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a b s t r a c t

To reduce dependence on foreign oil reserves, there has been a push in North America to develop
alternative domestic energy resources. Relatively undeveloped renewable energy resources include
biofuels and wind and solar energy, many of which occur predominantly on rangelands. Rangelands are
also key areas for natural gas development from shales and tight sand formations. Accordingly, policies
aimed at greater energy independence are likely to affect the delivery of crucial ecosystem services
provided by rangelands. Assessing and dealing with the biophysical and socio-economic effects of energy
development on rangeland ecosystems require an integrative and systematic approach that is predicated
on a broad understanding of diverse issues related to energy development. In this article, we present a
road map for developing an integrative assessment of energy development on rangelands in North
America. We summarize current knowledge of socio-economic and biophysical aspects of rangeland
based energy development, and we identify knowledge gaps and monitoring indicators to fill these
knowledge gaps.
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1. Introduction

Energy security is essential for sustainable development
because it provides the means for resolving many of the challenges
facing humanity, including water and food shortages and poverty.
Twentieth century agriculture was characterized by abundant, low
cost energy derived from fossil fuels. To reduce dependence on
foreign fossil fuel reserves, there has been a focus on developing
more diverse sources of energy. In the United States of America this
led to the Energy Policy Act of 2005 directing the Department of
Energy to develop an Unconventional Strategic Fuels Program (RFF,
2005).

In North America, many untapped energy resources, including
renewable sources (biofuels, wind and solar) and natural gas re-
sources are associated with rangelands (Fig. 1), which cover much
of the continent west of the 95th meridian (Havstad et al., 2007).
Developing such energy resources will inevitably impact range-
lands and the ecosystem services they provide. Comprehensively
evaluating such effects is hindered by the complex interactions
among biophysical and socio-economic factors that affect the
functionality of ecosystems and the inconsistent use of concepts
and terms by diverse scientific disciplines to describe complex
social-ecological systems (Ostrom, 2009).

The Sustainable Rangeland Roundtable (SRR) developed the
Integrated Social, Economic and Ecological Conceptual (ISEEC)
framework to disentangle the complexity of interactions affecting
the delivery and use of rangeland based ecosystem services (Fox
et al., 2009). This framework provided a useful tool for systemati-
cally identifying interactions that influence the integrity of range-
lands used for biofuels production and the indicators used to
compare the effects of developing renewable energy and natural
gas resources on rangelands (Kreuter et al., 2012).

This article consists of five parts. In the first section we describe
the ISEEC framework in the context of energy development on
rangelands. In the second and third sections we discuss key aspects
of the socio-economic and biophysical subsystems of the ISEEC
framework, respectively, with the latter section focusing on bio-
fuels, wind energy and natural gas. Solar energy is not addressed
because it is being developed almost exclusively in the arid
southwest where rangeland vegetation productivity is low. In the
fourth section, we discuss aspects of energy development on ran-
gelands in Canada and Mexico. In the last section, we identify
knowledge gaps that provide guidance for future research and in-
dicators to comprehensively assess the effects of energy develop-
ment on ecosystems services provided by North American
rangelands.

2. Application of the ISEEC framework for energy
development on rangelands

The ISEEC framework is a tool for systematically exploring
complex interactions among biophysical and socio-economic ele-
ments of rangeland ecosystems. The state of the system is catego-
rized by its biophysical condition and natural capital and its socio-
economic capital and human condition, while biophysical pro-
cesses determine the ability of rangelands to deliver ecosystem
services and socio-economic processes create the context in which
ecosystem services are used (Fig. 2). These processes act on the
biophysical and socio-economic states at time t0 to produce
different states at a time t1. Interactions occur through delivery and
utilization of extractable goods, in situ delivery and use of services,
and external effects of human activities.

Expanding detail within the framework enables us to focus on
key linkages pertaining to development of alternative energy

Fig. 1. Three energy options derived from rangelands near Abilene, Texas (Photo provided by R. James Ansley).
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