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Abstract
The degree of coupling between the social and ecological components of social-ecological systems is seen as fundamental to 
understanding their functioning, interactions and trajectories. Yet, there is limited work about how to empirically understand 
the degree of coupling between social and ecological systems, nor the processes by which the degree of coupling could change 
over time. Here, we introduce a conceptual framework for characterizing trajectories over time of coupling and de-coupling 
in social-ecological river systems. We analyze two conceptual scenarios describing coupling and de-coupling trajectories in 
a social-ecological system and define a series of key concepts for understanding social-ecological system trajectories. We 
tested these coupling and de-coupling trajectories theory by linking these concepts to empirical case examples of two river 
social-ecological systems in the western United States. Finally, we propose a quantitative approach with the potential for 
evaluating the level of social-ecological coupling and de-coupling trajectories in other SES contexts. This paper represents 
an advancing on the identification of specific actions that explain current SES trajectories and immediate actions to reinforce 
or shift the trajectory.

Keywords  Complex adaptive systems · Feedback · Governance · Idaho · Land use trajectory · Social-ecological resilience · 
Vulnerability

Introduction

The science of social-ecological systems (SES), which is 
also variously called human–environment systems (HES) 
and coupled human–nature systems (CHANS) (Wang et al. 
2018), describes a co-evolutionary phenomenon in which 
ecosystem services are the emergent outcomes of complex 
interactions and feedbacks between social and ecological 
components of a system (Berkes and Folke 2000; Liu et al. 
2007a; Reyers and Selomane 2018). While the ecosys-
tem service (ES) framework typically depicts a system in 
which ES flows start from the ecological system and move 
towards social ones (Haines-Young and Potschin 2010), 
SES approaches typically feature back and forth interactions 
between ecological and social processes (Liu et al. 2007b). 
The core axiom of SES science is that human and ecological 
systems are coupled, i.e. they interact and co-evolve over 
time and have substantial impacts upon one another, with 
causality operating in both directions (Fischer-Kowalski and 
Weisz 2016).
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The SES science has had a dramatic influence on inter-
disciplinary sustainability research globally (Entwisle and 
Stern 2005). However, a clear consensus as to what defines 
a “coupled” SES has not been established, and applica-
tions with both theoretical and empirical foundations are 
rare (Chen et al. 2015). Previous SES research has more 
frequently been focused on the theoretical analysis of SES 
frameworks (Pulver et al. 2018), land-use change (e.g., Foley 
et al. 2005; Lambin and Meyfroidt 2011; Meyer and Turner 
II 1994), SES dynamics (e.g., Alessa et al. 2008; Hoole and 
Berkes 2010; Chen et al. 2015; Schmitz et al. 2017), vulner-
ability analysis (Thiault et al. 2018), resilience theory (e.g., 
Fernández-Giménez et al. 2017; Folke 2006; Walker and 
Salt 2006) and SES tipping points (Mathias et al. 2020). 
However, if by definition a SES is a coupled system, is it 
possible for a SES to be de-coupled? Although most studies 
in SES literature widely use the concept of coupled SES, 
there is no agreed definition of what it means to be a coupled 
SES, and as a consequence the conceptualization and defi-
nition of “de-coupled” SES (c.f., Hoole and Berkes 2010) 
remains as a conceptual gap that has constrained empirical 
investigation and applications to decision-making in SES.

Here we introduce a conceptual framework for charac-
terizing SES coupling and de-coupling trajectories through 
time, and apply that framework using a case study of two 
socio-ecological river systems in the western United States. 
Rivers are excellent model systems for examining the con-
cept of coupling in SES dynamics because of the historical 
co-evolution of rivers, including their associated riparian 
zones, wetlands and floodplains, with human societies in 
what some have referred to as “riverscapes” (Dunham et al. 
2018; Hand et al. 2018; Torgersen et al. 2021). Humans 
have significantly altered most river ecosystems worldwide 
because of the dependence on healthy rivers for water, food, 
and other ecosystem services (Postel and Richter 2012; 
Yeakley et al. 2016). At the same time, humans dramatically 
modify river systems through the construction of dams and 
levees to constrain flooding, and channelization to allow the 
movement of water to meet social demands for agriculture, 
energy, navigation or urban development (Benke 1990; Poff 
et al. 2007; Hand et al. 2018). In addition, land-use changes 
in river drainage basins alter river ecosystem functions and 
associated ecosystem services around the world (Döll et al. 
2009; Gunderson et al. 2018). Thus, most river systems on 
earth are human-engineered to meet specific, local societal 
goals, which has led to ecological regime shifts, affecting 
ecosystem services provision and promoting different SES 
outcomes (Yeakley et al. 2016; Dunham et al. 2018).

Using rivers as a model system to increase our under-
standing of the concepts of “coupling” and “de-coupling” 
in SES science, this paper: (1) defines key concepts within 
the SES framework; (2) introduces a conceptual framework 
focused on SES coupling and de-coupling trajectories that 

enables empirical assessment of these concepts; and, (3) 
applies this framework within two river systems in the west-
ern United States, with the goal of describing examples of 
coupling and de-coupling SES trajectories associated with 
different flooding control strategies. Finally, we discuss the 
utility of considering SES coupling and de-coupling trajec-
tories not only to help interpret the past and present of rivers 
and their communities, but also to purposefully guide deci-
sions and behaviors aimed at “re-coupling” or maintaining 
connections in the face of new challenges.

