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Mountain Winds are Studied in Colorado Rockies

Boulder, Colo.--High winds and turbulence over mountainous terrain spell 

trouble for aircraft, and pilots usually do everything they can to avoid fly

ing into such conditions. But a group of pilots who spent the month of Febru

ary flying missions over the Front Range of the Colorado Rockies were looking 

for that kind of trouble, and the more wind they got, the better they liked it.

They flew an assortment of research aircraft ranging from a Schweizer 232 

glider to an Air Force U-2. These aircraft, and the researchers who used them, 

came to Colorado from a number of different organizations in the United States 

and Canada. They came to participate in a one-month field research program 

designed to probe the atmosphere, at levels up to 70,000 feet, during periods 

of high wind along the Front Range.

The program was actually a collection of individual research projects, 

each oriented toward one particular aspect of mountain winds. By flying their 

missions in the same area at the same time, each research group benefited from 

the data gathered by all the others.

The program was coordinated by Dr. Douglas K. Lilly, program scientist 

at the National Center for Atmospheric Research (NCAR) here, and Dr. Joachim 

P. Kuettner of the Environmental Science Services Administration (ESSA). Dr. 

Kuettner is in charge of advanced research projects at the ESSA Research Lab

oratories in Boulder.

High Winds in Winter and Spring

The Boulder area, where the Rockies break sharply up from the plains and 

the Continental Divide reaches its easternmost point in North America, is a 

natural laboratory for studying the effects of mountains on wind currents.

Violent and unpredictable surface winds, with sustained velocities of 

50 miles per hour and gusts that have reached 125 miles per hour, are fairly 

common in winter and spring along the foothills and plains at the base of the
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eastern slope of the Front Range. A warm, dry, gusty downslope wind, known 

as the chinook, can raise the temperature as much as 40 degrees in 15 minutes, 

and can make a foot of snow disappear overnight.

Both Lilly and Kuettner believe that the chinooks and other high-velocity 

foothill winds are related to mountain waves in the upper atmosphere. The 

mountain wave, or lee wave, is a gigantic ripple in the atmosphere. It is a 

sustained oscillation which, under certain conditions, occurs downwind from 

the 13,000-foot peaks along the Continental Divide just as a ripple forms in 

the moving water downstream from a boulder in a streambed. Lilly believes that 

the powerful and highly localized surface winds which sometimes strike the 

Boulder area occur where the mountain waves dip down to ground level.

Dr. Kuettner directed a similar study of the Sierra Nevada wave, in Cal

ifornia and Nevada, in the early 1950s. The Sierra project was a three-year 

study conducted by the Air Force Cambridge Research Laboratories and the Uni

versity of California at Los Angeles. Although this year's Front Range study 

covered only one month, it included more aircraft working at a greater number 

of levels, with the highest, an Air Force U-2 flying at 50,000 to 70,000 feet, 

much higher than the maximum ceiling of the Sierra project aircraft.

Flight Operations

The mountain wave project started on February 5. Every afternoon, the 

participants gathered at the NCAR Mesa Laboratory in Boulder for a weather 

briefing by Glen Bristow, a Canadian meteorologist from Montreal whose spec

ialty is high-level motions of the atmosphere, and Ellis Burton of the ESSA 

Weather Bureau's Denver Center. If the forecast for the next day was promis

ing, they made plans to fly either in the morning or the afternoon.

Dr. Lilly points out that the program could not have suceeded without 

the unstinting cooperation of the Federal Aviation Agency (FAA). The control

lers at the FAA Center in Longmont, Colorado, provided invaluable assistance 

in routing the research flights near or through heavily traveled commercial 

air routes. The Longmont Center also provided a radar display which was pho

tographed by NCAR to provide a record of aircraft positions.

The aircraft used in the project included one of three Beech Queen Air 

research aircraft operated by the NCAR Research Aviation Facility, headed by
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John W. Hinkelman, Jr. This aircraft measured and recorded data on horizontal 

and vertical wind speed, temperature, humidity, and turbulence in the atmo

sphere at the 16,000 to 26,000 foot level. Cleon Biter of the Research Avia

tion Facility served as project engineer for the mountain wave study.

A modified B-57 from the ESSA Research Flight Facility in Miami, Florida, 

also participated in the program, under Dr. Kuettner's direction. This spec

ially modified and instrumented jet aircraft was used to measure the extent 

of the mountain wave at altitudes of 40,000 to 45,000 feet in order to explore 

the relations between mountain waves and clear air turbulence.

