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ABSTRACT: Highly productive, diverse, and ecologically important riparian ecosystems in the southwestern United States
have declined 90% since historic times. Since at least 60% of all vertebrate species and 70% of the rare, threatened,
and endangered species, such as the southwestern willow flycatcher (Empidonax traillii extimus), depend on riparian
zones in semi-arid environments, it is imperative to document, quantify, and characterize the changes in these habitats.
This information will be instrumental for managers, planners, and decision-makers to further understand the potential
environmental and biological vulnerability of the area and take action to reduce the vulnerability and to conserve or restore
these important riparian ecosystems. To achieve this aim, we introduce an original change detection methodology using
color-infrared aerial photography, ENVI’s SPEAR Vegetation Delineation Tool, and geographic information systems. This
technique significantly reduces processing time and enables researchers not only to produce maps highlighting areas of
change, but also to quantify those changes. The results of our pilot study on a small, isolated southwestern willow flycatcher
breeding site in Mesquite, Nevada showed a 42% decrease in vegetation cover from 2004 to 2010. The approach proved to
be sufficiently accurate and easy to implement – a distinct advantage over other change detection techniques.

Keywords: Change detection, remote sensing, SPEAR Vegetation Delineation Tool, Geographic Information Systems,
riparian ecosystems, semi-arid environments, southwestern willow flycatcher, conservation
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INTRODUCTION

zone destruction has occurred in the southwestern and
southeastern United States (Fischer et al. 2001). Dams,
water diversions, and groundwater withdrawal have
altered or eliminated the natural hydrology that enables the
formation of southwestern riparian forests (Marshall and
Stoleson 2000; Paradzick and Hatten 2004). Other human
activities, such as urbanization, land development, mining,
agriculture, and livestock grazing, further compound the
negative impacts, either with direct or indirect effects
(Patten 1998).

Southwestern U.S. riparian ecosystems rank among the
rarest in the Western Hemisphere (Krueper 1996) and the
most diverse, complex, productive, sensitive, and fragile
in North America (Johnson et al. 1977; Johnson 1978;
Knopf and Samson 1994; Kondolf et al. 1996; Nilsson
and Svedmark 2002; and others). Constituting only 1-3%
of the southwestern landscape, these narrow, visually
distinct riparian zones along ephemeral, intermittent,
and perennial streams contain disproportionately rich
vegetation as compared to surrounding steppe, shrub, and
desert areas (Nilsson and Svedmark 2002). Wilson (1979)
referred to the ecological importance of riparian vegetation
as “the aorta of an ecosystem.” The structural complexity of
multiple canopies within riparian habitats creates multiple
niches, and the availability of moisture and cool, shady
microhabitats in otherwise dry, hot regions yields high
species diversity (Kondolf et al. 1996; Patten 1998). For
75% of the local wildlife species, these riparian habitats
are essential during at least one phase of life (Kondolf et
al. 1996). In the Southwest, 60% of all vertebrate species
and 70% of rare, threatened, and endangered species
depend on these riparian zones (Fischer et al. 2001; Poff
et al. 2012). They support a higher breeding diversity of
birds than all other western habitats combined as well as
the highest noncolonial avian breeding densities in North
America (Johnson et al. 1977), providing critical habitat for
more than 50% of the songbirds (Knopf and Samson 1994;
Hatten et al. 2010), including the endangered southwestern
willow flycatcher (Empidonax traillii extimus) (hereafter
referred to as SWF). Like the proverbial canary in the coal
mine, the SWF acts as a prime indicator of ecosystem
health of southwestern riparian zones (McCarter 1996).
Its status as the most endangered riparian obligate in
the Southwest (Suckling et al. 1992) signals significant
changes in the riparian ecosystems.

As a result, the remaining riparian habitat patches are
smaller, more isolated, and more susceptible to degradation
by stochastic events, and endangered species populations,
such as the SWF, are more vulnerable to local extinction
(Ellis et al. 2009). The SWF survival, specifically in breeding
success, depends on the distribution and abundance
of breeding habitat types within large, active floodplains
with young, wide, and dense stands of riparian vegetation
(Sogge et al. 1997; Hatten and Paradzick 2003; Durst et al.
2008; Paxton et al. 2007). These areas consist of willow
(Salix sp.), seep-willow (Baccharis sp.), tamarisk/salt cedar
(Tamarix sp.) arrowweed (Pluchea sp.), or Russian olive
(Eleagnus sp.) and are situated near lentic water (Finch
1999; Sogge and Marshall 2000; Graf et al. 2002). Habitat
loss, degradation, and modification, however, threaten
the SWF (Sogge et al. 1997; Stoleson et al. 2000), forcing
the subspecies to the brink of extinction. SWF exhibit site
fidelity, although not absolute (Unitt 1998), and migrants
who search for suitable patches in shrinking or degrading
habitat may face increased mortality risks from competition,
starvation, or predation, whereby reducing or eliminating
breeding opportunities (Marshall and Stoleson 2000). In
turn, the SWF population diminishes. The link between
declines in riparian habitat and reduced SWF populations
(Paxton et al. 2007) exemplifies the SWF role as a very good
indicator of the health and stability of riparian ecosystems
in its home range in southern California, Nevada, Utah,
New Mexico, Texas, and Arizona. Therefore, maintaining
and restoring riparian environments has become a
conservation and management priority in the Southwest
(e.g., Johnson et al. 1977; Knopf and Samson 1994; Finch
1999; Marshall and Stoleson 2000; Stromberg 2001;
Hatten et al. 2010). The functional qualities and values,
including wildlife habitat, water filtration, bank stabilization,
nutrient cycling, sediment load reduction, scenic beauty,
natural resources, and recreational opportunities, make

The diversity of environments and vegetation communities
in southwestern riparian ecosystems manifests in a wide
range of valuable functions and services, including water
filtration, bank stabilization, nutrient cycling, sediment
load reduction, scenic beauty, natural resources, and
recreational opportunities (Patten 1998; Poff et al.
2012). Yet, despite their extreme ecological, economic,
and societal importance, these valuable ecosystems
have declined 90% since historic times (Ellis et al. 2009;
Hatten et al. 2010). The greatest impact of riparian
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them key ecosystems for preserving biodiversity (Nilsson
and Svedmark 2002).

cutoff between riparian and upland vegetation, and values
greater than 0.336 corresponded to the densest riparian
vegetation. Higher NDVI values indicating higher density of
riparian vegetation better predicted SWF breeding activity.