Key concepts of the SES framework

Researchers from various disciplines have used the term 
“coupled SES” for describing any systems in which the 
human and natural components interact. The term “coupled” 
has become very popular to define or frame an analysis in 
recent SES literature, and the explicit investigation of the 
“couplings”, i.e., the reciprocal interactions between linked 
human and natural systems, has become a key feature of 
SES research (Liu et al. 2007a, b). However, the terminol-
ogy lacks a consensual meaning beyond the above general 
definitions.

We explicitly define common terminology used in SES 
science as it pertains to the concepts of coupling (Box 1) 
based on several foundational concepts in the SES litera-
ture. First, coupled SES have more adaptive capacity (sensu 
Folke et al. 2010), and thus are more resilient, than de-
coupled SES. Resilience is defined as a system’s ability to 
persist amidst major disturbance or to adapt to a disturbance 
through a reconfiguration of the system and its interactions 
(Folke et al. 2005, 2010; Walker et al. 2004; Folke 2006). 
Systems that are not resilient are at risk of experiencing a 
regime shift, defined as a critical transition in a system’s 
dynamics from one state to a very different one, typically 
because some process moves the system beyond a tipping 
point (Bauch et al. 2016). Therefore, we define that a SES 
is “coupled” based on its adaptive capacity, and resilience. 
In a coupled SES, humans are more likely to inform, detect 
and respond to changes in time to pro-actively manage the 
ecological system to prevent undesirable regime shifts. In 
a de-coupled SES, information about the linkages between 
the ecological system and the social system are weak or 
non-existent, and thus inadequate to ensure that manage-
ment actions avoid regime shifts. In addition, the term “re-
coupling” has emerged to describe a de-coupled system that 
has recovered interactions between the ecological and social 
systems (Hoole and Berkes 2010), a process that, as we 
understand it, typically requires active intervention (Berkes 
and Folke 2000; Armitage et al. 2007). In this context, we 
understand that “re-coupling” implies that a SES can be 
returned to a precise previous state of the system.
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The definitions above allude to coupling in terms of 
responses of a SES to external factors driving system 
change (e.g., management decisions). However, the impor-
tance of “feedback loops” intrinsic to the SES are also 
well established (Folke et al. 2010; Walker et al. 2004). 
Therefore, to our definitions of coupled and de-coupled, 
we add the concept of feedbacks. In coupled systems, the 
feedbacks between systems (i.e., ecological and social) are 
tightly linked and enable learning and adaptation (Walker 
and Salt 2006; Fernández-Giménez et al. 2017). The loss 
of such tightly-linked interactions between systems lead 
to “de-coupling,” so systems may change independently 
over time (Hoole and Berkes 2010). Feedbacks between 
the two systems exist continuously, however, the infor-
mational flows associated with feedbacks are crucial to 
understanding changes between systems. In this sense, the 
informational flows that reach the local public may occur 
in different directions, or not at all. Therefore, we define 
feedback loops as existing informational flows regarding 
specific anthropogenic inputs such as changes of labor, 
technology, or energy with the capacity of influencing cou-
pling and/or de-coupling trajectories (Rist et al. 2014). 
Feedback loops can inform the amplification or dampen-
ing of a specific change in a particular direction and lead 
either to a coupling or de-coupling trajectory (see Box 1). 
For instance, in the context of management of river and 
agricultural systems, a feedback loop might occur when 
information among different river beneficiaries (e.g., farm-
ers and fisherman) produce sustainable water management 

that satisfies both agriculture and fisheries needs. In this 
case, the informational flow between social and ecological 
systems promotes a well-connected SES by simultaneously 
advocating for good water quality and water needs for agri-
cultural purposes, leading to a coupling SES trajectory. 
Conversely, a feedback loop may occur when information 
occurs only in one direction, for instance, the impact that 
agricultural pesticides have on water quality and aquatic 
biodiversity. In this occasion, the information flow is lim-
ited to one direction whereby local populations use pesti-
cides to control agricultural plagues, but simultaneously 
promote a negative impact on the water quality of the 
river, leading to a de-coupling trajectory.

Finally, we introduce here the definitions of coupling 
and de-coupling trajectories, explicitly acknowledging 
that a SES, at any given time, is developing towards a 
more or less coupled state. We define the “coupling trajec-
tory” as that transition process by which the informational 
feedbacks within the SES lead to more adaptive capacity 
of the SES through time, and thereby to a more coupled 
SES. On the other hand, a “de-coupling trajectory” occurs 
when the informational feedbacks within the SES lead to 
less adaptive capacity, therefore developing toward a more 
de-coupled SES. The main utility of acknowledging and 
investigating coupling and de-coupling trajectories is to: 
(i) identify trajectories that may have led to the current 
coupled or de-coupled state of a SES, (ii) evaluate pos-
sible methods to encourage re-coupling, or (iii) evaluate 
methods to preserve that coupling.

