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Mission Statement for
Environmental Practice
Aims and Scope
Environmental Practice is the ofﬁcial journal of the National
Association of Environmental Professionals (NAEP). The
central purpose of Environmental Practice is to provide an
open forum to NAEP members and other concerned
individuals for the discussion and analysis of signiﬁcant
environmental issues. Research Articles and Environmental
Reviews and Case Studies appearing in Environmental
Practice are peer reviewed and aim for the highest standards
of professional quality.
Environmental Practice is a source for continuing professional renewal and development. It aims to serve men and
women at all stages of their careers, from initial training
through mid- and senior-levels. Environmental work is an
exciting, dynamic ﬁeld, and Environmental Practice strives
to match that pace with lively and timely commentary on
the critical issues of the day. Environmental Practice aims to
provide authoritative discussion on issues of wide interest to
the international community of environmental professionals.
Professionals from many different disciplinary backgrounds, working in many different arenas, are faced with

developing imaginative approaches for the practical
resolution of a wide variety of environmental problems.
Environmental Practice provides a comprehensive outlet
for the publication of such interdisciplinary ﬁndings.
This publication actively seeks breadth of viewpoint and
method because it holds that solutions to environmental
problems are often to be found in understanding the
linkages among issues previously considered separate.
Periodically, Environmental Practice will devote its pages
to selected topics of special concern to a signiﬁcant segment
of the readership.
Priority for publication is given to articles that offer
insightful views on the importance and interpretation of
results from an interdisciplinary perspective. Reports of
ﬁndings should go beyond a laboratory analysis, a ﬁeld
experiment, a philosophical discussion, or a theoretical
modeling, for example, and discuss the implications of the
ﬁndings for public policy or professional practice. Environmental Practice seeks especially to publish studies that link
data and ﬁndings in science and technology with issues of
public policy, health, environmental quality, law, political
economy, management, and the appropriate standards for
expertise. Many publications achieve excellence through
tightly focused specialization, but in contrast Environmental
Practice seeks its accomplishments through the promotion of
excellent research and writing on the common interests
among different kinds of specialists.

Join the Dialog
The central purpose of Environmental Practice is to provide a forum for the discussion and analysis of signiﬁcant
environmental topics. An important part of this discussion is the “Letters to the Editor” section that appears in
occasional issues of Environmental Practice.
The editors welcome your comments and insights on articles appearing in this or other issues of the journal.

PRESIDENT ’S MESSAGE

Landmarks, Soils, Streams,
Regulations, and NEPA
Harold Draper
In Wyoming’s Teton Wilderness, a unit
of the National Wilderness Preservation
System administered by the Forest Service,
North Two Ocean Creek rises on the
Continental Divide and ﬂows south to a
large meadow. There, at a place called
Parting of the Waters, the stream splits. To
the east, the stream is appropriately called
Atlantic Creek. Atlantic Creek is a tributary
to the Yellowstone River and eventually the
Missouri River, the Mississippi River, and
the Gulf of Mexico. To the west, the
watercourse is Paciﬁc Creek. This stream
is a tributary to the Snake River, which in
turn is a tributary to the Columbia River
and the Paciﬁc Ocean. Although there are
probably other places on watershed divides
where this phenomenon occurs, it is not
common, and the site is unique enough to
earn the designation of National Natural
Landmark. The site is not well labeled
if you do not have a detailed map. If you
wish to ﬁnd it with map software, the
approximately coordinates are 44˚3’ N and
110˚10’ W.
The National Natural Landmark system is
designed to represent the nation’s geologic
and biological history and to strengthen
the public’s appreciation of our natural
heritage (NPS, 2014a). Although little
known, the program has been around since
the 1960s and includes both public and
privately owned sites. The designation
occurs with landowner concurrence. There
are about 600 sites.
Environmental practitioners may perhaps
be a little more familiar with a similar effort
on historic sites, designated national
historic landmarks. There are about 2,500
historic landmarks, which are designated
because they possess exceptional value or
quality in illustrating or interpreting the
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heritage of the United States (NPS, 2014b).
An example of a National Historic Landmark in the same area that I recently had the
opportunity to visit is the Jackson Lake
Lodge complex, with its spectacular twostory picture window in the lobby overlooking the Grand Tetons near where Paciﬁc
Creek enters the Snake River. The lodge,
built in 1955, was deemed of such national
signiﬁcance that it was designated a historic
landmark before reaching 50 years of age,
which is the usual threshold for consideration of a historic property under the
National Historic Preservation Act (NHPA).
The rustic architecture makes it a distinctive
national park lodge, in the same way that
older lodges, such as Old Faithful Inn, are
characteristic of the national park system.
According to the landmark nomination
(NPS, 2003), “Jackson Lake Lodge fulﬁlled
the vision of John D. Rockefeller, Jr. who had
hoped the design and operation of the
modern lodge would serve as ‘a pilot project’
for future National Park Service facilities.”
Rockefeller was responsible for acquiring
land in Jackson Hole and donated it to
create Grand Teton National Park in 1950.
Incredibly, the creation of Grand Teton
National Park, with all of its conservation
and economic beneﬁts (such as being a
tourism gold mine) to the state, was
controversial—similar to the creation of
many parks today. The nomination continues, “the lodge garnered immediate and
national coverage in contemporary design
periodicals and generated discussion amongst
federal planners and architects. The association of Rockefeller and his architect, Gilbert
Stanley Underwood, with Jackson Lake
Lodge legitimized the future adoption of
modern architecture within the National
Park system.” From the grand lobby, I could
see a moose grazing in the wetlands below
between the lodge and the Grand Tetons. It
is hard not to be awed by the setting and the
vision of those who created Jackson Lake
Lodge and Grand Teton Park.

clarify the extent of the waters of the
United States under the Clean Water Act
(CWA). A new rule proposed in 2014,
responding to recent court decisions that
attempt to limit the jurisdiction of the
CWA, attempts to clarify which streams
and wetlands are protected under Section
404. The rule encompasses tributaries and
adjacent waters, such as in riparian areas
and ﬂoodplains.

The Greater Yellowstone ecosystem came
to mind as I read about current efforts to

© National Association of Environmental
Professionals 2015

The fact that a creek on the Continental
Divide can be a water of the United States
and jurisdictional under the Clean Water
Act is troubling to those who do not like
environmental regulation. Attempts to
limit the jurisdiction to avoid tributary
streams will no doubt continue. Nevertheless, without including the full tributary
system of the nation’s waters, water pollution will be difﬁcult to regulate (Wood,
2014). An example near the Yellowstone
Ecosystem of what can happen on
upstream tributaries close to the Continental Divide is perhaps illustrated by the
Superfund site of the Clarks Fork, downstream from Butte, Montana, where
mining has introduced persistent pollutants that degrade waterways for 100 miles
downstream.
The National Environmental Policy Act
(NEPA) and the Clean Water Act can be
viewed as contrasting examples of water
policy. NEPA would apply to any federal
action anywhere, including on a stream,
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while to invoke the Clean Water Act, an
action must ﬁrst be jurisdictional. Thus,
the values of a given tributary must be
considered under NEPA, regardless of
whether it is jurisdictional. In contrast,
the Clean Water Act, would provide
scrutiny for nonfederal activities. Both laws
afford the opportunity to examine and
weigh projects near the Continental
Divide, and throughout the country, to
determine if they are in the public interest.
This ability to fully evaluate projects that
can affect waters far downstream is desirable and should not be given up easily.
Environmental protection is often taken
for granted in the United States, partly
because of the success of laws such as
NEPA, NHPA, the Endangered Species Act
(ESA), the Clean Air Act, and the Clean
Water Act. Yes, it is a temporary burden to

some when we step back and look before
we leap, and no law is ever perfect. After
close scrutiny, most projects will go
forward under either NEPA or related
laws. The denial rate is very small, and
many environmental professionals have
not worked on projects that were completely stopped because of the environmental
review process. These laws are successful
not because of the speciﬁcs of whether a
certain action is good or bad, nor even
because they encourage modiﬁcation or
mitigation for project impacts. They are
successful because they encourage consideration of broader values among missionoriented agencies and project proponents.
They are about the type of lifestyle we will
enjoy, the type of community we want to
have, and the type of country we want to
live in. The beneﬁts of NEPA and related
laws far outweigh the costs.

2 Environmental Practice 17 (1) March 2015
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RESEARCH ARTICLE

Remote Sensing and GIS Based
Assessment of Land Degradation
and Implications for Ghana’s
Ecological Zones
F. Mensah, S.K. Adanu, D.K. Adanu
Abstract: Land degradation and desertiﬁcation have become
complex environmental, social, and economic concerns in Ghana
owing to decline in agricultural productivity, loss of biodiversity,
and forced out-migration from degraded lands to cities in search
of jobs or to rural forested communities for farming, resulting in
further deforestation. In an attempt to address these complex
land degradation and desertiﬁcation problems, particularly in the
northern areas of Ghana, land degradation was assessed in six
major ecological zones of Sudan savanna, Guinea savanna, forest
transition, moist semi-deciduous forest, evergreen forest, and
coastal savanna. The objectives of the assessment were to:
(a) analyze current satellite images to document land degradation,
(b) model trends of land degradation, and (c) create a desertiﬁcation hazard map for Ghana. Land degradation was modeled by
using ArcGIS 9.3; satellite image analysis was conducted by using
ERDAS Imagine software. Land degradation indicator data layers

functions and productivity, including forest loss of 30%, and
loss of fertility in more than 20% of cultivated areas [Food and
Agricultural Organization (FAO), 2008]. Land degradation is
deﬁned as a process of human-induced activity that results in
undesirable changes or disturbances to land, resulting in
permanent or temporary decline in the productive capacity of
land and reduction in ecosystem goods and services (Arthur
and Jeannett, 1995; FAO, 2000). Land degradation also
induces losses in the biological and economic productivity
of terrestrial, ecological, biochemical, and hydrological
elements of the earth [Coxhead and Oygard, 2007; United
Nations Convention to Combat Desertiﬁcation (UNCCD),
1996]. Land degradation, as deﬁned, is measured by using
indicators often associated with desertiﬁcation. Desertiﬁcation may have varied meanings to different people, including
degradation of grazing ﬁelds, destruction of vegetation cover,
wind erosion, and change from productive lands to wastelands (Dregne, 1983). The United Nations Conference on
Desertiﬁcation (1977) deﬁnes desertiﬁcation as a process of
reduction or destruction of the biological potential of the
earth. Ghana’s land has been under threat of desertiﬁcation,
particularly in the upper east, upper west, and northern
regions, since the 1960s and 1970s (Kwarteng, 2002).
This work assesses the human drivers and biophysical
causes of land degradation and desertiﬁcation in the
ecological zones of Ghana with a view toward understanding the process and effects of land degradation.
Ghana’s ecological zones are characterized by rainfall,
temperature, vegetation, and soil nutrient conditions.

were soil, vegetation, climate, and land management data. The
Modiﬁed Mediterranean Desertiﬁcation and Land Use Model was
adapted to model desertiﬁcation and land degradation, which
resulted in the production of a land degradation risk map for
Ghana. In addition to the modeling, satellite image based land
cover classiﬁcation results from 2000 to 2008 showed evidence of

Causes of Land Degradation
Land degradation occurs as a result of multiple factors,
including agricultural pressure, livestock production intensity,
urbanization, and extreme weather conditions, such as droughts
[Government of Laos, 1999; World Health Organization

approximately 880.006 sq km of land degradation in Ghana.
Environmental Practice 17: 3–15 (2015)

Introduction

L

and degradation has intensiﬁed in many parts of the
world, with the consequences of decline in ecosystem

doi:10.1017/S1466046614000465
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(WHO), 2012]. Rapid population growth and economic
expansion have contributed to land degradation in China after
long periods of exploitation of land resources (Dong et al., 2013).
In Spain, urban sprawl, not agriculture, is the most active agent
of desertiﬁcation (Barbero-Sierra, Marques, and Ruiz-Perez,
2013). Water scarcity, pollution, disruption of biological cycles,
and loss of biodiversity are further biophysical causes of land
degradation [United Nations Conference on Environment and
Development (UNCED), 1992].

Evidence of Land Degradation
Evidence of land degradation is documented by using myriad
methods, such as questionnaires and focus group discussions,
to determine opinions on land degradation. Cameras are
also used to photograph degraded lands. More recently, the
application of satellite and airborne remote sensing has
provided sound data displaying evidence of land degradation.
Analysis of high-resolution digital terrain models to assess
potential soil erosion risks in the valley and lower mountain
areas of Switzerland show that 43% of such areas are potentially
high risk areas likely to suffer soil erosion (Prasuhn et al., 2013).
Jara-Rojas et al. (2013) concluded that 80% of the world’s
agricultural lands show signs of moderate soil erosion. In
Africa, degradation has been documented in countries such
as Burkina Faso, Senegal; densely populated highlands in
Rwanda, Burundi, Kenya, Morocco, Tunisia; and transition
zones in West Africa (Scherr and Yadav, 1995). Soil
degradation in Spekboom, South Africa, is characterized
by a reduction in soil inﬁltration, leading to minimal soil
moisture and increased water runoff, associated with
increased erosion as thickets are lost to domestic herbivores.
(Luijk et al., 2013). For example, in Ghana, environmental
and socio-economic appraisal of the Kpone savanna agroecological catchment zone in the northern region showed a
land use ratio of 100%, indicating the type of intensive land
use that accelerates loss of soil fertility (Dedzoe et al., 2002).
The application of remote sensing image analysis techniques
to assess vegetation cover, such as those using multispectral
satellite data, has demonstrated the immense potential of
detecting, quantifying, monitoring, and mapping vegetation
changes in the upper east region of Ghana (Owusu, 2009).
Analysis of satellite imagery covering Ho Municipality
showed evidence of forest cover losses of 6,562 hectares from
1975 to 1991 and 2,949 hectares from 1975 to 2001 (Adanu et al.,
2014). Satellite imagery obtained from an advanced very highresolution radiometer covering savanna areas of Africa,
including the upper east, west, and northern regions, showed

4 Environmental Practice 17 (1) March 2015

that these regions have the highest occurrence of vegetation
ﬁres because such land surfaces in these regions are exposed
to degradation (Kugbe and Henmi, 2009). A participatory
geographic information system (GIS) and remote sensing
study in Bolgatanga and Talensi-Nabdam districts in northern Ghana further revealed that the environment used to have
healthy vegetation in the 1990s, but became severely degraded
by 600 sq km in 2004, resulting in declines in commercial
food crop production (Agyeman, 2007).

Effects of Land Degradation
Land degradation has affected 1,900 million hectares of land
worldwide; in Africa, it is estimated that 500 million
hectares of land have suffered from soil degradation
[United Nations Environment Programme (UNEP), 1999].
Land degradation in developing countries has social and
economic consequences for people who depend upon such
lands for their livelihoods (Bedunah and Angerer, 2012).
Expanded desertiﬁcation in the central north Kurdufan
state of Sudan has intensiﬁed the decline in opportunities
for rural agriculture, according to Landsat 1987 and 2008
images analyzed to determine the extent of desertiﬁcation in
this part of the country (Dawelbait and Morari, 2012).
Intensive and unsustainable land use, particularly in arid and
semi-arid areas, results in desertiﬁcation and conﬂict situations,
such as that in Sudan (UNEP, 2007). Uncontrolled ﬁres have
also contributed to soil erosion and leaching because bare soil
surfaces become exposed to rain water and wind (Kugbe and
Henmi, 2009). Land degradation has long been recognized in
Ghana as a major environmental problem with adverse
impacts on the livelihood of people in affected areas. During
the 1930s, for example, the colonial administration took
measures to address bush burning and soil erosion by creating
shelter belts to protect the environment, particularly agricultural lands (Abu, 1986). Further efforts were made in 1953 when
the Land Planning Approach Ordinance was promulgated to
address land degradation. In 1983, droughts affected most
livelihoods in Ghana; as a result, the Environmental Protection
Agency of Ghana (EPA) requested assistance from the United
Nations Sudano-Sahelian Ofﬁce (UNSO) to prepare a national
program to combat desertiﬁcation (EPA, 2002). Despite such
efforts, land degradation problems continue to persist; this
study is required to investigate these problems.

Study Area
The study area is located on latitude 5°36’ N and 11°0’0’’ N
and longitude 3°0’0’’ W and 1°0’0’ E, extending over an area

of 239, 460 sq km, which is the entire land area of Ghana.
Ghana is bordered to the west by Cote d’Ivoire, to the south
by the Gulf of Guinea, and to the north by Burkina Faso,
and shares its eastern border with Togo. The map of Africa
(Figure 1) shows the location of Ghana.

with its lowest lands along the coast. A dissected plateau is
located at the south-central part of the country, with
Afadzato Mountain (880 m) as the highest point. The
country is divided into four geographical terrains known as
Low Plains, Ashanti Uplands, Volta Basin, and High Plains.

The physical environment of Ghana is diverse and contains
forests, savanna lands, thickets, urbanized areas, bare lands,
and water bodies. Ghana is generally a low-lying country,

The population of Ghana is estimated at 18,912,079, with a
population growth rate of approximately 2.7% (Ghana
Statistical Service, 2000).

Figure 1. Map of Africa showing the location of Ghana.

Remote Sensing and GIS Based Assessment 5

Methodology
Land degradation in the ecological zones of Ghana was
assessed by adapting a modiﬁed version of the Mediterranean
Desertiﬁcation and Land Use Model (MEDALUS). The
MEDALUS model was originally designed by the European
Commission to study desertiﬁcation problems in Mediterranean Europe, focusing on soil loss through water erosion and
salinization (Farajzadeh and Nik-Egbal, 2007). GIS data used
for the Ghana case study were map layers obtained from the
Soil Research Institute of Ghana comprising soil iron pan,
organic matter, parent material, slope, soil texture, drainage,
and soil depth. The vegetation layer was derived through
classiﬁcation of 1 km spatial resolution normalized difference
vegetation index (NDVI) images for nine years, from 2000 to
2008. Climate data consisted of three data layers of
precipitation, temperature, and evapo-transpiration obtained
from the Meteorological Agency of Ghana. The inﬂuence of
land use on desertiﬁcation was modeled by using scanned
map layers, including agricultural land use and cattle and
human population density data obtained from the Centre for
Remote Sensing and Geographic Information Services at the
University of Ghana. Figure 2 is a diagrammatic representation of the data used for this study. All data layers were
assigned weights of importance relating to the inﬂuence of
respective layers on the causes of desertiﬁcation, as listed in
Table 1. A weight of 3 means the indicator has the greatest
impact, 2 means moderate impact, and 1 means the least
impact on land degradation. Weights are used to establish the
relative importance of multiple predictors for dominance
analysis (Tonidandel et al., 2009). Questionnaire data were
analyzed to determine driving forces of land degradation in all
ecological zones of Ghana, focusing on farmers’ opinions on
the causes and effects of land degradation.

Figure 2. Schematic diagram for the desertiﬁcation hazard model.

∙ Collect Data: Refers to gathering remote sensing data, GIS
vector data, and using structured questionnaires to collect
socio-economic data on the driving forces of land
degradation.
∙ Analyze Data: Refers to modeling remote sensing and GIS
data to determine the nature of land degradation.
∙ Map Hot Spots: Produces the ﬁnal output of the modeling,
a desertiﬁcation hazard map for Ghana.

Conceptual Framework
The conceptual framework applied to the study is adapted
from the Land Degradation Assessment Model (LADA)
produced by Ponce-Hernandez (2002) to globally assess
land degradation (Figure 3). For this study, the framework is
explained in the following.
∙ Deﬁne Area/Scale: Deﬁnes land degradation in ecological
zones of Ghana at national and local community scales.
∙ Select Indicators: Refers to the identiﬁcation of measurable factors of land degradation, which are soil, vegetation, climate, and land management.
∙ Choose Methods/Tools: Allows the user to determine
appropriate methods for investigating land degradation,
such as remote sensing and GIS.
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Results
Biophysical Driving Forces and Effects of Land
Degradation
Results of the desertiﬁcation hazard model (Figure 4) show
risk levels of land degradation in all ecological zones. High
risk areas are mostly in the Sudan and Guinea savanna
ecological zones in the northern, upper east, and upper west
regions of Ghana. Moderate risk areas can be found along
the transition ecological zone in the middle belt of Ghana,
whereas low risk areas are the evergreen forest and moist
semi-deciduous ecological zones. The coastal plain composed of the coastal savanna ecological zone is a high risk

Table 1. Indicators used and weights assigned for data from Ghana
Indicator Type

Data Layers

Soil

Slope (%)

Parent Material

Soil Texture

Fragment Cover (%)

Drainage

Depth (cm)

Organic Matter

Iron Pan (within 50 cm from surface)
Climate

Precipitation (mm)

De Martonne Aridity Coefﬁcient

FAO Aridity Coefﬁcient

Vegetation

Management

Vegetation Cover

Land Use Types

Classes

Extent (% from total)

Assigned Weight

0–4

72.92

1.0

4–16

23.28

2.0

>16

3.80

3.0

Good

38.44

1.0

Moderate

46.51

2.0

Poor

15.05

3.0

Heavy

21.38

1.0

Moderate

34.81

2.0

Light

43.81

3.0

<20

74.67

1.0

20–60

17.10

2.0

>60

8.23

3.0

Well

65.25

1.0

Moderately Well

22.16

2.0

Poor and Excessive

12.59

3.0
1.0

>100 (Deep)

79.15

20–100 (Moderate)

19.29

2.0

<20 (Shallow)

1.56

3.0

>4.3 (High)

24.66

1.0

2.2–4.3 (Moderate)

14.54

2.0

<2.2 (Low)

60.80

3.0

Not Present (NP)

81.36

1.0

Present (P)

18.64

3.0

1,700–2,200

19.00

1.0

1,200–1,700

75.00

2.0

700–1,200

6.00

3.0

17.94–33.53

19.00

1.0

33.53–49.12

88.00

2.0

49.12–64.71

3.00

3.0

0.326–0.76

19.00

1.0

0.76–1.195

88.00

2.0

1.195–1.63

3.00

3.0

Evergreen Forest

18.40

1.0

Moist Semi-Deciduous Forest

12.39

1.0

Secondary Forest

7.75

2.0

Grassland with Scattered Trees

10.80

2.0

Savanna Woodland

27.75

3.0

Savanna Vegetation/Grassland

22.92

3.0

Agricultural

58.30

2.0

Bare Lands

0.08

3.0

Forest

6.92

1.0

Non-Biotic Construction Surfaces

0.77

3.0
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Table 1: (Continued )

Indicator Type

Data Layers

Cattle Density (cattle km−2)

Population Density (person km−2)

Classes

Extent (% from total)

Assigned Weight

Savanna

23.98

2.0

Shrub Thicket

1.15

1.0

Unclassiﬁed

5.48

Restricted

Water Bodies

3.14

Restricted

Wetlands

0.16

1.0

0–15

88.73

1.0

15–30

8.89

2.0

30–45

1.12

2.0

>45

1.27

3.0

<130

88.81

1.0

130–400

10.06

2.0

400–1,200

0.96

3.0

>1,200

0.19

3.0

area, particularly the Accra Plains, which is anomalously
dry for most of the year.

light-textured loamy soils in the evergreen forest and moist
semi-deciduous ecological zones. Assessment of soil organic
matter shows that 60.80% of the country has less than 2.2% of
organic matter; thus, these soils are degraded. This is in view
of the fact that soil organic matter inﬂuences both the
chemical and physical properties of soils, including soil color,
texture, cation absorption capacity, nutrient availability, and
soil inﬁltration. Soils with adequate organic matter, such as in
the evergreen forest and moist semi-deciduous ecological
zones, are less degraded than those in ecological zones with
minimal organic matter in the Guinea and Sudan savanna
ecological zones. Drainage is not a strong contributing factor
to land degradation and desertiﬁcation in Ghana because 66%
of the country’s soil is well drained, compared to only 12.59%
of poorly drained soils. Well-drained soils have concentrations of iron and manganese mottles at depths greater than
100 cm below the earth surface, compared to poorly drained
soils that are characterized by mottles of iron and manganese
concentrated in the upper 30 cm of the soil layer.

Factors contributing to land degradation risks have been
analyzed thematically as biophysical and human-induced
causes of land degradation. Biophysical driving forces of land
degradation and desertiﬁcation are varied. For example, the
topography of an area is an indicator of land degradation
when the angle of slope is more than 16%, as in areas exposed
to soil erosion (Table 1). Soil texture inﬂuences erodibility,
water retention capacity, crusting, and aggregate soil stability
so that areas of sandy soils that have no vegetation cover
(for example, the Guinea and Sudan savanna ecological
zones) manifest enormous soil erosion compared to the

Rainfall variability and high evapo-transpiration, particularly in the Sudan and Guinea savanna ecological zones,
where annual rainfall is approximately 700 mm, are more
degraded than 75% of the country, receiving between 1,700
and 2,200 mm of rainfall per annum. According to UNEP,
an aridity index of 0.2 or less indicates that a place is arid; as
such, the level of evaporation is ﬁve times greater than the
amount of rainfall received. Additionally, an aridity index of
0.5 or higher indicates that the potential evaporation is two
to ﬁve times higher than the precipitation received (UNEP,
1992). In this study, low aridity coefﬁcients of 0.326–0.76 in

Define Area/Scale

Select Indicators

Choose Methods/Tools

Collect Data

Analyze Data

Determine Causes of
Land Degradation

Map Hot Spots

Figure 3. Conceptual framework.
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Figure 4. Desert hazard map of Ghana.
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the Guinea and Sudan savanna ecological zones show
evidence of high evapo-transpiration, resulting in dry soils
that are unsuitable for growing crops for up to six or more
months in a year.
Analysis of the vegetation cover for 2000 (Table 2) and 2008
(Table 3) suggests that the sizes of closed forest, open forest/
secondary regrowth, grassland, and mixture of forest and
grasslands changed negatively in nine years. In 2000
(Figure 5), the closed forest (high rainforest ecological
zone) was 12,607 (sq km) and open forest/secondary forest
regrowth (moist semi-deciduous ecological zone) was
47,695 (sq km). A mix of closed and widely open forests
with woodlands totaled 53,764 (sq km).
In 2008 (Table 3), the closed forest decreased to 11,748
(sq km), open forest/secondary forest regrowth was 37,624
(sq km), and the mix of closed and widely open forest with
woodlands totaled 57,328 (sq km). The most signiﬁcant
change occurred within the Guinea savanna and transitional ecological zones, particularly in the northern parts of
Ghana, where grassland areas increased from approximately 53,000 (sq km) to 79,000 (sq km), representing a
Table 2. Land cover classes in square kilometers (2000)
Land Cover Classes (2000)

Area
(sq km)

Closed Forest

12,607

Open Forest/Secondary Regrowth

47,695

Mixture of Closed Forest/Woodland Patches with
Grass Cover
Mixture of Widely Open Forest/Woodland with
Grass Cover
Grassland with Scattered Trees

20,684

Grassland/Bare Surface/Settlement

53,718

33,080
69,964

Table 3. Land cover classes in square kilometers (2008)
Land Cover Classes (2008)

Area
(sq km)

Closed Forest

11,748

Open Forest/Secondary Regrowth

37,624

Mixture of Closed Forest/Woodland Patches with
Grass Cover
Mixture of Widely Open Forest/Woodland with
Grass Cover
Grassland with Scattered Trees

35,183

Grassland/Bare Surface/Settlement

79,884
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22,145
51,164

26,000 (sq km) increase in nine years (Figure 6). Approximately half (58.30%) of Ghana’s land area is used for
agriculture owing to a high population density of 130
persons per square kilometer, particularly in the Guinea
and Sudan savanna ecological zones [Centre for Remote
Sensing and Geographic Information Systems, (CERSGIS),
2010]. Additionally, 15% of the land is used for animal
grazing, which creates pressure on such lands, resulting in
land degradation because the same parcels of land are used
continuously for many years (CERSGIS, 2010).

Human Driving Forces and Effects of Land
Degradation
The quest to satisfy basic human needs has compelled
farmers to cultivate the land; in the process, they have
negatively impacted the land owing to excess pressure
exerted by farmers, attributed to population pressure,
application of chemical fertilizers, and other cultural
factors. These factors were captured in questionnaires
administered during the ﬁeld study. Human induced
drivers of land degradation are pronounced in the Guinea
and Sudan savanna ecological zones, where soil fertility loss
and soil erosion are common problems. Farmers’ knowledge of land degradation includes the identiﬁcation of
indicator plants. For example, farmers in Bunjai in the
northern region, a Guinea savanna ecological zone, mentioned that the presence on their farmland of Lempetsriga,
an indicator weed, clearly indicates that the soil is severely
degraded and can barely support crop cultivation. In the
transitional ecological zone, for example, Tainso, a known
indicator weed is Rawlings. Population pressure as a cause
of land degradation is more pronounced in Tsyome Sabadu,
a resettlement community established in Kpando District
after construction of the Volta Lake. Each resettlement
quarter was allocated 3 acres of farmland. However,
increases in family sizes since the 1960s have contributed
to the excessive cultivation of land, with the consequence of
very poor crop yields. The growth of indicator weeds and a
special kind of mushroom cause premature decay of cassava
and yam on farms, an indication of soil nutrient exhaustion.
Another dimension to land degradation is soil compaction
caused by roaming cattle herded by Fulanis. Fulani cattle
herdsmen are migrant cattle herders from Niger, Mali, and
Burkina Faso, who roam all ecological zones. Farmers
complain of huge numbers of cattle, between 200 and 500,
that destroy crops and compact the soil, making it difﬁcult
to till the land. As the soil becomes compacted, aeration
becomes limited; hence, such lands become unsuitable for
farming, compelling farmers to relocate to the more fertile

Figure 5. Normalized difference vegetation index map from 2000.
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Figure 6. Normalized difference vegetation index map from 2008.
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forest and woodlands. Affected communities are all in the
Volta region within the guinea savanna ecological zone,
including Adaklu Hihekpoe and Dokpoe in the Ho
Municipality; Nkwanta; and Kpasa. Further examples are
Nakpanyile, Bimbila, Zabzugu, Bunjai, Tugu, and Tugu
Yapalse in the northern region (Guinea savanna ecological
zone). In Pigu in the northern region, farmers hold the
opinion that over-grazing of vegetation by cattle resulted in
a shortage of the grass required to roof houses; thus, there is
a competition between humans and cattle for this resource.
In an attempt to cope with impoverished soils, farmers
apply chemical fertilizer to their lands. However, the
farmers believe that this fertilizer application has made the
soils acidic and hard; thus, it is more difﬁcult for farm
implements such as hoes and cutlasses to deeply penetrate
the soil. Soil fertility loss has pushed farmers to move to
alternative income sources as charcoal and fuelwood
production. These income-generating activities unfortunately result in further degradation of savanna woodlands.
Land degradation affects not only farmers but also ﬁshers in
Weisi and Nakong in the upper east region (Sudan savanna
ecological zone), who complain of silting in the Kulpon and
Sisili Rivers, resulting in decreased ﬁsh catches owing to
farming along the river banks. Furthermore, ﬁshers in Nasia
in the northern region complain of reduced ﬁsh catches in
the Black Volta owing to silting, resulting from severe wind
and water erosion during the dry and rainy seasons.
Additionally, Mokoe River in Kasana, upper west region,
is considered heavily polluted with unknown substances; as
such, whenever pregnant cattle drink water from this river,
their fetus is aborted within three months.
Cultural factors are strong causes of extensive degradation
in Weisi in the upper east region (Sudan savanna ecological
zone) because the inhabitants believe the souls of dead
people live in trees; thus, many trees have been cut down
during the past 10 years to eliminate bad spirits from
the area.

Discussion
Identiﬁcation of degraded areas by modeling and satellite
image analysis are initial steps to address land degradation
problems in Ghana. The MEDALUS model adapted for the
study is appropriate in terms of its ﬂexibility; it allows for
modiﬁcation to accommodate indicators of land degradation in Ghana, hence its extensive use in most studies
(Bakhshandehmehr, Soltani, and Sepehr, 2009).

Analyses of indicators of land degradation, such as rock
fragments, have variable effects on runoff and soil erosion
(Poesen and Lavee, 1995). These runoff and sediment losses
are more extensive over stony surfaces with moderate to deep
slopes than on stone free soils (Bunte, Poesen, and Torri,
1993). Common areas prone to erosion/land degradation are
the Guinea savanna, Sudan savanna, and parts of the
transitional ecological zone, such as Bawku and Kintampo.
Indicators of the land degradation process include water
erosion, tillage erosion, soil salinization, water stress, forest
ﬁres, and over-grazing (Kairis et al., 2013).
Climatic factors that have contributed to land degradation
include aridity of the physical environment in the Guinea
and Sudan savanna ecological zones of the northern parts of
Ghana, such as the Zabzugu and Bawku areas, respectively.
In the opinion of Sagoe (2006), climate change has the
potential to decrease root and tuber crop production in the
agro-ecological zones of Ghana, thereby making life
difﬁcult for subsistence farmers. Ecological security threats
investigated in Tibet show 62% moderate to severe
degradation of grass vegetation owing to over-grazing,
coupled with harsh climatic conditions, resulting in water
stress (Jingsheng et al., 2013).
Analyses of remote sensing data indicated a loss of forest
cover from 2000 to 2008 in the evergreen and moist semideciduous ecological zones. The Guinea and Sudan savanna
ecological zones also suffered losses to woody and grassland
vegetation, resulting in bare surfaces, particularly in the Sudan
savanna ecological zone, as conﬁrmed by Owusu (2009).
Land degradation in arid areas is not only limited to
droughts but also to inundation of coastal arid lands, such
as in Egypt, where increases in sea level have caused
intrusions of saline water onto agricultural lands, thus
making farming unproductive except on lands along the
Nile (Darwish et al., 2013).
Changes in the vegetation cover, climate, and soil conditions are attributable, in part, to the nature of land use in
Ghana, such as agricultural practices and animal husbandry; according to the interviewed farmers, these factors
contributed to land degradation in Ghana.

Conclusion
In conclusion, assessment of desertiﬁcation hazards in the
six primary ecological zones reveals that, apart from the
high rainforest and moist semi-deciduous forest, indicators
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of desertiﬁcation can be found in the remaining four
major ecological zones. Any attempt aimed at addressing
land degradation and desertiﬁcation challenges need
to concentrate on the Guinea and Sudan savanna ecological
zones.
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R E S E A RC H A RT I C L E

Healthy Cities Fighting against
Chronic Conditions
Gerson Luis Schwab, Simone Tetu Moysés,
Beatriz Helena Sottile França, Renata Iani
Werneck, Erica Frank, Samuel Jorge Moysés
Urban health is strongly linked to mental illness, being overweight, smoking behaviors, diabetes mellitus, hypertension,
and coronary disease; most of these are chronic diseases/
conditions. Healthy Cities and Cittaslow are urban initiatives
that acknowledge the importance of such societal and
cultural contexts and factors as social determinants of health,
whereas the more commonly considered factors such as
access and use of health care services often have less impact.
Changes in social environment and lifestyle are now major
determinants of risk and disease at all ages. Based on the
principles of Healthy Cities and Cittaslow, this research
aimed to establish comparisons and formulate plausible
hypotheses for the relationship between healthy cities and
chronic diseases/conditions. It is a qualitative observational
and comparative study from a socio-anthropological per-

congestion, and improve mobility and accessibility. These
actions help people to establish relational societies, where
individuals can understand urban space not just as the
duality between house (private) and city (public), but also as
major spheres of social interaction (DaMatta, 1997;
Montero-Souto, 2012).
Healthy Cities is a global movement created and sponsored
by the World Health Organization in 1986 in an effort to
take research from the shelves and put it to work in the
cities. The program engages local communities and
governments in improving a population’s health through a
process of public policies that envisage people, mutually
supported, to achieve their full potential. Healthy Cities
emphasizes the need to address social inequalities that may
negatively affect health, particularly of the most vulnerable
groups, through democratic processes of participatory
governance. The movement, which is more appropriate
for big cities, advocates for health in all policies by generating
momentum in many agendas, such as in economics, urban
development, and regeneration efforts, that address health
promotion and quality of life concerns. This is a counterpoint
to the idea that the city is an entity divorced from its residents,
thought as a result of demographic variables, real estate
interests and other factors of “natural” order, and not as a
scenario that impacts strongly on dwellers’ life and health
(Ashton, 1992; Awofeso, 2003; Hancock, 1993, 2000; Kegler,
Twiss, and Look, 2000; Magnani, 2002; WHO, 2013).

spective carried out in ﬁve cities. Improved capacity of local
communities to identify and address problems could be the
best outcome from Healthy Cities and Cittaslow. The capacity
to change urban environments and social habits to ones that

The same idea of social responsiveness to a city’s
development generated, in 1999, a new movement in Italy:
the Rete Internazionale della Città del Buon Vivere—
Cittaslow, endorsed by mayors and by the slow food

promote a healthier lifestyle may help to lessen the impact of
chronic diseases/conditions.
Environmental Practice 17: 16–24 (2015)

H

ealth and safety conditions for people living in cities
have been largely emphasized by health, social, and
environmental sciences. Urban features have an impact
on individuals and communities, and public health policies
can regenerate disadvantaged areas, protect the mixed use
of land modiﬁcation and services, support conservation
and cultural heritage, reduce car dependency and trafﬁc
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movement, trying to preserve local foods, traditionally
prepared and slowly enjoyed. The aim of Cittaslow,
enlarging the philosophy of the slow food movement, is to
slow down the pace of life, valuing a time when humans
were still protagonists in the slow and healthy succession of
seasons, enjoying a quiet living. Cittaslow is an organized
network of small cities attempting to focus urban and
regional plans to promote wellbeing in urban life, in a time
of globalization and rush that has led to homogenous urban
areas, which no longer value local identity (Cittaslow, 2011;
Radstrom, 2011).
Of interest herein is the connection between communityoriented urban living programs and non-communicable
diseases. The improved capacity of people in addressing and
solving urban problems, developing social participation and
resilience, is very useful for people coping with these kinds
of diseases. In fact, it is not programs that work but the
resources they offer to enable their subjects to make them
work. In the last few decades, the health sector has
experienced an increasing burden of non-communicable
diseases, and its global burden continues to grow. This
constitutes one of the major challenges for development in
the 21st century, especially in low- and middle-income
countries. Those diseases are responsible for 63% of all
deaths around the world, with about one-fourth of related
deaths now taking place before the age of 60, with this
burden spreading in epidemic proportions (MonteroSouto, 2012; PAHO, 2011; Pawson, 2001; WHO, 2011).
Non-communicable diseases are mainly caused by distal
social determinants and by four major proximal lifestyle
risk factors: tobacco use, harmful use of alcohol, unhealthy
diet, and insufﬁcient physical activity, which together cause
about half of premature mortality in urbanized and
industrialized countries. Non-communicable diseases are
growing at the fastest rate in low-income countries, and
strained health systems have little time to react to the
complexity of needs created by this burden. These diseases
are also chronic conditions, as well some infectious diseases
(HIV/AIDS, tuberculosis) and life cycles (adolescence,
aging) affecting the quality of life over long periods of time.
In this sense it is essential that a new care model be built
for chronic conditions, with continuous, proactive, and
interrelated work coordinated by primary health care
units. There is evidence, in countries such as Brazil, Canada,
Italy, and Spain, that this model of health care networks
improves chronic conditions’ management, emphasizing
determinants of health, common risk factors, and inequalities
in the social environment (Bloom et al., 2011; Mendes, 2011;
Tasca, 2011).

