP monitoring rules differ from the other

four WRUAs. Rather than the CWPs of the Ngusishi WRUA employing caretakers,

scouts are provided by the WRUA to monitor water use activities along the CWPs’

main lines. This stands in stark contrast to the other four WRUAs where WRUA offi-

cials only patrol the riparian zones, not the CWP’s infrastructure. Scouts also make

repairs to the main line(s). All sublines and some main lines within the Ngusishi

CWPs are also maintained and monitored by representatives from the households

along that particular line.

It is unclear if the scout system employed in the Ngusishi WRUA is preferable

to the caretaker system within the other four WRUAs. The CWP may benefit by

avoiding the cost of employing an individual within the monitor/maintenance posi-

tion, as the WRUA pays for the scout; however, the scout may also be seen as an

“outsider” and not trusted to the same degree as the caretakers within the other

WRUAs. A natural experiment may well take place in which other WRUAs trial the

approach taken by the Ngusishi WRUA. This experimentation with monitoring obli-

gations in the Ngusishi WRUA confirms our first hypothesis. Additional examples

of rule adjustments and experimentation are now explored, as well as the proficiency

of experimentation efforts in adapting to local conditions (i.e., hypothesis 2).

To better understand other rule adjustments in response to the 2002 water

reform, further background is necessary. The WRUAs and WRMA leverage consid-

erable influence with respect to catchment-level water appropriation, particularly

during the dry season. If a WRUA has directed a catchment’s member groups to fol-

low the agreed upon appropriation schedule, a CWP’s river intake is expected to

only be open during the days in which that particular CWP is scheduled to receive

water. Before the 2002 Water Act, rationing between CWPs was absent since formal

catchment-level regulations did not exist. CWPs had little reason to consider the vol-

ume of water withdrawn from the river and upstream CWPs were the de facto benefi-

ciaries. Some upstream CWP chairpersons have expressed their longing for the pre-

WRUA period, claiming that water rationing has forced them to devise new rotation

schedules (or alter existing schedules) within their CWPs, and that these changes

have obstructed their abilities to meet the household consumption and irrigation

needs of members.

In response, certain CWPs have adjusted their rules-in-use, particularly rules

regarding new membership. As of the summer of 2013, 8 of the 25 CWPs had capped

their membership (Table 3). In many cases, this was a recent decision made by
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management committees as they struggled to meet the needs of their members in

the face of increasing population and water provisioning restrictions. Membership

control represents a response to water scarcity and a divergence in the rules-in-use

found among the 25 CWPs. It also suggests a divergence in water allocation out-

comes. To explore this, we have calculated a single coefficient of variation (CV) value

of pipe network water flow for each CWP using the household-level water-flow data

from July 2013 to January 2014 (Table 3). To estimate the CV of water flow, the mean

flow over time was calculated for each household within each CWP. The average of

all household mean flows was calculated as well as the standard deviation of the

household mean flows. The CWP-level CV of flow was then generated by dividing

the standard deviation of CWP flow by average flow. We have grouped CWPs, as

well as their CV of water flow, according to their decision to either cap membership

or allow membership to grow. This allows us to compare the two groups based on

summation of their CV of water flow ranks using a Mann–Whitney–Wilcoxon test.

This comparison of rank sums suggests that the difference between CV of water

flow for CWPs that have capped membership compared to those allowing member-

ship to grow is statistically significant, and that variability is significantly higher in

CWPs that allow new members to join compared to those that have limited their

Table 3. Community Water Project Change in CWP Membership and CV of Water Flow

CWP WRUA Membership Capped CV of Water Flowa

Jikaze Likii Yes 0.1935
Miarage No 0.2592
Murimi No 0.1824
Nkando No 0.2066
Tumaini No 0.2568
Huku Nanyuki No 0.1223
Kaga No 0.5470
Maka No 0.1860
Mwea B No 0.4953
Ruai No 0.4492
Batian Ngusishi No 0.8262
Chumvi No 0.5220
Kabubungi Yes 0.1201
Kongoni Yes 0.3022
Wiumiririe No 0.3747
Mayangalo Ngare Nything No 0.8044
Mugokongo Yes 0.1985
Mwimenyi A No 0.2230
Nasakuja No 0.3220
Ntumburi No 0.3593
Karukunku Timau Yes 0.1145
Kiguru No 0.0773
Kithima-Kiamunyi Yes 0.1690
Milimani B Yes 0.1695
Muguna Yes 0.4641

aCalculated from weekly household-level measurements taken from July 2013 to January 2014.
Household-level measurements started on a rolling basis where the first CWP visited (i.e., Nkando) had
its first measurements taken on July 8, 2013, while the final CWP visited (i.e., Kiguru) had its first meas-
urements taken on September 9, 2013. Thus, the overall total number of visits to each CWP are not
equal.
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membership (Table 4). Thus, households within CWPs that have capped their mem-

berships appear to receive more predictable water delivery. While other factors such

as population and infrastructural components almost certainly affect this relation-

ship, the statistical significance of this test suggests that institutions play a role in

influencing water allocation outcomes as well. This tends to confirm our hypothesis

that experimentation with rules-in-use can lead to successful adaptation to local con-

ditions (i.e., hypothesis 2).