Box 1   Key definitions of the SES framework

Key social-ecological systems concepts

Coupled SES
 A SES where informational feedbacks between the social and ecological systems influence the capacity of the system to adapt to external driv-

ers, such that human communities can pro-actively manage the coupled system to prevent undesirable SES outcomes. A coupled SES leads to 
beneficial SES outcomes (i.e., ecosystem services and human well-being)

De-coupled SES
 A SES where informational feedbacks between the social and ecological systems influence the capacity of the system to avoid adapting to 

external drivers of change, such that human communities cannot proactively manage the system to prevent undesirable SES outcomes. A de-
coupled SES leads to unfavorable SES outcomes

Re-coupled SES
 A de-coupled system that transforms to a coupled system

Feedback loop
 Informational flows regarding specific anthropogenic inputs such as changes of labor, technology, or energy, with the capacity of influencing 

coupling and/or de-coupling trajectories
Coupling trajectory
 Transition process by which the feedbacks within the SES increase the adaptive capacity of the SES through time and thereby lead to a more 

coupled SES
De-coupling trajectory
 Transition process by which the feedbacks within the SES lead to less adaptive capacity of the SES through time and thereby to a more de-

coupled SES
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A conceptual framework focused on SES coupling 
and de‑coupling trajectories that enables empirical 
assessment

While theoretical developments in SES science have 
advanced greatly in recent years (see Chapin et al. 2010; 
Biggs et al. 2012; Holzer et al. 2019), the quantitative inte-
gration of the social and ecological systems has remained 
challenging. There have been some studies considering 
social approaches that have developed an assessment of par-
tial interactions in SES. For instance, Fernández-Giménez 
et al. (2017) recently described how declining herder popu-
lations in Mongolia could signal the approach of a cultural 
tipping point. As pastoralism wanes, so does the culture sur-
rounding herding, leading to the loss of identity and tradi-
tional knowledge. Their analysis linked a social process to a 
previous ecological tipping point, but it did not address the 
concomitant interactions or feedbacks occurring within the 
SES. Similarly, Hoole and Berkes (2010) found that when 
communities in northern Namibia were forcibly ousted from 
their land and became alienated from their traditional ter-
ritories, a de-coupling process occurred driven by pastoral-
ists’ loss of access to a variety of environmental and cultural 
resources, such as reliable water and forage, ancestral graves, 
opportunities to gather field foods and medicinal plants, and 

social memory for traditional rules and community memory. 
Their analysis demonstrated changes that occurred within 
the social system as part of a de-coupling process, but did 
not measure linked changed in the natural system. Building 
on such contributions, it seems important to more explicitly 
assess linked feedbacks and interactions within SES.

Integrative attempts to investigate social and ecologi-
cal systems of SES have arisen from systemic approaches 
(Norberg and Cumming 2008; Ostrom 2009), whereby both 
social and ecological values are considered to assess the rela-
tionships between the two systems (Fig. 1A). For instance, 
Alessa et al. (2008) used spatial analysis approaches to 
define and identify coupled SES as areas where measured 
social and ecological values converge on the landscape 
(e.g., hunting in a coastal Alaska region is concentrated in 
a highly productive forest with a dense moose population). 
Another approach is the use of quantitative models to pre-
dict how different scenarios of social and ecological interac-
tions influence one outcome of interest in the system. For 
example, Schmitz et al. (2017) described how in the Spanish 
Fuerteventura island, processes such as ‘de-agrarianization’ 
and ‘de-ruralization’ transformed a coupled local SES in 
which native inhabitants were linked to the landscape via 
their traditional land-use practices, to a de-coupled system 
based on coastal tourism. Such studies have demonstrated 

Fig. 1   Here we present how the existing SES framework (A) (Resil-
ience Alliance 2007;*** Ostrom 2009) can be adapted to incorpo-
rate the temporal dimension of coupling (B) and de-coupling (C) 
trajectories scenarios over time. In the existing SES framework (A), 
the ecological and social systems are in light green, and are linked 
by the dark green arrows, which represent processes in the social 
system that affect the ecological system (human decisions), and the 
processes in the ecological system that affect the social system (eco-
system services). Feedback loops are a combination of these interac-
tions, as well as the informational flows between the two systems. 
These feedback loops serve as the intrinsic mechanisms which tie the 

two systems together. We argue that the SES shown in A is constantly 
developing, and depending on the strength of the informational flows, 
a SES can develop either to a coupling trajectory (B) or a de-coupling 
trajectory (C). In both scenarios, the SES is influenced by external 
factors (e.g., management decisions). However, in the coupling trajec-
tory the feedbacks serve to more tightly link the systems (as demon-
strated by the purple arrows), which further increases SES adaptive 
capacity. In contrast, in the case of the de-coupling trajectory, the 
same external drivers may influence the system, but the difference is 
that the feedbacks serve to make the systems less tightly linked (indi-
cated by the orange arrows)
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measures of coupling within SES and illustrate how this con-
nectivity may occur. This naturally leads to questions regard-
ing dynamics of coupling associated with trajectories of SES 
change (Locatelli et al. 2017; Santos-Martín et al. 2019). We 
know of no studies that have attempted to explicitly evaluate 
the trajectory (i.e. direction and magnitude) of coupling. In 
part, this may be due to the lack of a common framework 
and a terminology that would allow comparable empirical 
characterization of SES coupling and de-coupling processes.

Here, we present a conceptual framework (Fig. 1) focused 
on river SES that explicitly acknowledges (a) the develop-
ment of SES over time, and (b) the different trajectories that 
may occur with respect to coupling or de-coupling. Fur-
thermore, our framework enables empirical evaluation of 
these trajectories. We start with the existing and commonly 
accepted SES framework (Fig. 1A), and then we present 
two possible scenarios that evolve from the baseline frame-
work: SES coupling (Fig. 1B) and de-coupling (Fig. 1C) 

trajectories. Both trajectories represent the processes by 
which feedbacks within the SES develop and change through 
time leading to specific SES outcomes (either positive or 
negative) and to different levels of adaptive capacity of the 
system. We define the level of SES coupling and de-coupling 
based on the presence and strength of those feedback loops 
active in the system that lead to different degrees of adap-
tive capacity.