The chronic conditions “epidemic” has been triggered by
unprecedented demographic, economic, and societal urban
changes. The underlying determinants of chronic conditions are a reﬂection of forces driving social, economic, and
cultural change: globalization, urbanization, population
aging, and the general policy environment. The increased
consumption of diets high in fat, salt, and sugar, even in
low- and middle-income countries, is driven partly by shifts
in demand-side factors, such as increased income and
reduced time to prepare food. Policies by central and local
government on food, media advertising, transport, urban
design, and built environment shape opportunities for
people to make healthy choices (WHO, 2011).
Proponents of Healthy Cities and Cittaslow argue that
health efforts will be thwarted if the pace of modern life is
not revised. For modern humans, time is understood to be a
limited resource, like oil or water. The perceived lack of time
is also a chronic condition, thus without remedy. Based
on the principles of Healthy Cities and Cittaslow and
considering the spread of chronic conditions and disparities
within health systems, this comparative research study
looked for convergences and contrasts among healthy cities
that could improve prevention and management of chronic
conditions. Not only cities’ physical architecture, but also
citizens’ habits and access to health services enable a variety
of behavior which can affect, for good and for bad, people in
chronic conditions, in a wide range of variables, such as
transport, food, work, and exercise.

Method
Difﬁculties of demonstrating positive epidemiological
outcomes from community interventions have been widely
published, and evaluating the relationship between positive
health outcomes and healthy cities is no exception (Baum
et al., 2006; DeLeeuw, 2009, 2012; Ison, 2009; O’Neill and
Simard, 2006; Tsouros, 2009; Whitﬁeld, Machaczek, and
Green, 2012). According to this perspective it is not
“programs” that work; rather it is the underlying reasons
or resources that they offer subjects that generate change.
Most of the classical methods of research, such as
population interviews, are less useful when it comes
to observing the dynamics of local life in the totality
of a human settlement. It is necessary to avoid seeing
the individual as a metaphor of society and better to
observe community and environmental indicators, process
formation and evaluation, identifying and involving key
community leaders, and identify to what extent people
adopt health promotion and prevention as a theme

Healthy Cities Fighting against Chronic Conditions 17

(Durham, 1986; Kegler, Twiss, and Look, 2000; Magnani,
1999; Pawson, 2001).

inﬂuenced by this antecedent (Cardoso, 1986; Schneider and
Schmitt, 1998).

In an effort to uncover the health-related nuances of
Healthy Cities and Cittaslow, a qualitative comparative
study was conducted from a socio-anthropological perspective. The hermeneutics of comparison is assumed to be
understood here as a function of researchers who are
acquainted with registering, describing, and interpreting
unique everyday facts, building chains of signiﬁcation in
each selected city. Meeting with strangers, with whom one
can cultivate a relationship of alterity, allows an understanding of the modus operandi of various symbolic systems
(Cardoso, 1986).

Comparison, while a component of cognitive activity, is
inherent in the process of knowledge construction in social
sciences. Comparative rationale allows us to uncover
irregularities, realize displacements and transformations,
and identify similarities and differences. The researcher must
consider the inconsistencies in a description of a healthy city
in order to understand why the “failed” development did not
produce the expected upheaval among locals, where
conformism and alienation encourage resistance to change
(Cardoso, 1986; Schneider and Schmitt, 1998).

Contemporary social anthropologists are less likely to study
remote jungles or isolated islands, preferring instead to
explore the cultures of modern cities and communities,
trying to solve urban problems that impact the quality and
quantity of life and health. The theoretical approach and
rationale for this research is that healthy cities’ policies
could help people coping with chronic conditions. This
rationale is based on social anthropology, a social science
that tries to understand socio-cultural otherness, expressed
by behaviors, myths, rituals, techniques, and knowledge of
societies (Geertz, 2001; Lévi-Strauss, 2008; Velho and
Kuschnir, 2003).
Anthropological analysis consists of building systems from
a reality that appears at ﬁrst fragmented, whose lesser
meaning arises from the externality of the observer. In order
to understand local realities, researchers must discover and
analyze the fundamental cultural categories by which
people operate and reproduce their society. This approach
involves constant intellectual migrations between the
particular and the speciﬁc, and between the general and
the universal, by a comparison between different societies
(Durham, 1986; Eckert and Rocha, 2008).
Researchers must rethink the notion of determination and
structuring processes to recognize the space of social being.
To reconcile the methodological necessity of the researcher’s critical distance with the everyday life of a human
group, one must avoiding becoming a “native” or transforming the “natives” among us. Since cities cannot be
studied with an experimental method, because they are a
reﬂection of a population impossible to isolate from
outsiders, we used the method of concomitant variations—
that is, the comparative method. This principle is widely
applied in the social sciences, since if a phenomenon varies
in same proportion as one of its antecedents, it may be
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This type of comparison does not imply that certain ways or
communities are better than others. Thus, in a realist
approach, more meaningful juxtapositions are obtained
if we take the program mechanism as the locus of
comparison. In commonsense terms, this means that more
consequential lessons could be learned if we try to test out
the same policy idea by seeing how it responds in diverse
places. Fieldwork is an essential element for learning about
communities without evaluating their successes and
failures. There is thus an imbalance between the capacity
to reveal problems and the power to solve them. When we
judge a group as exclusively governed by their organic or
economic needs, without a rational structure, we do not
realize that they direct the same censorship to us, based on
our strangeness, and that to them their own desires seem
better-balanced than ours (Geertz, 2001; Lévi-Strauss, 2008;
Pawson, 2001).
For this study, data were collected by the same researcher in
Greve in Chianti (Italy), Cowichan Bay (Canada), Antônio
Prado (Brazil), Curitiba (Brazil), and Vancouver (Canada),
not considering metropolitan areas, from August 2012 to
July 2013. The selection of cities was based on their
connection to Healthy Cities and Cittaslow movements.
Greve in Chianti is the birthplace of Cittaslow and
leads European and Italian networks in this movement.
Cowichan Bay is the ﬁrst Cittaslow in North America and
Antônio Prado is the ﬁrst one in Brazil. Curitiba and
Vancouver are (or were, at some point) connected to the
Healthy Cities Movement. All of these cities have a
population and public health system based in primary care
units as a gateway to health care networks. The researcher
observed people pursuing activities of daily urban living,
paying particular attention to health-related traits such as
their weight, and their smoking, walking, and bicycling
habits. As the primary intention was to observe and interact
with the local population, touristic venues were avoided.

In the same observational approach, the physical structures
of these cities were considered, as well as facilities
promoting healthy lifestyles (including physical activity),
that could prevent or manage chronic conditions. All data
observed were annotated in a ﬁeld diary as a bridge between
theory and practice, recording details, information, and
general impressions valuable for later analysis. The ﬁeld
diary helps to recognize activities that appear initially
ordinary but may assume a valuable meaning later on. For
example, quotidian social relationships established between
dwellers may reveal underlying connections that maintain
the social organism.

Cowichan Bay, the ﬁrst Cittaslow in North America, is
located on Vancouver Island, a town about 70 kilometers
(by boat) from the city of Vancouver and 40 kilometers
from the city of Victoria. It contains the smallest population
of all the cities studied, is a Canadian historical heritage
site, and consists of a blend of sailing and ﬁshing boats,
piers, wharves, and ﬂoating homes. Since the early 1900s,
Cowichan Bay has attracted sportsmen from all over the
British Empire for salmon ﬁshing, relaxation, and recreation.
According to the local Chamber of Commerce, it was the
salmon capital of the world, offering ﬁne boating waters, an
annual sailing regatta, and the second-oldest active grass
tennis court in the world (after Wimbledon).

Results

There is a strong sense of community among residents, and
Fisherman’s Wharf, a very picturesque area, is a kind of
inter-community relations hotspot structured for the
common good, mainly focused on the ﬁshing business.
There is a strong presence of First Nations people, who keep
their traditions, still practicing scale ﬁshing. There is also a
high concentration of artists and retirees within the
population.

Greve in Chianti is located 31 kilometers from Florence and
42 from Siena, in the Chianti wine district. Although it was
the birthplace of Cittaslow in 1999, there are not any visible
plates or logos signifying participation in the movement.
Compared to the other cities, there is a high concentration
of elderly and a low concentration of children. An ancient
cuisine, based on ecogastronomic interpretation of the
Mediterranean diet, makes healthy food an immaterial yet
irreplaceable patrimony for Greve. Cultural traditions are
kept for centuries; quite famously, the butcher shop has been
with the same family since 1700, for eight generations. The
owner drives an old truck and quips: “If I take vacations, my
quality of life goes down.” Siesta after lunch is an unofﬁcial
“statute” strictly observed, and there are differentiated
business hours in winter to accommodate shorter days.
Visual appeal, physical engagement, and a sense of security
are key elements to several chronic conditions, and could be
detected in all of the studied cities, in different levels.
Following this trend, Greve maintains clean streets and
speciﬁc places for collecting garbage, and clean public toilets
are strategically distributed. Gymnasiums, places for sports,
and a community pool are open to public for free, and
people of all ages are seen cycling and walking, regardless of
weather, place, or time. There is also an apparent sensation
of security, with constant presence of carabinieri (local
police). Homes are without electric fences or gates, and cars
without alarms are left open while residents go shopping.
The complaints of residents are limited. Some residents
complain about the distance to garbage collectors, but many
people are seen carrying garbage by foot to those
destinations. Many people also complain of public policies,
noting that in summer everything gets worse, with hordes of
tourists invading the region.

Similar to Greve in Chianti, Cowichan Bay values
beautiﬁcation, food, and health. There are narrow and
clean streets, houses without fences or walls, and selective
garbage collection. Cars transit at low speed, in a quiet
integration of modern and traditional life. Although some
consumption of junk food is perceived daily, especially at
lunch, many residents and businesses are subsuming to
slow food principles: the town bakery uses only whole grain
products; farms of organic products such as asparagus,
mushrooms, culinary herbs, and lavender are located in
various neighborhoods; local groceries offer a wide variety
of healthy foods, charging for plastic bags; and residents
produce a growing number of ﬁne local wines. The town
also holds a number of typical gastronomic parties year
round, like the Prawn Festival in May. The nearest hospital
is the regional in Duncan, 10 kilometers away. This is
characteristic of the Canadian public health system, where
basic health units have a high solving capacity, encouraging
health promotion activities.
Antônio Prado, “the most Italian city in Brazil” and ﬁrst
Brazilian Cittaslow, is 179 km from the state capital, Porto
Alegre. The Italian inﬂuence on this city resulted in the
largest and most important urban architectural ensemble of
Italian colonization in Brazil, listed in 1987 by the National
Historical and Artistic Heritage Institute (IPHAN). It
consists of 48 buildings using regional materials and
creative structural solutions, with most of the constructions
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in wooden structure supported by beams and pillars. There
is also rich cultural heritage: the city is one of the largest
national centers of the dialect Talian, or Brazilian Veneto,
still spoken by about 90% of the adult population, and there
is a calendar of traditional festivals, such as the Italian Night
in August and FenaMassa (a pasta festival) in October. This
setting was chosen as a site for “O Quatrilho,” the second
Brazilian nomination to the Oscar for best foreign ﬁlm.
The city government triggered the original Cittaslow
project, with low popular participation. The current
administration is interested in continuing the process and
is in contact with the movement network in Italy. Similar to
the other two cities described thus far, Antônio Prado has
relatively clean streets lined with cobblestones, sidewalks
with large stones, and a concern to maintain historical
heritage. Strong community ties are revealed through death
announcements, aired by speakers in the church, with bells
tolling, giving details of time and place for mourning and
burial. There is little industrialized heating, with wood
stoves and ﬁreplaces still prevailing. Local commerce offers
a wide variety of organic foods. As observed in Greve in
Chianti, many cars were left unlocked. Despite similarities
to the other cities, Antônio Prado contains more negative
signiﬁers of modern life, such as cars driving through town
playing loud music at night, garbage overﬂowing from
collectors, and grafﬁti and vandalism in some locations.
Curitiba is the capital of Paraná state in Brazil. It is a multiethnic city, with a strong immigrant inﬂuence, mostly
European. Like the other cities, transit and physical
movement are key components of city life. The city is going
through a growing verticalization process, but buildings
above six ﬂoors are only allowed in areas near exclusive bus
lanes (Bus Rapid Transit). The Bus Rapid Transit is a worldfamous public transport system, with all buses interconnected by terminals to neighborhoods, and multiple
connections possible with only a single ticket. Despite the
cold and unstable weather, bicycles are used not only as
entertainment but also as a clean and environmentally
correct transport. However, the private use of cars is
increasing rapidly, leading to slow and crowded trafﬁc.
A concern for health and visual appeal are again apparent.
Horticultural products marketed directly from the producer
are lower cost alternatives that promote healthy eating,
although there is a large consumption of processed foods.
Organic foods are generally available though at high costs.
Physical activity is stimulated by the local government,
which offers various outdoor gyms and bike paths crossing
in every direction. Several parks, honoring various
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immigrant groups, such as Germans, Ukrainians, and Poles,
receive massive numbers of residents, especially on weekends.
Curitiba was one of the ﬁrst cities in Brazil to implement
selective garbage collection (“Garbage That Is Not Garbage”
program) in a comprehensive recycling project.
Vancouver is the largest city in the province of British
Columbia, located in the southwest corner of the British
Columbian mainland, close to the US border. With a high
quality of life overall, it has been rated for over a decade
among the “ten best cities to live in the world” despite a high
cost of living. With large areas reserved for parks and
environmental protection, it has a privileged geography,
including the ocean, rivers, lakes, and mountains within city
limits. There is a great concern for preservation of natural
resources, visible in well-preserved woodlands, and the
city is geared to meet the needs of residents, including
disabled ones. There are low levels of violence and trafﬁc
accidents. There is not an ostensive patrolling, and the
index of conﬁdence in the police is high, especially with
the Mounties, a national institution. An excellent and
integrated public transportation system that is punctual,
clean, and efﬁcient connects all areas, including airports and
the entire metropolitan area. The city shows wide and clean
avenues with a non-deﬁned style in the architecture, but
functional and focused on residents’ needs.
Usually it presents low buildings, except in downtown, with
standard ubiquitous glass façades. Garbage is collected
separately and recycled. Healthy eating is stimulated, with
information spread all over the city, even in neighboring
unhealthy food places, although conﬂicting with its high
cost. Alcoholic beverages are sold only in speciﬁc stores and
at high prices. Coherently with the Canadian public health
system, and as observed in Cowichan Bay, several health
promotion activities are encouraged, with great interest in
social policy decisions. Vancouver is also a multi-ethnic
city, where more than half the population does not have
English as their mother language, with a signiﬁcant
proportion of Chinese and Indians.
Table 1 shows socio-demographic characteristics of the ﬁve
cities.

Discussion and Analysis
The socio-anthropological approach in evaluating Healthy
Cities and Cittaslow demands particular attention to local
and alternative explanations to perceived problems. It
embodies the key principle of building initiatives by

Table 1. Socio-demographic characteristics (ofﬁcial municipal data).

Population

GREVE IN CHIANTI

COWICHAN BAY

ANTÔNIO PRADO

CURITIBA

VANCOUVER

14,351

1,401

12,833

1,764,540

603,502

2

Area (km )

169

1.8

348

430.9

114.9

Density (inhab/km2)

84.9

776.2

36.9

4095.0

5252.4

Life Expectancy

79.5

80.3

76.6

74.1

81.1

learning from past successes and failures. It involves no
battles with gatekeepers, no sampling of stakeholders, no
idle control groups, no observation of subjects, no longterm follow-ups, and indeed no programs to run and
maintain. And this is simple and thus remarkably cheap
(Pawson, 2001). When examined within their socio-historic
context, perceived problems or negative traits within a city
might actually be irrelevant to the health and well-being of a
city. Similarly, considering socio-historic context can reveal
nuances of health and well-being. For instance, under the
socio-anthropological approach, garbage in streets of
Antônio Prado may not necessarily equate to a lack of
civility among residents; residents could alternatively be
producing waste in large quantity due to modern consumption patterns. The waste disposal contrasts between
the Brazilian Cittaslow (Antônio Prado) with Cowichan
Bay (Canada) and Greve in Chianti (Italy) could mean that
the latter cities are proactively reducing waste production,
resulting in more organized collection sites. But, certainly,
the interruption of the process in Antônio Prado shows
little social participation. And poorly maintained streets
juxtaposed next to well-cared houses, also possibly demonstrate an ambiguity of social space well established by
DaMatta (1997): a house is individual, and reﬂects the
proﬁle of the resident; a street is public, the space of
anonymity, so a space of no one in particular.
Further, cities are governed by social policy, cultural
customs, and traditions, and are made and remade by the
people within them. Thus, explanations for certain trends
can be found in the built environment of a city. For
instance, physical activity rates of residents, strongly linked
to managing chronic conditions, depend on two main
elements: access to recreational amenities and proximity to
public facilities. Some communities report higher rates of
walking/cycling than others because they have higher
density, greater connectivity, and mixed use of land, with
lanes shared by cyclists and walkers. Also involved, as
stimulus, are the built environment, land use, noise, trafﬁc
congestion, air pollution, and green spaces. It is well
established that residents of highly walkable neighborhoods

indeed walk and bike more, and these can reduce chronic
conditions (Montero-Souto, 2012; Whitﬁeld, Machaczek,
and Green, 2012). In Curitiba, a large number of cyclists
were observed, not only on speciﬁed bike lanes and normal
roads, but also within the exclusive bus lanes. Greve in
Chianti has an Italian cycling tradition, practiced even in
adverse weather or terrain. Vancouver and Cowichan Bay
have a similar situation. Bicycling is limited in Antônio
Prado, likely due to mountainous terrain and cobblestonelined streets, which discourage this activity. The built
environment can therefore limit human participation, but
with an intrinsic efﬁcacy in maintaining historical features.
In another example of socio-cultural inﬂuence on the urban
environment, an external observer, unaccustomed to the
urban rush, might consider that the high and fast trafﬁc in
the center of a big city or on a highway is beyond human
self-determination. And indeed it is, when put face to face
with no natural laws, but instead with systems of natural
forces, humanized by the intention of the drivers transformed in natural forces by physical energy mediated by
them. It is not the operation of an agent over an inert object,
but, conversely, the action of an object upgraded to an
agent’s role (Lévi-Strauss, 2008). This kind of trafﬁc has
evident inﬂuence in many chronic conditions, like hypertension and depression. However, a high number of cars per
square kilometer do not always lead to chaotic trafﬁc, as
observed in Cowichan Bay, where the average and observed
speed is 60 kmph, with drivers still being agents, not objects.
Curitiba, compared to Cittaslow sites, has a total imbalance
when it comes to private transportation, with federal
ﬁnancial policies facilitating buying cars. To buy one, even
used, has a totemic representation of upward social
mobility. There is still some shame in using public
transport, even of good quality, contrasting with the reality
of Vancouver, where most prefer to leave their cars at home
and instead opt for the buses, skytrain or seabus, improving
local trafﬁc and respecting the environment.
Montero-Souto (2012) demonstrated that natural surroundings in metropolitan areas have a positive effect on social
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and psychological wellbeing, which has a direct impact
when living with a chronic condition. Perhaps, because of
this, 55% of the population with at least one chronic
condition in Vancouver rated their overall health as
“excellent” or “very good,” according to The Vancouver
Sun (August 16, 2011). From this perspective, naturalistic
views may be interpreted as a kind of psychological
restoration. Unfortunately, many people ﬁnd little beneﬁt
from these advantages because their environmental contacts are often restricted, due to distance or work routine.
This is especially the case in some larger cities, like Curitiba.
In small cities, access is available in a short walk.
Concerning public security, Healthy Cities and Cittaslow can
facilitate neighborhood responsibility to encourage new ways
of participation in policies’ control. This encourages physical
activity in public places, a proactive way to ﬁght against
chronic conditions. In Vancouver, it was observed that people
maintain vigilance in the neighborhoods, not just for their
own security, but also for their neighbors’ safety, alerting
police if a suspicious stranger appears nearby. In the smaller
cities studied, strange people are often seen in a less suspicious
way. It is possible that in a larger city such as Vancouver,
many individuals primarily interact within the limits of their
neighborhood or familiar small groups, perceiving only the
close community, and leading to suspicions about outsiders
(Lévi-Strauss, 2008; Montero-Souto, 2012).
Further, when evaluating cities, social environments should
not be considered passive and independent; they are deﬁned
by populations’ techniques and way of life. A man in
Cowichan Bay, with a short time for lunch and hurried by
an arriving ﬁsh boat, might buy readily available fast food.
A citizen of Antônio Prado, living without much industrialized heating, does not think twice before cutting down a
tree. And the inhabitant of Greve in Chianti, who complains
about the distance to garbage collectors, might be tempted
to burn trash in his backyard. It is thus necessary to
consider the actions of the “natives” in relation to their
speciﬁc microcosm, considering their individual needs.
Without supportive policies or under unsupportive policies
it is difﬁcult for individuals, especially those in deprived
populations, to beneﬁt from existing knowledge (Lévi-Strauss,
2008; WHO, 2011). In the sense of empathy toward natives,
Geertz (2001) can be paraphrased: this research began as an
investigation of the role of people in the cities, as a kind
of mechanical comparison, and turned into a study of
production of meaning and its complexities.
Some unique features among the healthy cities in this study
might be considered outdated or inconsistent by an outsider
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but actually have local explanations and rationale. For
instance, wood, that is considered as an inferior material in
Brazil, is widely used in structural and creative solutions in
Antônio Prado, possibly because it is a plentiful material
in that region. The continued use of traditional ﬁshing
practices in Cowichan Bay, despite of the modern
technologies, helps to preserve the balance of marine fauna
and ancestral traditions. An obsessive number of parks and
green areas in Curitiba could be a way to compensate for the
absence of beaches, a recurring theme in the Brazilian’s
imaginary. The ubiquitous stone of Greve, still used in new
buildings and the restoration of old houses, some dating
back to the ﬁrst Renaissance, maintains historical value in
spite of the slow and high cost process. And the repeated
glass façades in the urban landscape of Vancouver is
justiﬁed by the inﬁnite recycling possibilities of the material
in a sustainable way.
These examples reafﬁrm that a city can only be understood
through the social context of its community, acknowledging
its concrete history, traditions, local culture, and everchanging dynamics. According to Pawson (2001), “the
process of how subjects interpret the intervention stratagem
is known as the program ‘mechanism’ and it is the pivot
around which realist evaluation revolves.” One should not,
therefore, mythicize urban health from abstractions, such as
a perfect place to live, because cities, more than their
physical structures, are made and re-made by their people.
In regards to the health of populations, some of these
apparent inconsistencies and abnormalities have an impact,
both positively and negatively, on the social determinants of
health.

Final Remarks
Due to a concern for the community and social order,
shifting from the individual level to the collective, Healthy
Cities and Cittaslow improve the capacity of communities
to identify and address problems. Individual choices
regarding health and wellbeing are easier in a healthy
environment, and the improved capacity to develop the full
human potential helps to prevent or manage chronic
conditions. This is why the development of healthy cities
is useful for facing these conditions. According to the World
Health Organization (2011), in the second half of the 21st
century the proportion of people in Africa, Asia, and Latin
America living in urban areas will rise from 16% to 50%.
Urbanization exposes people to new products, technologies,
and marketing of unhealthy food. Unplanned urban sprawl
can further reduce physical activity levels by discouraging

walking or bicycling. Although lack of continuity is a
problem within healthy cities, especially in periods of
changing leaders (e.g., mayors), some practices remain:
after changing their habits, people continue to act healthier
without realizing it.
A “Healthy City” is not a ﬁnal result, but rather an ongoing
process, and must be thought of as a construction of
urban health through an awareness of social conscience.
Obstacles to target goals are often not technical or even
ﬁnancial, but are more closely related to governance and
public participation. Particularly, it depends on political
commitment and society.
Healthy cities should be adapted to different places and
times, and how healthier cities and communities will
be created in the future must be very different from how it
was done in the past. Similarly, as cities have different
structures and evolve in different patterns, it is impossible
to establish a standard scale for evaluation. It is more
productive to follow the socio-anthropological method,
considering every culture (city) as a unique locality and
only liable of assessment in its own context. Instead of
examining only conventionally gathered data, such as the
number of people in diabetes treatment, in an effort
to provide immediate results like glycated haemoglobin
rates, evaluating the process within its own context provides
valuable intermediate indicators of success, such as people
changing to healthier habits. This, and the associative
ability to solve problems, is an asset to overall community
health.
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Envisioning the Future of Water
Governance: A Survey of Central
Arizona Water Decision Makers
Dave D. White, Lauren Withycombe Keeler,
Arnim Wiek, Kelli L. Larson
The future of the American West depends on sustainable
water resource governance. A variety of uncertainties associated with limited freshwater supplies, population growth,
land use change, drought, and climate change impacts present substantial challenges. To inform decision making,
managers are adopting new techniques such as scenario
planning to understand how water resources might change
and what practices can support economic, environmental,
and social sustainability. Scenario planning can be informed
by understanding the normative future preferences of a variety
of stakeholders, including decision makers, who inﬂuence

W

ater sustainability is vital to the future of the
American West. As the Western Water Policy
Review Advisory Commission (1998) stated, “Water deﬁnes
the West, and our use of it will deﬁne the West of the 21st
Century” (p. xxxi). Water governance is particularly
important to urban sustainability in places such as the
metropolitan Phoenix area, a sprawling desert metropolis of
more than four million inhabitants situated in central
Arizona. Responsible water management is essential to
ensure the continued social well-being and economic
prosperity in the region, while preserving and restoring
vital ecosystems. For example, the Colorado River and its
tributaries provide a range of ecosystem services, contributing to municipal water supplies for nearly 40 million people
in seven western states, irrigating millions of acres of
farmland, generating thousands of megawatts of electrical
capacity for the region, and providing critical habitat
for threatened and endangered species (Bureau of Reclamation, 2012). Multiple factors, however, threaten the future
vitality of the Colorado River Basin, including inherent
surface water variability, record droughts, rapid population
growth, urbanization, land use change, and climate change
impacts.

water governance. This article presents a survey of central
Arizona decision makers to understand their visions for a
desirable future for the water system in terms of supply,
delivery, demand, outﬂow, and crosscutting activities.
Principle components analysis is used to identify patterns
underlying responses about preferences for each domain
of the system and correlation analysis is used to evaluate
associations between themes across the domains. The results
reveal two distinct visions for water in central Arizona—one

The region will very likely become warmer and drier in the
coming century, reducing the average ﬂows of available
surface water (National Research Council, 2007). There is
evidence that this transition is already underway (Seager
et al., 2007) and that the warming, droughts, reduced
snowpack, and decreased river ﬂows are consistent with
anthropocentric climate change and may be occurring
faster than predicted by prior assessments (Overpeck and
Udall, 2010). A major study led by the Bureau of Reclamation
(2012) projects that, without new interventions, a long-term

in which water experts and policy makers pursue supply
augmentation to serve metropolitan development, and
another in which broadened public engagement is used in
conjunction with policy tools to reduce water consumption,
restore ecosystem services, and limit metropolitan expansion.
The results of this survey will inform the development of a set
of normative scenarios for use in exploratory modeling and
anticipatory governance activities.
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and structural supply-demand imbalance of up to 3.9 billion m3
(3.2 million acre feet) is possible by 2060 in the Colorado
River Basin. Meanwhile, climate scientists have warned
that future climate conditions in the region will be
nonstationary (Milly et al., 2008), meaning that they will
operate outside the long-term historical range of variability.
Future water resource management in the region has to
cope with several challenges: the unreliability of historical
trend extrapolations; a range of other uncertainties
associated with environmental, social, and scientiﬁc processes; and increasing competition for water between
residential, industrial, agricultural, and environmental uses
(Gober and Kirkwood, 2010).
Scientiﬁc knowledge and modeling are critical to understanding the socio-ecological dynamics of water systems. It
is increasingly accepted, however, that too much attention
has been focused on representing and reducing scientiﬁc
and model uncertainties, and too little attention on building
capacity to make decisions under uncertainty (Gober, 2013).
As Trenberth (2010) noted, while our knowledge of systems
and the sophistication of models increases, so does our
understanding of factors and feedback mechanisms we did
not previously incorporate. This can have the paradoxical
effect of increasing rather than reducing uncertainties.
Dealing with these uncertainties challenges existing water
management institutions, which have been guided by
conservative norms and incremental decision making
rather than innovation and transformative solutions (Lach,
Ingram, and Rayner, 2005; Rayner, Lach, and Ingram, 2005).
Arizona water managers, for instance, recognize the
signiﬁcance of climate change, but struggle with how to
deal with climate uncertainties as they lack relevant
information at time and spatial scales compatible with their
conventional planning practice (Jacobs, Garﬁn, and Buizer,
2009; White, Corley, and White, 2008).
Scholars have called for water management institutions to
undergo a transformative shift toward a new paradigm
(Gleick, 2003; Gober et al., 2010; Pahl-Wostl, 2002). While
recommendations vary, scholars commonly call for a
transition away from centralized, regulatory, predict-andplan, and engineering-dominated water management models. Proposed alternatives are distributed and participatory
water governance regimes that seek to manage multiple
uncertainties, incorporate stakeholders’ values and preferences, use exploratory scientiﬁc modeling, anticipate multiple plausible futures (scenario planning), implement
evidence-supported policies, adapt to changing conditions,
and foster social learning (Hering and Ingold, 2012; PahlWostl et al., 2007).
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Such emerging approaches recast decision making under
uncertainty in terms of “anticipatory governance” (Barben
et al., 2007; Guston, 2008; Quay, 2010), which employs
techniques such as participatory modeling and scenario
planning to promote resilience, ﬂexibility, and adaptive
capacity. This approach is in contrast to conventional water
planning and policymaking, which tends to focus on
existing problems, predicting a speciﬁc future, incorporating uncertainty derived from a historic range of variability,
and planning to optimize the water system under that
prediction based on expert recommendations (Adams et al.,
2003). Anticipatory approaches are particularly powerful
when incorporating stakeholders’ values and preferences
because decision making is guided by normative references
(Robinson, 2003). To ensure that such normative scenarios
or visions are well justiﬁed, however, it is critical to apply
principles of sustainability, justice, or resilience (Swart,
Raskin, and Robinson, 2004; Wiek and Iwaniec, 2014).
There is a growing body of research describing approaches
for envisioning sustainable water futures to inform
anticipatory governance and scenario planning activities
(Beniston, Stoffel, and Hill, 2011; Schneider and Rist, 2013).
Common to these approaches is the use of normative
references to anticipate visions, assess their plausibility and
desirability, and provide evidence for decisions necessary to
achieve desirable visions and avoid undesirable ones. By
explicitly incorporating stakeholder values and preferences
into scenario planning, these approaches can improve the
utility of scenarios for policymaking and collective action
(Kemp, Parto, and Gibson, 2005; Thompson et al., 2012).
It is important to note that stakeholders’ values and
preferences might not always align among each other; they
might also conﬂict with principles of sustainability, justice,
resilience, or other generic normative frameworks (Wiek
and Iwaniec, 2014). This potential conﬂict is why participatory decision making and governance requires deliberation
and political negotiation (Guston, 2008; Van Den Hove,
2006).
Prior research has documented current knowledge, risk
perceptions, and preferences of water managers and other
stakeholders in central Arizona (Larson, Ibes, and White,
2011; Larson et al., 2009, 2011; White, Corley, and White,
2008). We lack sufﬁcient knowledge, however, about
stakeholders’ normative preferences about what the water
system and its governance should look like in the future.
Understanding these normative perspectives is important
because the actors and institutions working in local and
regional water management contexts will be the ones
responsible for implementing any reforms to the governance regime. For example, in a recent editorial announcing

a new initiative to review state water policy, Arizona
Senator Jeff Flake stated, “I am pleased to say our experience
has shown the best solutions to these problems are driven
by water managers at the local level. We are fortunate in
Arizona to have some of the best leaders and best watermanagement practices in the world” (Flake, 2014). Understanding decision makers’ preferences is also useful for the
development of future scenarios that envision desirable
futures as well as for exploratory modeling to develop “what
ifs” resulting from normative scenarios (Schneider and
Rist, 2013).
To address these needs, this article presents a survey of
water decision makers in central Arizona describing their
evaluations of the desirability of plausible future states and
processes in the water system. Our study analyzes decision
makers’ future preferences across multiple domains of the
water system, contributing to a systems approach for
analyzing water governance that integrates ecological,
engineering, and, especially, actor-oriented perspectives
(Wiek and Larson, 2012). Decision makers were deﬁned in
this study as individuals who affect water governance and
use on an aggregated scale—beyond individual choice—and
who have relevant institutional afﬁliations, decisionmaking authority, and represent diverse perspectives on
water. This study excludes administrative support staff and
elected ofﬁcials, and targets professionally trained staff who
are directly involved in water system planning and
management for the greater Phoenix area. These individuals include decision makers from federal agencies (e.g.,
Bureau of Reclamation), state regulatory agencies (e.g.,
Arizona Department of Water Resources, Arizona Department of Environmental Quality), municipal water services
departments (e.g., City of Phoenix, City of Mesa), water
suppliers (e.g., Salt River Project, Central Arizona Project),
and nonproﬁt organizations (e.g., The Nature Conservancy,
Sonoran Institute). While these individuals vary in their
institutional afﬁliations, they share a common focus on
water resource planning and management in central
Arizona. The results of this study are intended to inform
the development of value-based normative future scenarios
of water governance—inclusive of government and nongovernment actors at various levels—in central Arizona for
use in exploratory modeling and scenario planning
processes.
First, we review literature on stakeholder perceptions of
water governance in central Arizona. We then present the
conceptual systems framework for analyzing water governance, which guided the development of the survey. These
sections are followed by the description of the survey

research method and presentation of the results. We
conclude with a discussion of the implications of this work
for water resources planning and management in central
Arizona and beyond.