Coordination among Local and Regional Actors

In addition to testing the above hypotheses, we also examine some ways that Ken-

ya’s reforms have created or encouraged coordination among multiple levels of man-

agement, and how these coordination mechanisms have affected CWP governance.

The most notable postreform coordination mechanism exists between CWPs and their

respective WRUA. At the local level, the CWP membership elects the individuals who

serve on the management board, including the CWP’s chairperson. Along with water

use decision-making obligations within the CWP, the chairperson also serves on the

WRUA’s management committee, which makes catchment-wide decisions concerning

water appropriation, monitoring, and sanctioning. Thus, coordination between the

CWP and WRUA legislative bodies is directly linked by the representative procedure

that elects each of the CWP’s chairpersons. This process suggests more active and

effective dialogue between WRUAs and CWPs, and that CWPs coordinate with

WRUA officials when management concerns span community boundaries. For

instance, 24 of the 25 CWP representatives stated that coordination with WRUA helps

to prevent conflicts, and 15 of these individuals claimed that, of the higher levels of

governance, WRUAs are most frequently relied upon to handle disputes between

CWPs.

This increased level of coordination between CWPs and WRUAs—as well as

between CWPs in the same catchment—has been accompanied by adjustments in

institutional and physical infrastructure to ensure that WRUAs are achieving their

goal of improving the quantity of water resources to all members of the catchment.

For example, both the WRUA and WRMA now expect all CWPs to have a flow-

measuring device near their river intake position, and will impose fines if devices

Table 4. Mann–Whitney–Wilcoxon Test Results

Change in CWP Membership
in Past 5 Years

Number
of

CWPs
Rank
Sum

Expected
Rank
Sum

No change (capped membership) 8 70 104
Increase 17 255 221

Total 25 325 325

Note: The test was significant at a critical value of 0.05. The group of CWPs that have capped their mem-
berships (8 CWPs) have actual rank sums that are lower than their expected rank sum and lower than
the actual rank sums of the group of CWPs that are allowing membership to increase (17 CWPs). Thus,
the CWPs that have capped their memberships have a lower rank in variability of water flow.
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are not installed. Similarly, to ensure that all CWPs withdraw an equal amount of

water, WRUAs now tend to require that all CWPs install uniform (6-inch) intake

pipes. In addition, WRMA (in partnership with the WRUA) has increased the fre-

quency with which it assesses penalties to CWPs withdrawing water in excess of

permits. These new requirements and fees improve efforts to guarantee catchment-

wide water access, but they also burden communities with additional financial obli-

gations and water use restrictions. Some CWP chairpersons expressed frustrations

related to the increased fees following the 2002 Water Act. One chairperson

described the reform as operating in a “commercial way” that has precluded the

“normal person” from accessing water if they cannot afford it. Another claimed that

the 2002 reform “has not been good” since it has increased costs within CWPs. These

and other CWP leaders explained that they have been forced to raise fees in response

to the increased financial burden, and in some cases CWPs have increased their

memberships to help pay the increased fees.

Discussion

The preceding analysis of Kenya’s water reform demonstrates that the govern-

ment has deliberately created the basic features of a polycentric system: multiple,

independent decision centers at the CWP, WRUA, and WRMA levels; overlapping

authority over several aspects of water governance; and mechanisms for coordina-

tion between governance levels. Arguably, however, the more interesting question is

how these changes have affected governance on-the-ground among and between

local CWPs and WRUAs, particularly with respect to rule adjustment and experi-

mentation, as well as the emergence of new forms of collective action.

The 2002 reform appears to have provided a stimulus for all CWPs within the

Upper Ewaso Ng’iro SES to experiment with their rules-in-use in order to meet the

needs of their members. While CWPs had the authority to make their own rules

before 2002, the rule experimentation that is now taking place is fundamentally dif-

ferent given that CWPs now occupy rulemaking space with their WRUA, as well as

WRMA. A CWP that is nested within a WRMA-approved WRUA—as is the case

with all of the CWPs in this study—has representatives who participate in catch-

ment-level decision making about permit issuance, regional scale water allocation,

and water conservation strategies. This representation gives CWP leaders a level of

legitimacy that they lacked in the past. However, it also requires CWP chairpersons

to balance the wants of their members with the requirements specified at higher lev-

els of management. This is precisely where the decision of some CWPs to limit their

memberships has originated, since WRUAs mandate a percentage of river water

reach downstream users. While balancing the requirements of the WRUA with the

wants of CWP members can be challenging, it is important to recognize that by tak-

ing on these challenges, CWPs are now provided with a path toward user-group

legitimacy, an important trait of a polycentric system and a trait that was glaringly

absent before the 2002 reform.