Apply the framework to demonstrate the divergent 
trajectories of two river SES

We applied our framework using two social-ecological river 
systems located in the western United States, the Boise and 
Portneuf Rivers placed in Idaho (4,100 square miles and 
1,329 square miles, respectively) (Fig. 2). We selected these 
river systems because are quite similar geographically and 
ecologically, but different decisions about flood control in 

Fig. 2   Map of the two social-ecological river systems: the Boise 
River located in the Treasure Valley on the left, and Portneuf Valley 
and the Portneuf River on the right. The two pairs of images are asso-

ciated with the river systems: A the Green Belt in Boise city, B the 
Boise River within the city of Boise, C and D the channel of the Port-
neuf River in Pocatello
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the past century produced a coupling trajectory in the Boise 
River-City of Boise SES, and a de-coupling trajectory in 
the SES associated with Pocatello and the Portneuf River. 
These two river systems represent an ideal case study to 
develop and apply our hypothesis of the social-ecological 
trajectories. Our analysis is focused on the cities of Boise 
and Pocatello, their communities and the associated rivers 
flowing through them.

We collected data for indicators representing the four 
main components of each social-ecological river system, 
including indicators to assess (Fig. 3): (i) ecological system, 
(ii) social system, (iii) ecosystem services as the processes in 
the ecological system that affect the social system, and (iv) 
governance as the processes in the social system that affect 
the ecological system. The rationale behind the selection of 
the list of indicators was based on previous literature assess-
ing SES components, the availability of data for the same 
indicators for both sites of study and the proper characteriza-
tion of each four main components of each social-ecological 
river system (Supplementary material A).

Data for the ecological system included indicators of 
water quality, river beneficial uses (i.e., ecosystem services 
as delineated under the US Federal Clean Water Act) and 
causes of impairment associated with any loss of these ser-
vices (IDEQ 2017). The social system was characterized 
using socio-demographic variables describing the economic 
capacity, food security, health and freedom, and motivation 
of the local population (US Bureau of Census or the Bureau 
of Economic Analysis 2016). These factors were not chosen 
because we anticipated they were affected by coupling or 
de-coupling or were drivers of river SES coupling or de-
coupling. Rather, we expected them to be useful in interpret-
ing observations, as they have the potential to influence, or 

be influenced by, each community’s relationship with their 
river. To evaluate local perceptions regarding a variety of 
ecosystem services provided in each watershed, we con-
ducted a survey of over 1000 people (Quintas-Soriano et al. 
2018, 2021; Narducci et al. 2019). Responses to some of 
these survey questions also allowed us to assess cultural or 
more precisely, “relational” values (sensu Chan et al. 2016) 
held within each community regarding their river. Finally, 
to characterize the governance component, we conducted 
a historical assessment of the last ~ 100-years of manage-
ment and governance dynamics associated with each river 
SES. We identified specific milestones for each river SES 
and created a timeline to help describe their trajectory. A 
full description of the indicators used in the analyses are 
provided in the supplementary material.

Ecological setting, and initial post‑European settlement 
patterns in the Boise and Portneuf Rivers

Our two case study areas share strong similarities in terms 
of their environmental conditions. Both rivers are character-
ized by a semi-arid climate and flow through large floodplain 
valleys of flat, fertile soils surrounded by less hospitable (to 
humans) sagebrush steppe and rugged mountains. The two 
areas also share similar initial post-European contact set-
tlement patterns (see Fig. 4 for the timeline of settlement, 
population growth, and major management decisions for 
both rivers).

The original inhabitants of the Boise River valley were 
the Shoshone, Bannock, and Paiute tribes, and the city of 
Boise is located on unceded territory of these tribes. It was 
established along the Boise River in the mid-1800s with the 
discovery of gold in the surrounding mountains (MacGregor 

Fig. 3   Indicators compiled for 
characterizing coupled and de-
coupled trajectories in social-
ecological river systems
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1999). Boise became the territorial capital in 1864, and the 
first diversion irrigation ditch was constructed in 1863. Over 
the next several years, small-scale irrigation projects trans-
formed the surrounding sagebrush steppe into agricultural 
lands, and by 1900, the area became an agricultural hub of 
the territory, with 148,000 acres of irrigated land, active 
commerce, and amenities such as electricity, telephone 
service, and railways. Between 1909 and 1915, the con-
struction of a major dam and canal irrigation system (the 
New York Canal and Arrowrock Dam) allowed hundreds 
of thousands more acres to be converted to irrigated agri-
culture (MacGregor 1999; Fig. 4). In the 1950s, industrial 
development proliferated along the Boise River, leading to 
a variety of water quality issues, including severe contami-
nation derived from waste from food processing plants and 
domestic sewage, declining trout populations, silt deposi-
tion, bacterial slimes, algae blooms, and high bacteria levels. 
In 1950, the human population was 34,393.