Stakeholder Perceptions of Water
Governance in Central Arizona
A number of recent studies have examined the current
values, attitudes, and policy preferences across diverse
samples and stakeholder groups involved in water resource
planning and management in central Arizona (Jacobs,
Garﬁn, and Buizer, 2009; Keller, Kirkwood, and Jones, 2010;
Larson, Ibes, and White, 2011; Larson et al., 2009, 2011;
Smith-Heisters, 2014; White, Corley, and White, 2008;
White et al., 2010). This work provides an important
foundation for our study by delineating the actors and
institutions engaged in water decision making and their
current perceptions of water sustainability problems and
attitudes about potential solutions. As mentioned previously, however, this body of research has not speciﬁcally
addressed the long-term future preferences of water
decision makers.
In a series of studies, Larson and colleagues (Larson, Ibes,
and White, 2011; Larson et al., 2009, 2011) examined affective
concerns about water risks, cognitive perceptions about the
causes of water shortages, and conative attitudes (or
behavioral intent) toward speciﬁc approaches for water
resource management. This work identiﬁed signiﬁcant
dimensions along which perspectives vary, in addition to
areas of divergent and convergent views among stakeholders based on their personal interests, demographic
proﬁles, professional roles, and other factors. One study
found that concerns about water risks varied between
groups of academic scientists, water policy professionals,
and the public, depending in part on the scale and type of
risks involved (Larson et al., 2009). For instance, while the
sufﬁciency of water supplies was of concern across all
groups, water policy professionals worried the most about
cost, system performance, and political factors such as
affecting and regulating consumer behaviors. In the same
study, water policy experts were less concerned about
regional water use rates than both residents and academic
scientists, posing a potential constraint on regulating
demand as a means of conservation. Findings from this
study demonstrated the supply-side orientation of water
managers given their relatively strong support for acquiring
more water to address shortages. By comparison, academic
scientists stressed managing demands through price-based
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and regulatory approaches. Such divergences in resource
concerns reﬂect areas of potential conﬂicts in decision
making as well as potential constraints to collaboration.
Keller, Kirkwood, and Jones (2010) surveyed central
Arizona water stakeholders about their value-focused
decision making to determine their current and shortterm (six months to ﬁve years) future evaluation concerns
and priorities. Respondents evaluated a hierarchy of
concerns and provided weights for the importance of each
category. The ﬁnal categories and weights, across the full
sample (n = 45), where weights ranged from 0 to 1
included: sufﬁciency of water supplies (0.32), impacts on
the natural/biophysical environment (0.16), health and
safety (0.15), ﬁnancial and technical requirements (0.12),
political impacts and governance (0.12), central Arizona
socio-economic impacts (0.08), and indirect external
impacts (0.05). Comparing stakeholder groups, sufﬁciency
of water supplies was the highest average weighted category
except among environmentalists. Not surprisingly, the
private sector was more concerned about economic
impacts, and environmental groups cared about ecological
impacts of decisions.
While current perceptions of water resource challenges
present a “push factor” for decision making, visions can be a
strong “pull factor.” Visions—consisting of normative
future preferences—can serve to orient decision making
and prioritize strategic activities (Robinson, 2003).
Although there is some convergence in stakeholder concern
regarding sufﬁciency of water supplies in central Arizona,
there is divergence in perceptions of how best to address
supply issues and other challenges (Keller, Kirkwood, and
Jones, 2010; Larson et al., 2009). To our knowledge, there
has yet to be a study that analyzes what stakeholders see as
desirable resolutions to current (and future) water resource
challenges. This survey examines the normative future
preferences of key decision makers across the water system
in central Arizona to understand what visions are guiding
current and planned future activities.

(biophysical system) relevant for sustainable water governance. This framework is focused on the seemingly
straightforward question, “who does what with water?”
This interdisciplinary approach builds on research by the
likes of Ostrom (2009), Pahl-Wostl (2007), and others to
guide institutional governance analysis. The framework
outlines a core set of water management activities and a
holistic set of principles for water sustainability (Wiek and
Larson, 2012), deﬁning sustainable water governance as,
“the decision processes of stakeholders who inﬂuence and
are impacted by activities involving water supplies,
deliveries, uses, and outﬂows in ways that ensure a sufﬁcient
and equitable level of social and economic welfare without
compromising the viability and integrity of supporting
hydro-ecosystems now and into the future” (Larson, Wiek,
and Withycombe Keeler, 2013, p. 59). Largely following
Gibson’s (2006) sustainability assessment approach and
Pahl-Wostl’s (2007) insights on social-hydrologic systems,
the sustainability principles include social-ecological system
integrity and interconnectivity, resource efﬁciency and
maintenance, livelihood sufﬁciency and opportunity, civility and democratic governance, intra- and intergenerational equity, and, lastly, precaution and adaptive capacity.
These principles were derived from the literature, especially
from sustainability science (Gibson, 2006; Ostrom, 2009)
and integrated water management (Pahl-Wostl, 2007), as
well as expert interviews. Each general sustainability
principle has more precise speciﬁcations or subprinciples
(see Larson et al., 2013 for a review).
Informed by this framework, we seek to understand the
normative future preferences of the actors who oversee the
major activities involved with water decisions. Consequently,
the survey was constructed to assess water decision makers’
preferences for the future of the water system across ﬁve
major categories of: (a) supplying, (b) distributing, (c) using,
and (d) discharging water, along with (e) activities that cut
across these actions.

Research Method
A Systems Framework for Analyzing Water
Governance
This study was guided by an integrative conceptual framework (Wiek and Larson, 2012) of sustainable water
governance, which has been developed in part to facilitate
syntheses of information on the actors and rules (social
system), human infrastructure (technological system),
and hydrologic and ecological resources and processes
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In this study, we employed a cross-sectional survey design
with data collected via an online questionnaire e-mailed to
water decision makers in the greater Phoenix area. Our
approach is deﬁned as an Internet survey of speciﬁcally
named persons using a sampling frame of e-mail addresses
where all members of the frame have Internet access
(AAPOR, 2011). Thus, the assumption is that the target
population is synonymous with the sampling frame. As
such, the generalizability of the ﬁndings is limited to the

individuals included in the sampling frame. Methodologists
have identiﬁed several advantages of Internet surveys,
including response speed, cost efﬁciency, precise tracking,
heightened response quality, and more candid responses
(Sheehan, 2001). Our approach is consistent with related
research on, for instance, land managers’ perceptions of
climate adaptation (Archie et al., 2012), environmental
experts’ perceptions of water security (Larson, Wiek, and
Withycombe Keeler, 2013), and water decision makers’
perceptions of supply-side management (Cockerill, 2013).
We employed a nonprobability, purposeful sampling
strategy to collect data from decision makers who inﬂuence
water governance in central Arizona. We created the
sampling frame from a database of water decision makers
engaged with a university-based research center focused on
water sustainability and climate adaptation in central
Arizona. Following Wiek and Larson’s (2012) water
governance framework, and utilizing information on the
respondents’ institutional afﬁliation and job title, we then
stratiﬁed the sampling frame to identify individuals who
make organizational-level decisions about how water is
supplied, distributed, used, discharged, and governed in
central Arizona. We recognize that these categories are not
necessarily mutually exclusive in practice; our goal with this
stratiﬁcation was not to compare subgroups but rather to
ensure that the respondents represented a broad range of
water system responsibilities.
We used an online software platform for data collection
and, to enhance response rates, sent six e-mails to the
sample over a three-month period from June–September
2012. The questionnaire included six parts. One section
requested information on participants’ background, including educational attainment, professional responsibilities,
and demographics. The core of the questionnaire included
ﬁve, multi-item, Likert-type questions focused on the future
of the water system in terms of: (a) supply, (b) delivery,
(c) demand, (d) outﬂow, and (e) crosscutting activities.
Each section included a series of normative statements
intended to capture plausible future processes and outcomes
for water governance and use in the greater Phoenix area.
These statements, 67 items in total, were developed on the
basis of an analysis of: (a) 12 in-depth semistructured
interviews with water decision makers; (b) water policy
plans and proposals from city, state, and federal agencies
(e.g., City of Phoenix Water Resources Plan, Central
Arizona Project’s Project ADD Water, Environmental
Protection Agency Region 9 Superfund Site Designation),
(c) stakeholder policy proposals (e.g., from the Riparian
Institute, Sierra Club); and (d) sustainability appraisals and
scientiﬁc modeling analysis (e.g., Gober and Kirkwood,

2010; Larson et al., 2012). We developed the original
statements guided by the following criteria:
1. Statements should be plausible. Plausibility here implies
that enough evidence exists for each event or pathway
that they can be considered realizable. To meet the
criteria of plausibility, individual statements should, at
minimum, not violate any physical laws and, at
maximum, be extrapolated from current trends or
ongoing activities (Wiek et al., 2013).
2. Statements should describe future processes and outcomes for each phase of the water system as described by
Wiek and Larson (2012). The statements should describe
both what the system looks like (e.g., the physical
landscape or water use by industry) and how the system
operates (e.g., formal and informal rules about water).
3. Statements should represent a spectrum of both future
processes and outcomes. There should be a balance
between statements reﬂecting current pathways and
statements describing a transformed future, while still
meeting plausibility criteria (Wiek et al., 2013).
4. Statements should be relevant to the survey respondents.
They should be salient to the priorities and concerns of
decision makers.
Respondents rated the desirability of the statements on a
ﬁve-point, Likert-type response scale (1 = very desirable to
5 = very undesirable). We pretested the survey with a small
set of water decision makers not included in the full study
and revised the instrument to improve the relevance and
clarity of the items based on the results of the pilot test.

Analysis
To reduce the number of items and identify underlying
components that explain the pattern of correlation within
the observed items, we conducted principal components
analysis (PCA) for each substantive multi-item question on
the survey (i.e., supply, delivery, demand, outﬂow, and
crosscutting activities). We used PCA to form uncorrelated
linear combinations of the observed variables and Varimax
rotation to simplify interpretation of the components. In
the initial extraction, we used the Kaiser criterion to retain
factors with Eigenvalues greater than 1.0, examined scree
plots to look for a distinct “elbow,” and considered total
variance explained. Individual items were retained if the
loading was <0.50 for a single component and the item did
not cross-load on multiple components in the rotated
matrix. To assess the suitability of the data for structure
detection and ensure PCA is appropriate, we calculated
KMO and Bartlett’s test for each PCA. We followed the
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general heuristic of minimum 5:1 for cases to PCA variables.
We gave components meaningful labels reﬂecting the
contributing items, paying attention to the items that had
the highest component loadings, and then computed
composite scores for each component as mean values of
the items comprising the component. We then calculated
bivariate correlations between the components. The PCA
results are presented ﬁrst, including the ﬁnal accepted
solution for each domain of the water system with labeled
components and sample items being those with the highest
component loadings. This is followed by the correlation
analysis.

Results
We invited 352 potential respondents to participate in the
study. Utilizing standard AAPOR disposition codes and
methods for calculating response rates (AAPOR, 2011), the
ﬁnal response rate (RR2),1 which includes partial completions as respondents, was 30.1%, and the ﬁnal cooperation
rate (COOP4), which counts those who opt out as refusals
but excludes those unable to respond (i.e., bounced back
e-mails) from the base, was 33.3%. These results are
consistent with norms and expectations for survey studies
with online data collection (Sheehan, 2001). A nonresponse
bias analysis showed no statistically signiﬁcant difference
between those who completed the questionnaire and those
who did not based on respondent classiﬁcation in the water
system (e.g., supply, demand, etc.) or employment sector
(government, nonproﬁt, private). Half of the respondents
(49.5%) worked for government agencies, 43.8% for nongovernmental organizations, and 6.7% for private entities.
Based on our classiﬁcation of primary decision-making
responsibility, half (50.5%) were focused on water demand,
20% on supply, 16.2% on delivery, and 6.7% on outﬂows,
and 6.7% on crosscutting activities. Considering institutional afﬁliation, the organizations with the most individual
respondents included Phoenix-area municipal water services departments, U.S. Bureau of Reclamation, Central
Arizona Project, Salt River Project, Sonoran Institute,
Arizona Department of Water Resources, and Arizona
Farm Bureau. Most respondents were male (64%) and the
group was highly educated, with 90% having achieved a
bachelor’s degree or higher level of education and 16%
having earned a PhD.

Future of Water Supply
For the future of water supply in central Arizona, a
two-component solution emerged from the PCA, which
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explained 40.70% of the total variance (see Table 1). We
labeled the ﬁrst component “Groundwater conservation
and demand management.” This component explained
23.0% of the variance and included seven items with a
reliability of α = 0.79. The items with the highest component loadings included, “Safe yield (the long-term balance
of groundwater withdrawals with recharged water) should
be the central principle of water managers” and “Groundwater should be replaced where it was originally removed.”
We labeled the second component “Supply augmentation
for metropolitan development.” This component explained
17.7% of the variance and included ﬁve items with a
reliability of α = 0.67. Sample items include “New water
supplies should be sought to allow continued growth and
development” and “De-salted water should be a source of
water for the greater Phoenix area to meet growing
demands.”
Examining the mean values for the new composite variables
representing the two components, we found that central
Arizona water decision makers rated “Groundwater conservation and demand management” as desirable to very
desirable (M = 1.79, SD = 0.60) for the future of the water
supply system. The mean value for “Supply augmentation
for metropolitan development” (M = 3.19, SD = 0.80)
indicates that respondents found this approach to be
slightly undesirable for the future of water supplies and
governance.

Future of Water Delivery
For the future of water delivery in central Arizona, a
two-component solution emerged from the PCA, which
explained 41.14% of the total variance (see Table 1). We
labeled the ﬁrst component “Efﬁcient infrastructure and
reuse.” This component explained 22.52% of the variance and
included four items and had a reliability of α = 0.70. Sample
items included: “The canals and delivery system should be
upgraded to reduce water losses” and “Water managers
should develop infrastructure to deliver reclaimed water to
residents for outdoor landscaping.” We labeled the second
component “Multipurpose delivery infrastructure.” This
component explained 19.62% of the variance and included
two items with a reliability of α = 0.64. The items were
“Throughout the greater Phoenix area, canals should be lined
with shade trees and walking paths for recreation” and
“Mixed-use development should occur along canals in the
greater Phoenix area.” Examining the mean values for the
variables created from the components, we found that
respondents rated both approaches as desirable for the future
of the water delivery system.

Table 1. Principal components analysis results
Items

M

SD

α

7

1.79

0.60

0.79

23.00

5

3.19

0.80

0.67

17.70

Efﬁcient infrastructure and reuse

4

2.23

0.80

0.70

Multipurpose delivery infrastructure

2

2.22

0.95

0.64

Watery system domain Component label

Water Supply
Groundwater conservation and demand
management
Supply augmentation for metropolitan
development
Water Delivery

KMO

Bartlett’s
χ2 (p)

0.713

334.39 (<0.01)

0.710

Water Demand

249.48 (<0.01)
22.52
19.62

0.729
Cross-sector water conservation

Variance
explained %

891.17(<0.01)

11

2.55

0.82

0.86

22.69

7

3.48

0.66

0.70

11.93

3

2.59

0.97

0.67

11.15

Efﬂuent for ecosystem services

3

1.93

0.76

0.68

Multistakeholder cross-sector planning

7

1.96

0.71

0.85

36.40

Democratization of decision making

2

2.02

0.89

0.84

22.11

Water use for residential and economic
development
Water use for environmental and social
justice
Water Outﬂows

0.673

Crosscutting activities

106.16 (<0.01)
67.35

0.794

430.61 (<0.01)

Means for subscales are scores on scale ranging from 1 = very desirable to 5 = very undesirable.

Future of Water Demand
For the future of water demand in central Arizona, a threecomponent solution emerged from the PCA, which
explained 45.77% of the total variance (see Table 1). We
labeled the ﬁrst component “Cross-sector water conservation.” This component explained 22.69% of the variance and
included 11 items with a reliability of α = 0.86. Sample items
included: “Industry should be required to reduce their water
use to meet speciﬁc conservation targets,” “Cities should be
required by the state to achieve aggressive water conservation targets,” and “Farmers should be required to reduce
their water use to meet speciﬁc conservation targets.” We
labeled the second component “Water use for residential
and economic development.” This component explained
11.93% of the variance and included seven items with a
reliability of α = 0.70. Sample items included, “Irrigated
farmland should be maintained as a buffer so that water can
be transferred to municipal uses during droughts” and
“Water should be used to develop Phoenix as the ‘golf
course capital of the world.’” The third component, labeled
“Water use for environmental and social justice,” explained
11.15% of the variance and included three items with a
reliability of α = 0.67. Sample items included, “No species
in the greater Phoenix area should be endangered” and “If
unable to afford water, residents should receive free water to
meet their basic human needs.” Examining the mean values

for the new composite variables representing the two
components, we found that central Arizona water decision
makers rated cross-sector water conservation (M = 2.55,
SD = 0.86) and water use for environmental and social
justice (M = 2.49, SD = 67) as desirable, whereas water use
for residential and economic development (M = 3.46,
SD = 0.70) was rated as slightly undesirable overall.

Future of Water Outﬂows
For the future of water outﬂows, the PCA produced a single
component, which included three items that explained 67.4%
of the variance and had a reliability of α = 0.68 (see Table 1).
We labeled this component “Efﬂuent for ecosystem services”
and sample items included “Efﬂuent (treated wastewater)
should be dedicated to maintaining water in habitat areas for
wildlife” and “Wetlands should be created and managed to
treat wastewater while providing other beneﬁts to the public.”
Examining the mean values for the new composite variable
reveals that water decision makers rated this component as
desirable to very desirable (M = 1.93, SD = 0.76).

Future of Crosscutting Activities
For the future of crosscutting activities, the PCA produced a
two-component solution that explained 58.5% of the total
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Table 2. Correlation matrix for components
Components

1

2

3

4

5

6

7

8

9

10

1. Groundwater conservation and demand management
2. Supply augmentation for metropolitan development
3. Efﬁcient infrastructure and reuse
4. Multipurpose delivery infrastructure
5. Cross-sector water conservation
6. Water use for residential and economic development
7. Water use for environmental and social justice
8. Efﬂuent for ecosystem services
9. Multistakeholder cross-sector planning
10. Democratization of decision making

1
-0.25**
0.60**
0.44**
0.61**
-0.32**
0.55**
0.33**
0.64**
0.41**

1
-0.17
-0.12
-0.27**
0.51**
-0.16
-0.13
-0.25*
-0.09

1
0.33**
0.69**
-0.09
0.47**
0.34**
0.64**
0.21*

1
0.41**
0.08
0.44**
0.44**
0.36**
0.28**

1
-0.18
0.43**
0.39**
0.66**
0.32**

1
-0.09
-0.11
-0.24*
-0.06

1
0.34**
0.60**
0.48**

1
0.40**
0.32**

1
0.48**

1

** Correlation is signiﬁcant at the 0.01 level (2-tailed). * Correlation is signiﬁcant at the 0.05 level (2-tailed).

variance (see Table 1). We labeled the ﬁrst component
“Multistakeholder cross-sector planning.” This component
explained 36.4% of the variance and included seven items.
Sample items included “A watershed council for the Salt
and Verde Rivers should be established to make water
resource decisions” and “Groundwater basin councils
should be established to make decisions about groundwater
management.” We labeled the second component
“Democratization of decision making.” This component
explained 22.1% of the variance and included two items
“Local stakeholders and residents should be actively
engaged in water resource decisions in the greater Phoenix
area” and “Policymakers should consult with the broader
public to make water resource decisions.” Examining the
mean values for the new composite variables representing
the components reveals that water decision makers rated
both multisector cross-sector planning and democratization of decision making as desirable (M = 1.96, SD = 0.71
and M = 2.02, SD = 0.89, respectively).

Correlation Analysis
The results of correlation analysis are presented in Table 2.
The goal of the correlation analysis was to examine the
association of the components across domains of the water
system to illuminate system-wide preferences. Examining
the correlation matrix, and considering Cohen’s (1988)
conventions to interpret effect size, we identiﬁed large and
statistically signiﬁcant (p < 0.01) bivariate correlations
(<0.50) between components. The results show that the
groundwater conservation and demand management component (future of water demand) exhibits large correlations
with cross-sector water conservation (future of water
supply), water use for environmental and social justice
(future of water delivery), and multistakeholder cross-sector
planning (future of crosscutting activities). In contrast, the
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supply augmentation for metropolitan development component (future of water supply) is strongly correlated with
water use for residential and economic development (future
of water demand). The efﬁcient infrastructure and reuse
component (future of water delivery) exhibits large
correlations with cross-sector water conservation (future
of water demand) and multistakeholder cross-sector planning (future of crosscutting activities). Cross-sector water
conservation (future of water demand) is strongly correlated with multistakeholder cross-sector planning (future of
crosscutting activities). Finally, water use for environmental
and social justice (future of water demand) is strongly
correlated with multistakeholder cross-sector planning
(future of crosscutting activities).

Discussion and Conclusion
The objective of this article was to present a survey of water
decision makers’ evaluations of the desirability of plausible
future states and processes in the water system in central
Arizona. Taken together, the ﬁndings illustrate, for these
respondents, their values for the future of water governance
in the Phoenix metro area. The results show that the highest
rated or most desirable components for the future of water
governance in Arizona were the groundwater conservation
and demand management component of the future of water
supply, the efﬂuent for ecosystem services component of the
future of water outﬂows, and the multistakeholder crosssector planning component of the future of crosscutting
activities. The desirability of groundwater conservation
reﬂects respondents’ agreement with the stated policy goals
outlined in the Arizona Groundwater Management Act of
1980 (i.e., Arizona Groundwater Code). Under the Arizona
Groundwater Code, an assured or adequate water supply
designation is required by the Arizona Department of

Water Resources (ADWR) for cities, towns, or counties to
gain approval to plat a subdivision and obtain approval to
sell lots from the Department of Real Estate. Passed in 1980,
the Groundwater Management Act was a progressive policy
designed to achieve water sustainability as deﬁned through
“safe yield,” or a long-term balance between groundwater
withdrawals and recharge in the urban population centers
of the state (Jacobs and Holway, 2004). Many analysts,
however, have pointed out that the original policy goals in
the Groundwater Management Act have been circumvented
and the law lacks adequate enforcement mechanisms (Hirt,
Gustafson, and Larson, 2008). Thus, our ﬁndings show that
decision makers want the future to align with the stated
policy goals.
The respondents’ high ratings for the desirability of the use
of efﬂuent for ecosystem services, such as maintaining water
in habitat areas for wildlife and wetlands, represent a
preference for system transformation in water outﬂows.
Current estimates suggest the majority of municipal efﬂuent
in the Phoenix area is reused for power production (i.e.,
cooling at the Palo Verde Nuclear Generating Station),
agricultural use, and groundwater recharge (Middel, Quay,
and White, 2013). Only a small portion of municipal
efﬂuent, perhaps 10%, currently supports environmental
purposes. There is, however, evidence of a growing interest
among Arizona water management stakeholders in the
consideration of environmental water demands as a
component of overall water policy and management
(Nadeau and Megdal, 2012). The ﬁndings of our study seem
to indicate that, looking forward, this will be an increasingly
important aspect of water governance.
In contrast, the two components rated as least desirable
overall, with mean scores beyond the neutral point on the
scale toward undesirable, were supply augmentation for
metropolitan development, a component of the future of
water supply, and water use for residential and economic
development, a component of the future of water demand.
Here, the respondents’ ratings appear to indicate that that
they desire the future of water governance in central
Arizona to look markedly different from the present. It is
commonly accepted that Arizona water policy in the last
century generally prioritized supply-side solutions, including
the development of new supplies from the Colorado River via
the Central Arizona Project canal. Summarized by Hirt,
Gustafson, and Larson (2008), “The story is paradigmatic:
population growth and economic development strained the
local water supply, which led to expensive water importation
projects, which supported more development, which led to
the need for even more water—a self-perpetuating cycle of

unrestrained growth driving a competitive, acquisitive water
policy” (p. 483). Our results show that decision makers in this
study support demand management approaches for the
future of water governance in central Arizona. This ﬁnding is
even more interesting in light of the results of prior research
on Arizona water decision makers, which identiﬁed a strong
supply-side orientation with support for supply augmentation to address water shortages (Larson et al., 2009). Our
research shows a potential shift in priorities away from
supply-side development strategies to demand management
looking forward.
Considering the results of the correlation analysis, two
distinct approaches to the future of water governance
appear to emerge for this set of decision makers. One
approach relies on groundwater conservation, efﬁcient and
multipurpose infrastructure, cross-sector water conservation, water reuse to support ecosystem services, multistakeholder planning, and democratic decision making.
This vision is consistent with analysts’ calls for a new
paradigm in water resources management that involves
cross-sector planning (Gober et al., 2012), focuses on “soft
path” solutions (Gleick, 2003), and incorporates multiple
stakeholders in participatory environments to foster social
learning (Pahl-Wostl et al., 2007). The alternative vision
involves traditional supply-side solutions to support
residential and economic development.
Moving forward, the survey results will be used to develop a
small set of distinctly different, normative scenarios
(visions) of water governance for the greater Phoenix area.
Through a qualitative scenario analysis, the two visions
developed here will be complemented by alternative visions
that adopt speciﬁc normative frameworks such as sustainability or local water security. Quantitative modeling will be
used to test the performance of the scenarios against
selected criteria such as vulnerability to climate change. The
scenarios are intended to be used in engagement activities
with the surveyed decision makers and other stakeholders
to compare preferences and inform water policy and
decision making. Stakeholders will better understand and
be able to take into account the system implications of their
preferences. This research is aimed at addressing existing
deﬁcits in scenario planning and policy analysis, which
remain removed from real decision-making contexts and
do not sufﬁciently account for personal, institutional, and
shared values that underlie decisions. Additionally, a
multimethod approach that combines stakeholder survey
with scenario analysis and quantitative modeling could be
used to substantiate “softer” visioning activities in urban
planning that do not adequately account for system
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Gleick, P.H. 2003. Global Freshwater Resources: Soft-Path Solutions for the
21st Century. Science 302(5650):1524–1528.

characteristics, future challenges, and diverging stakeholder
perspectives. Finally, additional research is needed to
improve the wording of the survey items, enhance validity
and reliability of the newly developed scales, and to conduct
similar studies with water decision makers, and other
stakeholders, in other contexts.

Gober, P. 2013. Getting Outside the Water Box: The Need for New Approaches
to Water Planning and Policy. Water Resources Management 27(4):955–957.
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ENVIRONMENTAL REVIEWS AND CASE S TUDIES

The National Environmental
Policy Act (NEPA) and the
Silencing of Native American
Worldviews
Kurt E. Dongoske, RPA, Theresa Pasqual,
Thomas F. King, PhD

Upon its enactment, the United States’s National Environmental Policy Act (NEPA) established a national policy for
promoting the protection and enhancement of the human
environment. NEPA sets forth procedural requirements for
federal agencies to prepare Environmental Impact Statements
(EISs) for any major federal actions that may impact the
environment. At the core of these environmental documents
is the dominant Western worldview of scientiﬁc materialism.
In many instances, NEPA’s sole reliance on a Western scientiﬁc materialist evaluation of environmental impacts fails to
consider and incorporate Native American perspectives of,
values about, and relationships with the environment. For
example, many Native American Tribes perceive the environment through an animistic ontological lens that embodies a
sense of stewardship, manifest through a spiritual, umbilical
connectedness to the natural world. Thus, Native American
perceptions of the environment often clash with the dominant
Western culture’s scientiﬁc perspectives, especially as they
relate to determining environmental impacts. This conﬂict of

worldviews can offer more afﬁrmative and inclusive environmental practices associated with the NEPA process.
Environmental Practice 17: 36–45 (2015)

M

uch development within the United States is subject
to federal environmental review because of some
federal involvement (land, funding, permitting, licensing,
etc.). The National Environmental Policy Act (NEPA) is the
primary environmental legislation – whose regulations
require federal agencies to prepare Environmental Assessments (EAs) or Environmental Impact Statements (EISs) –
for federal action(s) that may affect the environment. Under
NEPA, environmental impact assessments (EIAs) are
normally grounded in the dominant Western EuroAmerican worldview of scientiﬁc materialism. Scientiﬁc
materialism perceives the natural world as composed of
matter and energy; it follows that science’s role is to
understand how that matter is organized into physical and
biological (plant and animal) entities that comprise
ecosystems, identifying the forces that govern interaction
among such variables and predicting (with a certain degree
of reliability) the effects (both positive and negative) of
a proposed federal action on the environment. We assert
that, in most NEPA cases, uncritical reliance on scientiﬁc
materialism fails to consider and incorporate Native
American perspectives, beliefs, and values, particularly
including Native peoples’ relationships to the environment.
We contend that there are other ways to understand the
environment and how it can be affected. Notable among
these, and demanding of respect in the US, are the
traditional perspectives of Indian Tribes and other Native
Americans, such as Alaska Natives and Native Hawaiians.
Based on our collective experience, these perspectives get
short shrift in NEPA analyses.

cultural worldviews intensiﬁes when compliance with other
federal laws is coupled with the NEPA process. This article

tuation of colonialist attitudes toward Native peoples. It will
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also discuss how taking into consideration Native American
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examines the effects of employing solely a Western scientiﬁc
perspective in assessing environmental impacts on indigenous
communities through the NEPA process and how this can
have the unintended consequence of promoting the perpe-
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This article examines the consequences of uncritically
employing only a Western scientiﬁc perspective in NEPA
analyses, both as regards the quality of the analyses
themselves and on the perpetuation of a colonialist mindset
that devalues and disadvantages Native peoples. Several
contemporary examples involving the Zuni and Acoma
people are presented to demonstrate our assertion. We also
argue that this clash of cultural perspectives and associated
values intensiﬁes when compliance with other federal laws
[e.g., the National Historic Preservation Act (NHPA) and
the Endangered Species Act (ESA)] is coupled with the
NEPA process. The article concludes with a discussion of
how taking into consideration Native American worldviews
can improve NEPA practice, by giving depth and breadth to
impact analyses and also by more respectfully, afﬁrmatively,
and inclusively addressing the concerns of Native peoples.

Science and the Environment in the 1960s and
Beyond
Like other US environmental laws, NEPA is a product of the
1950s and ‘60s. In those days, federal projects were planned
and developed based on narrow calculations of costs and
beneﬁts, which gave little or no consideration to how the
project would affect the environment. NEPA was designed
to change that by bringing environmental impacts into the
planning equation.
The ‘50s and ‘60s were also an era of what might be called
triumphal science. Science and technology had won World
War II, they had brought us the wonders and terrors of
nuclear energy, and they were taking us to the Moon and
beyond. Scientiﬁc and technological advances had also
dramatically improved many, many Americans’ quality of
life. There was a certain sense that science could do
anything and solve any problem.
It was a scientist – US Fish and Wildlife Service zoologist
Rachel Carson – who, with her pivotal 1962 book Silent
Spring (Carson, 1962), kick-started the environmental
movement that led to a number of legislative changes,
among them the enactment of NEPA. Carson was a skilled
writer, and her book is both an evocative tribute to nature’s
wonders and a clear-eyed scientist’s recitation of what
humankind was doing to nature through the unregulated
use of pesticides and other toxic media. One message that
Silent Spring and the environmental movement brought to
the US Congress was that science needed to be applied to
federal decision making. If biological research and research
in other ﬁelds were allowed to inform and inﬂuence decision

making, environmental degradation could be brought under
control, and the spring – even far into the future – would not
be silent.
Thus, NEPA is very much a science-grounded, sciencepromoting law. Consider the very ﬁrst “authorization and
direction” that Congress put forward in Section 102(2)(A)
of the act:
[A]ll agencies of the Federal Government shall –
(A) utilize a systematic, interdisciplinary approach
which will insure the integrated use of the natural and
social sciences and the environmental design arts in
planning and in decisionmaking which may have an
impact on man's environment…
Yes, there is reference to the “environmental design arts,” but it
is the sciences, natural and social, that get top billing. The
emphasis on science is, perhaps, even clearer in the next clause:
[A]ll agencies of the Federal Government shall –
(B) identify and develop methods and procedures …
which will insure that presently unquantiﬁed environmental amenities and values may be given appropriate consideration in decisionmaking along with
economic and technical considerations…
One can read this as emphasizing the importance and
relevance of amenities and values that are “unquantiﬁed”
and, hence, not readily addressed in the cost-beneﬁt
analyses that were popular at the time. However, the word
“presently” conveys the clear impression that such variables
should be quantiﬁed as part of the scientiﬁc analysis called
for by the third, action-forcing authorization and direction:
[A]ll agencies of the Federal Government shall –
(C) include in every recommendation or report on
proposals for legislation and other major Federal
actions signiﬁcantly affecting the quality of the
human environment, a detailed statement by the
responsible ofﬁcial on –
(i) the environmental impact of the proposed action…
The EIS – the core, driving procedural requirement of
NEPA – is clearly intended to be an application of science to
the problems of understanding and controlling the
environmental impacts of government actions. Accordingly, putatively expert professional scientists routinely
undertake NEPA analyses, including the preparation of
EISs, EAs, and similar documents. Speciﬁcally, biologists,
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hydrologists, geologists, and air quality specialists largely
devise and carry out NEPA-based studies, along with
experts in such “environmental design arts” as foresters,
landscape architects, and planners. The particularly human
aspects of the environment have been and continue to be
largely the domains of social scientists – anthropologists,
sociologists, and archaeologists. This pattern was established in the earliest days of NEPA’s implementation and
remains dominant today.

Evolving Perspectives in the 1970s Through
1990s
Outside the world of NEPA, however, thinking about the
environment and public policy have evolved to embrace a
broader range of values and beliefs – broader, that is, than
the impression that the expert application of science can,
inevitably, solve any problem. Through the 1970s, ‘80s, and
‘90s, it was increasingly recognized that not every important
variable could be usefully quantiﬁed. It was not just that
variables were not presently quantiﬁed, as NEPA’s drafters
had noted; they could not and should not be quantiﬁed. In
academic circles, post-positivist thinking in the 1980s began
to emphasize the need for qualitative analysis and to
recognize that there could be multiple “truths” grounded in
multiple, culturally inﬂuenced, understandings of reality.
This sort of perspective had gained some dominance in
the social sciences by the late 1990s, growing alongside the
triumphs of science represented by the Mars landers, the
Hubble Telescope, and the mapping of the human genome.
In the late 20th century, the general public (beyond
academia) became, if not disillusioned with science, at least
intrigued by the idea that science did not have all the
answers. With expanding scholarly and public appreciation
for the vagaries of quantum physics, even quite a few “hard”
scientists have acknowledged a certain indeterminate softness in their constructions of reality.
The world of NEPA remained rather rigorously positivist
through the ‘80s, ‘90s, and beyond, dedicated to ﬁnding
truth through science. Certain aspects of NEPA practice,
however, perforce began to open up to other-than-scientiﬁc
perspectives. Ironically, perhaps, the very public interest in
environmental problems encouraged by Silent Spring
increasingly motivated citizens to question whether professional scientists – particularly those employed by government and industry – were really the best guardians of the
environment and to insist on taking active roles in the
identiﬁcation and resolution of impacts. By 2000, planning
and public policy expert Frank Fischer could suggest that
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environmental problem solving “would be better served if
the technically oriented, top-down expert-client relationship were replaced by a more professionally modest but
politically appropriate understanding of the expert as
‘specialized citizen’” (Fischer, 2000, p. 46).
Prominent among the citizens who have demanded more
determinative roles in implementing NEPA and other
environmental laws have been people who hold citizenship
both in the US and in the country’s 500-plus Indian tribal
“nations within a nation.” From the 1980s onward, Indian
Tribal governments and individuals have increasingly
engaged in administrative actions and litigation under
NEPA, the NHPA, and a range of related legal authorities
seeking protection of valued aspects of their environment.
While their perspectives are often informed by science, as
Euro-Americans traditionally understand the term, they
are also informed, and powerfully motivated, by their
own science, embedded in their own cultures, traditions,
and ways of life. In many cases, however, Native American
traditional perspectives on and relationships to the
environment are devalued and delegitimized, because they
do not conform to, and often conﬂict with, the quantiﬁable,
scientiﬁc materialism employed by federal agencies.

Native American Perspectives on the Natural
Environment
At the heart of this conﬂict are disparate philosophies
concerning the relationship between humans and the
environment. The scientiﬁc materialist perspective of
humanity’s relationship to the environment is grounded
in 2,000 years or more of Judeo-Christian philosophy. In
the Judeo-Christian philosophical tradition, humans are
perceived as having been granted “dominion” over all
plants, animals, and the natural world, which are all to be
utilized for their beneﬁt (Anschuetz, 2013, pp. 13–33). The
Judeo-Christian perspective is antithetical to one common
Native American view that humans are subservient to and
part of the natural environment. In this perspective,
humankind’s role is one of stewardship and working to
maintain rapport with nature. To illustrate this point, Zuni
and Acoma perceptions of their relationship with nature are
provided herein, followed by instances in which these
relationships were considered in the NEPA process.

Zuni Perspective
The Zuni people live in northwestern New Mexico, on lands
that they have inhabited for more than 2,000 years.

