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Abstract: Ecosystem services (ES) are a fundamental and important part of ecology. Recently, the
study of ES has intensified, but research on ES over distances is still lacking. The integration of
different types of ES into the tele coupling framework is not in widespread use due to the
socioeconomic and environmental interactions over distances. In this study, we present a tele
coupling framework to analyse the coupled human and natural systems of Xishuangbanna,
Southwest China, which has the highest typical tropical forest cover in China and a large amount of
biodiversity. We followed the ES types and analysed their tele couplings. By employing a tele
coupling analysis, we studied the tele coupling of provisioning service systems, regulating service
systems, and culture services. We differentiated between systems, flows, agents, causes, and effects
in every ES type. Further research on tele coupling within ES might facilitate a better understanding
of distance between ES and enhance coupled human and nature system in complex global
interactions.

1. Introduction

Nature provides human society with a vast array of benefits such as food, fibers, clean water,
healthy soil, carbon capture, and many others [1]. Human well-being is entirely dependent upon the
continued flow of ecosystem services (ES), which provide a range of services that are fundamental to
humankind’s health, livelihood, and survival [2-5].

ES are the benefits that people obtain from ecosystems. These services are predominantly public
goods with no markets and no prices, so they are rarely detected by our current economic compass
land their values are not considered by global economic policy decisions. As a result, the threats of
habitat destruction, environmental pollution, over-exploitation by humans, and invasive species
cause an unprecedented loss of biodiversity and ES. This might lead to tremendous costs for societies
due to the subsequent loss of various provisional and regulatory services such as food production,
water regulation, and climate change resilience [4]. The destruction of biodiversity and ES have now
reached levels where serious social and economic costs are being observed and will be continue to be
observed at an accelerating pace if we continue with our current activity.

The United Nations started the Millennium Ecosystem Assessment in 2001, which was the first
time our society assessed the ecosystem services’ history, current situation, change in trend on a
worldwide scale, and also discussed the driving factors for these changes as well as the impacts they
have on our well-being. The value of ES has attracted more attention in last decade. The Economics
of Ecosystems and Biodiversity (TEEB) project plan which aims to promote a better understanding of
the true economic value of ecosystem services, offers economic tools to take proper account of ES
value and some achievements on the study of the theory and methods have been obtained. The key
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point on which we focus is the link between socioeconomic benefits and ES, in particular that of
coupled human and natural systems (CHANS).

There is great demand for evaluating the value of ES to human well-being. Most researchers focus
on exposing the values of nature. They have made tremendous progress in driving the advancement of
decision-making to consider the values of biodiversity and ES. Many ES including food, fuel, and
clean water are produced locally, but their benefits extend regionally, nationally, and even globally
[6]. Although distance factors have been mentioned, there is a need for a new research framework in
order to fill in knowledge gaps and advance sustainability science and its application [7-8]. The
umbrella concept of ES encompasses a variety of nature’s benefits to humans and facilitates studies
on relationships among different types of services [9-10]. Similarly, the framework of tele coupling
can help promote systematic, multidisciplinary studies on different types of distant interactions and
their interrelationships. Around the globe, previously isolated localities are rapidly forming
connections over increasing spatial extents through the flow of ES [6].

Interactions between socioeconomic benefits and ES are generally studied on a local level.
Although such studies have generated important insight, they do have limitations, especially with
increasing globalization and trade. On this basis, we identify a need to explore the interconnections
over distances between provisioning, regulating, supporting, and cultural services provided by
ecosystems [3]. These are the typical groups of different types of ecosystem services.

Tele coupling is socioeconomic and environmental interactions over distances [11]. Distant
interactions increasingly affect globally important issues such as climate change, biodiversity, food
security, land use, and so on [11]. The concept goes deeper and extends further than local interactions
and coupling because globalization has intensified global interconnectedness, which has rapidly
increased the connection between social-ecological systems across distant regions.

Here we apply the emerging tele coupling framework to systematically analyze the causes, agents,
effects, flows, and systems of ES. The tele coupling framework provides a lens and method with
which to evaluate human well-being and ecosystem interactions in linked systems across spatial
distances. It can also help analyze the interrelationships of ES and human well-being, providing a
useful means of incorporating feedback as well as multiple systems (sending, receiving, and spillover
systems) into interactions.

We attempt to address these socioeconomic benefits and ES interactions increase issues by first
elaborating on the framework of tele coupling for different types of ecosystem services. We illustrate
our point using Xishuangbanna’s ecosystem services. Our research aims are to (1) identify the
interaction between natural and human components over distances, (2) determine how the framework
of tele coupling works on different types of ES, and (3) identify the workings of tele coupling
components, such as the systems, flows, agents, causes, and effects.

