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A city region is a unit comprising an urban core and surrounding peri-urban and, occasionally, rural areas. The Re-
gional Circulating and Ecological Sphere (R-CES) proposed by the Japanese government is a guiding approach for
policymaking that prioritises the harmonised flow of resources between urban and rural areas, low-carbon society, cir-
cular economy, and self-sufficiency in order to achieve sustainability and resilience. This paper aims to examine
whether the R-CES concept is applicable for the Udon Thani city region in northeastern Thailand, which is facing chal-
lenges arising from urban growth and disaster risks such as water shortages, drought, and flooding. The objectives of
the research are therefore to understand the urban-rural linkages in Udon Thani in the dimensions of food and water
security and personal mobility patterns, as well as the residents' awareness of urban-rural interdependencies and will-
ingness for urban-rural partnerships according to the R-CES concept. The research results demonstrate that there are
resource dependencies between the urban, peri-urban and rural areas, which is recognized by the surveyed residents,
and that R-CES is a feasible framework for guiding localised actions towards increased sustainability and disaster risk

resilience in Udon Thani.

1. Introduction

Rapid urbanisation and population growth is a transformative phenom-
enon that increases the demands for available resources and creates a new
configuration of space. The changes brought about by urbanisation are not
limited to the confines of the city itself, because of the interactions between
the urban, peri-urban, and rural areas within the same region. Higher de-
mand for resources in the urban core can negatively affect the surrounding
areas. Rapid urbanisation also has the risk of exacerbating not only socio-
economic inequality within the urban core (if the developments fail to
take into account the urban poor) but also the economic and infrastructural
inequality between the urban core and the rural areas [1], which negatively
affects climate and disaster risk resilience of the region. It is therefore im-
portant for rapid urbanisation to be accompanied by partnerships or collab-
orations between the urban, peri-urban and rural areas in order to drive an
integrated approach to development. The shift from sectoral to territorial
approaches to development planning has led to the emergence of the con-
cept of the “city-region”, which brings together the urban, peri-urban
and, occasionally, rural area, under one denomination, thus creating a
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new scale for which development policies could be created and imple-
mented [2]. A city region comprises a metropolitan area or an urban zone
and the surrounding areas which could function as a single socio-
economic unit through linkages of shared resources such as business dis-
tricts, markets, and transport networks [3].

Despite the rising popularity of the city region approach for develop-
ment planning, it is still not as widely used as the more traditional sectoral
approaches. This is, in part, due to how development strategies for city re-
gions are more complex and require more expansive research, as they re-
quire not only different policies but also governance structures that allow
horizontal and vertical coordination of numerous institutional public and
private actors [4]. Another reason is that the definition of a city-region as
a unit of governance is contested and different authorities may not have
an agreed upon boundary of a city region. In the context of Thailand,
there is limited research that has been done to support or examine the ap-
plicability of a city region approach to development. This research there-
fore aims to produce an analysis that can help support the application of a
framework at the city region scale, the Regional Circulating and Ecological
Sphere (R-CES) which has not been applied in Thailand before.
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The objective of this research is to examine the following questions: 1.)
What are the urban-rural linkages in Udon Thani in the dimensions of food
and water security and human flows, and 2.) what is the level of the resi-
dents' awareness of urban-rural interdependencies and would they be likely
to support urban-rural partnerships for sustainable development and in-
creasing resilience. These objectives allow the research to examine the ap-
plicability of the Regional Circulating and Ecological Sphere (R-CES)
concept for promoting sustainable development in Udon Thani, as R-CES
is a framework that emphasises the importance of managing resource
flows between different areas, as well as cross-jurisdiction political and
bottom-up collaboration. Regional Circulating and Ecological Sphere (R-
CES) is a concept that was introduced in 2018 in the Fifth Basic Environ-
mental Plan of Japan as a guiding concept for development policies [4].
R-CES brings together existing concepts in sustainable development, such
as circularity, decarbonization, ecosystem-based solutions, and fostering
urban-rural linkages, in order to create a paradigm shift for a self-reliant, re-
silient and decentralised society. However, it should be noted that a key
challenge that limits the understanding of applications of R-CES in different
contexts is the lack of clear guidelines on how the concept can be applied to
different localities [5].

This paper presents the social network analysis and household surveys
conducted for the object of providing insight into the interdependencies
and linkages between the urban, peri-urban and rural areas in the socio-
economic, resources management and collective resilience dimensions.
This information can help support sustainable resource management
policymaking and allow the unique strengths of urban-peri urban-rural
linkages in the Udon Thani City Region to be utilised according to the
R-CES approach. The results of this research also complement and
offer the demand perspective to the supply-side environmental and
geographical factors that affect Udon Thani city region's potential for
sustainable development. Section 2 of this paper explains the back-
ground, conceptual framework and methodology used for the study;
Section 3 shows the results of the social network analysis, household
survey, and stakeholder consultation; Section 4 discusses the implica-
tions of the results with regards to the R-CES framework, and
Section 5 provides a conclusion to this research.

2. Materials and methods
2.1. Conceptual framework

This research utilises the Regional Circular and Ecological Sphere
(R-CES) framework, which was first proposed in the Fifth Basic Environ-
mental Plan of Japan as a guiding concept for environmental policies, in
order to support the achievement of Sustainable Development Goals
(SDGs) in Japan as well as in other countries. The goal of R-CES is to create
“a self-reliant and decentralised society where different resources are
circulated within each region, leading to symbiosis and exchange with
neighbouring regions according to the unique characteristics of each region
[...] to re-discover regional resources and make optimum use of them in a
sustainable manner” [6]. The concept suggests that self-reliance is key to
sustainable resource management and to climate risk resilience. R-CES pro-
motes practices such as recycling and minimising waste, which is similar to
practices put forth by the circular economy framework [7]. One character-
istic that distinguishes R-CES from conventional approaches to circularity is
that R-CES offers a holistic view of urban-rural linkages, and takes into ac-
count not only the material flows of goods, resources and energy, but also
non-material flows such as the flow of people and information. The R-CES
concept emphasises the need for local production of renewable energy
and de-carbonization, while also advocating for the exploration of innova-
tive solutions to environmental problems through partnerships of stake-
holders and partnerships between different regions, especially between
urban and rural areas. R-CES therefore can be understood as a comprehen-
sive concept that aims to apply principles of circularity on a regional scale,
in a way that is collaborative and valorizes local strengths and resources, in
order to achieve resilience.
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R-CES is a concept that could be particularly useful for policy making
because of how it was designed to enable tangible policies based on its prin-
ciples, such as strategic collaboration with neighbouring jurisdictions in a
way that allows all parties to benefit from each other's strengths. Ortiz-
Moya et al. [10] explores the four different approaches covered by
the CES umbrella: rural-urban linkages, ecosystem-based solutions,
decarbonisation, and resource circulation, concluding that “CES fosters ho-
listic and integrated responses to sustainable transitions in which symbioses
between these four approaches appear organically.” However, the authors
also raised that further research is required to examine how the approach
can be applied at the appropriate scale and how to better understand and
balance the trade-offs between achieving a low-carbon and circular so-
ciety and the potential negative impacts these can have on nature. R-
CES has been used as a guiding principle for comprehensive plans in
Japanese prefectures such as Nagano [8]. The concept has also been ap-
plied to research in regions outside of Japan, such as Nagpur, a large,
rapidly growing city in India, where it was found that R-CES was useful
in providing a guiding framework for the analysis of resource flows be-
tween urban and rural areas within the context of sustainable urbanisa-
tion [9]. In comparison to Nagpur city region, this research provides a
case study on the application of R-CES on a study area that is signifi-
cantly smaller in size and population.

