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Abstract: This study investigated a community-managed irrigation system, the
Wang hilltop pond irrigation system (WHPIS) in Guangdong, China. Via a field
survey and case study, this paper describes the WHPIS’s two-stage process of evo-
lutionary governance since the 1960s. First, it explains how the WHPIS achieved
50 years of successful self-governance and robust operation. Then, based on the
requirements for adaptive governance outlined by Dietz et al. (2003), it addresses
how the WHPIS, when faced with a climate-anomaly, has achieved robustness
through institutional change. It finds that with strong social capital based on line-
age events, the community, working in partnership with the local government,
collectively revised investment, maintenance, and water distribution rules, and
developed a new patroller rule. These new rules were effectively enforced by
the community through social capital, which enabled the WHPIS to adapt to the
climate anomaly. Last, this study concludes that a long-term self-governing irriga-
tion system disturbed by abrupt change can be restored to a robust state via insti-
tutional measures enabling adaptive governance. Strong social capital enables a
community to absorb the external power from the local government and internal-
ize it, enforce incremental rule changes, and efficiently achieve a robust irrigation
system subject to adaptive governance.
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I. Introduction

The problem of governing irrigation systems challenged by external disturbances
has gained increasing attention in recent years (Dietz et al. 2003; Araral 2013a;
Yu et al. 2015; Lam and Chiu 2016; Wang et al. 2016; Villamayor-Tomas 2017).
Even well-performing and long-lasting irrigation systems run the risk of frangibil-
ity and might break down when exposed to an external disturbance (Janssen et al.
2007; Cardenas et al. 2017). External disturbances indicate unexpected changes in
the environment, typically climate change, which breaks the normal service flow
of the irrigation systems (Villamayor-Tomas 2017). Although some systems are
generally robust, they are also characterized as having trade-offs (Anderies et al.
2004) and can easily lose essential functions with changes in the ecological, soci-
ological, and economic environments. This has been seen in the Indonesian subak
system (Lansing 1991), the Spanish irrigation community in Murcia (Pérez et al.
2011), the Nepalese irrigation systems (Bastakoti and Shivakoti 2012), and the
American Taos Valley (Schoon and Cox 2012). Therefore, scholars and policy-
makers are currently facing the challenge of how to maintain a robust irrigation
system while also minimizing its frangibility in the face of external disturbances.

Adaptive governance is highly endorsed as an effective way to maintain robust
social-ecological systems (Dietz et al. 2003; Schultz et al. 2015; Lam and Chiu
2016; Roggero et al. 2018). Various scholars also justify the importance of social
capital in enabling the community to implement adaptive governance. Based on
the rationale of adaptive governance, frangibility occurs if institutions are unable
to adapt to the changed irrigation system. Therefore, to minimize potential frangi-
bility these institutions must evolve (Nelson et al. 2007). Theoretically, adaptive
governance involves four important aspects. First, adaptive governance indicates
that institutions require change consistent with the external disturbance. Effective
institutions are temporary (Agrawal 2008). Second, the prerequisites for adaptive
governance include providing necessary information, dealing with conflicts, com-
plying with rules, supplying infrastructure, and encouraging adaption and change
(Dietz et al. 2003). Third, the enforcement of low-cost adaptive governance
requires various forms of social capital, including trust and cooperation, within
the irrigation community. As demonstrated by the farmer-managed irrigation sys-
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tems in Nepal, strong social capital contributes to institutional transformation and
an adaptive capacity in response to environmental changes (Thapa et al. 2016).
Last, regarding the pathway to adaptive governance, irrigation institutions should
be adjusted incrementally, while social capital with the community should remain
unchanged (Aligica and Tarko 2014). Institutional change should be bottom up
from the community, and attempts to seek external assistance should start within
the community (Murtinho et al. 2013). In general, an irrigation system can achieve
synergetic robustness instead of trade-offs in the advent of a disturbance if the
community transforming institutions has strong social capital.

Theoretical work on commons governance has stated that social capital is
crucial if a community is to achieve sustainable robustness (Meinzen-Dick 2007).
Social capital is shared knowledge, understandings, norms, rules, and expectations
about patterns of interactions that groups of individuals bring to a recurrent activ-
ity (Ostrom 2000). Field research suggests that an irrigation community should
maintain social capital, which is strongly positively associated with successful
responses to external interventions (Lam and Chiu 2016). Otherwise, as field
experiments have shown that external regulation results in a crowding out effect
by controlling community activity because of a lack of social capital (Cardenas
et al. 2000). The greater the loss of social capital suffered by a community, the
less robust its irrigation system (Vollan 2008). Meanwhile, a community should
maintain strong social capital with outside bodies such as local government to
better understand region-level policy and objectives (Meinzen-Dick 2007). To
strengthen social capital, a community requires good communication, capacity
building, autonomy reinforcement, and institution completion (Fabricius and
Collins 2007; Cifdaloz et al. 2010; De Fraiture et al. 2014).

The aforementioned studies provide insights into the relationship among
social capital, adaptive governance, and sustaining irrigation systems. However,
three important problems remain under-studied. (1) What are the institutional
structure of a long-lasting irrigation system and the evolutionary process of insti-
tutional change in adaptive governance? (2) How does social capital contribute
to effective institutions enabling a community to maintain system robustness in
climate disturbance? (3) Which institutions should be transformed and how, and
what conditions should remain unchanged? The main objective of this study is to
fill this gap in the literature through systematically clarifying these issues.

This paper uses the Wang hilltop pond irrigation system (WHPIS) as a case
study to examine these issues. Built on a hill, a hilltop pond is a small reservoir
with a water storage function. Water is collected via rainfall and springs. Like
other HPISs,' the WHPIS is a typical community-managed commons in China’s
Guangdong province that has been performing well and sustainably for 50 years.

