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Peaking hydropower operations can profoundly alter natural stream flow and thereby
affect the natural resources dependent on these flows. In this paper, we describe how
aerial videography was used to collect environmental data and evaluate impacts of
hydropower operations at Flaming Gorge Dam on natural resources of the Green River.
An airborne multispectral video/udiometer remote sensing system was used to collect
resource data under four different flow conditions from seven sites (each about one mile in
length) located downstream from the dam. Releases from Flaming Gorge Dam during data
collection ranged from approximately 800 to 4,000 cubic feet/sec (cfs), spanning most of
the normal operating range for this facility. For each site a series of contiguous,
non-overlapping images was prepared from the videotapes and used to quantify surface
water area, backwater habitats, and areas of riparian vegetation under varying flow
conditions. From this information, relationships between flow and habitat parameters were
developed and used in conjunction with hydrologic modeling and ecological information to
evaluate impacts of various modes of operation.

INTRODUCTION

Peaking hydropower operations can result in a variety of environmental impacts in
rivers downstream of dams (Miller et al., 1982; Olson et al., 1985; Gore et al. 1990).
These impacts can be directly linked to daily and seasonal changes in river conditions,
including flow, sediment load, water depth, and substrate exposure. For example, trout
may spawn in gravel beds located in nearshore areas of dam tailwaters. During low water
releases, trout populations may be adversely affected if dam releases are reduced exposing
nearshore substrates that contain spawning areas. Similarly, high water releases may
inundate shoreline vegetation and prevent or reduce seedling germination and the
establishment of vegetation.

Our study was designed to identify and evaluate potential environmental impacts of
hydropower operations at Flaming Gorge Dam located on the upper Green River in Utah.
Hydropower operations at the dam have been implicated in adversely impacting biological
resources as far as 90 miles and more downstream of the dam (U.S. Fish and Wildlife
Service 1992). Biological resources of concern below the dam include federally listed
threatened and endangered species, a recreational trout fishery, riparian vegetation, and
terrestrial wildlife. Detailed field studies to identify and evaluate potential impacts were not
possible because (1) the potentially affected reach of the Green River is so long (>90
miles); (2) a wide variety of daily and seasonal water release patterns are possible from the
dam; and (3) there is limited ability to manipulate water releases from the dam to
accommodate studies. Instead, we utilized an approach that combined multispectral aerial
videggraphy, hydrologic modeling, and ecological information on the biological resources
of concern to evaluate the effects of a range of potential hydropower operations.

In this paper, we describe the methods used to collect and process multispectral aerial
videography of the Green River below Flaming Gorge Dam at different river flows. We
describe how the videography was analyzed to quantify specific parameters such as water
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surface area, backwater abundance, riparian areas, and shoreline substrate exposure under
different flows, and show how this information was used to determine relationships
between these parameters and flow. We then present an overview of the process used to
evaluate potential impacts to biotic resources of concern.

STUDY SITES

Flaming Gorge Dam is located on the upper Green River, about 30 miles north of
Vernal, Utah. The dam, completed in 1964, was built to provide water storage and to
produce hydroelectric energy. Daily releases from the dam during peaking hydropower
operations have ranged from 800 to 4,200 cubic feet/sec (cfs). The study area
encompassed approximately 93 miles of the Green River between the dam and the U.S.
Geologic Survey gaging station at Daniels Ranch, near the town of Jensen, Utah
(Figure 1). In this area, the river flows through portions of Flaming Gorge National
Recreational Area, Browns Park National Wildlife Refuge, and Dinosaur National
Monument, and includes reaches of narrow, deep (> 1,500 ft) canyons separated by wide
bottomland areas. Seven study sites were selected along this portion of the river for the
collection of multispectral aerial videography (Figure 1). Each site was about "one mile in
length, and included both canyon and bottomland areas.
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Figure 1. Map of the Green River downstream of Flaming Gorge Dam, Utah
indicating the location of study sites for which aerial videography was collected.



VIDEOGRAPHIC ANALYSIS

Videographv Collecrion

Three-band multispectral aerial videography was collected using a system of three video
cameras mounted on a fixed wing aircraft to simultaneously record ground reflectance in
three different spectral bands. The system was developed at Utah State University and is
described in Neale (1992). Separate video cameras recorded the green (0.55 Jim), red
(0.65 |am), and near-infrared (0.85 |im) bands of the electromagnetic spectrum. These
bands are similar to Landsat Multispectral Scanner red, green, and infrared bands which are
used extensively for determining vegetation classes. During each videotaping flight,
system operator comments about the river corridor were recorded on audio channel #1 of
the red-band videotape. A time code was recorded on audio channel #2 and as a banner on
the green-band tape. This time code was used to retrieve synchronized video frames from
each of the videotapes to construct three-band composite images. Other information was
recorded as a banner on the red-band tape including latitude and longitude position from a
global positioning system, airplane altitude, ground speed and direction, date, and time of
day.