The Pueblo of Zuni is located within an area that the Zuni refer
to as I’diwan’a or the Middle Place of all oceans of the world
and the middle of the heavens of the universe. The village is
located in precisely the same location it has been for over three
centuries and within a few yards of a spot occupied by the Zuni
people for at least three centuries prior to that.
The Zuni people have deep historic and contemporary
understanding/knowledge of, an afﬁnity with, and empathy
for the environment (the landscape) in which they live.
They believe in the conservation of the landscape from the
point of view of caring for one’s relative rather than from a
scientiﬁc perspective of conserving or managing natural
resources, and they have many generations of experience in
providing that care. The Zuni have a deep reverence for the
landscape around them (Hart, 1995).
Hart (1995, p. 8), explaining the Zuni attitude toward the
landscape, states that the “Zuni often use a metaphor to try
getting across to non-Zunis how they feel about and are
attached to the landscape. Zunis will say, ‘The land is our
church, our cathedral. It’s like a sacred building.’” In this
pervasive folk metaphor, a mesa may be an altar and a
spring, a sacred alcove. Although the entire landscape is
sacred, certain portions are especially so: a butte, a mesa, a
mud pond, a ruin, a sacred trail. The Zunis want, above all,
to have outsiders (including, speciﬁcally, federal agencies)
understand their depth of feeling for the landscape and their
respect for the environment – the same kind of respect that
they have for their friends and families. The Zunis’ relationship with the environment permeates not only their religious
use of the land but also their utilitarian and political use. Every
kind of activity that the Zuni people carry out is associated, in
some fashion, with a religious pursuit and use. The Zuni
religion is “a seven-day, twenty-four-hour-a-day” religion.
Edmund J. Ladd, a Zuni and an anthropologist, described
the Zuni perspective of their landscape as follows:
[they] view their landscape as a single complete
whole. All parts are equally important. Metaphorically this includes ‘the four oceans, the moss covered
mountains, the lakes that surround the lands… the
total landscape is their religious universe. This concept and the relationship of the Zuni people to their
environment permeate their religious life and use of
the land. It is important to maintain equilibrium with
nature in all its parts. (Ladd, 1980)
Thus, the Zunis believe that they have a special stewardship
relationship with the land; Zunis do not own the land, they
belong to the land and are part of the land. They are

dependent upon it and the landscape is dependent upon
them (Pandey, 1980, p. 2). Throughout the hundreds of
years that the Zuni have maintained their relationship with
the land, they have inherited and developed an encyclopedic
knowledge of their landscape and the many different
resources contained therein. No one Zuni person could
possibly recite all that there is to know about agriculture,
mineral collection, plant collection, grazing, and religious
use of the landscape. But it is through the many and varied
clans, religious societies, kiva groups, and priesthoods that
Zuni people remember and transmit different pieces of
knowledge about their landscape. In this way, traditional
knowledge about the landscape is retained throughout the
tribe, resulting in long-term management of a vast amount
of knowledge about animals, plants, minerals, springs, and
waterways (Hart, 1995).
The Zuni people have utilized and continue to utilize all of
the land within the province of Zuni for the practical and
spiritual preservation of the people. As a result of this long
association with and an extensive knowledge of the landscape, the Zuni maintain a sense of stewardship toward the
environment that is strengthened by a spiritual connection
and responsibility to animals, plants, and other aspects of the
environment. For the Zuni, the ability to collect and use plants,
animals, minerals, water, and places on the landscape
(mountains, buttes, mesas) involves recognition that these
material resources and places are also sentient beings,
possessing a spiritual essence, who respond, positively or
negatively, if they are treated appropriately or inappropriately.

Acoma Perspective
The relationship between the Acoma and their environment
is recounted through their oral history. The Acoma people
believe that two sisters, Nautisiti and Iatik’u, were created in
the worlds below and emerged into the present world at a
place to the north called Shipap’u. The earth being new and
in raw form, both were given baskets of seeds, from which
all life, the plants, animals, elements, and the environment
would be created. They were taught by Tsitchtinak’u (Thought
Woman) about everything that was created, including the
cyclical relationship and interdependence between plants,
animals, and humans. Thus, the Acoma people, as the children
of Iatik’u, carried that knowledge and the responsibility as
caretakers forward throughout their journeys to their arrival at
present-day Haak’u.
The literal translation of Haak’u is “to prepare.” The Acoma
people were told to seek out a place that was “prepared” for
them, a place that would contain all they would need to
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sustain them and their descendants, including land, water,
animals, and plant life. They found it in what is now called
Acoma Valley, a sandstone mesa top rising 300 feet above
the valley ﬂoor. The old village of Acoma Pueblo is
approximately 73 miles east of Zuni Pueblo. It is bordered
by ancestral lands to the west, including the El Malpais
National Monument and Conservation Area, and to the east
by the Laguna Pueblo Reservation. Acoma Pueblo’s northern and southern borders contain two of the four sacred
mountains, Kaweshtima (Mount Taylor) and D’autyuma
(Sawtooth Mountain), respectively. Archaeologically, the
existence of the old village can be dated to 1100 AD,
although the Acoma people know (through their migration
history) that many clans lived in settlements throughout the
Acoma Valley prior to settling atop the mesa.
The relationship between the Acoma people and their
environment is reﬂected throughout Acoma life. An Acoma
child is set upon his or her path as a “caretaker” the moment
the child is given a name and identiﬁed as a member of the
mother’s clan and as washti (child) of the father’s clan. The
clan system of the Acoma people was created during the
time of emergence by Iatik’u. Every ﬁrst female child was
given a clan. The clans created were to be reﬂective of the
plant, animals, and environment essential to the people’s
existence. The clans were as follows: Sun, Sky, Water,
Antelope, Bear, Red Corn, Yellow Corn, Oak, Squash/
Pumpkin, Roadrunner, Eagle, Turkey, Isth’e (plant), Badger,
Fire, Deer, Blue Corn, White Corn, and Parrot. This group of
clans, including their respective roles and responsibilities
within the Pueblo religious world, ensure that every
member is part of maintaining balance within the Acoma
universe. There is no better example of maintaining this
balance than in the ongoing relationship between the
Acoma people and Kaweshtima (Mount Taylor).
Mount Taylor’s signiﬁcance as both a physical property and
an Acoma cultural landscape dates back to the beginning of
time itself. Kaweshtima, the mountain of the North, was
created by the two sisters as the ﬁrst of four mountains
representing the cardinal directions. The mountain as a
whole consisted not only of its rocky slopes and peaks, but
also the mesas and canyons surrounding it. In the act of
creating and giving life to the mountain, populating it with
plants and animals, Iatik’u also gave life to the seasons and
the deities that govern them. Kaweshtima became home to
the deity Shak’ak’a, the spirit of winter, who observes the
people and their activity. The cultural and spiritual
relationship between the Acoma and Kaweshtima is
solidiﬁed when Iatik’u instructs the people that, in order
to receive the blessings of the deities and spirits she has
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brought to life, they must maintain their physical and spiritual
stewardship through prayer and other sacred obligations. The
blessings or gifts of resources, including snow, rain, or fog, are
the physical afﬁrmation that the Acoma people are fulﬁlling
their responsibilities. The outﬂow of these blessings is the
annual spring run-off necessary for the survival of plants,
animals, and the Acoma people themselves, all created equal
from the Acoma perspective and each having a role in the
survival of the other.
This inter-connectedness between humans and the environment (knowing one’s place and role in the Acoma world)
allows for a certain intimacy. This, paired with the collective
responsibility to pass on traditional knowledge, ensures that
each generation understands both the complex science of
how things have evolved and live, and, more importantly,
the sacred knowledge of how these resources should be
maintained to balance of the Acoma universe. For example,
elders often followed the activity of certain insects to gauge
changes in weather, their intensity, and the duration of
weather events. This knowledge, combined with knowledge
of lunar movements, set forth the speciﬁc times for when
large timber from pine trees could be harvested or when
pitch could be gathered and bark planks could be cut.
Harvesting during these speciﬁed times ensured that
resource gathering did not impact wildlife, insects, or birds.
In instances where a limited use of a tree was required,
harvesting during these set times ensured the future survival
of the tree, thereby keeping the Acoma from upsetting the
balance of the natural world and maintaining a good
spiritual balance with the spirits and deities governing the
mountain. In every instance, there are continual offerings
for what is harvested, gathered, or hunted on the mountain,
with additional prayers that sustain a continual renewal of
those resources. The Acoma people were taught an early
lesson on resource management, harvesting only what was
needed for survival and practicing methods that encouraged
the propagation of all species.
In summary, the natural knowledge of the Acoma and Zuni
people is, in its own right, a science. That is, it is knowledge
of the environment based upon empirical observations that
have been accumulated and tested over centuries, through
the implementation of subsistence activities. It is also based
in respect for all living things, a core value practiced by both
the Acoma and Zuni people. In an August 2002 editorial
appearing in Indian Country Today, the author writes,
“Much of what is called ‘primitive’ about indigenous
peoples’ ways of organizing human activity on this Earth
was quite useful, practical and pragmatic; it followed
general principles that are increasingly ignored today by

much of human enterprise.” (Indian Country Today, 2002).
In Native Science: Natural Laws of Interdependence (Cajete,
2000), Santa Clara Pueblo member and professor Greg
Cajete explains the scientiﬁc basis of Native American
epistemological systems. He identiﬁes these systems as the
“Tenets of Native Philosophy”:
1. All human knowledge is related to the creation of the
world and the emergence of humans; therefore, human
knowledge is based on human cosmology.
2. Dynamic multidimensional harmony is a perpetual state
of the universe.
3. Humanity has an important role in the perpetuation of
the natural processes of the world.
4. There is signiﬁcance to each natural place because each
place reﬂects the whole order of nature.
5. There are stages of initiation to knowledge.
6. Every “thing” is animate.
At the base of all these tenets is the fact that Native science
includes a spiritual orientation. It is this spiritual orientation embedded within natural knowledge that is ignored
and devalued as a result of a NEPA process based solely in
scientiﬁc materialism.

Traditional Environmental Perspectives and
NEPA
In recent years, academic and legal writers on the subject
have shown increased appreciation for the relevance of
Native American world views to practice under laws like
NEPA, particularly in the context of environmental justice
(Grijalva, 2011; Harper and Harris, 2011). However, their
welcome discussions of tribal environmental issues tend
to focus on what happens in “Indian Country” – generally
construed to mean land and resources associated with
Indian reservations, administered by tribal governments,
or held in trust by the US government (Grijalva, 2008;
Harris and Harper, 2011; Ranco and Suagee, 2007; Suagee,
1991, 2002) – and on human health issues related to tribal
populations (O’Neill, 2000; Ranco et al., 2011). Despite
unfortunate language in the NEPA regulations1 suggesting
that Tribes need be involved in considering only onreservation impacts, Tribal environmental concerns in fact
extend far beyond reservation boundaries and trust lands
and to a much wider range of variables than the health and
physical welfare of Tribal populations. Tribal connections
with and feelings of responsibility toward the environment
are grounded in their historical associations with the entire
continent and are informed by the widespread Tribal belief
in the interconnectedness of all living things, often broadly

construed to include what Euro-American science sees as
non-living environmental features like mountains and
lakes. These connections and concerns drive Tribes into
interactions with federal agencies under NEPA on such
issues as the mechanical removal and killing of trout in the
Grand Canyon (controlled by the Bureau of Reclamation
and the National Park Service) and the mining of uranium
on Mount Taylor (controlled by the National Forest
Service), case examples that are discussed below. Such
interactions reveal the extent to which Tribal views and
values are still given short shrift in NEPA analyses.
During the NEPA process of preparing an EA regarding a
proposed program of mechanical removal (electro-ﬁshing
and subsequent killing) of thousands (20,000/year) of
rainbow trout (Oncorhynchus mykiss) and brown trout
(Salmo trutta) from the Colorado River within Grand
Canyon, the Bureau of Reclamation consulted with ﬁve
Tribes (Hualapai, Hopi, Navajo, Southern Paiute Consortium, and the Zuni). The mechanical removal event was
proposed as a response to a fear that the population of the
endangered humpback chub (Gila cypha) was dramatically
declining as a result of predation and competition from
non-native rainbow and brown trout. The focus of the
mechanical removal activities was at the conﬂuence of
the Little Colorado River with the Colorado River in the
Grand Canyon.
To the Bureau of Reclamation and their scientists, the
proposal doubtless made sense in strictly scientiﬁc materialistic terms, but, to the Zuni, it was anathema. First, in Zuni
belief, the taking of life is not something that is done
casually; there must be a good reason, and no convincing
reason, other than a scientiﬁc hunch, had been given for the
trout removal by the federal agency. Moreover, the Zunis
maintain a perceived familial relationship with all aquatic
life, and the mechanical removal was, therefore, viewed as
killing Zuni children. Second, the location selected for the
removal – the conﬂuence of the Colorado and Little
Colorado Rivers – is considered by the Zuni people to be a
very sacred place, and the killing of trout there would
desecrate this place.
For two years, the Bureau of Reclamation and the Pueblo of
Zuni conferred on the Zuni objection to the planned
mechanical removal activities. At various times, the US Fish
and Wildlife Service, the Grand Canyon National Park
Service, and the Ofﬁce of the Assistant Secretary for Water
and Science were involved in the consultation with the
Zuni. Regardless of which federal agencies were present, all
of the consultation meetings involved a continued emphasis
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by the Bureau of Reclamation and other federal agency
representatives that (1) the mechanical removal was legally
required to maintain compliance with the conditions
established by the US Fish and Wildlife Service in its
Biological Opinion under the ESA, and (2) recent scientiﬁc
research (Yard, Coggins, and Baxter, 2009) supported the
conclusion that rainbow and brown trout were preying on
young humpback chub. The Zuni objected to the federal
agency’s position because (1) implementing mechanical
removal was a discretionary action for the Bureau of
Reclamation, as detailed in the Biological Opinion, and not
mandatory, as the agencies claimed, and (2) the referenced
scientiﬁc study was an analysis of mechanically removed
trout stomach contents, of which a very small percentage
contained identiﬁable humpback chub remains. The study
merely demonstrated that rainbow trout are piscivirous and
failed to provide any convincing link between trout
predation of young humpback chub and the viability of
the extant humpback chub population. The Zuni also
expressed concern with the circumstantial manner in which
the Bureau of Reclamation used scientiﬁc data in the EA to
link trout predation and competition to humpback chub
population viability. The Zuni contended that the scientiﬁc
modeling of trout predation on humpback chub, based on a
study of trout stomach contents, supposed a projected
quantiﬁed impact to humpback chub from trout predation
(based primarily on estimated trout numbers) that was not
demonstrated and was debatable, because it was preliminary
and had not been subjected to rigorous scientiﬁc review.
Despite the Zuni objections, the Bureau of Reclamation
maintained that the preliminary scientiﬁc ﬁndings were
sufﬁcient evidence for an EA to justify the implementation
of 10 years of mechanical removal of brown and rainbow
trout. With its uncritical reliance on science to provide the
only answer to a perceived ecosystem problem, even to the
detriment of Zuni traditional cultural values, the Bureau of
Reclamation imposed a cultural bias in favor of Western
scientiﬁc materialism on the Zuni, thereby further subjecting the Zuni people to the ongoing detrimental effects of
colonialism. This NEPA process did not equitably weigh or
consider Zuni traditional perspectives in its environmental
analysis; rather, it favored hegemonic scientism over Zuni
traditional perspectives as the only valid form of understanding
the Grand Canyon’s ecosystem. This effectively devalued and
delegitimized the Zuni’s perspective of their relationship with
and responsibility to this important ecosystem.
A second example involves Mount Taylor and an EIS
process associated with a proposed uranium mine on lands
managed by the National Forest Service. The Pueblos of
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Acoma and Zuni are currently involved in this EIS process,
through consultation with the National Forest Service. As
presented above, Mount Taylor is considered a traditionally
important place by the Pueblo of Acoma and is integral to
the way the Acoma people perceive their relationship with
and responsibility to the natural environment.
The Zuni people share a similar view of Mount Taylor.
To the Zuni people, Mount Taylor is a living, sacred being.
The Zuni people do not make the same distinctions
concerning “living” and “non-living” entities that many
Anglo-Americans make. The mountain slopes, the rocks,
the minerals and pigments, the plants and animals, and the
water within and on the mountain are all alive. Like any
other living being, Mount Taylor can be harmed when it is
cut, gouged, or in any way mistreated.
In part, Zunis perceive Mount Taylor as a living being
because it is an active volcano, but also because it is a snowcapped mountain that nourishes all of the plants and
wildlife during spring runoff. The minerals and subsurface
substances of the mountain, the Zuni people believe, are the
“meat” of the mountain, and contained within that meat is
the mountain’s heart. Water is considered to be the “blood”
of the mountain. Any disturbance to the meat or the blood
of Mount Taylor has the potential to disturb its heart, which
may anger the mountain. If the mountain gets angry, it
might erupt. Thus, the Zuni view Mount Taylor as a living
entity, similar to a living human being, and the relationship
between the Zuni people and Mount Taylor is similar to an
individual’s relationship with a family member.
The Acoma and Zuni perspectives of Mount Taylor as a sacred
place have been shared with the National Forest Service. In
fact, traditional cultural property studies of the proposed
uranium mine project area have been completed by both the
Pueblo of Acoma and the Pueblo of Zuni and submitted to an
environmental consulting company that is compiling the EIS
document for the National Forest Service. Of paramount
concern is that the environmental consulting company has
little familiarity with or understanding of Southwestern Native
American cultures; especially Acoma and Zuni.
Additionally, the National Forest Service has initiated
scientiﬁc studies (e.g., modeling of water resources and
archaeological testing) without meaningful consideration of
the views of the Acoma and Zuni people. The reality for the
Acoma and Zuni people within this current NEPA process
is that the scientiﬁc materialist perspective will prevail as the
dominant analytical tool applied by the environmental
consultant in generating the EIS, thereby relegating the

Acoma and Zuni perspectives on the Mount Taylor
ecosystem to second-class status, at best. Similar to other
EIS documents, the Acoma and Zuni people anticipate that
their concerns will be consigned to and compartmentalized
within the cultural resources section of the EIS, next to
archaeological sites and historic properties. The Acoma and
Zuni traditional values and concerns regarding natural
resources such as water, plants, animals, and the physical
environment addressed in the EIS will most likely not be
given consideration. This overall effect is compounded by
the fact that the Acoma and Zuni people will discover how
the National Forest Service considered the Acoma/Zuni
traditional values and concerns within the NEPA process
only after the agency issues the public draft of the EIS. At
this point, the National Forest Service will be heavily
invested in its preferred alternative decision, and experience
suggests that it will simply ﬁnd ways to explain away any
Tribal objections.
The NEPA process associated with the proposed uranium
mine on Mount Taylor is not unique to the Acoma or Zuni
people. Quite the contrary, it is all too familiar. For the
Acoma and Zuni, the majority of consultation requests
from federal agencies associated with a NEPA process
represent having to contend with yet another assault on
their cultural landscapes and their unique relationships
with those landscapes. While the effects of the development
of a single uranium mine on Mount Taylor may not appear
to be signiﬁcant, the Acoma and Zuni consider it to be an
insult to their traditional lifeways. With the increasing value
of uranium, both the Acoma and the Zuni can anticipate
having to contend with proposals for multiple uranium
mines in the near future. One insult is bad enough, but the
effects of multiple insults to the lifeways and cultures of the
Acoma and Zuni may have a damaging effect on either or
both. Consideration of the long-term and cumulative impacts
that result from the incremental erosion of Native American
cultures caused by such insults is seriously lacking from any
current NEPA analysis. The cumulative effects that result from
these insults should be part of the environmental justice
analysis contained within the NEPA process.

21st Century Retrenchment
After some promising developments in the 1980s and ’90s, the
early 21st century has, in our view, seen a sort of retrenchment
among practitioners of NEPA and the agencies that sponsor
their work. In case after case, as illustrated by the two examples
discussed above, the perspectives of Tribes have been and
continue to be, effectively, ignored by federal agencies
preparing EISs and EAs, or considered only when such

perspectives have been vetted by cultural anthropologists or
archaeologists and recast in social-scientiﬁc or narrow
regulatory terms. Meanwhile, “Tribal consultation,” though
explicitly insisted upon by the President in orders to the
agencies2 and in his approval of the 2010 United Nations
Declaration on the Rights of Indigenous Peoples, has been
widely interpreted by the agencies to involve merely sending
form letters or conducting general-purpose informationsharing meetings. Regularly, Native American perspectives
are given little substantive attention in NEPA analyses.
The EIA process under NEPA has become a business,
conducted by for-proﬁt consulting ﬁrms and funded by
project proponents. The consulting ﬁrms that do EIAs tend to
be run by scientist-entrepreneurs deeply invested in maintaining the status quo. The federal agencies that require and
oversee the conduct of EIAs are similarly invested. There is
little interest in or openness to alternative approaches to
characterizing the environment and addressing impacts on it.
As a result, Native American traditional views, if not totally
ignored in EIAs, are categorized as having to do only with
vaguely deﬁned “cultural resources” and made the responsibility of non-native archaeologists, historians, and cultural
anthropologists. Considering such views is often done only
in the context of ethnographic studies purportedly done to
mitigate the impacts of agency decisions and regulated
projects. All Tribal issues are relegated to consideration
under Section 106 of the NHPA, where they must be made
to relate to the “contributing elements” of “historic properties,” as deﬁned by non-Native social scientists. In part –
and doubtless without explicit understanding by those
responsible for such relegation – this reﬂects the premise,
embodied in some international environmental and cultural
standards, that culture itself is a “good” (i.e., a commodity),
rather than an activity carried out by people and to whose
practice people have rights (Holder, 2008).
The NEPA EIA system, in short, is stacked against valuing
and creatively addressing the perspectives of Indian tribes.
Tribes are not understood to be parts of, and deeply
knowledgeable about, the ecosystems that NEPA is
designed to protect. Instead, Tribes are understood to be
only concerned about the “goods” thought to represent
culture – such as “archaeological sites” – leaving impacts on
ﬁsh, wildlife, and plants to be considered by biologists,
impacts on water to be addressed by hydrologists, and
impacts on ecosystems to be managed by ecologists. When
Tribes try to carve out their own niches – using such
bureaucratic concepts as “sacred sites,” “cultural landscapes,”
and “traditional cultural properties” – they ﬁnd that they have

The National Environmental Policy Act 43

only made more work for the anthropologists and archaeologists, while they themselves become the objects of social
scientiﬁc study.
Tribes are not alone in being shut out of the EIA process.
Despite the hopeful writings of scholars like Fischer (2000)
at the turn of the century, in the last dozen years, EIA has
become virtually impervious to effective public participation. EIA is done by scientists to allow bureaucrats to
complete checklists, “clearing” projects for fast-track
construction. The interests of human beings and of the
environment itself are being lost in the shufﬂe. When cultural
aspects of the environment are considered, as Holder (2008)
has discussed, they tend to be treated as things – “goods” – to
be held and accessed, not as foci of activities to which human
beings (and other life-forms) have rights.

reviewers for their comments and assistance in contributing to the quality
of this manuscript. We are entirely responsible for any errors or omissions.

Notes
1 40 CFR §§ 1502.16(c), 1503.1(a)(ii), 1506.6(b)(2), 1508.5.
2 E.g., Executive Memorandum of November 5, 2009 (http://www.
whitehouse.gov/the-press-ofﬁce/memorandum-tibal-consultationsigned-president) and Executive Order 13647 of June 26, 2013 (http://
www.gpo.gov/fdsys/pkg/DCPD-201300461/pdf/DCPD-201300461.pdf).
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Is Urban Marsh Sustainability
Compatible with the Clean
Water Act?

geographic areas, expanded time frames, and projected
effects of climate change.
Environmental Practice 17: 46–56 (2015)

Beth Ravit, Judith S. Weis, Daniel Rounds
Introduction
The United States (US) Army Corps of Engineers and US
Environmental Protection Agency share responsibility for
regulating placement of ﬁll material in coastal wetlands and
open waters. However, achieving the goal of no net wetland
loss has been difﬁcult, particularly in urban regions where
development pressures and environmental conditions have
exacerbated wetland losses. Despite protections provided in
the Clean Water Act, one signiﬁcant wetland category is
threatened by adherence to the rules regarding no discharge
of ﬁll: low-lying coastal wetlands subject to the effects of a
changing climate, including rising sea level, higher storm
surges, and ﬂooding. Without inland migration or accretion

L

and use activities are a major factor in the loss of urban
marshes. Since colonial times, northeastern United
States (US) marshes were drained for crop production and
ﬁlled for housing, transportation, industrialization, and
landﬁll, contributing to loss of half the US coastal marsh
ecosystem during the 20th century (Kennish, 2001). Before
1994, New Jersey (NJ) was losing almost 809 wetland ha per
year to development (Brouwer, 2002), and the state had lost
39% of its wetlands (salt marshes and freshwater combined)
by the end of the 20th century (Dahl and Allord, 1999).
These large-scale wetland losses have contributed to
increased ﬂooding, decreased water quality, and lost habitat
values and ecosystem-level services [National Research
Council (NRC), 2001].

of new sediments, coastal wetlands will be lost unless marsh
surface elevations are raised. The northeastern US coastline is
a hot spot that may be especially vulnerable to sea-level rise.
To explore current restoration policy, three case studies were
examined: Jamaica Bay, New York, disappearing marshes;
Jersey City, New Jersey, Lincoln Park West marsh; and Kane
Wetland Mitigation Bank in the New Jersey Meadowlands
District. Questions related to projected sea-level rise, ecolo-

Clean Water Act and Wetland Regulation
In an effort to stop wetland losses caused by human
activities, the Clean Water Act (CWA), Section 404a and b
gave joint responsibility for regulating placement of ﬁll
material in wetlands and open waters of the coastal zone to
the US Army Corps of Engineers (USACE) and the US
Environmental Protection Agency (USEPA) (Federal Register,

gical topography and adjacencies, or the potential for
extreme storm events and surges were not addressed in the

failing to acknowledge the predicted effects of a changing
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climate. Permitting decisions must take into account broader
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designs of these recent restorations. Although placement of
ﬁll materials in wetlands, marshes, or open water can create
unanticipated consequences, if there is stringent regulatory
oversight and a transparent public process, allowing placement of ﬁll to preserve coastal wetlands could increase
coastal resiliency. We suggest that the greater danger is
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Figure 1. Clean Water Act Section 404 relationship between ﬁlling wetlands and mitigation requirement.

2002; Ruhl and Gregg, 2001). Section 404 prohibits
discharge of materials, including soil or sand, into wetlands
and open waters unless authorized by a permit issued under
Section 404 (NRC, 2001). Supported by environmental laws,
rules, and precedents (Federal Register, 2002; NRC, 2001;
Ruhl and Gregg, 2001), protecting wetlands from discharges
of ﬁll material (Figure 1) has been a preferred approach for
over two decades (Hough and Robertson, 2009), and this
preference underlies federal regulatory policy. Despite the
beneﬁts provided by the “no discharge” prohibition, one
signiﬁcant wetland category is threatened by adherence to
these regulations—low-lying coastal wetlands and wetland
restorations likely to be subject to the effects of a changing
climate that include sea-level rise (SLR) and storm surges
associated with extreme weather events (Jones, Bosch, and
Strange, 2009; Nicholls and Cazenave, 2010; Titus et al.,
2009; Törnqvist and Meffert, 2008).

Regional Sea-Level Rise and the Hudson Raritan
Estuary Coastal Wetlands
Accumulating evidence (Boon, 2012; Williams, 2013)
suggests that the northeastern US coastline is a SLR hotspot
(Kirshen et al., 2008; Sallenger, Doran, and Howd, 2012),
and the location of this regional hotspot makes the Hudson
Raritan Estuary (HRE) (Figure 2) especially vulnerable. A
century of monitoring by the National Oceanic and
Atmospheric Administration (NOAA) indicates that the
sea level in New York City’s low-lying areas is rising over
2 mm yr <MS> 1 and in portions of NJ almost 4 mm yr <MS> 1
(Gornitz, Couch, and Hartig, 2002; Zervas, 2009). Exacerbated by projected local temperature increases, northeast
US sea level is expected to rise more than the global average,
with the subsequent loss of existing wetlands (Karl, Melillo,
and Peterson, 2009), threatening the long-term sustainability of the region’s coastline and estuarine wetlands
(Gornitz, Couch, and Hartig, 2002; Strauss et al., 2012; Titus
et al., 2009).

The greater New York City region has approximately
2,400 km of shoreline; NJ has over 364,000 ha of remaining
wetlands consisting of forest and salt marsh, the majority of
which are in the coastal plain (Dahl and Allord, 1999).
Regional coastal lands at elevations less than one meter above
the local mean high-water total 178 km2 in New York (NY)
and 310 km2 in NJ; this land area contains 240,000 residences
that house a population of over 455,000 (Strauss et al., 2012).
Wetlands in these low-lying areas are subject to loss if
inundated.
Coastal marsh sustainability is determined by the ability of
marsh surface elevations to rise as rapidly as SLR, the rate of
marsh boundary erosion, and space for marsh migration
inland (Jones, Bosch, and Strange, 2009; Tol, Klein, and
Nicholls, 2008). However, the HRE’s wetlands are not
accreting new sediment fast enough to match rising seas
(Gornitz, Couch, and Hartig, 2002; Kirshen et al., 2008;
Nicholls and Cazenave, 2010; Scavia et al., 2002; Stammermann and Piasecki, 2012; Yin, Schlesinger, and Stouffer,
2009), and high-density coastal development precludes
landward migration (Kennish, 2001). Therefore, survival of
HRE coastal wetlands includes engineering to keep rising
waters out (Nicholls, 2003), elevating marsh surfaces, or
extending marshes into existing mudﬂats and/or open
waters through placement of new substrate (Weinstein and
Weishar, 2002). However, under Section 404 regulations,
placement of new substrate in marshes or open waters
would require mitigation for wetland ﬁll (Figure 1).
The laudable goal of CWA Section 404 was to prevent ﬁlling
wetlands to turn them into cities and shopping malls.
However, current regulations create an interesting conundrum. In following the regulations, are restoration projects
being permitted that will not be sustainable in the future? To
save coastal marshes, should regulators revisit ﬁve decades of
wetland policy and consider requiring placement of ﬁll
material in wetlands and/or open waters if a coastline is at
risk? Replenishment has been an acceptable response for
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Figure 2. Map of Hudson Raritan Estuary showing the three restoration locations.

beaches and sand dunes lost to storm surges and rising sea
levels (Finkl, 1996; Slott, Murray, and Ashton, 2010; Stive,
Nicholls, and Devriend, 1991). However, if existing wetland
regulations and policies are reexamined, does this produce a
slippery slope that could once again allow inappropriate ﬁll
activities that would cause additional wetland losses? To probe
these questions, we examined three case studies of recent HRE
salt marsh restoration projects.

Methodology
We selected three HRE coastal wetland restoration projects
that were recently completed: Jamaica Bay, NY, disappearing marshes; Jersey City, NJ, Lincoln Park West marsh; and
the Kane Wetland Mitigation Bank in the NJ Meadowlands
(Figure 2). To analyze alterations at the three sites, maps
and aerial photographs were obtained and evaluated based
on source, accuracy, and readability. Images selected for
analysis were scaled in AutoCad (Autodesk, San Rafael, CA)
to a common standard, land and marsh edges traced to
delineate shorelines, and then scaled maps were chronologically overlain to determine temporal changes. Hydrologic
and topographic differences were color coded to illustrate
chronological differences.
We conducted site visits and interviews with the participants
in each restoration project, including environmental consultants, engineers, and staff of the USACE (http://www.nan.
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usace.army.mil/Missions/CivilWorks/ProjectsinNewYork/
EldersPointJamaicaBaySaltMarshIslands.aspx), NOAA, the
NJ Department of Environmental Protection (NJDEP), and
representatives of nongovernmental organizations. We also
interviewed Captain Bill Sheehan, chairman of the Meadowlands Conservation Trust (MCT), owner of the Kane
Mitigation Bank site; Robert Ceberio, retired executive
director of the NJ Meadowlands Commission (regional
regulatory authority for the Kane Tract site); and Teresa
Doss, Senior Ecologist and Hudson River Bioregion Team
Leader, Biohabitats, an environmental consulting ﬁrm
engaged in NJ Meadowlands District and Jamaica Bay
marsh restorations. In addition to interviews, a series of 14
questions (see the Supplemental Materials section) related
to project objectives were answered by restoration project
participants. Dr. Ravit also reviewed NJDEP Kane Mitigation Bank documents acquired through an Open Public
Records Act (OPRA) request.
Although the sites and project objectives as described by
these individuals and NJDEP documents were unique
(Table 1), all restorations dealt with changes in topographic
elevation and hydrologic period, which in conjunction with
sediment availability determine long-term sustainability of
a coastal marsh. Examined collectively, these projects are
instructive in illustrating how regulatory, permitting, and
ﬁnancial considerations inﬂuenced HRE restoration project
decision making.

Table 1. Description of New York/New Jersey harbor wetland restoration case study projects
Parameter

Jamaica Bay

Lincoln Park

Kane Tract

Permits required

NEPA environmental assessment

Solid waste landﬁll closure

USACE 404

Water quality certiﬁcate

Nationwide 27 (permit)

Stormwater

Nationwide permit—sand placement

General Permit 16

Section 7 USFWS clearance

Special use permit

Waterfront development

Tidelands

Flood hazard

Waterfront development
Flood hazard
MIMAC (IRT), NJWMC mitigation bank
approvals
Section 106 coastal resources clearance

Agencies involved

Financing

National Park Service

USACE

USACE

USACE

NJDEP

NJDEP

NYS DEC

NOAA

NOAA-NMFS

NYC DEP

USFWS

NJMC

Yellow bar
Federal: $12,767,857

Restoration acreage

Nonfederal: $6,875,000
Black wall, rulers bar
Nonfederal: $341,1000
154 acres

Port Authority NY/NJ

NJWMC—freshwater

Hudson County parks

MIMAC—saltwater

Hudson County Improvement
Authority
NOAA stimulus: $10.6 million
NRD—NJ: $0.6 million

Privately ﬁnanced by EnviroFinance
Least payments to Meadowlands Conservation
Trust

NRD—Federal: $2.3 million

41.2 acres

240 acres salt marsh
20 acres freshwater wetlands

Ratio low/high marsh

21.44:1.42

No high marsh

Open water/mudﬂat acres

11.29

Estimated 70:30 ratio low marsh/open water/
mud ﬂat
No off-site material used

Off-site material used

~900,000 yd3

339,235 yd3

Off-site material source

Ambrose Channel
Rockaway Inlet
Amboy Aggregates
Elder: 5 years

Ambrose Channel

Monitoring required

No: Voluntary 3-year monitoring plan

5 years for mitigation banking credit release
20 years active management by mitigation bank

Monitoring parameters

Construction complete

Elders East: 2006

Vegetation structure and cover

Vegetation structure and cover

Hydrology

Hydrology

Macroinvertebrate, nekton, and avian
species
Soil

Channel erosion

Qualitative

Mercury build up in food chain

2011

2012 Followed by SuperStorm Sandy

Elders West: 2010
Monitoring complete

Yellow bar, black wall, bar: 2012
Elders East: 2012

Berm stability

2013 berm repair
2013

2017 for mitigation bank credit release
2032 for active management prior to site
turnover to Meadowlands Conservation
Trust

IRT, Interagency Review Team; MIMAC, Meadowlands Interagency Mitigation Advisory Committee; NEPA, National Environmental Policy Act; NJ, New Jersey;
NJDEP, NJ Department of Environmental Protection; NJMC, NJ Meadowlands Commission; NJWMC, NJ Wetland Mitigation Council; NMFS, National Marine
Fisheries Service; NOAA, National Oceanic and Atmospheric Administration; NRD, Natural Resource Damages; NY, New York; NYC DEP, New York City
Department of Environmental Protection; NYS DEC, New York State Department of Environmental Conservation; USACE, US Army Corps of Engineers; USFWS,
US Fish and Wildlife Service. From EarthMark (2013).
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Figure 3. Jamaica Bay marsh topography, 1848–2013: (a) 1884—baseline, (b) 1924—development extends coastline into waters of the bay
and extension of southern boundary conﬁguring Rockaway Inlet, (c) 1951—addition of JFK Airport and loss of marsh island acreage, and
(d) 1974—restoration target footprint; 2013—restoration actual footprint. Modiﬁed from New York City Maps (2013), http://maps.nyc.gov/
doitt/nycitymap/ (accessed July 1, 2013); and Google Earth, http://www.google.com/earth/index.html (accessed July 1, 2013).

Restoration Project Descriptions
Jamaica Bay’s Disappearing Marshes
Jamaica Bay is ~13 km long by 6.5 km wide, covers ~67 km2,
and opens into the Atlantic Ocean via Rockaway Inlet;
Jamaica Bay’s marshes have been subject to reconﬁguration
for more than a century (Figure 3). Chronological maps
(1844–1974) show that the shoreline expanded into the open
waters of Jamaica Bay, the southern shoreline was extended
westward creating Rockaway Inlet, and large portions of the
interior islands were submerged. In addition to changes in
surface elevations, the bathymetry, hydrology, and biogeochemistry of Jamaica Bay were signiﬁcantly altered when
sand deposits were dredged, creating subaqueous borrow
pits (Yozzo, Wilber, and Will, 2004). Although protected as
part of the Park Service’s Gateway National Recreation
Area since 1972, low-marsh vegetation losses since 1974
averaged 38% (Hartig et al., 2002). In 1924–74, over 205 ha
were lost (~4 ha yr <MS> 1); losses accelerated in 1974–99,
when 304 ha were lost (~12 ha yr <MS> 1).
When sand from the NY/NJ Harbor Deepening Project
became available, it was beneﬁcially reused to restore
acreage to Jamaica Bay’s marsh islands (Table 1 and
Figures 3 and 4). These projects restored marsh island
footprints to 1974 dimensions (Lisa Baron, USACE,
personal communication). Restoration designs and construction were completed before the current USACE ofﬁcial
guidance for SLR (EC-1165-2-212) was issued (USACE, 2011),
and cost constraints would have precluded building up
higher elevations on the restored islands (Gail Woolley,
USACE, personal communication). In 2006–7, the USACE
restored ~16 ha of marsh at Elders Point East (Figure 4); in
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Figure 4. Elders Island (a) after submergence of center marsh
area and (b) Elders East and Elders West restoration footprints.
Modiﬁed from New York City Maps (2013), http://maps.nyc.gov/
doitt/nycitymap/ (accessed July 1, 2013); and Google Earth, http://
www.google.com/earth/index.html (accessed July 1, 2013).

2010, ~16 ha were restored at Elders Point West by placing
dredged sand up to an elevation suitable for low-marsh
growth. In 2012, ~287,000 m3 of sand was placed at Yellow
Bar Hassock Marsh Island, resulting in ~27 ha of restored
marsh island and ~18 ha of wetlands; 118,506 m3 of sand was
also used to restore ~12 ha of marsh island at Black Wall and
Rulers Bar (~72,633 m3 of sand, ~4 ha). In 2013, restoration
of ~11 ha on Rulers Bar and Black Wall islands was
completed. The Black Wall restoration includes 8 ha at
elevation 0.5 m or higher. The highest elevation on the
island is 0.91 m, and 0.2 ha at this elevation (considered high
marsh). The Rulers Bar restoration has 4 ha at elevation
0.5 m and above, including 0.24 ha at elevation 0.76 m, the
island’s highest elevation.

