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NCAR CONDUCTS RESEARCH ON THE CUTTING EDGE OF SCIENCE

The impacts of biological processes on the earth's atmosphere, the effects 

of planned Soviet divergence of major rivers on the climate of the entire 

Northern Hemisphere, and development of a new, inexpensive network to measure 

the atmosphere in three dimensions are among many pioneering research efforts 

being pursued by scientists at the National Center for Atmospheric Research (NCAR), 

in collaboration with colleagues around the world.

NCAR takes as its province the entire atmospheric environment of the world.

Its research ranges from specific weather types--such as the origin of this 

winter's severe weather patterns and Boulder's windstorms--to questions of the 

origins of the earth's atmosphere and the relationships between the earth and 

the. sun.

The Boulder-based laboratory, nestled at the base of the Rockies at the 

west end of Table Mesa Drive, is sponsored by the National Science Foundation 

and operated by the nonprofit University Corporation for Atmospheric Research, 

comprising 50 universities with graduate programs in the atmospheric sciences.

NCAR was created in 1960 to provide a focus for vigorous and coherent 

efforts in atmospheric research--concentrating on problems of national and

global importance--to produce knowledge that can lead to better-informed policies 

and actions concerning our atmospheric environment. Its two broad missions are 

to initiate, coordinate, and conduct research that requires long-term, cooperative 

efforts among scientists at NCAR, universities, government laboratories, and 

other institutions, and to develop and provide facilities and related services 

for the atmospheric research community. Among these are facilities for research 

aviation, computing, and field observation and instrumentation. NCAR is currently 

researching a variety of subjects which deal with the earth's atmosphere, human 

activities, or living organisms.
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Environmental Pollution

About two billion years ago, the earth witnessed a global biological 

catastrophe. Many microorganisms sought escape from a new air pollutant that 

had drastically reduced their numbers and threatened to extinguish the rest.

The endangered species took refuge in the muds and wet sediments, where they 

remain imprisoned today. The pollutant that created this environmental crisis 

was oxygen.

The oxygen that "polluted" the earth's early atmosphere resulted in part 

from the evolution of life itself. The earth's original inhabitants were bacteria 

and algae that thrived in an anaerobic (oxygen-free) atmosphere. These micro

organisms developed one new metabolic process after another, and the final step 

in this evolution was photosynthesis. As the tiny blue-green algae used 

sunlight to make food, they released free oxygen. This metabolic evolution 

gradually changed the chemistry of the earth's crust, and ultimately the atmosphere.

Free oxygen in the atmosphere not only gave breath to the new life forms 

developing on the earth's surface, but it provided the protective layer of 

stratospheric ozone that shields all living things from the sun's lethal ultra

violet rays.

Because of these events, some scientists now believe that living organisms, 

particularly the dominant species, can control and change their environment, 

even on a global scale. This is the background for the Biosphere-Atmosphere 

Interactions Project of NCAR, whose major goal is to investigate quantitatively 

how and to what extent the biosphere controls the chemical composition of the 

atmosphere.

NCAR scientists have focused several studies on methane, a gas that today 

is increasing rapidly in the earth's atmosphere and could also cause changes in 

atmospheric chemistry and climate. The current one percent annual increase in 

global methane equals 50 million additional tons of that gas. Although widely 

dispersed and normally found only in trace amounts, methane has large atmospheric 

effects. In the lower atmosphere, it reacts to form the pollutants carbon

monoxide and ozone, which absorb solar heat and contribute to the well-known 

"greenhouse effect." Higher in the atmosphere, in the stratosphere, methane 

decays to form water vapor, contributing 50 percent of the water vapor found 

there. This stratospheric water vapor also exerts a greenhouse effect by holding 

in some of the earth's heat that would escape to space.
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Commonly known as "marsh gas," methane enters the atmosphere when natural 

organic materials ferment and decay. The main sources of methane were previously 

thought to be swamps, rice paddies, digestive processes in ruminants, geological 

gas reservoirs, and biomass burning. NCAR scientist Patrick Zimmerman has now 

found that a large portion of the methane in the atmosphere may be produced by 

termites. The methane that termites produce is a by-product of their anaerobic 

digestive systems. With the help of NCAR scientist James Greenberg and Shem 

Wandiga, University of Nairobi, Kenya, Zimmerman was the first to measure the 

amount of methane emitted by termites and calculate its global production.

He took gas samples from termite nests in Guatemala and laboratory colonies at 

NCAR, and found that termites emit as much as 150 billion kilograms of methane 

annually. The total annual global methane production from all sources is 

estimated to be from 350 to 1,000 billion kilograms.

Most of the world's termites live in moist tropical areas where most of the 

world's methane gas originates. Where humans have disturbed the land, in such 

places as pastures or farmlands, the termite population is even more 

dense. Termites inhabit two-thirds of the earth's land surface. For every 

human on the planet today, there is about a half ton of termites.

