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1 SUMMARY

The highlight of 1975 was the completion of the fourth GMCC Observatory
at American Samoa. This is the final baseline-type observatory in present
planning; future effort will concentrate on bringing full program levels to
these four observatories.

The National Science Foundation opened the new South Pole Station in
early 1975 and closed the old Station that was built in 1957. The new sta-
tion location (about 1 km away) necessitated relocation of the GMCC program.
For this purpose a small temporary building was constructed and placed just
below the snow surface about 120 meters upwind of the new Station. This
served the GMCC program adequately during 1975. A more permanent above-the-
snow structure is being planned by NSF and NOAA for construction during the
1976-=77 austral summer season.

Automatic data acquisition systems (ICDAS) have been installed at all
four GMCC Observatories. These systems log the data on magnetic tapes which
are shipped to the GMCC offices in Boulder for processing. In the area of
measurement techniques, noteworthy accomplishments were (1) the development
of a "through-the-analyzer" flask exposure system and (2) the acquisition of
three nephelometers to complete the requirements for such measurements at the
four observatories.

In July 1975, Mr. Donald Pack, Director of the GMCC Program since its
inception, retired. His many friends and associates in the Program take this
means of expressing their sincere thanks for all he has done over the years
(71-75) to guide this Program from the dream of long-term monitoring to its
present level. These people also wish him the best of health, enjoyment, and
satisfaction in the years to come.

A new organization group has been formed, the Data Acquisition and
Management Group, to carry out the function of acguiring, processing, and
archiving the observatory measurements. Thus, the GMCC now has the following
organizational structure with headquarters in Boulder and four observatories.
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2. OBSERVATORY FACILITIES

This section documents changes in existing physical facilities or addi-
tion of new facilities at the observatories that are relevant to the charac-
ter and quality of the measurements being made. Simple relocation of moni-
toring systems or installation of new systems is covered in Section 3.

2.1 Mauna Loa

A small portable trailer was modified during the first quarter of 1975
to temporarily house a portable lidar system being developed for the Barrow

Observatory. A shelf and an instrument rack were fabricated and installed in
the trailer.

In March, a Telex machine (number 633145) was installed in the Hilo
office to provide an alternate means of communication with various stateside
offices and to reduce the monthly phone costs.

The Instrument Control and Data Acquisition System (ICDAS) and several
major pieces of equipment were damaged during a lightning storm in early De-
cember. Although most of the equipment was returned to operation in a rela-
tively short time, the ICDAS remained down until early January 1976, result-
ing in considerable loss of data. This event emphasizes the need to provide
better electrical grounding against lightning strikes for the facilities at
Mauna Loa. Possible solutions for this problem will be investigated in 1976.

2.2 Barrow

Several facility improvements were made to the Barrow Observatory during
1975. A power cable was installed to the 17-meter meteorological sampling
tower NE of the station. Several circuits in the main building and the
Dobson platform were rewired to provide better power distribution. A 3.6-
meter-square wooden sampling platform was constructed and wired for a co-
operative Energy Research and Development Agency (ERDA) air sampling program.
Access to the roof platform of the main building was improved with the addi-
tion of stairs, and two windows were added to provide greater visibility. A
new refrigerator/stove/sink unit was put into service and a 94-liter water
storage tank was installed. Station security was improved by installation
of locks on all doors and floodlights to illuminate the main building during
dark periods.

A Bombardier "Bombi", a small, tracked, all-terrain vehicle, arrived in
July and provided access to the station during summer thawing and winter
storms. A chain gate was placed across the road to deter unauthorized visi-
tors and a sign was constructed to identify the station and its requirement
for "clean air" monitoring. As a result of limiting traffic during the sum-
mer thaw, the road remained in excellent condition through most of the win-
ter.



Fig. 1 is an aerial view of the Point Barrow complex prior to construc-
tion of GMCC station.
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Figure 1. Point Barrow complex in 1971. A - Naval Arctic Research
Laboratories. B - POW-Main DEW Station (USAF). C - Location of
GMCC Observatory (constructed in 1972).



2.3 South Pole

1975 was marked by the long-awaited opening of the new U.S. South Pole
Station with its 1l6-meter-high aluminum geodesic dome, after nearly four
austral summers of construction. The new station is approximately a kilo-
meter from the original station that was built during the IGY. On December
14, 1974, radio communications gear was switched to the new station and the
first residents moved in. On December 27, the symbolic barber-shop-striped
South Pole and surrounding flags of the 18 Antarctic Treaty nations were
moved to a spot near the new station entrance. Political leaders, adminis-
trators, scientists, and logisticians from the United States and other coun-
tries dedicated the new U.S. Amundsen-Scott South Pole Station in ceremonies
at the site on January 9, 1975,

The GMCC program was removed from the Aurora Tower at old Pole Station
and transferred to a temporary under-snow facility located about 120 meters
grid northeast of the sky laboratory in the science quadrant of the new Pole
Station (Fig. 2). Constructed of plywood and old shipping crates, this
"clean air" facility is to serve as temporary housing for those programs,
like GMCC, whose requirements are to monitor atmospheric parameters free from
local contamination a majority of the time (figs. 3 and 4). It is intended
to last 2 to 3 years while a new, more permanent, structure is designed and
built. The structure was trenched below the snow surface to avoid appreci-
able drifting of snow downwind atop other sensors and equipment located in
the science guadrant. Entrance is gained by a 1l.5-meter-square vertical
shaft located in a corner of the building. The facility has a usable floor
area of 47 square meters (504 square feet) of which 34 square meters (360
square feet) are dedicated to GMCC's use.

By mid-January, construction was nearly complete and about 80% of the
monitoring programs had been relocated. The aerosol/gas sampling stacks were
erected with the help of a crane. The intakes are about 6 meters above the
surrounding snow surface and point into the predominant wind direction which
is 20° east of grid north. 1In late January, the skid-mounted Dobson spectro-
photometer and ERDA sampling huts were pulled by tractor from their old loca-
tions near the Aurora Tower to their new locations near the "clean air" fa-
cility and the area around the facility was backfilled with snow. A metal
pedestal was fabricated to mount a 1l3-channel pyrheliometer north of the
facility and a 3-meter square wooden platform was constructed to mount other
solar radiation sensors. Figure 4 shows the location of the facility rela-
tive to surrounding structures and equipment.

By the end of the austral winter, the facility was beginning to show
signs of compression due to an increasing snow load on the roof. The ceiling
had begun to sag near the center and one support post had cracked. Plans
were made to add more support beams for the ceiling and to extend the verti-
cal access shaft by 1 meter during the austral summer.



Figure 2. Aerial view of the new South Pole Station, with the "clean air"
facility marked.

2.4 Samoa

The GMCC program is greatly indebted to the Government of American Samoa
and to High Chief Tuli Togi for their assistance in establishing the Samoa
GMCC Observatory. Construction of the Samoa GMCC Observatory was completed
in September 1975. By late December most of the instrumentation and the
data acquisition system were installed. On November 27 the Observatory was
dedicated in a ceremony attended by the officials of NOAA, the Government of
American Samoa, and the local Samoan chiefs and dignitatries (Fig. 6). In
January 1976, the Observatory became fully operational.

Access to the observatory is provided by a paved, single-lane road,
which ties into the main island road in Tula Village. The road was origin-
ally paved in March, but heavy construction traffic damaged much of the sur-
facing, and repaving was necessary in November. A chain gate was placed
across the road to minimize unnecessary traffic and its resulting pollution.

The 27x5 m building (Fig. 7) is located at 170°33'46"W, 14°15'08"S, with
an elevation of about 77.4 m above mean sea level. The building is fully air
conditioned to protect the computer and instrumentation from rather high
ambient humidity. Building water is supplied by a water catchment system.
Water is collected on the upper observation deck and stored in a 38-kl under-
ground cistern.
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Figure 3. Temporary clean-air facility prior to snow burial.
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Figure 4. Clean air facility - 1975, South Pole Station, Antarctica.
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Figure 5. Surface diagram of science quadrant at South Pole Station.

A 100-kW diesel emergency generator (Fig. 8) became operational in
November to supplement commercial power in times of power outage or fluctu-
ation. The ICDAS system is equipped with an uninterruptible power supply to
minimize data loss when the generator is switched on or off.

Cape Matatula was the site of a U.S. Marine radar station in World War
II. Many of the original foundations had to be demolished, and Lauagae Ridge
was landscaped in September to provide about 3000 m? of useful land adjacent
to the Observatory building. In December a 183-m fence was added at the SE
precipice of the Ridge for personnel protection.

A wooden stairway (Fig. 9) was completed in November between Lauagae
Ridge and Matatula Point, a vertical drop of about 50 m.



Figure 6. Ribbon cutting at Samoa Observatory dedication. L. to R. Chief
ITuli Togi, Tula Village; Mr. Joseph 0. Fletcher, Deputy Director, ERL;
Honorable Te'o, Speaker of the Samoan House.

Figure 7. Samoa GMCC Observatory building.



Figure 8. Samoa emergency generator Figure 9. Access stairway from
facility Lauagae Ridge to Matatula Point.

In December a 9-m air sampling tower was erected as part of a coopera-
tive program by the University of Rhode Island under the direction of Dr.
Robert Duce and funded by the National Science Foundation. An underground
power line was installed to provide power for this program on the Point.

Solar radiation sensors, a URAS COp analyzer, a Dobson ozone spectropho-
tometer, and two surface ozone monitors were installed also in December. The
radiation sensors and Dobson Ash Dome are located on the upper observation
deck. The ECC and Dasibi ozone meters sample air through Teflon tubing fas-
tened to a short mast erected on the observation deck. The URAS CO» analyzer
samples air through a 335-m polyethylene tube secured to the U.R.I. tower on
Matatula Point. Meteorology sensors were also installed on the tower, with
signal cables connected to ICDAS inside the building.

Plans for 1976 include erection of a remote sampling shelter near the
top of the access stairway on Lauagae Ridge and a 20-m sampling tower. This

installation will be used for aerosol and other selected gas monitoring pro-
grams.



2.5 Boulder

Space has been obtained at NOAA's Fritz Peak Observatory, in Colorado
for the purpose of conducting selected measurement programs (particularly
surface ozone observations), as well as for testing instruments at a rela-
tively clean-air site. The observatory is operated by the ERL Aeronomy
Laboratory. It is located south of Nederland, Colorado about 25 miles west
of Boulder.

Elevation of the observatory site is 8,000 feet above mean sea level,
while Fritz Peak itself rises to an altitude of 9,020 feet., Colorado Highway
119 runs past the observatory and although relatively heavy traffic prevails
during weekends, particuarly in the summertime, a predominance of clean air
is available at the site during much of the year. Prevailing winds are from
the west, from the direction of the Rocky Mountain Great Divide.
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3. OBSERVATORY PROGRAMS

This section summarizes the measurement programs and documents any
changes such as relocation, new installation, on-station modification, or
discontinuation of any program or system. A brief description of both prob-
lems and solutions is included.

3.1 Mauna Loa

Side-by-side operation of the GMCC URAS-2 and the Scripps Applied
Physics carbon dioxide continuous analyzers continued through 1975 in order
to obtain a substantial set of comparative data. The URAS-2 analyzer was
modified to operate either by computer control or independently when the
computer is not available for data acquistion.

The lidar program was expanded to include aerosol profiles in the upper
troposphere in addition to those previously measured in the stratosphere.
Also using data from the MLO lidar system, a program was initiated to deter-
mine the statistics of occurrence of cirrus clouds in the upper troposphere.
These measurements include height, thickness, frequency of occurrence during
various seasons, and optical thickness.

In the evening, during downslope wind conditions, flask samples were
taken for fluorocarbon measurement. Previously, samples were taken during
the daytime generally at the time of upslope winds.

In September Eppley bulb pyranometers NWS 1825 and NWS 1833, used for
global radiation measurement over the past 9 years and 5 years respectively,
were disconnected and returned to the National Weather Service Engineering
Division for terminal calibrations. Pyranometer NWS 1825 was intercompared
for one month with the GMCC Eppley Model II (12616 F3) pyranometer before
being returned.

A new executive program, Basic Operating Software System (BOSS) 75170,
was installed in the GMCC data acquisition system (ICDAS). It acquires and
records signals from the different sensors at the observatory and controls
the calibration cycles on some sensors. The installation was completed and
tested during the summer and the previously used Hewlett-Packard data acqui-
sition system was terminated in October. Backup solar radiation data were
also recorded on a 24-channel Leeds & Northrup recorder and a Honeywell-Brown
recorder.

Mauna Loa acted as a central calibration and operational testing facil-
ity for a number of new aerosol instruments designed for use at the other
baseline stations. A modified General Electric Condensation Nucleus Counter
and a four-wavelength nephelometer were tested and operated during the year
and will be transferred to the Barrow Observatory in 1976. In addition,
three long-tube Gardner counters and three Pollak counters were tested and
compared with the MLO Pollak counter.
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New sensors for atmospheric pressure, temperature, and relative humidity
were installed to provide an electrical output with a linear calibration
factor. In addition, a set of linear translators was provided to produce a
uniform voltage for wind direction and speed. This installation was com-
pleted in November.

There were three short-term cooperative programs at Mauna Loa in 1975.
During September, Dr. Jost Heintzenberg of the Institute of Meteorology,
Johannes Gutenberg University, Mainz, Germany, visited the Observatory to
demonstrate his new inversion technique which determines the in situ size
distribution of the high tropospheric background aerosol.

In July a cooperative effort with Dr. Keith Bigg, CSIRO, Australia, was
conducted to determine some of the chemical properties of Mauna Loa aerosols.

Dr. C. Murray Penney of the General Electric Corporate Research and
Development Laboratories, Schenectady, N.Y., made an attempt in late 1975 to
measure the profile of atmospheric ozone using an ultraviolet lidar system.

Mauna Loa programs operated during 1975 are listed in Table 1.

3.2 Barrow

The instrumentation control and data acquisition system (ICDAS) was in-
stalled at the station in April. Operation began with BOSS 75070 and was
upgraded to BOSS 75170 during the summer. The system ran well during most
of the year; however, a two-day power outage in November caused a computer
failure that was not solved for over two months. New meteorological sensors
were installed to measure relative humidity, air and ground temperature, bar-
ometric pressure, and wind speed and direction. All of these parameters are
now fed directly into the ICDAS.

During the summer the Smithsonian Radiation Biology Laboratory (SRBL)
cooperative program added a scanning UV radiometer to its array of pyra-
nometers on the roof platform.

Two new cooperative measurement systems were added to the station's
programs. These are: 1) a prototype spectrometer to measure stratospheric
NO» for NOAA's Aeronomy Laboratory, Boulder, Colorado; and 2) a high-volume
air sampler for surface aerosol measurements for the ERDA Health and Safety
Laboratory, New York. The latter system was installed on the new ERDA plat-
form together with three other high-volume samplers operated for the Desert
Research Institute.

New ECC and Dasibi surface ozone instruments were installed in July and
a Pollak condensation nucleus counter and a new COp UNOR analyzer were also

put on-line during the summer. Table 2 lists those programs in operation at
Barrow.
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Table 1. 1975 Summary of Sampling Programs at Mauna Loa
Monitoring Programs Instrument Sampling Frequency Data Record
Gases
Carbon dioxide Evacuated Glass Flask (SIO) 2/month Oct 1958 - present
Applied Physics infrared Continuous Oct 1958 = present
gas analyzer (SIO)
URAS-2 infrared gas analyzer Continuous June 1974 - present
Surface ozone Electrochemical concentra- Continuous Sept 1973 - present
tion cell (ECC)
Total ozone Dasibi ozone meter Continuous July 1975 - present
Dobson spectrophotometer Discrete Oct 1957 - present
Fluorocarbons Evacuated flask 1/week Sept 1973 - present
Aerosols
Atmospheric particulates Lidar 1/week Apr 1973 - present
(height distribution)
Condensation nuclei Gardner counter Discrete Sept 1967 - present
General Electric counter Continuocus Sept 1973 - present
Pollak counter Discrete July 1973 - present
Optical properties Four-wavelength nephelometer Continuous Jan 1974 - present
Solar Radiation
Global spectral Ultraviolet radiometer Continuous Apr 1972 - present
irradiance Four Eppley pyranometers Continuous May 1972 - present
Eppley bulb-type pyranometer Continuous Jan 1958 - Sept 1975
Direct spectral Eppley normal incidence Continuous Jan 1958 - present
irradiance pyrheliometer
Water vapor Foskett Continuous July 1967 - present
Solar aureole Aureole camera 1/week June 1974 - present
Meteorology
Temperature/dewpoint Hydrothermograph Continuous 1955 - present
Pressure Barograph Continuous 1955 - present
Precipitation 8" raingage Daily Dec 1956 - present
Tipping bucket gage Continuous Dec 1956 - present
Precipitation pH meter, bridge, Discrete Oct 1974 - present
chemistry-GMCC electrodes
Winds Anemometer Continuous Dec 1956 - present
Cirrus clouds Lidar 1/week Apr 1973 - present
Cooperative Programs
Carbon monoxide-Max Chemical reaction with HgO Continuous Aug 1973 - present
Planck Inst.
505, MOy, NH3, HS Chemical bubbler system 1/2 weeks - July 1975
NCAR
S0, NO; - EPA Chemical bubbler system 1/2 weeks Aug 1971 - present
Total surface parti- Hi-volume filter Intermittent 1970's - present
culates - ERDA
Turﬁidity - EPA Dual wavelength sunphotometer Discrete 1960's - present
Precipitation chemistry- Misco collector Discrete Mar 1973 - present
EPA
Rain sr?? - ErpA Ion exchange column 1/month Nov 1955 - present
Aerosol particles for Impactor/precipitator Discrete Aug 1971 - present
analysis - CSIRO
Surface Tritium - U. of Molecular sieve 2-day averages Aug 1971 - present
Miami
Solar Radiation Ultraviolet meter Continuous Dec 1973 - present

Erythema Spectrum-
* Temple Univ.
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Table 2.

1975 Summary of Sampling Programs at Barrow

Monitoring Programs Instrument Sampling Frequency Data Record
Gases
Carbon dioxide UNOR infrared gas analyzer Continuous Mar 1973 - present
Evacuated glass flask 1/week Apr 1971 - present
Total ozone Dobson spectrophotometer Discrete Aug 1973 - present
Surface ozone Electrochemical concen= Continuous Mar 1973 - present
tration cell (ECC)
Dasibi ozone meter Continuous July 1975 - present
Fluorocarbons Evacuated flask 1/week Sept 1973 - present
Aerosols
Condensation nuclei Gardner counter Discrete Sept 1971 - present
G.E. condensation nucleus Continuous May 1973 - Nov 1974
counter
Pollak counter Discrete Oct 1975 = present
Solar Radiation
Global spectral Four Eppley pyranometers Continuous June 1974 - present
irradiance
Ultraviolet radiometer Continuous June 1974 - present
Meteorology
Temperature Hygrothermograph Continuous Feb 1973 - present
Dewpoint temperature Hygrothermograph Continuous Feb 1973 - present
Pressure Microbarograph Continuous Feb 1973 - present
Precipitation 8" raingage Discrete Feb 1973 - present
Snow cover Observer Discrete Oct 1974 - present
Wind speed/direction Bendix aerovane Continuous Feb 1973 - present
Air & ground Remote sensors (thermistors) Continuous Nov 1975 - present
temperatures
Relative humidity Remote sensor Continuous Nov 1975 - present
Pressure Transducer Continuous Nov 1975 - present
Cooperative Programs
Turbidity - ERDA Dual wavelength sunphotometer Discrete Mar 1973 - present
Precipitation chem- Misco collector Discrete Sept 1973 - Sept 1975
istry - EPA
Sfc. global rad- Eppley pyranometers Continuous Apr 1973 - present
iation - SRBL Scanning UV radiometer Continuous May 1975 - present
Total surface Hi-volume sampler Continuous Oct 1973 - present
particulates = DRI
CO, sampling-Scripps Evacuated flask 2/month Jan 1974 - present
Total surface parti- Hi-volume sampler Continuous Aug 1975 - present
culates - ERDA
Total NO; -Aeronomy NO; spectrometer Discrete Aug 1975 - present

Lab, NOAA

3.3

South Pole

Table 3 lists GMCC and cooperative programs that were in operation at

South Pole Station ("Pole") during 1975.
equipment performance and some of the operational difficulties.
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Table 3.

1975 Summary of Sampling

Programs at South Pole Station

Monitoring Programs Instrument Sampling Frequency Data Record
Gases
Carbon dioxide URAS infrared gas Continuous Jan 1975 - present
analyzer
Evacuated glass flask 2/month Jan 1975 - present
Surface ozone Electrochemical concen- Continuous Dec 1971 - present
tration cell (ECC)
Chemiluminescent meter (MEC) Continuous Jan 1974 - present
Total ozone Dobson spectrophotometer Discrete Dec 1963 - present
Aerosols
Condensation nuclei General Electric counter Continuous Jan 1974 - present
Pollak counter Discrete Jan 1974 - present
Solar Radiation
Global spectral Four Eppley pyranometers Continuous Feb 1974 - present
irradiance during day-
light period
Ultraviolet radiometer Continuous Feb 1974 - present
during day-
light period
Normal incidence pyrheli- Continuous Oct 1975 - present
ometer during day-
light pericd
Meteorology
Temperature Thermistor Summer only Dec 1975 - present
Pressure Transducer Continuous Dec 1975 - present
Wind speed/direction Bendix aerovane Continuous Dec 1975 - present
Cooperative Programs
CO; sampling - Scripps Evacuated glass flask 1/week 1955 - present
Total surface parti- Hi-volume filter Tntermittent May 1970 - present
culates - ERDA
Turbidity - ERDA Dual wavelength sunphotometer Discrete Jan 1974 - present
Ciy sampling Pressurized steel flask 1/week Jan 1974 - present

3.3.1 Carbon Dioxide

Continuous CO2 monitoring at Pole commenced in mid-January 1975 at the
"clean air" facility with a URAS-2T continuous analyzer (serial number 029),
and proceeded substantially uninterrupted to the end of the year.
lyzer obtained samples of outside air through aluminum tubing approximately
10 meters long that extended to the top of the sampling manifold stack, and
the output was recorded with a Hewlett-Packard 7127A Strip Chart Recorder.
The analyzer exhibited a persistent monotonic downscale drift throughout most

of the year.

The ana-

Despite thorough investigation of the electronic, mechanical,

and optical components of the URAS-2T, the reason for this drift was not

discovered.

A flask COp-sampling apparatus was added to the South Pole CO2 analyzer

system in mid-January 1975.

This apparatus allows simultaneous filling of

Dur-

pairs of flasks by the air-input plumbing of the URAS-2T CO; analyzer.
ing 1975, flasks samples were collected on or about the first and fifteenth

day of each month. These sampling dates and times were chosen to coincide as
nearly as possible with the sampling dates and times that had been established
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by the Scripps Institution of Oceanography for its flask sampling program (a
cooperative program for which GMCC has responsibility for making measure-
ments) .

3.3.2 Surface Ozone

Surface ozone monitoring by the McMillan (MEC)-1100 chemiluminescent
ozone analyzer (serial number 362) at old Pole was interrupted in mid-Novem-
ber 1974 when the rotor shaft bearings of that instruments's air pump seized.
Monitoring was not resumed until mid-January 1975 after repairs to the pump
and after the transfer of the GMCC program to new Pole. The operation of the
MEC-1100 was twice more interrupted by failures of the air pump. After its
third failure, the pump was replaced and no further problems were exper-
ienced.

Surface ozone monitoring at new Pole was also conducted with an ECC-005
electrochemical concentration cell ozone meter (serial number 2) that arrived
from Boulder in mid-January. Despite the recurrent malfunction and eventual
failure (in early November 1975) of an electrically-operated valve that
selected ambient or filtered air inputs to the electrochemical concentration
cell, the ECC-005 performed satisfactorily from mid-January 1975 until the
end of the year.

surface ozone monitoring with the ECC-002 (serial number 503) continued
from mid-January until mid-November 1975, The most vexing problem with the
ECC-002 was its noisy output, which became noisier as the year progressed.
The noise was not caused by contaminated sensing solution, by mechanical
vibration, by the sensor's electronics, or by contamination of the sensor it-
self. The exact source of the noise was not discovered.

The Regener ozone generator (serial number 28) that had been used at old
Pole and an MEC-1000 ozone generator (serial number 314) were available at
new Pole to provide sources of ozone with which to calibrate the surface
ozone sensors. The MEC-1100 and the ECC-005 instruments obtained outside air
at new Pole through the sampling manifold. The ECC-002 obtained outside air
at new Pole through a 5-meter length of Teflon tubing which was fastened to
the sampling manifold stack but which extended only 2 meters above the snow
surface. During 1975, the outputs of all surface ozone sensors were recorded
with Rustrak strip chart recorders.

3.3.3 Total Ozone

The Dobson total ozone spectrophotometer at Pole (serial number 80) per-
formed adequately from turnover until mid-November 1975. The only persistent
problem was that the results of the instrument's monthly mercury lamp tests
often perched close to 0.40, the point at which revisions to the instrument's
"Table of Settings of Q" are required.

16



3.3.4 Condensation Nuclei

The continuous General Electric Condensation Nucleus Counter (serial
number 7007) was extensively modified in February 1975 according to an elec-
tronic design developed by the University of Washington under contract to
GMCC. The modification significantly improved the instrument's threshold
of detection and stability. Continuous monitoring proceeded nearly uninter-
rupted from late March 1975 to the end of the year despite continued deteri-
oration of an optical coupler which had been utilized in the electronic rede=-
sign and despite some zero drift problems. The GE counter obtained samples
of outside air through the sampling manifold. A Pollak nucleus counter
(serial number 15) was operated at new Pole from mid-January through December.
During this period, gaps in the series of measurements were occasioned only
by preventive maintenance and by repairs to the instrument and its associated
plumbing. Two series of Pollak measurements were made per day. The first
coincided with the daily NOAA/NWS balloon launch, and the second started not
less than six hours later. Each series consisted of five separate samples of
outside air, the first, second, and fifth of which passed only through the
sampling manifold. The third and fourth samples of each series passed
through a "diffuser-denuder" after having passed through the manifold.