Figure 5. Lincoln Park West (a) landﬁll, (b) prerestoration footprint, and (c) postrestoration footprint. Modiﬁed from Google Earth,
http://www.google.com/earth/index.html (accessed July 1, 2013).

Jersey City Lincoln Park West
Wetlands on the ~40-ha Lincoln Park West restoration site
were ﬁlled in the early 20th century, causing loss of a
Hackensack River connection except during extreme high
tides (Figure 5). Lack of tidal inundation reduced site salinity,
and increased elevations and disturbed soils contributed to
invasion by common reed (Phragmites australis) (USACE,
2013a). In 1999, the USACE began an environmental
assessment (EA), and the project was in a competitive position
when NOAA called for shovel-ready projects in 2009 (Table 1).
The EA option of creating low marsh to maximize ﬁshery
habitat was selected (Carl Alderson, NOAA, personal
communication).

invasive species. Hydrologic success was evaluated by using
time-lapse photographs of water movement through
channels and across the marsh plain; visual observations
were augmented by inundation and tide-height data
recorded by pressure transducers. Avian, nekton, and
macroinvertebrate measurements included presence/
absence of key species, abundance, and size. Soil analyses
included salt content, organic matter, pH, and fertility
measurements [Louis Berger Group (LBG), 2011].

The ~15-ha restoration, which enhanced the site’s wetland
connection to Hackensack River tide, included closure of a
nonpermitted “orphan” landﬁll,1 excavation of ~225,000 m3
of solid waste from the former marsh plain (Donald
Stevens, Louis Berger Project Manager, personal communication), and beneﬁcial reuse of ~259,000 m3 of federal
navigational dredge material from Ambrose Channel
(USACE, 2013b), the ﬁrst approved beneﬁcial reuse of
dredged sand for wetland restoration in NJ (David Bean,
NJDEP, personal communication). To ensure creation of
maximum low-marsh acreage, the site was overexcavated to
a depth of ~0.6 m below the garbage, and elevations were
then raised through addition of sand.

In 2012, approximately 700 shrubs and an herbaceous seed
mix were replanted in response to ﬁrst-year mortality.
Second-year monitoring results indicated that areal plant
cover (74%) would meet the 85% target; scrub-shrub density
(587 stems) will not meet the third-year target of 698 stems;
the hydrology and ﬁddler crab abundances met their
targets, but ribbed mussel abundances did not; although
low, target species nekton diversity was met. Invasive
Phragmites was expanding in high-marsh areas, and
unvegetated sand from the adjacent golf course was eroding
(LBG, 2012). The restoration construction was completed
and goose fencing removed in March 2013. Signiﬁcant
sections of Spartina alterniﬂora low marsh have been
subsequently lost (Alderson, personal communication).
Possible causes include herbivory by geese, hydrologic
scouring, and/or subsidence (Alderson, personal communication; Kenneth Jennings, Director, Hudson County
Parks, personal communication).

Six target parameters (elevations, tidal inundation, plant
survival percentages, presence of target species in ponds and
in the wetlands, and site passability) were established to
determine the project’s success, and a three-year voluntary
monitoring program was instituted by the NJDEP and
USACE. Vegetation monitoring tracked trends in abundance and species composition and noted the presence of

An important NOAA goal for the restoration was creation
of ﬁshery habitat in the low marsh, which appears to have
been achieved. The monitoring results indicated that the
target goals for hydrology, low-marsh vegetation, and
species’ habitat values have been or will be met. Repair of
substantial herbivory will require additional funds, new
sand, and replacement of low-marsh plants. The scrub-shrub
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Figure 6. (a) Empire Tract, (b) proposed conceptual restoration plan adapted from statement of qualiﬁcations and lease proposal for
Richard P. Kane Natural Area Wetland Mitigation Bank, and (c) actual Kane Tract Wetland Mitigation Bank footprints. Modiﬁed from
Google Earth, http://www.google.com/earth/index.html (accessed July 1, 2013).

vegetation target is not being met. Monitoring results
suggest that Phragmites will need to be controlled in higher
elevations. We note that damage to the newly constructed
wetland during the Superstorm Sandy tidal surge was
minimal. It is not possible to determine whether this
initially successful wetland will eventually be lost by not
having funds for repair and maintenance and/or a highmarsh buffer to allow migration.

Richard P. Kane Tract Wetland Mitigation Bank
The Richard P. Kane Natural Area in the Boroughs of
Carlstadt and South Hackensack, NJ (Figure 6) is bounded
by the Hackensack River (east), the New Jersey Turnpike
(south), and highly urbanized development (west and
north). The site was a fresh to low-salinity tidal marsh until
1913 (Figure 6a), when the site was diked and ditched and
tide gates installed for mosquito control; water-control
structures were maintained until 2005. The drier conditions
allowed invasion of Phragmites australis. In 1994, the site
was sold to a developer who planned to ﬁll 53–83 ha of the
Phragmites-dominated site.
However, an upland alternative was found, and the site was
transferred in 2005 to the Meadowlands Conversation Trust
(MCT). The MCT was required to provide mitigation
banking credits for wetland impacts caused by the NJ
Department of Transportation, the NJ Transit Authority,
and the Port Authority of NY and NJ. In 2008, a total of
97 ha were leased to a private consortium that was awarded
the lease to construct a wetland mitigation bank (Figure 6b).
Designs (Figure 6c) were approved in 2010 and construction
began, but the Access to the Region’s Core Tunnel project
was subsequently canceled. Without immediate need for
mitigation credits to offset the planned tunnel’s wetland
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impacts, a large gap was created in the consortium’s
ﬁnancial position, causing a change in project ownership.
Because the restoration was developed as a for-proﬁt
mitigation bank, ﬁnancial factors inﬂuenced design decisions. Actual site elevations were on average 6 inches lower
than anticipated—a signiﬁcant difference when engineering
surface elevations and intertidal hydrology. The decision
was made, inﬂuenced both by ﬁnancial and regulatory
concerns, that material to restore the marsh must come
from on site. Bringing in ﬁll materials would have increased
construction costs, and regulations do not allow ﬁll material
to be placed in wetlands (Richard Mogensen, former
EarthMark project manager, personal communication).
However, the NJDEP stated during permitting discussions
that they were aware of the low site elevations and would
consider a “potential hardship waiver for ﬁll,” noting
“NJDEP is open-minded as [this] is a wetland restoration”
(NJDEP preapplication meeting notes). The USACE
recommended increasing marsh acreage and decreasing
mudﬂat and open-water acreage (USACE correspondence
with the NJDEP). However, due to the low elevations, not
enough material was on site to create the planned surface
elevations and ﬁll the proposed berm. Channels were added
for drainage (Figure 6d) and to generate material needed to
create elevations high enough to support low-marsh
vegetation and provide material for berm construction
(Mogensen, personal communication).
The restoration is surrounded by 2,134 m of berm. The
decision was made to build Hesco concertina structures
rather than an earthen berm, which requires a wide base
that would have reduced restored acreage that determines
the number of mitigation bank credits for sale. The US Fish
and Wildlife Service (USFWS) also required removal of

~2294 m3 of sediment containing <ME>0.7 ppb mercury,
the effects range-median concentration for benthic organisms.
To obtain ﬁll material for berm construction, some of the open
channels were excavated to a depth deeper than originally
planned (Mogensen, personal communication). After the
NJDEP raised questions about the Hesco berm (Mazzei, 2010),
a 20-year active-management plan and long-term monitoring
program were included in permit requirements.
Construction was completed in 2012. When Superstorm
Sandy struck NJ, the berms were damaged, and local law
suits related to ﬂood damage are now pending. Prior to
Superstorm Sandy, the Kane Tract freshwater restoration
had 90% tree survival and Spartina alterniﬂora was
establishing in the eastern marsh; however, it is too soon
to predict whether vegetation coverage will meet targets.
Prior to restoration of hydrologic connectivity to the
majority of the site, 21 saltwater and 7 freshwater wetland
mitigation credits were released for sale (Richard P. Kane
Mitigation Bank, http://www.mitigationbanking.org/pdfs/
rpkmb.pdf, 2013; USACE, 2013c).

Discussion
Were these three restorations successful? We suggest that
the answer to this depends on the deﬁnition of success and
the time frame, as well as the accuracy of predicted changes
in coastal hydrology. We found no evidence that projected
SLR, more frequent extreme storm events or surges,
landscape patterns, or projected rates of sediment deposition were factors in the design of these three wetland
restorations. It appears that ﬁnancial considerations,
substrate availability, and the desire for low-marsh habitat
drove restoration designs.
The decision was made to “restore” the Jamaica Bay marsh
footprints of 1974, a date prior to CWA prohibition of
placing ﬁll material in wetlands. However, given the
amount of marsh loss far earlier than this date and
accelerating Jamaica Bay marsh losses, it could be asked
why the larger marsh island footprints were not used as the
restoration target(s), why Elders East and West were not
reconnected to restore the original single island, and why
the high-marsh acreage was not greater. At Lincoln Park
West, the NOAA preference for low-marsh ﬁsh-nursery
habitat was the preferred EA alternative; premature
removal of protective fencing in order to meet an arbitrary
project end date may have contributed to signiﬁcant marsh
loss when young Spartina plants were grazed and uprooted
(Alderson, personal communication).

In the case of the Kane Tract, the option of bringing
additional material on site to raise marsh elevations
acknowledged to be too low was rejected. When dredge
material was brought onto the Jamaica Bay and Lincoln
Park West sites, it was not used to create high marsh, and
none of the designs or permit requirements included high
marsh to provide a buffer to allow the marsh to migrate in
response to a changing climate. When higher elevation
scrub-shrub vegetation was planted at Lincoln Park,
survival and coverage did not meet projected restoration
targets, a common occurrence when trying to engineer
elevations and hydrology for high-marsh vegetation
(NRC, 2001).
The Kane Mitigation Bank illustrates for-proﬁt restoration
consideration of ﬁnancial as well as ecological factors. In their
“Statement of Qualiﬁcations and Lease Proposal,” the bank
developers stated they would take into account “existing low
elevation levels, sea level rise, and lack of historic berm
maintenance” in their restoration design (EarthMark, 2008).
Although the NJDEP also noted the low existing elevations
and offered to take this into consideration during the
permitting process, and USACE recommended decreasing
mudﬂat and open-water acreage, project managers chose not
to bring in off-site material. Regulatory agencies did not
require increasing elevations as a permit requirement, and the
USFWS required removal of mercury-contaminated sediments, further reducing the amount of sediment on site.
Bringing in additional ﬁll material would have increased the
construction cost of a ﬁnancially vulnerable project. It is
impossible to predict the ecological trajectory of this low-lying
marsh or to evaluate whether the hydrology and sediment
transport will support the constructed elevations. Although
the restoration’s long-term success is unknown, regulatory
agencies released mitigation credits to offset other coastal
wetland destruction.
Without a federal regulatory policy that requires accounting
for projected SLR when designing coastal wetlands, the
decision to build at low elevations (low marsh, mudﬂats,
open water) will continue to be made on a case-by-case
basis for ﬁnancial reasons, size constraints, the challenges of
engineering complex high-marsh hydrology, and arbitrary
habitat preferences. We do note that the USACE has the
authority to approve and grant permits allowing ﬁll
materials to be placed in wetlands. However, granting such
approvals without requiring compensatory mitigation
might be politically sensitive without updating federal
wetland policy. We also note that the USACE has issued
two guidance documents [in 2009 and 2011 (Woolley,
personal communication)] related to SLR. This guidance
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included three probability curves (high, intermediate, and
low) that SLR will occur at a certain rate. We were told that
the USACE will be incorporating greater ratios of high
marsh into their future designs to increase marsh migration
potential, which has not previously been considered to any
great extent (Woolley, personal communication).
Federal law authorizes the beneﬁcial use of dredged material
for habitat development (Yozzo, Wilber, and Will, 2004),
and this may result in expanding existing marshes and/or
increasing marsh elevations. However, this mandate is driven
by the need to dredge rather than the need to preserve coastal
marshes, and once a dredging project is completed, the
source of new substrate is gone. The state of NJ speciﬁcally
“discourages” ﬁlling in open-water areas, and “ﬁlling wetlands
areas is prohibited” (NJDEP, 1997), although the Lincoln Park
West restoration used dredge materials generated by the NY/
NJ Harbor Deepening Project, a positive step.

Slippery Slope Considerations
We acknowledge that encouraging placement of ﬁll material
in marshes or open waters can create unanticipated
consequences, including further loss of wetland habitat if
inappropriate ﬁll activity is permitted. We also acknowledge
that there are documented instances in the NY/NJ region
where ﬁll material was employed without adequate oversight [for examples and details, see Encap Project and
Overpeck Project (Nussbaum, 2009)]. Bringing in off-site
material would require signiﬁcantly more monitoring and
testing to ensure the material is clean. There is also the need
to deﬁne the level of “clean” required, especially in urban
environments, where sediments often contain high concentrations of historic contamination. It is problematic that
there is no universally agreed standard with respect to future
sea levels or tidal surge heights, and it is unknown how
important a factor SLR is in the resiliency of a speciﬁc site
(Terry Doss and Robert Ceberio, personal communications).
There was agreement among all individuals interviewed that
cost considerations drive restoration design decisions.

We suggest the following be considered in federal permit
requirements:
1. A model should be included describing how local SLR
could affect restoration-site hydrology over an extended
time frame, such as 30–40 years.
2. Site designs should be created incorporating elevations
sustainable over the modeled time frame. A sedimentsource evaluation and deposition rate should be included
in the model.
3. Site topography and interactions within the surrounding
landscape should be considered, as well as the inclusion
of a high-marsh buffer that could convert to low marsh
should SLR exceed the model projection.
4. Use of off-site material to achieve the modeled elevations
should not trigger a Section 404 requirement to provide
mitigation for wetland “ﬁll activities.”
5. Restoration projects that lower marsh surfaces (often due to
Phragmites removal efforts) should no longer be permitted.
6. Monitoring and maintenance of site elevations should be
a permit requirement.
7. Funding for long-term maintenance and repairs (20 plus
years) should be a permit condition. A long-term bond
or funds held in escrow would ensure that the costs of
repairs and maintenance are covered.
8. A rigorous public comment process to allow public
discussion of what ﬁll material is necessary and
appropriate for a speciﬁc site.

Conclusions
Urban coastal wetlands will be lost unless adaptive planning
policies and regulations designed to increase marsh surface
elevations are implemented. Permitting decisions must take
into account broader geographic areas, expanded time
frames, and projected effects of a changing climate. In short,
we believe the prohibition against ﬁll in wetlands and open
water should be changed by using a purpose dependent
guideline—following CWA ﬁll regulations is necessary to
prevent further development, but allowing replenishment
of drowning or eroding marshes is equally necessary.

New Approaches
Federal and state regulations (Hedrick, 2000) governing
beach replenishment are already in place. We suggest that
similar federal guidelines are needed that would regulate
replenishment when coastal wetlands are in danger of
drowning or being created/restored. Such guidelines would
need to address what constitutes acceptable ﬁll material(s),
allowable levels of contamination given local background
contaminant levels, and other complex regulatory issues.
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Note
1 Orphan landﬁlls are properties where a current owner or responsible
party cannot be identiﬁed.

Supplementary material
To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/S1466046614000301
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Socioeconomic Analysis Options
for Pesticides Management in
Developing Countries: A Review
Barry D. Solomon
Many factors must be considered by environmental ofﬁcials
tasked with managing pesticides. Several socioeconomic
analysis techniques can be used to quantify these issues and
help improve management, including the full consideration of
alternatives. The most popular and commonly used techniques
are Cost-Beneﬁt Analysis and Cost-Effectiveness Analysis, and
additional guidance and reference materials are readily
available. Another group of methods, known as Rapid Rural
Appraisal and Participatory Rural Appraisal, can be more
appropriate, faster, and have lower cost to use in developing
countries. Finally, qualitative decision making under uncertainty, such as through the use of the Precautionary Principle
(not a socioeconomic analysis technique), also can be
valuable. The precautionary approach requires that if an
action or policy has a suspected risk of causing harm to the
public or to the environment, in the absence of scientiﬁc
consensus that the action or policy is not harmful, the burden
of proof that it is not harmful falls on those taking an action.
Ideally all of the analytical techniques will need complete and
reliable socioeconomic data, though in reality, data are often
incomplete and fraught with uncertainties. In these cases, the
application of the precautionary principle decision rule may
have strong justiﬁcation. The application of these techniques
in several decision contexts for pesticides in developing

environmental, public health, and sustainability costs
(Pimentel, 2005; Wilson and Tisdell, 2001). Socioeconomic
analysis refers to a series of quantitative techniques and
tools to assess and compare the relative economic, health,
and environmental impacts of various policies or projects.
The analysis can be used for answering a series of important
questions about pesticides (Organization for Economic
Co-operation and Development, 2000, p. 23; Renn, 2008):
1. Is risk reduction justiﬁed?
2. How can risk most effectively be reduced?
3. Who are the key stakeholders, and who and what will be
affected by risk reduction?
4. What are the short- and long-term beneﬁts of risk
reduction, and how will these be distributed?
5. What are the direct and indirect costs of risk reduction,
and how will these be distributed?
6. What is the preferred risk reduction option?
7. Is pesticide regulation needed?
A popular technique for estimating the risks of pesticides is
risk assessment, though it does not necessarily require the
use of socioeconomic analysis data or results. However,
there are a variety of socioeconomic analysis techniques
that can be very useful for improving risk management and
risk reduction. These include Cost-Beneﬁt Analysis, CostEffectiveness Analysis, Multi-Criteria Analysis, Comparative
Risk Analysis, Risk-Risk and Health-Health Analysis, and
Rapid and Participatory Rural Appraisal (Pearce, Atkinson,
and Mourato, 2006). Among these techniques, the most
popular and commonly used are Cost-Beneﬁt Analysis and
Cost-Effectiveness Analysis. In addition, qualitative decision
making under uncertainty, such as through use of the
precautionary principle (a decision rule), can be valuable
(Ackerman, 2008; Renn, 2008).
This review will describe several socioeconomic analysis
techniques based on the research literature which can be
used to make scientiﬁcally sound and socially justiﬁed

countries will be discussed.
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decisions about pesticides management in developing
countries. The paper should prove useful for pesticide
regulators, registrars and managers, public health specialists, industry, consultants, researchers, and others who are
faced with the task of managing the highly uncertain risks
that are created from and related to the use of pesticides.
Not only are many of these risks uncertain, they are often
long-term, distributed unevenly in society, and must be
balanced with the health and other beneﬁts gained from the
same products. The ﬁrst step is to review the political and
legal institutions and framework within each particular
country, then consider the range of socioeconomic issues
and data sources, the potential usefulness of the analytical
techniques, and the role for stakeholders in the pesticide
decision-making process. We will review the range of
socioeconomic analysis techniques that can be applied in
the next section (plus the precautionary principle), which
will be followed by some brief conclusions.

Socioeconomic Analysis: Cost-Beneﬁt
Analysis and its Alternatives
This section reviews the major tools that can be used for
socioeconomic analysis of pesticides plus the precautionary
principle. Socioeconomic analysis of pesticides risks is most
useful for managing the remaining risks to the environment
and public health after restrictions have been made on
environmental grounds (based on legislation, regulations,
and treaties). In all cases use of credible, reliable data is
essential for the analysis to support sound decision making.
Industrial, governmental, and third party (e.g., beneﬁts
transfer) data sources can all be used. Additional popular
techniques that focus more heavily on environmental
analysis—environmental impact assessment, strategic
environmental assessment, and life cycle assessment, or
social impact assessment exclusively—are not covered here.
Socioeconomic analysis may be used within environmental
impact assessment via Cost-Beneﬁt Analysis, CostEffectiveness Analysis, or simple economic impact analysis,
while strategic environmental assessment provides similar
assessment at a higher decision-making level (Canter, 1995;
Pearce, Atkinson, and Mourato, 2006).
Cost-Beneﬁt Analysis is recommended by most economists
though it is quite challenging, time consuming, and
expensive to do correctly. It also has serious limitations.
As a result, more space is devoted to it. In all cases, if these
techniques are used in practice, supplementary reference
sources should be consulted. All of the techniques can be
used to help make better decisions on whether or not to
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register a pesticide or to switch to an alternative chemical
or non-chemical practice (e.g., biological pest control,
Integrated Pest Management, organic farming, etc.). Useful
data sources include national ministries of economic
development, ﬁnance, and statistics. In some cases the use
of a non-socioeconomic analysis decision rule, i.e., the
precautionary principle, may be justiﬁed.

Cost-Beneﬁt Analysis
Cost-Beneﬁt Analysis is a well-developed tool for socioeconomic analysis that can be used to determine if the net
social (e.g., society-wide) or private (e.g., to a farmer)
beneﬁts of a project or policy, such as applying or banning a
pesticide, exceed their net social or private costs. CostBeneﬁt Analysis thus addresses the economic efﬁciency of a
proposed action from a societal or even private perspective.
This is done through the use of one or more of three
decision rules: beneﬁt-cost ratio (Equation 1), discounted
net present value (Equation 2), or internal rate of return.
τ
P
Bτ
BCR ¼

i¼1
τ
P
i¼1

ð1 + rÞτ

(1)
Cτ
ð1 + rÞτ

where:
BCR = beneﬁt-cost ratio
Bt = the beneﬁts in year τ
Ct = the cost in year τ
r = the discount rate
τ = the time frame of a policy or project, usually 20–30 years.
This decision rule requires that an analyst generally
recommend the acceptance of a policy or project with a
Beneﬁt-Cost Ratio of 1.0 or greater. The second decision rule,
discounted Net Present Value, is a simple variation on the
Beneﬁt-Cost Ratio and is usually the preferred rule because
the calculation is less sensitive to project scale, and it is less
subject to manipulation of beneﬁt and cost values (Boardman
et al., 2010). Here, a decision maker prefers a policy or
project’s value in today’s discounted dollars to be positive:
τ
X
ðBτ Cτ Þ
NPV ¼
(2)
ð1 + rÞτ
i¼1
Finally, the third decision rule is the Internal Rate of Return,
which requires ﬁnding the discount rate in the Net Present

Value formula whereby after discounting the project or
policy costs and beneﬁts, the present value of Bτ − Cτ = 0.
In this case, a decision maker would want to accept a project
or policy when the Internal Rate of Return exceeds a
predetermined social discount rate. The World Bank
occasionally uses the Internal Rate of Return, but this
decision rule has several shortcomings, such as sensitivity to
economic life of a project and the timing of beneﬁts
(Boardman et al., 2010, pp. 154–155).
A goal of Cost-Beneﬁt Analysis is to express all costs and
beneﬁts of a project or policy in monetary terms to the
greatest extent feasible, irrespective of whether a social or
private decision-making perspective is taken. However,
monetization is not always possible and analysts may need
to express some categories of beneﬁts and costs in
qualitative, non-monetary, or non-economic terms (Tisdell,
2009, pp. 183–229). Consequently, if an analyst believes that
non-monetary considerations could reverse the ﬁndings of
the decision rule, then this should be allowed as long as a
persuasive case can be made.
Detailed guidance on how to properly conduct a CostBeneﬁt Analysis can be found in several reference texts,
which analysts should consult (e.g., Boardman et al., 2010;
Hanley and Barbier, 2009; Pearce, Atkinson, and Mourato,
2006). Ideally a Cost-Beneﬁt Analysis will have eight stages,
or steps. The data can be collected from a combination of
government sources, original research, and ‘beneﬁts transfer’
techniques (Johnston and Rosenberger, 2010).
Step 1. Specify the set of alternative projects or policies to address
A Cost-Beneﬁt Analysis compares the net beneﬁts of a
pesticide policy or a case-speciﬁc project with the net beneﬁts
of a hypothetical or speciﬁc project or policy that would be
displaced if the project or policy would proceed. This
hypothetical project is called the counter-factual and is
usually the status quo or a baseline; the analysis can be done
either ex ante or ex post. An analyst can also determine the
optimal scale and timing of the project or policy (choose the
point where marginal social beneﬁts equal marginal social
costs if only one option exists; if there are multiple options,
choose the one with the largest net beneﬁts; if there is a range
of projects or policies, rank them based on the BCR and work
down the list until the budget constraint is exhausted).
Timing also may come into consideration, as there may be
value in delaying a project or policy to lower uncertainty.
Step 2. Decide whose beneﬁts and costs count (standing)
Standing determines whose beneﬁts and costs will count
and whose do not. Standing is usually speciﬁed at the

national level. There is some contention as to when
standing should be speciﬁed internationally. Some favor
global standing, especially where there are international
spillovers (e.g., many environmental issues, including
pesticide imports and exports). For other kinds of projects
or policies, some advocate standing at a lower level—the
state or province, another sub-national region, or even local
government. In the case of pesticides, their external costs on
human health and the environment fall on society as a
whole, and thus, broad standing is needed.
Step 3. Assess the impacts
List the physical impacts of the pesticide policy or project as
beneﬁts or costs, typically per year, and specify the impacts
units. Impacts include both inputs and outputs. Several data
sources may need to be used: the project proponent,
government, original studies, etc. Cost-Beneﬁt Analysis
analysts only should include impacts over the baseline or
status quo scenario and that affect individual utility (wellbeing or welfare) of people, including the value that humans
place on the environment and nature. Also, there must be a
‘cause and effect’ relationship between the project or policy
outcome and the individual’s utility. Note that natural
measurement units may vary from one impact category to
another, e.g., water pollution versus honeybee deaths.
Ideally analysts also should conduct an environmental
assessment, life cycle assessment, and economic impact
analysis, and incorporate the results into the Cost-Beneﬁt
Analysis (Pearce, Atkinson, and Mourato, 2006).
Step 4. Quantify impacts over the full project life
All of the impacts for each alternative assessed in Step 3
should be quantiﬁed for each time period, usually single
years over 20–30 years. Again, a variety of data sources may
need to be used—from the project proponent, government,
original ﬁeld studies, etc. Unfortunately, the supply and
demand curves for pesticides aren’t always fully known; this
can make it difﬁcult to quantify impacts according to the
conceptually correct method. In general, it is more difﬁcult
to predict impacts if the project has a long time horizon or
if the relationships between variables are complex. The
physical or economic life of a project or the longevity of a
project is normally used, e.g., 20–30 years. Life-cycle
analysis can be a valuable tool for about a 20-year time
frame; a ‘horizon value’ for impacts over the longer term
can be estimated through simple projections.
Step 5. Monetize (attach dollar values to) all impacts
compared to baseline
Beneﬁts are best measured by the public’s willingness to pay
for or willingness to accept a pesticide policy or project,
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while cost is best measured by opportunity cost and
regulatory or program implementation costs. Costs and
beneﬁts should be valued based on actual market or
government data wherever possible, e.g., the cost of
pesticide use, restriction, ban, Integrated Pest Management,
and changes in farm production levels and farm revenues
(Auld, Menz, and Tisdell, 1987; Tisdell, 2009, pp. 196–203).
However, many beneﬁts are difﬁcult to value in dollar terms
because they are not traded in markets (e.g., value of human
life, value of time, human health), and environmental
externality beneﬁts need to be valued in terms of improved
health or ecosystem end states (e.g., savings from reduced
poisonings and improved water quality). Later sections will
brieﬂy review the major non-market valuation methods
that can be used. If no individual is willing to pay for these
beneﬁts, a beneﬁt will have a zero value. Often shadow
prices or plug-in values (beneﬁts transfer techniques) can be
used (Johnston and Rosenberger, 2010).
Step 6. Discount beneﬁts and costs to obtain present values
and the Net Present Value
Impacts are discounted into today’s dollars because people
have a time preference for consumption now rather than
later. The appropriate discount value method and level is
contentious and is usually expressed as a “social” discount
rate, which is usually constant and lower than the private
discount rate, though for long term projects or policies it
can be lowered in the long term versus the short term. Often
the discount rate is mandated by a government agency
responsible for ﬁnancial and budgetary oversight for other
agencies [e.g., currently 3% and 7% in the United States (US)
and usually larger in developing countries, reﬂecting a
presumed higher opportunity cost of capital and economic
growth rate, though not all analysts agree].
Step 7. Perform risk and sensitivity analysis
Risk is where beneﬁts and/or costs are not known with
certainty but a probability distribution is known. In this
case analysts will take the most-likely expected value or
possibly weigh them for risk. Uncertainty, which is very
common in Cost-Beneﬁt Analysis, is where there is no
known probability distribution for a variable. Sensitivity
analysis clariﬁes for decision makers how these uncertainties affect the Cost-Beneﬁt Analysis results. Just about every
variable and assumption can be subjected to sensitivity
analysis, but it’s best to focus on a few of the most important
variables or assumptions and use a range of values. For
example, such variables might include population and
employment levels, pesticide or Integrated Pest Management
cost, economic growth, value of statistical life, discount rate,
willingness to pay for pesticide risk reduction (see below), etc.
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Step 8. Conduct a distributional analysis (by income class,
sector)
In addition to calculating aggregate beneﬁts and costs, an
analyst should determine who gains and who loses by the
policy or project; equity weights can be used to adjust the
results if greater weight is desired for low-income or
minority people or rural farmers, e.g., to increase the
environmental justice of outcomes (Pearce, Atkinson, and
Mourato, 2006, pp. 225–230).
A Cost-Beneﬁt Analysis of a pesticide could be used to
determine the private beneﬁts of, for example,, avoided crop
losses from insects, weeds, or disease, while the direct
(private) costs would include the farm-level costs of buying
and applying the chemicals (e.g., Polidoro et al., 2008).
While these factors are easy to determine in the short run,
due to increasing resistance among the pest population, the
beneﬁts may fall over time and eventually end. Moreover,
the use of pesticides results in a series of external costs
on human health and the environment (Pimentel et al.,
1992; Pimentel, 2005; Praneetvatakul, Schreinemachers, and
Pananurak, 2013; Wilson and Tisdell, 2001). These latter costs
fall on society as a whole, and thus the optimal level of
pesticide use by a farmer is likely to be different than that
from the societal perspective. While external costs can be
very difﬁcult to measure (see below), a Cost-Beneﬁt Analysis
that ignores externalities will be incomplete and faulty, and
should thus consider these effects in non-economic terms
(Bowles and Webster, 1995; Pimentel et al., 1992).
Revealed preference methods
If a market exists, it can be used in Cost-Beneﬁt Analysis to
directly value an ecosystem service such as clean groundwater supply based on how much people pay for it. This will
not be the case for most ecosystem services in developing
countries, including groundwater. Alternative revealed
preference methods include hedonic pricing and production function approaches. The hedonic pricing method
requires data collection and statistical analysis of demand in
related markets, such as for food crops in an area with
contaminated groundwater. This technique decomposes the
item being researched into its constituent characteristics
and obtains estimates of the contributory value of each
characteristic. For instance, clean water supply (or at least
knowledge of water quality) is one of several factors
affecting demand for the ﬁnal good (Tisdell, 2009,
pp. 210–212). A production function approach directly
considers clean water as an input factor in the production of
a crop, with a shift from crops with a tainted water supply to
a more expensive producer with a cleaner water source
determining the value of clean water. Similar data collection

and statistical analysis would be required as with the
hedonic pricing method.
Stated preference methods
Two main stated preference methods are used to value
ecosystem services that can be used in Cost-Beneﬁt Analysis:
the Contingent Valuation Method and Choice Modeling
(sometimes called Conjoint Analysis). Each method requires
a public survey to determine willingness to pay or willingness
to accept a change in the level of an environmental attribute,
such as avoidance of groundwater contamination risk from
pesticides (Tisdell, 2009, pp. 212–221). Travisi, Nijkamp, and
Vindigni (2006a) provide a survey of willingness to pay to
reduce pesticide risks, for either consumers or farmers, and in
a few cases the environment, though only a few of the studies
considered were done in developing countries. A Contingent
Valuation Method study requires a mail, telephone, internet
or face-to-face survey that describes the problem context,
background information, and presents a scenario of environmental change to elicit the willingness to pay or willingness to
accept among survey recipients (stakeholders). A payment
mechanism would be described, such as through taxes,
charges, or a voluntary fund. Many Contingent Valuation
Method studies have been successfully conducted in
developing countries (Alberini and Cooper, 2000). A Choice
Model, in contrast, would describe several alternative
scenarios as well as baseline conditions for different levels of
groundwater contamination, crop production, consumer
charges, etc., and would deduce willingness to pay or
willingness to accept indirectly based on ranking of different
scenarios by survey recipients (Travisi and Nijkamp, 2008).
Cost-based approaches
Cost-based approaches can also be used in Cost-Beneﬁt
Analysis to value pollution or its control. These methods
include the replacement cost or avoided cost of e.g.,
groundwater pollution, through the cost of an alternative
water supply source, water cleanup cost, or alternative pest
management practices such as Integrated Pest Management
or organic food production (Abdalla, 1994; Pretty and
Waibel, 2005). Replacement cost is the cost of providing an
alternative water source of equivalent quality. Alternatively,
avoidance cost would be the cost of avoiding water pollution
in the ﬁrst place. These approaches are sometimes also called
the defensive expenditures method (Boardman et al., 2010).

Risk-Beneﬁt Analysis
A tool related to Cost-Beneﬁt Analysis is Risk-Beneﬁt
Analysis, which is often used for public health and medical
applications (Wilson and Crouch, 2001). In the case of

pesticides, risk-beneﬁt analysis could be used to compare
the potential human health gains to the environmental risks
for various pesticides (e.g., DDT—dichlorodiphenyltrichloroethane) or even crop increases to the environmental
risks. Even so, since the risks can be considered as another
type of cost, risk-beneﬁt analysis is reducible to Cost-Beneﬁt
Analysis, and is therefore not truly a separate decisionmaking procedure.

Rapid Appraisal Cost-Beneﬁt Analysis
As mentioned at the start of this section, Cost-Beneﬁt Analysis
can be quite challenging, time consuming and expensive to do
correctly. As a result, “Rapid Appraisal” Cost-Beneﬁt Analysis
has been developed and demonstrated in the context of the
Registration, Evaluation, Authorization and Restriction of
Chemicals (REACH) chemical testing and control policy of
the European Union (Pearce and Koundouri, 2004). In this
study, two methodologies were adopted based on the concept
of the Disability-Adjusted Life Year. Disability-Adjusted Life
Year is a measure of disease burden that combines morbidity
(e.g., years living with malaria) and premature mortality into a
common metric for the effect of chronic illness on human
health (Murray, 1994). In one model, the authors estimated
health expenditures per Disability-Adjusted Life Year that can
be avoided due to environmental controls and compared these
to the cost of the policy measures. In the second model, a
willingness to pay estimate of Disability-Adjusted Life Years
was made based on estimated Values of a Statistical Life.
While the study did not consider environmental beneﬁts, the
authors found that in most scenarios considered, REACH
would pass a Cost-Beneﬁt Analysis test.

Cost-Effectiveness Analysis
Another common socioeconomic analysis technique is
Cost-Effectiveness Analysis, which can complement CostBeneﬁt Analysis but is most applicable for different kinds
of decisions. Its formula is simply effectiveness (E) over
cost (C). The highest ratio achieved among competing
projects or policies will be preferred, which will be the least
cost option for achieving the given objective. This tool is
simpler, less costly, and less data intensive to estimate than
Cost-Beneﬁt Analysis, in that a farmer or the government
may be interested in determining which among several
competing pesticides has the lowest direct costs per physical
unit of insect (or disease vector) control. Cost may
include the cost of purchasing and using pesticides, farmer
education on Integrated Pest Management, other regulatory
or program implementation costs, opportunity cost,
environmental externalities, etc., while the effect is deﬁned
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as a non-monetized measure of policy or project effectiveness.
The cost-effectiveness ratio is show in Equation 3:
CER ¼

Ei
Ci

(3)

For example, the overall cost effectiveness of alternative
pesticide policies or projects can be estimated in dollars per
hectare of the treated land area, or some other appropriate
measure such as Disability-Adjusted Life Years Averted.
Similarly, Cost-Effectiveness Analysis has been used to
determine the cost effectiveness of insecticide treated bed
nets versus indoor residual house spraying of DDT to control
the malaria vector (Brown, 2011; Goodman et al., 2001; Van
den Berg, 2009; Walker, 2000). However, because of the
growing resistance among pests, the estimated effectiveness of
measures may be attenuated over time. The same logic can be
applied when evaluating a speciﬁc pesticide versus Integrated
Pest Management, biological pest control, or organic farming
(Agnes et al., 1995).
Several environmental management measures and targeting
of the larval stages of disease vectors were used in Zambia
from 1930–1949 to control malaria. Researchers found that
the costs per Disability-Adjusted Life Year averted of these
measures totaled US$524–591 over the ﬁrst 35 program years
(Utzinger, Tozah, and Singer, 2001). Costs included labor,
capital and maintenance. The effectiveness measure used in
this study was beneﬁts in terms of malaria attacks and
Disability-Adjusted Life Years averted. In the long run
environmental management became much more costeffective as maintenance costs fell, down to US$22 per
Disability-Adjusted Life Year by the late 1940s (Utzinger,
Tozah, and Singer, 2001; for further discussion, see United
Nations Environment Programme, 2011).
More recently the cost effectiveness of diffusing Integrated
Pest Management practices among Bangladeshi farmers has
been studied. Farmer Field School participants were found
to be more likely to adopt Integrated Pest Management
practices than were recipients of messages from ﬁeld
days and agent visits. However, ﬁeld days were the most
cost-effective means for stimulating adoption of simpler
practices due to lower participant costs, and extension
agent visits were the most cost-effective means for
extending more complex practices (Ricker-Gilbert et al.,
2008).