This research focuses on urban-rural linkages and resource flows com-
ponents of the R-CES approach, which emphasises fostering partnerships
between urban, peri-urban, and rural areas through strategic resource cir-
culation and integrated low carbon development pathways. The R-CES ap-
proach emphasises how the urban, peri-urban and rural areas are
interconnected through the flows of food, water, energy, remittances, raw
materials, finished products, labour, waste, and pollution. Ecosystem ser-
vices in rural and peri-urban areas are viable for protecting people and
properties in urban areas. In turn, economic activities in urban centres
can create economic opportunities and improve the livelihood of people liv-
ing in rural and peri-urban areas. The interconnections between urban,
peri-urban and rural areas means that interconnectedness means that vul-
nerability to hazards among urban, peri-urban, and rural areas are also in-
trinsically linked. The R-CES approach encourages comprehensive disaster
risk resilience by encouraging the collaboration between urban and rural
areas, and for policies to take into account these relationships between
these areas in order to optimise plans for disaster preparedness and solu-
tions to existing environmental problems.

The research framework as well as the indicators formulated by the re-
searchers based on R-CES are presented below in Fig. 1. The research aims
to establish a deeper understanding of the natural resource flows and usage,
resource dependency and water and food market linkages within the study
area, which is within the Udon Thani city region. The water and food di-
mensions were selected as they are resources that are essential not only
for day to day life but also for urban growth and disaster preparedness.
Water, in particular, is important to Udon Thani as a region that experi-
ences frequent flooding and drought. A key criterion for the study area
was that it should be one containing both urban and rural areas, and
could therefore demonstrate the resource flows between the different
areas as per the scope of R-CES.

The selected study area for this research comprises connected urban,
peri-urban and rural areas. The definition of what an urban or a rural
area is can depend on criteria such as the population size, population
density, and availability of services, such as mass-rapid transit systems.
However, it should be noted that the criteria used to make this urban-
rural categorization can vary greatly depending on the specific area in
question as well as the national or regional context in which they are sit-
uated [11]. In addition to the urban-rural binary, there is also the peri-
urban area which exhibits both urban and rural characteristics. Peri-
urban areas can vary significantly by having different concentrations
of various land uses, such as high- and middle-income residential devel-
opments, industrial estates, informal settlements, agriculture. In
Thailand, peri-urban areas often consist of small agricultural lands,
small-scale factories, medium-scale (and even large-scale) industrial
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Fig. 1. Research framework.

estates, and suburban upper-middle-class residential developments co-
existing side by side.

This research is interested in examining the resource flows and interde-
pendencies between the urban, peri-urban and rural areas, as well as to ex-
amine the awareness and willingness of surveyed residents of in the study
area with regards to sustainable resource management, which provides in-
sight into the opportunities for community participation in sustainable de-
velopment as per the R-CES framework. Moreover, the Social Network
Analysis provides spatial information that can be used in guiding sustain-
able development policies or programs.

2.2. The case study area: Udon Thani city region

Udon Thani is the 11th biggest province in Thailand that is located in
the northeast of the country, not far from the Laotian border. The province
comprises mostly plateaus, with some low lands, mountains, and undulat-
ing topography. Udon Thani is divided into 20 administrative districts
called amphoe, which is in turn made up of smaller units of 67 sub-district
municipalities, 1 city municipality, 3 municipalities and 109 subdistrict ad-
ministrative organisations. As of 2014, the population of Udon Thani is
1,570,300 persons, and a third of the population are residents of the
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municipal and urban areas. The GDP of the province has almost doubled in
the past 10 years, and the local economy is dependent largely on the service
sector (mainly in commerce, transport, retail), industrial, and agricultural
sectors [12].

The study area of this research is the Udon Thani city region. The city
region can be understood as the combination of an urban core and the con-
nected peri-urban and occasionally rural hinterland areas that share func-
tional ties as well as services and resources [2,3]. The Udon Thani city
region therefore comprises Udon Thani city municipality (the urban
centre of the province) and the surrounding peri-urban and rural
areas. As an area that is experiencing growth as well as difficulties aris-
ing from resource management, the Udon Thani city region was chosen
as a study area for the application of the R-CES concept as it is one of the
examples of a geography where there is a need for an approach of sus-
tainable development that takes into account the interrelations between
the urban, peri-urban and rural areas, and a study area where ecosystem
services, especially in the dimensions of food and water, can play a role
in furthering resilience. Here, resilience is understood as “the measur-
able ability of any urban system, with its inhabitants, to maintain conti-
nuity through all shocks and stresses, while positively adapting and
transforming toward sustainability” [13].