In response, this paper may contribute to the Southwestern
Willow Flycatcher Recovery Plan – “the largest and
most comprehensive planning and recovery effort for an
endangered species” (Graf et al. 2002) – by mapping and
quantifying changes in one of the smaller, more isolated
habitat patches which are more at risk for local extinction.
Documenting, quantifying, and characterizing these
changes will alert managers, planners, and decisionmakers about potential environmental and biological
vulnerability and prompt action to reduce the vulnerability
and to conserve or restore the value of riparian ecosystems
(Kepner et al. 2000).

Three studies since have coupled habitat suitability
variables and NDVI probability classes to monitor changes
in predicted SWF breeding habitat (Paradzick and Hatten
2004; Paxton et al. 2007; Hatten et al. 2010). As a result
of modeling, Hatten et al. (2010) determined that the NDVI
variable that summarized density at the finest scale was the
most influential covariate and reaffirmed the importance of
dense riparian vegetation as a major selection criterion of
the SWF. Based on these results, NDVI is a key aspect
of our change detection approach in this paper, given its
importance in SWF habitat suitability modeling.

Since the SWF is an umbrella species, conserving or
restoring its riparian habitat benefits at least 83 other
species, including the endangered New Mexico jumping
mouse (Zapus hudsonius luteus), the yellow billed
cuckoo (Coccyzus americanus), Chiricahua leopard frog
(Lithobates chiricahuensis), and the Least Bell’s vireo (Vireo
bellii pusillus). Hence, it is crucial to be able to quantify and
further understand the changes of the SWF habitats for
long-term management of species and communities.

The visual and statistical approaches of change detection
presented in this paper will help achieve the aim to quantify
and understand the changes in SWF habitat. Singh (1989)
defined remote sensing change detection as “a process of
identifying differences by observing it at different times.”
This process operates on the assumptions that the radiance
values reflect the biophysical properties of the land cover,
and changes in radiance values correspond to changes
in land cover (Singh 1989; Coppin and Bauer 1996). Two
categories of change can occur: (1) between classes and
(2) within classes. A change between classes refers to
the conversion of one land cover to a different land cover
(e.g., forest to farmland), while a change within classes
refers to the modification of the condition of the land cover
(e.g., fragmentation or coalescence; expansion, shrinkage,
or alteration of shape; or positional shift). Due to the
magnitude of global problems arising from land cover/use
changes, the applications vary widely and have increased
in importance: deforestation; urban sprawl; industrial
development; coastal zone changes (e.g., erosion);
climate change effects (e.g., sea ice, thaw lakes, glacial
mass); farmland loss; crop monitoring; desertification;
flooding; soil erosion; plant community changes; wetland
changes; forest fires; forest mortality, defoliation, damage
estimations; algal blooms; invasive species spread; etc.
(e.g., Lu et al. 2004).

Geospatial tools, such as remote sensing and Geographic
Information Systems (GIS), play vital roles in conservation
science. Utilizing these tools, ecologists, biologists, land
managers, policy-makers, conservationists, nonprofit
organizations (NGOs), and even volunteers can harness
computer power to analyze, model, and map biophysical
data. The first large scale computer modeling for suitable
SWF nesting habitat combined a remote sensing and GIS
approach to determined predictor variables (Hatten and
Paradzick 2003). In that study, the authors created riparianvegetation density grids in four steps: (1) calculation of
Normalized Difference Vegetation Index (NDVI) for the
relative density and biomass of green vegetation – because
NDVI strongly correlates with the biophysical property of
plants; (2) clustering NDVI into 12 interval-scaled classes;
(3) overlay of NDVI classes and satellite imagery to find
boundary between riparian and upland vegetation; and
(4) clustering riparian forest into 12 interval-scaled density
classes. They found NDVI class values ranged from
-0.522 to 0.63, whereby riparian vegetation increased with
increasing value. The value 0.126 corresponded to the

While the quantification of change detection most often
relies on satellite-derived imagery data (Coppin and Bauer
1996) because of high availability, cost-effectiveness, and
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broad spatial and temporal coverage, change detection of
small, fine-scale riparian ecosystems precludes the use
of moderate and coarse resolution imagery (>30 m/pixel)
generally acquired from satellites (Fensham and Fairfax
2002; Ihse 2007; Heiskanen et al. 2008; Morgan et al.
2010). The need for high spatial information and higher
degree of accuracy necessitates the use of harder to
acquire and potentially expensive high resolution imagery
(<5 m/pixel). To address this need with our research, we
attempt to use color-infrared (CIR) aerial photography with
1-meter or less spatial resolution.

plot method, and transects. However, limitations included
subjectivity, difficulty visualizing results, and difficulty in
transect selection, respectively. Large variations in some
variables emerged between interpreters, and many of
those differences were statistically significant (Heiskanen
et al. 2008). With any interpretation method, the experience
of the interpreter affected the accuracy of the results
and magnitude of the change, making an apparent need
for highly knowledgeable and skilled analysts. This may
restrict who can perform change detection with aerial
photography.

Change detection based on CIR aerial photography has
most often relied on visual interpretation (Fensham and
Fairfax 2002) – a highly subjective, difficult to evaluate,
and laborious method with accuracy dependent on the
interpreter’s skills (Lu et al. 2004; Hyvönen et al. 2011).
Aerial photointerpretation involves a person looking at
the image to identify elements and objects and interpret
their significance. For determining changes, an analyst
views multi-date images at the same time, generally by
creating maps on clear plastic sheets and overlaying these
sheets on a light table or digitizing the imagery, and then
combining the characteristics of the different datasets
into one, searching for differences in identified features.
Limits to a person’s ability to distinguish small differences
in shades of grey and color compound the challenge of
manually comparing two images for tonal differences in
vegetation.