However, there have been few studies examining the successful operation of
self-governing HPISs. Following Ostrom’s (1990) overarching study of governing

! In the 1960s, Guangdong launched a campaign to construct HPISs, with approximately 50,000
HPISs built throughout the highlands. Almost every village has an HPIS.
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the commons, various community-managed irrigation systems are well known,
including the Spanish huerta, Philippine zanjera, Swiss felderin, and farmer-
managed systems in Nepal, Tanzania, Indonesia, Iran, Thailand, and Bangladesh
(Tang 1992; Araral 2013a). However, successful cases from China have not been
studied. International literature on irrigation governance in China has focused on
centralized management by the state (Wittfogel 1957; Yu et al. 2005) and decen-
tralized management by a range of participants including farmers (Wang 2006;
World Bank 2007), farmer water users’ associations (Zhang et al. 2013; Wang
et al. 2016), and contractors (Huang 2014). These studies generated the illusion
that there are no local institutions crafted from the bottom—up by the irrigation
community in China. In fact, Guangdong, a province in southern China, has many
HPISs successfully governed by local community. Therefore, another goal of this
study is to highlight these community-managed irrigation systems and to reveal
the diverse practices in governing the commons in China.

The rest of this paper is organized as follows. Section 2 presents the analytical
framework and methodology, illustrates the relationships among social capital,
institutional change, and adaptive governance, and elaborates on the case selec-
tion and field survey process. Section 3 introduces the WHPIS, its governance
structure, and sustainable self-governance in the early years. Section 4 uses the
adaptive governance framework to analyze the WHPIS’s successful adaptation in
response to climate anomalies. Section 5 discusses the reasons for the sustainabil-
ity and robustness of the WHPIS and Section 6 concludes by providing a summary
of insights into adaptive governance for theory extension and policy-making.

2. Analytical framework and methodology
2.1. Analytical framework

This study explores the mechanism by which institutional change through social
capital meets the needs of adaptive governance in response to disturbances caused
by climate anomalies. The intuition is that adaptive governance is an effective
approach through which institutions change in response to climate-related distur-
bances, as shown in the analytical framework on which this study is based (see
Figure 1).

This analytical framework builds on the work of Dietz et al. (2003), who claim
that adaptive governance is an important means of solving critical problems related
to commons and summarize five conditions necessary to achieve success. Condition
1: the state of resources and the process of using resources can be monitored, veri-
fied, and understood at a low cost. Condition 2: moderate change in the rate of use of
resources, users’ size, and technology, the economy, and social conditions. Condition
3: the community can communicate frequently and has a strong social network-also
called social capital-that can improve trust, enable people to express and observe
emotional reactions to defections, and reduce the cost of monitoring and rule compli-
ance. Condition 4: excluding outsiders from using the resources costs little. Condition
5: resource users support effective monitoring and enforcement of the rules.
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Figure 1: Analytical framework incorporating social capital, institutional change, and adap-
tive governance.

These five conditions set the criteria by which effective institutions should
be judged. They also provide guidance in terms of the ways in which institutions
should adjust when any of the conditions change. This study discusses institutions
at the operational level in terms of the rules that shape participants’ behaviors. As
stated by Roggero et al. (2018), institutions can provide coordination and cooper-
ation to help resolve the dilemmas of infrastructure maintenance and water distri-
bution that are inbuilt in an irrigation system. The rules in use will be highlighted
to resolve the conflicts caused by collective actions in response to these dilemmas.
Effective institutions regarding community-managed irrigation systems take on
various forms, and no single blueprint fits them all (Ostrom 1990). Following the
logic presented by Araral (2013b), whereby the appropriate institutional choice is
determined by the physical geography in which the irrigation system is embed-
ded, it is reasonable to assume that the governance regime, namely, communal
management, will remain consistent and incremental institutional changes will
appear in institutions when external disturbances such as climate anomalies occur.

Similar to traditional governance, adaptive governance has an in-built second-
order dilemma regarding institution provision. To keep the commons robust, the
implementation of and change in institutions should occur at a low cost, which
can be achieved by the existence of social capital. Following Ostrom (2000), this
study explores social capital at the community level. In the WHPIS, social capital
is accumulated both inside the community and outside the community with the
local government. Regarding the former, social capital takes three forms, namely,
reciprocity, reputation, and priority. Reciprocity suggests that because everyone
requests help from others, people should respond favorably to each other when
dealing with joint benefits. Reputation means that if violators’ behavior becomes
public, they could be isolated and excluded by others. Priority refers to consensus
in relation to water appropriation, in particular that upstream farmlands are able to
take water first and downstream farms are prepared to accept this fact. Regarding
the latter, social capital is developed through informal interactions between the
community and the government.
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In summary, in our analytical framework, adaptive governance is a means by
which institutions adjust to cope with external disturbances. This process involves
two types of challenges. One involves addressing the essence of effective institu-
tions: what rules in use are, which of those rules should change, and how they
should change. The other challenge involves overcoming the cost barrier to insti-
tutional design, change, implementation, and compliance all of which can be
minimized through social capital.

2.2. Methodology

We chose the WHPIS as a representative case study to investigate the role of
social capital in institutions throughout its two-stage process of evolutionary gov-
ernance. The selection of this case study is based on theoretical considerations
and practical observations.

In theory, the research subject should be a type of self-governed commons,
thus HPISs, as commons that feature communal governance, are appropriate. As
Araral (2013b) notes, the institutional choice of an irrigation system is determined
by physical geography. In this sense, HPISs were originally constructed as com-
munal irrigation systems to mitigate the risk of unpredictable water supply. From
meetings with officials responsible for irrigation management at the city and town
levels across Guangdong, we confirmed that the climate, biophysical conditions,
and community attributes related to HPISs are similar in mountainous areas. We
also learned that HPISs share a similar governance structure, with the community
taking on management through social cooperation.

Then, we found that among the mountainous areas, Genghe, which is located
in Foshan, is one of the largest agricultural regions, and is highly dependent on
HPISs for paddy rice production. Through discussion with key informants in
Genghe and investigation of detailed documents, we identified the WHPIS as the
study area. The WHPIS is an important and representative case for three rea-
sons. First, the WHPIS possesses many of the comprehensive features of HPISs,
presents great diversity in institutional arrangements for infrastructure provision
and water use, and exhibits a clear relationship between climatic disturbance and
institutional change.

