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Conserving and managing global natural capital requires an understanding of the complexity of flows of
ecosystem services across geographic boundaries. Failing to understand and to incorporate these flows
into national and international ecosystem assessments leads to incomplete and potentially skewed con-
clusions, impairing society’s ability to identify sustainable management and policy choices. In this paper,
we synthesise existing knowledge and develop a conceptual framework for analysing interregional
ecosystem service flows. We synthesise the types of such flows, the characteristics of sending and receiv-
ing socio-ecological systems, and the impacts of ecosystem service flows on interregional sustainability.
Using four cases (trade of certified coffee, migration of northern pintails, flood protection in the Danube
watershed, and information on giant pandas), we test the conceptual framework and show how an
enhanced understanding of interregional telecouplings in socio-ecological systems can inform ecosystem
service-based decision making and governance with respect to sustainability goals.
� 2018 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
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Box 1 Introduction to the case studies. (a) Biophysical flow of
traded goods: Certified coffee from Colombia as provisioning
service

Coffee production, a provisioning service, has been dom-
inated by intensively managed, monoculture, sun coffee
plantations, associated with significant environmental impli-
cations (Jha et al., 2014). Concerns over the environmental
and social impacts of dominant coffee production systems
have triggered a shift in consumer preferences in importing
countries that has strengthened the market for certified cof-
fee (Manning et al., 2012). Today, Colombia is one of the
world’s largest coffee producers. During the last decade, over
80% of the coffee produced in Colombia was exported (FAO,
2017). By 2010, more than 25% of farmers and over 30% of
Colombian coffee were part of certification schemes (Rueda
and Lambin, 2013). Within certification schemes, farmers
are offered financial and technical support through donor
agencies, research centres, non-governmental organisations
and local cooperatives as well as the Colombian government
and the Colombian Coffee Growers Federation (Hughell and
Newsom, 2013; Rueda and Lambin, 2013).

Photo: Juan Arias

(b) Biophysical flow through species migration and dispersal:
Provisioning and cultural services provided by northern pintails
migrating between Canada and the U.S.

Northern pintails (Anas acuta) are medium-sized dabbling
ducks that feed on plants and invertebrates in agricultural
and wetland habitats. Due to their beautiful plumage and
elongated tail feathers, pintails provide cultural ES through
opportunities for bird watching and recreational sport hunt-
ing (Austin and Miller, 1995; Mattsson et al., 2012) as well
as provisioning services as a food source for Arctic indige-
nous groups (Goldstein et al., 2014). Pintails migrate in spring
from their wintering regions at the coast of California and the
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1. Introduction

Our increasingly globalized world is characterised by the dis-
tant interchange of people, goods, information, and ecosystem ser-
vices (ES, contributions of ecosystems to human wellbeing).
Interregional ES flows are a direct result of the physical links, poli-
cies, trade, and resource management decisions in one geographi-
cal region that can have significant impacts on ecosystems and
biodiversity elsewhere (Kissinger et al., 2011; Koellner, 2011; Liu
et al., 2015; Moser and Hart, 2015; Seto et al., 2012). Sustainability
challenges are associated with interregional flows, such as the dis-
tribution of benefits derived from nature, globally associated costs
and interregional dependencies, and broader considerations of
equity and responsibilities for sustained ES management.

To date, different aspects of interregional connections have
been addressed in largely isolated scientific disciplines. For
instance, land system science is studying telecoupling, the complex
interrelations between distant coupled socio-ecological systems
(Friis et al., 2015; Liu et al., 2013) and displacement of land use
(Bruckner et al., 2015; Lambin and Meyfroidt, 2011) or indirect
land-use change (iLUC, Lapola et al., 2010). In ecological eco-
nomics, a discourse on interregional sustainability (Kissinger and
Rees, 2010; Kissinger et al., 2011) focuses on accounting for bio-
physical flows of natural resources, using ecological footprints
(Weinzettel et al., 2014) or the human appropriation of net pri-
mary production framework (Erb et al., 2009; Haberl et al.,
2009). Further, political ecology is addressing societal effects of
change in land tenure (termed ‘land grabbing’) (Rulli et al.,
2013). In the policy arena, national and international biodiversity
strategies are calling for ecosystem assessments (European
Commission, 2011; UNEP, 2010). However, most ecosystem assess-
ments have ignored or underappreciated interregional ES flows
(Pascual et al., 2017; Schröter et al., 2016). Considerable progress
has been made to prioritize and structure ES research or policy
action, and to support communication about ES among disciplines
and sectors (Potschin-Young et al., 2017). Ever since the Millen-
nium Ecosystem Assessment (MA, 2005), conceptual frameworks
for ES have acknowledged the distinction between ecosystems
and social systems, and the need for a connection between these
subsystems to attain actual benefits of ES. The ES cascade (de
Groot et al., 2010) frames the service itself as this connection and
Villamagna et al. (2013) explicitly mention flows from ecosystems
to beneficiaries. Several studies have acknowledged different
scales in ecosystem service research (Costanza, 2008), and others
have quantified or conceptualized flows from providing to benefit-
ting areas (Bagstad et al., 2013; Serna-Chavez et al., 2014). Yet link-
ages between providing and benefiting areas have mainly been
studied at smaller scales (e.g., García-Nieto et al., 2013; Kroll
et al., 2012) and there is little knowledge on the magnitude, drivers
and effects of interregional ES flows, in particular for regulating
and cultural ES, with a few notable exceptions. For instance,
López-Hoffman et al. (2010) described provisioning, regulating
and cultural ES flows between Mexico and the U.S., and Liu et al.
(2016) analysed the telecoupling of water-related ES across China.
The UK national ecosystem assessment analysed biomass trade
with other world regions and estimated the land requirements in
exporting countries (UK NEA, 2011), while Yu et al. (2013) pro-
vided virtual land flow analyses for traded crops and timber indi-
cating flows of provisioning services.