Similar to Boise, the original inhabitants of the Portneuf 
River valley were the Shoshone and Bannock tribes. Indeed, 
the city of Pocatello itself is located on lands that were part 
of the original reservation of the Shoshone-Bannock Tribes 
but that were subsequently carved out of the reservation by 
an 1888 Act of Congress in response to railroad develop-
ment and associated settler demands for land (Murphy and 
Murphy 1960). The City of Pocatello was founded along 
the Portneuf River in 1892 and became a railroad hub. As 
occurred for the Boise River, by 1912 a small storage res-
ervoir and irrigation diversion canal had been constructed 
along the Portneuf River upstream of Pocatello. Outside of 

Pocatello, the floodplain was converted to irrigated agricul-
ture, while within Pocatello, house lots and streets were laid 
out in a grid parallel to the railroad tracks and the river such 
that undeveloped lands were not reserved for floodplain. 
By the mid-twentieth century, the Portneuf River had been 
straightened in several locations to reduce flooding and to 
make room for development, croplands and grazing impacts 
had increased in the watershed leading to sediment pollu-
tion of the river, and a number of industries that had grown 
along the river contributed point sources of pollution (Link 
and Phoenix 1994). This, combined with non-point sources 
of both urban and agriculture, led to the Portneuf’s char-
acterization as a polluted river by the 1960s (Minshall and 
Andrews 1973). In 1950, the human population was 26,131 
(Fig. 4).

Flood control decisions on the Boise and Portneuf Rivers 
lead to divergent SES trajectories

In the mid-twentieth century, the two case study areas had a 
similar population, land use, and river contamination condi-
tions. However, severe flooding events that occurred in both 
rivers triggered two very different flood control strategies in 
each river, which contributed to divergent SES trajectories.

In the case of the Boise River, the need for flood control 
(along with irrigation and hydroelectricity demands) led to 
two additional massive dams being constructed upstream 
of the city (in 1950 and 1955) (Jaussaud 1994). Whereas 
these dams severed various forms of riverine connectivity 
at the scale of the entire watershed (e.g., passage was lost 

Fig. 4   Storyline and milestones of governance and management decisions in the Boise and Portneuf River
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for fishes such as anadromous salmon and steelhead), within 
the city of Boise a result was that the capacity was retained 
for maintaining or restoring a more natural riparian zone and 
extensive public access along the river (Jaussaud 1994). In 
addition, the river water entering Boise tended to be cold and 
relatively clear, as it was released from the reservoir located 
just upstream of the City.

In contrast, the Portneuf watershed lacked an appropri-
ate site for a large storage reservoir, and decision-makers 
adopted a flood management strategy focused on channeliza-
tion. Following especially destructive floods in the winters 
of 1962 and 1963, the US Corps of Engineers constructed 
extensive levees, which contained the river within a concrete 
channel and blocked river access as it passed through Poc-
atello (Barton 2004). Moreover, the river in Pocatello contin-
ued to reflect the accumulated impacts of upstream irrigation 
withdrawals and agricultural land use, exhibiting very low 
flows in summer and degraded water quality, including high 
sediment and nutrient loads, and high temperatures and low 
oxygen in summer (Marcarelli et al. 2010; Bechtold et al. 
2012; Huang et al. 2019).

SES coupling versus de‑coupling trajectories

Our analyses indicate that informational feedbacks about 
maintaining a riparian zone and continuous public access 
along the Boise River triggered a coupling trajectory. In con-
trast, the informational flows regarding the channelization 
of the Portneuf River acted as a barrier between systems, a 
feedback that strongly influenced the ecological integrity of 
the Portneuf River. This led to a disconnection between the 
river and the people, thereby triggering a de-coupling trajec-
tory. The mechanisms at play here were the types of infor-
mational feedbacks created in each of the two SES (Fig. 1).

In each community, different socio-economic trends (e.g., 
population, employment, and business establishment) have 
emerged as a consequence of divergent SES trajectories. For 
example, if we examine the timeline of major river manage-
ment decisions that took place in each river after the flood 
control measures were implemented (Fig. 4), we see very 
different types of actions that produced different informa-
tional flows between each river systems. In fact, restoring 
the Boise River from its previously contaminated state was 
largely a grass-roots community effort, and the combined 
informational actions of local and federal laws, such as the 
US Clean Water Act. In particular, in 1968, Boise passed 
the Greenbelt Ordinance, which prevented any development 
within 70 feet of the river. Currently, the Greenbelt Trail 
System stretches continuously for 30 miles along with the 
entire city of Boise, and the Greenbelt has been responsible 
for informing other features of cultural and aesthetic values 
such as bike paths, parks, and habitat for wildlife (Jaussaud 
1994; Shallat et al. 2011).

In contrast, in Pocatello placement of the Portneuf River 
in a concrete channel topped with a chain-link fence that pre-
vents public access (Fig. 2C, D) left little space for a “Green-
belt,” and no such ordinance was established. Rather, these 
actions appear to have amplified the informational flows 
regarding the river as polluted and diminished thoughts of 
the river and riverside corridor as amenities to the com-
munity. Indeed, even when efforts began to surface in the 
1990’s and 2000’s to establish a recreational corridor in the 
Portneuf Valley, these occurred piecemeal via the efforts of 
a non-profit “Greenway Foundation,” rather than via an ordi-
nance, and the concrete channel prevented the establishment 
of trails along that section of the river. The different series 
of management actions in the two rivers represent informa-
tional flows which served to tighten (in the case of Boise) 
or weaken (in the case of Portneuf) the linkages between 
systems (Fig. 4).

