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1. Observatory Operations Division

1.1, MAUNA LOoA OBSERVATORY
R. C. SCHNELL

1.1.1. OPERATIONS

Two, month-long MLOPEX intensive study periods and
the MLO electrical upgrade dominated the non-routine
MLO activities during 1992. MLOPEX is an NCAR-
organized free troposphere photochemisiry experiment
focusing on odd-nitrogen, odd-oxygen, and odd-hydrogen
chemistry. The study utilized instruments mounted in four
large ocean shipping containers; the equipment was
operated by up to 25 scientists and support crew.
Additional instruments for the study were mounted on the
MLO meteorological tower. The AEC building was used
by NCAR as a communication and data analysis center.
Study periods occurred in April and July after which the
instruments and containers were removed from the MLO
site. It is expected that the results from the MLOPEX
studies will provide valuable information on the sources,
ages, and recent flow histories of air masses enveloping
MLO in various seasons.

The MLO electrical upgrade consisted of re-installing all
of the outdoor power distribution and data transmission
cables into buried conduits. In addition, all buildings, the
meteorological and air sampling towers, and the HAO
facility were connected into a single, well-built grounding
network. This construction began in April and lasted
throughout the year.

A major upgrade of our computing facility occurred at
the Hilo facility with the acquisition and installation of a
VAX 4000 computer (provided by the NDSC program),
three 486 PC's, and a high-capacity laser printer. All of the
computers and printers in the Hilo offices have been
connected with an Ethernet LAN, including the third floor
office and basement labs.

MLO will be host to a Network for the Detection of
Stratospheric Change (NDSC) facility to be built east of the
observatory. NDSC is a sct of high-quality, remote-
sounding research stations for observing and understanding
the physical and chemical state of the stratosphere. Plans
for the =5000 fi2 building and land acquisition were
essentially completed in 1992,

Siting plans were developed for the future installation of
the Global Oscillation Network Group (GONG) facility
designed to study the core of the sun. This 5-year project
by the National Solar Observatory, Tucson, Arizona, will
include the installation of an unmanned trailer and solar
tracker.

In 1992 MLO was visited by 393 signed-in guests. This
number was influenced (on the high side) by the MLOPEX

activities. Few of the visitors coming to MLO are
opportune walk-ins. Instead, most are knowledgeable in
science and have MLO as their destination. About 50% of
our visitors in 1992 were from Europe or Asia.

1.1.2. PROGRAMS

Three new CMDL programs were added in 1992: column
water vapor, continuous CO, and UVB at 280-320 nm.
Smaller changes in programs included discontinuing 3-L
evacuated flasks for CO,, CHy , CO, 13C, 180 of CO; at
MLO and increasing the size of flasks from 0.5 L to 3.0 L
for the same gases at Cape Kumukahi. These programs
have added 15% and one mountain staff day per week to
the MLO workload over 1991.

Table 1.1 summarizes the programs in operation at MLO
during 1992. Details of some of the programs are as
follows:

Carbon Dioxide

The CMDL Siemens Ultramat-3 IR CO, analyzer and the
SIO Applied Physics IR CO, analyzer were operated in
parallel without major problems throughout the year.
Routine maintenance and calibrations were undertaken on
both instruments as scheduled.

The preliminary average MLO CO, concentration for
1992 was 356.2 ppm. The CO, annual growth rate between
1991 and 1992 was approximately 0.75 ppm. Compared to
the previous year's growth rate of 1.3 ppm per year, this is
a significant difference, a 42% drop.

Outgassing from the volcanic vents at the Mauna Loa
caldera and along the northeast rift zone at Mauna Loa
continued to cause periodic observable disturbances in
some of the CO, data record. As in prior years, these
venting events occurred mostly between midnight and 0800
LST of the following day, during the down slope wind
regime. The erratic concentrations in the data resulting
from venting events were easily identified by visually
scanning chart records or by utilizing a computerized data
screening procedure, and thus they have been separated
from the clean-air record without difficulty. Such venting
episodes were detected mainly on the basis of criteria for
CO; concentration, CO; variability, and wind sector. The
criterion for the CO, standard deviation screening was 1.0
ppm, which is the value suggested by Thoning et al. [1989].

The frequency of monthly occurrences of observable
outgassing from volcanic vents on Mauna Loa for 1992 are
listed in Table 1.2, and the annual number of events for the
past 5 years are listed in Table 1.3.

The weekly CO,, CHy, and other gas sampling programs,
using flasks at MLO and at Cape Kumukahi, were carried
out according to schedule throughout the year, without
problems.



TABLE 1.1.

Summary of Measurement Programs at MLO in 1992

Program Instrument Sampling Frequency
Gases
CO, Siemens Ultramat-3 IR analyzer Continuous
3.L glass flaskst 1 pair wk!
0.5-L glass flasks, through analyzer 1 pair wk!
co Trace Analytical RGA3

CO,, CHy, CO, 13C, 180 of CO,

ClH,
Surface Oy
Total O4
O; profiles

CFC-11, CFC-12, N,O

CFC-11, CFC-12, N,0,
CClg, CH;CCly CFC-113

CH;Br, HCFC-22, CFC-113
CCl, CH4CCl5, CFC-113
Halon-1211, Halon-1301

N,O

Radon

Aerosols

Condensation nuclei

Optical properties

Stratospheric and upper tropospheric aerosols

Black carbon
Total suspended particles

Solar Radiation

Global irradiance

Direct irradiance

Diffuse irradiance

Turbidity

Ultraviolet radiation
UV solar radiation (ARL)

Column water vapor

Meteorology

Air temperature

Temperature gradient
Dewpoint temperature
Relative humidity

reduction gas analyzer no. RS
0.5-L glass flasks, MAKS pump unit (MLO)
3-L glass flasks (Kumakahi)
Carle automated GC no. 6
Dasibi ozone meter
Dobson spectrophotometer no. 76
Dobson spectrophotometer no. 76
(automated Umkehr method)
Balloonborne ECC sonde
300-mL stainless steel flasks
1P5890 automated GC

0.8-L stainless-steel flasks

Shimadzu automated GC1
Two-filter system

Pollak CNC

TSI CNC*

Four-wavelength nephelometer®:
450, 550, 700, 850 nm

Lidar, 694.3 nm

Acthelometer

High-volume sampler

Eppley pyranometers with Q,
0G1, and RGB filters

Eppley pyrheliometer (2) with Q filter

Eppley pyrheliometer with Q, OGl1,
RG2, and RGS filters

Eppley/Kendall active cavity radiometer

Eppley pyrgeometer with shading disk
and Q filter*

J-202 and J-314 sunphotometers with

380-, 500-, 778-, 862-nm narrowband filters

PMOD three-wavelength sunphotometer*:
380, 500, 778 nm; narrowband

Robinson-Berger UV radiometer (erythema)

Yankee Environmental UVB, pyranometer
(280-320 nm)

2 wavelength tracking sunphotometer

Aspirated thermistor*, 2- and 40-m heights
Max.-min. thermometers, 2-m height
Hygrothermograph

Aspirated thermistors*, 2- and 40-m heights
Dewpoint hygrometer*, 2-m height
Hygrothermograph

Continuous (5/92)
1 pair wk!