Our objective is to synthesise knowledge from various fields to
better understand, analyse and support governance of complex
interregional ES flows towards interregional sustainability. We
develop a framework of interregional ES flows and a typology of
four general flow types to guide future ES assessments by building
on the concepts of telecoupling (Liu et al., 2013; Liu et al., 2015),
also referred to as societal teleconnections (Moser and Hart,
2015) and interregional sustainability (Kissinger and Rees, 2010;
Kissinger et al., 2011). We illustrate our framework with four case
studies on (a) trade of a provisioning service, coffee, produced
under certified schemes in Colombia; (b) flow of cultural and food
provision services through migration of the northern pintail duck
(Anas acuta) between Canada and the U.S.; (c) regulating services
through flood protection along the Danube River; and (d) cultural
services derived from information flows of the existence of the
giant panda (Ailuropoda melanoleuca) (Box 1). We then address
the linkages between interregional ES flows and sustainability.
We conclude with the identification of key knowledge gaps that
would enable improved consideration of interregional ES flows in
science and policy.



Gulf Coast areas of Texas and Louisiana in the U.S. to their
summer breeding sites in the Prairie Pothole region (northern
Great Plains), Alaska, and Canada (Mattsson et al., 2012). In
fall, they return to wintering sites and the cycle repeats. The
distribution of suitable northern pintail habitat in the land-
scape is determined by the availability of foraging areas.

Photo: USFWS

(c) Passive biophysical flow: Flood protection as regulating
service along the Danube River

The Danube River Basin is the second largest river basin
in Europe, and the most international worldwide, connect-
ing 19 countries along its course. The occurrence of flood
events, triggered by upstream precipitation and exacerbated
by effects of manmade alteration of river morphology and
land use, has had dramatic impacts on the countries located
along the basin, exposing their social, cultural, and eco-
nomic capital to increased risks (Petrow and Merz, 2009).
In response, upstream and downstream countries in the
Danube watershed have adopted the Danube Flood Risk
Management Plan (DFRM) that facilitates transboundary
flood risk management collaboration (under the Interna-
tional Commission for the Protection of the Danube River,
ICPDR). Additionally, the European Union’s Water Frame-
work and Flood Directive fosters cooperation, prescribing a
river basin approach to European countries to protect and
enhance aquatic ecosystems.

Photo: Michael Clarke

(d) Information flow: Cultural services provided by giant
pandas

Giant pandas (Ailuropoda melanoleuca) are a globally
known iconic species, a national treasure of China, and
beloved by people around the world. The current distribution
of wild pandas is limited to three provinces in China, and the
Chinese government has established 67 nature reserves to
conserve the panda. As one of the largest and first reserves,

Wolong Nature Reserve is increasingly well-known nationally
and internationally due to news outlets such as The New York
Times and BBC, publication of books and articles, and visitors
from around the world. For example, there were a total of 806
articles containing the term ‘‘Wolong Nature Reserve” in the
international news media in English between 1980 and 2012
(Liu et al., 2015). Information flows from Wolong and their
pandas have also generated many feedbacks, such as attract-
ing financing for panda conservation projects, e.g., by the
World Wildlife Fund (WWF), or donations for disaster relief
after the 2008 Wenchuan earthquake that affected Wolong
people and panda habitat.

Photo: Kurt Stepnitz, Michigan State University.
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2. Conceptual framework

ES flows are spatial movements of ecosystem-derived material,
energy and information between a sending and a receiving socio-
ecological system (see Table 1 for definitions). Here, we focus on
ES flows between socio-ecological systems from different regions.
Our framework encompasses three types of socio-ecological sys-
tems (receiving, sending and external systems, the latter also
referred to as ‘‘spillover systems” (Liu et al., 2013)), the ES flows
between these systems, and their facilitation through interregional
coproduction flows (Fig. 1). Each system has drivers and impacts of
sending and receiving an ES. Flows of ES can also contain coproduc-
tion factors (anthropogenic inputs being used to produce an ES)
and embedded ES. In the following sections, we synthesise the cur-
rent understanding of the components of the framework.