We argue that the flooding intervention and especially 
the development of the Boise Greenbelt promoted a major 
connection or coupling between the Boise community and 
the river, and the system’s subsequent development on a 
coupled SES trajectory. This coupling trajectory promoted 
positive feedbacks between the social and ecological systems 
that led to positive SES outcomes, i.e., positive impacts on 
the ecological system and human well-being, such as the 
information concerning access to the river that reinforced 
the public awareness regarding the river (Fig. 4). This public 
awareness of the river´s potential contributed to more con-
servation interventions, increasing the community’s connec-
tion with the river, and subsequently reflected in measures 
of local identity, sense of place, and high levels of cultural 
heritage, local knowledge or relational values related to the 
river (Fig. 5). These then manifested in differences in the 
current ecological state of the river, as well as the social con-
ditions. For example, currently, the Boise River sustains six 
times as many beneficial uses (6 of 8) as does the Portneuf 
River (1 of 8), including water for domestic, agricultural 
and industrial uses, and supports a variety of recreational 
activities such as tubing, swimming, and boating (Fig. 5, 
Supplementary material B, Table B1).

In contrast, today, the information about the beneficial 
uses provided by the Portneuf River in Pocatello to the 
local population are significantly limited. We argue that 
the channelization of the Portneuf River disconnected the 
Pocatello community from the river, and the system’s sub-
sequent development toward a de-coupled SES trajectory. 
The channelization promoted feedbacks between the social 
and ecological systems that were detrimental to the SES, 
such as the low information flow from local administration 
to locals that promoted a lack of public knowledge of the 
Portneuf River, leading to low public awareness and values 
attached from the local population (Fig. 5). These feedbacks 
led to detrimental SES outcomes, i.e., negative impacts on 
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the ecological system and human well-being. The nega-
tive ecological impacts include degraded water quality and 
loss of river-riparian habitats. Access to the river was also 
reduced (indeed, the concrete-lined segment within the city 
was encompassed by a chain-link fence; Fig. 2C, D), which, 
along with degraded conditions, may have reinforced a lack 
of public awareness regarding the river. Reduced public 
awareness of the river´s potential contributed to a lack of 
interventions that might have reversed the trajectory, and 
instead the river’s degraded ecological state fed back to per-
petuate the community’s disconnection with the river. This 
is reflected in measures of local identity, sense of place, and 
loss of cultural heritage, local knowledge or relational values 
related to the river (Fig. 5). Outside of the concrete channel 
section, fishing and boating can occur but has been minimal 
in the past several decades, and advisories against swimming 
have been common owing to occasional high levels of bac-
teria. Formally, the only beneficial use currently provided is 
the supply for water for agricultural and industrial uses. The 
variety of causes of river impairments identified (3 times 
more impairments than listed for Boise River) include: high 
temperatures, low flow alteration, physical substrate habitat 
alteration, low dissolved oxygen, high sediment/siltation, 
high bacteria (Escherichia coli), high oil and grease, and 
high nitrogen (IDEQ 2017; Fig. 5; Supplementary material 
B, Table B1).

In terms of the social perception of ecosystem services 
provided by the two river systems, along the Boise River, 
locals perceived and recognized a high variety of services 
provided (Fig. 5, Supplementary material D, Table D1). 
For instance, Boise respondents recognized multiple rec-
reational opportunities provided by the Boise River, includ-
ing the Greenbelt, floating, fly-fishing and kayaking. Locals 
in Boise also considered that the Boise River had meaning 
for them (more than 60% of respondents), such as “symbol 
of life and connection with nature,” and “local identity and 
heart of Boise”, and almost 78% expressed that they liked 
living near the Boise River.

Residents in Pocatello recognized the Portneuf River´s 
benefits as the most vulnerable in the region, and simultane-
ously, water-related regulating ecosystem services as most 
important along the Portneuf River. However, only 34% of 
Pocatello residents considered that the Portneuf River had 
meaning for them. The most frequent meanings described 
for the Portneuf River were “recreational and enjoyment”, 
“natural resources” and “peaceful and spiritual values”. 
However, it appears likely that Pocatello residents that 
responded in this fashion were alluding to connections to 
the river outside of the city, as 20% of respondents indicated 
that they did not like anything about living near the river, 
and most cited lack of water quality, pollution and the chan-
nelization (Supplementary material D, Table D1). Only 58% 

Fig. 5   Summary of some indicators compiled for the (a) Portneuf social-ecological river system, and (b) Boise social-ecological river system. 
See supplementary material for the full list of indicators used
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of Pocatello residents expressed that they liked living near 
the Portneuf River.

We also recorded residents’ participation in community-
oriented activities, as a metric of linkage and identity to 
the city and the river area. The residents of Boise reported 
higher participation in community groups, voting, public 
affairs, and feelings of belonging to community (39% of 
respondents). In the Portneuf, this response was lower only 
24% reported as such. In addition, the data compiled showed 
that in Boise, property values tend to be higher in the areas 
near the river, whereas the opposite was found in Pocatello. 
Additionally, as of 2109 Boise had a population of 236,310 
and is considered one of the most desirable places to live 
in the US (Sharf 2018) due to human well-being metrics 
(Fig. 5). In contrast, some economic and social metrics in the 
Portneuf showed a very different story. Pocatello had higher 
rates of food insecurity, lower levels of health coverage, and 
higher smoking and obesity prevalence compared to Boise. 
Contrary to Boise, in Pocatello the socio-economic indica-
tors of population, employment and business establishment 
have exhibited a negative or stagnant trend (Supplementary 
material C, Table C1).