Videography was collected on five dates from 15 May to 5 June 1992 by flying about
2,000 ft above the river surface at each study site. Videotaping at this altitude provided an
image resolution of 0.5-1.0 m/pixel and typically kept both shorelines and riparian
vegetation in the fields of view of the cameras. Because of the meandering river channel,
weather conditions, and topography, several flightlines were required to videotape each
study site. During videography, releases from the dam ranged from approximately 800 cfs
to 4000 cfs (Figure 2).

Immediately prior to the first videotaping session, field crews visited each study site to
collect site-specific information and to place panel markers that would be used to provide
scale measurements during analysis of the imagery. Information gathered included
descriptions of each site, shoreline substrate, and measurements of features likely to be
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Figure 2. Mean daily releases from Flaming Gorge Dam during May and June 1992.
The dates on which multispectral aerial videography was collected are indicated by dashed
lines.



visible in the videography. The scale markers, which consisted of 2 m x 2 m white plastic
panels, were placed approximately 10 m apart near the shoreline. Photographs and
narrated videotapes were also collected at each site to show positioning of the markers and
other features of interest such as vegetation and topographic features.

Image Capture

The first step in processing the aerial videography was to review and catalogue each
videotape. Base maps were digitized from 1:24,000 scale U.S. Geological Survey
topographic maps using Autocad* software. Latitude and longitude coordinates recorded
on the videotapes were used to locate flightlines on the base maps. Individual overlapping
frames covering each flightline were captured from the videotapes and converted to images
suitable for use with ERDAS image- processing software.

Frames were captured using a Targa+ frame-grabbing board installed in a Compaq
Deskpro 386/25e computer with a VGA display and an 80-mb disk drive. The Targa+
frame-grabbing board was connected via an RS-232C interface to accept a composite signal
from a Sony VC-9000 videotape player. The frame-grabbing board was configured to grab
a 32-bit, 512 x 486 pixel Targa-format image. A second display, a Mitsubishi HC3925
Diamond Scan monitor with a non-interlaced, long persistence phosphor display was
connected for video viewing. A FORA-300 Digital Time Base Corrector synchronized and
corrected the signals from the monitor, frame-grabbing board, and tape player. Variable
settings on the time-base corrector were calibrated to correspond with radiometer settings
on the videography system.

A Diaquest Series IIP frame-sequencing unit with Action Animator software was used
to capture a series of images from videotape. Approximately 30 images could be captured
and stored on disk at one time. The green-band videotape was viewed to build a list of time
codes for overlapping frames that provided best coverage of the study sites. Software was
developed that directed the capture of selected frames based upon the list of time codes. The
synchronized frames were captured independently from each of the three videotaped color
bands. The captured images were converted to a format for use in the ERDAS image-
processing system.

Image Processing

Single-band images were combined into composite, three-band images for processing.
Image processing was carried out on a Sun Sparc IPX workstation with a Vitec Rasterflex
32-bit display using ERDAS software. The 32-bit display provided enhanced capability to
see and evaluate features on the images when they were displayed. This was especially
helpful for delineating and classifying habitat features.

The captured images were processed to correct two types of errors due to inherent
deficiencies in the video recording and capture process. In each case, the errors could be
corrected systematically and software was developed to assist with the correction. Details
of the problems, the errors they caused, and the software developed to correct the errors are
described in Neale et al. (1993). The first problem was due to horizontal camera movement
in the airplane. When the cameras record a video frame, two scans occur that are output to
odd and even lines. When the camera moves horizontally between scans, the odd image
lines are shifted relative to the even ones. A program, LineShift, was developed to shift the
even scan lines using a correlation algorithm to determine the best fit (Neale et al., 1993).