1 sample (24 min)™!
Continuous

3 day!, weekdays
2 day“

1wk
1 pair wk'!
1 sample (h)!

Monthly

1 sample(h)™!
Continuous integrated
30-min samples

1 day™!
Continuous
Continuous

1-3 profiles wk!
Continuous
2 samples (mo)™!

Continuous

Continuous
3 da},r‘1

1 mo™
Continuous

3 day!, weekdays
Continuous

Continuous
Continuous (10/92)

Continuous (4/92)

Continuous
1 day-1

Continuous
Continuous
Continuous
Continuous



TABLE 1.1. Summary of Measurement Programs at MLO in 1992—Continued

Program

Instrument

Sampling Frequency

Meteorology - Continued
Pressure

Wind (speed and direction)
Planetary boundary layer metcorology
(PBL MET)

Precipitation

Total perceptible water

Precipitation Chemistry
pH
Conductivity
Chemical components

Cooperative Programs
CO, (S10)
CO,, 13C, N, O (S10)
CO,, CO, CHy, 13C/12C (CSIRO)

Total suspended particles (DOE)

CH, (13C/*2C) (Univ. of Washington)
Ultraviolet radiation (Smithsonian)

Solar aurcole intensity (CSU)

Precipitation collection (DOL)

Precipitation collection for organic acid
analysis (Univ. of Virginia)

Wet-dry deposition (ISWS, NADP)

Aerosol chemistry, upslope-downslope
discrimination (Univ. of Washington)

Aerosol chemistry (Univ. of Calif.-Davis)

Various trace gases (OGIST)
Sulfate, nitrate, aerosols (URT)
Radon (ANSTO)

Formation of 3Ile (WI1IOI)

Solar spectra (Univ. of Denver)
0,/N; (NCAR)

Capacitance transducer*
Mercurial barometer
Bendix Aerovane®, 8.5- and 40-m heights

Wind vane, cup anemometer, and aspirated RTD
thermometer (direction, speed, temperature at

3,5,10, 20, 30, and 40 m levels)
Rain gauge, 8-in
Rain gauge, 8-in}
Rain gauge, tipping bucket*
Foskett IR hygrometer*

pH meter
Conductivity bridge
lon chromatograph

Applied Physics IR analyzer
5-L evacuated glass flaskst
Pressurized glass flask sample

High-volume sampler (1 filter wk™!)

35-L evacuated flask

8-wavelength UV radiometer: 290-325 nm;
narrowband

Multi-aperture tracking photometer:
2, 5,10, 20, 30" fields of view

Exposed collection pails

Aerochemelric automatic collector

Aerochemetric automatic collector and
weighing-bucket rain gauge

Nuclepore filters

Programmed filter sampler

Stainless steel flaskst

Filter system

Acrosol scavenging of Rn daughters

Closed cylinder

FTIR spectrometer
Three 5-L glass flasks

Continuous
5wkt

Continuous
Continuous

5 wk!
1 wk!
Continuous
Continuous

Daily
Daily
As needed

Continuous
1 pair wk!
1 mo™!

Continuous
1 mo!
Continuous

Continuous

Integrated monthly sample
Collection after each

rain event
Integrated 7-day sample

Inactive

Integrated 3-day sample
1 continuous and 1 down-
slope sample (3 days)™!

1 set wk'! (3 flasks)

Daily, 2000-0600 LST

Continuous; integrated
30-min samples

Continuous 12-mo ambient
exposure from 1/90

1 wk!
1 wk!

All instruments are at MLO unless indicated.

*Data from this instrument recorded and processed by CAMS.

TMLO and Kumukabhi.
£Kulani Mauka



TABLE 1.2. Estimated Mauna Loa Venting Episodes (Total Time in Hours) at MLO in 1992*

Jan. Feb. March April May June

July

August Sept. Oct. Nov. Dec. Year

0 0 2 2 0 2

1

6 4 0 3 3 23

*Criteria: CO4 SD 21.0 ppm; wind direction sector 135°-225°; wind speed 21.35 m s-1.

TABLE 1.3. COj; Venting Events From 1988 Through 1992

Year Total Time (Hours)
1988 200
1989 84
1990 48
1991 26
1992 23
Methane

The Carle automated GC system, "Carle 6," was in
continuous operation throughout the year providing CHy
data on the basis of a grab air sample being taken every 24
minutes. The instrument functioned well during the year.

The CH4 data continued to show clearly defined cycles of
varying frequencies. The typical diurnal cycle was well
correlated with up- and downslope winds, with the marine
boundary layer air having the higher CH, concentrations.
There were also mulii-day or synoptic scale CHy cycles
observed that apparently relate to different air mass source
regions. The MLO CH4 measurements show CH, lost its
upward trend in 1992 compared with 1991's gradual
increase. The MLO 1992 monthly average CHy value was
~1725 ppb with the maximum occurring in March (~1735
ppb). There were decreases in CHy concentrations below
the annual average in August (to ~1710 ppb), September (to
~1720 ppb) and October (to ~1720 ppb).

Carbon Monoxide

A Trace Analytical RGA3 reduction gas analyzer for the
continuous measurement of CO mixing ratios was installed
in May. System operations and chromatographic data
logging are handled by an HP3396A integrator. The system
has worked well since installation.

Ozone Monitoring

The 1992 MLO ozone monitoring program consists of
three measurement phases: continuous MLO surface ozone
monitoring using a Dasibi model 1003-AH UV absorption
ozone monitor; daily total and Umkehr ozone profile
measurements using a computer-based automated Dobson
instrument (Dobson no. 76); and ozone profile
measurements based on weekly ascents of balloon-borne

ECC ozonesondes released from the NWS station at the
Hilo airport. In addition to the daily automated Umkechr
measurements and 5-day-a-weck total ozone measurements,
five special early morning AD-CD direct sun observations
were completed in 1993, The Dasibi ozone monitor
performed in a fully satisfactory manner and provided a
continuous, high-quality record of station-level ozone
concentrations for the entire year. The weekly ozonesonde
flights were coordinated with lidar observations to provide
further opportunities to study the effects of the Pinatubo
aerosol cloud on ozone chemistry.

Halocarbons and Nitrous Oxide

The RITS system had its annual major maintenance in
February 1992. During this time a Best UPS was installed,
valves were replaced or serviced on the HP-GC, leaking
solenoids were replaced, older plastic (pneumatic) lines on
the valves were replaced, and a back-flush needle valve
was installed on the HP-GC. In addition, the low value
reading was adjusted on the Shimadzu GC, and the air lines
on the tower were fitted with beaker cover protectors.
During this maintenance operation, the computer crashed
and a replacement was shipped from Boulder (a bad power
supply and back plane were replaced). The keyboard was
also sent back to Boulder later for repair.

Comparison air supply option tests were conducted from
April 17 to May 4 for various pump, tower air line, and
aluminum stack configurations. From these tests, a minor
leak problem was detected in the 41E1 valve in conjunction
with the Valco valve in the stream select unit. This was
repaired. In June the mid-tower air line was installed as
AIR2 and the aluminum stack pump unit was disconnected
from the system. In July the Best UPS frequency windows
were expanded to allow greater flexibility for incoming
power. Prior to this expansion, preset values were (oo
narrow for the Helco power delivered to the station.