Second, with successful experience in responding to external disturbances,
the WHPIS is suitable for an exploration of adaptive governance. There is a rich
body of historical information about the WHPIS, its governance structure, and
the rules in the various stages of sustainable governance. The changes in terms of
climate anomalies, institutional evolution, and people’s behaviors that occurred in
the WHPIS during the process of adaptive governance have been identified. The
entire process that the WHPIS experienced, from suffering a shock to achieving
robustness, provides sufficient evidence to enable us to explore the mechanism of
adaptive governance.

Third, the WHPIS community has a well-developed lineage and strong social
capital which is useful for tracing the background of institutional formation and
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subsequent change. In contrast to the studies by Janssen et al. (2007) and Anderies
et al. (2004), the WHPIS provides a good case study to address the mechanism
of how social capital can incentivize a community to achieve robustness without
a frangibility trade-off. Hence, the conditions that exist in the WHPIS fit the ana-
lytical framework of this study.

The survey for this study was conducted between September-November in
2016. The data were collected from written documents (including statistical and
meteorological yearbooks, and government regulations) and interviews with
farmers and managers in the irrigation community (including public servants, the
village cadre, lineage leaders, and farmer group leaders). Interviews were con-
ducted using structured checklists that comprise six parts: general information,
biophysical conditions, community attributes, rules in use, climate disturbance,
rule changes, and performance evaluation.

We conducted in-depth interviews with 17 managers and nine households.
The managers were purposely selected from different entities (six from local gov-
ernment irrigation and agriculture departments, four from the village committee,
three from lineage, three from farmer groups, and one patroller). We contacted
each person individually and scheduled an appointment. We also undertook a day
of fieldwork with the WHPIS patroller. During the course of fieldwork spent visit-
ing the WHPIS, we obtained broader information about the study area in terms
of watershed context, hydraulic conditions, irrigation practices, and topography.

The interviewed farmers were from different households. To ensure maxi-
mum coverage for system-level information, we used a random selection process
in choosing the subjects. We obtained a list of all the households along each of the
three canal branches of the WHPIS, and three households were chosen from each
of the upstream, midstream, and downstream areas. All of the farmers engaged in
rice farming are over 40 years old. However, there are subtle differences in age
and gender along the three branch canals. Most of the farmers in branch 1 are
women. Most farmers in the downstream region of branch 2 are males who are
older than the farmers in the upstream and middle stream regions. The farmers in
branch 3 are of similar gender and age. On average, each interview lasted for 90
minutes. A few interviews took longer because the respondents spoke Cantonese
and needed translation from Mandarin.

3. The WHPIS
3.1. Background of the WHPIS

The WHPIS is located in Zehe village in the southern part of Genghe town
of Foshan, Guangdong. The WHPIS provides water to a traditional farming
community of 51 households. Farmers grow two crops of paddy rice each year.
The early crop is for market and is normally sold at a local price of 2.6 Chinese
yuan/kg (1 Chinese yuan = 0.16 US dollars). The later crop is kept for food. The
WHPIS irrigates an area of about 250 mu (1 mu = 0.067 hectare). Farmlands are
very small, just 1 mu per capita on average (see Table 1).
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Table 1: Information relating to the study area.

WHPIS WHPIS
Location Zehe village, Genghe Population 51 households
town, Foshan,
Guangdong (longitude
112.89, latitude 22.89)
Construction year 1960s Family name Zeng
Production Irrigated rice farming Traditional festivals Spring festival, Tomb
system Sweeping day, Dragon
Boat day, Mid-autumn day
Farmland area 1 mu* Characteristic of High homogeneity
per capita households/farmers
Cropping Two crops Average age of Over 40
intensity farmers engaged in
rice farming
Market integrity Early crop for sell, Situation of young Outside employment
later crop for self- members of
consumption households
Topography Mountainous Water fees Free
Water source Most from rainfall and ‘Water amount for 10 cm height, or
the rest from spring irrigation 333.5 m* mu
Storage capacity 60,000 m? Paddy rice yield 500 kg/mu
Branch canals 3 Price of paddy rice 2.6 yuan®/kg
Rainfall Unbalanced Institutions Informal rules

41 mu=0.067 hectare, "I Chinese yuan=0.16 US dollars.

The WHPIS has a simple but well-functioning structure. According to the
system types classified by Tang (1992), the WHPIS is a simple system concerned
with the production and distribution of water to one area of use. It entails a pro-
duction source (hilltop pond), distribution source (main canal), use source (three
branch canals), resource users (farms), and a spillway (see Figure 2). Farmers can
take water directly from the branch canals to irrigate their farmland.

The Wang hilltop pond is an independent water source; ringed by hills on
three sides, and collects rainfall and spring water via a man-made dam that has
a storage capacity of 60,000 m? and is seven meters deep. The dam acts to keep
the water inside the pond, but the water level must be lower than the top of the
dam for safety reasons. The spillway is located on the other side of the pond and
drains the water naturally to avoid water going over the top of the dam if a flood
occurs. These two structures were constructed with basic crafts and are easy for
the community to maintain.

The stepped sluice gate is a critical component of the Wang hilltop pond. It
is made of concrete, and was designed by hydraulic engineers in the 1960s. The
stepped sluice gate characterizes a complex structure. It has seven steps, each of
which is one meter high with a round hole at the top enabling water to enter. Water
proceeds through each step, from highest to lowest, via the holes. The stepped
sluice gate is also used as a tool to measure the water level. When the water level
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Figure 2: Map of the WHPIS.

is at step VII (the highest step), the pond is full; when it is between steps III and
IV, the pond is half full. In Figure 1, two and a half steps can be seen above the
water level, which indicates that the water is 4.5 m deep.

The WHPIS has three branch canals, each of which serves 17 households on
average. Normally, precipitation in the study area follows the 24 solar terms of the
Chinese calendar. The WHPIS managers have considerable experience in water
control, and can balance water supply and demand. Thus, farmers can obtain suf-
ficient water at a low cost.

