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A B S T R A C T

Sparsely settled forests (SSF) are poorly studied, coupled natural and human systems involving rural commu-
nities in forest ecosystems that are neither largely uninhabited wildland nor forests on the edges of urban areas.
We developed and applied a multidisciplinary approach to define, map, and examine changes in the spatial
extent and structure of both the landscapes and human populations of SSF in the United States. We estimated
that the SSF in the contiguous United States, which are home to only 6–7% of the population, account for over
60% of all forested land and over 30% of all land. From 1990 to 2010 SSF declined in area by 16%, changing
little overall but declining markedly in proximity to urban perimeters. A PCA ordination and cluster analysis of
the human and landscape characteristics of SSF areas revealed complex and regionally variable patterns. Very
broadly, SSF in the far northern and western states are less densely settled and more amenity driven, while the
southeastern states north through Pennsylvania and Ohio are more densely settled and more agricultural. The
socioeconomic characteristics of SSF are often quite variable at fine scales, especially in proximity to urban
areas. Our improved multidisciplinary understanding of SSF raises important questions about regional differ-
ences in the dynamics, structure and future socioeconomic trajectories of these forests. To best manage these
landscapes for the sake of both human and natural systems, SSF need to be considered a distinct land classifi-
cation in their own right, not merely perceived as fuzzy boundaries around wild lands or urban areas.

1. Introduction

Over the last century, most North American forests have undergone
major transitions, starting with timber extraction and clearing of wild
forests for farmland, and followed by reforestation of marginal lands
(Morzillo et al., 2015; Ramankutty & Foley, 1999). Significant popula-
tion shifts coincided with these historical dynamics, reflecting changes
in response to economic activity and livelihood opportunities (Kauppi
et al., 2006; Mather, Hill, & Nijnik, 2006; Munroe, van Berkel,

Verburg, & Olson, 2013). Compared to peak populations in forested
landscapes over the last 100 years, current forests are generally sparsely
settled (US Census Bureau, 2014), but in some places resident popula-
tions are increasing due to amenity demands for recreation and tourism
(Drummond & Loveland, 2010; McCarthy, 2006) as well as in-migra-
tion. These ‘sparsely settled forests’ (hereafter SSF) are often in transi-
tion with communities and people struggling to adapt to changing
circumstances without losing their fundamentally rural identity
(Morzillo et al., 2015). Despite the cultural and ecological significance
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of these forested rural landscapes and their vulnerability to internal and
external pressures, both in North America as well as globally (Ellis
et al., 2013), SSF have neither been rigorously defined nor received the
study they deserve.

To date, both in the US and globally, research on changing land use
has focused on discrete and widely accepted land classifications such as
urban, agriculture, wildlands etc. (Ellis et al., 2013; Verburg, Berkel,
Doorn, Eupen, & Heiligenberg, 2009) that do not explicitly consider
population density and often implicitly assume settlement patterns
(Fleishman et al., 2011). Historically, for example, ecologists have
tended to study either remnant wildlands and protected areas with
minimal human presence (Martin, Blossey, & Ellis, 2012) or intensively
managed street trees and parks that represent a relatively small fraction
of the urban landscape (Ahern, 2013). Social scientists seem more
cognizant of the importance of studying the entire gradient of human
settlement (Brown, Johnson, Loveland, & Theobald, 2010; Darling,
2005; Irwin & Bockstael, 2007; Radeloff et al., 2010; Stein et al., 2005),
but often restrict their analyses to specific regions (e.g., Southeast or
Pacific Northwest) or land use systems (e.g., forest or agricultural
lands) missing broader scale processes and interactions.

Recently, however, increasing interest in forested landscapes as
socioecological systems has triggered interdisciplinary efforts ex-
amining situations where issues arise when forests, housing, and human
populations converge. For example, the US Forest Service’s Forests on
the Edge (FOTE) program (Smail, 2010; Stein et al., 2005;
White &Mazza, 2008) and the Wildland-Urban Interface (WUI) re-
search programs (Martinuzzi et al., 2015; Radeloff, Hammer, & Stewart,
2005) investigate development pressure and wildfire risk, highlighting
the spatial patterns of forest risks. Increasing attention also has been
placed on forest as important sources of ecosystem services (Nelson
et al., 2009; Stein et al., 2005). These efforts have improved under-
standing of forests in which people live, but have not fully investigated
the diverse social characteristics and economic conditions that char-
acterize SSF. Even though SSF are situated in the middle ground be-
tween the matrix of lands that constitute urban, suburban and exurban
settlements (hereafter “(ex)urban”) and truly “wholly unsettled, wild
nature” (hereafter wildlands), they have traditionally been classified
simply as rural despite experiencing specific land change dynamics and
population pressures different from traditional land use classes. We
argue that SSF require more specific study and attention given their
unique challenges and the extensive range and the importance of eco-
system services that they provide.