In general, the RITS computer experienced problems
throughout the year before and after the UPS installation.
It was hoped that the UPS installation would alleviate some
of the earlier computer “glitch" problems as it did with the
power problems to the entire system. This was not the
case, as compuler hang ups continued through 1992. The
ASCII conversion program, which allows MLO personnel to
look at the data more closely, had some problems in early 1992
but was successfully modified at MLO in late 1992.



Aerosol Monitoring

The TSI unit is a continuous expansion CNC in which
condensation occurs in a butyl alcohol vapor chamber and
single particle counting statistics are used as a basis for the
CN concentration  calculations.  The instrument has
continued to display higher counts than the Pollak since its
return from the company in 1991. This instrument will be
compared to a second TSI in early 1993.

The aethalometer performed satisfactorily during 1992,
There was some local contamination of the data during the
latter half of the year when the observatory electrical
upgrade contractor was using diesel equipment at MLO.

The 4-wavelength nephelometer went down on January
17 because of a faulty automatic air/filter valve. While
awaiting arrival of a replacement valve from Boulder,
maintenance was performed on the circuitry. The system
was brought back in service on February 26. The system
performed without any problems the remainder of the year.

Radon

The CMDL/DOE radon program completed its second
year of operation, collecting quality data 87% of the total
hours in 1992. Experiments with a sister instrument at the
DOE/EML lab in New York in the fall of 1992 isolated the
source of thoron contamination as being in the welds in the
aluminum chamber and housings. A thick coating of epoxy
was applied to the MLO instrument welds in December that
completely eliminated the thoron contamination. This
brought the instrument sensitivity down from more than
50mBg/m3 to less that 15mBq m3 for a 30-minute sample.

Results from the first 30 months of operation are
summarized in Figures 1.1 and 1.2. A sirong seasonal
cycle is seen at MLO. Downslope March monthly averages
are highest at 300mBq m3 with a minimum in October of
less than 10mBq m3. Radon emanating from soils at lower
altitudes on Hawaii is typically transported in the daytime
upslope winds, with concentrations averaging over 100mBq
m3,

Solar Radiation

Two water-vapor meters built by the University of
Arizona were put on the solar dome spar on April 2. The
instruments measure narrow-band solar radiation at 870 nm
and 940 nm. The station pyranometer was replaced on
October 27. The solar dome controller and related sensors
were damaged when the building was being rewired as part
of the station electrical upgrade; this caused loss of
automated operation for the remainder of 1992.

Fifty-seven hand-held sunphotometer instrument calibra-
tions were performed during the year. The broadband
atmospheric transmission factor increased from 0.86 in
January to 0.90 in December as the Pinatubo aerosol
continued to fall out of the atmosphere.

The old Robertson-Berger erythema meter, in use for
many years at MLO, was replaced with a newer model 500
RB meter. An IBM PC is now being used as a data
acquisition system for the newer R-B meter.
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Fig. 1.1. Nightly average radon concentrations between 00 and 07
LST measured by the CMDL/DOE radon instrument at MLO during
its first 30 months of operation. The heavy solid line is a 60-day
running geometric mean. Synoptic-scale variability is primarily
caused by changes in air trajectories coming from continental

sources.
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Fig. 1.2.  Seasonal representation of Figure 1.1 data, shown by

monthly geometric means +16. The right-hand scale (with arbitrary
zero) relates radon loss to the 3.8 day radon half-life. All else being
equal, this suggests that continental air reaches MLO 2 to 3 weeks
faster during the spring Asian dust season than in the fall. Only 7
days' data were averaged for October.



A Yankee Environmental UVB instrument was installed
on September 17 and connected to CAMS ASR channels 6
and 7. This UVB pyranometer measures global solar UVB
irradiance from 280 nm to 330 nm.

Computers/Network

A VAX 4000 computer was installed in November and an
Ethernet LAN set up to connect all the PC's in the Hilo
office. A network printer was connected to the system. A
dial-in modem connection to the VAX and a 486 PC was
put in place so MLO staff can call in and work on the
system from home. We are now waiting for a NASA
Internet connection to establish a network between Boulder
and MLO.

MLO Database

Subsequent to the addition of the VAX computer, several
large, integrated data bases were created along with utility
programs to convert the data and read the data bases for
analysis. More data bases are being added on a monthly
basis. The data bases currently stored in the VAX along
with the period covered: mlohrsall - all hourly data from
1985 until 1999 (contains all CAMS data, RITS, CHy, black
carbon, radon, Scripps CO;, and other future projects up to
100 parameters (master. hrs); mlominmsd - minimum data
from solar dome (only when dome is open); mlo3mnall - 3-
minute data for solar radiation data (or other parameters);
mlo30mall - 30-minute data; mlohrshis - data starting
January 1, 1958; mlowkyall - weekly data; and mlowkypro-
proflile data (ozonesonde, lidar, and NWS soundings).

Meteorology

A Planetary Boundary Layer System (PBL) was installed
and activated January 15, 1992. The system measures wind
speed, wind direction, and temperature at the 3, 5, 10, 20,
30, and 40 meter levels. Sensors are scanned by a 386
computer at 1-second intervals, and 1-minute averages are
displayed and stored by the computer. Frequent
anemometer problems were experienced in the early stages,
but the system has opcrated trouble-free after all the
sensors were overhauled.

There were no changes in the standard meteorological
observations program. The routine monitoring of wind
speed, wind direction, temperatures, dew point, and
atmospheric pressure was carried out during the year
without major problems. The mercury barometer was
moved to a more slable location in the middle of the MLO
building on November 9. Weekly dewpoint and
temperature comparisons and semi-annual calibrations
revealed no discrepancies in the data.

Precipitation Chemistry

The MLO modified program of precipitation chemistry
collection and analyses continued throughout 1992 within
the basic MLO operational routine. This program consists
of a weekly integrated precipitation sample from the

Hilo NWS station and the collection of precipitation event
samples at MLO. Analyses of these samples are
undertaken in the Hilo Laboratory for pH, conductivity, and
several ions using currently available equipment.

Lidar

Lidar operations continued on a regular weekly basis up
to November 4 on which date a major electrical breakdown
occurred during an observation. The lidar was out of
service until February 1, 1993. As shown in Figure 1.3,
stratospheric aerosols from the June 15-16, 1991, eruption
of Mt. Pinatubo continued to decrease over the year with a
more rapid decline beginning in mid-October.

Cooperative Programs

The cooperative programs continued without any major
changes from 1991 except for the University of
Washington's aerosol chemistry program that went into
inactive status due to malfunctions in the control system.
No replacement was received in 1992. The Op/N; flask
sampling program (NCAR) matured in 1992 having passed
through a shakedown period in late 1991. The NCAR flask
program did not send any flasks in 1992 and was
subsequently discontinued. Weekly sunrise solar spectra
FTIR measurements (University of Denver) were conducted
throughout the year. A second staff member has been fully
trained in the FTIR spectrometer operation. This program
has also now settled into a mature phase.