The Udon Thani city region is experiencing urban expansion, in part due
to the growth of its industrial and service sectors. This urban growth can ex-
acerbate environmental risks that the city region experiences. Udon Thani
province has experienced severe flooding due to heavy rainfall in 2001,
2002, 2009, and 2011 [14]. The province also experienced many long pe-
riods of drought. As a consequence of climate change, it is likely that
Udon Thani will experience longer and dryer summers, heavier localised
rain, and more volatility between too much and not enough rainfall. The in-
crease in urban built structures could worsen the impact of flooding by
blocking waterways and by increasing risk exposure, while the increase in
facilities and residents in urban areas will increase the demand for potable
water, which can have adverse impact on water resource management. At
present, both the urban and most of the rural areas in Udon Thani receive
potable water that comes from the Huai Luang water reservoir. In years
with low rainfall, there is less water available in the reservoir, which di-
rectly affects the available water supply. In such instances, the water supply
to the urban area is prioritised due to the area's high economic value, which
can cause tension between the urban core and the agricultural areas where
water is also needed for agricultural purposes.

2.3. Research methods

2.3.1. Household survey

A household survey was conducted to shed light on the structures, be-
haviour and perceptions of households in the study area. The survey focuses
on understanding the respondents' household structure, water usage char-
acteristics, relationship to food and the markets, perception of natural re-
source management, commuting pattern, and migration and remittance
behaviour. This information helps establish an analysis of the social net-
works, mobility patterns, and the relationship and dependency between
the urban, peri-urban and rural areas.

The survey was conducted in settlements along the corridor from the
Udon Thani Provincial Hall to Huai Luang Reservoir (i.e., the ecological
corridor of the Huay Luang reservoir), covering a total of fourteen subdis-
tricts (Tambon). For the purpose of the research, the study area was divided
into urban, peri-urban and rural zones based on their distance from the
Udon Thani Provincial Hall in the city centre. The urban zone is the area
within 0 to 5 km, the urban area is the area between 5 and 10 km, and
the rural zone is 10 to 25 km. This categorization was made based on the
land use map provided by the Land Development Department of Udon
Thani. The urban area comprises important commercial facilities as well
as a high concentration of utilities and built infrastructure, including
housing, government buildings, and the economic centre of Udon Thani
province. The peri-urban area has built structures such as housing, ware-
houses for agricultural products and factories along the main roads, and
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dispersed agricultural land. The rural area has a small number of built struc-
tures, but contains important resources such as water and forestry sources,
and is the main site of food production that provides food security for the
peri-urban and urban areas.

The researchers identified the different settlements in each zone and
conducted field visits to conduct the household survey in person. Two
sets of questionnaires were developed and used: one for settlements in
the urban area, and the other for settlements in the peri urban and rural
areas. Different questionnaires were developed because the context and
lifestyles of residents differ according to the area that they live in. For exam-
ple, there are no agricultural activities happening in the urban area, so in-
stead of questions relating to food production, urban residents are asked
about food market linkages and their consumption patterns. Meanwhile,
the questionnaire for the rural area residents contains questions about
what type of crops they are cultivating. It was decided that the same
questionnaire was to be used in both the peri urban and rural areas because
despite its urban characteristics, the peri urban areas share more character-
istics with rural areas, such as extensive agricultural areas. Simple random
sampling was used to choose respondents, and the research staff visited
them door to door due to constraints of the COVID-19 pandemic. The
researchers also consulted with local government authorities and local aca-
demics in order to identify areas along the ecological corridor of the study
area that are easily accessible. The assistants who delivered the surveys
were also informed about the context of the research and the R-CES frame-
work, so they were able to provide contextual information to the respon-
dents. The questionnaires were completed by a total of 571 households:
150 households in the urban area, 100 households in the peri-urban area,
and 321 households in the rural area. The sample size in the rural area is
larger than that of other areas in order to represent the viewpoints of differ-
ent communities that are spread out over a larger geographical area.The
surveys were anonymous and completed on a voluntary basis. The
responses from the household surveys enabled the analysis of natural and
socioeconomic resources usage and dependency, and the level of awareness
and willingness towards natural resource and management of the respon-
dents. The survey results were also used for the social network analysis
and the GIS mapping of the respondents' commuting pattern in terms of
location, distance, frequency of trip, cost of travel, volume and channel of
resource flow (Fig. 2, Table 1).

2.3.2. Stakeholder consultation workshop

After the household survey was conducted and analysed, a stakeholder
consultation workshop was held on 18 June 2021. The purpose of the work-
shop was to present the research findings, to establish deeper understand-
ing about the Udon Thani City Region from the perspective of different
groups, which could allow for a more comprehensive design of policies
and plans based on the R-CES framework, as well as to collect feedback
on the participants' ideas on how urban-rural sustainability can be
achieved. The workshop was conducted as an online virtual meeting due
to restrictions brought about by the COVID-19 pandemic. The online format
of the workshop is a limitation as interlocutors may be unfamiliar with vir-
tual meetings and therefore were less able or willing to contribute fully to
the conversation.

After being introduced to the R-CES concept, the stakeholders are asked
to share their thoughts on 1.) what issues the CES approach can alleviate,
2.) whether the CES approach is important in solving the issues of local in-
terconnection and 3.) whether there are policies or partnerships that would
support CES in tackling urban, peri-urban and rural interconnectivity, and
4.) which organization or agency should be the driver for CES for the resil-
ience of both urban and non-urban areas in a way that is consistent with
local needs.

The participating stakeholders include local government officials, busi-
ness owners, civil society organisations (CSOs), non-governmental organi-
sations (NGOs), academia, media personnel, city planners, and other
public representatives, including village health volunteers (VHV). In
Thailand, Village Health Volunteers are a core component of the public
health system. They are trained volunteers who are able to perform basic
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Fig. 2. A map showing the typology of the study area and the settlements of the survey respondents.

search collaborators who assisted with the household survey also partici-

pated in the stakeholder consultation workshop. The participants were
selected based on their occupations, so that they would represent key actors

Table 1

Number of respondents for each settlement type (urban, peri-urban, rural).

who are usually involved with regional development policymaking in
Thailand.