3.2. Governance structure and social capital

This study focuses on the system level (the WHPIS). For 50 years, the irrigators
are limited to villagers and family members living inside the village. The WHPIS
has been collectively and informally managed by the irrigation community. The
village cadre overlaps with the managers of the irrigation community and family
leaders. Therefore, the governance of the WHPIS is featured with an interweaving
structure of lineage, village, and irrigation community.

The Zeng family is a broader social organization composed of many house-
holds. These households share the same ancestors, but have different degrees of
blood relationships (Freedman 1958). Most of the family members live in Zehe,
while the rest have moved to other areas to engage in various professions, includ-
ing the civil service (Faure 2007). Therefore, the irrigation community has a close
relationship with the local government.

Family lineage is accompanied by family events, which provide an opportu-
nity for water users, community leaders, the village cadre, and local officials to
communicate and interact, and serve as platforms for the accumulation of social
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capital. Family events are held monthly (on average) to celebrate traditional fes-
tivals or for weddings or funerals. One of the most important events is ancestral
worship, which takes place in a family temple and is focused on the enhancement
of spiritual beliefs. During these events, public affairs are also discussed, includ-
ing the maintenance and operation of the WHPIS, thereby providing full informa-
tion on collective activities related to irrigation management (Ostrom 2000).

This special governance structure contributes to strong social capital within the
community in terms of reputation, reciprocity, and priority. Such capital is helpful
for developing rules to coordinate behavioral expectations and providing incentives
and penalties at a low cost. Reciprocity and priority encourage all participants to
exchange information about the WHPIS and make decisions favoring collective
benefits. Reputation can deter rule violating behaviors (water thieving or free-rid-
ing in relation to infrastructure maintenance) through strict punishment involving
exclusion and isolation. Hence, there have been no cases of extreme water use or
any need to take matters to court. Meanwhile, some local government officials are
family members who often return to the village to attend these family events, which
both parties use as a communication platform to interact, enabling the accumulation
of substantial social capital. In this way, social capital incentivizes community lead-
ers to seek external assistance and to internalize government interventions.

3.3. Sustainable governance of the WHPIS in the first stage

3.3.1. Rules

In general, the governance of an irrigation system includes two collective actions,
namely, infrastructure provision and water use (Ostrom and Gardner 1993; Chai
and Schoon 2016). Further, in relation to the WHPIS, water use is subdivided
into water distribution and water appropriation. When engaged in these actions,
the stakeholders’ decisions often generate a range of conflicts (Wang et al. 2017);
water appropriation conflicts among the irrigators, water distribution conflicts
among the functions of irrigation, aquaculture, and pond protection, and infra-
structure investment conflicts between the community and the local government.
To resolve these conflicts, the WHPIS community has developed a number of
rules, concerning the three types of collective actions.

3.3.1.1. Water distribution rule

The WHPIS provides water in response to three demands: irrigation, aquaculture,
and protection of the pond bottom. Conflicts frequently arise among these three
demands. The water distribution rule aims to ensure that the different demands
can be coordinated and the conflicts resolved.

The water distribution rule is based on the sequence principle in terms of
meeting different water demands: irrigating farmland has top priority, followed
by feeding fish and securing the pond bottom. A water guard is responsible for
water distribution via the operation of the stepped sluice gate. As an elder with
strong sense of responsibility, he has a rich knowledge of changes in the amount
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of available water, and is experienced in balancing water use among irrigation,
fish feeding, and pond security.

When adjusting the water inside the pond, the water levels at steps I, III, and
VI of the sluice gate are critical. The water level at step I (which represents 1/7
of the water inside the pond) is the lowest level. The water level should not fall
below this point because it protects the pond bottom from cracking. The water
level at step III (which represents 3/7 of the water inside the pond) is the lowest
level required for fish feeding. The water level at step VI (which represents 6/7
of water inside the pond) is the warning line for pond security. That is, the water
level should not rise above this point. When the water level rises over step VI, the
excess water is released through a spillway to prevent it flowing directly over the
dam wall and destroying it.

In times of drought, the guard manages to coordinate water demand for irriga-
tion and aquaculture. For example, when rice plants are at the flowering stage,
additional water equal to 3/7 of the pond’s capacity is required to irrigate the
farmland. If rainfall occurs to refill the pond, there will be sufficient water for
aquaculture, otherwise; the fish farmer will suffer losses. The latter situation often
occurs creating a challenging dilemma for the guard. Therefore, the guard needs
to work hard to balance rainfall and water storage with the demands of irrigation
and aquaculture.

In conditions of extreme drought, when rainfall is far from sufficient to irri-
gate all of the fields, a full pond of water could meet the demand for irrigating
farmlands for one week as planned. In this situation, the guard needs to empty
the pond for irrigation at the expense of aquaculture and pond bottom safety.
However, in the rainy season, the water level often rises to the critical level and
the guard needs to open the sluice gate in advance and inform farmers to block the
intakes to their farmlands to avoid flooding.

3.3.1.2. Water appropriation rule

Regarding water appropriation, irrigators require a certain amount of water for
irrigation and thus the challenge is how to balance the water requirements among
the various irrigators. Therefore, the point of the water appropriation rule is to
regulate the irrigators by specifying how much water each irrigator can take
within a specific period.

Two crops are harvested each year. The first crop is grown from April to July,
and the second from July to October. Each crop takes about 110 days to mature,
40 days of which require water from the WHPIS for irrigation. These 40 days
cover five growing stages, namely, field flooding, seedlings, tilling, spike differ-
entiation, and flowering. At each stage, the water needs to be 10 cm deep, which
is sufficient for one week of growth. According to the criteria presented by Xia
(1957), on average, one mu of farmland requires approximately 333.5 m? of water.
The water is most important in the flowering stage because it directly determines
the production of paddy rice. Hence, any delay in supply or a lack of water will
reduce output. This study focuses on the rules used at the flowering stage.
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Figure 3: Water appropriation rules for the three WHPIS branch canals.