Popular narratives seem to suggest that SSF will ultimately dis-
appear due to urbanization and abandonment of remote areas. News
coverage has, for instance, suggested that “Rural areas dwindle as re-
sidents flock to cities”, often accompanied by notions of economic
downturn and the development of ghost-towns (Halladay, 2001; Shah,
2014). Yet, there have been no systematic investigations of this narra-
tive of collapse. Decennial Census data in fact show that population in
SSF have been relatively stable over time, even in the face of shocks and
collapse of resource bases due to local exhaustion of natural resources
(Morzillo et al., 2015). However, rural areas have also experienced
periods of increasing (e.g. 1970–1975) (Beale, 1977) and decreasing
(e.g. 2010–2014) population (US Census Bureau, 2014), in addition to
periods of temporal variability within SSF. Unfortunately, a national-
scale assessment of population trends in forested rural (SSF) lands, to
the best of our knowledge, is lacking, as is any analysis of the socio-
economic structure of SSF communities. There are good reasons to
advance such studies.

Maintaining SSF is likely to conserve important ecosystem services
that are broadly beneficial. SSF represent historically significant and
aesthetically pleasing landscapes prominent in fine art that for many
are associated with a ‘sense of place’ (e.g. Hudson River School of
painting, works of literature by Faulkner, James Fenimore Cooper, and
Laura Ingalls Wilder) and numerous example of SSF with high cultural
capital are prominent globally (Oteros-Rozas, Martín-López,

Fagerholm, Bieling, & Plieninger, 2017; Pastur, Peri, Lencinas, García-
Llorente, &Martín-López, 2016). This iconic standing has made these
SSF prized for leisure and recreation, as well as, inspiration. Ecologi-
cally, a substantial fraction of ecosystem services consumed in urban
areas are derived from SSF (MA, 2005; Colgan, Hunter,
McGill, &Weiskittel, 2014). Forests also provide fiber, regulate atmo-
spheric systems, and offer invaluable sources of clean water (e.g.
Koeppel, 2001), and SSF are a major resource in the conservation of
forest plant and animal species (Colgan et al., 2014). The cultural and
ecosystem services provided by SSF benefit those who reside in them, as
well as populations who live in urban, suburban and exurban areas.

Moreover, a better understanding the nature of SSF can add insight
into the complementarity of natural and human systems (An & López-
Carr, 2012; Liu et al., 2007). Forest residents depend on ecological
processes to provide resources for extraction including timber and pulp,
and the maintenance of the natural landscape for amenity-based
tourism (Deller, Tsai, Marcouiller, & English, 2001; Wu &Gopinath,
2008). Reciprocally, ecological systems can be enhanced through con-
trol of diseases and pests (Moser et al., 2009) and via management
through fire that improve forest health in some systems (Naveh, 1994).
Examining SSF as coupled systems provides a novel opportunity to
understand the dynamics and structure of forest systems in the broader
context of system resilience and vulnerability.

To advance and encourage the study of SSF, we present a national-
scale assessment of population trends for SSF lands in the contiguous
United States and an initial interregional evaluation of the socio-
economic structure of SSF communities. By evaluating the 1) the extent;
2) the change over time and; 3) the socio-environmental heterogeneity
of SSF, we provide an overview and summary of the future of this
culturally and ecologically important component of the North American
landscape.

2. Material &methods

2.1. Overview

We started our investigation by characterizing, defining and map-
ping SSF. While numerous tangential studies examining forests and
rural areas have partially captured SSF, this is the first study that spe-
cifically addresses the geographical extent of forests where people live
and work. To capture the dynamics of SSF, we analyzed longitudinal
land cover, population and housing unit density across two decades
(Tables 1 and 2: 1990, 2000 and 2010). We also collected com-
plementary socioeconomic variables, obtained for the year 2000, to
evaluate variation in the factors that shape SSF. All data were re-
sampled to 10 km resolution, which has been useful for assessing land
use patterns in the conterminous United States in previous studies (e.g.
Lawler et al., 2014)

2.2. Background

Patterns and trends in SSF reflect changes in human settlement and
local and global economies. The amount of land that can be considered
SSF is determined by migration of people into and out of those land-
scapes and the resulting changes in the ecological conditions.
Maintaining a sparse but stable human population while retaining the
significant forest cover in which these rural communities are embedded
is challenging. On the one hand, in-migration to take advantage of
natural amenities can irrevocably change and destabilize the character
and function of SSF (Morzillo et al., 2015; Van Berkel,
Munroe, & Gallemore, 2014; Verburg et al., 2009). Increased settlement
density near public forest lands (Radeloff et al., 2010; Stein et al., 2005)
and at the edge of urban areas (Miller, 2012; Radeloff et al., 2005) can
disrupt ecological systems. FOTE research predicted that by 2030 ap-
proximately 11% of the privately held forest land in the US will have
been subject to intensive housing development, although with
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