Night Sky — A Valuable Resource

In the

‘It was in the cool and pleasant month of Sep-
iember; and long after going to bed we fay awake
under the blankets waiching the stars that on clear
nights always shine with such infense brightness over
the lonely Western plains.”

"... along the Little Missouri . .. at night the stars
shone with extraordinary brilliancy.”

These above quotes, attributed to Theodore
Roosevelt approximately 100 years ago. emphasize
the significance of the night sky at what is now Theo-
dore Roosevelt NP.

Pete Parry, Canyoniands NP Superintendent, ex-
pressed a thought that may represent the thinking of
many visitors to the great western national parks:
"One of the great Canyonlands experiences is lying
spread eagle on a rack in the stillness of a pitch black
night observing the myriad of stars overhead.”

EPA acknowledges the nighttime skies are an im-
portant part of the wilderness experience, especially
to campers and backpackers, and feels that this as-
pect can be considered a value for use in establishing
visibility objectives by the Federai land managers.

A magnitude scale for describing the apparent
brightness of objects in the sky has been developed
by astronomers. The magnitude scale vanes from
- 26.7 for the brightest obiect in the sky, the sun, to
+ 23 which is the faintest slar abserved by the 200-
inch Mount Palomar telescope. When stars of mag-
nitude six are visible to an unaided eye, the Miky
Way galaxy is usually visible. The magnitude is es-
tablished such that a change of five units of mag-
nitude indicates a factor of one hundred differ-
ence in star brightness. To itustrate the use of the
magnitude scale, the star Sirius in the constellation
Carris Majoris is the brightest star in the sky with a
magnitude of -1.5. (The planets are excluded.)
Polaris ithe North Star), has a variable magnitude of
about -2.0. Therefore, 1he magnitude of Polaris is
3.5 units greater than Sirius, and the brightness of
Sirius is about 25 times greater than Polaris. The
planet Venus is the third brightest object in the sky.
exceeded only by the sun and the moon.

The distribution of obiects in the sky and their ap-
parent brightness at a given location provide the
beauty of the night sky. Man-made lighting and man-
made air pollution affects the clarity of the night sky
as seen by an observer.

Increased fight in the night sky caused by reflection
of sunfight from the full moon will decrease the
number of visible stars. and reduce the visibility of
the Milky Way. These sublle effects of the moon are
a natural part of the night sky experience to which
most observers do not object. Increased fight in the
night sky caused by light produced by mans’ activities
in urban areas (fight pollution} diminishes the number
of visible stars.

As urban areas have increased in size. light poliu-
tion has increased. In recent years this artificiaf illumi-
nation has been a major concern to astronomers.
Ground-based astronomical measurements of faint
objects made with large telescopes are very sensitive
to interference from artificial lighting. The astronomi-
cal community has been influential in causing
changes in some city ardinances to require control of
outdoor lighting 1o reduce the interference ot light pol-

fution on astronomical observations. The cities of
Tucson, Ariz., San Jose, Calif.,, and some smail com-
munities near Palomar Observatory have passed or-
dinances to control outdoor lighting.

No methads for controlling the interference of the
moon have been discovered!

The effects of air pallution pose a serious problem
to the quality of the night sky. Control of air paollution
is being actively pursued under the Clean Air Act
Amendments.

Many national park-managed lands have been des-
ignated class | under the Clean Air Act Amendments,
which specify that air pollution will be controlled to
preserve, protect, and enhance the air quality in na-
tional parks. Because national parks are to be kept
clean from air pollution, efforts are made 10 prevent
industrial development and urban spread near na-
tional park class | areas. Therefore, national parks
are prime areas for locating astronomical obser-
vatories because light and air poliution are controlled.
For this reason, the National Science Foundation
is examining the possibility of selecting a national
park as a suitable site for future construction and
operation of an astronomical observatory.

Even though prowvisions exist for controling intru-
sion of air pollution in national parks. and light pollu-
tion from urban sprawl, or iarge industries, weak-
nesses in assessment techniques and the difficufty
of enforcing the regulations, may allow threats 1o di-
minish the value of the night sky resource in national
parks.