The literature on polycentricity also suggests that coordination among local,

regional, and national actors should encourage mutual adjustments and the
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undertaking of collective action at multiple levels. Our examination of the Upper

Ewaso Ng’iro basin shows that, postreform, CWPs are reducing their water use to

ensure water availability for downstream users. However, they are doing so to com-

ply with rules imposed upon CWPs in a top-down fashion, with some resistance

from CWP managers. It thus may be premature to consider water allocation arrange-

ments within WRUAs to be “collective action” in the classic sense; WRUA members

communicate and coordinate their water use, but actual reductions in CWPs’ water

allocations have come about due to formal legal requirements rather than due to

bottom-up strategies. Nonetheless, the coordination mechanisms created by the

reforms—particularly the creation of the WRUAs—have helped to ensure that CWPs

will comply with the requirements and that the mandates will achieve the intended

result of increased water availability.

Key understandings with respect to the literature on polycentricity have been

revealed from this study. We have found evidence that a deliberate push for poly-

centric resource management can encourage local decision making and rule experi-

mentation, especially as local chairpersons respond to policy changes from decision

makers at higher levels of management. While additional experimentation may occur

over time, we conclude that Kenya’s top-down reforms allow, rather than encourage,

experimentation, adaptation, and learning.

Similarly, while CWPs have autonomy to craft their own rules, this is primarily

limited to internal matters, and WRMA retains the right to impose rules in top-down

fashion—for example, mandating certain infrastructure investments. However, it

appears that local-level rule diversification would actually be quite minimal within

the 25 CWPs without these top-down policy-induced changes. Additionally, it is pos-

sible that simply not enough time has elapsed since the 2002 Water Act, and that

with the passage of time more experimentation will naturally occur. In this vein, we

may be witnessing the less-than-optimal institutions established by local resource

managers as they grapple with the complexity of their system (E. Ostrom, 2005).

Finally, our examination of the 25 CWPs, and their respective WRUAs, suggests

that a polycentric system is developing not solely on paper, but on-the-ground as

well. Yet, while some beneficial conditions have arisen following the 2002 reform,

other governance outcomes predicted by theorists have been slow to emerge, and

the actual benefits of these outcomes may fall somewhat short of those predicted by

theory. It additionally remains to be seen whether the conditions in our study area

are pervasive across Kenya and whether other CWPs have experienced a similar

level of interaction with regional and national actors.

Conclusion

This study set out to identify how actor roles and local-level rules have changed

following the 2002 water reform, and to determine the extent to which the

postreform governance outcomes reflect benefits predicted by polycentricity theo-

rists. With regards to this inquiry, we hypothesized the following: (i) In the

postreform period, user groups will experiment with new approaches to governance
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by adjusting their rules, and (ii) some of this experimentation will correlate with

improved local conditions.

We found evidence—albeit limited—in support of these hypotheses. Kenya’s

polycentric shift may have provided a “shock” which led to rule changes and a

divergence in rules-in-use employed by CWP chairpersons, particularly those rules

related to user-group membership and monitoring. These adjustments appear to be

ongoing and indicate some amount of experimentation with management strategies.

We also found evidence that the coordination mechanisms created by the reforms

have prompted CWPs to curtail water use to the benefit of other CWPs; however,

this has largely occurred by way of a top-down approach that may not fully match

theorists’ predictions about collective action.

By taking an empirical approach, this study has addressed critical questions con-

cerning the institutional dynamics that are involved in a national water governance

polycentric transition. In the process, it has raised topics that are ripe for future

research, including the different and often contradictory features of polycentric

reforms and the barriers to on-the-ground deployment of polycentric principles

when, formally, multiple centers of governance exist. Further investigation into these

topics will advance the governance community’s understandings of polycentric

resource governance.

Appendix

Selection of variables to be included in the combined IAD-SES framework at

the prereform time step was guided by the following steps:

1. An understanding of the water management system as of 2013 was obtained

through review of information gathered during archival research. From this

understanding, we worked backwards to the time step just before 2002 reform

to identify SES framework variables where it was possible to make a causal con-

nection to 2013 outcomes.

2. In identifying these pre-reform SES variables, we first focused on isolating

second-tier variables for each subsystem that could either help characterize

the pre-reform landscape, or function as a direct driver of reform, or both.

a. Before selecting a variable, a “yes” response was required of the following

question: “Is this variable critical to understanding the SES in the context of

Kenyan water governance, or is this variable a driver of water policy

reform?”

3. Where greater detail was needed, we unpacked the identified attributes into

third-tier variables by repeating steps 2 and 2a for each variable previously

identified.

To characterize the dynamics within the adjacent action situations that pro-

duced the postreform conditions, we adhered to the following steps:
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1. An assessment was made of which broad action situation processes could be

reasonably articulated using the pre-existing conditions from the prereform

time step.

2. Given our understanding of the water management system as of 2013, a nar-

rowing of potential action situations was performed by identifying decision-

making processes that reasonably led to the 2013 conditions.

3. To demonstrate the connectivity within the adjacent action situations, the ele-

ments identified for each action situation needed to both influence and be influ-

enced by the other decision-making strategies within the web of action situations.

Selection of the combined IAD-SES framework postreform conditions was

guided by the following steps:

1. Tracking the steps of reform from prereform conditions to the adjacent action

situations, an assessment was made of the SES framework variables that were

directly altered during this course of development.

2. After acknowledging these second- and third-tier variables, we further detailed

the postreform conditions by referring to information collected through 2013

archival research.
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