In mid-January, a long-tube Gardner condensation nucleus counter was
received from Mauna Loa Observatory. Although the long-tube improved the
detection limits, the Gardner counter still lacked the sensitivity needed for
austral winter monitoring at Pole when condensation nucleus concentration

would frequently fall below 30 n/cc. ' This was evident by the negative meter
deflections that were consistently obtained.

3.3.5. Solar Radiation

At new Pole, the radiometers listed in Table 4 were all mounted atop a
wooden platform located approximately 15 meters grid southeast of the "clean
air" facility. A multichannel radiometer which arrived at Pole from Boulder
in mid-January (a thirteen-channel pyrheliometer, serial number 4757, manu-
factured by The Eppley Laboratory, Inc.) was mounted on a pedestal approxi-
mately 15 meters grid north of the "clean air" facility.

Soon after the outdoor installation of the multichannel radiometer in
late January, a fluid condensed on the inside face of its viewing window.
The radiometer was cleaned and purged with dry nitrogen but the condensate
reappeared shortly after. It was discovered that the fluid was an oil-based
substance in the viewing window's gasket. The gasket was replaced with an
RTV seal. A few days later, the hub of a gear in the drive train of the
radiometer's solar tracker fractured. Unfortunately, this failure occurred
when it was too late to obtain a replacement gear from the United States and
when the machine tools necessary to repair the fractured gear had already
been removed from old Pole but not installed at new Pole.

In mid-March 1975 all GMCC radiometers were removed from their outdoor

mounts and stored in the building. In mid-October all GMCC radiometers were
reinstalled outdoors. The multichannel radiometer's repaired solar tracker
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Table 4. Radiometers Used By The GMCC Program at Pole

Radiometer Type Serial No. Filter Spectral Passband
nm

Precision Spectral 12268F3 GG22 390-2600
Pyranometer, Model 2

L 12269F3 0G1l 530-2600

L 12270F3 RG8 690-2600

" 12271F3 QG 290-4000
Ultraviolet Radio- 12349 UGl1 290-380
meter (pyranometer)
Normal Incidence 2968 Quartz 290-4000

Pyrheliometer

performed satisfactorily but oil-based crystals again formed on the inside
face of the radiometer's viewing window. By the end of 1975, the multichan-
nel radiometer had still not functioned adequately at Pole. However, all
other radiometers were operational by mid-October and performed without mis-
hap until mid-November when the Leeds & Northrup multipoint recorder used to
record the outputs of the radiometers failed.

3.3.6 Instrument Control and Data Acquisition System (ICDAS)

The ICDAS served solely as an instrument control system from mid-August
until mid-November 1975 and was not again completely operational until mid-
November when GMCC replacement personnel arrived on station. These gaps in
the operation of the ICDAS were due to hardware difficulties, software dif-
ficulties, and a lack of "hands-on" experience by the GMCC staff.

The sensor-ICDAS interface circuitry of the 1975 GMCC program was very
different from the circuitry of the 1974 program. The addition of the multi-
channel radiometer to the solar radiation project required additional pre-
amplifiers which could not be accommodated by the 1974 circuitry without
considerable modification, and in 1975 only the signals of the radiometers
required amplification before processing whereas in 1974 all sensor outputs
required amplification. Several problems with the tape drive and the tele-
type remained unsolved in 1975. The ICDAS at Amundsen-Scott was modified in
December 1975 so that the hardware conformed to that at all other observa-
tories. The modification included replacing the original display clock and
adding a new multiplexer access to the system. The size of the core memory
in the minicomputer was also increased from 8k to 16k bytes. Thus, the
latest version of the executive program, B0SS-75345, could be accommodated.
Sensors to measure atmospheric preésure and temperature (summer only, 0 to

-55°C) were added and translators for the wind measurements were installed in
December.
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3.4 Samoa

Gas sampling and meteorological measurements begun in 1973 continued
through 1975. The lack of commercial power during this period necessitated
the use of portable battery or spring powered instruments. Wind speed and
direction, air temperature, and rainfall were measured on Point Matatula.
Relative humidity, air temperature, and barometric pressure were measured on
Lauagae Ridge. CO; and fluorocarbon flask samples and condensation nucleus
measurements were taken in both locations. EPA rain samples and ERDA tur-
bidity measurements were taken at the NWS weather station at the airport in
Tafuna.

The observatory building was completed in September, and instrument
installation continued through the last quarter of 1975. Solar radiation
sensors and the Dobson spectrophotometer dome were installed on the upper
observation deck. The URAS CO,; sampling line and several meteorological
sensors were attached to the University of Rhode Island sampling tower on
Point Matatula. The ECC and Dasibi ozone instruments were installed in the
main building and included a short sampling mast erected on the upper obser-
vation deck. The ICDAS was installed in January, 1976.

Table 5 summarizes the Samoca sampling programs.

Table 5. 1975 Summary of Sampling Programs at Samoa

Monitoring Programs Instrument Sampling Frequency Data Record
Gases
Carbon Dioxide Evacuated glass flask 1/week July 1973 - present
Fluorocarbons Evacuated stainless steel 1/week Sept 1973 - present
flask
Aerosols
Condensation nuclei Gardner counter Discrete June 1973 - present
Meteorology
Air temperature Hygrothermograph Continuous June 1973 - present
Dewpoint temperature Sling psychrometer Discrete June 1973 - present
Air pressure Microbarograph Continuous Feb 1974 - present
Precipitation Rainfall collector Continuous June 1973 - present
Wind speed/direction MRI automated weather Continuous June 1973 - present
station

Cooperative Programs
Precipitation MISCO collector Continuous Aug 1973 - present
chemistry -EPA

Turbidity -ERDA/WMO Eppley dual wavelength Discrete Aug 1973 - present
1 sunphotometer
S0,
NO,
NCAR Chemical bubbler system 2/month Oct 1973 - Dec 1974
NH3
HpS
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3.5 Boulder

Observing programs conducted in Boulder by the GMCC Laboratory staff not
only serve to gather selected data, but are useful also for purposes of
training observers and testing instrumentation.

3.5.1 Total Ozone

Measurements are made on the roof of RB #3 with Dobson spectrophotometer
No. 82. This is a continuing program that was initiated in Boulder in 1966.
Observational data are routinely processed and results are sent to the Meteor-
ological Service, Canadian Department of Transport, for publication in "Ozone
Data for the World".

3.5.2 Erythemal Irradiance

This program was initiated in Boulder in May 1975, after similar obser-
vations, under sponsorship of the CIAP Program, U.S. Department of Transpor-
tation, were terminated at Bismarck, North Dakota, and Tallahassee, Florida.
Results of the Bismarck and Tallahassee measurements have been summarized in
a report submitted to the Department of Transportation (Machta et al., 1975).
The purpose of the Boulder measurements is to continue investigations, at a
moderately high altitude station, of the relations governing near ground
level variations in solar ultraviolet radiation that causes sunburn and skin
cancer with changes in atmospheric total ozone amount. An additional meas-
urement goal is to compare observed erythemal ultraviolet (UV) irradiance
values with results deduced theoretically for the Boulder location.

3.5.3 Solar Radiation

Partially in support of the erythemal irradiance measurements program,
observations were conducted in Boulder during September 4 to October 30,
1975, with a quartz global pyranometer (Serial No. 12276) and with a broad-
band UV radiometer (Serial No. 12350).

3.5.4 Atmospheric Turbidity
Measurements of atmospheric turbidity with an EPA dual wavelength sun

photometer began in Boulder in August 1975, and are continuing on a routine
operational basis.

3.5.5 Surface Ozone
A program to measure surface ozone was initiated at Fritz Peak Obser-

vatory in the mountains near Boulder in April 1975. Data obtained at this
relatively clean-air mid-latitude continental location will be compared with
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data gathered at the GMCC stations. The ozone data are, furthermore, used by
the NOAA/ERL Aeronomy Laboratory staff in their interpretation of NO; meas-
urements made at the Observatory.

The measurements were made with an ECC (Electrochemical Concentration
Cell) ozone meter. Comparison observations were obtained during most of the
time with a photometric Dasibi ozone meter.
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4., GMCC MEASUREMENT PROGRAMS

This section provides both qualitative and quantitative information on
individual measurement systems, and presents representative data collected
and analyzed during the year.

4,1 Measurement of Gases

4.1.1 Carbon Dioxide

Comparison of GMCC's URAS-2 continuous analyzer (Serial No. 37626682)
and Scripps Institution's Applied Physics Analyzer continued at Mauna Loa
during 1975, Collection of data with both instruments, which began in June
of 1974, will continue until the data have been satisfactorily correlated. A
lightning strike in December disabled the URAS-2 analyzer for one month, but
the Applied Physics Analyzer was not affected.

A URAS-2T instrument (Serial No. U2T0029) was operated at Amundsen-Scott
station in the Antarctic for the entire year. Loss of reference gases and a
downward zero drift in the analyzer troubled the program but good quality
data were recorded throughout most of the year. The data will be reduced
during the first half of 1976.

In December 1975, a fourth GMCC continuous COjs-analyzer was put into
operation at the Samoa Observatory. It, too, is a URAS 2T (Serial No.
U2T0029) .

The UNOR-2 CO, analyzer in operation at Barrow since March 1973 devel-
oped serious electronic problems and was replaced with another UNOR-2 (Serial
No. 63168) in August. As a result of this deterioration in instrument per-
formance, the July data are of poorer quality.

Table 6 lists the provisonal monthly mean CO; concentrations determined
from analyzer measurements at Barrow and Mauna Loa for 1975. All values are

expressed in CO; ppm based on the Scripps Institution of Oceanography Index
Scale.

A new method of flask sampling was initiated at several of the GMCC
stations during 1975. Whereas previously quasi-simultaneous COp; flask pair
samples were collected manually by an observer, the new technique employs a
flask sampling apparatus built into the rack of the continuous CO; analyzer
in use at the station. By activation of a solenoid valve, air that normally
passes from the air intake line into the analyzer is diverted into the pair
of glass flasks for simultaneous flushing and filling to an overpressure of 1
or 2 psi. An advantage of the new sampling method is that the collection of
identical air samples is assured. Should analyses yield different values for
a sample pair, then the difference must arise from collection vessel con-
tamination or from the analysis technique. An additional important feature
of the new sample collection method is that it allows intercomparison of the
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Table 6. Provisional Monthly Mean CO, Concentrations

1975 Barrow, Alaska MLO, Hawaii
Jan. 330.23 ppm 324.24 ppm
Feb. 331.99 325.:32
Mar. 330537 325.28
Apr. 330.22 326.05
May 331.28 326.56
Jun. 328.21 326.00
Jul. 323.62 325.33
Aug. 319.54 323.24
Sept. 320.35 322.06
Octs 323.95 322.34
Nov. 327.41 323.06
Dec. 328.98 Missing

calibration levels of all field station CO2 analyzers since analysis of all
samples is performed by means of a reference analyzer maintained at the GMCC
Techniques and Standards Laboratory in Boulder.

The sampling method described above was initiated at South Pole station
in January 1975. Sampling throughout the year was performed at a frequency
of twice per month. A small fracture in a short length of air intake line
inside the observatory building caused room air to leak into the analyzer
during April to June, resulting in the collection of contaminated samples.

CO; flask sampling was continued at Barrow during all of 1975, with the
new sampling technique described above initiated in June. The sampling fre-
quency was once per week.

Hand-aspirated, weekly, CO, flask samples were also collected at the
Samoa Observatory until December 1975, at which time a change was made to the
new flask sampling method.

Provisional 1975 mean monthly CO, concentrations for the three stations
mentioned above are given in Table 7. These flask sampling data are shown
graphically in Figure 10.

Through-the-analyzer CO; flask sampling is planned for Mauna Loa, be-
ginning early in 1976. We expect, furthermore, to resume scon the collection
of hand-aspirated CO; flask samples at Niwot Ridge, Colorado, and Key Bis-
cayne, Florida. In addition, a new manual sampling program will be commenced
at Cape Kumukaki, Hawaii.
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Table 7. Provisional Mean Monthly CO, Index Values Determined From Flask Sampling in 1975

South Pole Samoa Barrow

Month REAn Mean Mean

# of Conc. # of Conc. # of Conc.

Samples Index g Samples Index o Samples Index o
Jan. h § 323. 77 W emmm— 4 324.31 1.13 4 331.51 2.87
Feb. 2 323.53 0.11 ¥ Msg 4 330.26 0.96
Mar. 2 323.71 0.39 3 325,31 0.94 4 329.84 0.42
Apr. 2 (324.16) 0.46 2 323.69 .13 2 328.95 2.41
May 2 (326.38) 4.82 4 325.36 1.49 5 330,17 0.24
June 2 (328.07) 223 2 326.45 2.96 *5 328.56 4.04
July 2 323,91 0.04 3 325.42 0.70 2 323.31 2.08
Aug. 2 324.64 0.03 4 327.20 4.45 6 319.51 1.97
Sept. 2 325.03 0.55 2 325,12 0.86 5 320.78 1.56
Oct. 2 324.67 0.25 2 325.68 6 323.41 0.63
Nov. 2 324.64 =k Msg 6 327.31 2.57
dec. 2 325,106 1 324.87 2 ====- 4 332.57 4.23

Data in parentheses affected by air intake line leak.
+Station closed - Mr. Rumble was in Boulder for the annual meeting.

++No samples obtained during Nov. and part of Dec. Simultaneous sampling was begun mid-Dec.

*Simultaneous flask sampling started on 10 June 1975.
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Figure 10. Flask sampling CO, data, 1975.

4.1.2 Total Ozone

The U.S. Dobson spectrophotometer network now comprises thirteen sta-
tions where measurements are made of total ozone on a daily basis (Table 8).

The last station to be established was that in Samoa. Routine obser-
vations began December 19, 1975, at the Samoa GMCC Observatory (Fig. 11)
located on Tutuila Island, American Samoa (14°15's, 170°34'W).

In view of the increasing importance of atmospheric ozone research and
in consideration of the fact that no total ozone observatories are located
west of the Rocky Mountains, a decision was made early in 1975 to move the
Green Bay, Wisconsin, Dobson station to some western location. Relocation
of an existing facility rather than establishment of a new one is necessary
since the supply of ozone spectrophotometers is critically low and the in-
struments are no longer commercially available. Furthermore, comparisons of
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Table 8. The U. S. Dobson Spectrophotometer Network

Instr.

Ser.
Station Period of Record No. Agency
Bismarck, N.Dak. 010163-Present 33 NOAA-ARL
Caribou, Maine 010163-Present 34 NOAA-ARL
Green Bay, Wis. 102063-063075 38 NOAA-ARL
Tutuila Is., Samoa 121975-Present 42 NOAA-ARL
Tallahassee, Fla. 060273-Present 58 Fla. State U.
Mauna Loa, Hawaii 010264-Present 63 NOAA-ARL
Wallops Island, Va. 070167-Present 72 NOAA-ARL
Barrow, Alaska 080273-Present 76 NOAA-ARL
Nashville, Tenn. 010163-Present 79 NOAA-ARL
Amundsen-Scott 120563-Present 80 NOAA-ARL
Boulder, Colo. 090166-Present 82 NOAA-ARL
White Sands, N.Mex. 010572-Present 86 Dept. of Army
Huancayo, Peru 021464-Present 87 NOAA-ARL

the Green Bay and Toronto, Canada, ozone data for the past decade have indi-
cated that data from either station are representative for the region. Final
measurements of total ozone were made at Green Bay on June 30, 1975.

The new western location has not yet been chosen although several sites
are under investigation, particularly in the Southwest. Since terminating
the Green Bay, Wisconsin, station, we have acquired Dobson spectrophotometer
No. 94 on loan from the Department of Meteorology, Naval Postgraduate School,
Monterey, Calfifornia. This instrument will be used at our western station.

MODERNIZATION OF DOBSON SPECTROPHOTOMETERS

During the spring of 1975, work was completed on modifying the electron-
ic and electromechanical systems of Dobson spectrophotometer No. 42. All
Dobson ozone instruments used at stations in the U.S. network, with the ex-
ception of Huancayo, Peru, now employ miniature solid-state, built-in high-
voltage converters, modern solid-state amplifier circuitry, and electrome-
chanical phase-sensitive rectifiers. Since the modification program began in
1971, essentially no data have been lost because of inoperative instruments.
Furthermore, problems experienced in the past, such as low instrument sensi-
tivity and low signal-to noise ratio, have been virtually eliminated.

Work has also begun in replacing original Dobson spectrophotometer
shutter motors and drive assemblies of English manufacture with more readily
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Figure 11. Samoa GMCC Observatory.

procurable components made in the U.S. The new assemblies employ nylon belt
rather than friction pulley drives, and synchronous 1800-rpm motors with a
torque of 0.6 inch-ounce. To date, motor and drive assemblies have been
modified in the Boulder, Caribou, Nashville, Samoa, and White Sands instru-
ments.

CALIBRATIONS

In 1972 a program was initiated to calibrate each Dobson instrument in
the U.S. network every two or three years. In accordance with this plan, the
Nashville, Caribou, Boulder, and Samoa spectrophotometers were recalibrated
at Boulder, Colorado, during 1975.

In order to improve the quality of the total ozone data at the Nashville
and Caribou stations, students were hired to take special observations during
June, July, and August of 1975. These special observations were of three
types:
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a. Quasi-simultaneous observations of various types

b Observations for calibrating spectrophotometers on an Absolute
Scale

C. Zenith sky observations using the HNP linear polarizer

All observations by the students were made between sunrise and local
apparent noon as Mu (a quantity related to air mass) varied from 3.50 to

ximately 1.10.

Analysis of the data is in progress.

DATA

at the stations in the U.S. network during 1975.

On some days as many as 60 observations were made.

Figure 12 shows plots of the mean monthly total ozone amounts determined

The vertical bars in the

plots are standard deviations associated with the means and represent natural

variability in the data as well as observer and instrument errors.

The

Nashville, Caribou, and Amundsen-Scott data for 1975 have been designated
"provisional" because final corrections to the data have yet to be applied.
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4.1.3 Surface Ozone

This year marked completion of the deployment of updated electrochemical
concentration cell (ECC) ozone meters (see Summary Report No. 1 for a des-
cription of the meters' principle of operation) to all four GMCC observa-
tories. 1In addition, an ultraviolet absorption ozone photometer (Dasibi),
described later in this section, was installed at each of the observatories.
At the South Pole, measurements were continued using the chemiluminescent
ozone analyzer.

Surface oxidant measurements were continued at Boulder and a new observ-
ing site was established at the Fritz Peak Observatory in the mountains west
of Boulder. In addition to providing a nearby site for making routine meas-
urements in air that is considerably less contaminated than that at Boulder,
the Fritz Peak location is being used for instrument testing and calibration.

DATA PROCESSING AND ARCHIVING

During 1975 procedures were worked out with the Canadian Department of
the Environment, the agency responsible for publishing atmospheric ozone data
under an agreement with the World Meteorclogical Organization, for publica-
tion of surface ozone data from the GMCC network. Data published will be
daily means, maxima, and minima, as well as the monthly averages of these
quantities. The data indicated as archived in Table 9 have been submitted to
Canada for publication in the format illustrated in Figure 13. They will be
available from the Canadian agency at a nominal cost.

The larger set of data consist of hourly average surface ozone partial
pressures for the four GMCC locations and for the auxilliary stations at
Boulder and Fritz Peak, and data gathered prior to 1973. All data are con-
tained on magnetic tape or punch cards and on microfilm at Boulder.

DATA SUMMARY

The use of both an ECC and a chemiluminescent or Dasibi-type ozone ana-
lyzer at the GMCC locations provides a redundancy in the measuring systems.
The primary feature desired in an ozone measuring system is the ability to
make measurements on an absolute scale at the generally low ozone concentra-
tions found in clean tropospheric air at the GMCC observatories. The need
for absolute measurements has become increasingly apparent in light of diffi-
culties experienced in calibrating and maintaining a secondary ozone standard.

The ECC ozone meter was chosen for use initially because of its ability
to measure ozone on an absolute scale, its availability at minimal cost, and
previous experience with its operation. Concern was expressed about this
instrument because of possible interferences by other gases and the somewhat
slow (20-second exponential) response. Neither of these concerns was justi-
fied, however, because interfering gases appear to exist at very low concen-
trations at the GMCC baseline locations, and ozone changes take place on the
scale of hours or even days so that the response of the meter is more than
adequate. A more persistent problem in operating the ECC meter has been sens-
ing solution integrity. Inadvertent introduction of oxidants or reductants
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Table 9. Status of Processing and Archiving of Surface Ozone Data

STATION PROCESSED ARCHIVED
BARROW

ECC Mar 73 - Dec 75 Mar 73 - Dec 75

Dasibi Jul 75 - Dec 75 T —
MAUNA LOA

ECC Aug 73 - Dec 75 Aug 73 - Dec 75

Dasibi Sep 75 - Dec 75 ——————
SAMOA

None None

SOUTH POLE

ECC Jan 75 = Dec 75 -

MEC Chemilu Mar 74 - Dec 75 Mar 74 - Dec 75
BOULDER

ECC May 73 - Dec 75
FRITZ PEAK

ECC Apr 75 - Dec 75

Dasibi Apr 75 - Dec 75

SURFACE 0ZONE MEASUREMENTS FROM SELECTED STATIONS

S 8880cER0RE000RE00800RIARREReRaRaRssRtslasns

DATE 1 2 3 4 5 L} T 8 9 10 11 12 13 1s& 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 230
BARROWs ALASKA FEBRUARY 1974

MEAN 25 28 31 27 26 3 25 22 23 24 16 14 26 25 28 29 28

MAX 27 30 32 30 30 3 26 24 21 26 18 19 30 30 31 37 23l

HH 16 20 15 01 23 20 06 17 18 07 03 12 22 14 17 18 03

MIN 23 22 30 22 24 29 20 17 19 21 1a T 17 14 12 23 24

EXTREMES! MAX 3T» MIN 7, MONTHLY MEANS: MEAN 25, MAX 28, MIN 20.EQUIPMENT EcC

BARROM s ALASKA APRIL 1974

MEAN 13 4 21 19 27
MAX 18 20 30 33 35
o 03 23 22 23 03

N 6 1 15 5 19

EXTREMEST MAX 35+ MIN ., MONTHLY MEANS: MEAN 17, MAX 27y MIN 9.EQUIPMENT ECC

BARROM, ALASKA MAY 1974

MEAN 28 20 35 30 19 28 9 4 ] 6 & 18 20 15 14 18 18 26 27 30 15 23 33 29 26 22 20 23 28 26

HAX 37 34 40 36 26 28 21 10 8 9 15 23 24 18 16 21 22 30 34 33 24 39 37 3% 29 29 2T 28 31 29

HH 03 23 16 01 19 om 00 06 O7T 20 23 10 10 o2 23 20 Ol 08 16 15 oo 16 21 18 01 00 Ol 20 17 22

MIN 20 13 32 24 13 22 1 1 1 1 1 15 15 12 12 15 16 20 19 22 11 9 21 20 21 1T 14 15 25 2&
EXTREMES! MAX 40, MIN |, MONTHLY MEANS! MEAN 21, MAX 264 MIN 15.EQUIPHMENT ECC

BARROM s ALASKA JUNE 1974

MEAN 18 19 14 17 1& 13 1s 1& 22 8 7T 16 23 13 14 12 16 25 284 21 27 26 11 @20 28 29 29 Jo 26 23

MAX 20 28 17 19 20 29 33 17 25 14 14 21 34 15 16 16 21 34 28 23 29 28 22 24 33 34 34 233 28 25

HH 20 05 18 23 o8 22 02 13 12 00 23 23 04 (06 2) 22 18 12 02 22 16 16 00 11 22 23 01 18 19 19

MIN 11 9 9 15 13 9 5 10 15 5 4 13 11 10 11 9 12 15 11 18 22 24 12 13 20 26 22 27 24 21
EXTREMEST MAX 34+ MIN 4, MONTHLY MEANS: MEAN 19, MAX 244 MIN 14.EQUIPMENT EcCC

BARROW, ALASKA JuLY 1974 }

MEAN 22 21 25 15 15 - = 15 15 1a 15 14 11 13 14 I1° S o1 19 18 19 11 1o, T “11e
MAX 25 25 37 7 'R 16 19 18 12 14 * a2 23 25 F 22
U C I * 123 og A% s

Figure 13. Format of GMCC data published by the Canadian Department of the
Environment.
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into the sensing solution produces noisy signals and raises uncertainties in
the absolute amount of ozone recorded.

The first attempt at ozone measurements with a second instrument used

the chemiluminescent analyzer described in Summary Report No. 3. Such instru-
ments are known to be relatively free of interferences, are fast responding,
and do not require the use of liquids. They do, however, require the use of
ethylene gas, and do not measure ozone on an absolute scale. A chemilumines-
cent ozone analyzer was used at South Pole in 1974 and 1975. ECC meters were
also used there. However, the ECC meter operated at South Pole in 1974 was
subject to gross sensing solution contamination and produced few useful data.

The chemiluminescent analyzer at South Pole, on the other hand, was sub-
ject to thermal drift and there is an uncertainty in the absolute values as-
signed to the data. The ozone generators used as secondary standards were
not as stable as had been anticipated, and were found later to require exten-
sive modifications.