2.1. Interregional ecosystem service flows

ES flow from where they are produced to where they are actu-
ally received by beneficiaries (Villamagna et al., 2013). ES flow
within a system, between sending and receiving systems in close
vicinity (e.g., the line of sight when aesthetically enjoying a land-
scape), or interregionally from sending systems at long distances
to receiving systems (see Supplementary Material). Our conceptual
framework is focused on the latter type of flow, although by prin-
ciple it could be applied at any scale. Interregional flows are
defined as flows between countries, or large (world) regions. We
define a typology of interregional ES flows (Fig. 2).

Biophysical flows of traded goods, derived from provisioning
services in one region, are distributed via trade on global markets
(Kastner et al., 2011). Examples are movements of food (see Box 1),
fibre, biomass for energy use, medicinal, ornamental, and genetic
resources. For this flow type, a carrier actively (intentionally)



Table 1
Definitions.

ES sending system The region of origin of ES that flow interregionally
ES receiving system The region where final ES benefits are enjoyed, by the actual use, consumption or environmental risk reduction provided by the

interregional ES flow
External system (spillover

system)
A system other than sending and receiving systems that is affected by or which affects flows

Interregional ES flows Flows of material, energy and information between a sending and a receiving system. There are no hard-and-fast thresholds for defining
interregional flows. Such flows occur over large distances between landscapes, regions, countries and world regions. Regions can be
defined based on political or biogeographic boundaries

Coproduction Comprises all forms of human interaction with the natural world (i.e., institutions, social norms and networks, infrastructure) that enable
ES provision by means of different forms of capital (e.g., physical resources, labour or technology and knowledge)

Interregional coproduction Comprises all forms of human input to provision of an ES across regions
Embedded ES All ES that directly underlie the production of an interregionally flowing ES in the sending system (e.g., pollination for coffee production).

This notion includes supporting services but also final services that are directly contributing to other ES
Drivers Include socio-cultural, economic and environmental factors within a system that trigger changes in interregional ES flows
Impacts Positive or negative consequences of interregional ES flows on sending and receiving systems

Fig. 1. Conceptual framework for interregional flows of ecosystem services between an ecosystem service sending and receiving system.
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transports an ES from A to B using manmade capital such as infras-
tructure or technology. These carriers include humans, roads and
railroads, shipping routes, aviation routes, and other commercial
networks (Bagstad et al., 2013).

Flows mediated by species through migration and dispersal com-
prise various services. Mobile ES providers link sending and receiv-
ing systems (López-Hoffman et al., 2017; Semmens et al., 2011).
Some take part in regulating processes, others are enjoyed by peo-
ple (see Box 1), or are harvested. Examples are fish harvested as
they migrate (Semmens et al., 2011), pollination, pest control,
and seed dispersal through bats (López-Hoffman et al., 2010;
Semmens et al., 2011) or pollination through hummingbirds
(Semmens et al., 2011), and aesthetic enjoyment of the monarch
butterfly (Danaus plexippus) (López-Hoffman et al., 2010), Kirt-
land’s warbler (Setophaga kirtlandii), and leatherback sea turtles
(Dermochelys coriacea) (Hulina et al., 2017). For this flow type, a
carrier moves between two systems using its own energy.

Passive biophysical flows occur through biotic and abiotic pro-
cesses such as river, oceanic and atmospheric currents. This type
includes both the provision of beneficial flows and the prevention
of detrimental flows (Bagstad et al., 2013). The relative provision of
the flow to human wellbeing is determined by the sending system
that regulates energy and matter potentially causing harm in the
receiving system. An example is provision of clean freshwater
downstream. The prevention of detrimental flows may benefit dis-
tant receiving systems through, e.g., reduced flood risk, prevented
erosion and hazards, increased carbon storage, or the retention of
water (see Box 1). Passive biophysical flows are mediated by the
biotic components of ecosystems without active human interfer-
ence. The magnitude of a flow of matter and energy is changed
as a result of an ES delivered in the sending system, which can
act as a sink, a source, or a transformer of matter or energy
(Bagstad et al., 2013).

Information flows entail information transport from a sending to
a receiving system where this information is received by a benefi-
ciary through cognition. They comprise flows of immaterial ES typ-
ically related to knowledge, artistic, or spiritual benefits, e.g., the
benefits of knowing about the existence of certain species, of gain-
ing artistic inspiration, or spiritual wellbeing from distant natural
characteristics, such as certain species (Box 1) or landscapes. For



Fig. 2. Conceptual diagram illustrating four types of interregional ecosystem service flows and transport mechanisms. A represents the sending system, B the receiving
system.
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this flow type, a carrier actively transports an ES from A to B using
manmade capital, such as communication channels, including dif-
ferent media (newspaper, magazines, TV documentaries, internet,
social media, and books).