MLO cooperative programs are listed in Table 1.1. It is
the consensus of the MLO staff that cooperalive program
activities now consume 50% of MLO non-administrative
staff time.
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Fig. 1.3. Stratospheric column acrosol backscatter record from the
MLO lidar. The El Chichon and Pinatubo aerosols are the most
significant inputs in the past two decades. Note the rapid decrease
in the Pinatubo aerosols beginning in October 1992,



1.2, BARROW OBSERVATORY

D. ENDRES

1.2.1. OPERATIONS

January 1992 marked the start of the 20th year of data
collection at BRW.

BRW serves as part of the training for the CMDL SPO
crew each year. This year the NOAA Corps officer was in
BRW for training during February and March and again
during June and July. The electronics technician was here
during July and August.

A new third-party support agreement with the DEW Line
site was negotiated this year with a greatly reduced road
maintenance schedule.

A gate for the observatory road is being planned to
control the increased traffic on the observatory road. On
scveral occasions the station was uscd as a starting point
for 4-wheel drive vehicles to gain access to the tundra.

In October the electronics technician leflt for a new
position and was replaced in November.

Polar bears were seen in record numbers during the fall
with as many as 30 bears sighted at the dump on several
occasions.

During the winter of 1992-1993 the road was left drifted
with snow due to the extreme cost of snow removal.
Station personnel started skiing to the station when there
were no known bears in the area. The road closure helped
to keep traffic off the road.

Last year an offshore exploratory oil rig was stationed
east of the station about 32 km out. ARCO Alaska moved
it during the summer of 1992. To date, no effects have
been noted in the BRW data set.

With the help of the MASC Engineering Office in
Boulder, plans for a new BRW Observatory building were
completed. The plans call for about a 50% increase in
building size, with the old observatory building to be used
for warm storage and/or co-op projects. Funds for the
construction of a new observatory have not yet been
obtained. A standing request to secure funds from the
Department of Commerce NOAA Capital Improvement
Appropriations is pending.

The 1985 Chevy Suburban was returned to GSA in
Anchorage and a 1992 Ford pick-up was issued to BRW.
The DEW Line allowed us access to a stall in their garage.
This gave us a place to park the truck during the day with
enough room left on the side for the snow machines. The
snow machines are particularly useful during the winter
when access to the observatory by car can become difficult.
All vchicles ran fine during the year with normal
maintcnance.

The bathroom in Apartment A was remodeled by station
personnel during April to finish the government housing
upgrade. A problem in the apartment occurred when a
broken pipe was found in the wall that called for extensive
repair to the plumbing. In spite of the break, no structural

damage was found to the house. In a separate incident, a
pipe under the house, about 3.6 m long, froze and cracked
in several places. Station personnel replaced and re-
plumbed the pipe and installed insulation to correct the
situation.

1.2.2. PROGRAMS

Table 1.4 summarizes the 1992 measurement programs at
BRW. Operational highlights are as follows:

Aerosols

The nephelometer ran well all year with only minor
maintenance required. Aerosol backscatter, as measured by the
nephelometer, showed the typical springtime high with no
substantial deviation from the past record.

The Tygon tubing on the inlet to the TSI CNC was replaced
with copper tubing. It was decided to keep the diameter of the
tubing at 3/8 inch (9.525 mm) i.d. There is less particle loss
due to static electricity in the copper tubing than in the Tygon
tubing.

The lamp was replaced in the acthalometer when the data
began to show erratic values. The problem was cleared up and
the aethalometer continues to collect black carbon data. A very
good correlation has been shown between black carbon and
CO; data [Hansen, 1989].

Solar Radiation

The first sunrise of the year occurred on January 23. For the
first few weeks of the solar year the elevation angle is too low
for quality direct sun observations. All global instruments
were returned to service at sunrise and worked well throughout
the year.

Backlash in the rack and pinion gears for the solar tracker
was adjusted and the tracker experienced no problems this
year.

The quartz and the RG8 pyranometers, along with the
pyrheliometer, were returned to Boulder during November for
calibration. The FWNIP was calibrated.

Carbon Cycle

CO; NDIR. The Barrow CO, mixing ratio reached a high
this year of over 360 ppm. A peak is seen each spring with
a summer minimum occurring during September and
October. During the fall of 1991 the CO, system was
upgraded to a Siemens Ultramat 5E [Ferguson and Rosson,
1991]. The Siemens NDIR ran fine all year with minimal
downtime.

CHy. Batteries were changed in the CH4 UPS. The local
utilities co-op experienced problems with the generators
that caused several outages late in 1991. During April a
member of the CMDL Carbon Cycle Division arrived to
upgrade the system by replacing the gas chromatograph.
Several modifications were made to the internal plumbing
of the GC along with program updates.
there was a problem with noisy data.
diaphragm in the air sample

Late in the year
Changing the
pumps apparently



TABLE 1.4. Summary of Measurement Programs at BRW in 1992

Program

Instrument

Sampling Frequency

Gases

co,

CO,, CHg, CO

CHy

Surface O4

Total Oy

CFC-11, CFC-12, CFC-113, N,0
H1211, H1301, HCFC-22

CFC-11, CFC-12, CFC-113, N,0,

CCl,, CH,CCly
N,0
co

Aerosols

Condensation nuclei

Optical properties
Black carbon

Solar and Terrestrial Radiation

Global irradiance
Direct irradiance

Terrestrial (IR) radiation
Albedo

Meteorology

Air temperature

Dewpoint temperature
Pressure

Wind (speed and direction)
Precipitation

Cooperative Programs

Total surface particulates (DOE)
Precipitation gauge (USDA)

Magnetic fields (USGS)

Various trace gases (OGIST)
3¢, 1¥0, CO, (CSIRO)
CO,, 3¢, N,0 (S10)
CHy (Univ. of Calif., Irvine)
Earthquake detection

(Univ. of Alaska)

B3eH, (13¢/'2C) (Univ. of Washington)
Ultralow frequency waves (Univ. of Tokyo)

UV monitor (NSF)
Magnetic fields (NAVSWC)
Q5 in air (Univ. of Rhode Island)

Siemens Ultramat SE analyzer

3-L glass flasks

0.5-L glass flasks, through analyzer
0.5-L glass flasks, P? pump unit
Carle automated GC

Dasibi ozone meler

Dobson spectrophotometer no. 91
300-mL stainless steel flasks
800-mL stainless steel flasks
HP5890 automated GC

Shimadzu automated GC
Trace Analytical GC

Pollak CNC

T.S.I. CNC

Four-wavelength nephelometer
Aethalometer

Eppley pyranometers with Q and RGS filters
Tracking NIP
Eppley pyrheliometer with Q, OG1,
RG2, and RGS filters
Eppley pyrgeometer
Eppley pyranometer and pyrgeometer

Thermistor, 2 levels
Max.-min. thermometers
Dewpoint hygrometer
Capacitance transducer
Mercurial barometer
Bendix Aerovane

Rain gauge, tipping bucket

High-volume sampler (1 filter wk-1)

Wyoming shielded precipitation gauge.
Nipher shield, Alter shield, 2 buckets

3-Component fluxgate magnetometer and total field
proton magnetomeler

Stainless steel flasks

5-L glass flasks

5-L evacuated glass flasks

Various stainless steel flasks

Seismograph

35-L stainless steel flasks
Magnetometer

UV spectromelter

*He sensors

3.L glass flasks

Continuous

1 pair wk-!