Figure 14 shows the hourly average surface ozone amounts obtained during
November and December 1975 when both the ECC and chemiluminescent analyzers
appeared to be working well. Figure 15 shows the mean monthly values for
1975 as recorded by the two analyzers. There is a significant difference in
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Figure 14. Hourly surface ozone at Figure 15. Mean monthly surface
South Pole for two months. ozone at South Pole in 1975.
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the trend of the monthly mean results near the end of the period (November
and December) even though both instruments appeared to be respond similarly
to the day-to-day variations.

The monthly mean surface ozone data for all of the observing locations
are plotted in Figure 16 for the period 1973-1975,

CALIBRATIONS

With the introduction of the Dasibi ozone photometer into the surface
ozone network, it was discovered that the McMillan Electronics Corporation
(MEC) Model 1000 ozone generator was inadequate as a secondary calibration
standard because of defects in its design. A major defect was the use of
ozone-destroying materials in the construction of the generator's air flow
system, which rendered the unit incapable of providing a stable source of
ozone over an extended time period. Because of inadequate filtering of in-
coming air, the generator was also found to be a source of particulates which
interfered when the reference gas from the generator was sampled by a Dasibi
ozone meter.

Our MEC ozone generators have been extensively modified recently to
overcome the defects described above, and now appear to work satisfactorily
as secondary ozone standards. A block diagram of a modified generator is
shown in Figure 17, the major modification being incorporation into the in-
strument of a double quartz tube reaction chamber in which ozone is produced
photometrically without partial destruction by wall effects.
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Generators calibrated against ECC Ozone Meter Model 001, Serial No. 001,
have been deployed to each GMCC location for use in checks every 2 weeks on
the performance of both the ECC Ozone Meter Model 005 and Dasibi ozone photom-
eter.

A remaining problem in using MEC generators as accurate secondary stan-
dards concerns the development of corrections for changes in generator output
due to changes in atmospheric pressure. The generators are normally cali-
brated at one pressure but are used at a far different pressure--that prevail-
ing at the observing station. To date, the pressure corrections have been
determined by measuring the ozone output of the generators at Boulder (aver-
age pressure 834 mb) and at Fritz Peak Observatory (average pressure 730 mb),
and extrapolating the results to the pressure of the observatory where the
generator is to be used. A preferable procedure would involve the use of an
environmental test chamber where the ozone ouptut of the generator could be
measured at the appropriate pressure. Such a chamber has been purchased but
was not available for use during 1975.

INSTRUMENTATION

The ultraviolet absorption ozone photometer was added to the inventory
of analyzers making surface ozone measurements at the GMCC locations. This
instrument, manufactured by the Dasibi Environmental Corporation of Glendale,
California, will be used alongside the ECC Model 005 meter at all of the GMCC
locations. It will replace the chemiluminescent analyzer at the South Pole
Observatory.

The design of the Dasibi ozone photometer is based on the absorption of
253.7-nm wavelength light by ozone. The photometer comprises a monochromatic
UV source, a sample chamber, a UV detector, and a signal processing and
readout system. Two reference subsystems provide stability by correcting for
source intensity, optical path transmittance, and detector response changes.

—Inlet Air Filter and Ozone Destructor

/ Diaphragm Pump

l / / Pressure Relief Valve

/ /— Pressure Gage

Figure 17. Diagram of the
McMillan ozone generator
174 Tube Size (modified) .

[ Exhaust Port

ﬁw Regulator

UV = " .
Quartz Tube L. | 1/8" Tube Size
s .r—4=n L. | sample Ports
E—————f Ozonized Air
Z Teflon Com.ed
Ozone Generating Sample Manifold
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The block diagram of Figure 18 illustrates operation of the instrument.
After entering the instrument the sample is diverted by means of a gas valve
into the selective gas filter in which the active catalyst (manganese diox-
ide) converts all ozone to oxygen. The ozone-free air sample then passes
through the absorption chamber where a detector measures the amount of ultra-
violet light transmitted through it. This information is then stored digi-
tally in the instrument to serve as a reference measurement since it repre-
sents absorption by trace substances other than ozone present in the air.
Upon completion of this measurement, the gas valve is activated to allow
ambient air to enter the photometer's absorption chamber. The amount of
ultraviolet light, now reduced because of the presence of ozone, is again
detected and stored digitally. The first measurement is then subtracted from
the second to yield to the corrected ambient ozone background value.

The basic equation applicable to the Dasibi ozone photometer is:

_OA niat
I=1Ipe (1)

where I is the initial intensity of the 253.7-nm light given off by the
ultraviolet lamp, I is the final intensity, o¢) is the ozone absorption cross
section for the wavelength A = 253.7 nm, n3 is the number of ozone molecules
in the path length, and t is the path length (71 cm). Digital readout on the
instrument is provided in units of ozone mixing ratio (parts per million by
volume) applicable to standard (0°C, 1 atmosphere pressure) operating condi-
tions. Ozone amounts in units of ozone partial pressure at ambient pressure
and temperature conditions can be computed from

ok. OUIRUT, (2)

P3 (nb) = 172-T-loge [1-1 YT (

where T is the operating temperature of the instrument in degrees Kelvin,
OUTPUT is the digital display readout, and SPAN is a digital count propor-
tional to Ip in equation (1) that allows scaling of the OUTPUT. SPAN is

[Detector #1—{Digital Electrometer #1}—{ Integrator |—{ Discriminator |——

ol l 1 Y Window g
Mercury \! Absorption Chamber ;;;’ =
Light Source ﬂ--i‘-— ~—}-—{Defector #2}—{Digital Flectrometer F2] |= =
Exhaust Pump \ ;Bas Vilve [Reversible |ll1=£f3Mb-l =

Elhausrm

Start Positive Integration

Data
Start Negative Integration Output

—
Selective
Gas Filter

S

Gas Sarﬁple‘lniet

Figure 18. Diagram of the Dasibi ozone monitor.
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normally set at a value of 520,000 counts so that the display then reads out
the approximate ozone amount directly in partial pressure, although in the
somewhat unwieldy units of 103 nanobars (1 microbar) .

4.1.4 Halocarbons
PROGRAM

Although the project leader for the GMCC Freon-1l program relocated to
the Techniques and Standards Group in 1974, actual flask preparation and
analyses were continued at the Air Resources Laboratory's Field Research
Office at Idaho Falls, Idaho, until the middle of May 1975. Sampling contin-
ued at Barrow, Mauna Loa, and Samoa with stainless steel flasks. Outlined
below are the operating conditions of the Electron Capture Chromatograph used
at Idaho Falls to analyze the flask samples:

Detector: 15 milicuries Nickel 63
Detector Temperature: 30°¢C
Column: 10'x%" Carbowax 400/Porasil F
Column Temperature: 30°C
Carrier Gas: Ultra-pure nitrogen
Flow Rate: 50 cc/min
Electronics: Fixed pulse mode

Pulse width: 2 microseconds

Pulse period: 200 microseconds

Pulse height: -20 volts
Sample Volume: 5 ee

A Hewlett-Packard variable frequency gas chromatograph was received in
April 1975 and put into operation at the Techniques and Standards Laboratory
in Boulder, Colorado. The operating conditions of this instrument were:

Detector: 15 millicuries Nickel 63
Detector Temperature: 100°C

Column: 10'x1/8" Carbowax 400/Porasil F
Column Temperature: 40°c

Carrier Gas: 95% Argon--5% Methane

Flow Rate: 15 cc/min

Electronics: Variable frequency mode

Sample Volume: 1 cc

Transfer of the complete halocarbon program took place in mid-May and
the stations were instructed to send all exposed flasks to Boulder for anal-
ysis. Cross comparisons were made of the Idaho Falls system and Boulder
system by analysis of the same samples at both locations.

As flasks were analyzed in Boulder, it became apparent that the sensi-
tivity of the Hewlett-Packard chromatograph was too low because of certain
limiting design features. For partial correction of this deficiency, the
Idaho Falls detector and electronics were transferred to Boulder. A dupli-
cate of the electronics was fabricated and, together with the detector, was

35



installed in the Hewlett-Packard chromatograph to continue the analysis.

This configuration was used through the remainder of the year. The operating
conditions were:

Detector: 15 millicuries Nickel 63
Detector Temperature: 150°C
Column: 10'x1/8" Carbowax 400/Porasil C
Column Temperature: 70°C
Carrier Gas: Ultra-pure nitrogen
Flow Rate: 20 cec/min.
Electronics: Fixed pulse mode

Pulse width: 2 microseconds

Pulse period: 200 microseconds

Pulse height: -20 volts
Sample Volume: L g

Tests on the Hewlett-Packard chromatograph were continued to determine
whether the sensitivity of the instrument could be increased under variable
frequency operating mode. The manufacturer has recommended certain elec-
tronic modifications to the instrument which will be attempted in 1976.

INSTRUMENT DEVELOPMENT
A, Gas Dilution Apparatus

The Idaho Falls chromatograph system was initially calibrated for
Freon-11 on the basis of coulometry and this calibration was transferred
to Boulder by sample comparisons. A number of errors can arise using
such an approach. Implementation of an independent calibration gas
method was, therefore, considered.

Because of simplicity of design, a static gas dilution system was
built. In the design stage, the virial coefficient gas law was used and
an error analysis made using manufacturer's commonly quoted accuracies
and precisions for temperature and pressure measurements. A schematic
diagram of this system is shown in Figure 19.

The operational procedure is for pure Freon-1l1l (sample) gas to be
introduced into an evacuated volume of approximately 10 cc where the gas
is isolated and its temperature and pressure measured. The small gas
volume is now expanded into a large volume of 10,000 cc and a dilution
gas introduced. Temperature and pressure are again measured. With the
resulting 1000:1 volume ratio and a 10:1 pressure ratio, a dilution of
10" is possible. If the mixture is then reintroduced into the smaller
volume and the large volume again evacuated, the procedure can be re-
peated again and again to reach any desired sample gas concentration.

During December several attempts were made to achieve a three-stage
dilution into the parts-per-trillion range using fluorocarbon-11 and
nitrogen. Successive batches of the gas mixtures did not show repeat-

ability, probably because of container wall effects. Further tests are
in progress.
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Figure 19. Diagram of gas dilution apparatus.

B. Cylinder Pump-Up System

A preponderance of apparently contaminated (high-reading) fluoro-
carbon-11 samples collected at the GMCC field stations during 1975 indi-
cated the need for an improved sampling technique. To eliminate prob-
lems inherent in sampling with stainless steel flasks, a decision was
made to collect air samples pressurized to an overpressure of about 10
psi above ambient air pressure. A prototype flask pump-up apparatus,
shown in Figure 20, was therefore built and tested. First field use of
the unit will be at South Pole Station in January 1976.

Table 10 lists the halocarbon-11 (CCl3F) concentrations determined from
Indicated stand-

ard deviations were determined from the spread in repeated sample analyses.
The overall uncertainty in the concentrations is estimated to be *25% except
for data obtained during October, November, and December 1975 in which flask

contamination may have caused the unexpectedly high concentrations.

The

problem is under investigation.
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Table 10.

1975 Data Base CClgF

BARROW SAMOA MAUNA LOA
F-1l1 Conc. F-11 Conc. F-11 Conc.
Month Day (ppt) a Day (ppt) g Day (ppt) ]
Jan 16 120 5 4 155 i | 3 142 4
28 137 7 14 164 21 10 149 13
21 941 44 17 118 14
31 170 21
Feb 11 143 13 3 113 8
18 136 4 7 161 6
26 112 15 19 114 7
26 14628 221
Mar 4 108 2 I3 92 10 5 97 3
14 111 4 21 99 10 12 110 6
18 102 2 31 106 7 19 115 4
25 149 7 25 107 9
Apr 1 142 3 10 116 4 9 105 3
15 99 8 18 145 10 16 1836 21
25 114 7 23 99 4
28 98 2
May 1 119 3 6 5153 - 2 114 5
9 102 4 12 64 6 7 105 4
13 155 3 20 108 8 13 100 7
20 168 7 17 95 7
27 95 6 21 82 10
29 106 16
Jun 5 103 4 8 109 6 T 134 10
10 106 5 8 83 5 12 85 10
21 85 5
Jul 15 147 9 12 781 13 1 776 24
25 107 6
Aug 3 117 15 1 260 7 8 185 22
14 105 7 14 598 6 14 106 18
22 233 9 21 278 20
27 320 11
Sep 6 132 8 6 220 9 5 185 16
16 203 6 13 681 16 11 225 31
26 220 9 18 243 4
25 30353 -
Oct 1 128 8 2 503 7 2 147 7
10 540 10 10 220 11 9 346 12
14 231 5 18 415 12 16 371 21
23 202 11 31 307 3 24 331 5
Nov 12 272 6 8 284 1 6 370 8
19 132 5
Dec 16 204 8 14 256 2
24 948 6
30 251 7
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Figure 20. Diagram of cylinder pump-up system.

The 1975 data and all previously obtained data are graphically displayed
in Figures 21, 22, and 23.

In a cooperative effort with Naval Research Laboratory, 18 stainless
steel flask air samples were collected during Arctic flights in April and May
1975. CCl3F analysis results for these samples are shown in Table 11.

4.2 Upper-Air Measurements Using Lidar

4.2.1 Aerosols

A major activity during 1975 was the continuing study of the enhanced
stratospheric dust layer caused by the eruption of Fuego volcano in Guatemala
during October 1974 (Fegley & Ellis, 1975) Observations were made during the
evening hours, one day per week. Although this event was less significant in
terms of stratospheric enhancement than the Agung volcano eruption during the
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Figure 21. CCl3F data
for Barrow, Alaska.

Figure 22. CClaF data
for Cape Matatula, Samoa.

Figure 23. CClg3F data
for Mauna Loa, Hawaii.



Table 11.

CC13F Values from NRL Cooperative Program

Date Sample Altitude F-11 Conc. Position

1975 No. (feet) (ppt)

4-17 2 1000 110.2 85°46'N 40°00'W
1.7 4 1000 103.5 84°39'N 67°12'W
18 6 1000 90.2 85°48'N 20°49'W
18 8 1000 970.8 85°25'N 40°33'w
19 10 1000 107 .5 85°29'N 25°26'W
21 iz 1000 94,1 85°09'N 24°39'wW
23 14 1000 105.4 81°39'N 61°57'W
28 19 1000 108.9 82°55'N 58°46'W
29 22 1000 98.5 87°14'N 25°28'W

5- 1 25 1000 131.1 87°25'N 27°42'w

2 27 22000 86.3 82°37'N 56°55'W
2 29 1000 113, 2 86°07'N 77°58'W
2 31 27000 78.9 86°10'N 44°52'W
3 33 1000 111.6 86°11'N 87°03'W
5 35 1500 111.6 84°03'N 48°03'W
5 37 20000 101.9 89°29'N 28°22'wW
5 39 20000 61.3 87°46'N 18°44'E
5 41 1000 116.9 82°56'N 20°08'E

mid-1960's, it remains one of the better studied events by the use of ad-
vanced monitoring systems such as lidar and stratospheric research vehicles

(Rosen et al., 1975; Elterman, 1975).

Figure 24 summarizes the 1975 study of the Fuego event.

It is

a plot of

the integral of the backscatter coefficient throughout the depth of the

stratospheric cloud.

Weekly values are shown rather than monthly averages.

The dust layer first appeared at Mauna Loa on October 8, 1974, as a clearly
Its intensity increased such
that by November 5 the layer was easily visible to the eye as a widespread

defined layer slightly above the tropopause.

cirrus-like layer.
vertically, it became less prominent.

As the layer continued to diffuse both horizontally and
(Originally the layer was less than 1

km thick but gradually thickened to 3 to 4 km toward mid-1975.) The layer

was much more horizontally uniform after about March 1975 and generally weak-
ened until finally resembling the normal Junge layer of late 1973.
1974 the stratosphere had become extremely clean with scattering ratios
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Figure 24. Total backscatter of
the Fuego dust cloud above Mauna
Loa Observatory.

Layer Backscatter (I07%sr™")

‘=== Fuego Volcano Eruption

L)

approaching 1.05 or so in September. This points out that during the period
from early 1973, when lidar measurements were first initiated, to October
1974 the stratosphere was still in the process of cleaning itself from pre-
vious dust injections.

The second major peak shown in Fig., 36 of Summary Report 1974 has been
identified as faulty data. This discovery has simplified the interpretation
of the entire event.

During 1975 an attempt was made to extend the aerosol studies down into
the troposphere. Fig. 25 displays the average aerosol backscatter coeffi-
cient for three altitude regions. In the 13-15 km region, which is just
beneath the standard tropical tropopause, the aerosol backscatter coeffi-
cients were much higher during the spring and early summer than at other
times. The length of the data record prevents a determination of whether
this is a seasonal effect or associated with the transfer of Fuego aerosols
from the stratosphere into the upper troposphere. BAnalysis of the 1976 data
should clarify this point.

The region between 19-21 km shows the gradual decreasing trend from
early 1973 to late 1974 followed by sudden increase due to the Fuego injec—
tion and a subsequent decline,

The 21-23 km region shows a slight decreasing trend prior to the erup-
tion, subsequent increase, and return to lower levels. On the basis of this
information, there appears to be no obvious upward transport of stratospheric
aerosols.
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Figure 25. Monthly averages of the non-Rayleigh backscatter coefficient at
different elevations above the Mauna Loa Observatory.

In general, the result from one evening of lidar observations is a pro-
file of aerosol backscatter coefficient from 13 to 25 km MSL with a normal
height resolution of 300 m. Fig. 26 shows typical profiles taken during
1975. By April 9 the stratospheric dust cloud, located at approximately 20
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backscatter coefficient
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km had diffused considerably in vertical extent and had reached its maximum
average reflectivity. It is interesting to note that the upper tropospheric
aerosol concentration was higher than it has been observed at any other time,
for which we have no explanation. By June 25 the dust cloud had become much
reduced in total reflectivity. The tropopause, located near 16 km, shows a
local minimum in aerosol concentration and the aerosol concentration below
the tropopause remains at extremely low values. On December 10 the dust
cloud was more ragged and further reduced in aerosol concentration. The
relative minimum in aerosol concentration is located slightly below the
tropopause.

Emphasis will be placed on extending the profiles to lower altitudes
during 1976.

4.2.2 Clouds

Since early 1973 when lidar studies were first initiated at Mauna Loa
Observatory, it has been apparent that useful cloud information in the upper
troposphere would be a natural by-product of the lidar studies. It is known
that the presence of cirrus cloud layers in the high troposphere can have
substantial effects on the Earth's radiation budget. However, reliable in-
formation on the spatial, temporal, and optical properties of these cloud
layers has been lacking in the past. By use of lidar, it is possible to
measure the height and thickness of cirrus layers and, in principle, it

should often be possible to calculate the optical thickness at the laser
wavelength.
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Fig. 27 shows a 15-minute average of a cirrus cloud in a typical lidar
analysis. The cloud was located at about 13.5 km and had a thickness of
approximately 1 km. It is hoped that a complete analysis of all lidar cloud
data from early 1973 will be completed in 1976.

4.2.3 Barrow System

In early 1975 a decision was made to expand the lidar program by instal-
ling a system at Barrow, Alaska, to provide needed information on atmospheric
scattering properties for Northern Hemisphere regions. Although somewhat
smaller, this lidar system will be similar to the Mauna Loa system. It will
be located in a 2.5-m-square wanigan near the GMCC Observatory. Work during
the year focused on procuring the necessary components and setting up the sys-
tem in a portable trailer at Mauna Loa so that its entire operation can be
checked before it is installed at Barrow.

SYSTEM DESCRIPTION

The transmitter port%on of the laser system will be a 3-joule dye laser
with a wavelength of 5900A, transmitting at the rate of 3 pulses per minute.
The receiver portion of the lidar consists of a 4l-cm-diameter plastic Fres-
nel lens, a colored glass type filter, and a phototube. The optical system
will be a collinear arrangement so that the laser and receiver beams will be
overlapped to ground level, eliminating the near field effect.

The signals coming in from the phototube are digitized by a Biomation
transient digitizer. They are then fed into a CAMAC system. This system

utilizes a NOVA minicomputer for crate control and data processing functions.
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Lidar operating programs and intermediate temporary data are stored on a
cassette tape drive. Periodically, upon command from the ICDAS system, lidar
results are sent along a send/receive line to the ICDAS in the main building
for archiving. The CAMAC system will monitor the wvarious functions of the
transmitting and receiving systems and will control the entire lidar opera-
tion as well as shut the system down in the event of a system failure.
Atmospheric profiles will be displayed on an oscilloscope for immediate
operator interpretation as necessary.

The lidar system will initially operate continuously to provide profiles
of aerosol concentration as well as low and high level cloud data. It may be
slowed later to give lower time resolution and therefore extend the laser
component lifetime.

4.3 Surface Aerosol Measurements

4.3.1 Mauna Loa

Short-tube Gardner counter SN826 was operated in January and long-tube
Gardner counter SN1176 was operated through the remainder of 1975. Pollak
counter SN13 was operated throughout 1975. Observations were taken hourly
during the normal working day. Figure 28 shows monthly geometric means of
Pollak counter observations. The daily upslope wind effect is clearly evi-
dent as shown by the high afternoon concentrations. However, there is no
obvious annual trend in the 1000 LST readings, although it was expected that
a trend with a peak in the summer would be observed because of the annual
trend in lightscattering data obtained by the nephelometer. Overall, morning
concentrations are fairly low, 200-250 CN cm"a, representative of background
conditions; the site cleanliness deteriorates with the afternoon upslope wind

from below. Figure 29 shows the annual geometric means of the Pollak counter
data.

Gardner counter SN1176 (long-tube) was calibrated by means of a two-
month comparison with Pollak SN16 at Mauna Loa. Figure 30 shows the results
of this comparison along a least-squares fit of Hoerl's equation:

log vy = a + b log x + cx.
A calibration table for Gardner SN1176 was then generated to convert the
Gardner scale divisions to nucleus concentrations.
A General Electric Condensation Nucleus Counter was installed at Mauna

Loa in the summer of 1975. Although there were several short periods of

reliable operation, in general the G.E. counter suffered from maintenance
problems and few useful data were obtained.
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Figure 28. Monthly geometric means of condensation nuclei for 1975 at Mauna
Loa Observatory, for 1000, 1100, 1200, 1300, and 1400 LST. The shaded dots
indicate the 1000 LST values; n indicates the 1200 LST value; the vertical
bars give standard errors about the mean (S.E. = 0//5 p

NEPHELOMETER

The Mauna Loa four-wavelength nephelometer operated reliably throughout
1975. Only six weeks of data were lost during the entire year. Furthermore,
the instrument exhibited only nominal drift and the rather strict calibration
schedule of a monthly Freon calibration and a weekly relative calibration
proved more than adequate.
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Figure 31 shows means of hourly averages for selected months of 1975.
All months show the usual diurnal effect and, in general, background light
scattering is about an order of magnitude higher in the spring than in win-
ter. However, note that the afternoon peak remains approximately the same
throughout the year. The Angstrom exponent (o) shows rather large variations
among the four selected months. In general, the small values of a in May
indicate a tendency toward larger sized particles, whereas the large values
of o in winter months suggest smaller sized particles. The odd behavior of
the 850-nm curve in October is probably due to instrumental problems. The
nephelometer is sensitive primarily to particles with radii of 0.1 to 1.0 um.

Figure 32 shows the annual trend for light scattering at Mauna Loa.
Each point is the geometric mean of the 0300 to 0400 LST hourly average for
all days of each month. The seasonal trend is apparent with high light-
scattering in the spring and very low or clean values in the winter. Fur-
thermore, o shows erratic behavior during the spring and summer with a tend-
ency toward larger sized particles, and fairly stable behavior during winter
with higher values of o (=2) and a tendency towards smaller sized particles.
The reason for this annual trend in background air is not entirely under-
stood. However, it is probably due to a general increase of suspended par-
ticulate in the summer troposphere and to the motion of the atmospheric
general circulation with season.
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Figure 31. Monthly geometric means of hourly averages from the Mauna Loa
four-wavelength nephelometer for 1975. The Angstrom exponent oj1p 1is de-
rived from 450 and 500 nm, ay3 from 500 and 700 nm, and a3y from 700 and
850 nm.

To obtain a better understanding of these data it is useful to examine
the continuous record and correlate it with local meteorological parameters.
As an example, hourly averages of bSP (550 nm) for October are given in Fig-
ure 33, along with hourly averages of relative humidity and wind speed and
direction plotted at 3-hour intervals. A background level of approximately
107"m! is apparent with various perturbations superimposed. There is ob-
vious correlation among the three parameters. Winds with an upslope (north-
erly) component are usually associated with high lightscattering values and
downslope (southerly) winds produce the lowest lightscattering values. The
classical upslope-downslope effect is clearly evident much of the time (e.g.
Oct. 27-31) with high afternoon values of lightscattering, an increase in
relative humidity, and a return to background conditions during nighttime
hours. Also, during winter months, it is not unusual to encounter an ex-
tended period of strong southeasterly winds accompanied by low relative
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Figure 32. Monthly geometric means of lightscattering and Angstrom ex-
ponent for all 0300-0400 LST averages at Mauna Loa Observatory in
1975. a is the average of a)p (450-550 nm) and ap3 (550-700 nm).

humidity and extremely clean conditions (e.g. Oct. 1-5, 15-18, 23-28). These
periods of high winds usually produce the lowest lightscattering values and
often completely overpower the local diurnal wind circulation.

4.3.2. Barrow

Long-tube Gardner counter SN1143 was operated routinely throughout 1975.
During January-April, a comparison was conducted on ambient aerosol between
short-tube Gardner SN1098, which had been used during previous years at
Barrow, and the new long-tube SN1143., About 400 comparison points were
obtained and a least squares fit of Hoerl's equation was produced to give
Figure 34. Although use of the short-tube Gardner was discontinued in favor
of the more sensitive long-tube unit, with the comparison shown in Figure 34
previous data can be corrected to provide continuity across the transition.