More recently researchers have shown interest in CIR
aerial photography for change detection beyond the more
simplistic overlay analysis and visual interpretation, but
this has challenges as well. Given the limitations of visual
interpretation, Everitt and Yang (2010) performed computer
supervised classification on CIR aerial photography to
quantify giant reed coverage changes with satisfactory
results. Their sites, however, contained only four or
five plant cover types. Conventional pixel-based image
classification, which assumes homogenous features
(Johansen et al. 2010), may misclassify pixels for sites,
such as the SWF riparian habitat, with high spatial and
spectral heterogeneity. The errors in pixel-based classified
images often produce a salt-and-pepper appearance.
Object-oriented classification may overcome this problem
with conventional pixel-based classification (Whiteside
and Ahmad 2005) since objects contain several pixels. In
a study where Gweon and Zhang (2008) opted for wavelet transform and object-oriented classification of aerial
photography, the results showed where the changes
occurred but could not identify changes in detail. Still,
the advanced segmentation process and mechanisms
for classifying objects into classes of contiguous pixels of
similar color, texture, shape, context, and tone may seem
too cumbersome for non-remote sensing experts.

While the use of aerial photography for monitoring
and mapping changes provides an advantage of clear
identification and extraction of information, detection of
false changes may occur without accurate descriptions
and knowledge of plant phenology (Ihse 2007). In an
attempt to summarize techniques for manual interpretation
and change detection, Ihse (2007) found a high degree
of accuracy with CIR aerial photography using color as
the main criteria to define vegetation. However, other
indicators such as physiognomy, ecological conditions,
species, site, topography, substrate, and anthropogenic
influences needed combined with color to improve image
classification and vegetation mapping used for change
detection. This involves a complex system of interpretation.
In another summary, Heiskanen et al. (2008) assessed
three different visual interpretation methods for the
feasibility to monitor changes with aerial photography:
complete cover mapping (polygon interpretation), sample

Selection of the change detection method, therefore, proves
challenging for any digital format because the myriad of
remote sensor systems, environmental characteristics,
image processing methods, and temporal, spatial, spectral,
and radiometric resolutions all impact the success of the
analysis (Lu et al. 2004; Hussain et al. 2013). Decisions
depend on the objectives of the change detection: to
identify locations and types of change; to understand the
direction and magnitude of the change; and/or to quantify
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the changes (Coppin et al. 2004), as well as the knowledge
and skill of the analyst.

2) monotypic exotic, which is characterized by either
salt cedar (Tamarix spp.) or Russian olive (Elaenagnus
angustifolia);

As the challenges described above demonstrate, remote
sensing researchers have an ongoing agenda to develop
change detection methods (Hussain et al. 2013), and
the need for current information on habitat extent and
change in extent is a top conservation priority (Buchanan
et al. 2015). However, in general, conservation scientists
lack the training and skill to interpret or analyze remote
sensing data (Buchanan et al. 2015). A broadly accessible
change detection approach would benefit the conservation
community.

3) native broadleaf dominated, often composed of single
species Gooding’s (Salix goodingii) or other willow, or
mixed broadleaf trees and shrubs including cottonwood
(Populus spp.), boxelder (Acer negundo), alder (Alnus
spp.), and Ash (Fraxinus spp.); and 4) mixed native/
exotic broadleaf trees and shrubs (Sogge et al. 1997).
The SWF habitat patches contain a mosaic of dense
vegetation interspersed with small openings, open
water, and shorter, sparser vegetation, and territories
and nests are found near marshy seeps or saturated soil
(Sogge et al. 1997). With nest proximity to water, aquatic
plants such as cattail (Typha spp.), bulrush (Scirpoides
holoschoenus), and bur-reed (Sparganium eurycarpum)
are prominent features of SWF habitat (Unitt 1988).

To meet this need, this study introduces a less complicated
and more time-effective method for change detection
based on CIR aerial photography, Spectral Processing
Exploitation and Analysis Resource (SPEAR) Vegetation
Delineation Tool in ENVI software (Exelis Visual Information
Solutions, Boulder, Colorado), NDVI analysis, and GIS that
enables both the visualization and quantification of the
vegetation cover losses/gains. Based on trends in SWF
habitat and population throughout its range, we expect
declines in the area of total vegetation cover over time.
Quantification of vegetation cover by aerial photography,
though, is limited and historically estimated from subjective
assessments using field data (Fensham et al. 2002). Less
subjective measures include: a dot-grid technique (e.g.,
Fensham et al. 2002); a statistical comparison of manual
counts of trees within a circle polygon overlay created in
GIS (e.g., Plieninger 2006)’; spectral and factorial analysis
(e.g., Couteron 2002); and random-point plot-grid sampling
(e.g., Ucar et al. 2016). We propose a shortcut method to
quantify the area of vegetation cover in GIS without plotting
grids or manually counting trees, which, in conjunction with
the NDVI analysis in the SPEAR tool, will help achieve
the aims of the study stated above. With this in mind, the
change detection method described in this paper bridges
remote sensing and conservation and helps build capacity.

Breeding habitats range from 0.6 hectare to 100 hectares
in six states in the U.S. from southern California to
southwestern Colorado (Finch 1999). However, nearly half
of the total population occupies the smallest territories
(Marshall 2000). This distribution within many small sites
with small populations and with a small number of sites
containing large populations presents a conservation
challenge (Marshall 2000). These small SWF populations
with low genetic variability are the most vulnerable to
extirpation. Pursuant to theories on habitat fragmentation,
persistence of SWF in smaller habitats may depend on the
connectivity among the patches and proximity to larger
patches (Rocklage and Edelmann 2002). With landscapelevel approaches and management at the scale of the
drainage basin, habitat conservation thereby plays a crucial
role in protecting the existing small, isolated populations
and their habitat (Marshall and Stoleson 2000).
The goal of habitat conservation centers on the protection
of populations and the ecological functions that sustain
them. In the SWF habitats, the vegetation functions as
substrate for nesting, perching, patrolling, and foraging, and
provides cover from predators and offers shade to promote
the cool, humid microclimate that influences insect prey
base and nesting success. The vegetation constituting
SWF habitat requires substantial amounts of water. In the
Southwest, streams may flow intermittently or perennially,
and dams block the natural flooding cycle that scours and
replenishes moisture for vegetation growth. Conservation

STUDY AREA
Habitat Requirements
The SWF breed in four general types of riparian habitat:
1) monotypic high elevation willow (Salix exigua and S.
geyeriana) with associated sedges, rushes, and nettles;
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measures, therefore, may depend on the management of
water resources to mimic natural hydrological conditions
to maintain healthy riparian vegetation and healthy SWF
populations.