Three different water appropriation rules that were developed by the farmers
are in force (see Figure 3), and have been operating for more than 50 years. The
WHPIS has three branch canals, each of which has a specific water appropria-
tion rule. Each branch serves 17 households, which are divided into three groups,
called groups 1, 2, and 3, and are located upstream, midstream, and downstream,
respectively. When taking water, a farmer uses a bag filled with sand to block the
water from flowing along the canal, opens the intake to his farmland, and waits
for the water to cover his plot to a depth of 10 cm.

* Rotation rule for branch 1
During a three-day irrigation cycle, groups 1, 2, and 3 take water in the
morning, the afternoon, and the evening, respectively. During the morning
of day 1, group 1 takes water along the canal and leaves at noon for lunch.
During the afternoon of day 1, group 2 arrives and diverts the water to their
fields. When evening falls, they stop irrigating and return home before group
3 arrives to take their turn. In this way, after day 1, all of the groups have
received similar amounts of water and have irrigated about 33% of their
farmlands (see Figure 3A). They repeat this process on days 2 and 3 because
it takes three days to fully irrigate all the fields. The rotation rules for branch
canal 1 were established because most of the water appropriators are women
who often work together and communicate frequently. As active cooperators,
these women collectively designed the rotation rule and enforce it very well.
e Semi-rotation rule for branch 2
Figure 3B shows that group 1 has absolute priority and takes all of day 1
to appropriate water, receiving sufficient water to irrigate 100% its farm-
lands by the end of day 1. Groups 2 and 3 then take water following the
rotation rule over the next two days. Group 2 receives water in the morn-
ing and evening of day 2, as well as in the afternoon of day 3. Group
3 appropriates water on the afternoon of day 2, and in the morning and
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evening of day 3. The survey found that this rotation rule was established
after conflict between groups 2 and 3. While group 3 accepts that group
1 has priority access to the water and can wait until day 2 to irrigate their
fields, they cannot tolerate waiting until day 3 to irrigate because such a
delay would substantially reduce their crop production. The survey inter-
views revealed that the households in branch 2 are passive cooperators.
Because most of the farmers in group 3 are relatively old, they have the
advantage of being respected, and found it easy to obtain approval when
asking group 2 to accept the rotation rule.
* Jungle-water appropriation rule for branch 3

All groups take water from branch canal 3 at the same time over three
days. Because of its advantageous position, group 1 receives more water
and takes less time to irrigate their farmlands than the other groups (see
Figure 3C). The farmers in this branch canal are of similar gender and age,
with equal social status and negotiating power. Thus, they formed a rule
whereby they could all take water at the same time.

Generally, under the three rules outlined above, all of the groups ultimately receive
similar amounts of water and can meet their crops’ demands. This equilibrium
result, which was formed through repeated long-term games, has been in operation
for 50 years. The interviews revealed that these three water appropriation rules
do not cause any significant differences in terms of the amount of water received.
They all work to coordinate the farmers’ expectations, and on average, S00 kg/mu
of paddy rice is harvested from each crop. However, there are two variations in
relation to the three rules. One relates to the time used for irrigation and the other to
irrigation speed. Under the rotation rule, all groups take water at a similar time and
speed. Under the semi-rotation rule, group 1 takes water one day earlier than the
other groups. Under the jungle-water appropriation rule, all groups take water over
the longest time period, although their farmlands are irrigated at similar speeds.

3.3.1.3. Investment and maintenance rule

The irrigation community has a rich history of infrastructure provision, and the
rule governing infrastructure provision is mainly used to incentivize participants
to offer appropriate efforts in relation to investment and maintenance.

The investment rule includes both regular investment and special investment.
Regular investment is used for minor repairs to the WHPIS and is financed by the
village, coming mainly from the rent of 15,000 yuan paid by the fish farming con-
tractor. Farmers are not required to contribute either money or labor. Because the
WHPIS was simply constructed using basic techniques, this investment amount
is sufficient for annual minor repairs that keep the WHPIS running effectively.
Special investments are used to update the WHPIS, which requires large amounts
of capital. Zehe cannot afford this, and must obtain a subsidy from the local gov-
ernment. It takes close to six months for the village to obtain a government sub-
sidy, which is limited to 10,000-20,000 yuan.
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The WHPIS has two maintenance rules based on expenditure thresholds.
The first rule concerns routine repairs which defines the scope of the repairs and
includes canal upkeep, grass cutting, and silt removal. The community is respon-
sible for these jobs, and it hires farmers to perform the necessary work twice a
year. The work takes 4-5 days and the farmers are paid 50 yuan per day. A further
4-5 days of urgent repairs are often required after a storm during the rainy season.

The second rule concerns significant maintenance, which has no fixed budget,
being dependent on the government subsidy. Hence, the village cannot create a
fixed rule because of the uncertainty surrounding the funding. Once the village
receives the subsidy, it contracts the maintenance work out to a construction com-
pany. The village cadre is responsible for a range of decisions including project
design, planning, and work criteria, whereby the maintenance work meets local
requirements and is of good quality at low cost.

The interviews revealed that the farmers were satisfied with the current main-
tenance effort. They stated that the WHPIS operated well and did not require extra
maintenance such as lining. For example, leaving some silt inside the canal and the
mouse holes is seen as being beneficial to the system rather than a problem, and
thus they do not aim to remove all the silt or fill the mouse holes. There are two rea-
sons for this. First, silt left inside the earthen canals helps to strengthen the canals
and prevent them from collapse when there are fast-moving or large volumes of
water. Second, mouse holes provide natural drainage that can protect the canals
from flooding in the rainy season. Furthermore, the seepage caused by mouse holes
is not regarded as a big problem because they can easily be filled with stones.

3.3.2. Sustainable governance

This study investigated farmers’ perceptions regarding the WHPIS’s performance.
The farmers who were interviewed provided a number of positive evaluations
regarding various matters including sufficient water supply, no farmland need-
ing to be abandoned, satisfactory facility maintenance, equal water amounts for
upstream and downstream areas, and lack of conflict among water users.