Participants from Udon Thani municipality, Udon Thani Provincial of-
fice and various community-based organisations agreed that there are op-
portunities for making successful Urban-Rural partnership, and proposed

Settlement type Tambon Amphoe Samples (respondents)
Urban Mak Khaeng Muang Udon Thani 128
Nong Bua Muang Udon Thani 5
Ban Lueam Muang Udon Thani 3
Others (Mu Mon, Na Di, Ban Chan, Sam Phrao, Chiang Phin) Muang Udon Thani 14
Total 150
Peri-Urban Nong Bua Muang Udon Thani 22
Mu Mon Muang Udon Thani 19
Ban Lueam Muang Udon Thani 19
Nong Khon Kwang Muang Udon Thani 8
Na Di Muang Udon Thani 11
Chiang Pin Muang Udon Thani 11
Ban Chan Muang Udon Thani 10
Total 100
Rural Chiang Pin Muang Udon Thani 50
Nikhom Songkro Muang Udon Thani 60
Nong Hai Muang Udon Thani 52
Kok Sa-art Muang Udon Thani 14
Chiang Pheng Kut Chap 46
Mueang Phia Kut Chap 49
Nong Bua Ban Nong Wua So 50
Total 321
Total respondents 571
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organising steering teams. It was proposed that the Udon Thani Provincial
authority should function as the central coordinating body that engages all
the stakeholders (which includes civil society and universities) and local
communities to promote the Urban-Rural partnership following the
Regional-CES framework and to work cross-boundary in Udon Thani Prov-
ince and surrounding provinces (Table 2).

3. Results

3.1. Social network of resource flows between the urban, peri-urban and rural
areas

Data from the household survey on the respondents' mobility and con-
sumption habits and frequencies were analysed to provide insight into the
flows of resources between the urban, peri-urban and rural study areas.
GIS was used to visualize and map the location, frequency of use and
distance from the users of various resources (Fig. 4). In the urban and
peri-urban areas, the main source of potable water is from the Huai
Luang reservoir, which is located in the rural area and is managed by
the Provincial Waterworks Authority. The water is used for household
and commercial consumption in the urban and peri-urban areas, as
well as for some agricultural purposes in the peri-urban area. The
household survey examines the distance from the residences to the
water source, the consumption volume and the monthly costs of water
according to the water metre shows that it takes longer for water to ar-
rive to households in the urban and peri-urban areas because they are
dependent on a water source that is located in the rural area. However,
the household surveys revealed that residents in the urban area use less
water than residents in the peri-urban and rural areas, because they do
not need water for agricultural purposes. Meanwhile, residents of the
rural area do not usually rely on the Huai Luang reservoir for water.
Some rural settlements have their water reservoir or community water
supply system for household usage. Most of the households in the

Table 2
The stakeholder workshop participants on 18 June 2021.

Participants Organisations

Municipal Clerk (Acting Mayor)

Deputy Municipal Clerk

Director, Division of Public Works

Director, Division of Public Health and
Environment

Udon Thani Municipality
Udon Thani Municipality
Udon Thani Municipality
Udon Thani Municipality

Director, Strategy and Planning Udon Thani Municipality
Division/Budgeting Analysis
Subdivision
Director, Division of Social Welfare Udon Thani Municipality
Director, Local Education Development Udon Thani Municipality

Division
Chief of the Local Development Plan
Monitoring and Evaluation Subdivision

Udon Thani Municipality

Director of Administration Section

General Administration Officer,
Practitioner Level. Mu Mon Subdistrict
Administrative Organization

President, Khlong Charoen 2 Community

President, Ban Huay 2 Community

President, Wiang Phing Community

President, Thung sawang Tawan Tok 2
Community

Plan and Policy Analyst, Udonthani
Provincial Agriculture and Cooperatives
office Dothan

Co-Founder of Ma:D Esan, Community
Based Organisations and National Expert
for the GIZ/SMMR Project in Thailand

IGES Team

Thammasat University Research unit in
Urban Futures and Policy

Udon Thani Province
Mu Mon Subdistrict Administrative
Organization

Khlong Charoen 2 Community

Ban Huay 2 Community

Wiang Phing Community

Thung sawang Tawan Tok 2 Community

Udonthani Provincial Agriculture and
Cooperatives office

German Cooperation (GIZ) and
Sustainable Design of Urban mobility in
Medium-Sized Metropolitan Regions
(SMMR)

Institute for Global Environmental
Strategies (IGES)

Thammasat University
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rural areas own agricultural land and rely on water ponds and ground-
water for their agricultural activities.

In the urban area, the sources for food are the central and local markets,
supermarkets, and convenience stores. Key centres for the distribution of
goods are the Mueang Thong Charoensri Market and Thai ESarn market,
which are large markets offering a wide variety of consumer goods as
well as agricultural products. Many respondents go to such markets on a
monthly basis to purchase rice and other produce. Local markets, on the
other hand, are smaller and are more likely to be frequented on a weekly
basis by urban and peri-urban residents to purchase grains, vegetables,
fruits, and prepared food. These are wet markets or street markets,
such as the Nong Bua Market and the Udon Ngon Share Market. The su-
permarkets and convenience stores in the area are mostly chain stores.
In the peri-urban area there are some food production activities, such
as small-scale vegetable farms whose produce are sold through a mid-
dleman or at a local farmers' market. The survey revealed that farmers
from rural areas depended on the businesses, warehouses, and transport
hubs in the urban area to sell and transport their agricultural produce,
such as rice, fruits, and vegetables, to various markets and products,
such as sugarcane and cassava, to food-processing factories domesti-
cally and overseas. For this reason, as the peri-urban area is more
urban than it is rural, the survey respondents did not have much agricul-
tural land (1-5 rai, a Thai unit of measurement that is equivalent to
1600 square metres). Most of the produce cultivated in this area are gar-
den vegetables for personal consumption.

With regards to healthcare, the survey examined the frequency of use of
healthcare facilities per month, the distance from the residence to the hos-
pital, as well as the costs of travelling to the hospital each time. It was found
that both hospitals in the urban centre and hospitals in the suburban areas
are frequented by residents of urban, peri-urban and rural areas, and that
the urban residents have the shortest distance and cost of travel from hospi-
tals and other medical facilities, as they are often located in urban areas as
well.

Table 3 presents the findings from the survey which show the number of
surveyed households from the urban and peri-urban areas, who reported
their usage or frequentation of various sites. Each respondent, who repre-
sented one household, were asked to indicate from where they purchased
different types of produce in the past 3 months. Some respondents provided
multiple answers for each product category. The table shows that local mar-
kets are the main place from which urban residents acquire their food, and
that the majority of respondents (110 out of a total of 150 households)
responded that they purchase vegetables from the local markets. The
table also shows that most of the frequented establishments for food are lo-
cated in the urban area, while the markets and vendors in the peri-urban are
frequented by very few respondents.

Table 4 shows details about the hospitals that are frequented by resi-
dents from the urban and peri-urban settlements. The majority of respon-
dents reported that they frequent the Udon Thani hospital, which is the
largest medical facility in the province.