Multi-Criteria Analysis
Multi-Criteria Analysis is similar to Cost-Effectiveness
Analysis, but considers multiple measures of effectiveness
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that are measured in different units and which may include
both quantitative and qualitative aspects. In most applications Multi-Criteria Analysis would involve different
criteria or attributes that are selected by decision-makers
and experts, but preferably with input from stakeholders.
Cost typically will be one of the criteria selected. In most
cases, not all criteria will be monetized. Each of several
policy options must be given a score and a weight (e.g., on a
1 to 10 scale), and the ﬁnal outcome is the weighted average
of the scores. The decision-maker should normally prefer
the highest scoring option (Pearce, Atkinson, and Mourato,
2006, pp. 275–277).
A common multi-criteria technique is to calculate an
environmental impact quotient (EIQ) to rate or evaluate the
adverse effects of pesticides, based on the model developed
by Kovich et al. (1992):
EIQ ¼fC½ðDT  5Þ + ðDT  PÞ + ½ðC  ððS + PÞ=2Þ  SYÞ
+ ðLÞ + ½ðF  RÞ + ðD  ððS + PÞ=2Þ  3Þ
+ ðZ  P  3Þ + ðB  P  5Þg=3

ð4Þ

where:
DT = dermal toxicity
C = chronic toxicity
SY = systemicity
F = ﬁsh toxicity
L = leaching potential
R = surface loss potential
D = bird toxicity
S = soil half-life
Z = bee toxicity
B = beneﬁcial arthropod toxicity
P = plant surface half-life
While popular and easy to use, the EIQ technique has
received a lot of criticism because of its arbitrary assumptions and use of a single index to capture complex
environmental effects (e.g., Dushoff, Caldwell, and Mohler,
1994).

Two other case studies will help to illustrate the applicability
of the Multi-Criteria Analysis to pesticides management
issues.
Travisi et al. (2006b) developed several herbicide risk
indices. The ﬁrst step was to develop a series of ﬁve
eco-toxicological risk indices. The results were enriched in a
multi-criteria framework that integrated ﬁve environmental
risks (comparative values between 0 and 100), one
treatment cost (in Euros/hectare), and two agronomic
efﬁcacy objectives (values between 4 and 10). The assessment used was called Regime Analysis, which was applied
to maize and rice production in Italy. The input data
included politically determined weights and an impact
matrix that measured the effects of each of 1113 herbicide
treatment strategies in relation to each policy criterion for
the two crops. The researchers found that focus on
environmental risk versus agronomic performance did not
make much difference in the ranking of the more preferred
treatment strategies.
Menezes and Heller (2008) used Multi-Criteria Analysis
to prioritize areas for pesticides surveillance on surface
waters of the Grande River Basin in Brazil. Five sub-basins
were assessed and two were suggested for priority based on
ﬁve criteria and weights from 1–10. The criteria included
(a) proportional agricultural cultivation area (weight = 8),
(b) proportion of use of pesticides with highest potential
for contaminating surface waters (weight = 7), (c) proportion of municipal districts that have water treatment plants
with at least partial removal of pesticides (weight = 4),
(d) medium slope of the sub-basin (weight = 6), and
(e) annual maximum intensity of rainfall in the sub-basin
(weight = 7). The ﬁrst three criteria were measured
as a percentage (0–100); criterion 4 was measured from
1–5 based on the hilliness of the slope; and the last
criterion was measured in millimeters of rainfall. Using
Multi-Criteria Analysis, the researchers ranked the two
sub-basins with the highest scores as higher priorities for
surveillance.

Comparative Risk Analysis
Comparative Risk Analysis, which is sometimes called “risk
ranking” or “relative risk ranking,” is an environmental
decision-making method that does not incorporate socioeconomic factors directly. Instead, Comparative Risk
Analysis compares risks between two or more different
products or activities. Since Comparative Risk Analysis has
been found to be a useful tool for collaborative decisionmaking between government, industry, interest groups and

the general public (e.g., through public advisory committees
or steering committees) it will be discussed here (Davies,
1996). Efforts are often made to normalize a Comparative
Risk Analysis so that “like is compared to like” and the
higher risk can be clearly identiﬁed, but typically cost is not
considered. The decision-maker should prefer the lower
risk option.
A classic case of Comparative Risk Analysis was an
assessment of Alar residues on apples versus aﬂatoxin
found in peanut butter. For example, it was claimed that the
human health risk from ingesting aﬂatoxin, a naturally
occurring carcinogen in peanut butter, was 18 times worse
than that from ingesting Alar, a growth regulator that used
to be sprayed onto apples, from apple juice (Ames and
Gold, 1989). The latter risk stems from unsymmetrical
dimethylhydrazine, a toxic degradation product from
daminozide, commercially sold as Alar. However, at least
three factors determine the risk from ingestion of a
carcinogen: foodstuff consumption (in g/day), concentration of the contaminant on the foodstuff (in μg/g), and the
carcinogenic potency of the foodstuff (in kg-day/mg,
adjusted for the consumer’s body weight). The numbers
for these factors in the US for peanut butter consumption
were found to be 11.38, 2.82, and 17.5; and for apple juice
consumption, 136.84, 13.75, and 0.49. In both cases, a child
weighing 20 kg was assumed. The point estimated risk
is 0.046 for Alar versus 0.028 for aﬂatoxin with these
assumptions. The values for the ﬁrst two factors would need
to be adjusted for a given population. Based on these factors,
and the much lower average peanut butter consumption for
most people (especially children), Alar has the higher risk
(Finkel, 1995). Alar was banned in the US in 1989–90 (Zeise
et al., 1991).
A direct comparison of risks between two or more
competing pesticides can be useful. A free screening tool
that can be used for this purpose, which is available from the
US Environmental Protection Agency (EPA), is called
the PBT Proﬁler (persistent, bioaccumulative, and toxic
chemical proﬁler). The PBT Proﬁler is an on-line riskscreening tool that can predict a pesticide’s potential to
persist in the environment and bio-concentrate in humans
and other animals. This tool should only be used for organic
(carbon-containing) chemical pesticides. A user will also
need to know the chemical structure; if empirical data exist
on the persistence, bioaccumulation, and toxicity; and if the
pesticide is appropriate for evaluation with this tool as there
are several categories of chemicals that should not be
proﬁled. For details, see http://www.epa.gov/oppt/sf/tools/
pbtproﬁler.htm
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Risk-Risk Analysis and Health-Health Analysis
Additional socioeconomic analysis tools have been
developed as alternatives to Cost-Beneﬁt Analysis for risk
management, which may be attractive when a full-scale
Cost-Beneﬁt Analysis is either impractical or outright
excluded for regulatory purposes. One such option is
Risk-Risk Analysis, which explores human health risk
tradeoffs of policy options (Viscusi, 1994). This tool can
ask what countervailing risks may occur after a target risk is
reduced, e.g., introducing a new pesticide or banning one
versus it not being adopted and the use of an alternative
pesticide occurs (i.e., risks with versus without use of a
target pesticide), among other changes. Thus, Risk-Risk
Analysis recognizes that not undertaking a policy may itself
have costs in terms of morbidity or mortality. As a
consequence, the behavioral response to regulations is
examined. This approach is similar to Step 1 of Cost-Beneﬁt
Analysis, but lacks the comprehensiveness of a more
complete Cost-Beneﬁt Analysis. The decision-maker should
prefer scenarios with lower risk.
An exploratory application of Risk-Risk Analysis to
pesticides was provided by Gray and Hammitt (2000). In
the study, a ban on organophosphate and carbamate
insecticides was evaluated. Given data limitations, a
complete quantitative evaluation of a ban was not feasible,
though risks could be qualitatively identiﬁed as being
substituted, offset, or transformed. Examples of these
countervailing risks on humans following a ban included:
cancer, neurotoxicity, and other non-cancer risk from
substitute pesticides; decreased nutrient intake and subsequent health risks from consumer changes in food
consumption; cancer and other toxic effects from consumer
exposure to higher levels of natural pesticides; adverse
health effects on consumers and farm families from
decreased incomes; and acute toxicity to farm workers and
consumers from substitute pesticides.
Health-Health Analysis is similar to Risk-Risk Analysis,
except it compares the changes in risks from a new policy
with the risks associated with the spending on that policy
(Lutter and Morrall, 1994). Since most policies have
economic costs, Health-Health Analysis recognizes that
the funding has to come from somewhere and the source
is often households, which can be a major source of
government funding in some countries. Consequently, the
real income of taxpayers or households may ultimately
be reduced in these cases, and this may result in a decline
in their health and an increase in life risks, because
less money is available to be spent on health-enhancing or
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life-saving activities. This decline in health will be signiﬁcant
for especially expensive pesticides or pest-treatment programs. Since Health-Health Analysis would compare the
anticipated savings in life or health from a policy with any
loss or life or decline in health because of the policy, any
policy that costs more lives or reduces health more than it
saves or gains would fail a Health-Health Analysis test.

Rapid and Participatory Rural Appraisal
It should be apparent that the previous socioeconomic
analysis techniques such as Cost-Beneﬁt Analysis can be
complex and time consuming, and developing countries
may lack the resources to adequately implement them.
A solution to these practical problems, and an alternative to
long and possibly unreliable survey questionnaires, is to
consider the use of Rapid Rural Appraisal or Participatory
Rural Appraisal. These techniques actually use a range of
methods to more quickly assess socioeconomic impacts in
the ﬁeld, and at a lower cost. These methods have been
increasingly developed and used over the last three decades,
and place a greater focus on learning from rural people.
Rapid Rural Appraisal, ﬁrst developed in the late 1970s, has
been used in Africa, Asia, and elsewhere. As a consequence,
Rapid Rural Appraisal would be most applicable to a
decision context of implementing alternative measures to
reduce pesticide use in speciﬁc rural areas (i.e., sub-national
scale). Participatory Rural Appraisal, in turn, was ﬁrst
developed in the late 1980s and requires more active
involvement of stakeholders (including non-governmental
organizations) in determining the agenda for assessment,
methods, data collection, and analysis. This technique has
become increasingly popular in Africa and Asia and helps to
empower local people. Rapid Rural Appraisal has ﬁve
general principles (Chambers, 1981):
1. Taking Time: while Rapid Rural Appraisal is generally
faster than the other socioeconomic analysis techniques,
it should not be rushed;
2. Offsetting Biases: minimizing biases through more
listening and being careful to use an unbiased sample
of the target population;
3. Being Unimportant: learning from and within rural
people, on site, and face-to-face;
4. Listening and Learning: with conscious exploration,
ﬂexibility, improvisation, and iteration of rural people as
teachers;
5. Multiple Approaches: using multiple methods, data
sources, investigators, and disciplinary perspectives.
Rapid Rural Appraisal and Participatory Rural Appraisal
use a large number of methods, not all listed here (Burdge

and Vanclay, 1996; Chambers, 1994; Doanh, 2004). Some
common methods are: semi-structured interviews, participant observations, transect walks, social impact assessment,
secondary sources (e.g., ﬁles, reports, maps, articles, and
books), discussions with key informants, mapping or
modeling on the ground or paper, Venn diagramming,
linkage diagramming, participatory analysis of secondary
sources, free listing and card sorting, and presentation and
analysis by local people.

circumstances, decision makers in developing countries
may want to apply the Precautionary Principle decision rule
in support of, or even in lieu of, one of the socioeconomic
analysis techniques (Foster, Vecchia, and Repacholi, 2000;
Renn, 2008). This is in contrast to the United States, which
has favored the use of Cost-Beneﬁt Analysis, though in
Western and Northern Europe the Precautionary Principle
is often preferred (for discussion of this debate, see
Sunstein, 2005).

A Rapid Rural Appraisal was conducted of monoculture
plantain and banana production in an indigenous region of
Costa Rica by Polidoro et al. (2008), who also conducted
a simple Cost-Beneﬁt Analysis in their case study. This
Rapid Rural Appraisal included semi-structured interviews
with 75 households, participant observation, transect walks,
and informal discussions with farmers and other key
informants. The interviews covered crop management and
pest knowledge (banana weevil) and control techniques,
pesticide use and management, and health effects. Over
60% of participants used agrochemicals (among these, 97%
used the insecticide chlorpyrifos, 84% used nematicides,
64% used herbicides, and 22% used fungicides), while only
31% used any personal protective equipment. Moreover,
only 28% of study participants were able to correctly
differentiate the adult and larval forms of the banana weevil.
In the Cost-Beneﬁt Analysis, farm-level incomes of a
separate group of 26 monoculture plantain farmers were
compared with all production, labor, equipment, agrochemical, and transportation costs per hectare (ha) per year
(Polidoro et al., 2008). The farmers used a variety of
pesticides (especially chlorpyrifos-impregnated bags), and
their plantains were sold to both national and export
markets. The Beneﬁt-Cost Ratio ranged from 1.45 to 7.8 for
all participating farmers, and averaged 3.67 (yearly income
of US$6,200/ha versus yearly expenses of US$1,872/ha),
though these results were not tracked over time and
importantly did not quantify any negative externalities.

Despite the best intentions, a socioeconomic analysis of
pesticides may have large uncertainties regarding health
and environmental impacts, or even be biased. Consider the
example where the US EPA reviewed the organophosphate
pesticides azinphos-methyl and phosmet from 2001–2006.
This analysis occurred in two stages (Ackerman, 2008,
pp. 115–128). In the ﬁrst stage, completed in 2001, while US
EPA failed to show that the modest ﬁnancial beneﬁt using
these pesticides outweighed the large risks to worker health
and the environment, it still allowed re-registration. Its
analysis overlooked or underestimated the value of leading
alternatives, failed to give much weight to adverse health
effects to farm workers and their families, and failed to
assess adverse ecological effects. In an updated economic
analysis of these pesticides in 2006, the US EPA reduced its
estimates of beneﬁts to fruit farmers by over 80%. The
revised analysis recognized the much greater health and
ecological risks and resulted in a decision to restrict
phosmet use while phasing out azinphos-methyl (though
over 6 years). Given the uncertainties and widely varying
socioeconomic analysis results over time, use of the
Precautionary Principle to guide or delay a decision back
in 2001 could have been more prudent.

Precautionary Principle
Cost-Beneﬁt Analysis and most other socioeconomic
analysis techniques work best when there is little or no risk
and uncertainty in the data and future conditions.
Unfortunately these requirements are often not met for
many environmental problems, including pesticides risks,
which can be highly uncertain and change over time, and
may be irreversible. This is the case because of the
possibility of pests developing resistance, and in some
cases highly uncertain health and environmental risks due
to the life cycle of the pests and seasonalities. In these

The Precautionary Principle calls on environmental
regulators or managers to err on the side of caution and
protection because of the overriding social responsibility to
protect the public from potentially large harm. It has been
expressed in several different ways but lacks a common
deﬁnition (Foster, Vecchia, and Repacholi, 2000; Kriebel
et al., 2001). A useful deﬁnition of the Precautionary
Principle is: if an action or policy has a suspected risk of
causing harm to the public or to the environment, in the
absence of scientiﬁc consensus that the action or policy is
not harmful, the burden of proof that it is not harmful falls
on those taking an action, such as introducing a new
pesticide into commerce.
Ackerman (2008) has made a forceful argument for
applying the Precautionary Principle in the case of
pesticides and toxic chemicals use and pollution precisely
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because of the limitations of Cost-Beneﬁt Analysis, and since
the economic cost of health and environmental regulation
has been often shown to be much smaller than initially
assumed. However, there are also cases where the use of the
Precautionary Principle could damage human welfare (see
the discussion in European Environment Agency, 2002).
Nevertheless, the Precautionary Principle has been most
widely applied to environmental policy in several European
countries, especially Germany (das Vorsorgeprinzip, or the
forecaring principle) and Sweden, and to a lesser extent in
other western countries and under several international
agreements and treaties (McIntyre and Mosedale, 1997).
It can also be used in conjunction with socioeconomic
analysis.

Conclusions
Socioeconomic analysis can be an important tool for
assessing pesticide risks and helping to make sound riskreduction and risk-management decisions, especially in
developing countries. Exposure reduction for humans and
the environment requires not only the evaluation of risk
assessment data, but also an evaluation of the wider
socioeconomic impacts that a pesticide will have in a
country. Pesticide risk managers need to know which
economic, ecological, economic, and social questions to ask
and how to obtain data and answers to these questions from
relevant stakeholders and target groups. Socioeconomic
factors and questions are broader than a narrow consideration of the private economic costs and beneﬁts that may be
experienced by, for example, a single farmer in the decision
to use a pesticide to improve crop yields. The most
appropriate questions to ask will thus depend upon the
pesticide question(s) under consideration. For example:
1. Is an existing or new pesticide under review for
registration or re-registration?
2. Is a pesticide under review for banning, withdrawal, or
restriction under an international treaty or domestic law?
3. Is a pesticide under consideration for importation?
4. Is biological pest control, Integrated Pest Management,
organic food production, less hazardous pesticides,
public education, or some combination of these
measures under consideration in order to reduce
pesticides risks?
Depending on the speciﬁc pesticide problem or issue under
consideration, several socioeconomic analysis techniques
can be used as a means to collect data and conduct analysis
to help improve decisions, as well as the Precautionary
Principle (Table 1). These tools can aid pesticide managers
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Table 1. Guidance for the use of socioeconomic analysis techniques
by government regulators for pesticides risk management and risk
reduction
Decision context

Most applicable technique(s), subject to
budgetary constraints

Pesticide registration
or re-registration

Cost-beneﬁt analysis, cost-effectiveness
analysis, risk-risk analysis,* health-health
analysis,* precautionary principle

Pesticide ban,
withdrawal, or
restriction

Cost-beneﬁt analysis, cost-effectiveness
analysis, multi-criteria analysis, risk-risk
analysis,* health-health analysis,*
precautionary principle

Pesticide import
from abroad

Cost-beneﬁt analysis, cost-effectiveness
analysis, risk-risk analysis,* health-health
analysis*

Alternative measures
to reduce risks
from pesticide use

Cost-effectiveness analysis, comparative risk
analysis, risk-risk analysis, health-health
analysis, rapid & participatory rural
appraisal

* May be especially useful if a pesticide under question is used for disease vector
control.

in determining if the beneﬁts of pesticides and their
alternatives exceed their costs (not only private costs and
beneﬁts but also costs and beneﬁts to government, human
health, and the environment), are cost-effective in their
deployment, or in cases where there is a lack of scientiﬁc
consensus on pesticide risks though they are potentially
harmful, what is the best social decision. The most
applicable tools of socioeconomic analysis include: CostBeneﬁt Analysis (possibly including a beneﬁts transfer
function and rapid appraisal), Cost-Effectiveness Analysis,
Rapid Rural Appraisal, and Participatory Rural Appraisal.
Multiple socioeconomic analysis techniques can be applied
in a particular case, as appropriate. However, it is important
to recognize that there is no one best socioeconomic
analysis tool for all decision contexts.
Technique selection in practice will depend upon several
factors: data availability (e.g., if little data are available,
Cost-Beneﬁt Analysis will not be a good choice), scale of the
problem (a large, national-level pesticides issue may require
multiple methods), human and ﬁnancial resources (methods
besides Cost-Beneﬁt Analysis may be less costly to use), and
similar considerations. To apply these tools most effectively,
pesticide managers may need training in the use of the
techniques or collaboration with colleagues who can provide
the requisite assistance and data in an interdisciplinary
context, and close cooperation with other government
ministries that can provide some of the required data.
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Traditional Environmental
Practices of the Eva Aetas: The
Value of Indigenous Knowledge
in Rehabilitation
Chona Camille E. Vince Cruz, Ryanorlie B.
Abeledo
The Eva Aetas are custodians of a degraded upland environment in Sitio Pita Bayan-bayanan, a small community in the
town of Orion, Bataan, the Philippines. Having lived there for
seven decades, they have watched their ancestral land decay

rehabilitation and conservation endeavors (Maraseni et al.,
2005; Pfeiffer, 2004).
In the heart of Luzon, the Eva Aetas have made a home in
Sitio Pita Bayan-bayanan of Bilolo, Orion, Bataan. An
upland ecosystem with elevations at 200 meters above sea
level and slopes ranging from 20o to 45o, it has supported the
Eva Aetas for more than seven decades and has suffered
transformation from forest ecosystem into a degraded
grassland ecosystem. The Eva Aetas have been used to a
nomadic lifestyle that has exposed them to all sorts of
difﬁculties, ﬁnding a location to settle on is a welcome relief
to this small indigenous community. Despite the economic
hardships they are facing, they have chosen to remain in
Sitio Pita and adapt to what they believe nature has chosen
to give them.

from a lush forest to barren grassland. Acknowledging the
fact that they have played an active role in its degradation, the
Eva Aetas have transformed their environmental practices to
adapt to their situation. From crop choice to harvesting
methods and ethnomedicine, they provide various means to
maximize the minimal outputs of grasslands and possibly
allow its eventual rehabilitation. The use of development

Currently, their rights to the land are protected by the
Republic Act (RA) 8371 of the Philippines or the Indigenous
Peoples Rights Act of 1997. It includes procedures allowing
indigenous groups to protect their own lands from privatization and maintain their way of life, but the rehabilitation of
Sitio Pita Bayan-bayanan rely on sound policies that balance
the protection of the rights of the people as well as the
ecological soundness of the environment.

communication and the application of relevant local policies
provide the means as to how their current situation could be
remedied.
Environmental Practice 17: 69–77 (2015)

T

raditional ecological knowledge and management
systems (TEKM) of indigenous peoples provide
alternative solutions in the struggle to adapt to environmental changes and degradation caused by unsustainable
human practices. Value is now given to the intimate
knowledge acquired by those who work and harvest closely
with the land, in the improvement of development
planning, and environmental impact assessments. In the
Philippines, the practices of the Ifugao, Tasaday and
Agta have been largely studied for conservation projects
(Berreman, 1992; Grifﬁn, 1991; Russell, 1986). In depth
studies of these indigenous practices in Southeast Asia has
shown how invasive some environmental projects have
been and have provided insight on what not to do in

doi:10.1017/S1466046614000519

The continuous economic independence of this indigenous
group indicates existing environmental practices allowing
the maximization of the minimal outputs of their land.
Determination of these practices, and how they have
become sustainable for these people, may be important in
the planning of any rehabilitation plan to be drafted for
their locality, and for similar cases all over the country.
Through the use of Focused Group Discussions (FGD) as
well as a rapid assessment of its ecological status, the history

Afﬁliation of authors: Chona Camille E. Vince Cruz, Assistant Professional Lecturer, Biology Department, College of Science, De La Salle
University, Malate, Manila, Republic of the Philippines. Ryanorlie B.
Abeledo, Chairperson, Multimedia Arts Department, iACADEMY,
Makati City, Republic of the Philippines.
Address correspondence to: Chona Camille E. Vince Cruz, Assistant
Professorial Lecturer, Biology Department, College of Science, De La Salle
University, 2401 Taft Avenue, Malate, Manila, Republic of the Philippines;
(phone) + 639088205189; (e-mail) chona.vincecruz@dlsu.edu.ph.
© National Association of Environmental Professionals 2015

Traditional Environmental Practices of the Eva Aetas

69

of the transformation of the land, the ethnic practices and
adaptations used by these people to survive, and the
possibilities for rehabilitation of Sitio Pita Bayan-bayanan
are identiﬁed. Also, evaluation of R.A. 8371 as well as other
policies targeted for the empowerment of indigenous people
towards the protection of the environment such as the AIPP’s
Reducing Emissions from Deforestation and Degradation +
(REDD+) plan, together with the application of Development Communication principles, show possible means
to proceed with any attempt to redeem the ecological
degradation of the location and allow for the continuous
livelihood of the Eva Aetas.

three other elders of the community: Benjamin Valenton
(73-years-old), Orling Santos (55-years-old), and Cesar
Valenton (43-years-old).

Methodology

Environmental status

Reconnaissance Survey
A rapid assessment was done on the biophysical characteristics of Sitio Pita Bayan-bayanan aided by the representatives
from the local government unit (LGU). Extensive sampling
was prohibited due to the aggressive nature of some members
of the tribe to outsiders.
Identiﬁcation of soil characteristics
1. Color – The color of the soil was used as an indicator of
soil fertility and available organic matter.
2. Water inﬁltration – The rate of water inﬁltration was
determined using a double ring inﬁltrometer (Ahuja et al.,
1976) and was recorded at ten randomly selected sites.
3. pH test – Soil collected from the ten sites were dissolved
in a solution of 0.01 M CaCl2 (Graham, 1959) and the pH
measured using a Hach Portable pH meter.
Vegetation survey
Plant sampling for grassland environments was done using
the quadrat method (Gleason, 1920; Stohlgren et al., 1998)
and the identities of the samples acquired were veriﬁed
through the National Museum Herbarium. Sampling was
done during the peak of the summer season and only
vegetative parts were acquired, limiting plant identiﬁcation
to the genus level only.
Focused Group Discussion
Hesitant to be in association with lowlanders, the Eva Aetas
were approached through the then youth leader, Sangguniang
Kabataan (SK) Chairperson Jerzon Paul Ramirez. Contact
was made with the community’s leader, Capt. Rogelio
Salongga (48-years-old) and his wife, Perlita Salongga
(49-years-old). They then arranged for a discussion with
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The FGD, held in two sessions with a total discussion time
of six hours, focused on recollections about the status
of the environment of Sitio Pita through time, as well as the
different cultural practices of the tribe that are closely
related to the environment.

Results

The total land area of Sitio Pita considered as ancestral
lands by the Eva Aetas is roughly 2 hectares. Most of this
area is occupied by single room huts made of compacted
soil and thatched dried grass. The surrounding grasslands
of about 15 hectares, that they claim to also own, are
ofﬁcially government property. The current LGU allows
them to forage in the area, and to pass through to acquire
water from the Orion River, but disallow them from
building their huts beyond their ancestral domain.
Only the outskirts of the Sitio, approximately 10 kilometers
from the main thoroughfare of the province (Roman Super
Highway), is accessible to lowlanders. The upper reaches of
the area are dangerous due to the territorial nature of the
more conservative members of the tribe. Sitio Pita has an
elevation approaching 200 meters above sea level with
slopes ranging from 20o to 45o.
Climate
The Sitio, together with the rest of Bataan, has a Type I
climate (Coronas Type Classiﬁcation) with the dry season
occurring from November to April, and the rainy season
from May to October. The town of Orion, in particular, has
an average annual temperature of 25oC and an average
annual precipitation of 228.72 mm. The weather conditions
are within the expectations of the Philippine Atmospheric,
Geophysical, and Astronomical Services Administration
(PAGASA) for 2006–2010 (Jose and Cruz, 1999; Perez et al.,
1999), and falls within the values reported recently
(Robertson et al., 2012). Bataan already falls under the drier
portions of the country, and the further decrease in rainfall
is locally attributed to the experienced warming of the
Paciﬁc Ocean leading to complex climatic changes in the
neighboring areas, referred to as El Niño (Trenberth 1997;
Wang and Zhang 2002).

Soils and geology
Bataan is a rocky peninsula but with expansive ﬂat lands
that has good irrigation and fertile soil. The uplands of
Sitio Pita have red, compacted soil with an average water
inﬁltration rate of 2.5 mm/hr. The average pH from the ﬁve
sites in the grassland area was 5.2, ranging from 4.8 to 6.4.
The acidic nature and color of the samples could indicate
signiﬁcant amounts of oxidized iron (Fe), typical of
reported upland soil not suitable for planting (Asio et al.,
2009; Fujisaka, 1987). In contrast, the soil nearer the
residences of the Eva Aetas is darker in color, has a neutral
pH at 6.8, and a better water inﬁltration rate of 18 mm/hr.
The amount of soil collected and the untreated nature of the
transport medium prevented in-depth analysis of the levels
of heavy metal and organic content.
Vegetative cover and land use
According to the environmental management plan of
Orion, the lands of Sitio Pita are meant for forestry, but
due to the degradation of the area, it is failing to meet its
purpose. The dominant vegetation in the area is cogon
(Imperata sp.); occasionally harvested by the Eva Aetas for
sale to local hut makers. This dominance may have been
brought about by the slash-and-burn method the locals
employed when they still used the same area for rice
farming (Saxena and Ramakrishnan, 1983; van Noordwijk
et al., 1998; Wibowo et al., 1996).
Other forms of vegetation found include mango (Mangifera
sp.), tamarind (Tamarindus sp.), and banana (Musa sp.),
the fruits of which augment the diet of the locals. There is
no established reference of the plant biodiversity in Bataan,
and reforestation efforts involve the use of single species of
trees (Cruz et al., 2011; Roman and Azucena, 2003). The lack
of biodiversity may also stem directly from the reported soil
quality, and the previous farming practices of the natives.

their residential area. There are no nearby medical facilities
available to the Eva Aetas.
Hunting and foraging practices
The Eva Aetas used to practice hunting and gathering and
the typical foraging bounty included bananas, mangoes,
sweet yam, guava, cacao, pako fern (Nephrolepis sp.), and
camote tops (Ipomea batatas). The oldest participant of the
FGD, the senior Valenton, recalls a time when tribe hunters
used to retrieve Philippine deer (Rusa marianna), python,
bubuli (Lacerta agilis) and pigeons.
Prior to hunting and foraging activities, the tribe would
hold ceremonies to honor the forest. One such ceremony
included the consumption of all remaining foodstuff the
tribe had and offering half of it to the forest. The festivities
involved singing and dancing to better please the forest. If in
the morning their offered goods have been consumed by
ants, other insects, or wild animals, it means their offering
has been received in good spirit. Such events were
remembered fondly by the participants though the younger
ones—the younger Valenton and Capt. Salongga and his
wife admitted that they were still very young to coherently
remember the last time a similar ritual was performed.
In foraging, they considered some areas of the forest as
prohibited. If the animal they were hunting sought refuge in
such areas, they were then forbidden to capture and kill the
animal. Edible plants growing within such locations were
not harvested. Such locations included the conﬁnes of a
balete (Ficus stipulosa) canopy and any ﬂora that supported
ﬁreﬂies. Up to now, most of them still approach such areas
with caution. The senior Valenton, however, is vehement
against the brazen nature of their current youth that shrugs
off such traditions, even up to chopping down an elderly
balete tree for ﬁrewood. Capt. Salongga attempts to placate
him, reasoning that ancient practices must sometimes be set
aside to ensure that everyone is fed and kept well.

Socioeconomic Environment
The current population of the Eva Aetas is unstable due to a
signiﬁcant amount of infant mortality and a high emigration rate of their youth, ages 16 to 25 years of age. The young
ones typically leave home to look for other sources of
income in neighboring areas. Most of them do not return,
and though there are 150 individuals registered in the LGU’s
census, only 60 individuals are currently dwelling in the
Sitio at the time of data gathering.

Introduction of Swidden farming
Just after the Japanese occupation (around 1947), Benjamin
Valenton recalled representatives of the local government
together with foreign missionaries taught their tribe how to
plant rice. They were allowed to clear 5 hectares of land via
the slash-and-burn method. Grown trees and bushes were
cut down, and the remainder was burned in preparation for
planting.

The area currently has no electricity and no running water.
Their nearest source of water is the Pita River, 8 km from

It was during this period when the Eva Aetas learned to
trade with the lowlanders, sent their children to school, and
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Figure 1. The historical timeline of the events marking the degradation of the Sitio Pita lands.

were able to purchase goods, such as clothing, gas lamps,
preserved food, and coal, from the public markets. Proﬁts
from the sale of the rice they grew were also used to buy
animals (i.e., horses, chicken, goats and pigs) for husbandry
purposes. Due to the good climate and the bounty in
harvest, their croplands expanded. They mostly cultivated
rice; but some also started planting root crops and leafy
vegetables in the conﬁnes of their backyard plots.
The farmlands of the Eva Aetas started to fail after about
15 years of continuous farming. As a response, the Aetas
cleared more of the neighboring forested land. Ignorant of
the principles of fallowing, they were able to clear out more
than 10 ha of forest before the local government was able to
limit their slash-and-burn activities by the early 1980s. Left
with unproductive soil, they are now without a steady
source of income and nourishment (Figure 1).
Adapting to a grassland ecosystem
Since the ban of the local government of slash-and-burn
farming, the 15 hectares that used to be farmland turned into
grassland with compacted soils overrun with cogon
(Imperata sp.). Most members of the tribe were able to
maintain the fertility of their own backyard plots through
fertilization. The Aetas practice a form of composting where
they mix the biodegradable remnants of their food with
collected dried leaves, rotten fruit, and animal refuse in an
open pit, with a depth of 3 m, and 2 m x 2 m in area. They
cover the pit with soil once full. The pit provides the
fertilizer after it has been left for six months. The tribe
maintains six of these pits in an isolated portion of the
village, about 20 meters away from the closest hut. Backyard
crops include “singkamas” (Pachyrhizus erosus), “kamote”
(Ipomoea batatas), and “pechay” (Brassica rapa). They
supplement this via foraging in the remainder of the forest
in higher altitudes, where they occasionally bring back
native seeded banana (Musa acuminata), wild guava
(Psidium guajava), and papaya (Carica papaya). The crops,
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grown or foraged, are rarely eaten by the natives and are
instead traded with lowlanders for rice, bread, canned food,
and instant noodles.
Hunting is no longer practiced since fauna no longer
frequent their domains. The occasional snake or bubuli is
still captured and shared communally, but some choose to
sell it to interested lowlanders in the Bataan Provincial
Expressway, forty-ﬁve minutes away on foot (~5 km).
Those who keep their relationship intact with the local
government such as Capt. Salongga and his family, augment
their income by harvesting the cogon left in their grassland.
As Perlita Salongga puts it, the cogon is what’s left of the
bounty provided to them. They consider it a gift and when
harvesting, uprooting of the grass is strictly prohibited to
ensure it will grow back. The cogon is sold to hut makers
near the expressway as a cheap alternative to nipa palm
(Nypa fruticans).
Ethnomedicine
Most of the tribe members friendly to lowlanders are
baptized Catholics and claim to trust only in the medicinal
qualities of herbs and none of the mysticism employed by
the local albularyos (medicine men) of the town. The
term albularyo historically was used to refer to herbalists
during the Spanish colonization of the Philippines. Apart
from using local herbs (Table 2), an albularyo is believed to
have mystical abilities derived from being able to communicate with spirits (Alora, 2004; Balangcod and Balangcod,
2011; Mendoza, 2009).
The Eva Aetas make use only of endemic plant species
acquired through foraging outside their ancestral domain to
help in the treatments of certain ailments (Table 1). When
the condition of the patient does not improve after three
days, they carry the individual using a rattan cot down to
the nearest clinic in the town proper.

Table 1. Local ﬂora used by Eva Aetas to treat typical ailments.
Condition

Treatment

Fever
Stomach aches
Diarrhea
Nausea, dizziness
Rashes, other skin conditions

Banana or sambong (Bulmea balsamifera) leaves
Guava leaves
Guava leaves, pansi-pansi (Peperomia pellucid)
Guava leaves, kalamansi (Cintrofortunella microcarpa), sapinit (Rubus sp.) ﬂower
Cacao leaves, kalatsutsi (Plumeria acuminate), lemon grass

Discussion
Possible Means of Rehabilitation for Sitio Pita
Sito Pita’s grassland is typical of most degraded upland
environments in the Philippines that suffered due to the
slash-and-burn methods of local farmers (Bensel, 2008;
Boado, 1988; Moya and Malangan, 2004; Olofson, 1980). The
acidity and compacted nature of the soil is preventing the
successful growth of farmed crops, such as rice or corn.
The decreased ﬂoral diversity may have been brought about
by the slash-and-burn method of farming previously
employed by the Aetas, and a re-introduction of a variety
of indigenous species could beneﬁt the area.
Rehabilitation of degraded upland environments in the
Philippines have typically been addressed through reforestation (Cruz et al. 2011; Lasquites et al., 2008; Roman and
Azucena, 2003). Tree species that have been used for
reforestation are chosen for their ability to survive in acidic
soils. Often used in easily accessible areas with potential for
sustainable logging is Gmelina arborea (Dierick and
Holscher, 2009). Eucalyptus urophylla have also been used
due to its fast-growing nature, and ability to host nitrogenﬁxing mychorrizae (Aggangan et al., 1996). The interest in
biofuel has also made Jatropha curcas a frequent choice for
reforestation, combined with its natural ability to survive in
acidic soils with low water inﬁltration rates (Lasquites et al.,
2008). Considering the inaccessibility of Sitio Pita, logging
and biofuel farming may not be a sustainable source of
income for the Aetas. Privately owned lands adjacent to the
Eva Aeta’s ancestral domains have been sustained through
the harvesting of fruits from Mangifera indica that thrives
the whole year round in the climate of Bataan. A primary
growth forest may be established using G. arborea or
E. urophylla that have been known to thrive in soils and
inclinations typical of Sitio Pita, to help introduce nutrients
to the soil. A secondary forest composed of M. indica,
C. papaya, and even Theobroma cacao that the natives have
reported to previously thrive in the area may be established.
Harvests from the secondary forest could provide the
natives a source of nutrition and income.