The main reason for the long-lasting effective governance of the WHPIS is
that the established rules ensure infrastructure provision, access to water, and
conflict resolution. Furthermore, social capital has encouraged the community to
form a range of rules via family links. Social capital can incentivize rule-comply-
ing behaviors and deter rule-violating behaviors at a low cost; that is, participants
follow the rules, which are implemented effectively.

4. Adaptive governance of the WHPIS in the second stage
4.1. Climate anomaly and changes to self-governance conditions

The sustainable governance of the WHPIS in the first stage has been achieved by

meeting the five conditions of self-governance proposed by Dietz et al. (2003).
First, the WHPIS has an independent water source, a pond with a water storage

function, meaning that water use can easily be monitored. In addition, the study
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Figure 4: The adaptive governance process for the WHPIS.
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area enjoys regular rainfall and follows the 24 solar terms of the Chinese calendar,
which enables accurate prediction of weather changes. Traditional agricultural
technology has been used for years, and these practices meet conditions 1 and 2.
Next, family events ensure frequent communication, form strong social capital,
and enable low-cost promotion of rule enforcement. Moreover, water users are
limited to villagers. Hence, the WHPIS excludes outsiders without cost. These
practices meet conditions 3 and 4. Using social capital, the set of rules designed
by the irrigation community is easily complied with and enforced, which meets
condition 5. As can be seen from Figure 4, the left side (in black) indicates that
the five original conditions of the WHPIS match the effective governance criteria
suggested by Dietz et al. (2003).

In the second stage, the emergence of a climate anomaly interrupted the sta-
bility enjoyed by the WHPIS in the first stage, causing condition 2 to change. As
this survey shows since 2014, the weather has differed from that experienced in
previous years. In June, the number of days that saw severe storms with precipi-
tation of more than 10 mm/day increased from 3 days to 8 days. The additional
five days of intense rainfall were difficult to predict and caused flooding and seri-
ous associated problems. The climate anomaly not only changed the regularity of
water storage in the pond, but also increased the burden on the stepped sluice gate,
increasing the risk of dam collapse. As a result, infrastructure maintenance and
water-use coordination became more difficult to address.

4.2. Adaptive governance and institutional change

To sustain the water supply function of the WHPIS, the community, which could
not afford to manage the climate anomaly, had to seek help from the local govern-
ment. When local officials returned to the village to participate in family events,
the community advised them of the damage the WHPIS could suffer in a severe
storm. They emphasized that if the dam collapsed, the fields below it, as well as
the lives of the whole village, would be in danger. The possible aftermath of the
climate anomaly was such a significant threat that the local government agreed to
provide assistance, and the two parties worked together to develop a new patrol-
ler rule. Accordingly, the community changed its investment, maintenance, and
water distribution rules.

The first change concerned the patroller rule.”> To obtain timely information
about the changes in water level and infrastructure, the village and the irrigation
agency of the local government co-created a new patroller rule. This was set as
a formal rule issued by the local government. A patroller was recruited from the
villagers and paid 3000 yuan a year, with the village and the local government

2 The interviews revealed that the community had other choices in terms of an adaptation strategy
besides designing the patroller rule, for example, reinforcing the dam with concrete. However, this
would have required an investment of at least 200,000 yuan. After negotiation with the local govern-
ment and after comparing the cost with that of a patroller of just 3000 yuan a year, the community
decided to choose the latter approach.
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paying half each. The patroller’s responsibilities include inspecting the water level
and checking the status of the dam, sluice gate, and spillway. Normally, the patrol-
ler checks the area eight times per month, but in the rainy season this increases to
two times per day. The patroller records relevant information in a notebook and
reports back to the community and the local government. If he identifies an emer-
gent situation that could result in potential disaster, he alerts the village in the first
instance using a bronze gong.

Regarding the changed investment rule, the local government decided to turn
the intermittent subsidies of 10,000-20,000 yuan into a regular grant to Zehe.
These funds are largely used to maintain the WHPIS facilities with the aim of
removing any potential danger. This change to the investment rule has reduced
the time needed to obtain the subsidy and ensures its regular arrival. Thus, these
changes have enabled significant savings in terms of lobbying costs.

The maintenance rule was also revised. The original routine repair program
has not been changed, but special repairs are now classified as routine and are
institutionalized. Further, the community decided to reinforce the stepped sluice
gate using modern techniques. Obviously, the maintenance plan was a bottom-up
plan; the community leaders made decisions regarding size, budget, criteria, and
time frame. Before starting construction, the community leaders worked with the
builder to determine the project plans and criteria. In principle, maintenance is
generally concerned with improving the existing facility rather than building a
new structure. For example, work to strengthen the stepped sluice gate involved
improvements to the existing structure instead of changing its length, width, and
height. The project plans had to be changed when they were found to be incom-
patible with local needs. Subsequently, with the full participation of community
leaders, the construction met local needs. Now, in the event of a heavy storm, the
WHPIS can drain water without any seepage or blockages. The efforts of the com-
munity leaders achieved this high-quality level of maintenance.

Changes were also made to the water distribution rule. The revised rule priori-
tizes the WHPIS’s security, followed by irrigation requirements and aquaculture
needs. It also regulates the volume of water that needs to be drained from the
pond before the May and June storms. Because its water control is effective, the
WHPIS has been operating safely without any major disasters. For example, when
a severe storm occurred on 20 May, 2015, the flood-water drained out through the
spillway and the WHPIS continued to operate as usual.

4.3. New rules and conditions met

The changes to the abovementioned rules demonstrate the process of adaptive
governance. These revised rules are intended to meet changes in condition 2 via
the following five measures (see the right-hand side of Figure 4 (in green)).
Measure 1: reinforcing the stepped sluice gate and undertaking appropriate
maintenance via the revised investment and maintenance rules. Because flooding
resulting from a climate anomaly can potentially destroy the stepped sluice gate,
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the first task was to strengthen this structure. The strengthening work was con-
ducted using special concrete that was stronger than the concrete that is tradition-
ally used. This work required a moderate amount of capital, which the community
was able to provide. The modernized stepped sluice gate solved the seepage prob-
lem and can now drain water rapidly, even in a severe storm. The risk of dam
collapse has been mitigated, the water level can be controlled, and the adaptive
resilience of the system has been improved. The updated sluice gate can now
be used for water discharge and ensures that the three water appropriation rules
remain workable. Furthermore, through frequent interaction with the community,
the local government has obtained greater local knowledge and has been able to
create a more effective policy.