2. Methods
2.1 ES under the tele coupling framework

Population expansion, consumption growth, and energy demands are all likely to significantly
increase in the coming decade, which will then demand more from ES.

ES and human societies are unevenly distributed across landscapes [3, 11-12!, and the divergence
between the supply of and demand for ES is increasing [13]. ES are not limited to local services for
human well-being; almost all ES occur in socioeconomic and environmental interactions over
distances from the provisioning, transfer, and benefits to humans. They interact in complex ways,
often via sending, receiving, and spillover.

The systems approach of tele coupling emphasizes linked CHANS over spatial distances and aims
to integrate analyses of socioeconomic benefits and ES flows among interacting systems in order to
evaluate holistically sustainability [6, 11]. According to Liu et al., there are five main, interrelated
components of tele coupling: (1) systems that refer to CHANS or integrated systems in which humans
and nature interact [14], for each tele coupling, systems can act as sending systems, receiving systems,
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or spillover systems; (2) ES flows contain information, materials, and energy and transferred as a
result of actions taken by agents [11]; (3) ES agents including ES entities that directly or indirectly
facilitate or hinder tele couplings; (4) the reasons behind the occurrence and change of tele couplings;
and (5) effects refer to socioeconomic benefits and the ES consequences or impacts of tele couplings
(Figure 1). The tele coupling framework has been applied to issues such as urban water systems [15],
energy sustainability [16], “Belt and Road Initiative” in China [17], ecosystem services in China’s
water transfers over large distances [6].

In Figure 1, we develop a conceptual model for applying the tele coupling framework that was
built on the basis of TEEB’s pathway [18] from ecosystem structure and processes to human
well-being diagram. We attempt to define the link between socioeconomic benefits and ES in the tele
coupling framework.
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Figure 1. Framing ES in a tele coupling context
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In the coupled human and natural system, the Ecosystems & Biodiversity and Human well-being
interact with each other through ES flows and material, energy, information flows. Flows are depicted
with dashed arrows that indicate the direction of these influences. A “sending” system provides ES to
a “receiving” system and influences another “spillover” system in the process. Behind each
component is a blue box that express the processes and impact ranges of “local or/and over distances,”
e.g., the biophysical structure or process based on the local environment occur locally, but the
function and ES can also impact over a larger distance.

It is a conceptual framework for the sake of simplicity; the true situations are more complex.

*The sending/receiving/spillover system can also act as the other one or two systems, depending
on the directional movement of the flow considered [11].

2.2 Case study area: Yunnan, China

We choose Xishuangbanna Dai Autonomous Prefecture as the research area, which was an ideal
location for developing this tele coupling framework because of the area’s typical tropical ecosystems
in the face of socioeconomic benefits.

Xishuangbanna is located in the southwest of China, southwest of Yunnan Province. It is bordered
by Burma, Laos, and Vietnam and lies at 99°55'-101°50’E and 21°10-22°40'N. It has an area of
19124.5 km?. It is one of the major tropical forest wildness areas in China and in the world, which
typically has high biodiversity, has high academic value, and is more vulnerable. Additionally,
Xishuangbanna is a global biodiversity hotspot within the scope of Norman Myers’ hotspot areas [19];
thus, the research of tele coupling in this area would be more typical and meaningful.

Tropical deforestation, while slowing in several countries, continues at a high rate. Aside from
tropical deforestation, with the development of planting towards simplification trend,
Xishuangbanna’s rubber expansion of acreage has jeopardized the original biodiversity and this trend
has attracted worldwide attention. This location that borders two countries as well as the nearby
Southeast Asian nations is the perfect area for tele couplings.

3. Results

The ES are made up of four different services: provisioning services (e.g., wild foods, crops, fresh
water, and plant-derived medicines), regulating services (e.g., carbon storage and water cycling,
pollination, and protection from disasters), cultural services (e.g., recreation, spiritual and aesthetic
values, and education), and supporting services (e.g., soil formation, photosynthesis, and nutrient
cycling) [20].

The assessment of gross ecosystem products does not contain supporting services because these
services support the provisioning services and regulating services instead of directly contributing to
human well-being. These services are reflected in provisioning services and regulating services [21].

We built the tele coupling framework in Xishuangbanna’s ES, which are tele coupling in
provisioning services systems, regulating services systems, and cultural services systems.

3.1 Tele coupling in Provisioning Services Systems (PSS)

The provision services are systems that provide food, materials, water, etc., for society and the
economy. In Xishuangbanna, there are tropical products, such as rubber, besides the products
mentioned above.