The second problem was due to the use of multiple cameras to capture the three separate
color bands. While the cameras could be aligned in the airplane for a certain altitude,
variations in altitude during flight caused images from different cameras to be offset when

* Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof.



they were combined into a composite image. Frequently, images from the different color
bands were offset by a number of pixels in both the vertical and horizontal directions. A
program, Rectify, was developed that used a band-to-band correlation algorithm to
determine and correct for the offsets (Neale et al., 1993). This program determined the
correct offsets for about 70-80% of the images. The remainder were corrected by visually
offsetting the three color bands using features in the images for proper alignment.

In addition to these system-dependent problems, shadows also presented a problem on
images captured from video taken in early morning and late afternoon. A number of the
study sites were in deep, narrow canyons whose walls rose sharply from the river and
caused dark shadows on the images. Within shadows, very little light is reflected relative
to sunlit areas and few if any features of the river and shorelines could be directly
discerned. Band ratioing is often used to enhance the smaller reflectance values in these
areas to effectively penetrate the shadows (Jensen, 1986). In this case the infra-red band
values were transformed using the following formula:

IRcorrected = (IRmeasured " RED)/(IRmeasured + RED)

where: IRconected = the corrected infrared band value
IRmeasured = ^ measured infrared band value, and
RED = the measured red-band value

With this transformation, the river and riparian edges could be readily discerned in these
shadow areas.

Data Analysis

Following completion of image capture and processing, there was a series of
overlapping images at each site for each flightline at four flows. The next step in the
process involved preparing a series of non-overlapping images for each site and
determining the area of water and riparian zone on each image. The red-band images were
printed and pasted together to provide a visual aid for this analysis. Riparian areas along the
river were identified and digitized on the low flow (800 cfs) images. For this analysis, the
riparian zone was defined as the area between the water's edge and the lower boundary of
the upland zone. Images were displayed with ERDAS software and an outline was drawn
around the upper boundary of the riparian area. The sharp difference between the densely
vegetated riparian zone and the more sparsely vegetated upland areas facilitated
identification of this boundary. During this process, the images were cropped at the
upstream ends to remove overlapping areas. The result was a continuous series of images
for each sample site containing the river and adjoining riparian zone.

Supervised classification algorithms available in ERDAS were then applied to the
images to classify water and riparian areas at the low flow. The classification algorithms
statistically grouped pixels in the image depending on their spectral value in each of the
three bands since different land covers have characteristic patterns of reflectance in each
band. Water, for example, absorbs almost all infrared radiation so groups of pixels having
extremely low infrared values were usually water. Green vegetation on the other hand
reflects most infrared and absorbs most red radiation.

During the supervised classification, groups of pixels that were known to represent a
certain land cover class were identified in a central image for each flightline. The image-
processing system determined statistical properties of the spectral values of these pixels and
built a statistical signature for that land cover class. Unique signatures were built for water
and for riparian classes that included woody vegetation (trees and shrubs), herbaceous
vegetation, and unvegetated areas. With more extensive ground truthing, greater
differentiation among land cover classes is possible from the videography data (Redd et al.,
1993), however, the broad classes used here were sufficient for our analysis.

For some flightlines, the signature set was applied to all images in the flightline and



used to classify each pixel in the images. However, the signature set for an image was
highly dependent on lighting conditions and landscape patterns in the image. While one
signature set was often suitable for all images in a flightline, some flightlines covered
diverse land types and lighting conditions, particularly those in canyon areas, and required
the development of new signature sets for almost every image.

For the higher flows, a supervised classification was performed on the images to
classify water areas only. The area of the riparian zone at the higher flows was then
estimated by subtracting the increase in water surface area from the riparian area at low
flow. Backwaters, side channels, and sand bars were also identified on each image and
digitized manually at all flows.

On the classified images, each pixel represented a unit area of one of the water or
riparian classes. The high-flow images were scaled using the panel markers that were
placed at each study site, as well as other site-specific information collected by field crews.
Images for the lower flows were scaled to the high flow using similar features between
images. Summaries of areas of water, riparian classes, and backwaters on each image
were compiled for each flightline. The information for the flightlines at the various flows
was used to formulate the relationship between habitat parameter and flow.

IMPACT EVALUATION

Once the videographic analysis was complete, impacts to biotic resources of concern
were evaluated. Table 1 presents the habitat parameters used in the impact evaluation, the
videographic measurements used in estimating changes to these parameters, and the biotic
resources of concern. The impact evaluation was a five-step process involving (1)
developing the relationships between habitat parameters and flow; (2) developing a set of
potential dam-release patterns for consideration; (3) modeling of instream flow values for a
particular dam-release pattern; (4) determining changes in habitat parameters associated
with predicted instream flows; and (5) determining the impacts to biotic resources. The
interrelationship of these steps is depicted in Figure 3 and described below.