Surveys from 2003-2012 detected 6-30 resident adult SWF
annually. Irrigation return flows and human manipulation of
the channel influence the hydrological conditions of the site.
In the years 2003-2008 and in 2010, standing water and
muddy soils were noted throughout the breeding seasons.
However, in 2009 and in 2011, a disruption of the normal
irrigation return flows occurred, and water inundated only
the eastern portion late in the breeding season in 2009
and bypassed the site altogether in 2011 due to channel
dredging. By 2012, after construction of a berm to redirect
return flows to the northeastern corner of the site, the
site experienced intermittent inundation and reduction of
area with standing water. In addition, the winter flood in
2005, a natural disruption, altered the channel course of
the Virgin River and scoured the southeastern section of
the site. These kinds of changes, either caused by stand
maturation, natural events, or anthropogenic activities,
are expected to occur in the future. With the dwindling
populations of the SWF, it is crucial to understand changes
over time and conserve its habitats.

Mesquite West Study Area
A summary report on the SWF along the Lower Colorado
River and tributaries (McLeod and Pellegrini 2013)
described the Mesquite West study area as situated within
the Virgin River floodplain in Mesquite, Nevada (Figure 1),
Figure 1: Geographic location of Mesquite, which is 128.8 km
(80 miles) northeast of Las Vegas in Clark County, Nevada.

Field observations in 2012 (Figure 2) and current Google
Earth imagery indicate the area has changed: absence of
surface and standing water in the habitat observed in 2004
and less dense vegetation with more open canopy.
Figure 2: Standing water observed in previous years had
disappeared by the 2012 field visit to the Mesquite West site.
Note the hexagonal desiccation cracks from the shrinkage
pattern caused by the reduction of water content and drying
of the soil materials.

with suitable SWF habitat at this site consisting of dense
mixed-native stands of coyote willow and tamarisk amidst
cattail and bulrush marshes. While the SWF do not nest
in cattail marsh, they frequently nest near cattail marshes
(Unitt 1998) and build nests with the cattail tufts, grasses,
and shredded bark. The cattail marsh, moreover, sustains
insect populations and would provide a prey base for the
SWF. The insectivore forages within the habitat, above the
canopy, above water, and along the patch edge, mostly
by aerially gleaning an insect from trees, shrubs, and
herbaceous vegetation (Sogge et al. 1997).
In this study, the cattail marsh serves as a single indicator
for wetland identification and surrogate for soil moisture
since no data on soil moisture or groundwater exist for the
site because of its obligate wetland indicator status and
easily recognizable signature. Study definition of SWF
habitat in the Mesquite West entails all living vegetation
features essential for breeding, nesting, foraging, rearing
of young, and cover for climatic and predatory protection.

Photograph by Teri Jacobs (June 2012).
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MATERIALS AND METHODS

resampling technique after assigning 1-meter for the cell
size. To amend the difference in spatial extent between the
images, we created an image subset, a section of the larger
image that enables the elimination of non-target objects,
such as the urban features, to focus strictly on the area of
interest, the SWF habitat. As a distinction from other SWF
habitat research, this study does not restrict SWF habitat
to nesting habitat and defines the SWF habitat at the
Mesquite West survey site as all live green foliage (Allison
et al. 2003) within the image subset. We accomplished this
task with the proprietary 2004 SWF data provided by the
U.S. Bureau of Reclamation (BOR) by ensuring all point
locations of nests and presence detections of resident
SWF were contained in the digitized polygon mask used to
extract a subset of the image raster.

The U.S. Bureau of Land Management (BLM) supplied
orthorectified CIR aerial photography for the years
2004 and 2010 for Mesquite West (0.305-m and 1-m
resolution, respectively). A commissioned flight in August
of 2004, under bright sun (sun angle > 30°) and cloudless
conditions, captured images of the site by 3001 Inc.,
using a Z/I Digital Mapping Camera (DMC) with on-board
Global Positioning System (GPS) and IMU technology.
While missing information on the bandwidth, the 2004
CIR aerial photography has three bands (green, red, and
near-infrared (NIR)), and a spatial resolution of 0.305 m
at a scale of 1:600. For the 2010 CIR aerial photography,
the National Agriculture Imagery Program (NAIP) flew a
standard mission to acquire 1-meter spatial resolution
(1:2,000) imagery in the growing season, specifically
June for the site, during optimal atmospheric conditions
with DMC systems. The nominal focal length of 120 mm
of the digital frame camera projected an image on virtual
charged-coupled devices (CCD) measuring 13,824 by
7,680 pixels with a pixel size of 12 μm by 12 μm. Four
3,072 by 2,048 pixel multispectral (MS) cameras with 30
mm lenses produced the red, green, blue, and NIR images
(bandwidth information unknown).

Change detection of SWF habitat relies on the ability to
discern live green foliage. For this capacity, we chose NDVI.
By differentiating between green and non-green surfaces
using the ratio of red and near-infrared bands (NDVI = [NIR
– RED]/ [NIR + RED], where NIR refers to near-infrared
band reflectance wavelengths of 750-1300 nm and RED
refers to the red band reflectance wavelengths of 600-700
nm), NDVI is widely used to correlate strongly with plant
condition, leaf area index, biomass, and vegetation cover.
The application of NDVI to monitor temporal changes in
vegetation has been well documented (Carlson and Ripley
1997; Lyon et al. 1998; Nagler et al. 2001; Kerr and Ostrovksy
2003; Lunetta et al. 2002; Lunetta et al. 2006; Manciono
et al. 2014; Ghandi et al. 2015; and others). Nagler et al.
(2001) assessed three common vegetation indices and
found the NDVI best predicted percent of vegetation cover.
In a comparison of seven different vegetation indices used
for change detection, Lyon et al. (1998) concluded the
use of NDVI produced more accurate difference image
results than the other vegetation index groups because
topography affected it less and the estimations were more
consistent with visual interpretations and field work.