1 pair wk-1

1 pair wk-1

1 sample (12 min)-}
Continuous

3 day-!

1 pair wk-!

1 pair month-1

1 sample (0.5 h)-!

1 sample (0.5 h)-1
1 sample (6 min)-!

1 day’!

Continuous
Continuous
Continuous

Continuous
Continuous
Discrete

Continuous
Continuous

Continuous
1 day!
Continuous
Continuous
Discrete
Continuous

Continuous
1 mo-!

Continuous

1 set wk-1 (3 flasks set-1)

1 pair (2 wk)?

1 pair wk-!

1 set (3 mo)-!

Continuous, check
site 1 wk-!

1 (2 wk)!

Continuous

1 scan per 0.5 hour

Continuous

1 pair (2 wk)-!




cleared up the problem. The system ran fine the rest of the
year.

Co. Another member of the CMDL Carbon Cycle
Division came to BRW to upgrade the CO system. The CO
detector uses HgO to reduce CO to CO; and Hg. Mercury
vapor absorbs UV light and produces a signal proportional
to levels of CO. The system ran fine all year.

Flask Samples. Flasks were exposed on a weekly basis.
CO;, CH;,, and CO are measured from the flask samples.
An offset between the CMDL 3-L flasks and the MAKS
flasks was noted and is currently under investigation by
CMDL Boulder personnel.

Meteorology

Winds as high as 96.5 km ph (60 mph) were recorded
during a blizzard in November. During December a series
of six low-pressure cells moved across the Arclic raising
temperatures to as high as -6°C (+20°F). All instrumenta-
tion ran fine during the year. Aecrovane and temperature
probe calibrations were performed at 6-month intervals
with no drift in calibration found.

Ozone

Surface Ozone. Barrow O3 measurements are a two-part
program with surface level measurements made by the
Dasibi ozone meter.  Springtime data often show a
minimum and have been seen to reach levels down to zero.
The most likely cause is the build up of Br in ocean water
during the winter and when it is released into the
atmosphere and undergoes photochemical disassociation
during spring break up destroying ozone in the process. On
a longer time scale, an overall increase in average surface
ozone amounts has been shown for BRW and it may be the
by-product of NO emissions from the Prudhoe Bay oil
fields [Jaffe, 1991].

Total Ozone. Ozone observations began in late February
when the sun angle became high enough to produce reliable
signals. A possible problem with high humidity was
discussed and it was decided to build and install a dryer
system. With the dryer system, air is pushed through a
desiccant and blown through the Dobson. Whenever
practical, zenith observations were taken in conjunction
with direct sun observations to produce a data set for
analysis of the difference between the data from direct sun
and zenith observations.

The observational year was concluded on October 8 when
the sun angle decreased to levels too low for observations.

Halocarbons

In situ measurements. Problems with the GC data
acquisition system locking up continue to plague the
station., Generally good data was collected except for the
episodes of unexplained failures. A power down reset was
the only thing that would work to restart the system after
lockups.

BRW data along with that from other remote long-term
CMDL monitoring sites, show a decrease in the rate of
increase in global CFC's. The seasonal cycle of CFC
mixing ratios was still seen in the BRW data set.

Flask samples. When flasks were available, they were
exposed on a weekly basis and returned to Boulder for
analysis. Measured compounds included CFC's, HCFC'S,
and the LEAPS gases.

Cooperative Programs

Only programs with problems or unusual occurrences are
mentioned in this section.

The DOE began preliminary discussions with BRW and
UIC/NARL regarding the possibility of using the BRW
Observatory and surrounding area as part of the
ARM/CART site. The ARM program is part of an effort by
the DOE to resolve uncertainties about global climate
change and the role of clouds on any possible change.
Instrumentation will collect data to determine the
interactions of sunlight, radiant energy, and clouds on
temperature, weather, and climate. A 10-year project is
being planned.

USDA/SCS Snow Survey gages froze again during the
winter of 1991-1992 because the fluid used could not
handle the cold temperatures. During the summer of 1992
a switch was made to a different type of solution that has a
lower freezing point.

The University of Rhode Island began collecting flask
samples of ambient air in BRW for analysis of Oy/N; and
CO;. O3 fluxes mirror those of CO,. By measuring O,
concentrations, important information about the fate of
fossil fuel CO; can be gained as well as the information
regarding the fertility of the ocean.

Several new projects are being planned for BRW in the
coming year. The University of Washington is planning to
have high-pressure cylinders filled at BRW for analysis of
14C in CO at the University of Washington. The mea-
surements will provide information about photochemical
influences on tropospherical OH radical concentrations.

A project is being planned by the U.S. Interagency Arctic
Buoy Program to set up and calibrate ice buoys at BRW .

1.3, SAMo0A
C. FARMER

1.3.1. OPERATIONS

The past year at the obscrvatory was spent doing many
of the hurricane rccovery chores that were not completed
immediately following Hurricane Val. Most measurement
programs were continued during the year without any
major difficulties. It was the middle of the year before all
of the main CMDL programs were back to normal with the
replacement of the CO; sampling mast at the point area.



The only item that still needed attention was the
replacement of the Hi-Vol sampling enclosure for EML
and the maximum/minimum temperature shelter.

There were more problems with the generator during the
year. The starter shorted out and in doing so caused many
other problems, the most serious of which required the
replacement of the radiator that had been replaced just 1
year earlier and the replacement of the injectors that were
damaged due to water getting in the fuel. The old radiator
was returned to Caterpillar in hopes that they would
replace it under warranty but they did not. The starter
burned out and also had to be replaced. Most of these
repairs and modifications were performed by the
obscrvatory personnel.

Much of the hurricane damage on the island went
unrepaired for the year, especially the roads. The
condition of the road to the observatory worsened further
with the passage of a period of unusually heavy rain in
April of more than 580 mm (23 inches) and the passage of
a hurricane near the islands during the last week in
Dcecember when again heavy rains and flooding occurred.

Because the batteries were no longer holding a charge,
the PV array was disconnected during August. New
batteries were rcquested but because of their high
replacement cost, they could not be purchased and were
not in place by the end of the year. This created few
problems for the CAMS and other equipment that normally
used the solar PV power, until the end of the year when the
island power began going off and on quite often. Because
of the degradation of the island power, the data acquisition
units had a high failure rate. They began experiencing
many autorestarts, the bram lost messages, and several
circuit board failures occurred with all units. This problem
was finally dealt with by running extension cords to the
Ekto building and using the UPS power available there.

We had a small problem with the new chief in Tula
village when the rent payments for March and April were
delayed in the mail. He threatened to change all of the
locks at the observatory. Luckily the check for April
arrived in time for the Station Chief to persuade him not to
lock us out.

1.3.2. PROGRAMS

Table 1.5 summarizes the programs at SMO for 1992.
Further descriptions of some of the programs follow.