Clearing of the Imperata sp. through a mass harvest of the
grass can provide the Eva Aetas some income through its
sales. Portions that cannot be sold could be thatched on top
of fallen Imperata growth to limit exposure to sunlight, and
decrease its growth. The eventual growth of the planted
trees could control the re-growth of uprooted Imperata
(MacDicken et al., 1996; Tomich et al., 1996). The controlled
burning of the cogon would be a faster and cheaper
alternative – though it may prove to be distasteful to
the beliefs of the Aetas. The remnants of the burnt grass
would serve as the initial fertilizer for the trees used for
reforestation, and would greatly delay their re-growth
(Tomich et al., 1996; Wibowo et al., 1996).

Sustainability of indigenous practices
The close link between belief in the sacred and environmental practices have been frequently encountered in the
studies of TEKM (Hongmao et al., 2002; Schlosberg, 2010;
Tsosie, 2007). Dependence of such practices to mysticism
and faith puts into question how well they will stand in
the face of education, modernization, and globalization
(Kapf, 2005; Turner et al., 2000). The sustainability of such
practices, however, rises above the expectations of scientiﬁc
methods due to the ease which immediate stakeholders
can put them into action without requiring a technical
understanding of how and why their practices work
(Arquette et al., 2002; Dove, 2006; Tsosie, 1996). In the case
of the Eva Aetas, their cultural practices are reliant on the
status of their environment, but, despite its degradation,
these people are able to maintain a precarious balance that
allows them to survive. Such capacity for adaptation was
mentioned by Cicin-Sain et al. (1995) in their analysis that
involves the incorporation of traditional knowledge in
environmental management plans.
The indigenous methods of composting of the Aetas should
be encouraged and improved. A large-scale adaptation would
help provide fertilizer in possible reforestation efforts. Their
use of herbal medication can be improved, together with the
cultivation of the plants in use. Other herbal medication could
be taught, in the event of rehabilitation, to help increase the
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biodiversity of the area through ethnomedicine. Encouragement of some of their traditional beliefs dictating them to
consider parts of the forest as sacred will be useful in
preserving the remaining small patches of forests beyond
their ancestral domains. Communicating how this aspect
of their old faith is grounded on sound environmental
principles of conservation is a bridge to sustainability allowed
by TEKM.
Environmental management that takes advantage of traditions and indigenous practices supersedes the structural
bias of science by giving value to knowledge formed and
created outside the ﬁeld of the academe. A similar viewpoint
has already been pointed out decades before by Cohen
(1974) in mentioning how a close relationship with the
environment allows man to better adapt such that its
lifestyle will become balanced to reach sustainability.
TEKM as a guide for environmental impact assessment
Environmental management has been swiftly moving away
from a top-down approach to a more collaborative and
stakeholder focused manner (Delmas, 2002; Reed, 2008;
Rydin and Pennington, 2000). Involving stakeholders and
local communities in the development of environmental
plans limits design ﬂaws resulting in greater long-term
damage to achieve immediate goals of food sustainability,
rehabilitation, and conservation. The manner in which
agriculture was introduced to the Eva Aetas followed a
similar approach of how it was done by colonizers in other
parts of Asia as documented by Harris (1972). Often,
ecosystem collapse occurs as a result of the limited
understanding of the ecology in the area. In the case of the
Eva Aetas, the foreign introduction of farming has led to the
degradation of their environment. The consequences of
their irresponsible farming methods have led them to be
close to the suffering brought about by taking too much
from nature. They have adapted to their harsh condition
through the cessation of the abusive practices, and by taking
only what they can from their environment.

Relevant Policies that Protect Indigenous Peoples (IP)
in the Philippines
The greatest hindrance to the Eva Aetas taking the forefront
in the rehabilitation of their degraded upland ecosystem is
distrust. Concerns regarding any major change in the
productivity of their lands revolve around the possibility of
the local government revoking their rights to stay in
the area and force them to relocate. More than ﬁve generations of Eva Aetas have stayed in Sitio Pita since their
original migration from Zambales and Pampanga. Most of
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the younger members of the tribe have not known any other
way of life – a way of life protected by several policies
unique to Asia and the Philippines.
The Indigenous Peoples Rights Act of 1997
Republic Act 8371 or the “Indigenous Peoples Rights Act of
1997” outlines a set of policies that recognizes, protects,
and promotes the rights of the indigenous peoples (IPs)
of the Philippines and makes ofﬁcial the establishment
of a separate body that monitors and implements the
mechanisms that protect IPs, the National Commission of
Indigenous People (NCIP).
In this body are the possible solutions to the fears of the Eva
Aetas. In Chapter 3, Section 4 of RA 8371, it shows that the
government recognizes the rights of IPs to their ancestral
lands and domains and that through the assistance of the
NCIP, the Eva Aetas could acquire the needed papers in
order to establish their ownership of Sitio Pita. Contained
in the same document is the need for informed consent if
there is ever a need to relocate the IPs in events such
as natural calamities, and that the people would be allowed
to return to their lands once the need to relocate has been
abolished.
The policy is also clear that the IPs to whom the ancestral
land or domain belongs to have the right to develop the
lands as they wish. In addition, the ancestral domains
may not be "sold, disposed or destroyed" since the point
of view of ownership that the policy follows is private
but community-based, making the land a property of all
generations of the IP.
Reducing Emissions from Deforestation and Degradation +
(REDD+) Plan
The Asia Indigenous Peoples’ Pact (AIPP), in their
recognition of forests as a valuable resource and to aid in
the mitigation of the effects of climate change, drafted a set
of policies to help reduce emissions caused by deforestation
resulting from the REDD plan. Compared to other sets
of policy with similar goals, the REDD+ is different in
its empowerment of IPs towards proper environmental
management. Via the use of market-based mechanisms, the
value of emissions reduced through the employment of the
policies are quantiﬁed and transformed to credits that may
be used in an international carbon market. In such instances
where it would be difﬁcult to do so, ﬁnancial support is
given to countries or groups that participate in the project,
allowing environmental conservation to compete economically with the drivers of deforestation.

Table 2. Sustainable environmental practices of the Eva Aetas, their possible uses for rehabilitation, and how they can be improved.
Activities

Possible applications for rehabilitation Action required for improvement

Avoidance of certain forest areas (i.e.,
balete trees, ﬁreﬂy habitats)

Establishment of protected/conserved
areas with shunned elements

Encouragement thru education regarding positive ecological
effects of traditional beliefs

IndigenousComposting

Provision of soil enriching materials

Development thru incorporation of improvements for a
faster high-quality process

Use of herbal medicine

Maintenance of biodiversity to sustain
medicinal needs

Promotion of herbal treatments and addition of other known
herbal treatments to indigenous lore

Five Asian countries are already at the forefront of the
REDD+ plan: Cambodia, Indonesia, Laos, Thailand, and
Vietnam have distinct groups of IPs that have taken an
active role in preserving and rehabilitating their forests.
Through proper consultation, information dissemination,
and direct communication, the IPs are able to maximize
carbon credits that not only to beneﬁt their groups but
their countries as well. The Department of Environment
and Natural Resources (DENR) of the Philippines has
already begun establishing the procedures of implementing
REDD+ policies in various sectors of the country. As part of
the preliminary measures, the potential beneﬁts of these
plans have been evaluated. Most beneﬁcial to the case of the
Eva Aetas is how indigenous peoples are those empowered
in the protection or rehabilitation of forested areas (Lasco
et al., 2011). Efforts under REDD+ has been reported to
decrease deforestation by 5–15% annually, and increase the
rate of reforestation by 1.5% at national scales (Lasco et al.,
2013). Difﬁculties in implementing this system include
the lack of concrete historical records of deforestation, the
absence of baseline references of carbon stocks, and an
equitable system of sharing payments. These difﬁculties
are not surprising in a country where information about
upland areas are mostly anecdotal, hindering any research
on the development of deforested areas, and plagued with
corruption in various levels of governance.
Indigenous Community Conserved Areas (ICCA)
In November of 2011, the ﬁrst Sub-regional Conference of
the Indigenous Community Conserved Areas or ICCA
convened at the University of the Philippines in Diliman,
Quezon City (Quilinguing, 2012). This campaign began as a
product of the United Nations Declaration of the Rights of
the Indigenous People (UNDRIP) as adopted by the UN
General Assembly as far back as 2007. This set of policies
attempts to dissolve the contradictions found within the
Philippine Constitution ever since the drafting of the IPRA.
Apart from resolving issues of land ownership, it expands
the rights of the indigenous people to serve as custodians of
the inherent biodiversity of their ancestral domains.

Through the ICCA, a venue for the sharing of information
has been opened between and across individuals and
groups that can allow for the formation of more effective
environmental plans and policies that are centered on the
indigenous people themselves. The record and understanding of TEKM, as gathered by the ICCA and its
contributors, will be a valuable reference for current and
future environmental managers that seek to work alongside
indigenous people.

The Role of Development Communication in
Environmental Rehabilitation
The Eva Aetas have concrete policies protecting their rights
and giving provisions for the needs of environmental
rehabilitation. RA 8371 guarantees their rights to the lands
they own and its expansion to include the neighboring 15 ha
that they used to till and now monitor. Their rights to the
beneﬁts of the improvement of the lands are ascertained
through this law; preventing its sudden sequestration by the
government or any private entity. REDD+ provides an
option for funding the needed efforts for rehabilitation
while the ICCA network could assist in any conﬂict that the
Aetas may encounter in their efforts. The current state of
Sitio Pita still prevents the Eva Aetas from ﬂourishing. Their
only hope to maintain their culture is to practice sustainable
management so that their lands, once again, could become
productive. Rydin and Pennington (2000) mentioned the
need for clear and sensitive communication addressed
through the discipline of the development of communication. The interdisciplinary nature of environmental science
requires the transmission of information to stakeholders
of varying backgrounds; and the collaborative approach
prevents the emergence of environmental conﬂicts (Daniels
and Walker, 2001).

Conclusion
Lack of understanding regardingthe effects of environmental practices often lead to degradation. Rehabilitation of
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such degraded lands, on the other hand, proves expensive
and difﬁcult. The Eva Aetas have thrived in their upland
environment only to have it destroyed via the use of
agricultural methods unsuitable for upland environments.
Their means of surviving such changes – through the
harvest of the grass species now thriving in their lands,
the use of indigenous composting method to maintain
backyard plots, and their adherence to practices that respect
nature – has shown their resilience and ability to make the
most of their current conditions. Such an occurrence shows
the importance of proper investigation and impact assessment prior to implementation of any environmental
management plan. The current leaders of the Eva Aetas
have already conceded that they could not exist in isolation.
The existence of programs such as the ICCA and the AIPP
together with the rights provided by the IPRA can provide a
strong framework for the development of a real and
sustainable future for the environment and this small group
of individuals.

References
Aggangan, N., B. Dell, N. Malajczuk, and R. De la Cruz. 1996.
Soil Fumigation and Phosphorus Supply Affect the Formation of
Pisolithus-Eucalyptus urophylla ectomycorrhizas in Two Acid Philippine
Soils. Plant and Soil 180(2):259–266.
Ahuja, L.R., S.A. El-Swaify, and A. Rahman. 1976. Measuring Hydrologic
Properties of Soil With a Double-ring Inﬁltrometer and Multiple Depth
Tensiometers. Soil Science Society of America Journal 40(4):494–499.
Alora, A. T. 2004. Philippine Culture and Bioethics. In Bioethics: Asian
Perspectives. Springer, Netherlands, 71–81.
Arquette, M., M. Cole, K. Cook, B. LaFrance, M. Peters, J. Ransom,
E. Sargent, V. Smoke, and A. Stairs. 2002. Holistic Risk-Based Environmental Decision Making : A Native Perspective. Environmental Health
Perspectives 110(Suppl2):259–264.
Asio, V., R. Jahn, F. Perez, I. Navarrete, and S. AbitS. Jr. 2009. A Review
of Soil Degradation in the Philippines. Annals of Tropical Research
31(2):69–94.
Balangcod, T.D., and A.K.D. Balangcod. 2011. Ethnomedical Knowledge of
Plants and Healthcare Practices Among the Kalanguya Tribe in Tinoc, Ifugao,
Luzon, Philippines. Indian Journal of Traditional Knowledge 10(2):227–238.

Brokensha, D., D.M. Warren, and O. Werner eds. 1980. Indigenous
Knowledge Systems and Developments. University Press of America,
Maryland, 600 pp.
Cabanilla, D. 2005. Cultures and Societies in Tropical Forest Ecosystems.
UPOU, Quezon City, the Philippines, 546 pp.
Cicin-Sain, B., and R.W. Knecht. 1995. Analysis of Earth Summit
Prescriptions on Incorporating Traditional Knowledge in Natural Resources
Management: Property Rights and Environment: Social and Ecological
Issues. The Beijer International Institute of Ecological Economics and the
World Bank, Washington, DC, 517 pp.
Cohen, Y. 1974. Man in Adaptation: The Cultural Present, 2nd edition.
Aldine, Chicago, 602 pp.
Cruz, L., J. Salonga, M. Muana, and B. Motin. 2011. Assessing the Impact of
a Biodiversity Conservation and Reforestation Project on the Community
of Aytas in Morong, Bataan, Philippines. Manuscript in preparation.
Daniels, S.E., and G.B. Walker. 2001. Working through Environmental
Conﬂict: The Collaborative Learning Approach. Praeger, Westport, CT,
328 pp.
Dela Cruz, L., R. Dalmacio, A. Castillo, and A. Gascon. 2001. Rehabilitation
of Marginal and Degraded Areas. UPOU, Quezon City, the Philippines,
536 pp.
Delmas, M.A. 2002. The Diffusion of Environmental Management
Standards in Europe and in the United States: An Institutional Perspective.
Policy Sciences 35(1):91–119.
Dove, M.R. 2006. Indigenous People and Environmental Politics. Annual
Review of Anthropology 35:191–208.
Ford, J., and D. Martinez. 2000. Traditional Ecological Knowledge,
Ecosystem Science, and Environmental Management. Ecological Applications 10:1249–1250.
Fujisaka, S. 1987. Filipino Upland Farmers: Informal Ethnoscience for
Agricultural development Research. Philippine Studies: Historical and
Ethnographic Viewpoints 35(4):403–419.
Gleason, H.A. 1920. Some Applications of the Quadrat Method. Bulletin of
the Torrey Botanical Club 47(1):21–33.
Graham, E.R. 1959. An Explanation of Theory and Methods of Soil Testing.
Missouri Agricultural Experimental Station Bulletin 734.
Grifﬁn, P.B. 1991. Philippine Agta Forager Serfs: Commodities and
Exploitation. In Cash, Commoditisation and Changing Foragers,
N. Peterson and T. Matsuyama, eds. National Museum of Ethnology,
Osaka, 199–222.
Harris, D.R. 1972. The Origins of Agriculture in the Tropics. American
Scientist 60:180–183.

Baldo-Soriano, E., J. Carling, R. de Chavez, C. Erni, and E. Tugendhat. 2010.
What is REDD? A Guide for Indigenous Communities, C. Erni and
H. Tugendhat, eds. FPP, London, 20–29.

Hongmao, L., X. Zaifu, X. Youkai, and W. Jinxiu. 2002. Practice of
Conserving Plant Diversity Through Traditional Beliefs: A Case Study
in Xishuangbanna, Southwest China. Biodiversity and Conservation 11:
705–713.

Bensel, T. 2008. Fuelwood, Deforestation, and Land Degradation: 10 years
of Evidence from Cebu Province, the Philippines. Land Degradation &
Development 19(6):587–605.

Johannes, R.E. 1992. Integrating Traditional Ecological Knowledge
and Management with Environmental Impact Assessment. Perspectives
4:33–39.

Berreman, G.D. 1992. The Tasaday: Stone Age Survivors or Space
Age Fakes? American Anthropological Association Scholarly Series, 28.

Jose, A.M., and N.A. Cruz. 1999. Climate Change Impacts and Responses in
the Philippines: Water Resources. Climate Research 12(2-3):77–84.

Boado, E.L. 1988. Incentive Policies and Forest Use in the Philippines. In
Public Policies and the Misuse of Forest Resources. Cambridge University
Press, Cambridge, 165–204.

Kapf, M.K. 2005. The Spiritual Dimension of Person and Environment:
Perspectives from Social Work and Traditional Knowledge. International
Social Work 48(5):633–642.

76 Environmental Practice 17 (1) March 2015

Lasco, R., F. Pulhin, L. Bugayong, and M. Mendoza. 2011. An Assessment
of Potential Beneﬁts to Small Holders of REDD+ Components in the
Philippines. Annals of Tropical Research 33(1):31–48.
Lasco, R., R. Veridiano, M. Habito, and F. Pulhin. 2013. Reducing Emissions
from Deforestation and Forest Degradation plus (REDD+) in the
Philippines: Will It Make a Difference in Financing Forest Development?
Mitigation and Adaptation Strategies for Global Change 18(8):1109–1124.
Lasquites, J., C. Quinones, A. Tulin, V. Aslo, and R. Guartee. 2008. Growth
Performance of Jatropha Plants and Its Effect on Some Chemical Properties
as Inﬂuenced by Organic and Inorganic Fertilizer Application Under
Acidic and Calcareous Soil conditions. Best Poster Paper, National Scientiﬁc
Meeting of the Philippine Society of Soil Science and Technology, 27-29 May
2008, Bohol, Philippines, 21–22.
MacDicken, K., K. Hairiah, A. Otsamo, B. Duguma, and N. Majid. 1996.
Shade-Based Control of Imperata cylindrica: Tree Fallows and
Cover Crops. Agroforestry Systems 36(1-3):131–149.
Maraseni, T.N., G. Cockﬁeld, and A. Apan. 2005. Community Based Forest
Management Systems in Developing Countries and Eligibility for Clean
Development Mechanism. Journal of Forest and Livelihood 4(2):31–42.
Moya, T., and B. Malayang III. 2004. Climate Variability and
Deforestation-Reforestation Dynamics in the Philippines. In Tropical
Agriculture in Transition—Opportunities for Mitigating Greenhouse Gas
Emissions? Springer, Netherlands, 261–277.
Mendoza, R. L. 2009. Is It Really Medicine? The Traditional and Alternative
Medicine Act and Informal Health Economy in the Philippines. AsiaPaciﬁc Journal of Public Health 21(3):333–345.
Olofson, H. 1980. Swidden and Kaingin Among the Southern Tagalog: A
Problem in Philippine Upland Ethno-Agriculture. Philippine Quarterly of
Culture and Society 8:168–180.
Perez, R., A. Amador, and R. Feir. 1999. Climate Change Impacts and
Responses in the Philippines Coastal Sector. Climate Research 12(2-3):97–107.

Russell, S.D. 1986. Mountain People in the Philippines: Ethnographic
Contributions to Upland Development, S. Fujisaka, P. Sajise and
R. del Castillo, eds. Winrock International Institute for Agricultural
Development, Bangkok.
Rydin, Y., and M. Pennington. 2000. Public Participation and Local
Environmental Planning: The Collective Action Problem and the Potential
of Social Capital. Local Environment 5(2):153–169.
Saxena, K.G., and P.S. Ramakrishnan. 1983. Growth and Allocation
Strategies of Some Perennial Weeds of Slash and Burn Agriculture (Jhum)
in Northeastern India. Canadian Journal of Botany 61(4):1300–1306.
Schlosberg, D. 2010. Indigenous Struggles, Environmental Justice, and
Community Capabilities. Global Environmental Politics 10(4):12–35.
Stevenson, M. 1996. Indigenous Knowledge in Environmental Assessment.
Arctic 49(3):278–291.
Stohlgren, T., K. Bull, and Y. Otsuki. 1998. Comparison of Rangeland
Vegetation Sampling Techniques in the Central Grasslands. Journal of
Range Management 51:164–172.
Tomich, T., J. Kuusipalo, K. Menz, and N. Byron. 1996. Imperata
Economics and Policy. Agroforestry Systems 36(1-3):233–261.
Trenberth, K. E. 1997. The Deﬁnition of El Nino. Bulletin of the American
Meteorological Society 78(12):2771–2777.
Tsosie, R. 1996. Tribal Environmental Policy in an Era of SelfDetermination: The Role of Ethics, Economics, and Traditional Ecological
Knowledge. 21 Vermont Law Review 1996-1997:25.
Tsosie, R. 2007. Indigenous People and Environmental Justice: The Impact
of Climate Change. University of Colorado Law Review 78:1625.
Turner, N., M.B. Ignace, and R. Ignace. 2000. Traditional Ecological
Knowledge and Wisdom of Aboriginal Peoples in British Columbia.
Ecological Applications 10:1275–1287.

Pfeiffer, J. 2004. Collaborative Approaches to Ethnobotanical and
Taxonomic Studies. In Sixth International Flora Malesiana Symposium
2004: Program and Abstracts, Los Banos, Laguna, the Phillipines, 51.

van Noordwijk, M., D. Murdiyarso, K. Hairiah, U.R. Wasrin, A. Rachman,
and T.P. Tomich. 1998. Forest Soils under Alternatives to Slash-And-Burn
Agriculture in Sumatra, Indonesia. In Soils of Tropical Forest Ecosystems.
Springer, Berlin Heidelberg, 175–185.

Quilinguing, K. 2012. The Indigenous and Biodiversity: Exploring Alternative
Models of Governance for Environmental Conservation. UP Forum 13(4):11–12.

Villanueva, T. 2005. Upland Ecosystem Management, 2nd edition. UPOU,
Quezon City, the Philippines, 615 pp.

Reed, M. S. 2008. Stakeholder Participation for Environmental Management: A Literature Review. Biological Conservation 141(10):2417–2431.

Wang, B., and Q. Zhang. 2002. Paciﬁc–East Asian Teleconnection. Part II:
How the Philippine Sea Anomalous Anticyclone is Established during El
Niño Development. Journal of Climate 15: (22).

Robertson, A., J. Qian, M. Tippett, V. Moron, and A. Lucero. 2012.
Downscaling of Seasonal Rainfall over the Philippines: Dynamical versus
Statistical Approaches. Monthly Weather Review 140(4):1204–1218.
Roman, L.B., and W.W. Azucena. 2003. The Public-Private Partnership
Process: Sustaining Environmental Governance in Bataan, Philippines. In
The East Asian Seas Congress, 13–14.

Wibowo, A., M. Suharti, A.P.S. Sagala, H. Hibani, and M. Van Noordwijk.
1996. Fire Management on Imperata Grasslands as Part of Agroforestry
Development in Indonesia. Agroforestry Systems 36(1-3):203–217.
Submitted October 16, 2013; revised March 10, 2014; accepted March 17, 2014

Traditional Environmental Practices of the Eva Aetas 77

CONTRIBUTORS

Yan Abeledo is a multimedia artist and
educator based in Manila, Philippines. He
earned his BA in Film and Audio-Visual
Communication (cum laude) from the
University of the Philippines Film Institute. He is currently pursuing his MFA at
the University of the Philippines College
of Fine Arts. Primarily working in video
and digital media, he explores alternative
means of expression through generative
art and man-made found objects. His
artwork and research often revolve around
issues on identity, technology, indigenous
peoples, and the environment.
Dziwornu Adanu is a Lecturer at Ghana
Institute of Management and Public
Administration. His research areas include
environmental modeling and microeconomics. He has carried out many studies
on environmental factors inﬂuencing food
production and pricing of agricultural
commodities in Africa.
Selase Adanu works at the Center for
Remote Sensing and Geographic Information Services at the University of Ghana as
principal applications specialist. He is an
environmental scientist and geographer specializing in application of remote sensing and
geographic information systems to environmental issues such as land use and cover
research, climate change studies, environmental impact assessment, and development
of management plans for eco-tourism sites in
Africa. He has worked extensively on United
Nations Food and Agriculture Organization (FAO)- and United Nations Industrial
Development Organization (UNIDO)-funded
projects in Ghana.
Kurt E. Dongoske is the Director and
Principal Investigator for the Zuni Cultural
Resource Enterprise and the Tribal Historic Preservation Ofﬁcer for the Zuni Tribe.
He has over 35 years of experience as a
professional archaeologist with a primary
research focus on the Ancestral Puebloan
culture of the Colorado Plateau. He also

78

Contributors

has extensive experience in the southern
deserts of Arizona, primarily investigating
Hohokam and Mogollon archaeological
sites. He has spent the last 25 years working
collaboratively with Native Americans in
implementing archaeological and ethnographic research. He has designed numerous
archaeological and ethnographic projects
that incorporate the traditional perspectives
of both the Hopi and Zuni people. He is a
Registered Professional Archaeologist and
holds a MA degree from the University of
Arizona.
Beatriz Helena Sottile França graduated
in dentistry at the Federal University of
Paraná (1971), earned a law degree at the
University Tuiuti (2003), a Master of
Dental and Legal Ethics at the University
of Campinas (1993), and a PhD in Dental
Radiology at the Universidade Estadual de
Campinas (1998). She is currently a Professor at the Pontiﬁcal Catholic University
of Paraná. She has experience in dentistry,
with emphasis on forensic dentistry and
bioethics, focusing on the following topics:
orthodontics, research ethics, forensic dentistry, ethics, and professional responsibility.
Erica Frank received a BA, Honors and
Independent Studies, at Smith College,
Northampton, Massachusetts in 1982. In
1984, she earned an MPH, Epidemiology
and Health Education, at Emory University
School of Medicine, in Atlanta, Georgia.
In 1988, she received her MD at Mercer
University School of Medicine, in Macon,
Georgia, as an Alpha Omega Alpha (US
Medical honor society) graduate. She
accomplished postgraduate training as an
intern from 1988 to 1989 at the Cleveland
Clinic. From 1989 to 1990, she was a
Preventive Medicine Resident at the Yale
University School of Medicine. From 1990
to 1993, she was a National Institutes of
Health (NIH) Post-doctoral Research Fellow at the Stanford Center for Research in
Disease Prevention. During 1990 to 1993,
she was a Clinical Fellow at the Stanford

University, Preventive Cardiology Clinic.
Since 2006, she has been a Professor, at the
School of Population and Public Health,
and Department of Family Practice,
Faculty of Medicine, at the University of
British Columbia. Since 2006, she is a Tier
I Canada Research Chair in Preventive
Medicine and Population Health. She was a
Fellow in the University Sustainability
Initiative, from 2010 to 2012.
Lauren Withycombe Keeler received her
PhD in Sustainability from Arizona State
University in 2014 and, at the time of this
research, was graduate research assistant
with the ASU Decision Center for a Desert
City. Her research interests include sustainability education and competencies, future
thinking and anticipation, scenario development, participatory research and stakeholder
engagement, and sustainability transitions.
She has been appointed post-doctoral
scholar with the Faculty of Transdisciplinary
Sustainability Science at Leuphana University in Lüneburg, Germany.
Thomas F. (Tom) King has over 40 years’
experience working with the National Environmental Policy Act (NEPA), the National
Historic Preservation Act (NHPA), and other
environmental impact laws and regulations.
He has worked for and with a wide range of
government agencies, Indian tribes, other
indigenous groups, and local interests, and
is the author, co-author, or editor of 11 textbooks on NEPA- and NHPA-related subjects
plus many journal articles, government
guidelines, and contributions to or critiques
of impact analyses. He holds a PhD in
anthropology and currently works as a
private consultant based in Silver Spring,
Maryland.
Kelli L. Larson is an associate professor
at Arizona State University with joint
appointment in the School of Geographical
Sciences and Urban Planning and the
School of Sustainability. She is an investigator and collaborator with the Central

doi:10.1017/S1466046614000520

Arizona–Phoenix Long-Term Ecological
Research (CAP LTER) project and the
Decision Center for a Desert City. Her
research focuses on human-environment
interactions, water resource governance,
and societal dimensions of sustainability.
She is primarily concerned with how and
why risk perceptions, environmental attitudes, and ecological behavior vary across
distinct social groups, different biophysical
settings, and diverse places. With an
interdisciplinary background in resource
geography and multidisciplinary environmental studies, her scholarship advances
knowledge of nature-society relations and
the social acceptability and cultural sustainability of natural resource management
regimes. While at ASU, much of her work
has been situated in the desert metropolis
of Phoenix and other metropolitan regions
in the US.
Foster Mensah is the Executive Director
at the Centre for Remote Sensing and
Geographic Information Services, a geoinformation service and research support
center based at the University of Ghana.
Foster has worked extensively on GIS and
Remote sensing projects funded by international organizations such as the World
Bank, United Nations Development Programme (UNDP), African Development
Bank, and Government of Ghana.
Samuel Jorge Moysés received his PhD in
Epidemiology and Public Health from the
University of London (1999). He is currently a Professor at the Pontiﬁcal Catholic
University of Paraná, Associate Professor
at the Federal University of Paraná;
Consultant in health with the Municipal
Prefecture of Curitiba, coordinating the
Research Ethics Committee of this institution; and Advisor to the Ministry of Health
of Brazil in Oral Health Surveillance.
He has experience in public health with
emphasis in epidemiology, acting on the
following topics: healthy public policy,
urban health, health promotion, primary
health, family health, and oral health.
Simone Tetu Moysés received her degree
in Dentistry from the Pontiﬁcal Catholic
University of Paraná (1983), Master of
Social Dentistry from the Federal University of Rio Grande do Norte (1989), and
PhD in Epidemiology and Public Health

from the University of London (1999).
She is Professor at the Pontiﬁcal Catholic
University of Parana and Coordinator of
MSc/PhD program in Dentistry, public
health (MSc and PhD). She is a Coordinator of the Network of Healthy Environments in Curitiba, with projects of national
and international cooperation in the areas
of health promotion and local development. She has experience in public health,
acting on health promotion, health public
policy, epidemiology, family health, and
oral health.
Theresa Pasqual is the Director of Acoma
Pueblo’s Historic Preservation Ofﬁce. In
her capacity as director Ms. Pasqual is
charged with protecting the cultural,
archaeological, and historical resources of
the Pueblo and serves as the ofﬁcial liaison
between federal and state agencies. Prior
to her work in historic preservation,
Ms. Pasqual spent several years working
for the Pueblo’s Language Retention
Program, which seeks to restrengthen the
use of the Keres language. Theresa successfully led a multitribal effort in the nomination and eventual listing of Mt. Taylor to
the New Mexico State Register of Cultural
Properties as a Traditional Cultural Property (TCP). This 300,000 acre listing gives
tribes a voice in all proposed development
that has the potential to affect the TCP. She
serves as an Advisor to the National Trust
for Historic Preservation and is pursuing
her degree in SW Archaeology & Geology
at the University of New Mexico.
Beth Ravit is an Instructor in the Department
of Environmental Sciences, Rutgers University, New Brunswick, New Jersey, where she
has taught courses in Environmental Science
and Microbial Ecology. She received her
MS and PhD Degrees from Rutgers
University. Her research focus is rehabilitation of the Hudson-Raritan Estuary, with
emphasis on the region’s wetlands, coastal
resiliency, and re-introduction of native eastern oysters to this urban ecosystem. She cofounded the Rutgers Center for Urban
Environmental Sustainability (CUES), and as
Co-Director collaborates and coordinates
interdisciplinary teams participating in CUES
research. She is the CUES liaison with New
Jersey’s environmental nongovernmental
organization (NGO) community and the
Co-Chairperson of the Sustainable Jersey

Brownﬁelds Task Force, which is developing
actions for municipal Green Team volunteers
to support reduction and reuse of New
Jersey’s Brownﬁelds inventory. She has coauthored over a dozen scientiﬁc articles and
two book chapters, and is the Managing
Editor of Soil Science.
Daniel Rounds graduated from the Rutgers
Department of Landscape Architecture program in 2013 and works as an environmental
services professional based in Mahwah, New
Jersey.
Gerson Luis Schwab received his degree in
Dentistry from the State University of Ponta
Grossa - UEPG (1973–1976) and specialization in Orthodontics and Maxillary Functional Orthopedics from the University of
São Paulo, Bauru, FOB-USP (1991–1993).
He received his Master in Public Health
from the Pontiﬁcal Catholic University of
Paraná (PUCPR) (2009–2010) and a PhD in
Public Health from the same institution
(2011–2014); he was a visiting scholar at
University of British Columbia (UBC), in
Vancouver, Canada (2012–2013). He has
experience in dentistry, with emphasis on
orthodontics and public health. Since 1989
he has been a Regional Coordinator of oral
health in the 21st health region of Paraná
State Health Secretariat.
Barry D. Solomon is a professor of environmental policy in the Department of Social
Sciences at Michigan Technological University, where he specializes in energy and
environmental policy. He is past president of
the US Society for Ecological Economics.
Previously, he was a senior economist in the
Acid Rain and Climate Change Divisions of
the US Environmental Protection Agency
(EPA), where he helped to design and
implement the ﬁrst national system of
emissions credit trading, and before that he
was senior staff at the US Department of
Energy. He has co-authored or co-edited six
books, including Sustainable Development of
Biofuels in Latin America and the Caribbean
(2014), 69 refereed journal articles, and over
100 other publications. He has received
funding from the EPA, the Department
of Energy (DOE), the National Science
Foundation (NSF), Michigan Economic
Development Corporation, Caterpillar, Inc.,
and has consulted for the UN Environment
Programme, DOE, US Postal Service,

Contributors 79

American Association for the Advancement
of Science (AAAS), United States Academic Decathlon, and National Geographic
Society.
Chona Camille E. Vince Cruz is a
researcher who seeks to improve environmental practices in the Philippines by
acquiring a better understanding of the
physical and social environment of her
country. She holds a Masters in Environment and Natural Resource Management
and a BS in Molecular Biology and
Biotechnology from the University of the
Philippines. She is currently teaching and
ﬁnishing her PhD in Biology at the De La
Salle University where she practices her
advocacy of improving youth environmental education while carrying out research
on the population genetics of the king mud
crab to help in the development of better
management policies for this important
marine resource.
Judith S. Weis is a Professor of Biological
Sciences, Rutgers University, Newark,
New Jersey. She received her BA from
Cornell, and MS and PhD from NYU. Her
research focuses on estuarine ecology and
ecotoxicology; she has published over 200
refereed scientiﬁc papers, as well as books
on salt marshes, ﬁsh, and crabs. She is
interested in stresses in estuaries and their
effects on organisms, populations, and
communities. Much of her research has
been in the New York/New Jersey Harbor
area. She is on the BioScience editorial

board and is a Fellow of the American
Association for the Advancement of
Science (AAAS). She has been on advisory
committees for US Environmental Protection Agency (EPA), the National Oceanic
and Atmospheric Administration (NOAA),
the National Academy of Sciences (NAS),
and currently chairs the Science Advisory
Board of New Jersey Department of Environmental Protection. She chaired the Biology
Section
of
AAAS,
served
on boards of Society of Environmental
Toxicology and Chemistry (SETAC), the
Association for Women in Science (AWIS),
and was President of the American Institute
of Biological Sciences (AIBS).
Renata Iani Werneck received her degrees
in Dentistry from the Pontiﬁcal Catholic
University of Paraná (PUCPR) (2000),
Masters in Dental Public Health, University
of Toronto (2004), and PhD with internship
in Health Sciences from PUCPR and Paris,
INSERM U550 (2010). She has experience in
Dentistry, with emphasis in Preventive
and Social Dentistry, acting mainly in the
areas of cariology, prevention, pediatric
dentistry, epidemiology, and epidemiological genetics. She is a teacher at PUCPR
in Public Health courses at graduate and
undergraduate levels.
Dave D. White is associate professor in
the Arizona State University School of
Community Resources and Development,
and principal investigator and Co-Director
of the Decision Center for a Desert City, a

80 Environmental Practice 17 (1) March 2015

boundary organization linking science
and policy for water sustainability and
urban climate adaptation. White also holds
appointments as Senior Sustainability
Scientist with the Global Institute of
Sustainability, and as afﬁliate faculty with
the Consortium for Science, Policy, and
Outcomes and the School of Public Affairs.
His research has been published in dozens
of scientiﬁc journal articles and featured in
popular media including The New York
Times. He is a recipient of the President's
Medal for Social Embeddedness from Arizona State University and the Celebrating
Natural Resources Award from the University of Idaho. He received his PhD in Forestry
from Virginia Tech in 2002.
Arnim Wiek is associate professor in
the School of Sustainability at Arizona
State University. He is the head of the
Sustainability Transition and Intervention
Research Lab that develops evidencesupported solutions to sustainability challenges of urban development, resource
governance, climate change, and public
health in the US, Canada, Mexico, Costa
Rica, and Germany. The group collaborates
closely with government agencies, businesses, and community groups. He holds a
PhD in environmental sciences from the
Swiss Federal Institute of Technology
Zurich, and a Master’s degree in philosophy from the Free University Berlin. He
had research and teaching engagements at
the University of British Columbia and the
University of Tokyo.

INFORMATION F OR CONTRIBUTORS

Environmental Practice is an Englishlanguage journal published quarterly by
the National Association of Environmental
Professionals. It serves an international
audience of environmental professionals
in practice and research. Environmental
Practice is peer reviewed and accepts original
manuscripts that have not previously been
published in whole or in part in a peerreviewed journal or in a widely available
publication, either print or electronic. The
general philosophy of the journal is outlined
in the Mission Statement, which is reproduced in full after the Table of Contents in
each issue.
Priority for publication is given to manuscripts that offer clear, insightful views
on an environmental problem from an
interdisciplinary perspective. Environmental Practice seeks especially to publish
studies that link data and ﬁndings in
science and technology with issues of public
policy, health, environmental quality, law,
political economy, management. Because
the readership of Environmental Practice is
very broadly based, manuscripts should not
be burdened by extensive, unexplained,
technical language familiar only to a small
group of specialists.
Manuscripts are accepted throughout the
year.