Discussion and conclusion: the utility of considering 
SES trajectories to aid in “re‑coupling” 
or maintaining coupling of SES

We have presented contrasting case studies of two river sys-
tems that followed different SES trajectories over the last 
century, and demonstrated how those trajectories manifested 
in the current SES state and set the stage for their potential 
futures. Decades ago, the Portneuf River was physically 
disconnected from local residents, initiating a de-coupling 
trajectory. Currently, the river provides limited benefits to 
the community, and many local residents do not recognize 
the river as part of the city, nor do they value the benefits it 
does provide.

Recently, the community has initiated the first steps in 
efforts to “recouple” the Portneuf SES. The Portneuf River 
Vision (2016; see https://​river.​pocat​ello.​us/) represents a 
multi-year effort by a coalition of stakeholders including 
social surveys of the community and ecological studies 
of the river, community dialogue, and planning. The Poc-
atello City Council adopted the Vision in 2017, and are 
currently implementing its first stages of re-connecting the 
Pocatello community to the river through river clean-ups 
and improved public access, including establishment of a 
water trail for boating and floating, and re-design of riverside 
parks to provide access and restore riparian connections. 
Concurrently, various efforts have been underway through-
out the watershed upstream (e.g., riparian area fencing and 
river-floodplain restoration), as well as within the City (e.g., 
stormwater management) with the goal of improving the 

Portneuf’s water quality and overall ecological state. In 
Summer 2019, the new water trail was opened with a coor-
dinated event in which over 1000 people floated down the 
Portneuf River, indicating growing enthusiasm in the Poc-
atello community for the river vision.

Efforts like the Portneuf River Vision represent a poten-
tial positive, re-coupled future for that river SES, but 
whether such a vision can be realized remains to be seen. 
The decisions of the past have created ecological circum-
stances that make it challenging to achieve a re-coupled river 
SES state for the Portneuf River. River ecological restoration 
can be conceptualized as “re-expression of habitat capac-
ity,” but that capacity is constrained by changes that may 
have been wrought and that may not be reversible (Eber-
sole et al. 1997). Extending this concept, the history of a 
river SES may also constrain its potential futures, such that 
key decisions in the histories of river-associated SES, like 
removing most flow in summer for irrigation or channeliz-
ing a river like the Portneuf, may limit the futures that are 
possible. Moreover, a community’s cultural connections to 
a river, or “relational values” (Chan et al. 2016), may also 
influence futures. For instance, if losing contact with the 
Portneuf River in Pocatello has resulted in the loss of river-
centered local identity, cultural heritage or local ecological 
knowledge, these could limit the potential for river SES re-
coupling. Examples from the broader SES literature (e.g., 
Kirsch, 2001; Adger et al. 2013; Fernández-Giménez et al. 
2017) suggest that culture is intertwined with occupational 
and place identity, and with access to, use and stewardship 
of particular resources. If people lose this access (e.g., via 
forced resettlement or environmental disaster), or voluntar-
ily abandon places or livelihoods (e.g., rural–urban migra-
tion), then place- and livelihood-based cultural knowledge 
and identity are diminished. Such changes in SES potential 
capacity may not be reversible. On the other hand, when 
it comes to river SES, the odds of successful re-coupling 
may be improved if restoration of river habitat conditions 
is purposefully linked to efforts aimed at restoration of a 
community’s relational values associated with its river. This 
is an outlook that leaders of the Portneuf River Vision have 
adopted (Hannah Sanger, City of Pocatello, personal com-
munication), and is manifested in their efforts to improve 
access to and appreciation of the river, and by creating net-
works of people brought together by their interest in the river 
and commitment to addressing its challenges.

The Boise River SES is on a coupled trajectory, but it also 
faces challenges in terms of the maintenance of this con-
nected state. Because of flood control management decisions 
made decades ago, the city was able to maintain a more 
natural river channel and riparian zone, which subsequently 
allowed river access and the establishment of the Boise 
Greenbelt. Both play a crucial role in the coupling trajec-
tory that promoted positive feedbacks and positive outcomes 

https://river.pocatello.us/
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for the river ecosystem, the community’s relationships with 
the river, and human well-being. That said, maintaining this 
coupled state is likely to pose its own challenges. The Boise 
region is presently home to Idaho’s largest cities (Boise, 
Nampa, and Meridian; combined population of ~ 400,000), 
and the Boise metropolitan area is one of the fastest growing 
in America, with a 120% population increase between 1990 
and 2015 (Sharf 2018). Commercial and residential devel-
opment is projected to increase water demand 250–350%. 
Rapid urban expansion, coupled with climate change, has 
affected the quality and quantity of water supply, emerging 
as one of the major challenges in the area (Han et al. 2017; 
Quintas-Soriano et al. 2018; Narducci et al. 2019). In the 
face of these changes, maintaining the ecological and aes-
thetic conditions of the Boise River and its Greenbelt that 
have made it such a desirable corridor for recreation and 
various community uses may become more difficult. The 
numbers of people using the river could itself become part 
of the challenge. The number of residents floating the river 
through Boise has increased by ~ 50% in the past two years 
alone. Similarly, the social character of the community is 
also likely to change, and values associated with the river, 
intrinsic or relational, may also be expected to change. For 
example, there have been recent disputes among citizens 
over proposed development of high-rise (and high-cost) 
apartments and parking garages along the Greenbelt, which 
some argue would alter its aesthetic character and displace 
lower-income residents who are deeply connected to the 
area. In any case, the shifting social and ecological backdrop 
for the Boise River and its community will pose challenges 
for maintaining healthy connections between them. To main-
tain a coupled SES, planners and managers associated with 
the Boise River SES will not be able to rely on “business as 
usual,” but will need proactive, purposeful actions that nur-
ture key relationships between the river and the community.