Carbon Dioxide

The sampling mast that was broken during Hurricane
Val was replaced during July. Until that time the
temporary sampling mast that was configured after
Hurricane Ofa had been in use since early January.
There appeared to be little difference in the CO; data
when the winds were within the clean air sector except
possibly there was a slight decrease in the standard
deviations of the hourly averages.
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A shortage of working tanks occurred near the end of the
year. The new tanks were supposed to arrive in early
December but failed to make the ship. The system was
kept running by switching in old working tank standards
for about 1 week at a time, working the remaining pressure
levels of the working tanks to lower than normal levels
before they were shipped back to Boulder for final
concentration level checks.

The flask sampling program continued throughout the
year without any major difficulties. The only significant
change to the regular flask sampling program was the
switch to the 2.5-L flasks for the MAKS unit and the
discontinuance of the 3-L flasks.

Surface Ozone

There were many problems with this program during the
year. A new instrument was shipped in February to the
observatory only to develop immediate problems because
of its newer design it ran cooler, causing a condensation
problem that eventually led to its return to Boulder. The
old instrument was refurbished in Boulder, was returned to
Samoa, and was put back into service. There were also
problems with the chart recorder hanging up on several
occasions and it was finally replaced. There was also a
great deal of data lost due to the continued failure of the
ozone board in the data acquisition unit. This problem
worsened when the PV array had to be shut down.

Total Ozone

There were no scrious difficulties with the operation of
Dobson spectrophotometer no. 42 during the year. An
expanded program was started in March to include zenith
observations after each direct sun observation to improve
the algorithm to convert the zenith observations to ozone
values. This program was continued through the end of the
year.

Halocarbons and Nitrous Oxide

There were problems during the year with the halocarbon
and N,O gas chromatographs. However, loss of data was
kept to a minimum in most circumstances. These
problems included the loss of a power supply in the
computer, the continued problem of the water removal
system getting plugged up, problems with the air
compressor, and a tempcrature control problem with the
N,O gas chromatograph. The source of the fine powdery
substance that was plugging up the water removal system
was determined to be the traps themselves, although the
presence of the material upstream of the traps seems to
contradict this. New stainless-steel traps were installed
and appeared to be working well; however, there was
eventually a problem with them plugging up as well. To
keep the system from being affected by the regular low
voltages experienced during the evening hours and power
outages, the UPS continued to work without difficulty.
Several other minor problems were encountered during the
year.



TABLE 1.5. Summary of Measurement Programs at SMO in 1992

Precipitation Chemistry

pH
Conductivity

Anions (NO; , 505)

Cooperative Programs

C0,, 13C, N,0 (S10)

GAGE project: CFC-11, CFC-12,
N,O, CH5CCl,, CCly (SIO)

Various trace gases (OGIST)

Wet deposition (NADP)

Bulk deposition (EML)

Hi-vol sampler (EML)

Hi-vol sampler (SEASPAN Project)
CH,4,(13C/12C ratio) (Univ. of Wash.)
Light hydrocarbons (UCI)

Fisher model 805 meter
Beckman model RC-16C meter

Dionex QIC ion chromatograph

5-L evacuated glass flasks
HP5880 gas chromatograph

Stainless steel flasks

HASL Chemetrics wet-dry collector
Plastic bucket

High-volume sampler

High-volume sampler

30-L pressurized cylinder

1-L evacuated stainless steel flasks

Program Instrument Sampling Frequency
Gases
Co, Siemens Ultramat-5E analyzer Continuous
CO,, CH, 3.L glass flasks 1 pair wk!
0.5-L glass flasks, through analyzer 1 pair wk!
2.5-L glass flasks, MAKS pump unit 1 pair wk!
Surface O4 Dasibi ozone meter Continuous
Total O, Dobson spectrophotometer no. 42 4 day-!
CFC-11, CFC-12, N,0 300-mL stainless steel flasks 1 pair wk-1
CFC-11, CFC-12, N,0, CCly, HP5890 automated GC 1 sample (h)-!
CH;CCl,
N,0 Shimadzu automated GC 1 pair mo-!
LEAPS Gases H-1301, H-1211, CFC-113, 1-L stainless-steel flasks 1 pair mo-!
CFC-22
HCOO0H, CH;CO0H, HC1, HNO,, CH,SO,H Condensation sampling with ion Discrete
chromatographic analysis
Aerosols
Condensation nuclei Pollak CNC 1 day-!
G.E.CNC Continuous
Solar Radiation
Global irradiance Eppley pyranometers with Q and RGS8 filters Continuous
Direct irradiance Eppley pyrheliometer with Q filter Continuous
Eppley pyrheliometer with Q, OG1, Discrete
RG2, and RGS filters
Meteorology
Air temperature Thermistors (2) Continuous
Max.-min. thermometers 1 day-1
Dewpoint temperature Polished mirror Continuous
Pressure Capacitance transducer Continuous
Mercurial barometer 1 wk-!
Wind (speed and direction) Bendix Aerovane Continuous
Precipitation Rain gauge, weighing bucket Continuous
Rain gauge, tipping bucket Continuous
Rain gauge, plastic bulk 1 day-!
HASL Chemetrics wet/dry collector 1 day-1

1 day-! (CMDL);
1 wk-! (NADP)
1 day-1(CMDL);
1 wk'! (NADP)
1 day-! (CMDL)

3 flasks wk-1
1 hl

3 flasks wk-!
(3 flasks set-1)
1 wk-1

Continuous (1 bucket mo-1)
Continuous (1 filter wk-1)
Continuous (1 filter wk-1)

Biweekly
3-4 flasks qtr!
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Flask air sampling continued on a weekly basis when
flasks were available. Either 300-ml (weekly) or 1-L
(monthly) flasks were used.

Aerosols

The aerosol program continued at the observatory with
the addition of a TSI condensation nucleus counter. There
were several problems initially encountered with the unit
and the acquisition of the data from it, but it was up and
running by May. The other component of the acrosol
program, the GE condensation nucleus counter, ran
throughout most of the year experiencing problems typical
of past years.

Solar Radiation

This program had few problems during the year. There
was some difficulty with the tracking NIP staying aligned
during the middle of the year, the reason for which was
never clear.

Meteorology

After Hurricane Val destroyed the weather shelter, the
maximum/minimum thermometers remained underneath
the carport for the entire year. This obviously was not an
ideal location for the thermometers, but without a shelter,
this temporary site was required. One result of this
temporary location was that during the year many people
who came up to the observatory after hours began taking or
breaking the thermometers due to their conspicuous
location. All the other meteorological-shelter instruments
performed well during the year.

Problems with the Aerovane were suspected when the
measured wind speed was not as high as it appeared to be.
The Acrovane readings were checked against a hand-held
anemometer to verify that the measured wind speeds were
below expected values. The problem was due to the
degaussing of the magnet in the instrument. Later in the
year during the passage of a hurricane near the island, the
direction was affected causing the direction to shift by
about +20°. Later tests have verified this to be the case.

Precipitation Chemistry

When it rained, daily precipitation samples continued to
be collected during the year. All analyses were performed
at the observatory. Samples are no longer being shipped to
MLO for further analyses. Analysis is performed using a
Dionex QIC ion chromatograph on loan from the
University of Washington.