Image acquisition, as noted previously, occurred during
optimum daylight conditions in August and June. Ideally, the
images should be taken on or near the same date, or at least
the same season, to minimize differences in phenological
cycles and sun angles. While not representative of the
optimal anniversary dates, the image acquisition dates do
match in season, summer, when the vegetation is mostly
phenologically stable (Singh 1989; Coppin et al. 2004).
The change detection approach is an integration between
processing in GIS and remote sensing. First step involves
pre-processing in GIS, then vegetation delineation in
ENVI, followed by the quantification and visualization of the
changes within GIS. In preparation for the hybrid change
detection, we performed image resampling and subsetting
in ArcMap 10.1 (ArcGIS® software Environmental Systems
Research Institute, Redlands, California) to rectify the
differences of spatial resolution and extent between the
images. Resampling the pixel sizes of the highest resolution
image to the coarsest resolution entailed the use of the
resampling tool in the Raster Processing toolset under
Data Management. We opted for the nearest neighbor

In ENVI 4.7 Spectral Toolbox, the SPEAR Vegetation
Delineation Tool calculated the NDVI image for analysis.
Two earlier studies incorporated the Vegetation
Delineation Tool to assess vegetation stress caused by
beetle infestation (Filchev 2012) and to extract vegetation
from an urban scene (Rahman 2014). Other SPEAR tools
described in the literature included two studies utilizing the
Destriping Tool (Scheffler and Karrash 2013; Hamadache
et al. 2014) and one that introduced the Change Detection
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Wizard as a new wetland monitoring approach (White and
Lewis). Since the Change Detection Wizard required the
same number of bands for the analysis, an assumption our
imagery data violated, we could not employ this approach
and opted to assess the presence of vegetation and level of
vigor with the Vegetation Delineation Tool.

capture as much live green foliage as possible with the tool
and exported the vegetation mask as a shapefile.
In ArcMAP 10.1, we imported the “Vegetation” shapefile and
clipped with the mask. A field was added to the attribute table
and the geometry for the area was calculated. By differencing
the area of the 2010 vegetation mask from 2004 vegetation
mask, we quantified the vegetation cover changes.

The image processing flow of the SPEAR Vegetation
Delineation Tool consists of four steps, five if you choose the
option to perform a spatial subset: (1) input image file and
optional spatial subset; (2) atmospheric correction; (3) NDVI
calculation; and (4) examine results.

We created an overlay map, using color-blind friendly primary
palettes red and yellow for the 2010 and 2004 scenes,
respectively. A transparency of 30% applied to the 2004
image, thereby permitting the colors to blend and produce a
secondary color (orange) for the overlapping areas to aid in
the visual change detection analysis.

For the atmospheric correction, the user may select
none/already corrected, dark object subtraction, flat
field correction, internal average relative reflectance, log
residuals, or empirical line calibration. The best method
depends on skill level, scene content, desired application,
and available ancillary data (e.g., spectral library with
signatures for materials contained in the scene). The most
accurate method for both spectral shape and absolute
reflectance values is the empirical line calibration; however,
this method requires ground truth knowledge. For best
balance between accuracy and simplicity, users would opt
for dark object subtraction.

As a guide for replication, a detailed step-by-step graphic
follows (Figure 3).
Figure 3: Flow chart showing the major analysis steps and
the analysis tools and tool parameters nested beneath.
Resample to 1-Meter Resolution

Pre-Processing
GIS

The NDVI calculation prompts the user to select the
appropriate bands for the NIR, red, blue, and green inputs.
As a result, this generates four default display ranges: (1)
“No Veg”; (2) “Sparse Veg”; (3) “Moderate Veg”; and (4)
“Dense Veg”. The numbers within the range indicate the
bottom NDVI threshold. NDVI values range from -1 to 1,
where higher values indicate greater chlorophyll density
and healthier green vegetation (Rahman 2014; Gandhi et
al. 2015). In general, dense vegetation has NDVI values
nearing one (0.6 to 0.9), sparse or moderate vegetation has
moderate NDVI values (0.2 to 0.5), barren areas of rock,
soil, or snow have NDVI values nearing zero (0.1 or less),
and water bodies have negative NDVI values. The Density
Slice in the SPEAR Vegetation Delineation Tool enables the
user to flicker, blend, or swipe between an overlay of the
false color image and the base NDVI image and manipulate
the thresholds for the vegetation classes. With this ability,
analysts have the advantage of manipulating the default
ranges to suit the purposes of a particular study. Live green
foliage, whether dense, moderate, or sparse, mattered in
this study, and we reclassified the image into one class with
the bottom NDVI thresholds 0.25 (2004) and 0.32 (2010) to

• Data Management
- Raster Processing Tool
- Resampling Tool
- Nearest Neighbor Resampling Technique
• Image Subset
- Create Polygon Mask Feature
- Draw Toolbar
- Freehand drawing of boundary
- Convert graphics to feature
• Subset
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- Extract by Mask tool

Input Image File

SPEAR
Vegetation
Delineation
Tool ENVI

• Optional Spatial Subset
• Atmospheric Correction
- None/Already Corrected
- Dark Object Subtraction*
- *Best balance between accuracy and simplicity
- Flat Field Calibration
- Internal Average Relative Reflectance
- Log Residuals
- Empirial Line Calibration*
- *Most accurate method but requires ground truth data
• NDVI Calculation
- Select bands for NIR, red, blue, and green
- Threshold manipulation for No Veg, Sparse Veg, Moderate
• Veg, and Dense Veg ranges
- Examine Results
- Export Veg Mask to GIS

Import Veg Masks into ArcMap

Change
Detection
GIS
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• Quantify Change
- Add AREA field to attribute table
- Calculate geometry (hectares)
- Generate report for statistics
- Subtract AREA sums (T1-T2)
- Calculate percent change
• Visualize Change
- Assign primary colors to Veg Masks
- Overlay Year 2010 over Year 2004
- Apply 30% Transparency Display
- Produces secondary color for visual change detection
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We performed maximum likelihood supervised classification
and isocluster unsupervised classification using the Image
Classification extension in ArcMap as a qualitative way to
validate and compare method results (For classification
details, see Ozesmi and Bauer 2002; Jensen, J.R. 2007;
Xie, Sha, and Yu 2008; and Perumal and Bhaskaran 2010).
For each technique, we assigned pixels to four classes –
riparian vegetation, unhealthy vegetation, sediment, and
water, and we extracted the riparian vegetation class from
the classification image results for comparison.