Measure 2: resolving conflicts in relation to water distribution. The amended
water distribution rule states that the protection of lives now has priority over
the economic benefits of irrigation and aquaculture. Because life security is one
of the important criteria for evaluating the performance of the village cadre, a
disaster caused by an unsafe pond will threaten their political careers. Draining
some of the pond water before a severe storm will ensure pond security. Although
discharging water in advance may result in some losses in relation to aquaculture,
it can reduce the overall losses, because all of the fish will be lost if the dam col-
lapses. Recently, the fish farmer has been participating in water discharge prior
to the rainy season by liaising with community leaders regarding the amount of
water drainage. In this way, pond security is ensured and fish farming losses are
minimized.

Measure 3: complying with newly changed rules. Family ties and events pro-
vide strong social capital for participants to work together on the rules to ensure
that they are accepted and followed. The revised rules relating to investment,
maintenance, and water distribution are all enforced, and the embedded social
capital can reduce rule-violating behavior. Although the new patroller rule is
enforced by the local government through job instructions, the patroller’s behav-
ior is monitored via reports and electronic information such as real-time pictures
and videos distributed via WeChat. These arrangements can deliver information
efficiently and can monitor the patroller’s behavior at a low cost. If any rule-vio-
lating behavior (e.g. lying or deceit) is discovered, the patroller will be fired and
he will lose both his wages and his social benefits such as his reputation. These
potential losses provide a strong deterrent, discouraging the patroller from engag-
ing in any inappropriate behavior.

Measure 4: providing information about changes to water resources and infra-
structure. First, the patroller rule clearly states that pond security should be the
top priority. It strongly emphasizes the potential damage that can be caused by a
severe storm and the importance of security for both the farmlands and villagers.
Second, the patroller rule provides information about the changes in infrastruc-
ture and the water level. This information is important in enabling the commu-
nity to make appropriate decisions in relation to water distribution to reduce
disagreements between those pursuing either irrigation or aquaculture. Finally,
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the patroller is a key link between the community and the local government. His
work provides the basis for the local government’s inspections of the pond prior
to providing funds for maintenance.

Measure 5: developing and adapting to new institutions. The community had
to transform its various institutions to adapt to the emergent changes caused by
the climate anomaly. Obviously, the process of institutional change occurred from
the bottom-up. What is more important is that the institutional change was incre-
mental. Only some of the rules were changed while the remaining rule, the water
appropriation rule, remained unchanged.

4.4. The effect of adaptive governance

The evaluation of adaptive governance in the second stage is based on the percep-
tions of both water users and community leaders. Two additional evaluation cri-
teria -flooding discharge and water-related disaster in the second stage-are added
to the first-stage criteria. Water users provided positive evaluations, stating that
they received sufficient water under the new governance measures and that this
was similar to the amount received in the first stage. There were no instances of
disasters in severe storm situations because of the implementation of timely and
effective measures. In May and June, farmers were alerted on several occasions
to open the water intakes into their fields to discharge surplus water. Crop produc-
tion was not reduced and the usual level of output was maintained. Furthermore,
the production of paddy rice between upstream and downstream areas is simi-
lar, averaging about 500 kg/mu. In addition, the new water distribution rule has
ensured that any potential aquaculture loss in a severe storm can been minimized
and that the fish farmer continues to pay a pond contract fee. Obviously, the cli-
mate anomaly has not had a significant impact on water users because the WHPIS
has continued to meet their water demands. In addition, the water appropriation
rule has not changed, and is still in use.

The community leaders were very satisfied with these measures. First, the
effort needed to lobby the local government for funds has been reduced under
the new investment rule. The new rule institutionalizes funds for irrigation main-
tenance, and these funds are now provided as a regular subsidy rather than as
occasional assistance. These routine funds encourage the community to maintain
the WHPIS through appropriate and regular upkeep. In addition, the community
considered that the local government acted appropriately in that they provided
designated funds to ensure the continuous safety of the WHPIS. Second, the
patroller rule meets the requirement to accurately monitor any changes in the
WHPIS. The village urgently required the funds necessary to hire a professional
patroller. This problem has been fully resolved by the allocation of funds from
the local government. This rule has also formalized the provision of information
about the WHPIS.

In general, based on the abovementioned effects of governing the WHPIS,
the system has achieved a new level of stability. Furthermore, the multiple



210 Ying Chai and Yunmin Zeng

participants including the village, the irrigation community, and the local govern-
ment are enjoying a new balance in their relationships and social capital has been
strengthened as a result of kinship and family events. The community has learned
a lot from the process of adaptive governance and has increased its capability in
terms of self-governance.

5. Discussion

This study describes two stages of WHPIS governance; one is sustainable long-
term governance, and the other is adaptive governance under a climate anomaly.
Based on this case study, the issues raised in the Introduction section are discussed.

5.1. Social capital and self-governance

The two stages of WHPIS governance illustrate the long-lasting nature of the
relevant institutions and their incremental change. More importantly, the criti-
cal function of social capital is revealed. Social capital, in the form of reputa-
tion, reciprocity, and priority, encourages communities to meet the five conditions
proposed by Dietz et al. (2003) to achieve successful self-governance through
developing effective institutional arrangements. This viewpoint is consistent with
the statement by Meinzen-Dick (2007) that social capital matters in irrigation
management. Social capital provides principles for designing, monitoring, and
implementing rules and deters rule violators at a low cost. Family events provide
an arena for the irrigation community, the village cadre, and government officials
to interact, enabling social capital to be maintained and strengthened. In line with
a statement by Ostrom (2000), the establishment of trust in these three entities
enables participants to develop rules and to resolve the dilemmas of irrigation
governance.

