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Integrated studies of coupled human and natural systems reveal new and complex patterns and
processes not evident when studied by social or natural scientists separately. Synthesis of six case
studies from around the world shows that couplings between human and natural systems vary
across space, time, and organizational units. They also exhibit nonlinear dynamics with thresholds,
reciprocal feedback loops, time lags, resilience, heterogeneity, and surprises. Furthermore, past
couplings have legacy effects on present conditions and future possibilities.

Coupled human and natural systems are in-
tegrated systems in which people interact
with natural components. Although many

studies have examined human-nature interactions
(1–5), the complexity of coupled systems has not
beenwell understood (6, 7). The lack of progress is
largely due to the traditional separation of ecologi-
cal and social sciences (8). Although some scholars
have studied coupled systems as complex adaptive
systems (9, 10), most of the previous work has
been theoretical rather than empirical.

An increasing number of interdisciplinary
programs have been integrating ecological and
social sciences to study coupled human and nat-
ural systems (e.g., social-ecological systems and
human-environment systems). Here, we synthe-
size six case studies to demonstrate the approaches
used and results found (Fig. 1 and table S1).

These studies are on five continents: the Kenyan
Highlands in Africa (Kenya); the Wolong Nature
Reserve for giant pandas in China (Wolong);
Central Puget Sound of Washington (Puget
Sound) and Northern Highland Lake District
of Wisconsin (Wisconsin) in the United States;
an area near Altamira, State of Pará, Brazil
(Altamira); and Kristianstads Vattenrike of Swe-
den (Vattenriket) (Fig. 1). They include urban
(Puget Sound), semi-urban (Vattenriket), and
rural areas (Altamira, Kenya, Wisconsin, and
Wolong), and they are in developed countries
(Puget Sound, Wisconsin, and Vattenriket) and
developing countries (Altamira, Kenya, and
Wolong). These studies are in different ecologi-
cal, socioeconomic, political, demographic, and
cultural settings, and they encompass a variety of
ecosystem services and environmental problems
(table S1).

These studies share four major features. First,
they explicitly address complex interactions and
feedback between human and natural systems.
Unlike traditional ecological research that often
excluded human impacts or social research that
generally ignored ecological effects, these studies
consider both ecological and human components
as well as their connections. Thus, they measure
not only ecological variables (e.g., landscape
patterns, wildlife habitat, and biodiversity) and
human variables (e.g., socioeconomic processes,
social networks, agents, and structures of multi-
level governance) (11), but also variables that
link natural and human components (e.g., fuel-
wood collection and use of ecosystem services).
Second, each study team is interdisciplinary, en-
gaging both ecological and social scientists
around common questions. Third, these studies
integrate various tools and techniques from eco-
logical and social sciences as well as other dis-
ciplines such as remote sensing and geographic
information sciences for data collection, manage-
ment, analysis, modeling, and integration (11–15)
(table S1). Fourth, they are simultaneously context-
specific and longitudinal over periods of time

long enough to elucidate temporal dynamics. As
such, these studies have offered unique inter-
disciplinary insights into complexities that cannot
be gained from ecological or social research alone.

Reciprocal Effects and Feedback Loops
In coupled human and natural systems, people
and nature interact reciprocally and form com-
plex feedback loops. For example, local residents
in Wolong use forests as fuelwood for cooking
and heating. As forests near households were de-
pleted due to fuelwood collection (16), local res-
idents had to collect fuelwood from areas far
away (17). Because these forests are bamboo
forests (habitat for the endangered giant panda)
and the bamboo in the forests is the staple food
for the panda, fuelwood collection has led to
substantial deterioration in forests and panda
habitat (16). To prevent further degradation and
restore panda habitat, the Chinese government
began to implement three major conservation
policies several years ago, which help both local
residents and panda habitat. In Kenya, local
residents convert forests into cropland and inten-
sively cultivate land without supplying additional
nutrients, in some cases for more than 100 years.
Soil degradation with the resulting decreases in
crop yields and greater food insecurity hastens
conversion of remaining forests to agriculture.
Similarly, in Altamira, 255,739 hectares (ha) of
forests had been converted into pasture and
cropland as of 2003. As soil quality declines,
fertilizers must be applied, crops are shifted to
those with lower nutrient requirements, or more
forests are converted into cropland (there were
still 136,913 ha of forested area in 2003).

Feedback between human and natural sys-
tems in the agricultural and tourism sectors of
developed countries is in many ways similar to
feedback in developing countries. For example,
local people (76,000 in 2005) in Vattenriket ben-
efit from ecosystem services that are the result of
long-term human management of the agricultural
landscape. In Wisconsin, ecosystem conditions
affect tourism, which is the mainstay of the econ-
omy, but economic development and ecosystem
exploitation from tourism often degrade the qual-
ities that attract tourists.

The ecological and socioeconomic patterns
and processes in urban coupled systems are dif-
ferent from those in rural areas. They are me-
diated by factors such as the urban form, built
infrastructure, and location and consumption pref-
erences of heterogeneous households and busi-
nesses. For example, in Puget Sound, a distinctive
spatial heterogeneity can be observed across an
urban to rural gradient in relation to diverse
development patterns (18). Land-cover changes
influence biophysical processes (e.g., water puri-
fication) and stream biotic integrity (15). Further-
more, changes in land cover due to development
in turn affect land value and real estate markets, as
evidenced by values of real estate having up to a
6.5% premium associated with forest cover (19).
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