Visual interpretation of the change detection results map
confirms the loss of the cattail marsh in the northwestern
region in the study area by 2010; additionally the lack of
marsh in the west and surface water in the golf course
Figure 5: The column graph depicts the areas of vegetation cover
in 2004 and 2010.

RESULTS
The map (Figure 4) illustrates the visual difference of the
change detection analysis. Red represents vegetation
present in 2010; yellow represents vegetation present in
2004; and orange represents vegetation present in both
2004 and 2010.
Figure 4: Visual difference in vegetation presence can be seen
in the map to detect changes between 2004 and 2010. Orange
denotes the overlapped areas; yellow represents vegetation
present only in 2004; red represents vegetation present only in
2010. To protect the Mesquite West breeding site, all identifiable
location features have been removed and only the vegetation
polygons remain.

to the east further evince drier conditions in 2010. In
the southeastern section, we can observe the scouring
and deposition effects of the 2005 winter flood and the
altered channel course of the Virgin River. Vegetation
growth in 2010 appears mostly in areas where surface
water occurred in 2004, in some of the scoured section,
and the nearby the new channel course.
Visual analysis of the three techniques per year reveals
marked differences in the riparian vegetation cover
(Figure 6) and how well the vegetation classification/
delineation
matched
the
color-infrared
aerial
photograph (Figure 7). Figure 8 illustrates a declining
trend in vegetation cover for each technique, but the
Unsupervised Classification resulted in a less obvious
trend (11% decrease in vegetation cover). The SPEAR
Vegetation

In 2004, the riparian vegetation, including cattail marsh and
shrubs, measured 14.92 hectares, but by 2010 (with a total
area of 8.66 hectares) the vegetation cover diminished by
6.26 hectares. This constitutes a 42% decrease in vegetation
cover and available habitat for nesting, foraging, and patrol
perches for the SWF. The graph in Figure 5 shows the
decline.

Delineation Tool and the Supervised Classification had
comparable results in vegetation cover area change
–42% decrease versus a 37% decrease in vegetation
cover, respectively.
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DISCUSSION AND CONCLUSION

Figure 6: Vegetation cover results from the three techniques
(columns) for each year (rows).

Mesquite West Habitat Changes and Implications
for Conservation
From an ecological perspective, change detection analysis
can elucidate understanding of the spatially and temporally
dynamic hydrological conditions and vegetation patterns of
SWF riparian habitat. The SWF riparian habitat fluctuates
seasonally in response to precipitation, water management,
and surface runoff (Paradzick and Hatten 2004) and is
subject to periodic disturbance (Marshall and Stoleson
2000). Any perturbation of the underlying processes will lead
to changes in the distribution, abundance, and composition
of riparian habitats. Types of impacts for known habitat
losses include fire, human activities such as agriculture or
construction, reservoir inundation, flood control efforts, and
drought (Marshall 2000). These changes affect suitability for
SWF occupancy and nesting (McLeod and Pellegrini 2013)
and, consequently, SWF populations. Furthermore, in sites
with more open canopy and less dense vegetation, brownheaded cowbird (Molothrus ater) parasitism of SWF nests
increases, leading to reduced SWF reproductive success
(Uyehara et al. 2000). Furthermore, population growth
rates decrease with increased parasitism (Uyehara et al.
2000). At sites where habitat loss has already reduced SWF
populations, parasitism may be the final driver toward local
extinction.

Figure 7: Overlay mapping results of the vegetation cover and
false color images of the study site for each technique (columns)
and each year (rows).

It is imperative to document habitat losses. This study
represents the first attempt to map SWF riparian habitat
changes over time at the Mesquite West site. Since
biologists only began surveys in 2003, we do not know the
normal variation of vegetation response to irrigation flows,
precipitation, groundwater, or flooding events.

Figure 8: The column graph depicts the areas of vegetation cover
in 2004 and 2010 by each technique: SPEAR Vegetation
Delineation Tool, Maximum Likelihood Supervised Classification,
and Isocluster Unsupervised Classification.

The 42% decline in riparian vegetation at Mesquite West does
indicate changes in the wetland hydrology. Observations
of the cattail marsh in 2004 confirm the presence of hydric
soils, and its disappearance by 2010 signifies the absence
of the conditions that form hydric soils, typically inundation
due to shallow standing water throughout the year, or at least
seasonally flooded and saturated. These findings align with
survey results conducted at Mesquite West, whereby dry
conditions and poor nesting success were recorded in 2009
(McLeod and Pellegrini 2013).
Disruptions in the site’s hydrology appear to have affected
SWF fecundity and productivity. When irrigation flows were
34
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diverted from the site in 2009, productivity and fecundity were
very low but upturned in 2010 after irrigation flows returned
to the site (McLeod and Pellegrini 2010). The mean fecundity
and productivity again plummeted the following years when
the site no longer experienced inundation, indicative of a need
to manage irrigation flows for the protection of the habitat and
local survival of the critically endangered species. A steady
or growing population defines the suitability of a site (Sogge
et al. 1997). At Mesquite West, the vegetation changes may
have caused the steady decline and may cause the potential
extirpation of SWF populations, if this has not occurred
already. The number of females has declined steadily since
2006; each year had fewer and fewer females until only 1
was present in 2013 (McLeod and Pellegrini 2013). While
biologists do not know the minimum viable population for
SWF (Unitt 1998) or how long sites without visibly saturated
soil or standing water will continue to support the riparian
vegetation and/or remain occupied by SWF (Sogge et al.
2007), the implications should be concerning nonetheless.

al. (2009) surmised Roosevelt Lake management problems
stemmed from the lack of information on the long-term
effects of reservoir inundation on recovery ability of the SWF
and the impacts of dams on wildlife demographics. With
the steps outlined in this study, we may broaden ecological
knowledge and fill gaps essential for conservation planning
and management.

