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can more appropriately assess the given information. Thorough 
documentation of a map’s rationale, comprehensive explanations 
of data-gathering procedures, and a clear statement of the map’s 
intent by analysts will allow resource managers to better evaluate 
the model.

The workgroup’s recommendations also call for better represen-
tation of uncertainty, a factor inherent in compiling all risk maps 
because of the vast complexity of ecological systems. In a study 
of risk maps of the nonnative woodwasp (Sirex noctilio), detected 
in the United States and Canada, Koch et al. (2009) explore how 
numeric assumptions that accompany uncertainties can impact 
the reliability of a risk map. Detailed consideration of uncertainty, 
the authors affi  rm, should be standard procedure.

Other methods for improving the eff ectiveness of pest risk maps 
are expanding the availability and accessibility of primary data, 
developing a best-practices guide and tool kit for modeling, 
detailing impacts, increasing international collaboration, incor-
porating climate change data, studying how human and biological 
dimensions interact, and providing training in pest risk modeling 
practice.

Venette et al. (2010) conclude that the quality of available data 
should be considered when analyzing the accuracy of any pest 
risk map. Unfortunately, the function of such a map is often con-
strained by a small set of available data coupled with the urgency 
of implementation. Another major conclusion is that risk maps 
can and should be assembled with greater ambition to include 
meteorological, economic, and historical information to address 
more elements related to invasion risk than just basic geographic 
reach. Perhaps the most potent conclusion is that the develop-
ment of risk maps should be documented in greater detail so that 
resource managers can more aptly and eff ectively analyze their 
relevance and usefulness.
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Enhancing the uses of aerial 
photography in ecological management

A TRADEMARK OF TECHNOLOGY IS THAT IT CHANGES 
quickly, in the blink of an eye—or in this case, in the click of a 
camera’s shutter. Aerial photography has been a staple of land as-
sessment since the 1930s and, with the advent of satellite imagery 
in the 1970s and ongoing advances in digital photo analysis, its 
applications continue to multiply. In a survey of aerial photog-
raphy characteristics, Morgan et al. (2010) describe the specifi c 
uses of applying digital analysis to traditional fi lm photography 
to increase consistency, objectivity, and cost-eff ectiveness for ap-
plications to land management, in contrast to cheaper but often 
coarser satellite imagery.

Well-trained and seasoned interpreters of aerial photography, the 
authors say, are decreasing in number. A picture may be worth a 
thousand words, but without an informed interpreter, the poten-
tial for application of aerial photography to land management is 
all but lost. Enter digital photo analysis, made possible by scan-
ning technology. Traditional aerial fi lm photography may still be 
preferred over newer aerial digital photography because there is 
loss of spatial resolution with the latter. Though digital enhance-
ment can mine a photograph for data sets beyond those available 
by simple visual examination, potential geometric (positional) dis-
placements and radiometric (tonal or color) distortions abound 
in the process of taking and processing aerial photographs. 
Other factors are outside of the processor’s infl uence—such as 
an unfocused lens, inappropriate fl ying height, or unfavorable 
weather conditions—and the quality of a fi lm-based photograph 
ultimately depends on the quality of the camera.

The authors outline how eight primary characteristics of aerial 
photography are used in interpreting ecological features and, 
furthermore, how digital manipulation of aerial fi lm photogra-
phy can improve the accessibility of information. For those not 
trained in aerial photograph assessment, digital manipulation can 
be tantamount to a decoder ring. For instance, tone and color are 
used to identify soil composition and, by digitally manipulating 
the contrast, basic soil coverage images can become a major indi-
cator of drainage rates. Likewise, size, shape, pattern, and shadow 
can be enhanced or manipulated to better identify foliage, and 
landscape use and structure.

Despite the challenges, Morgan et al. (2010) argue in conclu-
sion that ecosystem research and management can be benefi ted 
greatly by using aerial photography to inventory specifi c foliage 
and even compile a history of topographical changes. With digital 
tools, the consistency and accuracy of aerial photography are 
advancing healthily. Traditional manual interpretation, subject to 
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the interpreter’s experience level, can now be improved upon by 
automated analysis programs.

Reference
Morgan, J. L., S. E. Gergel, and N. C. Coops. 2010. Aerial photography: A 

rapidly evolving tool for ecological management. Bioscience 60(1):47–59.

—Jonathan Nawn, Mindi Davis, and Jeff Selleck



Taking it to the trees: A primer on the 
scope and purpose of environmental 
adult education
THOUGH ENVIRONMENTAL ADULT EDUCATION (EAE) IS A 
young fi eld, academically speaking, any examination of the past 
can serve as a guidepost for the future. Starting with its birth as 
a unique fi eld of study in the 1970s and proceeding to its more 
recent coherence as a tool for promoting sustainable living and 
enacting social change, Haugen (2009) documents environmental 
adult education as a movement that is both “growing up” and 
becoming more relevant than ever.

Haugen begins her analysis of the concepts and themes in envi-
ronmental adult education with the fi rst person to call for it: Lars 
Emmelin, now a professor at the Swedish Environmental Impact 
Assessment Centre. In a 1976 paper, Emmelin made a case for 
both formal and informal environmental adult education: work-
shops and seminars that would have as much potential to create 
genuine environmental change as community-oriented activities, 
such as taking a composting class at a local food co-op, participat-
ing in a guided park tour, or attending an environmental protest.

The legitimizing of the EAE movement continued into the 1980s 
with the publication of several more journal articles and case 
studies, fi nally reaching the international stage with the fi rst Earth 
Summit in 1992. Five years later, environmental adult education, 
with its focus on the ethical ramifi cations of stewardship over ba-
sic cause-and-eff ect studies, was recognized by UNESCO (United 
Nations Educational, Scientifi c, and Cultural Organization) as a 
distinct fi eld of practice, which goes beyond the focus placed on 

experiential learning about the environment used in traditional 
environmental education. Environmental adult education is, 
essentially, an ideological agreement between the environmental 
movement and adult education.

As environmentalism became prominent in a global context, EAE 
practitioners were now suited to address the sociopolitical fac-
tors that lead to widespread environmental destruction, a major 
breaking away from the traditional fi eld of environmental educa-
tion, which was “not meeting the needs of adult learners” and 
lacked a holistic view of how humans interact with nature. Thus, 
Haugen notes, “feminism” and other “indigenous, popular, and 
nonformal” education philosophies were used to shore up the 
foundations of environmental adult education in the late 1990s.

Through her historical literature review, Haugen (2009) notes 
that the basis of environmental adult education can be found 
earlier in human history. In ancient societies, communal liv-
ing practices necessitated involvement with and respect for the 
biosphere, whereas today we may engage in responsible environ-
mental behavior only when convenient or out of guilt. That is to 
say, environmentalism cannot simply be taught and learned: it 
must be lived. The author concludes that the constant goal of any 
environmental adult educator is to strengthen learners’ sense of 
ecological responsibility, which perhaps has ebbed or disappeared 
altogether in modern society. Informed of their role, historically 
and ideologically, active environmental adult educators can more 
aptly clarify their goals and more passionately convert learners 
into activists.

In conclusion, environmental adult education is as much about 
the study of root causes of environmental problems as it is a way 
to gain the tools to off set them. Through experiential learning 
processes, a true and lasting appreciation for natural wonders 
is gained and the basic tenets of environmental stewardship are 
communicated, values that are both collective and individual.
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