Advancing sustainability science by incorporating coupling 
and de‑coupling trajectories

Our case studies focused on river SES, but more generally, 
the purpose of our conceptual framework is to more effec-
tively address two major sustainability challenges: (1) in 
coupled SES, maintaining linkages between the social and 
ecological systems, and (2) “re-coupling”, i.e., transforming 
a de-coupled system to a coupled system. SES are not only 
shaped by complex interactions between people and nature, 
but also by feedbacks and drivers that can are highly vari-
able in space and over time (Thiault et al. 2018). Our con-
ceptual framework views a SES as occurring on a trajectory 
towards more or less “coupled-ness,” and we demonstrate 
how specific management interventions, over time, can help 
to maintain a SES on a given trajectory or shift it into a dif-
ferent trajectory.

The proposed framework and the novel concepts of SES 
trajectories can help to advance the understanding of SES 
and specifically lead the next steps to advance the current 
state of Sustainability Science. Our proposed framework will 
not only provide the skeleton and frame to advance in the 
science of SES analysis, but it will also allow the specific 
evaluation and characterization of coupling and de-coupling. 
This study advances in the understanding of key concepts in 
sustainability science such as coupling and decoupling by 
providing definitions, but also incorporates a quantitative 
approach for their application in other case studies and mul-
tiple contexts. By incorporating our framework into com-
munity discussions and decision-making, policymakers and 
community leaders may be able to conceptualize the current 
state and trajectory of their SES, identify specific actions 
in the past that led to the current state and trajectory, and 
identify immediate actions to reinforce or shift the trajectory. 
In addition, we demonstrate how widely available quantita-
tive measures can be used as metrics of coupled-ness and 
be quantitative applied by the new equation proposed. For 
our river SES case studies, we identify several quantifiable 
measures relevant to river systems, for the different SES 
components, which serve as “indicators”. Identifying and 
tracking indicators of coupled-ness in any given SES may 
enable decision-makers to better understand the outcomes 
of given management decisions and allow adaptive manage-
ment over time.

Pending tasks for future research of SES trajectories

The main goal of this paper was to present a conceptual 
framework for SES trajectories, using a two-site case study 
comparison approach. We compiled quantitative data at a 
single point in time, to demonstrate what types of data could 
be used as indicators of social and ecological conditions. 
The next logical step is the development of a quantitative 
analytical approach that is linked to our SES conceptual 
framework and with the potential for evaluating the level 
of social-ecological coupling and de-coupling trajectories. 
Here we propose such an approach, one that would require 
time-series data of social and ecological indicators, and ide-
ally, multiple case study sites. Although we did not apply 
it to our case study because of insufficient data, we antici-
pate that the following equation can guide future efforts to 
advance the empirical analysis of SES trajectories.

where D is the percentage of coupling/de-coupling, n and 
m is the total number of ecological and social indicators, 
respectively, cor1∶T represents the correlation from time 1 
to T between ecological indicator ei and social indicator sj.

D =

(
n∑

i=1

m∑

j=1

|||
cor1∶T

(
ei, sj

)|||
∕n ∗ m

)

∗ 100
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The resulting index, D, is a number that ranges from 0 
to 100, and can be interpreted as an indicator of the level 
of coupling and de-coupling. Ecological and social indica-
tors are integrated in absolute values but must be interpreted 
from a qualitative perspective. Values closer to 0 indicate 
a scenario of the weak correlation between the ecologi-
cal and social systems, and values closer to 100 indicate a 
higher correlation between the social and ecological sys-
tems. A coupling or decoupling trajectory is thus defined 
by the strength and direction of correlation between social 
and ecological indicators. However, note that the correlation 
between both indicators should be interpreted in qualitative 
terms depending on the type of informational flows in both 
systems, i.e., indicators that define a good or bad status of 
ecosystem and society. Thus, a coupling trajectory would 
occur in a strong correlation scenario when indicators of 
the ecological systems and the social systems suggest ben-
eficial SES outcomes (i.e., ecosystem services and human 
well-being). An example of this trajectory may occur when 
positive indicators of the health of the river and society are 
positive and strongly correlated. On the contrary, a de-cou-
pling trajectory is defined in a strong correlation scenario 
when indicators of the ecological and the social systems sug-
gest unfavorable SES outcomes (i.e., ecosystem services and 
human well-being). For instance, this trajectory may occur 
when negative indicators of the health of river and society 
are strongly correlated. Finally, a weak correlation between 
ecological and social indicators reflects a transitional trajec-
tory where there is a lack of feedback loops and therefore a 
lack of informational flows between systems. This scenario 
may evolve into coupling and de-coupling trajectories over 
time.
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