In October 1975, Pollak counter SN16 was put into operation at Barrow.
Previous to shipment, this Pollak was compared with Mauna Loa Pollak SN13 to
produce the data shown in Figure 35. The least squares straight line shows
excellent agreement between the two counters, especially between scale read-
ings of 90 and 100 which correspond to nucleus counts of between 315 CN cm™3

and 0. In this region, agreement between the two Pollak counters is con-
siderably better than 1%.

From October 1975 to March 1976, a comparison between long-tube Gardner
SN1143 and Pollak SN16 was conducted on ambient Barrow aerosol and the
results, along with a least squares fit of Hoerl's equation, are shown in
Figure 36. The curve serves as the current calibration for routine Gardner
counts at Barrow and previous observations taken with short-tube Gardner
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Figure 33. Hourly averages of 550-nm lightscattering and relative humidity
at Mauna Loa Observatory for October 1975. Wind direction and speed at
3-hour intervals are shown.
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SN1098 may be corrected by using Figures 35 and 36 or by a numerical solution
of the two Hoerl's equations.

Figure 37 gives a wind rose and condensation nucleus geometric means as
a function of direction for October-December. These data were taken with the
Pollak counter. The mean concentration of 131 CN cm™3 for clean air direc-
tions is considerably less than concentrations measured in previous years
because of the increased sensitivity of the Pollak counter and because a
geometric mean is always less than an arithmetic mean. These differences
will be reconciled in the future since all observatories are supplied with
similar equipment and past data can be corrected in terms of current measure-
ment techniques and updated calibrations.
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Gardner SN1143 on Barrow ambient ambient aerosol during March and
aerosol during January-April 1975. April 1975.

Curve shows least squares fit of
of Hoerl's equation.

Table 12 gives monthly geometric means for 1975. Also given are the
number of data points (n) and the logarithmic standard deviation for each
mean (log o). Overall, the Barrow observatory is a very clean site when the
wind is from N, NE, E, or SE. However, the effects of fog and snow should be
investigated more thoroughly to eliminate the effects of local scavenging
which may produce unrealistically low nucleus concentrations.

4.3.3 Samoa
Because of the facility construction and its demand upon the GMCC
observer's time, very few surface aerosol data were obtained from Cape

Matatula during 1975. As no meaningful conclusions can be drawn from these
data, they will not be presented.
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Comparison between
long-tube. Gardner SN1143 and
Pollak SN16 on Barrow ambient
aerosol during October-December
1975 and January-March 1976.

N
Number of Observations

to Give Mean for
Given Wind Direction

\Q‘Qﬂﬁ‘——]

26

Aitken
Nucleus
Concentration

32

|

I

56% of Winds from
Clean Air Direction
Average Aitken=13l

Percent of Observations
with Winds from
Given Direction

3

Figure 37. Barrow wind
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nucleus geometric
means for October-
December 1975.
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Table 12. Monthly Geometric Means of Aerosol Measurements at Barrow

1975 JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC
x 87 210 285 252 123 47 325 232 174 45 160 224
log o 0.45 0.19 0.16 0.16 0.30 0.48 0.51 0.62 0.51 0.41 0.21 0.28
n 79 64 86 92 144 88 72 77 73 41 39 68

In CN cm'a, for clean air direction (N-SE).

4.3.4 South Pole

Pollak counter SN15 continued to operate at South Pole station through-
out 1975. Observations were obtained daily at 0100 GMT and 0800 GMT, during
uncontaminated wind conditions, from the "clean air" facility at the new
South Pole station. Sample air was brought into the instrument through the
aerosol and gas sampling manifold designed for use at all GMCC sites. The
manifold incorporates a high volume blower that draws air through a 6-in
diameter stack and is distributed by means of isokinetic sampling probes to
the various instruments,

Daily aerosol counts for August, September, and October 1975 are shown
in Figure 38. Also shown are air temperature, wind speed, and wind direction
at the time of the observation. Figure 39 gives the monthly geometric means
of daily Pollak nucleus observations.

It is evident that very low condensation nucleus concentrations were
encountered during the winter months with a low of about 10 CN em™3 during
July. As the austral summer approached, nucleus counts increased with a
large jump in late September, about the time of sunrise. The very low con-
centrations during winter months are probably produced by removal forces
acting beneath a strong temperature inversion that prevents mixing from
aloft. Breaks in the inversion, accompanied by subsidence and photochemical
processes, cause the increased values during summer months (Hogan, 1975;
Hogan and Nelson, 1975).

The General Electric Condensation Nucleus Counter was modified and in-
stalled at Pole according to the design developed by the University of
Washington and adopted for all GMCC observatories. In this configuration,
the G.E. counter showed good stability and was sensitive to below 10 CN cm™3,
Continuous chart recorder data were obtained for all of 1975.

During 1975, long-tube Gardner counter SN1183 was present at Pole as
backup for the Pollak or as a portable instrument for outdoor work. However,
this instrument does not have sufficient sensitivity for nucleus observations
at Pole. Thus the Pollak counter will continue as the standard observing
instrument. Figure 40 gives the calibration curve obtained for Gardner
SN1183 in a comparison with Pollak SN16 at Mauna Loa Observatory.
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Figure 40.

Figure 39. Monthly geometric means

of condensation nucleus concentra-

Ver-
tical bars give standard error of

tions at South Pole for 1975.

the mean (S.E. = U//;).

Calibration curve for
long-tube Gardner counter SN1183
produced by comparison with Pol-
lak SN16 at Mauna Loa Observatory.
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4.4 Meteorological Measurements

4.4.1. Meteorological Sensors

In the past a wide variety of sensors have been used to measure wind,
temperature, and pressure at GMCC observatories. Historically such measure-
ments were initiated in support of a specific gas or aerosol monitoring pro-
gram. In 1975 the measurements of wind, pressure, temperature, and humidity
were standardized and sets of sensors were deployed at all stations, These
sensors were supported by a set of translators that prepare the output for
digitizing and recording.

With respect to wind, all stations except American Samoa had a propeller
type anemometer installed at the time sampling started. Wind records are
used to define periods when local air flow is from an established clean air
sector. At all stations the anemometer is positioned at about the same
height that gas samples are taken, usually between 10 and 16 meters above the
surface. Wind speed and direction are recorded on a strip chart recorder to
provide the observers a continuous visual display.

Fluctuations in station pressure as measured by local NWS stations would
suffice to correct gas and aerosol measurements to standard pressure for all
stations except the Mauna Loa Observatory. However, to determine the optical
depth of the atmosphere a more accurate measurement of station pressure is
required. Continuous measurements of station pressure are made with a static
pressure transducer, (Fig. 41) to obtain a voltage that can be digitized, and
with a microbarograph, for visual display. Both are calibrated twice a week
with a mercurial barometer.

In addition to the general requirement for air temperature readings to
correct gas and aerosol data to standard conditions, some sensors are temper-
ature sensitive and specific response corrections must be applied. A linear-
ized, thermistor composite was chosen as the sensor because its sensitivity
makes it independent of line resistance. Liquid-in-glass thermometers are
supplied to each station.

Relative humidity is measured except at South Pole where the humidity is
below the detector's sensitivity. In addition to being an important factor
in the operation of condensation nucleus counters, relative humidity is also
an excellent indicator of upslope and downslope wind conditions at the Mauna
Loa Observatory. The temperature and humidity sensors are exposed in an
aspirated radiation shield which is mounted at or near standard shelter
height, 2 to 3 meters (see Fig. 42). At the low-latitude observatories a
hygrothermograph provides a backup to the electrical sensors in addition to a
display of temperature and humidity to the observers.

Based on the program requirements (sensitivity, range, etc.), the fol-

lowing sensors were purchased and combined into a single meteorological
system for use at each of the four field stations:
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Figure 41. Translator crate to the Figure 42. Aspirated radiation shields

meteorological sensors. It con- for both the air temperature and rela-
tains the printed circuit cards tive humidity sensors. The shields
and power supplies to calibrate guarantee exposure error to be less
and scale the voltages from the than 0.1°C.

sensors. The pressure transducer
is mounted in the lower right.

Wind speed and direction: Aerovane Model 120, Bendix Corp.

Pressure: Static pressure transducer,
Model 1201C Rosemount Inc.

Temperature: Linearized thermistor, Model 44212,
Yellow Springs Instrument Co.

Relative humidity: Model 1HM-111P humidicap, Helsinki.

Support electronics for these sensors are in the form of printed circuit
cards. These, together with reference voltages, amplifiers, and power sup-
plies are mounted in a translator case (Fig. 41). The voltages from all
sensors are sampled once per second, and l-minute and l-hour averages are
computed and recorded on magnetic tape in digital form by the Instrument
Control and Data Acquisition System.

4.4.2 Mauna Loa Meteorology

Figure 43 shows the seasonal distribution of the wind direction and
speed to a resolution of one month. In the two-dimensional plot the predom-
inant wind direction, southeast, is seen as a constant feature throughout
1975. Another maximum is observed for the north and northeast directions
during the summer months. The frequency of occurrence of calm conditions for
each month is also presented. The average monthly percentage of calms in
1975 is 0.6 percent. Except in April and May the average wind speed of the
southeasterlies is greater than 5 ms~!. The average speed for the year 1975
is 4.3 ms™ . The frequency of the wind direction and the average wind speed
for each direction are also plotted. The maximum wind speed clearly corre-
sponds with the predominant wind direction--southeasterly.
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Figure 43. Surface wind data for Mauna Loa Observatory, 1975.
(See legend, fig. 50)

HILO RAWINSONDE DATA

The pilot program started last year to evaluate upper air soundings
taken at the Hilo Airport, 55 km northeast of the Mauna Loa Observatory, was
extended through 1975. The upper air data were used to interpret the GMCC
baseline data measured at Mauna Loa Observatory. Three sets of data were
computer processed from the rawinsonde soundings: (1) twice-daily computa-
tions of total precipitable water above the elevation of Mauna Loa; (2) com-
putations of the gradient (850 mb) and jet stream (250 mb) wind layers; (3)
tabulations of daily tradewind temperature inversions and moisture cutoffs in
relation to the height of the observatory.

Figure 44 is the plot of precipitable water in 1975 above the elevation
of Mauna Loa Observatory. Maximum excursions of precipitable water occurred
during the winter half of the year. These peaks of up to 12 mm are the re-
sults of synoptic storm passages over the islands when precipitation usually
occurs. During the summer half of the year the trade wind inversion caps the
moist maritime layer and dry conditions prevail above the observatory. The
tradewind inversion, though not as persistent, is also present during the
winter half and produces most of the dry conditions during this time of the
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Figure 44. Total precipitable

water above Mauna Loa Observatory in 1975.

Values were computed from NWS Hilo rawinsonde observations, twice daily,

55 km from the observatory.
evident.

Daily as well as seasonal variations are

Large excursions correspond to synoptic storms and are preva-

lent during the winter half of the year.

year.

Note also that the driest days occur during the winter half of the
year when only ~ 0.6 mm is observed above the observatory.

These are also

the better optical viewing days during the year.

The plot of cutoff tradewind temperature inversions as determined from

the Hilo soundings is shown in
inversion is defined as one in
10 g kg'l to = 2.0 g/kg across
separate a moist sub-inversion
and inhibit extensive vertical

Figure 45. A cutoff tradewind temperature
which the mixing ratio drops from about 6 to
the inversion layer. Such inversions usually
layer from a drier upper tropospheric air mass
mixing. These inversions generally form below

the elevation of the observatory and act as a barrier to the upward transport

of more turbid marine air past

the observatory. The persistency of occur-

rence intensifies during the summer half of the year and consequently the

inversion is more effective in
summer.

cutting off moisture from higher levels in the
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Cutoff tradewind temperature inversions as determined from the
NWS Hilo rawinsonde data, twice daily for 1975.

across the inversion from 6 to 10 g/kg to < 2.0 g/kg.
tion of the inversion is just below the elevation of the Mauna Loa Observa-
tory where it acts as a barrier to vertical mixing especially during the

summer half of the year when the inversion is more persistent and stronger.

The mixing ratio decreases
Note that the posi-



Figures 46 and 47 are sample plots of the gradient and jet stream wind
layers. 1In both cases the full year's record shows a significant daily
variability in the height and thickness of the layers. The direction of the
gradient wind layer is predominantly from the east with a shift to the south-
east during the winter. The upper extent of the layer is usually just below
the elevation of the observatory. The wind flow is gentle and very consist-
ent throughout the year.

The jet stream is significantly greater in vertical extent having an
average vertical thickness of ~ 5.0 km with a maximum in later winter into
spring. This maximum in thickness coincides with the annual maximum in
speed. The jet stream is from the west with short periods from the north or
northeast. These short periods are the result of upper-level synoptic low-
pressure systems and represent periods of downward vertical transport rather
than zonal transport from the east.

Summary. Computer processing of NWS Hilo rawinsonde data for 1975
showed the precipitable water content above the observatory to average about
2.6 mm, but to have great daily as well as seasonal varability. The cutoff
tradewind inversion acts as a barrier to vertical mixing and vertical moist-
ure advection above the observatory especially during the summer half of the
year. It also showed the vertical extent of the trades to be close to the
height of the observatory, with a cutoff temperature inversion embedded in
the trades at about 0.8 km below.

A deep westerly flow that persists above the observatory intensifies
during winter and spring and can extend as low as to the height of the moun-
tain top. This steady upper-level flow provides a constant replenishment and
circulation of upper tropospheric air over the observatory for geophysical
benchmark monitoring.

4.4.3 Barrow Meteorology

Perched on the poleward extension of the Alaskan north slope, the GMCC
observatory at Point Barrow is exposed freely to the wind from all direc-
tions. There are no significant topographic barriers within a 300 km radius
of the station. The surface wind is, therefore, determined mostly by large-
scale synoptic weather features and not by local topography. Between stormy
periods when the wind is variable, the local winds are controlled by the
outflow from the polar anticyclone which produces a persistent easterly wind
at the surface. The most significant local phenomenon is the onset of the
stratus cloud deck in the spring. It corresponds with the time the sun is up
for most of the day, and the time when extensive leads in the Arctic ocean
open along the coast.

In figure 48 the seasonal variation of the wind speed and direction are
displayed. Easterly winds are clearly the most prevalent in all months of
the year. When directions north through southeast are included, the fre-
quency of occurrence for 1975 was 59%. The secondary maximum in the wind
direction distribution is from the west. This could be interpreted as a
diurnal occurrence were it not that the prevailing wind direction is easterly
for all hours of the day. Westerly winds were most commonly observed in the
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Figure 46. The gradient wind layer (850 mb) as plotted from NWS Hilo 1975
rawinsonde data. The vertical bars show the height and thickness of the
layer. Wind speed and direction are the vector sums of the whole layer.

Note that the upper extent of the layer is just below the elevation of the
Mauna Loa Observatory and represents the tradewind flow over the islands.

200°—

Wind Layer Direction

360° —i
I

summer and winter months. The seasonal variations in wind speed are not
pronounced though the speeds seem to be a little higher in winter months.
The seasonal variation as a function of wind direction is more pronounced
showing a maximum corresponding to the most prevalent wind directions. Calm
conditions were reported an average of 1.1% of the time in each month. The
average wind speed for the year at Barrow was 6.5 ms~!. The maximum speed
was observed on February 7 at 14.3 ms=1.
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Figure 46. Continued.

In 1975 the National Weather Service station in Barrow reported a
minimum temperature of -47°C on January 3. The maximum reading was 18°C on
July 7. The average temperature for the year was -14.6°C, a departure of
2.0°C from normal. These values are computed from the NOAA, Environmental
Data Service, Local Climatological Data report for the airport station at
Barrow, Alaska. These temperature statistics are probably more representa-
tive of the village of Barrow and thus generally warmer than at the GMCC
observatory, located approximately 7 km to the northeast.

Generally, after the Arctic ice pack breaks away, and large leads open
in the ice, the stratus deck moves over Point Barrow to remain as a persist-
ent feature of summer and fall. The stratus is usually established by the
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Figure 46. Continued.

middle of May. The average monthly cloud cover, midnight-to-midnight report-
ed for the Barrow airport station, for January through April and November
through December 1975, is 4.5/10. For May through November the average
monthly cloud cover was 8.4/10. Typically, in this 6-month cloud period only
16 clear (0/10 to 2/10 cloud cover) days can be expected. With the stratus
present the ceiling ranges from 0.2 to 0.5 km, in the absence of precipita-
tion.
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Figure 47. The jet stream wind layer (250 mb) as plotted from NWS Hilo 1975
rawinsonde data. The vertical bars shown the height and thickness of the
layer. Wind speed and direction are the vector sums of the whole layer.
The jet stream layer intensifies in winter and spring and its downward
extent can reach to the height of the top of the mountain.
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Figure 48. Surface wind and cloud data for GMCC Station, Barrow, Alaska,
1975, (See legend, fig. 50.)

4.4.4 Samoa Meteorology

Figure 49 depicts the monthly variation of wind direction and speed for
Cape Matatula for 1975. The prevailing winds are east-southeast in every
month of the year. They are especially persistent in the Southern Hemisphere
winter months. In the austral summer months of December and January, the
Intertropical Convergence Zone (ITCZ) moves further south bringing stormy
conditions and northerly winds. The pronounced absence of winds from the
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Figure 49. Surface wind data for Cape Matatula, American Samoa, 1975.
(See legend, fig. 50.)

southwest is probably caused, in part, by the topography of the cape in the
vicinity of the anemometer. Calm conditions were reported an average of 0.9
percent of each month for the year. The average wind speed for the year was
7.5 ms~!. The marginal distribution also shows a pronounced seasonal varia-
tion with the minimum speeds in December and January and maximums in May and
July. The distribution of wind speed as a function of direction is also
well defined with the maximum of 10 ms™! corresponding to the prevailing
wind direction, SSE. The maximum hourly average wind speed measured at Cape
Matatula in 1975 was 21 ms~! on May 19.

4.4.5 South Pole Meteorology

Throughout most of the year persistent radiation inversions control the
local meteorological conditions at the South Pole. Except for brief stormy
periods in the spring this strong inversion serves to separate surface winds
from conditions aloft. The station sits on the Amundsen-Scott plateau about
2800 m above sea level. This relatively flat plateau, with little relief
within a 100-km radius of the station, is in the larger scale depression near
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the western edge of the main high ridge of East Antarctica. Surface winds
are therefore controlled by the large-scale plateau. The direction of the
persistent katabatic wind is easterly.

All weather measurements for 1975 were made at the recently-completed
Amundsen-Scott station. The instrumentation is located approximately 100 m
grid-northeast of the station. (Direction grid-north is defined as lying
along the Greenwich meridian). The anemometer is mounted 10 m, the thermom-
eter 1.5 m, above the snow surface.

Figure 50 is a summary of wind and temperature conditions for 1975. The
almost complete absence of winds from the west is the single most striking
feature. The dominant wind direction is easterly; for 89% of the time the
wind is between north and east inclusive. The strongest wind speed, about
wsd ms‘l, is associated with northerly winds. The average wind speed for the
year is 5.0 ms~1. The maximum speed for one hour reported during 1975 was
19.6 ms'l, from grid-north on June 19. The wind was reported as calm only
0.3% of the hours during the year.

4.4.6 GMCC Trajectory Program

The GMCC (air parcel) trajectory program was continued during 1975 with
the main emphasis on conversion of the computer system from the CDC 6600 to
the IBM 360-195 computer. The data base for the analyzed winds was expanded
to the NMC 65 x 65 Northern Hemisphere square grid from the earlier 1977
point grid. Three classes of programs have been developed for the various
monitoring stations. These include analyzed wind only from the NMC grid,
observed wind only from the global upper air station network, and analyzed-
observed wind combined, each of which can be tailored easily to the require-
ments of the individual stations. This year backward trajectories were
computed at various height levels for Adrigole (Ireland), 10-day, analyzed-
observed; Ithaca (NY), 5-day, observed only; and Mauna Loa (Hawaii), 10-day,
analyzed only. Figure 51 shows the periods for which trajectories have been
completed, for these and other stations of interest to the GMCC program. The
objective for the coming year is to complete trajectory calculations at all
listed stations except for cases where data are missing (at present, analyzed
winds for December 1974), as well as maintaining a current (probably 2 to 3
month lag in real time) record for each station. Computer programs including
construction of the data base for Samoa and the South Pole may not be initi-
ated until the latter part of 1976.

4.5 Solar Radiation Measurements

4.5.1 Introduction
The GMCC solar radiation program is involved with or owns over 200 radi-

ation sensors that collect data at a rate of about 9,700,000 data points per
year. Table 13 summarizes the overall number and location of the instruments
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Figure 50. Surface weather data for Amundsen-Scott station, South Pole, 1975.

Number of occurrences of the event
All observations during year

Frequencg(l)(Z) x 100
Number of occurrences of the event

(2) =
Freguency (%) Observations for given month during year

x 100

by type. Detailed calibration histories and locations of the instruments
will be published in a NOAA Technical Memorandum sometime during 1976. Since
the multichannel pyrheliometers have 15 sensors, the water vapor meters have
2 data channels, and the sunphotometers have 2 data channels, there are 179

data channels represented in the table. These together with the cooperative
measurements total over 200 data channels.
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4.5.2 Sample Data Outputs

The following is a brief description of major efforts undertaken in the
processing and analysis of the data. Because of the large body of data
obtained in 1975, not all data have been processed.

HOURLY AND DAILY INTEGRAL COMPUTATIONS, ALL CHANNELS

Hourly integrals in true solar time were calculated for all the ICDAS
data from Mauna Loa for days 189 through 336, 1975, for each instrument

channel. Portions of the data from Barrow and from South Pole have been
examined in a similar manner.

Day 262 for MLO is illustrated in Table 14 and is taken as a random

sample. This was a clear day and the outputs of 16 channels are given and
identified below the main table. Certain portions of the data have lines
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Table 13. Solar Radiation Instrument Summary

Type 2taii§i2 In Boulder Total ?ﬁqgéggd
Pyranometers 26 23 49 1L
Multichannel

Pyrheliometers 2 3 5 0
Pyrheliometers 3 13 16 12
Water Vapor Meters i 5 6 5
Sunphotometers 3 i 10 4
Standard

Pyrheliometers 0 Z 7 0

drawn through them indicating that the data are invalid for instrumental
reasons. For example, the pyranometer with the shade disc on channel 17 has
invalid data for hours 05 through 08 because of tracking errors on the disc.
Channels 22, 23, 26, 27, and 28, and probably 29 and 30, are invalid because
of tracking errors of the multichannel radiometer. These tracking errors can
be recognized only by comparison of channel 22 and 23 data with the normal
incidence pyrheliometer (which is on a separate tracker) data recorded on
channel 24. Such loss of data is quite common and data for a better-than-
average day are presented here. Other data were lost from intermittent noise
or spikes in the signals, tape changes, large amplifier offsets, other
tracking errors, lidar operation, or ICDAS down time. Units are in langleys/
day except for channels 24 and 25 (the water vapor meter (Foster-Foskett
type) channels).

A few other features are also of interest. For example, the daily
integral for the bulb type pyranometer 1825 exceeds that for the model 2
pyranometer 12616F3 by 2.8%. The ratio of outputs of the two instruments is,
furthermore, not constant during the day, probably indicating differences in
cosine response and temperature response. The 0Gl pyranometer and the quartz
pyranometer output ratios generally vary between 0.70 and 0.75; the RG8 and
quartz pyranometer output ratios vary between 0.50 and 0.55. These varia-
tions approximate theoretical values, indicating uncertainties of no more
than several percent in the instrument calibrations. The same comment
applies to the good data from the multichannel radiometer.

COMPARISON OF EXTRATERRESTRIAL AND MEASURED SOLAR INSOLATION

Table 15 illustrates results for pyranometer 12616F3 for a period of
eleven days, including day 262 illustrated above. In addition to hourly and
daily integrals, information is provided on the fraction of extraterrestrial
radiation received. The values are reasonable as may be seen by looking at
hours 11 and 12 about true solar noon. On a clear day the predicated percent
of transmission is 86.6% according to theoretical values and the maximum
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Table 14.

Sample Print-out of Hourly and Daily Integrals For One Station For One Day

HOURLY INTEGRALS - SOLAR RADIATION AT MLOCTST) DATE 262 1975 IN LY/HR AND LY/DAY
17 1643.840 18 136.000 19 130.400 20 5.240 21 155.760 22 153.610
25 1.000 26 137.170 162.070 28 142.650 29 27.027 30 T2.46%4
09 10 11 12 13 14 15 16 17 18 19
73.3 B6.1 92-2 91.8 B~u3 T0.7 52.1 30.3 503 -2 -e1
2¢6 2.9 3.3 3.5 3.7 3.5 3.2 2.6 1.3 -3 =ok
5543 64. 8 69.2 68.8 63.1 52.9 38.8 22.2 5.5 -3 -3
k0.1 47.0 50.0 £9.8 45.8 38.6 28.3 16.3 3.9 -5 =ole
2.9 3.5 3.8 3.9 3.6 2.9 2.0 1.1 «3 =0 -.0
91.4 92— v O Py et POty P57 S51.4 «9 «5
91.9 AR — I — i i —F v 52.0 1.0 b
91.9 93.3 93.3 92.9 91.6 89.5 B5.4 77.0 51.6 o7 o
22.3 22.3 22.3 22.3 22.3 22.1 21.8 21.4 19.6 «3 =.0
20.6 20.6 20.4 20.4 20.1 i9.8 19.2 18.1 13.5 -0 -« 0
B3.0 A BBy —FOv— ~ D k8.8 o7 b
67.7 vt tr 9Tt OrL §3.5 «6 2
8.2 vty T Ry P Iy B iy 34.0 «8 5
«6 6 6 -6 N 5 ok o2 o2 o2
11.2 11.3 10.9 10.6 i0.2 9.9 9.6 9.0 7.3 ok «3
72.9 86.6 96.1 97.0 87.5 72.7 53.7 31.4 9.6 o1 =1
FOUND ON COMMENT
B3173
1126469 SHADED BY DISK
112469
112469
121569
1107%
11074
60970
=0
-0
11074
B26TH BOULDER CAL. ADOPTED
11074
11074
11074
91662 NWS CAL.