Table 1. Habitat parameters used to assess impacts below Flaming Gorge Dam, the
measurements from aerial videography used to calculate these parameters, and the
resources dependent on these habitats.

Videographic
Measurement used to

Habitat Parameter Needed Calculate Habitat Resources Dependent on
to Assess Impact Parameter Habitat

Water Water surface area Trout, endangered fishes,
Open water aquatic food base
Permanently wetted area
Seasonally wetted area
Daily wetted area

Backwater Area and Backwater area and Endangered fish
Number number

Isolated backwaters
Connected backwaters
Side channels

Riparian area Maximum riparian area, Vegetation, wildlife
Woody riparian zone water surface area
Fluctuation zone
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Figure 3. Diagram depicting steps for evaluating impacts of hydropower operations on
downstream natural resources using aerial videography, hydrologic modeling, and life-
history information.

Determining the Relationship between Habitat and Flow

Information obtained from aerial videography was used to determine the relationship
between flow and habitat area at each study site. Once these relationships were developed,
it was possible to evaluate the effects of a full range of possible dam release patterns
ranging from steady flow releases to maximum daily fluctuations.

Determining Projected Daily Changes in Maximum and Minimum Dam Releases

This step involved establishing a hypothetical dam release pattern for analysis. Although
hourly releases can vary with hydropower operations, maximum and minimum daily values
were sufficient for our evaluation. Daily releases were then plotted to show monthly and
seasonal patterns in releases.

Determining Instream Flow for Dam Releases

Hydrologic modeling was used to determine instream flow for different dam releases.
The Green River was divided into two reaches for analysis - above and below the
confluence of the Yampa River, the main tributary to the Green River in the study area
located about 65 miles downstream of the dam. Predicted values were plotted for the year
to show monthly and seasonal patterns in instream flow.

Determining Habitat Changes for Dam Releases

Predicted instream flows for a given dam releases and the derived relationships between
habitat and flow were used to predict changes in habitat area over the year. Daily maximum
and minimum habitat values were plotted to determine habitat area and the amount of daily
change by month and season.

Determining Impacts to Resources of Concern

In most cases, knowing the changes to habitat did not allow a determination of impacts
without a consideration of life history or other specific ecological requirements. Thus, the
growing season for plants in the area had to be considered when evaluating the changes in



riparian area predicted for different dam release patterns. Similarly, the life cycle of the
endangered fish using backwaters had to be taken into account when evaluating the
seasonal changes in backwater area.

CONCLUSIONS

Multispectral aerial videography allowed us to rapidly collect a large amount of habitat
information under several flow conditions along the 93 miles of the Green River potentially
affected by hydropower operations at Flaming Gorge Dam. Analysis of the videography
enabled us to classify and quantify about 475 acres of riparian and aquatic habitat at each of
four river flows. This information was collected over a total of 4 days, with only 6
researchers and little equipment in the field. The relationships we developed between
habitat and flow proved to be extremely useful in assessing the impacts of various
hydropower operational modes.

Several problems were encountered, however. Because of the limited maneuverability
and flight speed requirements of the fixed-wing aircraft carrying the videography
equipment, river reaches with relatively tight bends could not be videotaped in one pass.
Instead, the aircraft had to leave the river, circle back over the site, select a new flightline,
and begin taping again. As a result of the numerous flightlines, a relatively large number of
images had to be reviewed, captured and processed in order to obtain complete coverage of
the study site. With its greater maneuverability and ability to travel at very low speeds, a
helicopter could allow more continuous videotaping of the river, thereby reducing the
number of flightlines and the number of images that would have to be reviewed, captured,
and processed.

The videography was collected at a resolution of 0.5-1.0 m/pixel to characterize the cover
classes in greater detail than was finally used. A more detailed classification would have
required more extensive ground truthing than was possible in this study. Collecting the
videography data at a lower resolution (e.g., 1.5-2.0 m/pixel) would have made it easier to
videotape the river corridor and would have simplified image processing. During data
analysis, it also became apparent that the use of three spectral bands limited the level of
classification possible. Modification of the videography system to capture additional bands
of the electromagnetic spectrum might improve the classification process. Enhanced
classification abilities could have allowed us to identify marsh areas, distinguish between
native and non-native species of vegetation, and possibly determine water depths and
temperatures, and thus could have provided additional information for use in the evaluation
of environmental impacts.
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