Kinds of Manuscripts Sought
Environmental Practice publishes several
categories of manuscripts as described
below. Two of these categories, Research
Articles, and Environmental Reviews and
Case Studies, are peer reviewed.
Research Articles: manuscripts that report
the results of systematic study on an
environmental problem. Typically, research
articles will (a) report the results of formal
research or (b) summarize systematic
analysis of one or more case studies of
particular interest. Environmental professionals in academic or research laboratory
settings may be more likely to submit
formal research manuscripts. Professionals

doi:10.1017/S1466046615000034

in consulting practice, agencies, or other
organizations may be more likely to submit
manuscripts based on case studies. Under
most circumstances, Research Articles will
not be over 5000 words of text. Most will be
substantially shorter. Tables, ﬁgures, and
reference lists need not be included in the
word count. All Research Articles are peer
reviewed.
Environmental Reviews and Case Studies:
manuscripts that organize and summarize
a research literature similar to a metaanalysis. These manuscripts help clarify a
problem, illustrate policy-making processes,
or assist in pointing out discrepancies in the
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than on data analysis. Case study oriented
manuscripts provide readers with a unique
insight on a development in the professional
ﬁeld using a case as an example or illustration; simple project reports will not be
accepted. Environmental Reviews and Case
Studies will generally be about 6000 words
of text. Tables, ﬁgures, and reference lists
need not be included in the word count.
All Environmental Reviews and Case Studies
are peer reviewed.
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content, quality, and signiﬁcance of books
or ﬁlms of wide interest to environmental
professionals and their practices. Reviews
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with the approval of the editor may reach
1500 words.
Perspectives from the Field: statements of
informed opinion intended to provoke
discussion and debate on particular issues.
These manuscripts will generally range
from 500 to 1000 words. Such manuscripts
will not be subject to peer review, because
they are personal opinion; however, the
editor may seek advice on matters of tone
and fairness.
Dialogue: responses to other manuscripts
or controversies within the professional or
academic discipline. These manuscripts

will generally range from 50 to 500 words,
and take the form of a letter to the editor.
Dialogues will not be peer reviewed, but
they may be used to solicit responses from
others for simultaneous publication.
The editors welcome inquiries about
manuscript ideas. You may also contact
the editors to request exceptions to the
word count limits given above. Contact
information can be found at the end of
these instructions.

Manuscript Preparation and
Submission

1. Membership in the National Association
of Environmental Professionals is not a
requirement for publication in Environmental Practice.
2. Only electronic submittals will be
accepted. Authors should either send via
email their work to the managing editor
listed at the end of these instructions.
Please indicate in your electronic submittal
which section the work should be considered
under: Research Articles, Environmental
Reviews and Case Studies, Reviews, Perspectives from the Field, or Dialogue. Also,
in email, please put in the subject line,
Environmental Practice Submittal. All
manuscripts will be accepted in Word or
Excel software. To assist with the peer
review process, we ask that all authors
include line numbers in the margins of their
manuscript.
3. Manuscripts should be organized as
follows:
Cover sheet: Attach a cover sheet including
manuscript title, author name(s); title or
position; institutional afﬁliation; corresponding author address, telephone number,
fax number, and e-mail address. All pages
should be numbered, with the cover sheet as
page 1. To facilitate blind peer reviews,
author names and afﬁliations should appear
only on the cover sheet.
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Book
Author, A.B., and C.D. Author. 2001. Title
of Book. Publisher, Place of Publication,
total pages in book.

Abstract: Research Articles, Environmental Reviews and Case Studies should
be accompanied by an abstract of no
more than 225 words on a separate sheet.
Abstracts should be a stand-alone summary
of the manuscript’s central ﬁndings and
argument, not an overview of the manuscript’s outline. The title of the manuscript
should appear at the top of the abstract page.

Edited book

Text: Research Articles and Environmental
Reviews and Case Studies will typically
have separate sections for Introduction,
Methods, Results, Discussion, and Conclusions. In all cases, use appropriate section
headings to help guide the reader.

Editor, A.B., and C.D. Editor, eds. 1999.
Title of Book. Publisher, Place of Publication, total pages in book.

here. The following examples illustrate
proper style for endnotes:
Article in journal
A.B. Author and C.D. Author, 2000, “Title
of Article,” Name of Journal Volume
(Issue):starting page number-ending page
number.
Article or chapter in book

Dissertation or thesis
Author, A.B. 1998. Title, (PhD Dissertation) OR (Master’s Thesis). University,
City, State, total pages in document.

A.B. Author, C.D. Author, and E.F. Author,
1998, “Title of Article or Chapter,” in Title
of Book, G.H. Editor and I.J. Editor, eds., 4th
edition, Publisher, Place of Publication,
starting page number-ending page number.

Reports by author
Author, A.B. 1993. Title of report. Report
Number, Agency, City, State, total pages
in report.

Book
A.B. Author and C.D. Author, 1999, Title of
Book, Publisher, Place of Publication, total
pages in book.

Reports by agency
All text, including references, tables,
legends, and quotations, should be typed,
double-spaced, on one side of white paper
with margins of at least one inch on all
sides and without right-hand justiﬁcation.
Documentation and references: Authors
may use either author-date notation or
endnotes.
Author-date notation is widely used in
the natural and social sciences. References
are cited in text like so: “Smith (1990)
showed...” or “as seen elsewhere (Smith,
1990).” References cited in text are listed
alphabetically in a References section at
the end of the manuscript. The following
examples illustrate an appropriate style for
most kinds of documents listed in the
References section:
Article in journal
Author, A.B., and C.D. Author. 1997. Title of
Article. Name of Journal Volume(Issue):
starting page number-ending page number.
Article or chapter in book
Author, A.B., C.D. Author, and E.F.
Author. 2000. Title of Article or Chapter.
In Title of Book, G.H. Editor and I.J. Editor,
eds., 4th edition. Publisher, Place of Publication, starting page number-ending page
number.

Name of agency. 1995. Title of report.
Report Number, City, State, total pages in
report.
Personal communication (e.g. letter, telephone, e-mail, interview)
Person, A.B. 1999. Personal communication.
Person’s title or position, Person’s agency or
organization, City, State. Day-Month.
Web sites
Name of Site/Subsection of Site. Year
posted on site. Title of subsection. URL
address of site. Day-Month-Year of access
to site.
Endnotes consist of a superscript number
in the text and a corresponding, numbered
list of citations placed at the end of the text.
This method of documentation is frequently used in historical, legal, or humanistic writing, and it is useful for citations
that must contain more than one reference.
Endnotes with more than one reference
should be separated by semi-colons. Avoid,
if possible, the use of endnotes simply to
further explain the text rather than to
provide documentation. Subsequent references to a source should give the last
name of the author(s), shortened title, and
relevant page(s). Do not use op. cit., ibid,
idem, infra, or supra. See The Chicago
Manual of Style for details not addressed
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Edited book
A.B. Editor and C.D. Editor, eds., 2001,
Title of Book, Publisher, Place of Publication, total pages in book.
4. Authors are strongly encouraged to
illustrate their work with tables, ﬁgures,
maps, and photographs. Authors should
submit any ﬁgures in electronic form,
preferably TIF (line drawings should be at
least 600 ppi; halftone or gray-scale ﬁgures
should be at least 300 ppi) or EPS (with
fonts embedded) format. Color ﬁgures
must be at least 300 ppi CMYK, although
authors will be charged for the production
cost of printing any four-color ﬁgures
(a color ﬁgure costs $450; additional color
ﬁgures in the same article will cost $250).
Provide ﬁgure captions together on a
separate page. Tables (in Word or Excel
that the editorial ofﬁce will be able to
manipulate for formatting purposes)
should not duplicate data also provided in
ﬁgures or in the text. For tables of data that
might be of value only to a few readers,
authors should consider indicating that
the data is available on request from the
author. Table and ﬁgure captions/legends
should make them understandable without
reference to the text. Tables and ﬁgures
must be referred to in the text.
5. This journal resists the use of acronyms
and other forms of abbreviation. As a

general rule, an acronym is appropriate
only (a) if it is used frequently in a portion or all of a manuscript or (b) if the
acronym itself has entered common usage
in everyday conversation (e.g., “USEPA”
for “United States Environmental Protection Agency”). The use of more than two
different acronyms in one manuscript is
unlikely to be acceptable.
6. Use the International System of
Units (SI) or metric units. If necessary for
clarity or common usage, other units may
be included in parentheses immediately
following the acceptable units.
7. Environmental Practice uses a doubleblind peer review process. The reviewer
will not know the identity or location
of the author(s), and the author(s) will
receive reviewer’s comments without the
reviewer’s identity or location. Authors
are invited to submit names of appropriate reviewers, but the ﬁnal choice of
reviewers lies with the editor. Authors will
be notiﬁed of the disposition of their
manuscript as soon as possible. The goal
of this journal is to have a decision to
the author(s) within 90 days of receipt of
manuscript.
8. Upon acceptance of manuscripts,
authors will be requested to send the
editorial ofﬁce an electronic version of the
manuscript. Please contact the editorial
ofﬁce for exceptions: an author’s access to
computing equipment will not be a factor
in the publication of a manuscript.

9. In the event that revisions are required,
the ﬁnal version of the manuscript should
include an attached letter addressing the
concerns of peer reviewers, identifying
changes made to the manuscript or
defending the choice to leave a concern
unaddressed.
10. The ﬁnal version of the manuscript
should include a short biographical sketch
of each author (150 words or less per author).
11. All authors must sign the “Transfer of
Copyright Agreement” and a disclosure of
commercial interests before the manuscript can be published. The Transfer
Agreement enables the National Association of Environmental Professionals to
protect the copyrighted material for the
authors, but authors do not thereby
relinquish proprietary rights or rights to
use their work in the future. The copyright
transfer covers the exclusive rights to
reproduce and distribute the manuscript,
including reprints, photographic reproduction, microﬁlm, electronic versions, and all
other reproduction methods, plus translations into languages other than English.
12. The corresponding author will receive
page proofs for ﬁnal proofreading shortly
before the article is scheduled for publication.
Authors bear full responsibility for accuracy
and completeness of their material. Any
corrections (not revisions) should be made
at this time, and the page proofs must be
returned to the publisher within 48 hours of
receipt. Extensive revisions are strongly
discouraged at this stage of the publication

process and, if permitted by the editor and
publisher, are likely to result in special
charges to the author.
13. It is a condition of publication that
manuscripts submitted to this journal have
not been published previously, in part or in
whole, in a print or electronic publication.
All prior presentations of the manuscript
material must be disclosed to the editor at
the time of initial manuscript submission.
It is also a condition of publication that the
author(s) will not simultaneously submit
or publish the material elsewhere.
14. Authors will receive a reprint order form
when they are sent page proofs. A PDF of
the article will be provided free of charge to
the lead author. If additional reprints are
desired, the completed form along with
payment must be returned to the publisher
at the same time page proofs are returned.
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Electronic Submission Required (See
“Manuscript Preparation and Submission”
above)
Send electronic manuscripts to:
Dan Carroll
Managing Editor, Environmental Practice
DePaul University
2312 N. Clifton Ave, Room 130
Chicago, IL 60614
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(e-mail) dcarro17@depaul.edu
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or American Express card.
Card Type: _____________________________________
Card No.__________________________ Exp. Date_____

Total Amount Due

$__________

Signature________________________________________
Security Code____________________________________

Please be sure to read the information on the last page and sign this application.

To Help Us
Serve You Better
Practice Setting
(Circle One)

Academe
Consulting
Contracting
Government
Industry
Military
National Lab
Nonprofit
Private Sector
Utility
Other_______________________
Discipline

(Circle one or two)

Administrator
Architect
Engineer
Faculty
Lawyer
Manager
Planner
Student
Scientist
Other_______________________
Specialty Area
(Circle one or two)

Audit
Compliance
Impact Assessment
Monitoring
Protection
Regulation/Policy
Research
Resource Management
Technology & Design
Other_______________________
Focus

(Circle one or two)

Air
Ecology
NEPA
Noise
Socioeconomic
Soil
Water
Waste
Wetlands
Other______________________

NAEP Chapters
In addition to membership in the national Association, NAEP maintains a network of
regional, state, local and student chapters that offer additional opportunities for professional
growth. Check below if you would like to join one of the chapters and include applicable
dues in addition to the amount for NAEP membership.

State/Local Chapters
 Alaska


Arizona

$30/year



California

$150/year



Florida

$40/year



Georgia

$30/year



Hawaii

$30/year



Illinois

$40/year



Mid-America (IA, KS, MO, NE)

$15/year



Mid-Atlantic (DC, MD, VA)

$40/year



North Carolina

$40/year



Northwest (OR & WA)

$45/year




Texas (select one)
North Texas

$35/year



Texas

$50/year

Please remember to ONLY use the box below if you are joining FAEP (the Florida Chapter
of NAEP) or renewing your FAEP (the Florida Chapter of NAEP) membership. Questions
call Tim Bower at 856-283-7816. For FAEP (Florida) State and FAEP Chapter membership
is required; however, you may join more than one FAEP local chapter. Please only use this
field if you are joining or renewing your FAEP membership. FAEP local chapters rates are
as follows:
 FAEP Central Chapter $20/year
 FAEP Northeast Chapter $25/year
 FAEP Northwest Chapter $20/year
 FAEP South Chapter $15/year
 FAEP South Student Chapter $10/year
 FAEP Southwest Chapter $15/year
 FAEP Tallahassee Chapter $15/year
 FAEP Tampa Bay Chapter $40/year
 FAEP Tampa Bay Student Chapter $10/year
 FAEP Treasure Coast Chapter $20/year

NAEP Membership is individual (not your company’s) and non-transferable. NAEP
Corporate memberships are available; please contact the national office for more
information. Your national dues (see page 1) include a subscription to our journal,
Environmental Practice. Chapter dues are collected by NAEP on behalf of the
affiliated chapters and passed to them along with your name and address. Some
chapters are more active than others.

Send the completed application to:

How Many Years in the Field?
0-2
3-5

6-10
11-15

16+

$25/year

NAEP
PO Box 460, Collingswood, NJ 08108

Tel:
Fax:
Email:

856-283-7816
856-210-1619
naep@naep.org

Code of Ethics and Standards of Practice for Environmental Professionals
The objectives of Environmental Professionals are to conduct their personal and professional lives and activities in an ethical manner. Honesty, justice
and courtesy form moral philosophy which, associated with a mutual interest among people, constitute the foundation of ethics. Environmental
Professionals should recognize such a standard, not in passive observance, but as a set of dynamic principles guiding their conduct and way of life. It is
their duty to practice their profession according to this Code of Ethics.
As the keystone of professional conduct is integrity, Environmental Professionals will discharge their duties with fidelity to the public, their employers,
clients, with fairness and impartiality to all. It is their duty to interest themselves in public welfare, and to be ready to apply their special knowledge for the
benefit of mankind and their environment.

Creed

The objectives of an Environmental Professional are:
1. to recognize and attempt to reconcile societal and individual human needs with responsibility for physical, natural, and cultural systems.
2. to promote and develop policies, plans, activities and projects that achieve complementary and mutual support between natural and man-made, and
present and future components of the physical, natural and cultural environment.

Ethics

As an Environmental Professional I will:
1. be personally responsible for the validity of all data collected, analyses performed, or plans developed by me or under my direction. I will be
responsible and ethical in my professional activities.
2. encourage research, planning, design, management and review of activities in a scientifically and technically objective manner. I will incorporate the
best principles of the environmental sciences for the mitigation of environmental harm and enhancement of environmental quality.
3. not condone misrepresentation of work I have performed or that was performed under my direction.
4. examine all of my relationships or actions, which could be legitimately interpreted as a conflict of interest by clients, officials, the public or peers. In
any instance where I have financial or personal interest in the activities with which they are directly or indirectly involved, I will make a full disclosure
of that interest to my employer, client, or other affected parties.
5. not engage in conduct involving dishonesty, fraud, deceit, or misrepresentation or discrimination.
6. not accept fees wholly or partially contingent on the client’s desired result where that desired result conflicts with my professional judgment.

Guidance for Practice as an Environmental Professional

As an Environmental Professional I will:
1. encourage environmental planning to begin in the earliest stages of project conceptualization.
2. recognize that total environmental management involves the consideration of all environmental factors including: technical, economical, ecological,
and sociopolitical and their relationships.
3. incorporate the best principle of design and environmental planning when recommending measures to reduce environmental harm and enhance
environmental quality.
4. conduct my analysis, planning, design and review my activities primarily in subject areas for which I am qualified, and shall encourage and recognize
that participation of other professionals in subject areas where I am less experienced. I shall utilize and participate in interdisciplinary teams wherever
practical to determine impacts, define and evaluate all reasonable alternatives to proposed actions, and assess short-term versus long-term
productivity with and without the project or action.
5. seek common, adequate, and sound technical grounds for communication with and respect for the contributions of other professionals in developing
and reviewing policies, plans, activities and projects.
6. determine that the policies, plans, activities or projects in which I am involved are consistent with all governing laws, ordinances, guidelines, plans and
policies to the best of my knowledge and ability.
7. encourage public participation at the earliest feasible time in an open and productive atmosphere.
8. conduct my professional activities in a manner that ensures consideration of technically and economically feasible alternatives.

Encourage Development of the Profession

As an Environmental Professional I will:
1. assist in maintaining the integrity and competence of my profession.
2. encourage education and research and the development of useful technical information relating to the environmental field.
3. be prohibited from lobbying in the name of the National Association of Environmental Professionals.
4. advertise and present my services in a manner that avoids the use of material and methods that may bring discredit to the profession
.

AFFIRMATION
I hereby affirm and agree that I will abide by the Code of Ethics of the Association. I further understand that falsification of the contents
of this application will be grounds for rejection and/or termination of my Association membership and revocation of all benefits resulting
there from.
Signature_________________________________________________________________ Date_____________________________
Name of NAEP Member who gave you this application (if known)___________________________________________________
ed. 02/07/14

NAEP 2015 ANNUAL CONFERENCE
MARRIOTT WAIKIKI
HONOLULU, HAWAII, APRIL 13-17, 2015
SPONSORSHIP OPPORTUNITIES
All exhibitors and sponsors will receive:
x Recognition in the final program
x Poster recognition in registration area
x Recognition (projected on screen) before all general sessions & lunches

Mauna Kea Sponsor
x

x
x
x

x

Conference Title presented by your company/agency
on all printed materials and throughout the conference
Your logo on our web site with a link to your website
Exclusive Recognition as a major sponsor: Your
choice of President’s Dinner or Opening Keynote
Session
Exhibit table in prime location
Four full conference registrations

DEADLINES (to be included in):
1. Advance Program by 11/15/14
2. Poster displays at conference by 3/10/14
3. Final program by 3/10/15

$20,000 (1 available)
x
x
x
x
x
x
x
x

Two full page advertisement in the final program
Company logo on conference bags
Company logo on lanyards
Company literature in conference bags
Option to put welcome gift in attendee’s hotel room
A pre-conference attendees list
Company logo on promo item
Corporate Membership

Haleakala Sponsor - $10,000 (2 available)

Kilauea Sponsor - $7,500

x
x
x
x

x
x
x
x
x

x

x
x

Exclusive Recognition as a major sponsor at your
choice of Welcome Reception or Luncheon
Exhibit Table
Your logo on our web site with a link to your website
Three full conference registrations
Full page advertisement on the back cover or inside
front cover of the final program
Company logo on the conference bags
A pre-conference attendees list

Diamond Head Sponsor - $5,000
x

x
x
x
x
x

Exclusive sponsorship of a breakout room with poster
recognition in the room and literature distributed on a
table
Exhibit table
Your logo on our web site with a link to your website
One full conference registration
½ page advertisement in the final program
A pre-conference attendees list

x

x

Recognition as a major sponsor at Welcome
Reception or Keynote Luncheon
Exhibit Table
Your logo on our web site with a link to your website
Two Full Conference registration
Full page advertisement in the final program
Company logo on the conference lanyards or
promotional item
A pre-conference attendees list

Hana Sponsor - $2,500
x
x
x
x
x
x

Recognition as a sponsor
One full conference registration
¼ page advertisement in the final program
Exhibit Table
Your company name on our website with a link to
yours
A pre-conference attendees list

Kona Sponsor - $1,500

Waimea Sponsor - $750

x

x

x
x
x

Recognition as a sponsor
Your company name on our website linked to your
website
Two meal tickets for a lunch
¼ page advertisement in the final program

x
x

Recognition as a sponsor
Your company name on our website linked to your
website
Business card advertisement in the final program

Other Sponsor - $______________ Examples: AV, President’s Dinner drink tickets and/or entertainment,
Breakfast, Breaks, (Call Donna at 863-949-0262 to discuss)

NAEP 2015 ANNUAL CONFERENCE
MARRIOTT WAIKIKI
HONOLULU, HAWAII, APRIL 13-17, 2015
EXHIBIT OPPORTUNITIES

EXHIBITOR OPPORTUNITIES: FULL CONFERENCE
Table Top Display Only - 6 ft x 30 in - $1500
x One Full Conference Registration
x Two booth attendee badges (Extra badges are $50 each, badges do not include meals/receptions).
x Your company name on our website linked to your website
x Attendees list

PROGRAM AD FEES and SPECIFICATIONS
AD SIZES AND FEES
Full Page……………………………….7.25 wide x 10 high…………….....................………$1,600
Half Page………………………………7.25 wide x 4.75 high………………..........................…$850
Quarter Page……..…………………….3.375 wide x 4.75 high………….....................………..$500
Business Card………………………….3.375 wide x 2.125 high…………......................………$250

DIGITAL SPECIFICATIONS
x

Only digital files will be accepted

x

Black and white or grayscale JPEG 600 resolution at 100% size, or high resolution PDF

x

Files must be smaller than 4 MB

Send all ads to:
Donna Carter naepfl@verizon.net
Ad Submittal Deadline: March 7, 2015

Questions?
Donna Carter, NAEP Conference Planner
PH: 863-949-0262 Fax: 501-423-1701
Email: naepfl@verizon.net

Cancellation Policy: If written cancellation is received by February 1, 2015, a full
refund will be made less $100 administrative fee. If cancellation is received after
Feb 1, 2015 and before March 1, 2015 an 80% refund less $100 administrative fee
will be given. After March 1, 2015, no refund will be made.

NAEP 2015 ANNUAL CONFERENCE
MARRIOTT WAIKIKI
HONOLULU, HAWAII, APRIL 13-17, 2015
NAEP Sponsor, Exhibitor and Program Ad Sign Up Form
Company Name:
Address:

State

City

Zip:

Contact Name:

Fax:

Phone:

Web Site:

Email:

Sponsors:
Mauna Kea Sponsor - $20,000
Event I wish to sponsor:

____ President’s Dinner at Waikiki Aquarium

____ Haleakala Sponsor - $10,000 (Indicate exhibit space
below)
Event I wish to sponsor:

____ Welcome Reception

____ Opening Keynote Session

____ Kilauea Sponsor - $7,500 (Indicate exhibit space below)
Event I wish to help sponsor: ___Welcome Reception
___ Luncheon

____ Luncheon
____ Diamond Head Sponsor - $5,000 (Indicate exhibit
space below)

____ Hana Sponsor - $2,500 (Indicate exhibit space below)

____ Kona Sponsor - $1,500

____ Waimea Sponsor - $750

____ Other Sponsors - $__________
I wish to help sponsor:

Exhibits:
____ Table Top - $ 1500

Space No. Requested______________ (see layout map)

Ads:

____ Full Page Ad - $1,600

Return this form with your payment to:

____ Half Page Ad - $850
____ Quarter Page Ad - $500

NAEP, 37867 Sunny Dell Ln; Halfway, OR 97834

____ Business Card Ad - $250
Check
Credit Card Number:
Expiration Date:
Name on credit card:
Billing address for credit card:
Billing City
Mail to: NAEP
37867 Sunny Dell Ln
Halfway OR 97834
Questions: Donna Carter, NAEP
PH: 863-949-0262, Fax: 501-423-1701
Email: naepfl@verizon.net

Visa

MasterCard

American Express

Verification Code:

State

Zip

Cancellation Policy: If written cancellation is received by February 1,
2015, a full refund will be made less $100 administrative fee. If cancellation is
received after Feb 1, 2015 and before March 1, 2015 an 80% refund less $100
administrative fee will be given. After March 1, 2015, no refund will be made.

Go to:
www.naep.org/2015-conference
There is still time to register for the greatest networking conference to be held in Honolulu.
Don’t miss this opportunity to learn the latest methods and technologies, find out about the latest
rules and regulations that apply to your industry, and network with other environmental
professionals.
Detailed information on training, keynote, tracks, an updated schedule, networking opportunities
and other relevant updates is now available on our website.
New this year are two Walking Sessions. These take place outside the hotel, involve some
walking, and time on Waikiki Beach afterwards. You do need to sign up for these on the
registration form, but there is no extra charge.
APA members will be able to obtain CM credits. We have received approval from APA for
Certification Maintenance credits for both the training and sessions for the entire conference.
Travel discounts are being offered by Hawaiian Air, United Airlines, and Delta Airlines for the
conference. Check it out on the Conference website. The discount is good for travel a week or
more before and also after the conference. So you can use it to bring family and have a vacation.
There is also a discount from Roberts Hawaii airport shuttle.
All this and more information is available at www.naep.org/2015-conference.
Questions? Email Donna Carter at naepfl@verizon.net or call 863-949-0262.

111
8:00 am – 5:00 pm

Monday, April 13
NEPA Basics

5:00 pm – 7:00 pm
1
7:00 am – 8:00 am
8:00 am – 9:30 am

Career Development
Networking Reception

Tuesday, April 14
Continental Breakfast
Welcome, Keynote: Rear Admiral Bret Muilenburg

9:30 am – 9:45 am
9:45 am – 11:15 am
11:45 am – 1:15 pm
1:45 pm – 3:15 pm
3:15 pm – 3:30 pm
3:30 pm – 5:00 pm

Break
Session #1
DoD NEPA Mgmt & Emerging
Trends
Session #5

Walking Session #2

Session #3

Historic Resources – Waikiki
NEPA
Natatorium
EE Awards and Networking Lunch
Session #6
Session #7

NEPA in Urban Settings

Climate Change – Next steps in
reducing GHG Emissions

Session #9

Session #10

NEPA Litigation & Policy
Update

Land Mgmt – Mitigation Planning &
Monitoring on Federal Lands

6:30 pm – 9:30 pm

Transportation – NEPA for
Transportation Alternative Delivery
Break
Session #11
Historic – Visual/Cultural

Session #4
Water Res – Stormwater Mgmt Best
Practices
Session #8
Historic Res - Section 106

Session #12
Water Res – Source Water Protection

President’s Dinner at the Aquarium

Wednesday, April 15
7:00 am – 8:00 am

Continental Breakfast
2016 Conference Committee

8:00 am – 9:00 am

Committee Meeting
9:00 am – 9:30 am
9:30 am –11:00 am
11:30 am – 1:00 pm
1:30 pm – 3:00 pm

Break
Session #13

Walking Session #14

Session #15

Session #16

Efficiency Tools for Public
Involvement

Waikiki Shoreline & Coral

Water Res - Coastal Restoration

Remediation – Pearl Harbor
Sediments

Grab and Go Lunch
Session #18

Session #19

Session #20

NEPA Purpose and Need

Transportation – Innovative
Streamlining Solutions & Policy

Water Res – Coastal Land Use

Climate Change – Challenges &
Successes: Renewable Energy in the
Islands

Session #21

Session #22

Session #23

Session #24

NEPA Climate Change and
Disaster Recovery
Committee Meeting

Climate Change – Effects of CC:
From the Mountains to the Sea
Committee Meeting

Public and Agency Involvement

DoD Mission & NEPA

Committee Meeting

Committee Meeting

Session #17

3:15 pm – 3:30 pm
3:30 pm – 5:00 pm
5:00 pm – 6:00 pm
6:00 pm

Break

Dine-Around-Waikiki (Sign up at Registration)
Thursday, April 16
Breakfast
Membership Meeting, Service Awards

8:30 am – 10:00 am
10:00 am – 10:15 am
10:15 am – 11:45 am

Break
Session #25

Session #26

Session #27

Session #28

NEPA Case Studies

DoD Site/Fac Mgmt

Remed. - Clean up case studies

Land Mgmt – Columbia River Treaty

Hot Topic Lunch #1

Pick up your lunch and go to the HTL of your choice
Hot Topic Lunch #2
Hot Topic Lunch #3

11:45 - noon
12:00 pm – 1:15 pm

NEPA

Lamd Mgmt: USACE Regulatory

1:15 pm – 1:30 pm
1:30 pm – 3:00 pm
3:00 pm – 3:15 pm
3:15 pm – 4:45 pm

Transportation

Water Res - Super Storm Sandy

Session #31

Session #32

Land Mgmt – Land Dev & Energy
Infrastructure

Water Res - Water Wars

Session #35

Session #36

DoD - Biological Sampling

Remed. - Environmental Economics

Break
Session #29

Session #30

DoD - Navy Range
Sustainability

Remed cleanup

Session #33

Session #34

NEPA Best Practices

Remed. - ISM

Break

Friday, April 17
8:00 am – 5:00 pm
8:00 am – 5:00 pm

Hot Topic Lunch #4

NAEP Board of Directors Meeting
HAEP Golf Tournament

Registration Form - NAEP 2015 Annual Conference
April 13- 16, 2015 – Marriott Waikiki – Honolulu, HI
You may register online at www.naep.org or fill out the form and fax or mail with your payment.
First Name: _________________________________________Last Name: ___________________________________________
Certification_____________________________ Firm / Agency / University: __________________________________________
Job Title: ________________________________________________________________________________________________
Address: _______________________________________________________________________________________________
City: ________________________________________________ State: _________________ Zip: ________________________
Country (other than USA): ________________________________Phone: ____________________________________________
Email: __________________________________________________________________________________________________
Are you an NAEP member? ______ Yes
______ No
Are you a CEP?? ______ Yes
______ No
Registration Fees (Full Conference registrations include all scheduled meals and evening events, but not the training)
One-day registration includes only breakfast and lunch on that day, evening events are not included.
NAEP Member
Non Member
Early - Register
Regular - Register
Late Early Regular - Register
Late prior to 2/7
from 2/7 to 3/7
Register after
Register prior
from 2/7 to 3/7
Register after
3/7
to 2/7
3/7
Full Conference
$495
$545
$595
$595
$645
$695
One day registration
$245
$295
$295
$295
$345
$345
Student registration*
$150
$175
$175
$150
$175
$175
Full day training
$225
$275
$325
$225
$275
$325
Government employees and/or speakers will receive a $100 discount on full conference registration (see below)
-$100
Government employees and/or speakers will receive a $50 discount on a one day registration (see below)
-$50
Affiliate chapter members receive a 10% discount off the non-NAEP rate (does not apply to NAEP members)
-10%
*To receive the student rate you must be a full time student and submit ID with your registration. Does not include the offsite evening event.

Please select your registration type (Full Conference registrations include all scheduled meals)

$ Amount (from table above)
Full Conference NAEP member (All training on Monday requires additional fee)
Full Conference non-member (Training on Monday requires additional fee)
Speaker or Government employee Full conference - subtract $100 (1 discount only, Training requires additional fee)
One Day NAEP Member (please indicate which day you will attend) __ Tue.__Wed___ Thur (offsite event is an additional fee)
One Day non-member (please indicate which day you will attend) __ Tue.__Wed___ Thur (offsite event is an additional fee)
Speaker or Government employee One Day - subtract $50 (1 discount only, Trainings and offsite event are extra)
Subtotal _____________

NAEP Affiliate Chapter members receive a 10% discount off the non-member rate (round to nearest $)

-10% of subtotal ____________
Registration fee____________

Training – Monday April 13 [All training is a full day – separate fee applies (see table above). Attendance in a training class
only does not require the one day registration]

Career Development
ġŏņőłġŃŢŴŪŤŴġŘŰųŬŴũŰű
Walking Sessions: (sign up in order to have lunch included - no fee): ġŏŢŵŢŵŰųŪŶŮġĩŕŶŦŴťŢźĪ
ġŉŢŸŢŪŪġŃŦŢŤũŦŴġĩŘŦťůŦŴťŢźĪ
EXTRAS
Monday Training (no discount on training - indicate your choice above and add the fee from the top table)............................................... ____________
Extra lunches - $50 each (indicate how many and which day) ___ Tue ___ Wed ___ Thur........................................................................ ____________
Extra tickets for the Waikiki Aquarium and President’s event - $80 each (indicate how many) ___ Tue................................................... ____________
Extra Reception tickets $50 each (indicate how many) ___ Monday ………….……………………………………………………….. ____________
TOTAL DUE ___________
Cancellation Policy: Cancellations received in writing before Feb 7th will be refunded in total less a $100 processing fee. Cancellations received after
Feb 7th and before March 7th will be refunded at 50% of the total paid. Cancellations received on or after March 7th will receive no refund. With prior
notification, you may substitute a different name for your registration.
Payment:
_______Check (US Bank only)
Payable to NAEP
Mail to: NAEP
37867 Sunny Dell Lane
Halfway OR 97834
Fax to 501-423-1701

______ Visa ______ MasterCard

______ American Express

Card number: _______________________________________ Exp. Date __________________
Security code _______________ Name on card ________________________________________
Card billing address: ____________________________________________________________
______________________________________________________________________________

Opt out of all attendee list distribution. This includes all pre and post conference attendee lists and exhibitor/sponsor promotions. If you do not want
your name and contact info to be included, check here______. Questions call 863-949-0262.

Call for papers for publication in the scholarly journal:

ENVIRONMENTAL PRACTICE
The journal of the National Association of Environmental Professionals
TRANSPORTATION
vol. 17 no. 4 (December 2015)
Transportation systems are critical to our economy and way of life. Transportation systems can also
have significant environmental impacts. Transportation accounts for about 72% of total U.S.
petroleum consumption and 33% of total greenhouse gas emissions. Transportation infrastructures
have also displaced and fragmented habitat. Finding sustainable transportation solutions is a
continuing challenge for environmental professionals.
The December 2015 issue of Environmental
Practice is devoted to the subject of
Transportation. We welcome a variety of
perspectives from scholars, practitioners,
and students in a variety of fields.

Deadline for submittals is
May 15, 2015 to
dcarro17@depaul.edu
Sample issues of the journal
can be found at:
http://journals.cambridge.org/action/
displayJournal?jid=ENP
Guidelines for publication can
be found at:
http://journals.cambridge.org/action/
displayMoreInfo?jid=ENP&type=ifc
For questions, please contact
Dan Carroll, Managing Editor, at
773-325-2298, or by email at
dcarro17@depaul.edu

Specific topics that could be addressed
include, but are not limited to:
i. Green infrastructure, and the use or
application of Green Infrastructure as
a partner to environmental analysis
ii. HOV tolling
iii. Civil rights application in transportation
iv. Planning and environmental linkages;
better planning for NEPA
v. Communication
between
decisionmakers and the public, specifically
with regard to modeling
vi. Health benefits of
transportation;
improving transportation systems for
health and public welfare; children’s
health
vii. Health impact assessment, within and
outside of NEPA
viii. Climate change analysis
ix. Environmental Justice in tolling; the use
of title 6 as a challenge to highway
projects
x. NEPA document quality; push to make
documents
shorter
and
more
readable,
and
what
are
the
consequences
to
transportation
projects
xi. NEPA assignment; when the state takes
over responsibilities from Federal
Highway Administration
xii. Multi-level projects; how does DOT
handle a project when it involves more
than one agency?
xiii. NEPA for projects that are going through
DOT discretionary approval

NATIONAL ASSOCIATION OF ENVIRONMENTAL PROFESSIONALS BOARD OF DIRECTORS
Committed to achieving the highest standards of ethics and competence within the environmental professions

PRESIDENT

DIRECTORS REPRESENTING CHAPTERS

Harold Draper, D.Sc., CEP

Anna Kohl, CET-IT - Alaska

Burns & McDonnell

HDR Alaska, Inc.
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American Indian Policy Institute

Brock A. Hoegh, CEP
HNTB

Gene Talmadge - California

TREASURER

Amy Guilfoyle - Florida

Talmadge Associates
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PPM Consultants, Inc.
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For more information about the NAEP, please visit the association’s Web site at www.naep.org.

IN C LUDED IN THIS I S S U E :
Harold Draper

president’s message: Landmarks, Soils, Streams, Regulations, and NEPA

F. Mensah, S.K. Adanu &
D.K. Adanu

research article: Remote Sensing and GIS Based Assessment of Land Degradation and
Implications for Ghana’s Ecological Zones

Gerson Luis Schwab,
Simone Tetu Moysés,
Beatriz Helena Sottile França,
Renata Iani Werneck, Erica Frank &
Samuel Jorge Moysés

rese arc h a rt ic l e : Healthy Cities Fighting against Chronic Conditions

Dave D. White,
Lauren Withycombe Keeler,
Arnim Wiek & Kelli L. Larson
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