The application of the tele coupling framework in PSS comprises five components: systems, flows,
agents, causes, and effects. In systems, there are three types: sending systems, receiving systems, and
spillover systems (Table 1).

The sending system of the PSS is Xishuangbanna, itself, and the PSS ecosystem services originate
from local ecosystem services. There are rich product resources based on previous climate conditions
and geographic locations, such as forest products (wood, rubber, tea, etc.), agricultural products (rice,
tropical fruit, etc.), and water resources. Since the 1970s, Xishuangbanna has lost almost 30% of its
original forest cover, which has largely been replaced by rubber plantations 22. The rubber outcomes
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of materials and products represent a large proportion of forest products. The gross annual value of
agricultural outputs has accounted for 45.4% of the gross domestic product in 2015 in Xishuangbanna.
In addition, Xishuangbanna is rich in water resources because of the Lancang River Second running
through the territory and an abundant amount of rainfall.

The receiving systems of PSS that are more complex consist of Xishuangbanna, Yunnan province,
China, Southeast Asian countries, and other countries. This raises important questions about the
definition of biodiversity in light of the replacement.

Although sending and receiving systems were matters of concern, the spillover systems that have
been previously ignored particularly affected and were affected by the ES. The spillover systems
include transport channels, local consumption, factory waste, etc.

Flows occur via movements of material, energy, or information between the systemsl11. Flows
reach the systems in provision services via money, products, people, and transport. Agents are actors
that contain producers, governments, sellers, manufacturers, and users in PSS. The causes are
demands for rubber, food, and materials, the need for economic development, the technical progress
of the producer, abundant resources, and minority cultures. Effects refer to consequences have two
sides: the positive and negative effects. In PSS, positive effects are the increase in income,
employment, investment, and taxes, the development of social economy sustainability, etc. Negative
effects are resource consumption, pollutants, and greenhouse gas emissions in the processing and
damage of environmental sustainability.

Table 1. Telecoupling in PSS

Telecoupling in PSS
Sending Xishuangbanna
systems
Systems RS(;?[Q::]ZQ Yunnan province, China, southeast Asian countries, other countries
Spillover Transport channel, consumed locally, factory waste
systems
Flows Money, products, people, transportation
Agents Producers, governments, sellers, manufacturers, users
The demand for rubber, food, and materials; the need for economic
Causes development; the technical progress of the producer; abundant resources;
minority cultures
Positive The increase in income, employment, investment, and taxes; the development
of social economy sustainability
Effects - :
Negative Resource consumption (Iangl, water, and_labor)_, pollutants and greephouse
gas emissions in processing; damage in environmental sustainability

3.2 Telecoupling in Regulating services Systems (RSS)

The RSS work through indirect services such as water conservation, soil conservation, protective
functions, carbon sequestration, waste disposal, etc. They are not direct services, but instead have
important roles for the well-being of humans. The components of RSS that contain forests, water, soil,
animals, microbes, etc., provide all the contributions.

However, in RSS, the most important contributor is forests, especially tropical forests.
Xishuangbanna has 15166 km? of forest area that comprises 79.30% of its territory. Of this area,
466.667 km? is covered by tropical, primeval forest [23]. The primary forest vegetation here can be
categorized into seven main vegetation types and thirty-two formations: tropical rainforest, tropical
seasonal moist forest, tropical monsoon forest, tropical lower montane evergreen broad-leaved forest,
tropical palm forest, tropical coniferous forest and bamboo forest [24] (Table 2).

A large portion of the value of tropical forests arises from so-called regulating services such as
carbon storage, erosion prevention, pollution control, and water purification [25]. In many valuation
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studies, these regulating services account for about two-thirds of the total economic value. In contrast,
the supply of food, timber, genetic materials, and other materials typically accounts for a relatively
small share of the forest’s value, although these are the benefits on which perceptions of the economic
importance of forests are often based [25].

The benefits of protecting tropical forest ecosystems often outweigh the costs [25], and forest
conservation is beneficial for humans, but the question remains: is the RSS not only influential on the
local area, but also on the larger area, or possibly the whole world? This is related to tele coupling in
RSS.

The sending systems are local ecosystems, especially the forest ecosystem, but the receiving
systems are not only in Xishuangbanna, but also in the Yunnan province, China, nearby countries,
and the entire world. The spillover systems are spread corridor, reservoirs, etc. All the systems
interact by flows that contain water, building materials, biotic organisms, people, and pollutants and
cause the regulation functions. Aside from these regulation effects, it also has negative effects such
as pollution, greenhouse gas emissions, and security risks in reservoir construction.