CALIBRATIONS - 16 125.930
CALIBRATIONS - 24 1.000
CAL. UNITS = MW/CM2/VOLT
CH/HR 05 06 07 os
16 o1 10.8 33.0 S4.6
17 ety 53
18 = Beh 2543 41.0
19 “e3 6.0 18.% 30.2
20 «0 3 1.1 2.0
21 2.8 5849 80.2 87.6
22 2.8 59.3 80.8 88.1
23 2.7 59.2 80.7 88.2
24 1.3 i8.6 is.s8 21.2
25 6 15.6 17.6 19.6
26 2.6 55.8 T4.3 80.0
27 2ol %9.3 61.8 65.7
28 2.2 37.8 45.0 7.0
29 .2 .2 Y -5
30 -8 9.0 10.0 10.7
31 -0 11.56 32.7 56.9
CHN. SERIAL TYPE CAL.,
16 12616 Ga « 07942
17 10151 GGG22 « 06952
i8 10152 GOG1 «07353
19 10153 GRGS + 07669
20 10232 Guv 1.90800
21 475812 NQO1 . 06350
22 475813 NQ2 « 06490
23 2119 NIP « 02953
25 -0 H20 1.00000
25 -0 H20 i.00000
26 L758 NGG22 -07980
27 4758 NOG1 +06170
28 k758 NRGB « 07610
29 4758 N1 « 37000
30 4758 N8 «13800
31 1825 BuLe «03483

23 338.640
31 287.092

DAILY
687.4

514.5
373.2
27l

998.3
256.4
226.1

Bok
121.2
706.4
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Table 15.

Sample Results for One Pyranometer

HOURLY INTEGRALS,

CALIBRATION =
CH/HR 05 te
DATE 255 1975

16 0.0 0.0

16 0.00 D.00
DATE 256 1975

16 o1 11.2

16 8.15 57.88
DATE 257 1975

16 o2 11.3

i6 20.76 60.31
DATE 258 1975

16 4 i1.5

16 10.06 62.67
DATE 259 1975

16 .1 11.4

16 41.41 61.00
DATE 260 1975

16 o1 11.1

i6 9.58 623.30
JATE 261 1975

16 o2 1C.8

16 Tel2 5779
DATE 262 1975

16 ol 10.8

16 13.57 S8.69
DATE 263 1975

16 o1 i0.8

16 6. 37 59.38
DATE 264 1975

16 o1 10.7

16 11.61 58.23
OATE 265 1975

16 o1 10.4

16 7T.24 S7.27

GLOBAL

16 125.900

c7 08

0.0 el
.00 0.00
33.5 S5k,
7240 77,42
3.1 55.9
75.36 80.5%
34.7 56.7
77.10 B1.96
34.6 56.5
76.58 B81.67
34 .0 55.8
75.66 80.94
33.2 S4B
73.77 79.306
33.0 54.6
73.81 79.41
33.2 54.8
74.66 80.05
33.0 54.5
73.90 79447
32.4 53.6
7300 7B.b48B

RADIATION,

a9 13
0.0 Uel
.00 0.6¢
73.0 85.6
83.25 81,53
Thole 87.6
83.39 85.04
75.3 83.6
B4.75 BH.24
75.1 Bo.1
84.56 85.9uy
T4.2 36.8
83.73 8L.86
73.2 86. 4
82.59 o64.50
73.3 85.1
B2.95 BL4.47
73.2 86.1
83.21 B84.76
72.8 85.3
82.74% B4.06
Ti.7 Bho s
BL.76 83.46

11
0.0
0.00

91.8
81,88

G4.3
85.62

95.0
87.35

9%.3
B6.12

93.0
85.16

92.7
85.11

92.2
dle b0

92.2
85.358

91.2
B4.36

90.6
84,04

12
914
82.58

91.4
83.12

93.8
35.44

94.5
8b.31

94,5
B6.6C

93.1
B5.64

92.0
8L.84

91.5
B4.88

4.3
87.54

8540
73.16

89.9
83.87

13
35.5
81.81

84.3
82.38

36.6
84,76

87.2
85.60

86.0
84.85

75.3
Tha51

843
83.69

d4.3
84.09

bl.l
61.61

63.3
63.83

B4.3
83.52

14
72.b
80.86

T1.1
80.78

73.3
83.57

73.5
Bhald
T3.0
84.05

44,0
S1.18

70.9
81.89

Tia7
82.48

56«5
65.710

506.3
69.51

0.0
63.51

15
33.6
57.09

52.7
77.43

54 .8
81.11

54.9
81.59

S4.1
81.23

43.1
b4.62

52.3
79.37

5241
T9.75

53.5
82.02

4l.7
65.18

0.0
65.18

16

33.2
T4aT3

3l.b
T2.43

32.9
76,42

32483
76.65

32.0
76448

26.1
61455
3045
73.89

3043
74,09

292
7T3.41

27.2
68«34
Ga0
68434

17
12.4
73.11

9.5
56.73

16.1
b2. 11

10.1
63.11

Gl
62454

6.7
4b. 82

8.l
56. b6

8.3
57.52

7T.d
51.64

7.6
58.43

a4
58.643

13

-l
«00

=e1
« 00
Jel
«00

AND PERCINT OF ZXTRATERRESTRIAL AT MLO(TST) IN LY/hR AND LY/JAY

13
=2
G.00

=2
C.00

=s1
J.0C

-0
Ja00

LeCO

DAILY

334.7

69040

709.3

715.0

749.1

b43.3

68944

B6B7. 4

652.3%

631.0

517.3




value here is 87.5% with a minimum of 79.16%, perhaps due to clouds during
part of the hour. Average of all the observations is 84.72%, and for those
values exceeding 83.87% the average is 85.44%. The agreement between obser-
vation and theory is satisfactory indicating there is no serious problem with
the instrument. An analysis of this type has been performed at Mauna Loa for

all pyranometer data obtained with instrument 12616F3 between days 189 and
336, 1975.

IRRADIANCE VALUES AT SELECTED AIR MASS VALUES

Mauna Loa irradiance values at selected air mass values have been exam-
ined since the beginning of the solar radiation program. Irradiance values
at 64 selected air mass values for each day through April 1974 are on tape.
Recently, with the installation of the ICDAS at Mauna Loa and the installa-
tion of the CDC6600 computer at Boulder, new programs have been written to
study these data.

Table 16 gives a sample program output showing morning, true solar noon
(TSN), and afternoon irradiance values for the first 11 channels of instru-
ments identified in Table 14. The ratios of the outputs of the instruments
to those of other selected instruments are also given. For example, the
ratio 18/16 is the ratio of 0Gl pyranometer and the quartz pyranometer out-
puts; 23/21 is the ratio of the NIP output to the output of the first quartz
channel of the multichannel pyrheliometer which, if the measuring systems
were perfect, would equal one at all times. The tracking error for the
multichannel pyrheliometer mentioned in the above description of the hourly
integrals is again evident in this table about true solar noon and later.
Irradiances are selected at given air mass values because in the long term
the data will be selected from the same homogeneous population.

TRRADIANCE VALUES AT SELECTED AIR MASS VALUES, CORRECTED TO ONE ASTRONOMICAL
UNIT

Table 17 lists some typical corrected values for day 262, 1975, at MLO.
Such adjustments (a.u.) are necessary to compare corresponding values from
day to day and from year to year, and to theoretical values which are gen-
erally tabulated at one a.u. Air mass valueq 1.34, 2.01, 2.69, and 3.36 were
selected following the procedure of Ellis and Pueschel (1971), so that this
tradition at Mauna Loa would not be broken.

It is necessary to obtain hard copies of irradiance values before slope
and turbidity analyses can proceed. This procedure allows the validity of
the data to be checked which cannot be done by computer. Invalid data may
arise from tracking errors which the computer cannot distinguish from high
turbidity values. The cost of the analysis procedures is increased by such
validation requirements.

PYRANOMETER OUTPUT PLOTS

Figure 52 reproduces plots of the pyranometer irradiances (channels 16
through 20) on days 262 and 263 at Mauna Loa. Such plots are valuable for
identifying instrument problems. For example at about 0830 on day 262 there
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Table 16. Sample Irradiance Values For One Day at One Station

IRRADIANCE VALUES AT SELECTED AIR MASSES
HLO 1375 DoY=262 TRUE SOLAR NOON=2216.

CH/AM [ 7 6 5 & 3 2 1 TSH
SLE® 12.2 10.6 Gal 7.6 6.1 [ 3.0 1.5
16 £6.217 10€.963 129.473 114.356 236.644 375.330 769.355 1545.570 =1727.357
-28,968 =39,377 =45,18% -63.170 ~78.928  =125,462 -241.032  -404.635
17 67,267 105,485 126.937 116.6549 230,240 358.277 741,737 56.121 ~62.613 .
-7.213 -5.121 =9.594 -11.117 ~11.536 -15.600 -21.064 -21.966
_A7/4% 2 386 ___=sdb8b +380 o373 973 2355 966 «038  .036
.249 .232 W212 L1786 L4z 124 .091 .054
18 52.708  B2.675 100,163 424380 163.4C2 290,622 591,000 1154.803 =-1295.515
-16.778 -23.533 -28.403 -42.036 -54.60% -B9.137 =175.837  -302.127
18/16 .773 L773 T4 775 775 .775 .768 TNT .750
4579 4593 .630 LHBS -892 _.710 L7300 W4T
A9 0 LBL.SE7 @ 7T.313  35.413 B83.170 175,175 = 275,847 = 573.143 1126.025 =1243.473
-15.534 -22.443 -2L.233 ~33.751 -52.613 86,778 =171.708 =242.894 .
19/16 712 .723 .737 L743 L760 L7463 .745 .723 .720
: .536 V571 582 .629 667 .692 o112 w724
20 T 2.132 T 3.35¢ 3.461 3.650 7.234  11.868 264033 564593  =T72.491
-.374 =1.2cs -1.436 -1.331 -2.525  =4,154 -3.575  -16.335
20/16 .032 L031 L3t .030 L031 .032 .034 .038 .0k2
.03 (33 .032 L0632 .032 .033 L0386 Ny
21 751.0°7 1034, 557  193%.000 622.093  1291.614  1551.347  2193.365  2251.012 =1605.329
=$7bahul  =S07.370  =375.567  ~w31.332 =428.150 =522.477 =bh4.349 -545,495
22 784.252 103%.3bu 10394349  K25.-01 1233.246  1559.660 2207.010 2259.047 =1573.970
=331.7F1  =391.2io  =379.327  =435.536  -431.420 =525.072 -666.556  =-540.482
22721 1.0°4 1.0Ch 1.024 1.104 1.095 1.0065 1.006 1.903 T
1.009 1,605 1.009 1.003 1.003 1.00€ 1.003 .391
23 7L6.253  172+.331 1031.100 o18.t26  12ob.o7s  154b.bod  2187.023  2268.448 =1718.828
“324.0€3  =$563.102 =371.122  =L20.502 ~424.522 =519.455 =667.325 ~-575.531
23/21 L334 .33 a3 <335 <335 .33k .297 .499 1.071
353 esen T L32 L9492 L3995 1.005 1.056
24 2264357 177,12+ 354 . hhG c85.063 Juba 624 422,636 535,335 S64.645 -415.750
11,465 =1C5,T91 =145.647  =1530.572 =143.227 =162.113 ~106.696 —144.865
25 220.317 L AT | 293 b7 c2%.381 Jid.ulb $83.412 4ib.684% 5164351 -379.259
=4,2%%  =117,310  =-105.106  =118.33%  =112.163  =-131.37€  -156.046  =129.167
25724 T3 Tl «327 «251 vbEd <307 «931 « 314 «3912
WBET choan .723 W75 J7e3 e01d L84l .892
26 710,543 O R ST .24 773,709 1210.684  16G4.807  2022.419 2034.315 -1491.837
=310.137 =3buead?  =353.078  =w00.277  =t.1.001 =487.567 -616.123 =509.136
26/21 bbb o2l B 343 L _ ea37 w33l 322 «3903 423
T .S . Ju2 . 3wl . 337 «333 «327 «333
27 bibo b 30 G 194,723 v 34,733 10n3.483  1251.891  1711.527 1o77.572 =-1158.732
“23l.bes  =33v.76b =32%.015 =2AG.S75 =354.31] -413.263 -511.032 =34d.39C
27/21 corl oela Lobh .e5) 024 vol07 J780 W745 722
i V377 sau2 Lobih .c23 .302 770 L731

Note: Values are in mWem 2. For each channel, the upper values are for

morning and the lower values are for afternoon.

is evidence that tracking on the disc shading the GG22 pyranometer was
corrected. The plot for day 263 shows that the pyranometer was not shaded at
all. The tabulated daily integrals in watts m~2 for each channel are shown
along the bottom. One langley per day = 0.484468 wm~2,

LANGLEY PLOT SLOPE AND INTERCEPT VALUES FOR ALL CHANNELS
Langley plots for all the output channels at Mauna Loa were derived for
several days. The objective of this program was: 1) To determine values of

aerosol optical depth using the reference channel of the water vapor meter.
2) To determine if both the pyranometers and pyrheliometers were calibrated
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Table 17. Sample Irradiance Values, Adjusted to 1 a.u., For One Day at One
Station

Sci IDENTIFYING LIST OF INSTRUMENTS ON INTEGRAL OQUTPUT SHEETS
MLO 1975 00Y=263 TRUE SOLAR NOON=2216.

CH/AM  3.36  2.69  2.%1 1.34 1016 .99 Y .70 TSN
A6 . .. . 16.785 22115 31.541 . _ 51.532 __b4%.229 81.548 _ 93,019 17775 __ 198,993 . .
16,1378 224047 31,371 51,325 67,031 85,638 31.132 111,083
17 .. 16,120 21.746 30,257 43,495 61,992 78,502 89,619 133,261 104,370
14,513 19,749 28,746 43,179 63,648 75. 740 74.318  106.188
17716 960 952 .953 . 360 . 965 . 963 .963 .958 .958
. . 886 397 . ,916 w933 4951 _ .882  __ .916  __ _.956 _ . _ _
18 12.995 17.113 24,121 39.435 43,093 61.672 7u.193 85,975 81.911
114456 15,763 22,843 38,206 50,289 65,368 60,916 83,103
18716 o774 L 77% . 765 766 749 . 756 755 .751 L752
.699 .716 728 .« Tl 750 758 751 748
19 12,416 16.544 23.284  35.14%  47.575 59,883 67,853 78,240 79.203
11.276 15,561 22,573 37.:26 48,331 62,683 58,496 73,776
19/16 o742 JT4R .738 W 74) 70l 734 729 . 726 727
693 70T 719 .721 730 736 721 718
.20 S ..a519 .703 1.047 10834 .. 24376 3.135 3.679 4.488 4,807
515 LT 14126 1.973 2.6%2 3.393 3.372 4,692
20716 L0341 yi32 033 «236 937 <536 040 42 042
. ‘033 eIl 036 .33 ‘039 . bb (042 V142
21 78,415 82,118 39.398 95..55 13,827 86.902 74,178 57.015 49,130
o 1424k . " 1.285 1.30L 14359 14354 2.280 1,661 44,012 B
21721 1,000 iuda? 1.63) e dd 1,023 1.000 1.000 1.000 1.3C0
1.003 PE It Lia {559, 1.5 30 1.000 1,003 10206
22 79.6€9 bL.722 914192 97,253 96,076 88,781 76.256 58,993 51,161
1,429 1449 1,469 14546 14548 2.326 1.832 46,081
22/21 14316 1,213 t.02c tes23 1e024 10022 1.028 1.035 1,061
1,149 1s 145 14129 1,133 1143 1.118 1e146 1,047
23 814761 . BEaSh. 93.381 . Aule4dL  _ 13%.722  _107.852 138,980  109.948  _149.141
.509 . 756 L731 .£83 459 525 .958  107.046
23721 1.774 1oib1 545 14467 1116 te241 14469 1.928 2.221
o O .53 .539 S W433 . L339 2252 . 4539 2,432
24 26.187 26,531 25.89: 25.561 25.262 25,165 24,902 24,727 24,610
. _24.924 25.175 25.431 25,778 ... 2beudS 23..27 17.499 24,764
24725 1.118 1171 1.033 1o v 65 1.253 1.350 1,449 1,360 1,073
1,252 1a762 1,217 1,153 1.168 1.158 1.142 1.106
25  23.424  23.739  23.835 24e32 23.877 23,972 23,732 23.325 22.925
19.745 27,292 20,435 2:.256 22.333 19,382 15.323 22,339
25725 $a.l 00 1e.1% 14T33 15403 Leis 1.002 1,040 14700 1.000
1soi0 P 2354 s 23 1.0cd 1a307 14223 1,000
.26 . 134333 71650 834154 394395 39,252 84,289  _75.224 604981 54,075
1.376 1.469 1.525 1577 1617 2,347 1.785 49,334
26721 515 L9384 933 <933 V361 370 1.014 1,170 1,101
1e1'5  lai65 __3.372 14160 _ __ 1.19% __ 1,128 _ _ 1.115 14121 o

Note: Values are in mWem 2. For each channel, the upper values are for

morning and the lower values are for afternoon.

on the same radiation scale. 3) To determine if the procedure of Ellis and
Pueschel (1971) for determining turbidity could be treated in a more general
manner. 4) To determine if total precipitable water wvapor amounts could be
found by using the more general procedure,.

Theoretical considerations indicate that all of the above objectives can
be met but the present data are too noisy to yield meaningful results. Meas-
ured aerosol optical depths are small and often negative because of measure-
ment inaccuracies. Langley plot intercepts obtained with pyranometers are
7% to 10% higher than those obtained with pyrheliometers, indicating that
calibration problems are not serious although problems at the 1% to 2% level
are not eliminated. The slope uncertainties are greater than those given by
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Figure 52. Pyranometer-produced plots of irradiance in miWem™2.

Ellis and Pueschel but more easily interpretable in terms of total optical
depth because of higher resolution type measurements. Total precipitable
water vapor amounts have uncertainties of at least *3 mm. This technique of
deriving Langley plots will be further investigated and refined during 1976.

ANGSTROM TURBIDITY COEFFICIENTS

Analysis showed that deviations of Angstrom turbidity coefficients from
the multichannel radiometer are not possible with the given instrument cali-

bration constants. A similar conclusion was reached recently by G. D.
Robinson (1976).

4.5.3 International Pyrheliometric Comparison, Davos, Switzerland

GMCC participated in the International Pyrheliometric Comparison IV as
part of the NOAA contingent from October 6 to October 24, 1975. Two GMCC
instruments were used: ingstrom pyrheliometer 210180 and Eppley-Kendall
radiometer 12843. Both instruments were also used in pre-Davos and post-
Davos comparisons in Boulder and 10180 also in the Table Mountain Comparison
of 1972.

The ratios of the response of these instruments to instruments represent-
ing the Kendall radiometer scale are listed below:

Place/Date A10180  EK 12843 Ref. instrument
Table Mtn., Oct., 1972 0.9741 =————m- PACRAD 2
Boulder, Aug., 1975 0.9726 0.9996 T™I-67502
Davos, Oct., 1975 0.9702 0.9999 TMI-67502
Boulder, Jan., 1976 0.9727 1.0004 TMI-67502

The ratio of TMI-67502 to the reference PACRAD at Davos is 0,9997.
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The comparisons indicate both 210180 and EK 12843 have remained stable
during the series of comparisons and serve to tie our instruments to the
international standards and meteorological radiation scales.

4.5.4 Water Vapor Meters

In 1973, development of five water vapor meters was started by the High
Altitude Observatory, NCAR, at the request of GMCC. The purpose of the water
vapor meter measurements will be to provide information on, 1, the daily and
seasonal variations in total precipitable water; 2, the correlation between
total precipitable water and measurements of direct, diffuse, and global
radiation; 3, the correlation between total precipitable water and turbidity;
and, in conjunction with pyroelectric turbidity meter observations described
elsewhere, the wavelength dependence of the direct radiation, the internal
consistency of the measurements, the residual absorption due to dust, and
causes of the seasonal and perhaps long-term trends of transmission of the
atmosphere and of the solar constant.

4.5.5 Miscellaneous Topics
CALCULATION OF THEORETICAL RADIATION CLIMATOLOGIES FOR ALL GMCC STATIONS

Expected insolation values in lyday'1 and Wm~2 for each day of the year,
for each station and pyranometer, were calculated along with other components
of the solar radiation budget, terrestrial radiation budget, and meridional
mean climatology. The purpose of these calculations was to check on the
performance of the pyranometers and ICDAS so that any obvious errors in the
data collection could be easily and quickly corrected.

The calculation techniques are being published elsewhere (Hoyt, 1976).
A sample of the output for Boulder is illustrated in Table 18. The columns
in the upper half give the following information: 1) the day of the year,
2) the daily total extraterrestrial solar irradiance on a horizontal surface
at the top of the atmosphere, 3) the daily total absorption by water vapor,
4) the sum of the daily total absorptions by ozone, carbon dioxide, and
oxygen, 5) the daily total dust absorption, 6) the sum of the previous three
columns, 7) the daily total direct irradiance, 8) the daily total diffuse
irradiance, 9) the daily total global irradiance, and 10) the ratio of the
global irradiance to the extraterrestrial irradiance. 1In the lower half are
given 1) the day of the year repeated, 2) the daily total global irradiance
for wavelengths greater than 530 nm (A>530 nm), 3) the daily total absorption
by water vapor, 4) the same for A>695 nm, 5) the daily total normal incidence
irradiance, 6) the daily total irradiance absorbed at the Earth's surface
from the diffuse component, 7) the direct component, 8) the global radiation,
9) the total daily radiation reflected to space at the top of the atmosphere,
and 10) the total daily radiation absorbed in the Earth's atmosphere and at
the Earth's surface.

These tables have already proved useful to the solar radiation program

by indicating errors in the values of the calibration constants placed in the
ICDAS accidently.
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Table 18. Sample of Radiation Climatology Data

SOLAR KADIATIOUM KESLLTS &7

BQULDER,CLL U, ILWTEGRAL VALUES . e Fuk nC 8 7
INSOLAT IO ARS8, 4T SuURFACE REFL, TOTAL
DAY NGt RG2 HGH NReAL DIK,  OIFF ., GLOBAL TOP ABS,

1e 343, 1 280G, 1 2in,A 917,4 210,1 91,4 3IN1,U 236,86 ULUD,B
2e IuS5,0 2Bl.6 238,14 921,33 211,58 91.5 303,00 23B,0 d4up,3}
3s 347,0 28B3,3 239,50 925%.5 213,0 917 304,66 239.2 H4u,!
4o 3JU9,2 2BS,1 241,31 920,89 2{l,h Q1,6 Tobh,Ud 2006 45,9
Se 35146 2BT7,1 243,0 9IuE 26,4 92,0 30B.4 2U41,9 4uB,0
bs 3SU.2 289,22 24U,F 939,9 21%,2 92s2 3105 243,33 450,33
Te 356,.8 291 .4 2ub,T Q45,2 P2lig? 92.5 312.7 24d,8 45247
B 3159,7 293.7 PuR R 951 ,G  2p2p,3 92,7 31540 2ub,4 45%,3
9y 62,7 2942 250.9 9FShT  22H,.H 92,9 317,85 24¥,1 4SB,0
10, 65,8 29K 4 284,72 QK”2,5 226,9 93,2 320.1 29,9 U4bn,8
11 369,1 Iny .4 255,65 969,3 229,13 G3,u4 322.8 251,8 Uty 8
12 372,5 304,33 25R,0 475,99 231,9 93,7 325,6 253,99 Ube,9
13 37641 307,22 2bdsh 9B2,7 23u,b Qu,0. 32H,5 256,0 U4T70,1
14, 379, 330, T T7 237,% & 1,6 258,2 473,5

15, 383,77 3v- 20 2h0gb6 47k 7
16 387.7 62,4
17. ~

SOLAR RADIATION RESULTS AT
HOULDER,CULU, INTEGRAL YALUES s s ol EOR- NG E 7 B
EXT, ATMUSPRERIC ARSOWPTION INSULATINN
DAY INSOL, 120 rINOR LUST  TOTAL DIRECT DIFF, GLO®BAL RATIO

1e 677,86 77.5 56,3 5.5 139,% 347,B 151,3 499,1 o737

2s b6B0,3 7744 56,4 529 139,4 3%50,1 151,5 501,46 0 737

. 3s _BB3,3 77,4 56,48 845 139.,4. 352,6 151.8 504,44 o+ 738
Ue BBBHS T7.4 Sheb 595 139,95 355,33 1520 507,33 739

5, 689,9 77,4 56,7 5.5 139,86 358,2 152.3 510.6 e 740

. ba_ 693,86  T77.4 56,9 ~58.5 13948 381,33 152.7 S14,0 _L,741
Te 697,5 77.5 5749 5.5 140,0 3Ad,b6 1853,1 517,7 s Tu2

By T01,7 77.5 57,2 Seb 140,33 3b6by1 153,55 8521.6 W 743

Qe -T0hs} 776 57,3 B 1u0,%5 371,88 153,9 825,86 2 TUH

10 71003 77|7 57«5 Snb lﬂ”oq 375|b 15“.3 529-9 l7u6
11s 71547 778 57,7 beh 1dYen 379,77 (54,7 S34d,.4 o747

_ .12 72048 1749 57,8 Seb - luled 383,797 55,1 539,1 L748
13 T726,1 78,0 SR .0 Seh 141,k 3RB,4 1585,6 5UyY,0 2749
1d, T31.7 T8, 1 SH,2 Seb 141,49 393,0 15641 549,0 « 750
15, T37.5 _18,.3 58,3 Ss0  142.2 397.7 156.,5 554,.3 + 752
16, 7“3.5 TH,7 S5R,§ S5:6 1ug Ut,H8 157486 55°aﬂ « 752
17« 749,8 79,2 58.7 5¢7 143,68 u4n5,9 158,77 564,7 « 753

18,  T756.7% a8 ul0ed (15949 S70.2 2 154
Tt B 1b1.2 876,0 2+ 755

T4 BH1,9 « 756
"= a -187

Note: Units are langleys/day.
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PYROELECTRIC TURBIDITY METER

During 1975 the feasibility of developing turbidity meters using pyro-
electric detectors was investigated. Computer programs were written and a
trial run was made on a prototype instrument, developed by NBS for laser
calorimetry, to check on the suitability of such instruments for GMCC use.
Since the time that initial work on this project was started, electrically
calibrated pyroelectric detectors have become commercially available.