In the rural areas, potable water used in households are from the Huai
Luang reservoir, Huai Rin Reservoir, and Nong Bueng Mor, which is a
small reservoir located in the rural area that is used for a community
water supply. With regards to food, the rural area is a net producer of
food for domestic and international consumption, which is sold through
middlemen or at markets in the urban area. Therefore, only a small number
of surveyed households responded that they purchase food from the mar-
kets and other entities in the rural area, as shown in Table 5. The food de-
pendency of the residents from rural areas is therefore different from that
of urban and peri-urban residents: they depend on the markets not for con-
sumption but for selling their produce. Usually, crops are harvested once or
twice per year, and the average size of agricultural land per household is 10
rai, with 1 rai of water reserve in their own property. For rice farming, at
least 20 rai of land is used, with 1 rai of water reserved. Most of the crops
produced are rice, vegetables, and tapioca. Most rice mills are located in
the suburban area and most vegetables are sold in markets in the urban
area such as the Mueang Thong Charoensri Market and Chiang Pheng
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Table 3

Location of food market and agricultural products in urban and peri-urban areas.
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Settlement Number of surveyed households Product Number of households that purchase the product from each site
Central market Local market Supermarkets Street vendors PDS (Public distribution system)
Urban 150 Food grains 30 48 26 9 20
Vegetables 35 110 19 10 21
Fruits 29 75 25 48 28
Processed food 25 39 24 8 27
Settlement Number of surveyed households Product Number of households that purchase the product from each site
Central market Local market Street vendors Industrial factory
Peri-urban 100 Vegetables and rice 2 3 1
Vegetables 7 5
Table 4

Location of infrastructure (hospital and health care center) in the urban and peri-urban areas.

Settlement  Number of surveyed households  Hospital code  Hospital name Location (subdistrict) ~ Number of households that use the hospital
Urban 150 1 Udon Thani Hospital Mak Khaeng 76
2 Udon Thani Municipality Hospital Mak Khaeng 29
3 Municipality 8 Health Center Mak Khaeng 9
4 Prachak Silapakhom Military Camp Hospital =~ Mak Khaeng 7
5 Bangkok Hospital Mak Khaeng 9
6 Aek Udon International Hospital Mak Khaeng 11
8 Kao Chan Public Health service center Mak Khaeng 8
13 Phen Hospital Phen 1
Settlement Number of surveyed households Hospital code Hospital name Location (subdistrict) Number of respondents who use the hospital
Peri-urban 100 1 Udon Thani Hospital Mak Khaeng 85
2 Udon Thani Municipality Hospital Mak Khaeng 3
7 North Eastern Wattana Hospital Mak Khaeng 4
9 Nong Bua Health Center Mak Khaeng 3
10 Mu Mon Health Center Mu Mon 3
11 Nadi Community health centre Nadi 2
Table 5

Location of food market and agricultural products in rural settlement.

Settlement Number of households Purpose of visit Number of household visited/Density of household visited
Central market Local market Street vendor Industrial factory
Rural 321 For consumption/Non-food products 6 4 22
For consumption, For export 12 7 38
For export, Horticulture, Non-food products 6 2 2 7
For consumption 3

Municipality Market, which means that most farmers are highly dependent
on facilities outside of the rural areas. Tapioca, on the other hand, is sold to
processing facilities that are located in rural areas. Respondents in the rural
area frequent hospitals in the urban area as well as hospitals that are near

their homes (Fig. 5, Table 6).

Table 6

Location of hospitals and healthcare centres in the rural area.

Table 7 shows the frequency, distance and cost of displacements for
food and access to health facilities. The range of volume columns refers to
the volume of water used, and for the amount of land used for food produc-
tion. Residents in the urban area most frequently make trips for acquiring

food and are the furthest away from water resources, but they have the

Settlement Number of households Hospital code Hospital name Location (subdistrict) Number of households visited

Rural 321 1 Udon Thani Hospital Mak Khaeng 143
12 Chiang Phin Health Promoting Hospital Chiang Phin 5
14 Pak Dong Health Promoting Hospital Phen 24
15 Nong Hai Health Promoting Hospital Nikhom Song Khro 19
16 Sok Nam Khao Health Promoting Hospital Nong Hai 1
17 Kok Sa-at Health Promoting Hospital Kok Sa-at 13
18 Nong Wua So Hospital Nong Wua So 29
19 Sok Kae Health Promoting Hospital Mueang Phia 5
20 Sang Paen Health Center Kut Chap 10
21 Kut Chap Hospital Kut Chap 60
22 Kut Chap District Public Health Office Kut Chap 12
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Table 7

Average frequency, Range of distance, Range of volume and Average/Range cost for household usage and travel to different resources in each zone.
Urban
Resource Average frequency Range of distance Range of volume Average/Range of cost
Water 10-20 Km. 1-20 m®/Month Avg. = 276.05 Baht/Month
Food 2.5 Trip/week
Hospital 1.57 Trip/month 1-5 Km./trip Range = 20-500 Baht/Trip
Peri-Urban
Resource Average frequency Range of distance Range of volume Average/Range of cost
Water 10-15 Km. 1-30 m>/Month Avg. = 348.85 Baht/Month
Food 1-5 Rai
Hospital 1 Trip/month 5-10 Km./trip Range = 20-500 Baht/Trip
Rural
Resource Average frequency Range of distance Range of volume Average/Range of cost
Water 5-10 Km. 1-30 m>/Month Avg. = 367.69 Baht/Month
Food 3.5 Trip/Year 5-10 Rai Avg. = 93,517.24 Baht/Year
Hospital 1.32 Trip/month 1-10 Km./trip Range = 30-500 Baht/Trip

lowest cost of water and the shortest distance to hospitals, when compared
to residents in the other areas. Meanwhile, households in the peri-urban
and rural areas have a higher range of water usage, which is consistent
with how they also use land for producing food. The information provided
in this table offers additional insight into the lifestyles and behaviour of the
respondents with regards to their access to resources.