Table 2. Telecoupling in RSS

Telecoupling in RSS

Sending Xishuangbanna
systems
Systems Receiving Yunnan province, China, nearby countries, worldwide
systems
Spillover Spread corridor, reservoirs
systems
Flows Water, building materials, biotic organisms, people, pollutants
Agents Governments, ecosystems
The law of nature; regulation functions; research on the ES; the need for
Causes . .
making the value of nature visible
" Regulation in water conservation; soil conservation, protective functions,
Positive .
and carbon sequestration
Effects — —— -
. Pollutants, greenhouse gas emissions, security risks in reservoir
Negative .
construction

3.3 Telecoupling in Culture Service Systems (CSS)

Xishuangbanna has the attractiveness for those seeking pure, atural, and cultural sights, is
becoming increasingly attractive to both domestic and foreign tourists due to its unique
geographical location and humane environment. The tourists coming to Xishuangbanna are
increasing every year. From 2010 to 2015, the number of domestic and foreign visitors and the
tourism revenue have increased rapidly.

During 2015, Xishuangbanna attracted 20.014 million domestic and foreign visitors and had a
large increase of about 17.7% more than the previous year. Among them, there were 0.3324 million
foreign visitors and foreign exchange earnings from international tourism, which topped 240.76
million US dollars, up 12.3% from last year.

As the tele coupling in ecological culture service systems, the receiving systems are the tourism
destination itself and the tourism ventures, e.g., scenic spots, restaurants, and hotels. Sending
systems are the places from which the domestic and foreign visitors come, similar to China and all
over the world. The spillover systems contain associated infrastructure, e.g., roads, corridors, and
reservoirs. All of these come through the flows such as tourists, transport systems (airport, highway,
road), and tourism practitioners.

The ecological culture service systems may bolster socioeconomic sustainability, reduce
resource consumption, and benefit the environment while being locally absentll. The increase in
income, employment, investment, and taxes and the development of social economy sustainability
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are additional positive effects. The negative effects might potentially threaten environmental
sustainability[11] (Table 3).

Table 3. Telecoupling in CSS

Telecoupling in CSS

Sending Yunnan province, China, worldwide
systems
Systems Receiving Xishuangbanna
systems
Spillover Spread corridor, reservoirs
systems
Flows Tourists, transport systems (airport, highway, road), tourism practitioners
Agents Governments, scenic spots, hotels, restaurants
The attractions in natural scenery and humanism characteristics; travel
Causes demands; government interest and demands for investment and economic
development; convenient transportation
Bolsters socioeconomic sustainability, reduces resource consumption, and
... benefits the environment while being absent at home; the increase in income,
Positive . ) .
Effects employment, investment, and taxes; the development of social economy
sustainability
Negative Potentially threatens environmental sustainability

4. Conclusion and Discussion

It would be wise to apply economic thinking to the utilization of biodiversity and ecosystems like
the TEEB project plan. Maintaining stocks of natural capital allow for the sustained provision of the
future flow of ecosystem services, and thereby helps to ensure continued human well-being.
Economic thinking can help clarify two critical points: why prosperity and poverty reduction depend
on maintaining the flow of benefits from ecosystems, and why successful environmental protection
needs to be grounded in sound economics [25]. Exposing the value of nature and the link between ES
and human socioeconomic benefits is useful for the protection of biodiversity and ES.

These can also help decision-makers create effective policies for development and conservation,
which depend on an understanding of the mechanisms underlying environmental sustainability [26].

Nowadays, some local policymakers focus only on the local area, completely overlooking the
larger regions’ chain reactions and impacts.

Therefore, the tele coupling framework can provide a broader analytical lens with which to
integrate distant socioeconomic and environmental interactions that affect sustainability on a local
and global scale [11]. The current research surrounding this field is lacking due to increased global
interactions over spatial distances. The tele coupling perspective can help to advance ES research and
policy and can also change the visual angle of study on ES by placing an emphasis on distance rather
than on one place. A brace of policy initiatives suggests that national authorities have become much
more focused on a local level or their own country’s interactions. The formulation of policy measures
which are implementing right now are made without the consideration of distances. Previous research
on human-nature feedback focused primarily on individual coupled systems instead of across
multiple coupled systems, an improved understanding of cross-system feedbacks represents an
important conceptual advance [27]. The tele coupling in ES would aid in the governance of
sustainable development and biodiversity protection. Further research of tele coupling on ES might
highlight the view of distance between ES and enhance coupled human and nature system in complex
global interactions.

However, we also stress that this study has shortcomings with respect to the quantitative research,
which is exactly we are solving in the next step.
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