2.2. Telecoupled systems

The ES sending system is the origin of interregional ES flows.
This is in line with the concept of ‘provisioning areas’ (Serna-
Chavez et al., 2014). The sending system is defined as ‘‘origins,
sources, or donors” from which ‘‘flows of material, energy, or infor-
mation move outward” (Liu et al., 2013, p.4). Defining the spatial
extent of the system depends on the ES considered and the origin
and flow of the embedded ES (Hamann et al., 2015; Martín-López
et al., 2017). System boundaries might be drawn where ties within
a system that contribute to the existence of an ES are stronger than
ties to elements outside the system. Governance systems might
define systems, e.g., by administrative boundaries, but service-
providing regions can also be transboundary (e.g., watersheds of
large rivers). Examples for sending systems are breeding sites of
pintails in the Arctic and Prairie Pothole regions of the U.S. and
Canada, systems surrounding and including the coffee plantations
in Colombia (one or all), upstream floodplains and ecosystems in
the Danube River watershed, and panda habitat in theWolong Nat-
ure Reserve.

The ES receiving system is defined as the area where final ES
benefits are enjoyed, by the actual use, consumption or risk reduc-
tion provided by the interregional ES flow. This term is in line with
‘benefiting areas’ (Serna-Chavez et al., 2014). Receiving systems are
‘‘destinations or recipients” that receive flows of material, energy
or information from sending systems (Liu et al., 2013). ES receiving
systems can be spatially delineated by the characteristics of ES
benefit capture. For example, climate regulation benefits flow glob-
ally, so the receiving systems are distributed globally. Flood regu-
lation, on the other hand, depends on the location of the risk-
exposed population (the receiving system) in relation to upstream
floodplains. Examples of receiving systems are the systems around
sites where pintails are valued for recreational or subsistence use,
coffee-consuming countries that import Colombian coffee (Rueda
and Lambin, 2013), downstream land in flood-prone areas of the
Danube watershed that benefits from upstream flood protection.
For the panda case, receiving systems include places where media
(articles, books, news, television, and radio programs) about the
Wolong reserve are published.

External systems are systems other than sending and receiving
systems that are affected by or which affect flows (Liu et al., 2016).
These could be areas with mediators for trade, areas affected by
indirect land use change due to ES provisioning decisions, or areas
that mitigate the flow of a detrimental matter or energy carrier
between sending and receiving systems (i.e., floodplains located
between upstream areas and downstream beneficiaries in the
Danube or other watersheds).
2.3. Interregional coproduction

ES are coproduced within socio-ecological systems by the com-
bination of different natural, human, social, manufactured, and
financial capital (Díaz et al., 2015; Palomo et al., 2016). Human
capital comprises people’s knowledge and education; social capital
includes formal and informal networks, rules and norms; manufac-
tured capital comprises tools, machines, infrastructure or build-
ings; and financial capital includes investments and payments.
Interregional coproduction of ES involves interregional capital
flows that can include infrastructure, investment transfers, interre-
gional governance systems, or knowledge transfers through infor-
mation networks. Table 2 illustrates how interregional transfer of
different capitals can contribute to the production of interregional
ES flows.

Depending on the context, interregional capital flows are some-
times necessary to facilitate a particular ES, e.g. through manmade
carriers (Fig. 2). These capital flows can comprise feedbacks from
the receiving system back to the sending system in return for ES
flows. This includes financial flows across regions, e.g., donations
raised for certain species or payments for ES such as for flood
regulation.



Table 2
Interregional coproduction types for the four types of interregional ecosystem service flows.

Interregional coproduction

Type of interregional ES flow Coproduction type/capital type
(Palomo et al., 2016)

Explanation/case study example

Physical flows of traded goods (case: certified coffee from
Colombia)

Investment transfer/Financial capital Financial capital from other countries to Colombia
Interregional governance system/
Social capital

International trade agreements
Certification and fair trade schemes

Information networks/Human capital Social media and internet foster the promotion of organic and fair
trade coffee

Infrastructure/Manufactured capital Transport of coffee
Biophysical flows through species migration and

dispersal (case: northern pintail)
Investment transfer/Financial capital Revenues from duck stamps (hunting license fees in U.S.) fund

wetland conservation and restoration in other countries
Interregional governance system/
Social capital

Embedded in a conservation scheme between U.S. and Canada

Knowledge transfer/Human capital Wildlife biologists and agencies from both countries working
together

Passive biophysical flows through processes in air, water
and soil/prevention of detrimental flows (case: flood
protection in Danube watershed)

Investment transfer/Financial capital Economic incentives foster transboundary cooperation
Interregional governance system/
Social capital

The International Commission for the Protection of the Danube
River (ICPDR) addresses transboundary problems and structures
common activities including ecosystem restoration and flood
mitigation measures

Knowledge transfer/Human capital ICPDR coordinates projects that respond to various environmental
threats in the Danube basin

Infrastructure/Manufactured capital Infrastructure to make room for the river, monitoring network
Information flows (case: giant panda) Investment transfer/Financial capital The Chinese government and international organizations have

provided substantial financial and technical support for panda
conservation

Interregional governance/Social
capital

The International Union for Conservation of Nature (IUCN) listed
and delisted giant pandas as an endangered species

Knowledge transfer/Human capital Experts in China and other countries collaborate in panda research
and disseminate their findings