Cooperative Programs

The cooperative program that again involved the most
time during the year was the gas chromatographs operated
by SIO. All problems were dealt with and the system ran
well throughout most of the year. Most all other programs
operated without difficulty for the year. The National
Acid Deposition Program was discontinued during the year
with the last sample being taken in October.
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1.4. SouTH POLE OBSERVATORY
D. TYSOR

1.4.1. OPERATIONS

CMDL's most remote bascline observatory is located at
the Amundsen-Scott South Pole Station (SPQO). The SPO is
located 200 m from the geographic South Pole on the polar
plateau at an elevation of 2835 m. The extreme
environment of the polar plateau adds to the remoteness of
the station. With an average year-round temperature of
-49°C, planes can land only during a short summer season
(approximately November 1-February 15).  This report
will cover dates from November 1, 1991-November 1,
1992, a time-frame consistent with the rotation dates for
incoming and outgoing observatory staff.

The SPO is housed in the Clean Air Facility (CAF), a
building located several hundred meters grid northeast of
the main dome structure of the United State's Antarctic
station. This location is optimal for the sampling of
atmospheric constituents because the wind blows from a
clean air sector a large percentage of the time.

While most of the CMDL SPO operations are located at
the CAF, the SPO balloon programs were carried out in the
Balloon Inflation Tower located "down wind" of the
station.  Antarctic Support Associates (ASA) computer
facilities located in the main dome, were also used by the
CMDL program.

NSF is the United States' agency tasked with managing
all of our country's Antarctic science projects. NSF funds
provide the base support for research, transportation, and
logistics for university and government agencies as well as
for the civilian contractors, ASA, to help develop,
maintain, and improve America's presence on the continent.

This year's support facilities that had an impact or future
impact on CMDL's program included the following:

A ceilometer (for measuring cloud base heights) was
purchased by the U.S. Navy and installed on the roof of
CAF. Although the instrument is to be operated and
maintained by ASA, software was written that allowed
CMDL to collect raw data from this instrument. This data
may be able to contribute to several of NOAA's programs
including solar radiation (radiation budget), acrosols
(tropospheric/surface), as well as for its intended purpose
for meteorology (cloud base heights).

The upgrades on the station power plant continued during
the 1991-1992 season. In previous years, power has been a
problem at the Pole when blackouts and brownouts were
quite common. The station is perhaps one season away
from completing the power plant upgrade, but during the
year station power was very clean and there were only a
few unscheduled blackouts. During the summer, a new
two-story building on stilts was constructed in an arca
known as "summer camp.” This structure and others like it
represent the future design of new buildings at the Pole and
as such could eventually be used as the next CAF. The



current CAF is over 15 years old and is scheduled to be
replaced in the next few years.

CMDL scientific data from the Pole is sent out via the
ATS-3 satellite. This satellite was also used for phone
traffic into the United States via Malabar, Florida. When
available, the LES-8 and LES-9 satellites were used to
transmit additional data from the Pole. The SPO data ranks
second in the priority list of all project data currently being
transmitted from the Pole, transmittal went
smoothly.

so data

1.4.2. PROGRAMS

Table 1.6 is a summary of the measurement programs at
SPO during 1992. The following is a short discussion of
the various programs.

Aerosols

Most of the acrosol equipment functioned well during the
The acthalometer performed well in its task of
measuring carbon aerosols, but was returned to Boulder in
December 1991 for refurbishing.

The 4-wavelength nephelometer measures the optical
propertics of aerosols and ran well except during high
winds. For some unexplained reason, all four channels
would drop out when winds exceeded 30 knots. When the
wind speed decreased, the instrument would automatically
begin collecting data again.

The TSI condensation nuclei counter (CNC) also
performed poorly during high winds cxhibiting erratic
behavior. A blown driver card was the only hardware
replacement required for the TSI The instrument
functioned perfectly during low wind conditions.

The Pollak CNC observations took several days to
stabilize after the instrument was waltered, but after the
Pollak had time to dry out, the results began to agree with
the TSI CNC.

year.

CAMS

Data is collected for the various programs using the
Control and Monitoring System (CAMS). The CAMS units
all functioned very well during low wind conditions.
However, during high winds especially in the winter, the
CO; unit had one autorestart and the ASR (Aerosol, Solar
Radiation) unit had numerous ones.

Carbon Divxide

The Siemans IR analyzer that measures in situ baseline
CO; concentrations worked without fail for the entire year.
The chart recorder failed on occasion, but was easily fixed
with the replacement of a few electronic components.

The through-analyzer flask program samples the same air
that is analyzed by the Siemans equipment. The flasks
were saved throughout the winter and were returned to
Boulder in the summer for analysis and comparison with
the Sicmans' data. A sccond CO; flask program involved
the use of a portable MAKS unit. Samples are collected
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outside simultaneously with the SIO program flasks and the
MAKS flasks are shipped back to Boulder in the summer
along with the through-analyzer flasks. All CO; flasks
compared well with the Siemans analyzer data.

Dobson Ozone Spectrophotometer

The Dobson ozone spectrophotometer measures the total
ozone in a column of air. The measurements are
normalized to ozone concentrations in a vertical column
over the station. This equipment is normally operational in
the summertime when the sun is several degrees above the
horizon and in the wintertime when the moon is full. The
instrument was 100% of the operational
window. Missed observations were usually due to poor
weather conditions, i.e., blowing snow or thick overcast
skies.

operational

Meteorology

Meteorology equipment includes instruments to measure
temperature, pressure, frost-point temperature, and wind
speed and direction as well as the CAMS units for
recording all of the data. After replacing the CAMS
anemometer board early in the season, the meteorology
equipment functioned well throughout the rest of the year.

NOAH - Halocarbons

The gas chromatograph system that measures CFC's in
the atmosphere, was reworked during the summer and ran
almost continuously for the rest of the year., Minor
computer problems and valve realignments account for the
small amount of down-time in the winter. The flask
sampling program ran smoothly.

Ozonesonde Balloons

This program was the year's most challenging. Extensive
data was collected on stratospheric ozone even though there
was a telemetry reception problem with the ground
equipment. Balloons were launched in high winds with
greater success than in previous years.

Solar Radiation

The side-by-side comparison of Soviet versus American
solar radiation instruments was completed in the summer.
The Soviet equipment was removed and returned to
Boulder. The tracker for the normal incidence
pyrheliometer had a few problems, but the data still
compared well with the manually operated instrument. No
pyrgeometer data was collected after both instruments
malfunctioned in the winter.

Water Vapor Balloons

Like the ozoncsonde program, this balloon program
suffered from the telemetry problems mentioned carlier.
Other problems included faulty timers that are supposed to
fire, causing a slow decscent for the balloons. The correct
functioning of the timers is particularly important as the
most valuable water vapor data is collected during descent.



TABLE 1.6. Summary of Measurement Programs at SPO in 1992

Program Instrument Sampling Frequency
Gases
CcO, Siemans IR analyzer Continuous
CO,, CH, 0.5-L glass flasks, through analyzer 1 pair twice mo-!
0.5-L glass flasks, MAKS pump unit 1 pair twice mo-!
Surface O5 Dasibi ozone meter Continuous
Total Oy Dobson spectrophotometer no. 82 2 day-!