OTHER SUPPORTING COMPUTER CALCULATIONS

In addition to the computer programs directly concerned with data proc-
essing and analysis (sec. 4.5.2) and with the radiation climatology, several
other supporting programs have been prepared. Chief among these are:

1) Computations of Rayleigh optical depths versus wavelength using the
latest value for the depolarization factor given by Rudder and Bach (1968)
for Np. 2) Computations of the air mass values using the U.S. Standard
Atmosphere 1962 up to 90 km for 0.40, 0.45, 0,50, 0.55, and 1.06 um wave-
lengths. Comparison with tabulations by Kasten (1964) showed agreement to
within 1 part in 10,000 at nearly all solar zenith angles. 3) Computations
of the air mass values for the beginning of each minute of every day for
Mauna Loa, Barrow, and Boulder. (These tabulations are very useful for hand
checking the results of our data and for the sunphotometer calculations.)

ACQUISITION OF SOLAR TRACKER

A solar tracker was acquired from Carson Astronomical Instruments, Inc.
in 1975. It has a hexagonal spar for the mounting of more than one instru-
ment and has a tracking accuracy of better than 1 arc minute. A dome for
housing this instrument is being built. Modifications to the original instru-
ment have included a new holder for the solar tracking head and a holder for
a pyranometer for pyrheliometer intercomparisons which are planned.

4.6 Precipitation Chemistry Measurements

The analysis of precipitation for its chemical constituents has been a
part of scientific investigation for over 200 years. Atmospheric chemistry,
meteorology, geochemistry, limnology, agriculture, and ecology are among the
disciplines that have recognized the importance of understanding the chemis-
try of precipitation. Scientists in these various fields have conducted a
multitude of precipitation chemistry studies.

Although all this work forms a solid basis of reference for global and
regional monitoring, it is important to define the methods, techniques, and
purpose of precipitation chemistry to answer a basic question in terms of the
GMCC program, i.e., how does a particular measurement at a baseline site con-
tribute to our monitoring of climatic change? To answer this question one
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must realize that precipitation chemistry data can be viewed in two ways.
First, the precipitation that is collected represents complex processes in
the atmosphere which include condensation of water on particles, capture of
particles and gases in clouds, coagulation of cloud droplets to form rain,
and finally the scavenging of gases and particles below a cloud. An ice
phase may also be involved to complicate the picture. Actual "climatic
changes" may participate in each of these processes in the atmosphere. By
measurement of sulfate, nitrate, and other constituents over a long period of
time the gross integrated index of these different chemicals can point to
trends. But even if trends are detected, meteorological and other related
data must be used in interpreting the results and subsequently relating these
to the concept of "climate".

Thus, precipitation chemistry data can be used as an index of compounds
that may influence the climate--S0,, sulfate aerosols, ammonia, chloride, and
others. An improved solution woula be to measure these gases and aerosols
directly in and out of clouds at several levels in the atmosphere for con-
centration, chemical composition, size distribution, and other pertinent
parameters. Such measurements are not yet practical in monitoring programs
and can be obtained only on a research basis with newly developed techniques.
Thus, the gross measurements provided by precipitation chemistry must suffice
until we have more sophisticated, economical, and direct methods of sampling.

A second kind of information that can be gathered from precipitation
chemistry concerns the deposition of materials to the Earth's surface. This
information becomes extremely important in evaluating the Earth's geochemical
and biological systems. Knowledge of the chemical cycles at the atmosphere-
Earth interface will be helpful in recognizing changes in the biosphere.

Such biological changes may eventually have indirect climatic effects.

A case in point is the increase in acidity of precipitation both in the
northeastern United States and Scandinavia which has been postulated to be
caused by an increase in nitric oxide and sulfur dioxide in the air. Reduced
tree growth and decreasing fish population are a direct consequence of this
anthropogenic and regional phenomenon. An even more subtle problem could be
the long term synergistic effects caused by this change in precipitation
composition. Such trends in precipitation chemistry make it imperative to
establish baseline measurements in pristine areas such as those around the
present GMCC observatories. These data would show to what extent these
regional trends may have expanded to a global scale.

4.6.1 New Precipitation Chemistry Activities in 1975

Because the World Meteorological Organization (WMO) has established pre-
cipitation chemistry as one of the required programs at baseline and regional
stations, the WMO sponsored an expert meeting on wet and dry deposition
(WADEM) in November 1975 (Kronebach, 1975). The purpose of this meeting was
to coordinate international studies of precipitation chemistry. In the final
report, the participating scientists suggested preferred sampling techniques,
analysis procedures and data processing methods. The recommendations will be
used to revise WMO Manual No. 299 "WMO Operations Manual for Sampling and
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Analysis Techniques for Chemical Constituents in Air and Precipitation."
Such coordination and standard setting has become imperative because of the
great interest expressed by Australia, Kenya, Argentina and other countries
in establishing regional and baseline sites.

Besides participating in the WMO-Expert meeting, Dr. J. Miller of the
GMCC staff participated in the unilateral exchange program under the US-USSR
agreement on cooperation in the field of environmental protection. The
purpose of his 4-week visit to the Soviet Union was twofold: First, to
investigate the work being done in the USSR in geophysical monitoring, espe-
cially precipitation chemistry; second, to find areas of cooperation between
the US and the USSR on the "effects of pollution on climate". The visit was
successful in that Miller was able to work with Drs. Selezneva and Petren-
chuk, two of the leading scientists in precipitation chemistry. It is hoped
that through this exchange program Soviet scientists will visit one of the
GMCC facilities in the future.

Nationally, the year 1975 was one of active scientific interest in pre-
cipitation chemistry. This interest was demonstrated in the Acid Rain Sym-
posium where over 100 papers were presented. One of the most important
studies to evolve in the last year has been the Cornell University inter-
comparison study jointly supported by an Environmental Research Laboratories
(NOAA) grant and GMCC. Under this grant, Prof. Gene Likens and Dr. James
Galloway have made significant contributions to establishing a scientific ba-
sis for the collection of precipitation and its analysis.

In this study precipitation was collected by several methods using ap-
paratus of different designs. These differing methods and designs were in-
vestigated to determine which gives the most representative sample of pre-
cipitation for the determination of some 25 chemical parameters. The experi-
mental site in Ithaca, New York, has 22 collectors of 10 different designs
(Fig. 53) that collected in bulk (wet and dry deposition collected together),
wet only (only rain and snow) and wet/dry (wet and dry deposition collected
separately). In every sampling period, which varies from one day to one
month, depending on the time variable being tested, the samples are analyzed
for the following: conductivity, pH, Ca, Mg, Na, K, NHy, NO3, Nggta]l, SiOy,
POy, Ptotals Cl, SOy, DOC, Zn, Cu, Mn, Fe, Al, Ni, cd, Pb, Ag, DDT, DDE,
Dieldrin and PCB's.

Major conclusions of this study are:

a. Precipitation ‘samples must exclude dry deposition if accurate
information on the chemical content of precipitation is required.

b. Substantial contamination results when glass and plastic collectors
are used to sample precipitation for inorganic and organic components, re-
spectively.

6% The inorganic components of precipitation samples of low pH (3.5-

4.5), with the exception of PO, and Cl, exhibit no significant change in
concentration when stored at 4°C for a period of eight months.
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Figure 53. Site of Cornell University intercomparison of precipitation
collection methods .-

d. If quantitative information on the chemical composition is required,
precipitation samples should be collected at intervals no longer than 1 week
if immediate collection is not possible (Galloway and Likens, 1976).

To apply the results of the Cornell comparison to study of regional wet
deposition of air pollutants, especially sulfur, four regional collection
sites will be established under a cooperative effort by Battell Northwest and
NOAA and funded by the Energy Research and Development Administration (ERDA),
Fig. 54. The stations form a "baseline" through the northeast U.S. where
changing energy resources will increase the use of high sulfur fuels in the
years to come. State University of New York (SUNY) at Albany, Cornell Uni-
versity, Pennsylvania State University and University of Virginia will par-
ticipate in the project. It is hoped that with careful siting, collection,
and analysis, these stations will produce long-term gquality precipitation
chemistry data especially useful in the evaluation of environmental changes.

Another area that has been investigated under modest GMCC funding is
that of fog collection for chemical analysis. It was found that metal fog
collectors at Mauna Loa contaminated the samples. To solve this problem, Mr.
Ray Falconer of SUNY has designed a plastic fog collector which will be test-

ed at Whiteface, N.Y. in 1976. Eventually one will be placed at Mauna Loa
(Fig. 55).
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4.6.2 Baseline Precipitation Chemistry

During 1975, Mauna Loa, Barrow, and Samoa began pH and conductivity
measurements using pH meters, conductivity bridges, electrodes, chemicals,
and bulk collectors. It is hoped that the in-situ measurements can be ex-
panded to include sulfate, chloride, and other important ions. Table 19 is
an overview of the measurement programs at the three sites. The ERDA program
is described in Section 5.1.3. The data from the EPA collector are published
in Atmospheric Turbidity and Precipitation Chemistry Data for the World.

Table 19. Precipitation Chemistry Measurements at GMCC Baseline Sites

Mauna Loa

GMCC = pH, conductivity (daily, weekly at

three sites).

EPA - pH, conductivity, SOy, NOs3, NH,, Cl,
F, Ca, Cu, Fe, K, Mg, Mn, NA, Ni,
Pb, Zn, (monthly at MLO).

ERDA - pH, SOy, Cl, NOj3, Pb, Ni, Ce, V
(monthly MILO 1976).

Barrow
GMCC - pH (weekly at four sites).
EPA - same as Mauna Loa.

Samoa

GMCC - pH measurements to begin in 1976.
EPA - same as Mauna lLoa.

ERDA - same as Mauna Loa.

MAUNA LOA

Data of Mauna Loa pH measurements included in GMCC Summary Report 1974
were those collected in standard rain gauges (metal). New plastic collectors
have been installed since then at the three main sites--Hilo, Kulani Mauka,
and Mauna Loa Observatory. Values for the latter half of 1975 are shown in
Fig. 56. The decrease of pH values with ascent is demonstrated in Fig. 57.

To show the validity of weekly sampling versus event sampling for pH
determination, Fig. 58 shows the small difference between the composite week-
1ly collection and the weighted average of all the events for that given week.
The weighted averaged values are somewhat lower than the composite.
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BARROW

The difficulty of obtaining representative precipitation samples for
chemical analysis in the Arctic environment is well known. Conventional col-
lection of representative samples at Barrow is especially difficult, because
of the small amount of precipitation and the added factor of blowing snow.

To approach the problem of collection and analysis of precipitation in
such an environment, a local program of snow collection for pH measurements
was established. From February 19 to May 19, 1975, snow was collected weekly
at four sites, 25 meters north, east, south, and west of the observatory.
Samples were taken from newly fallen snow and old snow underneath. The ob
server was careful not to contaminate the sample during collection. By stan-
dard procedures, pH values were determined on the eight samples. Table 20
shows the results for the winter season. These data must be considered pre-
liminary since collection and measurement techniques are still to be defined.

Table 20. pH Values of Snow Measured at Barrow from February 19 to
May 19, 1975.

Average North South East West
New Snow 4.80 4,56 4,94 4,95
0ld Snow 5.06 4.89 5.14 5.12
Total 4.90 4,72 5.03 5.03
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SAMOA

Special studies of pH in precipitation should begin in 1976.

4.6.3 Regional Precipitation Chemistry

In 1970, a joint program was begun by NOAA and EPA to establish WMO
regional sites in the United States. Without formal site surveys, ten
National Weather Service (NWS) stations were chosen as regional collection
points. The only criterion for the choice was that the stations not be in
urban areas. Table 21 and Figure 59 show the sites. Only two, Caribou and
Huron, had been included in previous Public Health Service networks.

Table 21. WMO Regional Sites in the United States

Site Elevation (m) Coordinates WMO ID No.
Bishop, Calif. 1252 37°22'N  118°22'w 72480
Alamosa, Calif. 2297 37°27'N  105°52'wW 72462
Salem, Ill. 177 38°39'N 88°58'W 72433
Caribou, Maine 191 47°41'N 68°03'W 72712
Meridian, Mass. 94 32°29'N 88°45'W 72234
Atlantic City, N.J. 74 35°52'N 78°47'W 72407
Pendleton, Oreg. 456 45°41'N 118°51?w 72688
Huron, S. Dak. 393 44°25'N  105°52'W 72654
Victoria, Tex. 36 28°51'N 96°55'W 72255

An informal arrangement was made that NWS would provide the sites and
Air Resources Laboratories would provide evaluation of the data. EPA would
take care of the chemical analysis of the samples at the Quality Assurance
and Environmental Monitoring Lab. This program has been operated in this
manner from 1972 to the present.

The data from the regional sites are reported in Atmospheric Turbidity
and Precipitation Chemistry Data for the World.

4.6.4 Special Study

In April 1974, a volunteer program was established in the Washington,
D.C., area to determine pH and precipitation amounts. The network now con-
sists of six collecting sites. The purpose of the network is to test field
methods of precipitation collection that could be transferred to regional and
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baseline sites which generally have only limited chemistry facilities. The
pH data should be typical of wvalues for the northeastern United States. A
summary of the 1975 results at the six sites is shown in figure 60.

4,6,5 Plans
Plans for the precipitation chemistry program within GMCC are:

a. Establishment of in-situ chemical measurements in precipitation at the
baseline observatories.

b. Site evaluation by both multiple collection at the baseline observatories
and meteorological analysis using air trajectories.

c. Replacement of present open-close collectors at both regional and base-
line sites with more reliable collectors.
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5. COOPERATIVE MEASUREMENT PROGRAMS

This section provides an opportunity for the major cooperative program
investigators to review their activities at the GMCC Observatories and to
summarize some of their data. A complete listing of the cooperative programs
is included in the Tables under Section 3.

5.1 Mauna Loa Observatory

5.1.1 Sunburning Ultraviolet Meter
Daniel Berger, Principal Investigator
Temple University
School of Medicine/Skin & Cancer Hospital

The Sunburning Ultraviolet Meter, measures the skin-sunburning effective-
ness of solar energy. The spectral response of the meter is similar to the
skin's erythema action spectrum. The data consist of the dose during each
half hour of sunburning ultraviolet measured throughout the day on a hori-
zontal plane.

It is believed that the action spectrum of skin cancer is like that of
sunburn, and the meters have been placed in several locations where data on
the occurrence of skin cancer have been previously gathered: Oakland, Ft.
Worth, Minneapolis, Des Moines, Albuguerque, El Paso, Philadelphia, and two
sites in Australia. The short wavelength end of the ultraviolet spectrum,
which induces sunburn, is strongly affected by ozone concentration. The
meter has been installed in three locations that have Dobson ozone spectro-
photometers in order to correlate sunburn effect with ozone changes: Bis-
marck, Tallahassee, Mauna Loa. Other sites have been chosen to provide a
better understanding of the effects of latitude, altitude, and local atmos-
pheric conditions on the measured parameter: Warsaw, Poland; Davos, Switzer-
land; Honeybrook, Pa.

In 1975 eleven stations in the United States continued to gather data.
Two stations in Australia also continued their observations. The single
station in Europe was supplemented by two others in June.

Annual calibrations of each station were made. Annual changes have
averaged 2% with maximum variations of 7%.

The 1974 results have been analyzed and published by the National Cancer
Institute Publication DHEW NO (NIH) 76-1029, "Measurement of UV Radiation in
the U.S. and Comparisons with Skin Cancer Data." The conclusions of this
report are applicable to any other single year in which the stations are
essentially the same.

An expanded network is projected for 1976. Six additional stations in
the Western Hemisphere and an additional station in Europe are planned. The
climatology developed should be useful to a variety of disciplines including
epidemiology, biology, and meteorology.
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5.1.2 Atmospheric Electric Measurements
William Cobb, Principal Investigator
Atmospheric Physics and Chemistry

Laboratory (APCL), NOAA

In April 1975, an agreement was reached between GMCC and APCL concerning
atmospheric electricity measurements at three of the GMCC stations. The
agreement calls for APCL to develop and test a measurement system for poten-
tial gradients, air-Earth current, and conductivity, to install the system at
Mauna Loa, and to turn the equipment over to the staff for routine operation.
The purpose of the program is to repeat the measurements made in 1960 and
again in 1968 in order to detect any secular changes in the atmospheric
electric climate at the observatory.

Instruments to measure the potential gradient, the air-Earth current
density, and the atmospheric electrical conductivity were installed at Mauna
Loa in October 1975. The potential gradient and air-Earth current sensors
are the same type as the instruments installed at the South Pole (see Section
5.3.1). The conductivity sensors, positive and negative, are the same
"Gerdien" cylindrical condensor systems used in previous MLO measurement
expeditions. All parameters are monitored by a strip chart recorder and are
also fed into the station's data acquisition system.

This equipment will be rotated between Mauna Loa, Barrow, and Samoa at
an interval to be determined by the scientific need so that for each station
baseline values of the atmospheric electric climate will be developed and
checked at 5- to 10-year intervals for possible secular changes. No signif-
icant data analysis for Mauna Loa has been completed during 1975.

5.1.3 High Volume Aerosol and Precipitation Collection Programs
Herbert L. Volchok, Principal Investigator
Health and Safety Laboratory (HASL), ERDA

The two HASL programs at the GMCC stations have been part of much larger
monitoring research efforts of this laboratory. One involves high volume,
continuous sampling of the surface air aerosol; the other samples the cations
in precipitation by an ion exchange resin column. Both programs have similar
objectives: the study of spatial and temporal distributions of particular
stable and radioactive species, in air and precipitation respectively.

The precipitation program was initiated at both Barrow and Mauna Loa in
1959. The Mauna Loa station has continued in this study through 1975; Barrow
essentially discontinued sampling at the end of 1967. The samples from this
program were analyzed only for Sr-90. All of the data produced are reported
qguarterly (Hardy, 1975). The period of 1967 through 1975 for Mauna Loa has
been summarized in Table 22. A general description of the program and data
interpretation is published annually (see Volchok, 1975).

The surface air sampling at Mauna Loa and the South Pole was actually

started in the mid-1950s by the Naval Research Laboratory (Lockhart et al.,
1964, 1965) and continued through 1962. HASL took over the program in 1963,
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CUM. TOTAL

JAN. FEB. MAR APR. MAY JUNE JULY AUG. SEP. OCT. NOV . DEC.

1967 PRECIPITATION 8.81 0.86 10.49 5.23 6.98 5.10 9.30 5.87 3.38 4.24 11.20 iz 71.46
SR-90 0.03 0.01 0.06 0.05 0.04 0.01 0.03 0.01 0.01 * * * 0.25
SR-90 CONCENTRATION O0.34 1.16 0.57 0.96 0.57 0.20 0.32 0.17 0.30 o= e s
SR-89/SR-90 25.30 * 6.50 4.80 * * * * * * * *

1968 PRECIPITATION 5.08 3.91 8.64 11.25 4.04 4.04 2.41 5.43 11.53 5.61 1.17 9.24 72.35
SR-90 0.01 * 0.05 0.11 0.02 0.05 0.02 0.04 0.04 0.01 0.02 * 0.37
SR-90 CONCENTRATION 0.20 - 0.58 0.98 0.50 1.24 0.83 0.74 0.35 0.18 1.71 ==
SR-89/SR-90 22.00 * 2.40 1.20 * * * 4.20 4.20 * *» *

1969 PRECIPITATION 13.44 2.72 4.60 2.46 1.65 0.05 0.64 0.33 0.99 1.45 * 1.42 29.75
SR-90 0.02 0.02 0.04 0.02 0.02 * * * 0.02 0.01 * 0.01 0.16
SR-90 CONCENTRATION 0.15 0.74 0.87 0.81 T2, = = e 2.02 0.69 i 0.70
SR-89/SR-90 * * 7 70 8.50 5.50 * * * * * * *

1970 PRECIPITATION 2.28 2.27 * 3.28 3.63 0.05 0.33 3.53 0.28 0.91 1.27 4.83 22.66
SR-90 * 0.01 * 0.11 0.04 * 0.01 0.01 * * * 0.02 0.20
SR-90 CONCENTRATION -- 0.44 - 3.35 Y30 - 3.03 0.28 - e i 0.41
SR-89/5R-90 - m— - . e e * * * * - *

1971 PRECIPITATION 18.11 0.64 0.93 7.01 - 0.79 e 0.28 i T - 6.48 0.64 36.05
SR-90 0.02 0.01 0.01 0.14 0.05 0.04 0.02 * 0.01 * * * 0.30
SR-90 CONCENTRATION 0.11 1.56 1.08 2.00 — 5.06 = - 0.85 s v ==
SR-89/SR-90 5.00 — — —— - - - — s - - =

1972 PRECIPITATION 0.84 1.85 2.06 2.08 3.51 1.40 3.81 0.38 1.65 e 0.64 - 18.22
SR-90 0.10 0.02 0.02 0.02 0.02 0.01 0.03 * * * * 0.04 0.26
SR-90 CONCENTRATION 11.90 1.08 0.97 0.96 0.57 0.71 0.79 - i w e ==
SR-89/SR-90 i e e e - - s s o - P =

1973 PRECIPITATION - 0.51 = 0.08 3.05 = 4.52 - 3.81 - 14.12 2.54 28.63
SR_QO * * * * * * * * * * * D_OD
SR-90 CONCENTRATION -- - - - - - e — e == - e
SR-B9/5R-90 —— = . . o - = — . - —- ==

1974 PRECIPITATION 5.66 — - — 4.83 128 2.54 * 4.220 4:25C == o 22.59
SR-90 * 0.04 0.05¢C 0.05C 0.05 0.02 * * * * s - 0.21
SR-90 CONCENTRATION -- == == - 1.04 1.79 -— e - e s s
SR-89/SR-90 =5 = . = . == = o = - -h i

1975 PRECIPITATION 9.02 6.48 1.98 = * 0.76 0.38 -~ s - . - 18.62
SR-90 0.03 0.04 * * * * * e - sam i aa 0.07
SR-90 CONCENTRATION 0.33 0.62 - - - - - - - _— s v
SR-89/5R-90 — - e - i - - - i e e -

0™ *

Data not available
Zero or trace
Approximate

Lower limit of reported data
Proportioned from originally conseclidated data

Precipitation in centimeters

SR-90 in Milli-Curie/square kilometer
SR-90 Concentration in Pico-Curie/liter
SR-89/S5R-90 = Ratio




but for logistical reasons sampling at the South Pole was terminated and was
not resumed there until 1970. Sampling started at Barrow in 1975 and is
scheduled to start at Samoa in 1976.

In the course of this study, the samples have been analyzed for a var-
iety of radionuclides in response to various stimuli such as timing of the
nuclear weapons tests, tracer experiments, and accidental releases. Routine
analysis for elemental lead was begun in 1966. The current program includes
analyses for Sr-90, Zr-95, Cs-137, Cs-144, Pb-210, plutonium, and stable Pb.
As in the precipitation program, the data are published quarterly (Volchok et
al., 1975). Data from Mauna Loa and South Pole for 1974 and 1975 are sum-
marized in Tables 23 and 24. Table 25 summarizes the data from the Barrow
program which was initiated in September 1975.

Plans for the immediate future include: (a) providing both the Mauna
Loa and Samoa sites with instruments to separate wet from dry fallout, (b)
aerosol sampling at Mauna Loa as a function of wind direction, (c¢) initiating
aerosol sampling at Samoa, and (d) increasing the scope of non-nuclear anal-
yses of the samples (pH, SOfF, NO3, Cl7 and additional trace metals). These
program changes will all be effected in 1976.

5.1.4 Tritium Measurements
Gote Ostlund, Principal Investigator
Rosenstiel School of Marine and Atmospheric Sciences
University of Miami

The Tritium Laboratory of the Rosenstiel School of Marine and Atmos-
pheric Sciences, University of Miami, began atmospheric tritium sampling at
Mauna Loa Observatory in August 1971. The activity of water vapor and the
mixing ratio of tritiated water vapor (HTO) are determined, as is the mixing
ratio of tritium gas (HT). The system is described in Ostlund and Mason
(1974) . First, all the water vapor is absorbed in one "trap" of molecular
sieve. In a succeeding trap, the atmospheric hydrogen species are combusted
to water which is absorbed in-situ. At Mauna Loa, air is processed at a rate
of 2 £/min. Two sample runs are made per week, each normally 48 hours long.
The traps are sent to Miami for extraction and analysis.