3.2. Ranking of dependency level across urban-peri-urban-rural households

Tables 8-10 show the perceptions of residents regarding their depen-
dencies on the urban and the rural areas for various facilities or resources,
with 1 being low dependency and 5 being high dependency. The average
rating is shown on the tables. The residents of urban areas mostly self-
reported as being dependent on resources within the rural area, while the
urban and peri-urban areas are more dependent on other areas. This

Table 8

Ranking of dependency level on different areas for 150 urban households.
Resources Urban Average Rural Average

areas (1-5) areas (1-5)
1) Medical Service 134 3.5 1 2
2) Education 71 4.05 2
3.) Workplace 111 4.16 4 4.33
4) Markets for agricultural products 49 3.49 34 2.45
5) Im'/e'st'ments for economic 43 411 8 317
activities

6) Tourism 42 2.74 35 3.25
7) Water supply investment 45 4.11 25 3.625
8) Water management investment 36 3.57 16 3.11
9) Food 128 4.61 11 3.9

highlights that the residents are aware of the interdependence between
the urban and rural areas, which suggests that they are likely to understand
the need for collaborating with other areas in order to tackle sustainability
issues.

The household survey results of urban residents (Table 8) shows that
they are more dependent on the following resources/facilities located in
the urban area: Medical Service, Education, Workplace, Markets for agricul-
tural products, and Investments for economic activities. They are more de-
pendent on the rural area for resources relating to tourism, meaning that
they prefer to go to the rural area rather than the urban area for tourism.
The urban residents responded that they are dependent on both the urban
and the rural areas for investments in water supply and management. Re-
garding food, the urban residents responded that they are more dependent
on the urban area then they are on the rural area. This is likely because the
respondents were considering places where they can buy food, such as mar-
kets, rather than the location in which their food was produced, which is
the rural area.

The responses of the peri-urban residents (Table 9) shows that they de-
pend mostly on the urban area medical service and educational resources.
They self-reported that they depend on both the urban and rural areas for
the resources of the workplace, markets for agricultural products and in-
vestments for economic activities, and that they depend on the urban
area more for tourism, water resources investment and water management
investment purposes. The peri-urban residents also responded that they de-
pend more on the rural area for food resources. This could refer to the site of
food production as well as the local markets which may be more easily ac-
cessible or more affordable than the markets in the urban area.

Residents of rural areas responded that they are self-reliant, as they de-
pend more on the rural area than the urban area for all categories of re-
sources (Table 10). This is because there are different resources in the

Table 9 Table 10

Ranking of dependency level on different areas for 100 Peri-urban households. Ranking of dependency level on different areas for 321 rural households.
Resources Urban Average Rural Average Resources Urban Average Rural Average

areas (1-5) areas (1-5) areas (1-5) areas (1-5)
1) Medical Service 70 3.53 3 3.67 1) Medical Service 70 3.97 111 3.54
2) Education 18 4.22 6 4.17 2) Education 59 3.83 115 3.50
3) Workplace 15 4 15 4.73 3) Workplace 46 3.76 127 3.50
4) Markets for rural products 20 3.2 21 3.9 4) Markets for rural products 29 3.61 151 3.70
5) Investment for economic 5) Investment for economic
activities 13 4 8 4 activities 34 3.47 142 3.38

6) Tourism 56 2.68 31 2.71 6) Tourism 54 3.33 112 3.16
7) Water supply investment 20 4.1 1 4 7) Water supply investment 13 3.31 157 3.31
8) Water management investment 20 4.1 1 4 8) Water management investment 19 3.42 151 3.26
9) Food 11 4.54 80 4.94 9) Food 19 3.63 158 3.73
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rural area that offer various utilities, services, water and food resources, as
well as tourist attractions.

3.3. Awareness and willingness of inhabitants

3.3.1. Perceptions on natural resource management

One of the objectives of this research is to understand the residents'
awareness of urban-rural linkages in the area as well as their willingness
or support for improving natural resource management in the region. The
results are shown below in Tables 11 and 12. The surveys found that 21%
of respondents in the urban area were not aware of where their water sup-
ply comes from, and 42% were not aware that households in the rural areas
are also dependent on this source. The respondents assumed that the source
is Nong Prajak Pond, the largest pond in the Udon Thani City Region, while
most households in the urban and the peri urban zones, and even some
households in the rural areas, receive potable water supply from the Provin-
cial Waterworks Authority (PWA) which drew most of the water from the
Huai Luang Reservoir. This indicates a low level of awareness regarding
water resource management and dependency.

The surveys also examined the respondents' awareness of the impor-
tance of natural resources and their willingness to contribute to natural re-
source management. Before completing the survey, the respondents receive
a brief explanation about sustainability. In the urban area, most respon-
dents agreed that urban expansion would affect the natural resources, par-
ticularly water and food supply. Increased demand for water in the city can
lead to the decrease in the amount of water available for environmental
maintenance and agricultural purposes, and could therefore lead to reduced
agricultural productivity and increased food prices and insecurity. Partici-
pants in the urban area expressed that they were willing to participate in
natural resource management activities and agreed that the residents of
the urban area must do something to improve the environment and contrib-
ute to the betterment of the whole City Region.

In the Peri-urban area, the respondents viewed urban expansion as a
positive phenomenon because it could bring employment opportunities as
well as better amenities. However, most respondents expressed that they
are concerned about the increased demand for water, and some state that
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they are already feeling the effects of water scarcity. The proportion of re-
spondents with a positive view of urbanisation is smaller in the urban
area, with many respondents expressing concerns about the negative im-
pact of urbanisation on the agricultural sector.

3.4. Food production and distribution

Most of the survey participants from the rural zone were farmers who
own agricultural land ranging from 8000 to 32,000 square metres (0.8 to
3.2 ha.). Their main agricultural products are rice, cassava, Para rubber,
sugarcane, and vegetables. The survey results show that the communities
in the rural zone were quite independent of each other with regards to
food supplies, as most of them produce most of the food that they need.
Most of the agricultural products from the rural zone are sent to the city
for distribution, which means that the livelihood of communities in the
rural area depends heavily on businesses, warehouses and transport hubs
in the urban area. Some agricultural products such as sugarcane and cas-
sava are also sent to food processing facilities elsewhere in Thailand or
abroad.

Meanwhile, participants from the urban and peri urban zones did not
produce their own food. Most buy food from the markets or supermarkets,
and do not buy produce directly from producers in the peri-urban or rural
areas. Participants in the urban and peri urban zones often did not have
awareness about where their food originated from. Figs. 3 and 4 show the
location of the markets and supermarkets that are commonly used by the
surveyed communities, and Table 2 shows the frequency of procurement
of different food items.