In a study to investigate the sizes of other sources of methane, Ralph 

Cicerone, director of NCAR's Atmospheric Chemistry and Aeronomy Division, and 

James Shetter, formerly of Scripps Institution of Oceanography and now with 

NCAR, conducted the first field experiment to measure methane emissions from 

rice fields. Making global estimates of measurements taken from experimental 

rice fields, Cicerone and Shetter found that rice paddies produced only 

20 percent as much methane as was found in previous studies by other investi

gators, on which all global estimates have been based to date. Furthermore, 

Cicerone and Shetter identified a part of the methane cycle that was not known: 

they found that rice and other plants can pump gases from soils and sediments 

directly into the air. Previous methane from rice paddies was thought to bubble 

up through the water from sediments where it is produced anaerobically by 

microorganisms. They also found that nitrogen-fertilized plants produced more 

methane than non-ferti1ized ones. Rice is the major food crop of the world, 

and its cultivation is currently increasing 2 percent annually to meet growing 

world food needs. These additional crops may be another source of increasing 

global methane.
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Thus, although both termites and rice fields produce methane by natural 

biological processes, human activities can accelerate its rate of production. 

Besides speeding natural processes, humans now introduce new substances and 

processes through technology, with which nature is unfamiliar. How will nature 

and the atmosphere ultimately respond? NCAR scientists hope to provide a base 

of knowledge of atmospheric chemistry and its complex processes that can be 

used to answer this question and guide human action.

Climate

NCAR scientists are also concerned about another part of the world, Siberia, 

and the effect that two of the world's largest rivers, the Ob and the Yenesei, 

may have on Arctic climate, and hence on climate in other parts of the world. 

Meandering across the great West Siberian plain, the two rivers flow northward 

for over 2,000 miles, carrying water from the Sayan Mountains to the ice-covered 

Arctic Ocean. Recently, Western scientists learned that the USSR, in an effort 

to increase agricultural productivity, is seriously considering diverting away 

from the Arctic much of the flow of four major rivers, the Ob and the Yenesei 

among them. Because of the Arctic Ocean's influential role in the climate of 

the Northern Hemisphere, the proposed diversion raises the question of whether 

such an activation might have serious environmental effects--a question addressed 

directly this year by NCAR oceanographer Albert Semtner.

Approximately 90 percent of the Arctic Ocean is covered by sea ice. Many 

studies indicate that the extent of the sea is a critical regulator of the world's 

climate. Large ice sheets affect global climate by reflecting sunlight that 

would otherwise be absorbed, and additionally, when ice forms over water, the 

exchanges of moisture and heat between ocean and atmosphere are reduced sub

stantially. Since the formation of ocean ice is determined by the amount of 

relatively fresh water near the surface (fresh water, being lighter than salt 

water, inhibits the mixing of ocean layers and allows ice to form), any large 

reduction in the fresh water flow into the Arctic should lead to a decrease 

in the extent or the sea ice.

To predict the environmental effects of the proposed diversion by the USSR, 

Semtner constructed a numerical model of the Arctic Ocean, which is being run 

on NCAR's super fast CRAY-1 computer. As a test of the accuracy of this
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model, Semtner ran it under present climate conditions (with full runoff from 

the four rivers) and found that the model simulated the ocean with reasonable 

accuracy.

After testing his model, Semtner ran it with the planned 10 percent reduction 

of river water and then again with the runoff reduced by 30 percent. The results 

in both cases supported the Soviet claims that the diversion would not substantially 

affect the Arctic Ocean. Semtner points out that, given the important influence 

of the Arctic Ocean on the earth's climate, these encouraging results should be 

treated with caution because the model doesn't incorporate seasonal changes 

which could affect the results.

New Research Tool

Engineers in NCAR's Global Atmospheric Measurements Program have been 

working to design a new balloon-borne system to provide accurate measurements 

of winds, pressure, temperature, and humidity at lower cost than currently used 

methods and without hazard to aircraft. Prototypes of this system, called 

Safesonde, were flown last fall in successful comparison tests with high-precision 

radars at Wallops Island, Virginia. During the first 30 minutes of flight on 

all 10 flights, the measured wind differences between the radar and Safesonde 

system were less than 0.2 meters per second for 20 second averages--the specified 

accuracy of the precision radar.

The Wallops test flights have demonstrated the Safesonde's ability to 

produce an average wind measurement every 10 seconds or less, compared with two- 

to-four minute averaging times required by the standard weather balloon-borne 

rawinsondes.. Safesonde thus produces a far more detailed picture of winds 

measured as the balloon rises through the atmosphere. Better accuracy can be 

achieved by tracking the balloon with a precision radar, but radars are too 

costly to use in the large numbers required for major field experiments.

Safesonde's ability to make fast-response measurements of temperature and 

humidity as well as fine-scale wind structure will enable new insight into 

mesoscale or middle-size storm weather phenomena--those occurring in an area
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the size of a metropolitan region, up to the size of half a state. The NCAR 

system will provide a new and essential tool for major mesoscale research 

programs planned for the next decade that require a network of high resolution 

vertical sounding stations.
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