Recently. the Depariment of Energy proposed to
locate and operate a nuclear waste repository within
one mile of Canyonlands NP. The repository would
operate 24-hours each day with necessary outdoor
lighting to perform the work and provide lighting for
security at night. If this facility were allowed to be
constructed and operate at the proposed location
(Davis or Lavender Canyon) just east of the park
boundary, the type of experiences related by Presi-
dent Theodore Roosevelt and Supefintendent Parry
wouid be diminished.

Superintendent Parry, and Tom Wylie. Resource
Management Specialist, Canyoniands NP (currently
Superintendent, Florissant Fossil Beds National
Monument) and Cecil Lewis. Air Quality Coordinator.
Racky Mountain Regional Office, recommended an
evaluation of the effects of outdoor lighting from the
proposed nuclear wasle repository were it to be lo-
cated near Canyonlands NP. The Air Quality Division
contracted to Systems Applications. Inc. o perform
the study. The purpose was to determine if human
perception of night sky brightness viewed from
Canyonlands NP would be significantly affected by
24-hour operation of the proposed nuciear waste re-
pository.

Those conducting the study recoqgnize that the park
has “outstanding opportunities for sottude.” Park vis-
itors have identified solitude. including viewing the
pnstine nighttime sky. as a value contributing o their
enjoyment of the park.

Systems Applications, inc. developed a mathemat-
ical technique to study the potential impact of light
poilution from the propased repository sites i Davis
and Lavender Canyons. In this study might sky glow
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and terrain illumination resulting from nighttime oper-
ation of the proposed nuclear waste repository were
calculated, and estimates of the potential for human
percephion of these effects were made. The study
involved the following steps: (1) Development of a
mathematical model of atmospheric optics to predict
the night sky glow effects; (2) Verification of the
model's prediction performance; (3) Application of the
mode! to the area surrounding the proposed facility;
{4) Estimation of the potential of the night sky glow
to obscure starlight; and {5) Development of a com-
puter program to depict graphically the views of terrain
features under different conditions of illumination.

Two computer programs were writien for this study.
The first 1s a numerical model of atmosphernic optics
for prediction of night sky glow.

The Night Sky Glow Model was designed to predict
the luminosity of scattered light in the night sky due
to operation of the proposed nuclear waste repository.
Such a model must be capable of predicting the glow
in any portion of the sky under various atmospheric
conditions and must be flexible enough to address
any combination of faciiity sites and viewing paints
within the park. Because of the complexity of the equ-
ations and the large number of calculations required,
a numerical {computer) modeling approach was used.

The second program produces three-dimensional
views of terrain features visible from within the park
and shows the relative luminasity of these terrain fea-
tures during nighttime operations of the proposed re-
pository. The program models terrain illumination from
both natural and artificial light sources, and then plots
simulated nightime photographs.

Figures 1 and 2 are examples of graphic output
from the night sky glow predictions. The four shading
palterns indicate the degree of perceptibility of the
predicted night glow. It should be noted that the per-
ceived brightnesses of the shading patlerns do not
illustrate the actual brightness of the sky predicted by
the model. The pafierns only aid in inferpreting the
results.

The nighttime response of the human visual system
has been estimated in psychophysiological studies.
From the cata in these studies # is ciear that the
threshold of wisual detection {i.e.. the minmum
amount of light that can be visually detected) vares
considerably among incividuals and depends to a sig-
nificant extent upon acclimation time and background
lighting. On the basis of these studies we adopted a
threshold of detectability (or the luminosity increment
that is just barely perceptible) for the average human
population to be about 5 - 10 * tmm- sr (lumens
per square meter per steradian) above a background
nighttime sky luminosity. Using these same data, we
selected about 2 -~ 10 * Imm’ sr and about 5 x
10 " 1m:m* sr to represent. respeclively, “percepti-
ble” and “very perceptible” luminosity

figures 1 and 2 reveal that the predicted night glow
associated with the Davis Canyon site would be per-
ceplible for either of the two exireme visual range
values of 30 or 331 kilometers. The impacts are pre-
dicted to be greatest at the closest viewing sites and
to decrease with increasing distance from the sites.
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