3.5. Infrastructure and utility dependencies

The survey results show that respondents in the urban, peri-urban, and
rural zones were independent of each other when it comes to commuting,
which suggests that they are quite self-sufficient with regards to the avail-
ability of essential infrastructure and services in their area. Respondents
in the urban zone stated that they live within five kilometres distance
from hospitals (particularly Udon Thani Hospital), clinics, or other

Table 11
Awareness of respondents in the urban area towards natural resources and their willingness to contribute to natural resource management activities.

Awareness and willingness of respondents in the urban area towards natural resources and their management Yes No
1 Are you aware that the water supplied to your area is augmented from the Huai Luang reservoir? 110 (79%) 30 (21%)
2 Are you aware that many rural and forest areas are dependent on the same source? 80 (58%) 57 (42%)
3 Are you aware of the water issues in forest and rural areas adjoining Udon Thani city? 76 (56%) 59 (44%)

If yes, how?

a. through visual media 68 (64%)

b. through print media 11 (10%)

c. through personal visit 20 (19%)

d. others (specify) 7 (7%)
4 Do you feel that increased water demand in the city is contributing to crisis situations in forest & rural areas? 126 (91%) 12 (9%)
5 Are you aware that rural areas are supplying food to urban areas? 84 (88%) 11 (12%)
6 Do you feel urban areas must contribute to the betterment of these forests and rural areas? 119 (90%) 13 (10%)
7 Are you practising any water conservation measures at household/ community level? 111 (83%) 22 (17%)
8 Which type of development do you support?

a. Sustainable Rural 11 (7%)

b. Sustainable Urban 13 (9%)

c. Sustainable Urban-Rural 127 (84%)
9 Are you willing to contribute and take part in natural resource management activities? 107 (83%) 22 (17%)

If yes, how?

a. Watershed development measures 23 (14%)

b. Operation and maintenance 22 (13%)

d. Conservation 78 (47%)

4. Awareness creation/ Knowledge sharing 42 (25%)

If not, who else should contribute to water resource management?

a. Community waterworks 29 (18%)

b. Provincial Waterworks 51 (31%)

c. Irrigation department 37 (23%)

d. NGO 23 (14%)

e Community and related organisations 22 (14%)
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Table 12
Perception of respondents in rural settlements towards water resources and their management.

Perception of respondents in rural settlements towards water resources and their management Yes No

1 What is the impact of urbanisation on agriculture land use change?
a. Positive 185 (57%)
b. Negative 59 (18%)
c. No effect 78 (24%)
Positive
a. Increased access to market 117 (25%)
b. Improved services 77 (16%)
c. Livelihood opportunities 136 (29%)
d. Increasing land-value 141 (30%)
e. Others 4 (1%)
Negative
a. Reducing agricultural fields 59 (27%)
b. Reducing agricultural production 58 (27%)
c. Reducing agriculture labourers 88 (41%)
e. Others 11 (5%)

2 Do you think that expansion of urban area increase pressure on water resources of your area 127 (43%) 166 (57%)
a.Scarcity of water for domestic 78 (55%)
b.Scarcity for water for irrigation 65 (45%)

3 What kind supports you expect from urban area for mitigation water management challenges
a. Financial compensation 67 (23%)
b. Support for management of watershed 82 (29%)
c. Support to improve water use efficiency 137 (48%)

WATER - FOOD - ENERGY

Udon-Thani City Region CES Platform

Governance .
Core Team Technical Team
Team
- Nakorn Udon Thani
Municipality - Udon Thani - UFP, Thammasat
- Udon Thani Provincial Provinces - Udon Thani Rajabhat

Administrative
Organisation

University

- Provincial Plan
- MoU between main and surrounding cities

Fig. 3. A proposal for the Udon Thani City Region CES Platform created at the stakeholder consultation workshop.

healthcare centres. Respondents in the peri urban zone also did not have to
travel far to healthcare facilities. Respondents in the rural zone have to
travel to the urban zone to seek certain medical care, but they can also re-
ceive minor medical care from smaller sub district hospitals. With regards
to travelling for educational purposes, most participants responded that
they commuted between one to five kilometres away from their residences
to send their children to schools. Only a few participants stated that they
were willing to travel a long distance to have their children in famous or
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prestigious schools and universities. None of the respondents stated that
they experience significant problems in commuting to work.

3.6. Stakeholder consultation workshop
The stakeholder workshop revealed that the invited stakeholders were

receptive to the R-CES concept which is in line with some of the observa-
tions that they have made about the challenges that the province faces.
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Fig. 4. Map showing the flows of food and water and hospital of urban and peri-urban households.

The stakeholders present at the workshop agreed that one of the main prob-
lems that hinder the province's development is the risk of flood and water
shortages. Some participants expressed that these issues are exacerbated
by how the local government agencies only work within their boundaries
and rarely collaborate meaningfully with other organisations. They also ac-
knowledged that the urban, peri-urban and rural areas are interconnected
and that the shared resources that they use are essential to the development
of the Udon Thani city region.

The stakeholders expressed that they would like to take action based on
this consultation workshop, which suggests that the R-CES concept was use-
ful as a guide for strategic policy planning and in encouraging engagement.
Participants from Udon Thani municipality, Udon Thani Provincial office
and various community-based organisations agreed that successful Urban-
Rural partnership can be facilitated through steering teams. The Udon
Thani Provincial authority could function as the central coordinating
body that engages all the stakeholders and local communities to promote
the Urban-Rural partnership according to the Regional-CES framework.
The Provincial Administrative Organisations could be part of the second
team to promote plans and strategies to the local organisations as well as
managing the budgets. Lastly, there should be a technical expert team of
local institutions and academia, who could provide insights regarding gov-
ernance.