A T-33 single-engine jet, instrumented to measure horizontal and vertical 

motion, turbulence, temperature, and other factors, was flown under the direc

tion of Graeme Mather of the Canadian National Aeronautical Establishment.

Like several of the other participants, the Canadians were interested primari

ly in clear air turbulence. The T-33 operated in the 30,000 to 40,000 foot 

altitude range.

Also exploring clear air turbulence was a U-2 from the Air Force's Hi-CAT 

(high altitude clear air turbulence) program. The U-2, the highest flying air

craft in the project, flew at 50,000 to 70,000 feet. Unlike the other aircraft 

which flew from local airfields, the U-2 operated from its home base at Edwards 

Air Force Base in California.

A motorless sailplane, or glider, a Schweizer 232, was brought to Colorado 

for the study by Captain Kimball J. Scribner, chief pilot for Pan American 

World Airways and director of aviation research for the Explorers Research Corp 

oration. This organization, a nonprofit subsidiary of the Explorers Club, 

sponsored the glider's participation in the mountain wave program. It was 

used primarily to explore the fine vertical structure of the mountain wave in 

its north and south extensions.

A Piper Comanche from the U.S. Army's White Sands Missile Range made low- 

level flights over the plains, at altitudes below mountain-top height. The 

White Sands group, headed by Ralph Reynolds of El Paso, Texas, also operated 

a rawinsonde weather balloon facility near Granby, Colorado, west of the Con

tinental Divide.
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Ground Stations Also Supply Wind Data

To relate the mountain wave to surface winds, Dr. Lilly also utilized 

data from a network of ground stations reaching from the Continental Divide 

out onto the High Plains to the east.

The highest and westernmost of these stations is located at an altitude 

of 12,300 feet on Niwot Ridge, just east of the Continental Divide. The Insti- 

tude of Arctic and Alpine Research of the University of Colorado maintains an 

alpine tundra research site on Niwot Ridge. Working in close cooperation 

with the Institute, the NCAR cloud physics program has set up instruments on 

Niwot Ridge which are linked by telemetry to recorders in the NCAR Mesa Lab

oratory in southwest Boulder. Thus a continuous record is available at NCAR 

of present and past wind direction and velocity, temperature, and other at

mospheric conditions on Niwot Ridge. This record has been extremely valuable 

in the mountain wave study.

Recording anemometers, which record wind speed and direction, were sup

plied by the NCAR Facilities Laboratory for use at the Arctic and Alpine 

Institute's subalpine environmental-measurement site, west of the Peak-to- 

Peak Highway, and at a number of other sites down through the foothills and 

out onto the plains. These instruments are maintained by the NCAR Field Ob

serving Facility, headed by William S. Lanterman, Jr. This Facility also 

supported the mountain wave study with radar tracking and balloon flight ob

servations from its Marshall field site southeast of Boulder.

Highly Instrumented Laboratory

The Boulder area, during the month of February, 1968, served as the big

gest and most highly instrumented laboratory that has ever been used to study 

mountain waves and their relation to atmospheric phenomena such clear air tur

bulence and high-velocity surface winds.

According to Dr. Lilly, although mountain wave activity in the Boulder 

area was somewhat less than average for the month, good data were obtained 

on several of the days when at least three of the aircraft were in the air. 

Although the participants in the February field program have dispersed, with 

their aircraft, to their respective home bases, the NCAR mountain wave study 

will continue. Dr. Lilly and his colleagues will use the data from the Febru

ary program, as well as surface data and aircraft observations from previous
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years, to try to gain a clearer understanding of the atmospheric conditions 

that accompany Boulder's high winter winds.

Like other NCAR research programs, the mountain wave study is part of 

a continuing effort to understand the atmosphere on every scale from the m i 

croscopic to the global. Although NCAR's programs are directed primarily to

ward basic research, fundamental knowledge of atmospheric processes and phe

nomena is closely linked to such long-term practical goals as improving weath

er prediction, assessing the feasibility of modifying weather and climate, 

and understanding the effect of man-made pollutants on the atmosphere.

- end -

Henry H. Lansford,
Public Information Officer 
National Center for Atmospheric Research 
Boulder, Colorado 80302 
303-444-5151, ext. 261

1968-5