This case demonstrates an example of agricultural water use and social capital
maintenance at the community level in southern China. Although the rural regions
in Guangdong are suffering from the problem of labor emigration caused by rapid
industrialization and urbanization, the level of social capital has not been signifi-
cantly affected because labor emigration in the region is characterized by migrant
farmers going out to work in cities within Guangdong rather than other provinces.
Hence, with convenient transport available, these migrants often return to their
home community to attend family activities. In this way, a high level of social
capital both within the community and in partnership with the local government
has been maintained by the farmers.

5.2. Institutional change and adaptive governance

The stage of adaptive governance provides insight into the process of institutional
change in response to climate disturbance. The occurrence of a climate anomaly
resulted in a change to condition 2 that could not have been managed under the old
institutional arrangements. This process, as Dietz et al. (2003) suggested, requires
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new rules to be created to address changed conditions. Based on social capital, the
community revised three rules and designed a new rule to meet the requirements
of condition 2. In particular, with the support of the local government in the form
of a subsidy, the community adapted the WHPIS to a climate anomaly via self-
governance. This solution is consistent with the viewpoint presented by Janssen
et al. (2007) that institutional and technical measures can be combined to develop
rules to sustain the commons. However, the result contradicts with the findings of
robustness studies (Anderies 2006; Nelson et al. 2010) suggesting that maladapta-
tion or a trade-off effect will occur because of the disintegration of social capital
within the community (Schoon et al. 2011). In this case study, the government
subsidy reinforced the local coordination system formed by the community rather
than destroying it.

The local government officials maintain connection with the community via
family events. This interaction reinforces the link between the infrastructure pro-
vider and users noted by Anderies et al. (2004). This is similar to the function
of Balinese temple priests, the infrastructure provider, and the family members
of water users, as proposed by Lansing (1991). Regarding the WHPIS, govern-
ment officials are subsidy providers and also family members. This dual identity
supports close interactions between infrastructure providers and resource users,
ensures that infrastructure provision matches local requirements, and increases
system robustness through adaptive self-governance. The institutional changes
outlined here have not resulted in maladaptation of the WHPIS or any loss to the
community. A synergetic process has emerged instead of a trade-off.?

The incremental change in institutions has increased the robustness and effi-
ciency of the WHPIS. Institutional change has occurred largely via the revision of
three rules and the addition of one new rule. Consistent with the finding of Araral
(2013b) that physical geography determines institutional choices, the geographi-
cal feature of the WHPIS has framed a broader water governance regime, which
in turn has defined the changing scope of effective rules. In line with this logic,
adaptive governance in response to a climate anomaly demands nuanced institu-
tional change rather than a major transformation. Additionally, of the rules that
have been changed or introduced, it is only the patroller rule that has involved an
extra cost. In summary, the incremental change in the institutions is highly effi-
cient. This finding concurs with the proposals by Dietz et al. (2003) and Nelson
et al. (2007) that incremental adjustments to climate change involve rapid and
short-term responses. The course of adjustment demonstrates capacity building
and learning about how to deal with unexpected events, and supports the estab-
lishment of flexible institutions instead of traditional management. As this case
study shows, the community increased its capability in terms of lobbying the local

3 According to the categories of trade-offs presented by Lam and Chiu (2016), one type of trade-off
is between control and flexibility, while the other is among specific dimensions of system perfor-
mance. In this study there is little evidence of any trade-offs occurring as a result of the adaptive
governance of the WHPIS.
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government to invest in infrastructure and its capability in terms of autonomy
through internalizing the local government intervention.

5.3. System robustness

By moving one step forward, this study shows how a community-based irrigation
system actively sought support from the local government to deal with climate
disturbance. Strong social capital enabled incremental changes in local institu-
tions, resulting in improvements to the WHPIS to ensure a new level of stabil-
ity. Family events enable social capital within the community and in partnership
with the local government to be sustained over the long term. Consistent with the
viewpoint of Murtinho et al. (2013), external support from the local government
driven by the community contributes to the adaption of the community to the
climate anomaly. The findings of this study are also consistent with those of Lam
and Chiu (2016), whereby a community with strong social capital can efficiently
implement water use rules that are compatible with infrastructure provision, even
after intervention by the local government.

This study reveals that autonomy lies at the core of the governance struc-
ture, ensuring that the irrigation system can continuously adapt to environmental
change via institutional change based on social capital. This adaption process in
turn increases the robustness of the WHPIS, including the capacity for self-orga-
nization and learning, as well as the ability to absorb change.

6. Conclusion

This study provides two nuanced contributions to the literature on adaptive gov-
ernance of the commons in response to climate disturbance. First, it reveals the
positive connection between social capital and adaptive governance in terms of
institutions. The case study involving the WHPIS provides strong evidence that a
community can collectively overcome problems, namely, infrastructure provision
and water use, via institutional arrangements in such a way as to sustain the WHPIS
for more than 50 years. In the event of climate disturbance, the community can
adapt the WHPIS to meet environmental changes and achieve robustness through
incremental institutional changes. The more appropriate the rules are to the irri-
gation system, the more effective the two types of governance are. This leads
to sustainable/adaptive governance (including rule design/change) and numerous
benefits from strong social capital both within the community and beyond. The
stronger a community’s social capital, the smoother the change and implementa-
tion of rules. Social capital can be maintained and strengthened via long-lasting
and effective means such as family events wherein multiple participants interact
frequently (see Figure 5). In general, a community with strong social capital can
efficiently achieve sustainable and adaptive governance of the commons. This
mechanism provides commons scholars with a pathway of “social capital-institu-
tional change-adaptive governance” to sustainable agricultural water use, even in
the context of rapid globalization.
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Figure 5: Relationship between social capital and governance of the commons.

Second, this study adds to the international pool of successful approaches
to climate adaptation and commons sustainability. It emphasizes that China has
employed self-governing irrigation systems for a long time. These systems, man-
aged by the community, feature an independent water source at the village level,
strong social capital stemming from lineage activities, flexibility of local institu-
tions, and capacity building through self-learning and interactions with external
parties. The operation of the WHPIS provides new evidence for scholars studying
adaptive governance and lessons for communities and policy-makers regarding
appropriate actions in response to climate change.
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