4. Discussions
Under the CES framework, it is important to understand the flow of re-

sources as well as the dependencies between the urban and rural areas. The
first objective of this research is to provide information on the resource
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flows between the urban, peri-urban and rural areas in Udon Thani prov-
ince, which could provide guidance for future development policies or
plans, as well as for guiding the province's development towards achieving
R-CES. The findings of the household survey demonstrate that the urban-
rural linkages in Udon Thani exhibit dependencies in the dimensions of
food and water security, and that individuals in the region travel between
the urban and rural areas for infrastructure and recreational reasons.
Firstly, the research highlights how water security is an issue that needs
to be prioritised in order to ensure the resilience of the Udon Thani city re-
gion. As an area with a high concentration of built structures and economic
activities, the urban area does not have the space for food production or
water management facilities. The urban and the peri-urban areas are both
dependent on the rural area for water, with the majority of households
drawing their potable water from the Huai Luang Reservoir. This suggests
that there should be collaboration between the rural and urban and peri-
urban areas with regards to water management, as authorities in the rural
area influence the quality and maintenance of the water source, and the in-
creased demand for water as a result of population growth, urbanisation
and increase in activities in the urban and peri-urban areas can affect the
availability of water for both areas. The province should also consider find-
ing an alternative source of water in order to enhance the water security in
the region. On the other hand, the rural area is more self-reliant in terms of
water supply; most of the households in the rural areas own agricultural
land and rely on water ponds, local reservoirs and groundwater for their
household consumption as well as agricultural activities. Rural communi-
ties are more reliant on natural resources that are found near their homes
or farms, and are sensitive to changes in the groundwater table. Habitants
of the rural communities will therefore be severely affected if the
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Fig. 5. Resource flows of food, water and hospital of rural households.

authorities in Udon Thani decide to exploit groundwater resources as an al-
ternative source of water for accommodating increased demand for water
from urban areas, which would deprive them of water security. This sug-
gests that an alternative water source for the urban and peri-urban area
may be necessary.

Secondly, the research found that there are also linkages regarding food
security. Residents of the urban and the peri-urban areas rely on the rural
area for fresh produce, which they buy from local markets. Only residents
of the rural areas are self-sufficient in terms of food supply, as shown by
how they rarely buy food that is not locally produced. However, while
there are some factories and cassava manufacturing plants in the rural
and peri-urban areas, residents of the rural areas are dependent on markets
and transport hubs in the urban zone for the sale and distribution of their
produce. Any changes in the demands of the people in the city or any pro-
jects involving transportation networks will therefore impact the farmers in
the rural areas. To enhance the self-reliance and economic sustainability of
the rural area, it could be beneficial to create distribution centres or pur-
chasing hubs in the rural area, which would allow for more farmers to be
able to sell their produce without requiring a middleman. Moreover, as
water is required for agriculture, food security in the region may be threat-
ened if there is water insecurity. This further emphasises the need to ensure
sustainable management of water resources.

The second objective of this research is to examine the level of the res-
idents' awareness of urban-rural interdependencies and whether they
would be likely to support urban-rural partnerships for sustainable develop-
ment purposes. The level of awareness and willingness to support develop-
ment policies is crucial to the application of R-CES as the concept highlights
the importance of collaboration and participation for sustainable resource
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management [5]. The survey shows that the majority of respondents are
aware of how the urban, peri-urban and rural areas are interconnected
and interdependent as shown by how they responded to the survey that
they are concerned about the effects of urban growth and expansion on
local food and water shortages. These responses suggest that there is a po-
tential for local engagement for environmental protection as well as likely
public support for policies that allow for the comprehensive management
of resources and systems at the city region scale. Moreover, the discussions
and action plans from the stakeholder consultation workshop indicate that
the stakeholders, including government authorities, are receptive to the
concept of R-CES, which suggests that there is potential for the R-CES con-
cept to be applied in Udon Thani province. Ultimately, the extent to which
R-CES will be able to influence the trajectory of development planning in
Udon Thani depends on how receptive policy makers are to the concept.
Additional research would be required to ensure successful implementation
of this concept, such as the creation of indicators and assessment methods
that will measure and quantify the progress made, and to identify the
unique social, economic and environmental characteristics that Udon
Thani city region can utilise for enhancing sustainability and enhancing re-
silience.

5. Conclusions

Udon Thani is a province that is experiencing urban and economic
growth. This research on the Udon Thani city region examines the opportu-
nities for enhancing sustainability through the improvement of resource
flows management and the strengthening of urban-rural linkages according
to the R-CES concept. The research shows that the urban-rural linkages in
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Udon Thani are characterised by how the urban area depends on the rural
area for food and water security; meanwhile the rural area, which is mostly
self-reliant in terms of water and food, depends on the urban area for eco-
nomic purposes. The analysis of water resource management also showed
that increased urban growth and increased demand for water from the
urban area would adversely affect agriculture in the rural area, which is
something that requires attention in order to maintain food security.
There is also significant movement of people between these areas.

The findings therefore highlight the importance of ensuring that there is
a holistic territorial development plan for the province because the urban,
peri-urban and rural areas are interdependent. In order to become
more resilient, especially to possible risks arising from climate change
and urban expansion which can reduce the availability of water as
well as food security, it is important that the urban-rural linkages are
strengthened [16-18]. There is opportunity collaboration that is based
on the nature of dependency between the urban and rural areas: for ex-
ample, the urban area may offer financial support for farmers in the
rural area for actions that will help protect the quality of Huai Luang
reservoir, which is located in the rural area but is used mostly by the
urban dwellers. The findings of the research also suggest ways in
which the different areas could enhance their self-reliance according
to R-CES. For example, farmers in the rural area could benefit from hav-
ing distribution centres or produce processing plants in the rural area,
which could allow them to sell their produce without having to go
through middlemen in the urban area.

Another objective of the research was to examine the level of awareness
and willingness of the survey respondents to participate in resource man-
agement for increased sustainability and resilience in Udon Thani. The re-
sults indicate that the residents in the urban, peri-urban and rural areas
all have moderate awareness about sustainability and resource manage-
ment, and that the majority of respondents demonstrated support for im-
proved resource management. This suggests that there is a possibility for
collaborative, bottom-up engagement for sustainability.

The potential applicability of R-CES as a guiding concept for develop-
ment policy was also supported by the feedback received from relevant
stakeholders who are aiming to implement principles of R-CES in the up-
coming strategic plan for Udon Thani, which suggests that R-CES could
be useful concept that can be applied to this specific context.

Furthermore, the collaboration between different government entities
and policymakers will create a shared understanding and vision regarding
natural resource management, as well as for knowledge exchange between
different jurisdictions. It would be beneficial to invest in the analyses on
land use and the future demand and supply of natural resources in the fu-
ture to enhance development planning, as well as to use R-CES as a guiding
principle for strengthening local resources and developing the tourism sec-
tor in order to enhance economic sustainability.

It would be interesting to extend this research to a wider study area in
the Udon Thani province to have an even more comprehensive understand-
ing of the region, as well as to involve a larger sample size. There are also
opportunities to expand this research by also examining the flows of energy
and waste, in addition to water and food.
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