Potentials and Limitations of the Rapid Change
Detection Using CIR Aerial Photography
The rapid global changes in landcover necessitate the
development of fast, simple, and effective change detection
techniques that meet the needs of NGOs, ecologists,
biologists, conservation managers, policy makers,
stakeholders, and other groups interested in modeling
changes in biodiversity (Sader et al. 2001). This study
delivers an innovative technique that produces results more
quickly than any other known method. For the analysis of
high-resolution digital aerial imagery, we accomplished
this by employing the SPEAR Vegetation Delineation
Tool, which does not rely solely on subjective, expensive,
and time-consuming visual interpretation (e.g., Heiskanen
et al. 2008; Ihse 2008) or pixel-based or object-oriented
classification schemes (e.g., Paradzick and Hatten 2004;
Paxton et al. 2007, Ihse 2007; Gweon and Zhang 2008;
Everitt and Yang 2010). Our change detection technique
lacks the lengthy pre-processing and processing steps
inherent in pixel-based and object-based interpretations.
Furthermore, our technique produces better results than
pixel-based classifiers, which can result in a salt-andpepper effect with the use of high resolution images, and
is more accessible than object-based classifiers because
of the difficulty associated with object creation and the less
availability and affordability of the software (Morgan et al.
2010).

Regional population dynamics depend on the small isolated
sites, such as Mesquite West (Marshall 2000). Access
to other neighboring populations along the Virgin River
and Muddy River promotes connectivity, gene flow, and
metapopulation stability, and the distribution of suitable
habitat should exist for SWF movement within its range.
Unsuitability for breeding may not translate to unsuitable for
foraging or use during migration. Therefore, even if SWF
pairs are possibly absent from the site, the site should
remain a conservation priority to maintain the riparian
habitat in case of migration or future forced dispersals from
local or larger sites (Marshall 2000).
We recommend the use of this study’s method to monitor
the vegetation changes in all SWF territories. Changes in
vegetation that equate to habitat loss will alert managers
and prompt conservation action; changes in vegetation
responses to rejuvenation will help managers evaluate the
effectiveness of restoration projects. Monitoring will also
provide information on the changes from natural cycling
of SWF habitat. As habitats mature too much for SWF
suitability, stochastic events clear older stands and create
suitable environmental conditions for revegetation from
sediment deposition, seed dispersal, and groundwater
recharge (Sogge and Marshall 2000; Allison et al. 2003;
Ellis et al. 2009). Changes in riparian habitat may then be
correlated with changes in SWF populations to apprise
managers of the situation for appropriate responses. Ellis et

Application of the SPEAR Vegetation Delineation Tool
appears to have outperformed the traditional classification
methods. Compared to the tool’s vegetation delineation
results, the thematic maps generated from the supervised
and unsupervised classification schemes underestimated
the amount of living green vegetation, one of the main
criteria for SWF habitat suitability (Allison et al. 2003). The
overlays of the vegetation class and false-color imagery of
the site reveal more missed healthy vegetation – evident in
the observation of red and bright pinks in false color – in
the traditional classifications, especially the unsupervised
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classification in 2004 CIR aerial photography. The SPEAR
Vegetation Delineation Tool captured more healthy vegetation
than the traditional classification schemes, which substantiates
our supposition that the tool outperformed the traditional
classification. Of note, the measurements of area differed more
between the techniques with the 2004 CIR aerial photography
than the 2010 CIR aerial photography. The texture variation
between the scenes accounts for this difference, attesting to
the difficulty of performing pixel-based classification on high
resolution aerial photography of riparian habitats with high spatial
and spectral heterogeneity. As predicted, the 2004 unsupervised
classification resulted in a colorful salt-and-pepper appearance,
a common problem with pixel-based classification (Whiteside
and Ahmed 2005). In the 2004 scene, the forest canopy is
more extensive and non-uniform with taller, more mature tree
stands intermixed with shrubs and cattail marsh, imparting a
rough texture. In the 2010 scene, the areas with revegetation
after the scouring 2005 flood appear more uniform, and large
patches of sandy substrate are visible throughout, lending it an
overall smooth texture. This led to misclassification. Accuracy
in classifying vegetation for change detection purposes is
important because any errors in the classified image amplify
errors in the post-classification change detection process and
lead to false changes in any direction or location (Singh 1989).

3. GIS capable—ability to export to GIS as a layer to
quantify area and map change detection results. While aerial
photography is the primary data for vegetation delineation,
the use rarely involves quantitative measurements (Fensham
and Fairfax 2002).
Aerial photographs provide the longest-available, temporally
continuous, and spatially complete record of landscape change;
however, digital aerial photography has a shorter time range
(since the 1990s) (Morgan et al. 2010). For this reason, maps
derived from aerial photography have routinely been used for
ecosystem management and decision-making (Cohen et al.
1996). The use of aerial photography to study and map wetlands
has a long history with a multitude of applications: identifying
wetlands, classifying plant composition, estimating productivity
and/or abundance, assessing quality, delineating wetland
ecotones, disturbance and invasive species mapping, and
change detection. Given the high quality image and fine detail,
aerial photography provides geometrically and visually accurate
representations of the visual scene. Aerial photographs contain
a spectrum of useful information. Color, tone, shape, size,
shadow, pattern, texture, and association (site and content) aid
in the photointerpretation of the key characteristics of ecological
features. In this study, the ability to discern live vegetation from
dead/dying vegetation by color (e.g., in false color images, green
or light pink indicates low plant density, whereby the tones of the
soil showed) (Statewide Mapping Advisory Committee, 2011)
facilitated the visual interpretation of the NDVI threshold and
should translate to higher accuracy despite the limitation of not
having ground truth data to validate results.