Information transfer/Human capital
or social capital

Social media and internet foster the appreciation and knowledge of
giant panda
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The coffee certification scheme is a form of interregional capital
flow that regulates the flow of certified coffee to consumers
(Hughell and Newsom, 2013). It involves additional costs in the
certification process (e.g., auditing, training, and investment costs)
and higher coffee prices (Rueda and Lambin, 2013). Revenues from
the sale of Migratory Bird Hunting and Conservation Stamps for the
northern pintails (i.e., ‘‘duck stamps”) in the U.S. finance wetland
conservation and restoration in both the U.S. and Canada. Further-
more, hunting license fees paid in the U.S. enable waterfowl habi-
tat conservation in Canada. This financial setup is embedded in a
formal conservation arrangement established between the U.S.
and Canada (i.e., social capital). All countries located along the flow
route of the Danube River depend on sound upstream land use and
flood management, an example of an interregional governance sys-
tem (social capital). To protect both up- and downstream commu-
nities from flooding, measures are taken through spatial planning,
such as by building natural water retention areas or afforesting and
revegetating areas prone to erosion. An example for human capital
flows is news media coverage on pandas in the Wolong reserve.

2.4. Embedded ecosystem services and coproduction

Many ES that flow from the sending to the receiving system
depend on the provision of multiple ES. ES that directly underlie
or are bundled with the production of an interregionally flowing
ES are called here ‘‘embedded ES.” Pollination, for example, plays
an essential role for many internationally traded agricultural prod-
ucts (Klein et al., 2007). Making the contributions of embedded ser-
vices visible can be beneficial for ecosystem management. Most ES
are ultimately sustained by complex networks of interdependent
ecosystem processes, and setting system boundaries for determin-
ing what portion of these constitute embedded ES will be
challenging.
Fig. 3 illustrates embedded ES for two hypothetical coffee pro-
duction systems—intensive and environmentally friendly produc-
tion. Intensive sun coffee cultivation can produce high yields
with high levels of external inputs, but also substantial environ-
mental impacts, such as habitat loss, reduced soil nutrients and
reduced erosion regulation. Likewise, embedded ES are low, as
sun coffee farms provide less biodiversity to support pollination
and pest control, and show greater risk of erosion and downstream
water pollution. Production in shade coffee systems typically has
reduced environmental impacts through reduced erosion and
nutrient runoff, and greater biodiversity (Jha et al., 2014; Rueda
and Lambin, 2013). Shade coffee production benefits from greater
amounts of embedded ES provided through nutrient cycling or ero-
sion prevention (i.e., greater soil protection and reduced need for
chemical fertilizers). However, coffee yield may be lower for envi-
ronmentally friendly cultivation (Seufert et al., 2012) on a per area
basis, which, in turn, could displace pressure to other ecosystems
through crop expansion in the sending system or to other distant
places.

Coproduction in the sending system comprises all forms of
human interaction with the natural world that enable ES provision
by means of physical resources, energy or labour (Palomo et al.,
2016) and are embedded in interregional ES flows. Examples are
technological inputs to coffee production, land management to
maintain pintail breeding habitats, land management of Danube
floodplains, and infrastructure and social norms that support
panda conservation.

2.5. Drivers

In the sending system, physical flows of traded goods are initi-
ated by political, social or market forces (drivers or causes) that
foster ES provision by affecting resource and land-use manage-



Fig. 3. Concept of embedded ecosystem services, impacts, and the role of interregional coproduction, illustrated for two hypothetical coffee production systems: (A) intensive
management with greater technological inputs, and (B) cultivation through certification with greater levels of embedded ecosystem services. The sizes of the ecosystem
services symbols in green represent their contribution to production relative to technological inputs shown in grey. Impacts are expressed as losses of ecosystem services
(indicated with the ‘no-symbol’ in red) and their size represent the magnitude of these losses. Symbols were adopted from TEEB (2010).
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ment. Expected economic gains drive trade flows, e.g., the produc-
tion and sale of certified coffee. Passive physical flows, such as
flood regulation, can also be influenced by social and political pro-
cesses including regulations, planning laws, land tenure patterns,
and social norms in sending systems. Physical flows through spe-
cies migration are driven by environmental factors such as
resource or habitat availability, itself determined by climatic con-
ditions and land use, and animal behaviour that drives migration.
For the pintail case, changing habitat, climate, and human recre-
ation preferences are critical drivers of change in the sending sys-
tem. Pintails are particularly vulnerable to climate change-induced
habitat loss in their key breeding area, the Prairie Pothole region
(Podruzny et al., 2002; Withey and Van Kooten, 2013). Another
concern is a change in demand for pintails’ recreation services,
which drives funding for conservation in the sending system. Num-
bers of waterfowl hunters in the U.S. have declined in recent dec-
ades, leading to decreased revenue for waterfowl habitat
conservation (Secretariat of the Convention on Migratory Species,
2004). Information flows can be driven by an internal motivation
of the sending system to share knowledge and raise awareness
for topics of interest in the sending systems. Examples of drivers
in the panda case are multiple and diverse. First, as an emblem
of China, the panda plays an important role in diplomacy, and fur-
ther attracts the attention of media, general public and govern-
ment officials. Second, as a flagship national nature reserve,
Wolong has received national and international financial and tech-
nical assistance (Chen et al., 2012). Third, when pandas from
Wolong are sent to zoos in other countries, there is large interna-
tional media coverage.