Mauna Loa Observatory serves as the Northern Hemisphere baseline for a
network of similar samplers that includes Fairbanks, Alaska; Miami, Fla.; and
Baring Head, New Zealand. The 1975 data from all four stations are shown in
Fig. 61l. The stratosphere contains most of the atmospheric HTO, and the ef-
fect of the spring leak on the HTO mixing ratio (very prominent at Fairbanks
in early summer) is seen to be removed by precipitation and air-sea exchange
prior to arrival at Mauna Loa Observatory. During 1975, the pulses of HT
released by underground nuclear test (a major HT source) were below the mag-
nitude needed for unambiguous detection at Mauna Loa Observatory. In previ-
ous years, notably 1973, large injections were detected as a step increase in
the HT mixing ratio. (See Mason and Ostlund, 1974, for a report of that
event.)

At the end of 1975, a new HT/HTO sampler was being installed at Mauna
Loa Observatory. This unit has dual gas trains, which permit separation of
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Table 23. Surface Air Concentrations of Selected Elemental Species in Mauna Loa, Hawaii
SURFACE AIR CONCENTRATION IN MALNA LCA, HAWALI CLRING 1974
JAN. FER. MAR. APR . MAY JUNE JLLY ALG. SEF. CCT. hCV e CEC.
GAMMA  (CPM/CL.MN) 0.032  0.001 0.138 G.1C2 C.CEe C.185 €.C60 €.036 0.035 0.033 0.046 C.057
BE- 7 (FCI/CU.WM) 136.00 191.CC  247.CC  Z12.CC  2C1.CC  164.CC  224.CC  247.00 161.00 186.C0  218.C0  z12.CC
SR= 9C (FCI/CU.¥) 0.67 2.47 4.28 2.47 3.8 2.18 1.76 €.99 0.66 0.71 0.87 1.24
IR- 95 (FCI/CL.V) 14.30 38.20 52.8C 35.5¢ 25.1¢ 1e.6C 32.6¢C 15.70 15.60 15.40 26.40 ZP.5C
CS-137 (FCI/CU.M) 0.83 3.65 6.90 €84 1.42 5.16 2,72 1.95 0.90 1.12 1.62 2.08
CE-144 (FCI/CU.W) 13.10 47.80 88.8C E4.€EC el.ic 52.6C 29.1¢C 19.30 11.80 12.30 20.90 26.2C
STABLE PB(LG/CL.W) 8.63 4.29 5.04 414 Z.€2 2,22 £.35 1C.10 4u44 4.51 3.25 --
PB-21C {FCI/CL.M) -- - - -- - -- 7.55 8.42 7.77 6.60 7.58 £.91
PL-239 (ACI/CL.W) 15.50 52.60 101.CC 77.€C 10%5.CC £2.5¢C 31.3¢ 2C.10 15.30 14.80 16.70 2E.5C
SURFACE AIR CONCENTRATION IN MALNA LOA, HAWALIL CLRING 1975
JAN. FEE. MAR. APR. MAY JUNE JLLy BLG. SEF. 19 NCV. CEC.
GAMMA  (CPF/CU.M) 0.053 0.058 0.044 C.C4S C.C34 c.c22 C.Cl6 €.013 0.010 0.005 0.008 C.CicC
BE- 7 (FCI/CL.M) 199.00  184.00  231.00 Z25.CC  207.CC  24S.CC  231.CC  259.00 276.00 188.C0  226.00  246.00
SR- 90 (FCI/CU.WM) 1.30 2.06 1.52 2,46 Z.E1 1.45 L7 C.43 0.30 -- s =
IR- 95 (FCI/CU.W) 28.70 23.10 14.70 11.2¢C .27 2.49 1.514 .36 0.088 0.278 0.254 .22
CS-137 (FCI/CL.M) 2.68 3.44 2.85 2.2¢ 2.5¢ z.21 1.3¢e €.59 0.46 0.44 0.43 0.56
CE-144 (FCI/CU.¥) 33.30 40.60 28.3¢C z8.3C 22.3¢C 15.1¢ g.1¢ 3.52 2.23 1.13 1.34 1.25
STABLE PB(LG/CL.¥) 3.76 4.10 2.26 1.55 z.82 1.5¢ 4.42 3.94 3.23 -- -- --
PB-210 (FCI/CU.¥) 5.28 8.97 11.3cC 15.4C 17.1¢ 12.cC 1C.5¢C 5.71 9.15 -- -- -~
PL-23S (ACI/CU.M) 30.60 61.30 35.2C £C.EC 4E.5C 3C.3¢C 15.4C B.66 9.264 -- -- --
T wcoata T

ERRORS ARE LESS THAN 20% EXCEPT:
A ~ERRCR BETWEEN 20% ANC 10C%
B -ERRCR GREATER THEN 1C03
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Table 24. Surface Air Concentrations of Selected Elemental Species in South Pole
SURFACE AIR CONCENTRATION IN SOLTF PCLE CLRING 1974
JAN. FEB. MAR . APR . MAY JUNE JLLY ALG. SEF. CCT. NCV . CEC.
GAMMA  (CPM/CL.M) 0.006 0.001 0.c01 €4CC1 £.CC1 c.ccl c.ccl c.003 0.006 0.012 0.021 64613
BE- 7 (FCI/CU.M) 146.00  197.C04 116.0C 84.2C 55.5CA  75.5C 84.2C 62.60 82430 $3.C0 168.C0 174.C0
SR= 9C (FCI/CL.¥) 0.43 0.41 0.2¢ Cal (T (6 B Gatl .15 0.11 0.19 0.28 C.42
IR- 95 (FCI/CL.V) s s €.43A _ - ‘- C.85 3.50 6.04 B.57 1C.30 €.82
CS-137 (FCI/CU.¥) 0.68 0.50 C.4€ -- €20 C.24 .25 c.28 0.32 0.39 0.42A 0.864
CE-144 [FCI/CL.M 1.062 - C.694 = C.%1A = C.51A 1.834 1.91 2.0C 4445 4.21
STABLE PBILG/CL.M) 0.93 3.01 1.61 I.E4 .02 1.44 7.65 3.06 4.59 2.15 -- 2.37
PB-21C (FCI/CL.V) == 0.90 C.54 C.24 Ca42 C.e8 C.6C C.48 0.36 C.44 0.77 1.27
PL-239 (ACI/CL.¥) 7.67 4.188 2.258 3.ESA 2.5ca 2,184 1.524 3.738 0.358 2.668 5.124 B.42
SURFACE AIR CONCENTRATION IN SOLTH PCLE CLRING 1975
JAN. FER. MAR. APR . MAY JUNE JLLY ALG. SEF. CCT. ACV. CEC.
GAMMA  (CPM/CL.V) 0.021 0.CC0 0.002 C.CC2 €.CC2 c.cccC c.CC2 C.CC3 0.004 0.003 == e
BE- 7 (FCI/CL.M) 166.00 179.00 117.0C 1C5.CC 1C2.CC 72.80 1C4.CC 113.00 108 .00 87.80 o =
SR= 9C (FCI/CL.M) 0.42 == - -- - = e -- - -— - --
IR- 95 (FCI/CU.V) 8.16 14.50 G.92 €24 4,65 l.47A 1.€3A C.48 l.16 0.292 = s
CS-137 (FCI/CL.M) 0.75 1.11 0.72 CaT¢ ol c.23 0.35 C.42 0.32 0.47 -- -
CE-144 (FCI/CL.M) 5.55 10.30 €.97 Te22 7.C5 2.61 3.86 2.91 2.57 1.58 -- --
STABLE PBILG/CL.M) 2.17 -- - -- -- == -- -- -- -- -- --
PB-210 (FCI/CU.M) 1.76 e - - - T —tom - = s - ==
PL-239 (ACI/CU.M) 13.10 -- -- -- -- -- -- -- -- -- -- --
Tl N oets T T
ERRORS ARE LESS THAN 203 EXCEPT:

A -ERRCR BETWEEN 202 ANC 1CO%

B —ERRCR GREATER THKAN 1C0%




Table 25. Surface Air Concentrations of Selected Elemental Species in
Barrow, Alaska During 1975

SEP. OCT. NOV. DEC.
GAMMA (Counts per minute/cubic meter) 0.0001 0.0001 0.003 0.005
BE-7 (Femto-Curie/cubic meter) 28,00 29,30 65.60 65.10
SR-90 (Femto-Curie/cubic meter) 0.10 - -= -—
ZR-95 (Femto-Curie/cubic meter) 0.12a 0.10A 0.03A -
CS-137 (FPemto-Curie/cubic meter) 0.18 0.21 0.36 0.23
CE-144 (Femto-Curie/cubic meter) 0. 68 0.48 0.66 0.71
Stable PB (micrograms/cubic meter) 335 -= - -
PB-210 (Femto-Curie/cubic meter) 8,22 - —- -

Note: Errors are less than 20% except A= error between 20% and 100%.

the upslope and downslope wind regimes when activated by an external signal.
A particulate sampler, being installed by the Energy Research and Development
Administration, Health and Safety Laboratory, will provide the wind direction
signal for our sampler,

5.1.5 Carbon Monoxide Measurements
Wolfgang Seiler, Principal Investigator
Max Planck Institute
Mainz, Federal Republic of Germany

EQUIPMENT

Because of several technical difficulties with the CO-instrument as well
as difficulties in the transportation of calibration gases between Mainz, and
Mauna Loa Observatory, the greatest part of the CO registrations obtained at
MLO in 1973 and 1974 could not be used for analysis. On the basis of the
experiences obtained in operating the CO-analyzer over an extended period at
MLO, a new CO-analyzer was constructed in 1974 and installed at Mauna Loa
Observatory in March 1975. The new CO-instrument is based on the same prin-
ciples and chemical methods already described in GMCC Summary Report 1973.
The detection limit of the CO-analyzer is 0.1 ppbv. The accuracy is % 3%
for a CO mixing ratio of 0.1 ppmv. The improved CO-instrument works contin-
uously except for short periods every two weeks when the exchange of several
chemicals, e.g., silver oxide, is being done. The zero point of the CO-
instrument and the drift stability of the calibration curve are controlled
automatically once every 90 minutes and once every 3 hours, respectively.
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Figure 61. Atmospheric tritium at Fairbanks, Alaska; Miami, Florida; Mauna

Loa Observatory, Hawaii; and Baring Head, New Zealand, 1975,
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CALIBRATION

In 1973 and 1974 the CO-instrument was calibrated by using cylinders of
compressed air with known CO-mixing ratios comparable with the expected
ambient air mixing ratios at MLO in the range of 60-200 ppbv. The cylinders
were filled and analyzed at the Max Planck Institute (Mainz), shipped to
Mauna Loa Observatory and returned to Mainz after the cylinders had reached
one-tenth of the original pressure. The recalibration of the cylinders at
Mainz indicated an unreproduceable change of the CO mixing ratio in the
cylinders with time, amounting to as much as * 50%. As a consequence, the
accuracy of the CO-calibrations at Mauna Loa was questionable and an analysis
of the CO-registration was not possible. Furthermore, the loss of some
cylinders during transport prevented additional checks.

Because of these difficulties a completely new calibration system was
developed and installed at Mauna Loa in March 1975. The schematic diagram of
this system is shown in figure 62,

In this system a constant flow (3 cm3/min) of a CO calibration gas with
a CO mixing ratio of 20 ppmv is diluted by a CO-free carrier gas (synthetic
air passed over molecular sieve and hopcalite). The flowrates of both flow
streams are measured by electrical flowmeters and registered continuously so
that the CO mixing ratio of the air flow leaving the calibration device can
be calculated. The calibration system was checked at Mainz for a period of
about one year and found to produce a CO-calibration gas with an accuracy
better than *# 5%. 1In addition, this system was checked after the installa-
tion at Mauna Loa for stability by a weekly calibration of the CO instrument
using a manual but completely different calibration technique. Table 26
gives a comparison of the automatic and the manual calibration for several
days. The data indicate a sufficiently high stability of the CO-calibration
gas in the cylinder.

After one year of operation the tank pressure has decreased by only 5%
of its original value of 150 bars. Thus, the CO-cylinder used in the auto-
matic calibration device may last for a period of several years.

PRESSURE SOLENOID | MOLECULAR
SYNTHETIC AIR Hcor ) | . HOPCALITE
VALVE
ORIFICE
FLOWMETER

CO-CALIBRATION GAS PRESSURE SOLENOID |
20ppm T FLOWNETER T
ORIFICE

Figure 62. Calibration system installed at Mauna Loa in March 1975,
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Table 26. Comparison of Calibration

Date: 4/16/75 5/7/75 6/11/75 7/1e/75 8/6/75 10/15/75 10/24/75 12/3/75
Automatic
calibra- 0.115 Qo112 10111 0.111 0.111 0.112 0,111 0:.1:285

tion (ppmv)

Manual
calibra- 0.119 0.112 0.118 0.115 0.114 0.119 Bl LIL 0.121
tion (ppmv)

DATA

With the exception of some short interruptions the CO-instrument worked
continuously from March to December 1975, so that for the first time a CO-
registration is available for the case of unpolluted air masses over a longer
time period. The registrations were evaluated at the Max Planck Institute at
Mainz. Some results are shown in Fig. 63 to Fig. 65. Fig. 63 shows a sec-
tion of the original CO-registration obtained on July 7, 1975, during the
time period starting at 11 a.m. and ending at 4 p.m. During this period the
zero point control was established five times and the automatic calibration
of the instrument was performed three times. The CO-registration does not
show any short-term fluctuations except a few spikes caused by automobile
exhaust. The stable CO-mixing ratios indicated by the registrations are
typical for Mauna Loa, indicating that this station is not influenced by
anthropogenic activities. The three spikes occurring at the beginning and at
the end of the registrations are caused by automobiles arriving and leaving
the observatory.

Fig. 64 shows the CO-mixing ratio as a function of time-of-day averaged
over a quarter of a year. It seems that carbon monoxide has a slight diurnal
variation with a maximum during the afternoon and a minimum during the early
morning. It is possible that these diurnal variations are due to the two
distinct wind regimes observed at Mauna ILoa with upslope winds during daytime
and downslope winds during the nighttime, originating from regions below or
above the trade wind inversions, respectively. If this interpretation is
correct it would indicate a vertical CO-gradient in the lower and middle
troposphere with higher CO-mixing ratios in the lower troposphere below the
trade wind inversion. This behavior has been observed previously in the
trade wind zone of the Atlantic Ocean at Teneriffa Island.

The most important feature of the CO-measurements at Mauna Loa appears

to be the seasonal variation of the carbon monoxide mixing ratios shown in
Fig. 65. There is a maximum during March/April with values of 0.12 - 0.13
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Figure 63. Section of the original CO-registration.

ppmv and a minimum in August/September with values of 0.07 - 0.08 ppmv. It
is interesting that the maximum values are comparable with typical Northern
Hemispheric CO-mixing ratios observed elsewhere, whereas the minimum values
are characteristic for air masses of the Southern Hemisphere so that it looks
as if Mauna Loa is seasonally influenced by the different hemisphere air
masses because of the seasonal movement of the ITC. If this is the case,
other pollutants like CFClj3 and CF3Cl, should show a similar seasonal trend.
Such a trend, however, does not seem to exist. Another conceivable explana-
tion is the influence of photochemical processes combined with a seasonal
variation of the north-south transport of air masses in the sub-tropical
regions of the Northern Hemisphere due to the seasonal change of the Hadley
cell. Photochemical processes would include the oxidation of methane by OH-
radicals resulting in the formation of carbon monoxide, and the oxidation of
carbon monoxide by the same radicals. Further data must be obtained to
substantiate the observed seasonal behavior and to find the correct explana-
tion for the observations.
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5.2 Barrow Observatory

5.2.1 Stratospheric Nitrogen Dioxide (NOj;) Measurements
John F. Noxon, Principal Investigator
Aeronomy Laboratory, NOAA

A prototype spectrometer to monitor stratospheric NOy using ground-based
optical methods was installed at Barrow in early August 1975 and reinstalled
in November. The instrument views out a double-pane window onto a mirror and
into the zenith sky. By measuring certain absorption features of NOs in the
twilight sky, the instrument can automatically determine the stratospheric
NO, abundance. A large amount of good data has been accumulated and is now
undergoing analysis. It is clear that the instrument functions as expected
and that a continuous series of daily measurements is now in hand.

The present instrument is due to be replaced in the summer of 1976 by a
fully automated version that will be located on the roof of the building with
the recording system located inside. The new instrument will track the Sun
and measure the direct transmission in the NO; absorption bands and auto-
matically determine the tropospheric and stratospheric NOs concentration.

Similar instruments will be developed for use at the three other GMCC
observatories. Eventually, NO; instruments will be installed at all the GMCC
observatories.

5.2.2 Smithsonian Solar Radiation Program
Bernard Goldberg, Principal Investigator
Smithsonian Radiation Biology Laboratory

The Smithsonian Radiation Biology Laboratory has solar radiation moni-
toring equipment in Barrow, Alaska, continuously recording the spectral
distribution of natural daylight. There are two types of detectors in use at
this location: Eppley precision pyranometers and a photoelectric detector
which is used for monitoring the UVB spectrum. The six pyranometers use
Schott colored domes to produce 100-nm to 2800-nm spectral data. The photo-
electric detector is used with eight pairs of interference filters to monitor
the UVB in 5-nm bands from 285-nm to 320-nm.

The information from these detectors has been gathered by a digital
acquisition system on punched paper tape. Because the old acquisition system
failed in September 1975 after approximately four years of continuous use,
the Radiation Biology Laboratory modified a commercial system to replace it.
The new modified system will be put into operation in March 1976. The values
of the daily totals of the spectral data collected from the pyranometers have
been published by the Smithsonian Institution, and are available for the
years 1971-1973. The data since 1973 are being prepared for publication. An
analysis of the data will be published in Solar Energy sometime in 1976.
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5.3 South Pole Observatory

5.3.1 Atmospheric Electric Measurements
William Cobb, Principal Investigator
Atmospheric Physics and Chemistry Laboratory, NOAA

A 5-year program of atmospheric electric measurements is now in its
fourth year at the Amundsen-Scott South Pole Station. After the opening of
the new station in January, electrical sensors were moved from the old VLF
site to the new Clean Air Facility where the air-Earth conduction current
density and the atmospheric potential gradient are continuously recorded.

The potential gradient sensor, an induction-type field mill designed to
withstand low temperatures, is mounted on a post about 1 m above the snow
surface. The air-Earth current sensor consists of a passive antenna about 12
m long, suspended 1 m above the snow. Control panels and a strip chart
recorder are located in the "clean-air" building. To supplement the surface
measurements, modified radiosondes, designed to measure the air-Earth current
density to as high as 35 km, were released biweekly throughout the year by
the National Weather Service. Major objectives of the program are to estab-
lish an environmental benchmark of electrical parameters sensitive to aerosol
pollution, and also to investigate those processes that may control or influ-
ence the "global circuit". The global circuit is a term used to describe the
flow of electrical current between the Earth and the ionosphere, which,
according to the most widely accepted hypothesis, is maintained by the ever-
present global thunderstorm activity. Confirmation of this hypothesis has
been difficult because at most measuring sites the global effects are masked
by local influences resulting from man-made pollution, radioactive soils, 24-
hour diurnal cycles, etc., effects that are absent on the polar plateau.

The surface measurements of the potential gradient and the air-Earth
current density at the South Pole are providing the best evidence yet obtain-
ed in support of the global thunderstorm hypothesis. Thus in Fig. 66, which
shows the mean diurnal variation of the potential gradient at the Pole, the
peak at 1500-1900Z occurs when the sun is passing over Africa and South Amer-
ica where thunderstorm activity is the greatest. A secondary peak at 07002
occurs when the sun passes over Asia, and the minimum potential gradient
occurs when the sun is over the Pacific Ocean and global thunderstorm activ-
ity is at its lowest level. We are, in effect then, monitoring changes in
the global thunderstorm activity from the South Pole.

With respect to aerosol pollution, the measurements must be considered
over long time spans where the baselines established now may be checked at 5
to 10 year intervals in the future to look for possible secular changes. It
is especially important to establish an index for stratospheric conditions
where particle residence times are much longer than in the troposphere. Fre-
quent radiosonde balloon flights are being made of the air-Earth current den-
sity to establish such an index for the stratosphere. The presence of only
5 to 10 aerosol particles per m3 will significantly reduce the air-Earth
current measurement in the stratosphere. Classical theory claims that the
air-Earth current in fair weather is constant with altitude. However, bal-
loon measurements at the Pole (Fig. 67) have shown that this is frequently
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Figure 66. Mean diurnal variation of the potential gradient (solid line) at
the South Pole and the global thunderstorm area (Whipple and Scrase, 1936).
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Figure 67. Average air-earth conduction current densi ty from balloon measure-
ments at the South Pole.
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not true and that the current is more likely to peak at about 11 km and de-
crease slowly thereafter. The balloon flights analyzed to date suggest that
factors in addition to the global thunderstorm activity influence the strato-
spheric air-Earth current at the Pole. One possibility is the presence of
enhanced particulate concentrations extending well into the upper strato-
sphere.

The South Pole atmospheric electric program has been supported by the
National Science Foundation (Grant OPP74-19486), the National Weather Ser-
vice, and the Atmospheric Physics and Chemistry Laboratory of NOAA, as well
as by the GMCC program.

5.4 Samoa Observatory

5.4.1 Trace Elements in the Marine Atmosphere
Robert A. Duce, Principal Investigator
Graduate School of Oceanography
University of Rhode Island

There has been increasing concern in the last few years over the evi-
dence that measurable quantities of lead and perhaps other trace metals, DDT,
PCB, petroleum hydrocarbons and other organic substances are transported to
the open ocean by the atmosphere, either as particles or in the gas phase
(Study of Critical Environmental Problems, 1970; FAO Fisheries Reports, 1971).
Although this long-range transport of atmospheric pollutants is generally
accepted, there have been few concerted efforts to relate atmospherically
transported pollutants, particularly trace metals and chlorinated hydrocar-
bons, to the general problem of open ocean pollution until the initiation of
our NSF-supported program in 1972, Before this program began there was vir-
tually no information on the mean concentration of these substances in the
atmosphere in the westerlies over the North Atlantic, where pollutant trans-
port from the heavily industrialized North American continent would be a
maximum. Previous work in this area had been limited to a small number of
samples collected from ships without systematic control of geographic loca-
tion and without consideration of rapidly changing meteorological conditions.
The flux of most of these atmospheric pollutants to the ocean was completely
unknown as was the rate of their re-introduction into the atmosphere by spray
and bubble breaking. Very little is still known concerning the mechanisms of
deposition of these pollutants into the ocean from the atmosphere.

The most practical way to obtain reasonable values for atmospheric con-
centrations and fluxes of pollutants out over the ocean is to have a sta-
tionary sampling site in operation over a relatively extended period of time.
In this way meaningful information on the "climatological mean" concentration
of the substance of interest can be obtained. For this reason we have chosen

stationary tower sites in mid-ocean locations for our studies of the chem-
istry of the marine atmosphere.

109



Our initial tower site was on the windward coast of Oahu, Hawaii, and
was utilized from 1968 to 1970 and in 1975. This mid-Pacific site is in the
northeast trades and is an ideal location for evaluating long-range transport
of substances from North America to the tropical North Pacific. Our second
tower site was on Bermuda and was utilized from 1972 to 75. This site is
approximately 1100 km off the east coast of the United States, primarily in
the westerlies, but often under the influence of the North Atlantic trade
wind regime in the summer, with near surface air flow from the eastern
Atlantic. The primary value of this site was thus its location in an area
where there were clear shifts from synoptic patterns with a reasonably close
major air pollution source to synoptic patterns with wind trajectories pass-
ing only over the open sea for thousands of kilometers.

Over 90% of the atmospheric pollutants. are injected into the Northern
Hemisphere. With the relatively short residence times of atmospheric par-
ticles (days to 1-2 weeks) and the relatively long tropospheric mixing times
between the Northern and the Southern Hemisphere, significant differences
should be observed for anthropogenic source substances present on atmospheric
particles at remote areas in the two hemispheres. To date, there is no
information on trace metal distributions in remote marine Southern Hemisphere
locations. For this reason we constructed a walk-up sampling tower in

October 1975 at Cape Matatula adjacent to the new NOAA GMCC Observatory (Fig.
68).

Figure 68. University of Rhode
Island sampling tower at Cape
Matatula, American Samoa.
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The base of the Samoa tower is located about 30 m above sea level, near
the edge of a rather precipitous cliff on the southeast side of Cape Matatula.
It is thus ideally located, relative to the prevailing southeasterly trades,
to avoid local contamination, both from man-made sources and from natural
erosion products and surf spray. The tower itself is 20 m high, with the
tower top approximately 50 m above sea level. Smoke flare tests indicate
that surface air blowing up the face of the cliff does not reach more than
halfway up the tower before passing by the tower. Samples collected on the
top of the tower thus receive no local contamination generated by air blowing
up the cliff.

In any atmospheric collection program of this type it is critical that
as much as possible be known about the past history of the air being sampled.
The pumps used to collect the samples on the tower are controlled by wind
direction through a directional air sampler control. This directional con-
trol allows the pumps to be operated automatically when the wind is blowing
from some predetermined sector of the compass, thus avoiding the local con-
tamination that can occur when the wind is off the land. Many filter holders
have a door that automatically closes over the filter when the pump is shut
down because of out-of-sector winds. This prevents filter contamination from
non-marine air when the pumps are not operating.

An Environment/One Model Rich 100 recording condensation nucleus counter
(Environment/One Corp., Schenectady, New York) is also located near the top
of the tower. Since local pollution particles are excellent condensation
nuclei (CN), short term rapid variations in CN counts can indicate air mass
changes and/or possible local contamination of samples. The CN counter is
integrated into the directional air sampling control system so that collec-
tion occurs only when the wind is off the ocean and when CN counts are near
background for marine air, 300-400 per em3. This is an added safeguard
against collection of local pollution. Recorders for wind speed and direc-
tion, CN counts, rainfall, and pump operating times are housed in the small
air-conditioned building near the base of the tower.