We consider our approach an appropriate method and
recommend it over the traditional pixel-based classification
methods for delineating riparian vegetation in a semi-arid
environment and performing change detection analyses using
high-resolution imagery for the three following main reasons:
1. Easy to implement—even a novice remote sensing
analyst could access and implement the tool. While
conservation scientists recognize the power and benefit of
remote sensing and GIS for ecological spatial analysis and
modeling (Kushwaha and Roy 2002; Kerr and Ostrovsky
2003; Turner et al. 2003; Alpin 2005), not all ecologists
or conservation biologists have advanced training in the
geospatial technologies. Having uncomplicated, efficient
methods is paramount in conservation research, where time
is of the essence. The tool of this study achieved its objective
to introduce such a method.

A major limitation of the research hinges on the inability to
conduct an accuracy assessment due to the lack of ground truth
data. Ideally, we would want to involve field work and collection
of GPS points for ground truth data at the start and end dates
to assess accuracy, but, in the absence of in situ ground control
points for accuracy assessment, generally the change detection
output image is compared to a higher quality information source
(Stehman 2009). The study’s CIR aerial photography at 0.3
m resolution, however, has no readily available, cost-effective
comparison. We cannot ascertain validity of results but assume
sufficient accuracy. Experts regard aerial photointerpretation
of wetland vegetation analysis and mapping as reliable,
repeatable, consistent, accurate, successful, and superior
to satellite imagery (Tiner 1996; Fensham and Fairfax 2002;
Valta-Hulkkonen et al. 2005; Ihse 2007; Yang 2007; Morgan et
al. 2010 and others). The use of aerial photography to assess
satellite data implies accuracy (Fensham et al. 2002).

2. Semi-automated process—the analyst could use the
default NDVI thresholds or manually revise the thresholds to
suit specific needs, such as in our case. Often the variability in
aerial photography acquisition impedes the use of automatic
digital methods (Heiskanen et al. 2008).
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Still, errors beyond our control may have occurred during
flight, camera calibrations, or orthorectification. We
acknowledge the topographic shadows and other imagery
anomalies in the aerial photographs may have contributed
to analyst errors in omission and commission during the
vegetation delineation, whereby the NDVI threshold failed
to capture all the living biomass precisely. Despite NDVI’s
ability to reduce multiplicative noise, such as illumination
differences, shadow, atmospheric attenuation, and some
topographic variations (Huete et al. 2002; Chen et al.
2005), some deficiencies associated with NDVI may need
correction (Jones and Vaughn 2010). The surface soil and
water reflectances may have affected the NDVI values of the
canopy and the apparent “greenness” of the vegetation in
the study’s images. An experimentation with another index,
such as the Normalized Water Index (NDWI) used in a recent
wetland mapping and change detection study (Kavyashree
and Ramesh 2016), or other modification of the index would
redefine the vegetation delineation and enhance change
detection performance. In our study, NDVI’s inability to
detect the relative contributions between grass from the golf
course and tree canopy (Parrini, Macindoe, and Erasmus
2013) confounded the delineation of the riparian vegetation.

every half hour from NOAA’s GOES satellite). The combined
use of multi-sensor data with advanced methods, though,
can enrich understanding of ecological features, processes,
and patterns, and can improve classification results (Pohl
2016). However, most change detection techniques were
designed to process imagery acquired from the same sensor
or sensor type (Pillai and Vatsavai 2013). The increasing
number of air- and space-borne sensors and the difficulty
in obtaining same sensor data for a particular location over
time have triggered a need for techniques that handle multisensor data (Alberga 2009; Lu et al. 2010; Forkuo and
Frimpong 2012; Pillai and Vatsavai 2013). The computational
complexity and ad-hoc target data fusion methods (Volpi et
al. 2013) may hinder the use by many applied ecologists and
conservation biologists who lack training. Therefore, this
study’s proposed method may alleviate that concern and be
more broadly accessible.
Another direction for future research would focus on testing
this method on temperate landscapes. In a semi-arid
environment, riparian vegetation stands out as a vibrant
green among the sandy and rocky barrens; this distinct
contrast simplifies the delineation. The boundary between
wetland and upland in humid regions, however, is not clearcut, thereby making the delineation more difficult. Still, even
in more humid regions, wetland vegetation has higher NDVI
values than surrounding upland vegetation. Distinguishing
wetland vegetation with the NDVI thresholds, whether by
a priori knowledge or experimentation, the SPEAR tools
should be effective in humid regions as well.

The higher cost of aerial photography may also hinder its
use for some wetland mapping and analysis, necessitating
the alternative use of cost-effective satellite imagery. In two
previous studies on change detection of regional swaths of
SWF habitat, Paradzick and Hatten (2004) and Paxton et
al. (2007) developed methods using Landsat TM+ imagery,
NDVI, and probability classes. Landsat satellite imagery
does have the advantage of cost-free open availability,
large archive, continuous record, and future repeatability.
However, we do not know if the application of this method
to moderate-resolution data would be as successful, which
requires additional study to determine its feasibility. Riparian
vegetation in the Southwest appears as very thin green
ribbons along the stream system in Landsat imagery, and
the coarse detail and scale may be inappropriate for effective
change detection analysis. If so, then the necessity of aerial
photography or high-resolution satellite data for monitoring
changes in small riparian ecosystems warrants the costs.

In conclusion, the novel methodology presented here proved
suitable for change detection of the designated critical
riparian habitat in a semi-arid environment for the federally
listed endangered southwestern willow flycatcher. The results
of this study implicate a need for management to ensure the
continuance of Mesquite West as a breeding territory for
the SWF. The SWF report recommended restoration efforts
along the Virgin River to provide alternative nesting territories,
maintenance of existing breeding sites, and continued
dialogues with landowners, the Mesquite Irrigation District,
and the Bunkerville Irrigation District (McLeod and Pellegrini
2013). Recovery might be possible if these community
entities maintain irrigation flows toward the breeding site
and concentrate on watershed management of upland,
headwaters, main river stem, and tributaries. Otherwise, the
fate of the SWF population at Mesquite West may end the
same as the eight territories along the middle Rio Grande in
New Mexico: abandonment (Marshall and Stoleson 2000).

Further application of the method may include employing
multi-sensor data. Various sensor types differ in spectral,
spatial, radioactive, and temporal characteristics and deliver
different details about the environment. For this reason, a
certain type of sensor produces imagery better suited for
some purposes but not others (e.g., weather data generated
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