In receiving systems, drivers both influence and respond to
changes in ES demand. ES demands include the consumption and
use of ES, and preferences for ES attributes responding to socio-
economic development and associated changes in human needs
and lifestyles (Wolff et al., 2015). Examples are changes in the soci-
etal perceptions, preferences or interest of ES, such as changes in
preferences for hunting and viewing pintail, changes in global
demand for coffee, and risk exposure and perception of inhabitants
in flood-prone areas (Armas� and Avram, 2009). Cultural affinity
with the charismatic panda drives the flows of information about
pandas from Wolong Nature Reserve. Many people in developed
countries are concerned about threatened and charismatic species,
especially the panda as a global conservation icon, which leads to a
large amount of research on pandas in Wolong and inspires people
to learn more about them.

ES demand cannot always be met by ecosystems of the receiv-
ing system. If ES are undersupplied relative to demand, ecosys-
tems can be managed to increase supply, ES can be imported
from another region, or demand may remain unfulfilled. Whether
unmet demand will be covered ultimately depends on the scale
of the ES flow mechanism, the degree of unmet demand, the
availability of (manmade or natural) substitutes, price elasticities
and trade-offs with other ES demands in the region. High
demand for local ES can reduce land available for other ES. This
is often reflected in planning laws, conservation targets or regu-
lations that may prohibit ES exploitation in the ES-receiving sys-
tem. On the other hand, interregional ES flows can be fostered by
government incentives or ‘ES markets’ (e.g., Reducing Emissions
from Deforestation and Forest Degradation, REDD+) for ES that
are demanded, yet not locally provided (e.g., carbon,
pollination-dependent crops). Taking these drivers into account,
different stakeholders mediate ES flows between ES sending
and receiving systems, through means such as power relation-
ships (Felipe-Lucia et al., 2015).

Changes in ES flows may also be indirectly driven by socio-
cultural, economic or environmental factors from external systems.
Coffee production is a good example: given the interdependence
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and networking in coffee markets, independent choices by produc-
ers can influence global economic and environmental teleconnec-
tions (Eakin et al., 2009). For instance, during the 1990s,
decreasing world market prices for coffee fuelled an increasing dif-
ferentiation of the global coffee market. Due to various climatic
and institutional factors, Colombia was predisposed to deliver sus-
tainable and high-quality Arabica coffee, and as a result, exports of
certified coffee have increased (Rueda and Lambin, 2013). Outside
market forces and shifting corporate strategies were important fac-
tors driving the increasing flows between coffee-producing regions
of Colombia and consumer markets abroad.

2.6. Impacts

Consequences (or effects) of interregional ES flows can be pos-
itive or negative. In sending systems, the ecological and social con-
sequences for sending ES elsewhere are closely related to impacts
of land management or extraction, as discussed above. Some areas,
for instance, might need protection in order to sustain their (inter-
regional) flows (e.g., for carbon sequestration). Decisions about
habitat conservation or changes in hunting demand affect direct
or indirect costs. For instance, the distribution of pintail abundance
and habitat can be altered, leading to a decrease in service provi-
sion, or protection of the Danube watershed’s provision of flood
protection might lead to reduced agricultural productivity, but also
to the enhancement of biodiversity and the provision of other ES
such as improved water quality (ICPDR, 2015).

Impacts also include the distribution of benefits among differ-
ent stakeholder groups. Change in land tenure is a potential impact
in the sending system that favours certain groups over others. Land
and water grabbing (Rulli et al., 2013) or ’ocean grabbing’ (Bennett
et al., 2015) are discussed in this context. Benefits can also arise
from telecoupled ES production. For example, smallholder produc-
ers that have joined Colombian certification schemes were found
to enjoy improved working conditions, access to health care and
education, and more equal allocation of resources, while more sus-
tainable production practices contributed to gains in tree cover,
water quality, and biodiversity (Hughell and Newsom, 2013;
Rueda and Lambin, 2013; Rueda et al., 2015). In the panda sending
system, local people are hired to assist in scientific research and
media reporting, producing benefits for these communities.

Impacts in the receiving system are increases of human wellbe-
ing through the actual use of the ES. Coffee consumers enjoy the
coffee, hunters and bird watchers benefit from the presence of
the pintail, and downstream regions in the Danube watershed save
money on artificial flood protection (e.g., for building dykes). Infor-
mation about pandas in Wolong helps increase awareness among
the general public regarding the plight of the threatened giant
panda. Overarching impacts of interregional flows in the receiving
system are the degree of system interconnections and a depen-
dency on ES from ecosystems elsewhere.