Atmospheric collection equipment (i.e. filter holders, impactors, etc.)
is located on the top level of the tower. Bulk particulate samples for trace
metal analysis are collected on double Whatman 41 filters (20 x 25 cm) or
Nuclepore filters mounted in all plastic filter holders and rain shelters.
Particle size separated samples are collected using a Sierra Hi-Volume cas-
cade impactor. The particles for trace metal analysis are deposited on
Whatman-41 filter paper on each impactor stage. The fifth stage is followed
by a final filtration through Whatman-41 filters. Particles to be analyzed
by electron microscope and microprobe are collected on 47-mm 0.4-um Nuclepore
filters. Bulk particles to be analyzed for total organic carbon are col-
lected on pre-combusted Gelman Type-A glass fiber filters. High-volume
impactor samples for organic carbon analysis also utilize glass fiber fil-
ters. Air sampling pumps are separated from the filters and impactors by 8
meters of 7.6-cm diameter fiber glass tubing, the pumps being located at a
lower level of the tower. This avoids contamination from the pumps them-
selves (Hoffman and Duce, 1971).
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Samples for the vapor as well as the particulate phase will be collected
for Hg and As. The Hg collection system and analysis technique to be employ-
ed is a modification of the design now used by the regional EPA laboratory in
Needham, Massachusetts, to monitor Hg in the atmosphere (Spittler et al.,
1976). We will use a gold amalgamation trapping stage. Braman and Johnson
(1974) found that gold effectively amalgamates and traps all the major atmos-
pheric species of Hg: elemental Hg, inorganic Hg (II) compounds, methyl Hg
(II) type compounds, and dimethyl Hg. A column packed with gilded glass
beads will provide an efficient collector at much less expense than a corre-
sponding volume of gold beads.

Techniques have been developed for the separation and collection of
gaseous and particulate As in the atmosphere. After removal of the particles
by a Nuclepore filter, the gas phase is collected on a series of Whatman-41
filters impregnated with an aqueous solution of 10% glycerol and 10% poly-
ethylenimine, a strong organic base. This system has been tested in the
laboratory and in the field and is quite efficient for such species as AsyOg,
the most volatile As compound that is stable in air, and hydroxydimethylar-
senic acid.

Samples will be collected for PCB and DDT by using the technique of
Bidleman and Olney (1974), which involves the passage of large volumes of air
first through a precleaned glass fiber filter and then through a series of
porous polyurethane plugs for vapor phase collection.

An initial test phase of the entire sampling system will run for 6 weeks

in January-February 1976. Two 6-month intensive sampling periods are now
planned in Samoa from June to November 1976 and May to October 1977.
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6. DATA MANAGEMENT

This section documents changes in the various systems and techniques
used to acquire and reduce GMCC baseline data. Information on data archiving
is also presented.

6.1 Data Acquisition

6.1.1 Standardization of Hardware

The major task during 1975 was to standardize the computer hardware at
each station in order to avoid the complexity imposed by operating individu-
alized hardware. The largest number of modifications required was at South
Pole. There a new display clock and its accompanying interface were install-
ed. Also a drawer that allows direct signal access through the use of ter-
minal strips replaced a matrix board configuration. 1In addition, the core
size was increased to 16k words, so that the software at Mauna Loa and
Boulder could be used at the other stations as well. These changes were
implemented in December, bringing the ICDAS at the South Pole into complete
conformity with the other stations.

6.1.2 Software Modifications

To facilitate the reduction and subsequent processing of the data tapes
from the stations, the content and dimension of the data arrays was standard-
ized with the use of the new executive program called Basic Operating System
Software (BOSS) 75170. BOSS was installed at the Mauna Loa Observatory dur-
ing the summer, at Barrow in October, and at the South Pole in December. Any
future modifications to this software will not change the operating proce-
dures, content, or structure of the data arrays to any significant degree.

6.1.3 1Instezllations
BARROW

Shortly after the first of the year, the hardware components of ICDAS
data system for the Barrow station were assembled, tested and evaluated (Fig.
69). The system was installed at the station during the first two weeks in
April with only minor problems. Data acquisition commenced April 15. The
flow of data from Barrow suffered only minor interruptions until a major
power outage occurred in mid-November. During this period of low voltage,
some components were damaged. The data system remained inoperative until
after the first of the year, because of the complexity of the damage.
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Figure 69. The ICDAS installation at
the GMCC station, Barrow, Alaska.

BOULDER

By mid-year, the main components of the data reduction facility at
Boulder had been assembled and tested. The facility consists of a magnetic
tape drive, minicomputer, and teletype like those installed at each station,
and a dual disc system, a graphics display, and a high-speed reader and punch
(Fig. 70). This facility will be used to read and check the data tapes from
the observatories. If parity errors are present, a new clean tape will be
prepared for further analysis at the ERL computer facility.

SAMOA

With the completion of the data reduction facility, work began on test-
ing the components of the ICDAS for the observatory at American Samoa. All
the latest modifications were included and the system was operating in
Boulder by mid-September. Tests continued until mid-November when the equip-
ment was prepared for shipment to Samoa. The data system was installed with-
out difficulty in January 1976. The installation in Samoa differs from those
at the other GMCC observatories in that the digital components run on power

Figure 70. The data reduction
facility in operation at
Boulder, Colorado.
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from an uninterruptable power supply (UPS). Through the use of this device,
it is possible to keep the computer and tape drive on line while the power
shifts from island power to emergency generator power and back again. If
this method of bridging short (<5 min) power outages proves successful, un-
interruptable power supplies may be installed in Barrow and at the South Pole
next year.

6.2 Data Reduction

In October, a new group was formed within GMCC to manage the flow of
data from the observatories to the national archive, the World Data Center in
Asheville, N.C. The group's main functions are named in its title, the Acqui-
sition and Data Management Group, or A&DM. In the latter half of the year,
emphasis was placed on developing programs to read and display data for qual-
ity evaluation. This resulted in a three-step evaluation routine. 1In the
first step only the quality, identification, and continuity of the magnetic
tape itself are checked. In the second step, the performance of the BOSS in
terms of calibration and missing data is checked. And in the last step the
measurements are displayed in tabular or graphic form for evaluation by the
responsible scientists. This sequence of evaluation will probably undergo
considerable change as new problems are uncovered.

6.3 Data Archiving

6.3.1 Total Ozone

During 1975, total ozone data for the period January 1974 through June
1975 were sent to the Atmospheric Environment Service of Canada (Downsville,
Ontario). This agency publishes ozone data for the World Meteorological
Organization (WMO). The observations were from Bismarck, N. Dak.; Caribou,
Maine; Green Bay, Wis.; Tallahassee, Fla.; Mauna Loa Observatory, Hawaii;
Wallops Island, Va.; Nashville, Tenn.; Boulder, Colo.; White Sands, N. Mex.;
Huancayo, Peru. Data from the winter months of January and February are
missing for Barrow, Alaska.

6.3.2 Surface Ozone

Measurements of the concentration of ozone at the surface are also pub-
lished by the Atmospheric Environmental Service of Canada. During 1975, data
from the Barrow Observatory, for the period March 1973 to July 1975, and from
the Mauna Loa Observatory for August 1973 to July 1975 were archived (see
Section 4.1.3). 1In both cases a device employing an electrochemical concen-
tration cell was used to measure ozone. The data for the period March 1974
to November 1974 from the South Pole station were also archived. Measure-
ments at the South Pole were made with an instrument using a chemiluminescent
determination of ozone. The data are one-hourly average concentrations.

115



6.3.3 Solar Radiation
Daily integral values of the horizontal incident radiation measured at

the Mauna Loa Observatory were sent to the World Data Center A in Asheville,
N.C., for the period January through August 1975.
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7. RESEARCH CONTRACTS

This section provides a brief review of each research contract or grant
funded by GMCC during 1975,

7.1 Center for the Environment and Man

Title: A Study of Transmission of Solar Radiation by the Atmosphere
Principal Investigator: G. D. Robinson

Period of Study: June 1, 1975 to January 31, 1976
NOAA Contract No: 03-5-022-79

The work proposed falls into three categories:

1. The Relevance of Solar Radiation Measurements in Monitoring for
Climatic Change.

The final result will be a critical essay surveying the purpose, poten-
tial, and achievement to date of the measurements now being made at Mauna Loa
Observatory. It will be produced in close consultation with the staff of Air
Resources Laboratory, and its intention will be to help them to decide what
(if any) changes should now be made in the instrumentation, the mode of its
use, and the reduction and retention of data.

Attenuation by absorption and scattering by gases and particles will be
considered, with regard to both the idealized performance of the current
equipment and its actual performance in the field. The work will include an
analysis of the idealized and likely responses of the equipment to hypotheti-
cal perturbations; the analysis will use simple single-scatter approximations
(which can be shown to be sufficiently accurate for the purpose). The fol-
lowing matters will also be considered:

® The nature of the requirement for continuity—continuous vs.
expedition-type operation at remote stations.

Filter vs. spectrometer for the required spectral separation.

The case for less remote stations with higher than network standards
of accuracy.

2. A Continuation of the Examination of the Mauna Loa Results, With
Particular Reference to Instrument Performance.

In CEM Report No. 4149-507 (NOAA Contract No. 03-3-022-157) an analysis
was made of certain data averaged over 10 days in 1974 This showed that
certain components of the Mauna Loa equipment were performing at the ex-
pected, geophysically useful, level of accuracy. It is proposed to continue
this analysis to show the day-to-day variance, and to examine the performance
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of some other components that do not on first examination appear to reach the
required standard.

In addition, one year's tabulations of the Mauna Loa radiation record,
arranged according to solar angle, will be examined. Occasions when the
record is sufficiently complete and without obvious error will be isolated,
and a selection will be examined by the methods used in the work performed
under Contract No. 03-3-22-157,

Any repeated anomalies of glass filter performance (i.e., apparent sys-
tematic deviation from accepted spectral properties) will be isolated. Alter-
native explanations of the anomalies, related to atmospheric attenuation or
the assumed extra-terrestrial spectrum, will be examined.

3. Consultation

The services of Dr. G. D Robinson will be available for consultation
with staff members of ARL at their request, within the proposed effort.

7.2 Geophysical Institute, University of Alaska

Title: An Investigation of Aeroscl Characteristics at Mauna Loa
Observatory

Principal Investigator: Glenn E. Shaw

Period of Study: October 1, 1974 to February 1, 1975

NOAA Contract No: 05-5-222-310

The work proposed will accumulate additional information on the radia-
tion field at Mauna Loa by measuring the following parameters during clear
weather periods:

a) Atmospheric transmission (optical depth) at six narrow wavelength
intervals distributed over the visible spectrum.

b) The distribution and magnitude of diffuse sky intensity (in abso-

lute units) over the entire celestial hemisphere in six narrow
wavelength regions.

The above parameters will be derived from measurements made with special
interference-filter photometers that have been developed over the past seve-
ral years. The diffuse radiation field at small angular distances from the
sun will be evaluated with a photoelectric coronometer.

Interpretation and analysis will proceed as follows:

WAVELENGTH DEPENDENCE OF AEROSOL OPTICAL DEPTH

The optical depths at each filter wavelength due to scattering and
absorption by atmospheric aerosols will be obtained from sun photometry
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measurements. A smooth curve drawn through the data points will estimate the
shape of aerosol optical depth curve with wavelength.

INTERCOMPARISON WITH EPPLEY NORMAL INCIDENCE PYRHELIOMETER

Based on the inferred aerosol extinction curve (as derived in "a.") and
using published values of the solar flux, the incoming direct solar radia-
tion, wavelength by wavelength, will be calculated over the visible spectrum.
The results will be combined with published curves for the Schott Standard
glass filters and then compared with the stations normal-incidence pyrheliom-
eter data. Water vapor absorption effects will be minimized by subtracting
readings taken through two different cutoff filters to derive the incoming
solar flux between wavelength regions in the visible region. In addition,
aerosol optical depths derived with our photometer, and with the new multi-
wavelength normal incidence pyrheliometer at Mauna Loa, will be compared to
establish representative errors that may arise when two entirely different
instruments are used to derive atmospheric transmission.

EVALUATION OF AEROSOL SCATTERING PHASE FUNCTION

The form of the aerosol scattering phase function will be estimated by
employing an analysis of the distribution of sky intensity in the solar
almucantar.

EVALUATION OF MULTI-WAVELENGTH DIFFUSE FLUX

The observed sky intensity will be numerically integrated over solid
hemispheric angle to obtain numerical estimates of the downwelling diffuse
fluxes at the filter wavelengths; these will be compared with calculated
values that would result from a pure Rayleigh-scattering atmosphere.

CALCULATIONS OF BACKSCATTERED ENERGY AND ABSORPTION

The method described by Robinson (1974) will be utilized to evaluate
the ratio of backscattered-to-absorbed energy fluxes by the Earth-atmosphere
system at the filter wavelengths.

7.3 Institute for Arctic and Alpine Research (INSTAAR)

Title: Background Gas Sampling at Niwot Ridge, Colorado
Principal Investigator: John Clark

Period of Study: December 15, 1975 to December 14, 1976.
NOAA Contract No: 01-6-022-12770

The proposed work will continue carbon dioxide flask sampling at Saddle
Point, West Knoll on Niwot Ridge 23 miles west of Boulder, Colorado. These
measurements were previously made during the years 1966 through the beginning
of 1974. 1In addition to paired carbon dioxide flask sampling, one pair of
flasks will be exposed for fluorocarbon measurements. Sampling will be made
on a weekly basis. However, actual sampling frequency may vary to take
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advantage of optimum sampling conditions or because of delays caused by
severe weather. In most cases, sampling will be made at least once every 10
days over a l-year period.

Supplementary meteorological measurements will be made including wind
speed and direction, cloud cover, visibility, present precipitation, and
temperature. "

Exposed flasks will be returned to GMCC Boulder for analysis and data
reduction.

7.4 Cornell University

Title: Calibration of Collection Procedures for Determination of
Precipitation Chemistry

Principal Investigator: Gene E. Likens

Period of Study: July 16, 1975 to July 15, 1976

NOAA Contract No. 04-5-022-24

GMCC provided partial funding to continue Cornell's intercomparison
study of precipitation collectors and precipitation analysis techniques as

initiated under the 1974 ERL Grant No. 04-4-022-31.

A summary of the work performed under this contract is contained in
Section 4.6.1.
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APPENDIX

Mauna Loa Observatory Pyranometer History

Measurements of horizontal incidence of hemispheric irradiance measure-
ments at Mauna Loa Observatory began in October 1957 and have continued to
the present. Eppley pyranometers were used (bulb type) until October 1975.
Eppley Mod II pyranometers have been used since. Table A.l lists all the
instruments.

Table A.1 Pyranometers Used for Solar Radiation Records at
Mauna Loa Observatory, Hawaii

Instrument No. Type Date On Date Off
3201 NWS bulb Jan. 1, 1958 Mar. 4, 1959
2065 NWS bulb Mar. 5, 1959 June 2, 1959
2597 NWS bulb June 3, 1959 July 1, 1960
3201 NWS bulb July 2, 1960 Feb. 25, 1961
3963 NWS bulb Mar. 4, 1961 Oct. 4, 1961
3201 NWS bulb Oct. 5, 1961 ogt:. 9, 192861
4215 NWS bulb Oct. 10, 1961 July 24, 1962
3201 NWS bulb July 28, 1962 Dec. 15, 1962
1825 NWS bulb Dec. 15, 1962 Jan. 2, 1964
5269 NWS bulb Jan. 3, 1964 Jan. 14, 1964
1825 NWS bulb Jan. 15, 1964 Feb. 3, 1965
1833 NWS bulb Feb. 4, 1965 June 29, 1974
1825 NWS bulb Jan. 30, 1974 Sep. 29, 1975

12616 Eppley Mod II Sep. 30, 1975 Present

Table A.2 contains the calibration records that are available for these
pyranometers. Of the NWS bulb types used, all sensors except instrument
#2065 were coated with Parson's black. In the calibration procedure these
pyranometers were compared with a lamp black coated standard under artifici-
ally generated incident light in an enclosed sphere. The temperature of
calibration was 26.7°C. Later some of the Parsons black coated pyranometers
were compared with a Parsons black coated standard in a similar manner. The
calibration constants assigned to the working pyranometers were transferred
from the lamp-black coated standard. The difference between sensitivity of
the lamp-black coated instrument and the Parson's-black coated instrument is
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Table A.2 Mauna Loa Observatory Pyranometer Calibration History

Ser. No. Instr. Type Initial Cal. Date Terminal Cal. Date
3201 NWS bulb (P) 2.32 (L) 5.57 2.06 (L) 7/73
2065 NWS bulb (L) 2.02 (L) 1/58 No Records
2597 NWS bulb (P) 2.39 (L) 1/59 No Records
3963 NWS bulb (P) No Records No Records

(7.10)
4215 NWS bulb (P) No Records No Records
(7.05)
5269 NWS bulb (P) 2.30 (L) 9/63 2.04 (L) 7773
2.21 (P) 7/73
2.35 (1) 9/67
1825 NWS bulb (P) 2.43 (L) 9/62 2.23 (L) 12/75
2.43 (p) 127475
1833 NWS bulb (P) 1.95 (L) 8/58 1.52 (L) 12/75
1.66 (P) 12/75
12616 Eppley Med II 5.54 ? In Use

(P)
(L)

Parsons-black coated sensor

Lamp-black coated sensor

In the calibration columns these letters indicate the type of standard
instrument used in the calibration.

Calibration constants are expressed in mv/langley

The two numbers in parentheses in the calibration columns are the calibration
constants stamped on the pyranometer.

the "cross match factor". After numerous comparisons an average difference
of 7% * 2% has been assigned as the cross match factor. The effect of the
cross match factor is to decrease the values of the measured irradiance by

7% * 2% on the average if the comparison using the Parson's black standard is
considered more representative. The Mauna Loa Observatory data have not been
adjusted for the cross match factor. The crossmatch factor is not applicable
to the Eppley Mod II pyranometer.

Table A.2 also shows a decay in instrument sensitivity with time for the
Parson's black coated pyranometers. This decay is expressed by the differ-
ence in the instrument sensitivity between the initial calibration and the
terminal calibration. The rate of decay is unknown. No correction has been
applied to the data to adjust for this decay in sensitivity.

Besides being intercompared against a standard (which assigned the
instrument sensitivity) some pyranometers were compared with other pyrano-
meters on site at Mauna Loa Observatory under ambient conditions and clear
skies. Table A.3 lists these intercomparisons. Daily totals of the
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Table A.3. Pyranometer Intercomparisons at Mauna Loa Observatory, Hawaii
* Y
Period of Greater Total Calibration Lower Total Calibration X
Comparison (Instrument) Constant (Instrument) Constant X
3/ 5/59 - 5/13/59 2065 2.02 3201 2.32 1.04
6/ 5/59 - 6/24/59 2597 2,39 3201 232 1.08
7/ 4/59 - 7/29/59 2597 2.39 3201 2:32 1.08
8/ 1/59 - 8/11/59 2597 2.39 3201 2.32 1.09
9/10/59 - 9/23/59 2597 2.39 3201 2.32 1.09
10/ 8/59 - 10/23/59 2597 2,39 3201 2.32 1.07
11/16/59 - 11/25/59 2597 2.39 3201 2,32 1.08
12/ 3/59 - 12/31/59 2597 2.39 3201 2.32 1.08
1/ 5/60 - 1/25/60 2597 2.39 3201 2.32 1.06
4/23/60 - 4/24/60 2597 2.39 3201 2.32 1.09
5/ 5/60 - 5/30/60 2597 2,39 3201 2,32 1.07
6/12/60 2597 2.39 3201 2.32 1.10
7/ 3/60 - 9/ 2/60 2597 2.39 3201 2532 1.11
4/12/61 - 5/ 8/6l 3963 7.10 3201 2,32 1.02
8/ 2/61 - 8/ 3/61 3963 .10 3201 2.32 1.02
11/17/61 - 11/27/61 4215 7.05 3201 2,32 1.02
1/ 1/62 - 1/29/62 4215 7.05 3201 2.33 1.03
2/ 3/62 - 2/22/62 4215 7..05 3201 25,32 1,02
3/ 2/62 - 3/31/62 4215 7.05 3201 2.32 1.04
4/ 1/62 - 4/29/62 4215 7.05 3201 2,32 1.06
5/ 4/62 - 5/23/62 4215 1,05 3201 2,32 1.07
6/ 4/62 - 6/24/62 4215 7.05 3201 2.32 1.08
12/ 8/62 - 12/16/62 1825 2.43 3201 2532 1.14
10/16/63 - 10/31/63 1833 1.95 1825 2.43 1,01
11/ 1/63 - 11/30/63 1833 195 1825 2.43 1.02
12/ 1/63 - 12/17/63 1833 1.95 1825 2.43 1.02
12/18/63 - 1/ 2/64 1825 2.43 5269 2,30 1,02
1/ 3/64 - 1/10/64 1833 1.95 5269 2.30 1.04
2/ 4/65 - 2/22/65 1833 1.95 1825 2.43 1.04
7/ 1/74 - 7/ 8/74 12616 5.54 12617 5.65 1,001
7/ /74 - 7/ 8/74 1825 2.43 12617 5.65 1.051
8/ 8/75 - 8/25/75 1825 2.43 12616 5.54 1,0276
3/30/76 - 4/16/76 12616 5:54 12617 5.65 1.006

Note: Ratios (%é are of Daily Totals.
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irradiance measured were used to obtain ratios between the two pyranometers.
The differences between the two pyranometers changed with solar angle (time
of day). Figure A.l presents two examples of this. Such variations in the
differences between two pyranometers with the time of day (solar angle) were
common.

The response of the pyranometers at different ambient temperatures is
another correction factor that has not been applied to the data collected.
This temperature correction is the measured difference in instrument response
at the ambient temperature of calibration (26.7°C) as compared with the re-
sponse at the ambient temperature of operation out in the field. For the
conditions at Mauna Loa Observatory, the ambient working temperature averages
7.2°C with a minimum of 0.0°C and a maximum of 14°C. Of the pyranometers
used, those of the Eppley bulb type are the most temperature-sensitive.

Tests at the NWS laboratories have shown that the average correction is
0.144%/°C change in temperature. The correction is such that the irradiance
measured by the bulb pyranometers is high if the ambient temperature is below
26.7°C. For Mauna Loa Observatory the average correction would be Vv-2.8%
with a maximum of v-3.8% and a minimum of ~-1,8%.

The final adjustment to the data obtained at Mauna Loa Observatory in-
volves a resolution of the scales used to a common scale based on an absolute
measurement of solar energy. The NWS Eppley bulb pyranometer measurements of
solar radiation at Mauna Loa Observatory are based on the Smithsonian scale
of 1913 with the IPS 1956 correction. The Eppley Mod II pyranometer measure-
ments of solar radiation at Mauna Loa Observatory are based on the Angstrom
standard of 1956. The difference between these two scales is 3% with the
scale used by the NWS Eppley bulb pyranometers being higher. The anticipated
WMO primary standard scale, which is based on absolute measurements of solar
radiation using the PACRAD 3 instrument, is "0,6% below the scale used by the
NWS Eppley bulb pyranometers and "2,4% higher than the scale used by the
Eppley Mod II pyranometer. Therefore adjustments of Vv-0.6% and “v+2.4% can be
applied to the Eppley bulb pyranometer and Eppley Mod II pyranometer measure-
ments of solar radiation respectively, to make them comparable with the
anticipated WMO standard and with each other.

135 I e
130
125}

120

Figure A.l. Hourly ratios for

; ; 18
pyranometer intercomparisons, 1051 2 %

Mauna Loa Observatory, Hawaii.

095 | I | | ] | |
07 08 09 IO 1 12 13 M4 15 B 1T 18

True Solar Time

1320



Table A.4 summarizes the corrections that can be applied to the measure-
ments of solar radiation made at Mauna Loa Observatory. When there are no
data available a "?" is entered or the average values are entered when they
are applicable.

Table A.4 Summary of Corrections to Pyranometer Measurements of
Solar Radiation Made at Mauna Loa Observatory

Average
Instr. Crossmatch Temperature Sensitivity Scale Net
Ser. No. Factor Correction Decay Correction Correction
3201
Start 5/57 -7.0 -2.8 0.0 -0.6 -10.4
End T/73 -7.0 -2.8 12.6 -0.6 + 2.2
2065
Start 1/58 none -2.8 ? -0.6 - 3.4
End 2 none =2.8 ? -0.6 - 3.4
2597
Start 1/59 -7.0 -2.8 ? ~-0.6 -10.4
End ? -7.0 -2.8 7 -0.6 -10.4
3963
Start ? -7.0 -2.8 ? -0.6 -10.4
End ? -7.0 -2.8 2 -0.6 -10.4
4215
Start 7 -7.0 -2.8 ? -0.6 -10.4
End T ~-7.0 -2.8 ? -0.6 -10.4
5269
Start 9/63 -7.0 -2.8 0.0 -0.6 -10.4
End 7/73 -7.7 -2.8 +12,7 -0.6 * 1.6
1825
Start 9/62 =7.0 -2.8 0.0 -0.6 -10.4
End 12/75 -8.2 -2.8 + 9.0 -0.6 - 2.6
1833
Start 8/58 -7.0 ~2.8 0.0 =0.6 -10.4
End 12/75 -8.4 -2.8 +28.3 -0.6 +16.5
12616
Start 7 0.0 0.0 0.0 +2.4 + 2.4

Note: Corrections are in Percent of the Original Data.
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