In external systems, positive and negative consequences of
interregional ES flows occur as well. Choices of where and how
ES are supplied can drive land-use change. Numerous stakeholders
along the coffee supply chain including cooperatives, local traders,
and roasters that distribute coffee to coffee shops, supermarkets,
hotels, restaurants, and cafeterias benefit from the certification
scheme through increased economic revenues, as so called spil-
lover systems (Hughell and Newsom, 2013). Indirect land use
and land cover change effects may occur if agricultural production
is displaced due to regulation or trade of commodities within a
neighbouring region. Flood risk management can affect other ES,
leading to positive impacts outside the river basin. Information
flows on species such as the giant panda, might increase awareness
on conservation needs, from which other wildlife species in other
parts of the world might also benefit.
3. Sustainability of interregional flows of ecosystem services

An increased understanding of interregional ES flows could
inform decision making that better supports sustainability. For
instance, information on interregional flows can raise awareness
of the dependence of a receiving system on other countries’ ecosys-
tems, making cross-border ecosystem impacts visible and trans-
parent. We use a definition of sustainability as an ideal state in
which justice exists in relation to ES use within ecological limits
and over the long term (Schröter et al., 2017). Interregional ES
flows add complexity to sustainability assessments, as different
regions are involved, encompassing different systems including
concerned stakeholders (often having different norms, values,
and economic and political interests). Interregional dependencies
can arise, in which the sustainability of one system depends on
the sustainability of systems elsewhere (Kissinger and Rees,
2010). For instance, if a country aims to govern towards sustain-
ability (e.g., reforestation Meyfroidt et al., 2010), it needs to simul-
taneously consider consequences for other regions (e.g., increased
dependence on agricultural or forestry imports from elsewhere
that might be connected to deforestation or degradation). Princi-
ples or strategies can support efforts to reach sustainability goals
or evaluate whether ES appropriation is sustainable (Schröter
et al., 2017). We outline five such principles in relation to interre-
gional ES flows below.

First, equitable intragenerational distribution plays an important
role in achieving sustainable ES flows between systems. Distribu-
tion relates to the benefits derived from ecosystems, the opportu-
nity costs of conservation ensuring sustained ES provision, and
costs of ES that have been impacted or lost through degradation
or land-use change. Benefits derived from ES include income from
exporting cash crops and increases in wellbeing from consump-
tion. A fair distribution of opportunity costs of conservation comes
into play when one country compensates another to protect land
that sustains ES like carbon sequestration or ES provided by pintail
ducks. Further, equity would entail fair compensation for people in
sending regions related to the costs of ES that they are deprived of
due to land-use change (Boerema et al., 2016). ES valuation can be
an important tool for highlighting value and designing policy
instruments to maintain critical international ES flows. However,
due to spatial discounting (respondents typically placing a greater
value on locally produced ES) and the income-constrained nature
of willingness-to-pay approaches (Dallimer et al., 2015), scientists
and practitioners should be aware of the potential to undervalue ES
in developing nations and undercompensate these regions, which
raises equity concerns.

Second, fair procedures and recognition for people in sending,
receiving, and external systems are a prerequisite to attaining sus-
tainable interregional ES flows. This comprises ensuring fair proce-
dures in interregional capital flows, such as payments for ES
(Pascual et al., 2014). Power relations between actors that under-
pin governance mechanisms for ES management and access are
crucial to consider in this respect (Berbés-Blázquez et al., 2016).

Third, efficiency may contribute to sustainability by allocating
resources to minimize waste in production, reducing negative
externalities. In the receiving system, this would also imply
improving transparency of the impacts of consumer and producer
buying decisions through the supply chain. Interregional ES flows
can increase overall efficiency as many provisioning services are
produced with lower costs in sending systems as compared to local
provision (Schmitz et al., 2012).

Fourth, persistence requires interregional ES flows to be kept
within ecological limits. For instance, natural capital stocks need
to be maintained within a safe operating space, both regionally
and globally and hence leakage, displacement and indirect land
use change need to be considered. Persistence also includes consis-
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tency, which refers to how ES are coproduced, and whether
regrowth and absorption rates match extraction of resources and
input of pollutants. Persistence comprises the protection of panda
habitat sufficient to keep viable populations in order to continue to
provide existence value and opportunities for aesthetic
appreciation.

Finally, sufficiency relates to the question of how much ES
should be transferred via interregional flows in order to satisfy
basic needs and a good quality of life. This relates to preferences
of beneficiaries on ES from other systems, e.g., certified coffee from
Colombia. Sufficiency also asks questions about overconsumption
and its consequences for equitable ES distribution between
regions.
4. Three emerging research frontiers

Three broad research frontiers currently emerge around interre-
gional flows of ES. These include: (1) improved understanding and
analysis of interregional flows with methods and indicators, (2)
information translation for decision-makers at the science-policy
interface, and (3) how governance can address sustainability of
interregional ES flows.

4.1. How can we measure interregional flows for a variety of
ecosystem services?

While there is considerable knowledge on global flows of provi-
sioning services, it is yet unclear how flows can bemeasured partic-
ularly for regulating and cultural services, due to questions of data
availability, methods, and indicators (Meyfroidt et al., 2013;
Schaffartzik et al., 2015). Along with reviewing existing indicators,
newmethods toanalysedriversand impacts for complexcausal rela-
tionships in interregional ES flows need to be developed. This
involves the identification of relevant elements in ES sending and
external systems, of flowpaths, and of beneficiaries in receiving sys-
tems (Wolff et al., 2017). This is particularly challenging for complex
interactions and flow paths or when preferences for ES change over
space, time, and across cultures or different actors. Such information
could be fed into the development of scenarios that predict future
interregional ES flows and their land-use impacts that may result
from changing consumption and trade patterns.

4.2. How can knowledge on interregional ecosystem service flows be
used at the science-policy interface?

Interregional ES flows are currently largely omitted in national
ecosystem assessments in Europe (Schröter et al., 2016), and in
natural capital accounting (European Commission, 2013). Ques-
tions arising in this context are how countries can specifically
adapt methods for national assessments and ecosystem accounting
exercises. For national purposes, such assessments could focus on
questions of system interconnections and dependency on ecosys-
tems of other countries as well as on impacts of these flows in
other regions. While national statistical reporting is advanced on
provisioning ES, similar statistics are missing for regulating and
cultural ES. Future research in this field should investigate what
level of detail is relevant and feasible, given current data availabil-
ity and methodological limitations, and suggest key variables that
should be incorporated in future national reporting schemes. The
question how to assess trends and scenarios must also be
addressed. It is important to develop national indicators or indices
to measure the externalisation of consumption pressures, as a pre-
requisite towards developing policies and management tools to
reach interregional sustainability. The ongoing assessments of
the Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES), in which several of the authors are involved, are
prominently considering the issue of interregional ES flows
(IPBES, 2016, 2017). We hence expect the topic to gain importance
at the science-policy interface in the future.
4.3. How can interregional ecosystem service flows be governed
sustainably?

Management and policy strategies can be informed by scientific
insights on interregional flows. In particular, an analysis of under-
lying (foreign and domestic) policy drivers, interests of specific
actor groups, and trade relations pertaining to a broader range of
ES is needed. Further, assessments on the (current and future)
extent to which interregional ES flowsmight support or undermine
existing conservation and sustainability targets (Aichi biodiversity
targets, Sustainable Development Goals), e.g., how consumption of
ES in one region impairs ES in other places, are required. Extending
national ecosystem accounting (European Commission, 2013) with
interregional ES flows will provide essential information on distant
interrelations between regions. Such information opens a research
avenue on rights and responsibilities across space and between
regions as well as equity and trade-offs between societal groups
involved in interregional ES flows.

We recognise that established governance mechanisms that
address interregional ES flows between regions are still limited.
Nevertheless, some aspects of the interregional dimensions dis-
cussed here can be identified in some established and emerging
governance mechanisms. Countries have long worked together to
reduce cross-boundary pollution. Such efforts include bilateral
and multilateral pollution prevention agreements such as between
the U.S. and Canada to limit acid rain; the China-Russia agreement
to limit pollution of the Amur-Heilong River; and the UN Economic
Commission for Europe Water Convention. In recent years,
acknowledgment of trade-related environmental implications has
advanced the development of trade in sustainability-certified
products. These include forest products that require producers to
adopt improved long-term management strategies and fair trade
invarious agricultural commodities (e.g., coffee) to ensure that an
adequate share of the consumer price goes to the primary produc-
ers. Still, such telecoupled implications for governance should be
further developed. Further governance research could address the
question of the extent to which future conventions that address
transboundary environmental problems can be designed specifi-
cally for interregional ES flows, similar to or amending the Conven-
tion on Environmental Impact Assessment in a Transboundary
Context (Espoo, http://www.unece.org/env/eia/). Governance
options include the development of international conventions,
transfer of technology and knowledge, and collaborative and net-
work governance (Lenschow et al., 2016).

Information on interregional ES flows can be useful to optimise
global ES provision and consumption. Thus, we need to identify
assessment tools to address different environmental and social
impacts, and provide optimisation tools to improve allocation of
ES provision and consumption that allow to depict social, cultural
and economic impacts across spatio-temporal scales and allow for
the development of mitigation strategies for the emerging trade-
offs.
5. Conclusion

Our conceptual framework defines the components of telecou-
pled socio-ecological systems and interregional ES flows. We con-
tend that the idea and structure of the framework, and a stronger
collaboration between disciplines on interregional ES flows can
help to move forward from considering ES provision as a static

http://www.unece.org/env/eia/
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entity at the point of spatial origin to addressing ES as movements
of material, energy and information between systems internation-
ally and globally. This has important implications for enhancing
national and international ecosystem assessments, which so far
have fallen short of including interregional ES flows, and to inform
environmental accounting at a national and international scale,
including ongoing assessments of IPBES, evaluations of Sustainable
Development Goals, and natural capital accounting. With a better
understanding of interregional ES flows, informed management
decisions can foster more intentional and sustained sourcing of
ES in an increasingly telecoupled world. Overall, enhanced under-
standing of interregional ES flows can allow policy to more com-
prehensively assess the effects of international trade, foreign
policy, and bilateral and multilateral agreements. Ultimately, this
understanding can improve individual countries’ capacity to assess
their external impacts and dependencies, and to move towards
strategies for long-term sustainable development.
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