Ozone profiles

CFC-11, CFC-12, CFC-113, N,0, CH,CCl4, CCl,

CFC-11, CFC-12, N,0, CFC-113, CCly, CH4,CCl4

CFC-11, CFC-12, N,0, CFC-113, CCl,, CH4,CCl,
H-1301, H-1211, F-22,F113

Water vapor

Aerosols
Condensation nuclei

Optical properties
Carbon aerosols

Solar and Terrestrial Radiation
Global irradiance

Direct irradiance

Albedo

Terrestrial Radiation
Global irradiance
Albedo

Meteorology
Air temperature
Pressure

Wind (speed and direction)
Frost-point temperature

Cooperative Programs
CO,, 13C, N,0 (S10)
Total surface particulates (DOE)

Various trace gases (OGIST)

14C (ARL)

Interhemispheric 13C/14C (CSIRO)

Polar stratospheric clouds (Univ. of Rome)
0,. N, (NCAR)

Balloonbome ECC sonde

Shimadzu automated mini-2 GCs
300-mL stainless steel flasks
850-mL stainless steel flasks

Balloonbome sonde

Pollack CNC

TSI CNC

Four-wavelength nephelometer
Aecthalometer

Eppley pyranometers with Q and RG8 filters

Eppley pyranometer with Q filter

Net radiometer

Eppley pyrheliometer with Q, OG1, RG2,
and RG8 filters

Eppley pyrheliometers with Q and
RG8 filters

Eppley pyranometers with Q and RGS filters
filters, downward facing

Eppley pyrgeometer
Eppley pyrgeometer, downward facing

Platinum resistor, 2- and 20-m heights
Capacitance transducer

Mercurial barometer

Bendix Aerovane

Hygrometer

5-L evacuated glass flasks
High-veolume sampler

Stainless-steel flasks

3,000 psi spheres

5-L glass flasks

Optical lidar

Air sampling pump and flasks

1 wk-1, summer, autumn,
winter; 1 (3 day)-!, spring

1 sample (2 h)1

3 pair mo-!, summer

1 pair mo-!, summer, winter

6 times yr!

1 day-!

Continuous
Continuous
Continuous, summer

Continuous, summer
Continuous, summer
Continuous, summer
Discrete, summer

Continuous, summer

Continuous, summer

Continuous
Continuous

Continuous
Continuous
1 time wk-1
Continuous
Continuous

2 mo-! (3 flasks sample-!)
Continuous
(4 filters mo-1)
1 week-! (2 flasks set'l)
500 psi day-!, summer
1 or 2 flasks mo-!
1 week-2
1 mo-! (3 flasks set’!), summer

Cooperative Programs

The Commonwealth Scientific and Industrial Research
Organization (CSIRO) and the Oregon Graduate Institute of
Science and Technology (OGIST) flask sampling programs,
which sample for various trace gases, both ran smoothly.
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The flasks for the Scripps Institute of Oceanography
(SI0) CO; program lost their vacuum after the 1990-1991
season. This resulted in contaminated flask samples early
in the summer. The program had no problems after new
flasks were shipped in. The Department of Energy (DOE)



pump ran flawlessly. Filters were collected that were later
sampled for total surface particulates.

The NOAA Air Resources Laboratory (ARL) 14C pump
had no problems, but was removed in the early summer.
This long-term project was terminated at the request of the
P.I. who decided to end the program in Antarctica.

The NCAR air sampling pump was subject to leaks, but
several samples were able to be collected. These flask
samples were later analyzed for oxygen to nitrogen ratios.
This program to determine global oxygen concentrations in
the atmosphere was started this year as a feasibility study.
Depending on the initial results, the program may be
contipued into the future veare,

The University of Rome lidar project was given its own
project number (8-256), but NOAA continued assisting
with the collection of data for this project. During the
summer, a more powerful laser was installed. The
instrument ran with no problems during the year.

In summary, the CMDL programs ran well over the year.
The ozone and solar radiation measurements gave pertinent
data that helped to quantify and describe ozone depletion
over Antarctica and the volcanic dust veil from Mt
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Pinatubo and Mt. Hudson that spread globally and warmed
the stratosphere while slightly cooling the troposphere. All
the trace gas measurements continued to exhibit the
buildup in the atmosphere but at a slower rate for the
halocarbons.
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2. Carbon Cycle Division
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2.1. CONTINUING PROGRAMS

2.1.1. INSITU CARBON DIOXIDE MEASUREMENTS

The mixing ratio of atmospheric CO, was measured
with continuously operating NDIR analyzers at the four
CMDL observatories during 1992 as in previous years.
Monthly and annual mean CO, mixing ratios [in the WMO
1985 mole fraction scale (X85)] are given in Table 2.1.
These values are provisional, pending final calibrations of
station standards. Preliminary selected daily average CO,
mixing ratios for 1992 are plotted versus time for the four
observatories in Figure 2.1.

The CO; in-situ systems operated during 1992 from a
low of 93.5% at SMO to a high 98.5% of the year at MLO.
BRW operated 97.8% of the time and SPO 95.0%. This is
based on the number of valid hourly averaged CO; mixing
ratios that were calculated for the year, taking into account
missing data due to reference gas calibrations during the
year., The major loss of data at SPO was due to
temperature instability in the Clean Air Facility, which
affected the stability of the CO; NDIR analyzer. A failure
of the SMO CAMS unit in December resulted in 4 days of
lost data. In December 1991, typhoon Val struck SMO,
damaging the CO, intake mast at the point. A temporary
intake line was erected on the point so that CO; monitoring
could resume. Power outages in January accounted for 5
days of lost data. In July, a new, stronger 23-m high mast
was installed.

TABLE 2.1. Provisional Monthy Mean CO; Mixing Ratios
From Continuous Analyzer Data (ppmv, Relative to
Dry Air WMO X85 Mole Fraction Scale)

BRW MLO SMO SPO
Jan, 361.62 356.02 354.20 353.05
Feb 362.21 356.79 354.56 352.80
March 362.48 357.60 354.78 352.68
April 362.55 358.75 354.58 352.90
May 362.77 359.33 354.63 353.25
June 360.42 359.15 354.87 353.65
July 353.58 356.68 355.35 354.09
Aug. 347.09 354.74 355.31 354.47
Sept. 347.69 352.76 354.96 354.66
Oct. 353.66 353.16 355.05 354.67
Nov. 357.24 354.09 354.78 354.49
Dec. 361.05 355.34 355.25 354.22
Year 357.70 356.20 354.86 353.74
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Preliminary selected daily mean mixing ratios at the four

CMDL observatories.

The

systems

growth rate of CO;, as measured by the observatory
, was smaller than average in 1991 and 1992.

Figure 2.2 shows the instantaneous growth rate with the
annual cycles removed at the four CMDL observatories for
the years 1980 through 1992. These curves were obtained

using m
derivati
consisti

ethods similar to Thoning et al. [1989]; they are the
ve of a curve that is a combination of a function
ng of a quadratic polynomial, four annual harmonic

terms, and low pass filtering of the residuals to remove
high frequency variations. Annual cycles were removed by
not including the derivatives of the four annual harmonic

terms.
fluctuat

The BRW growth rate, which typically has greater
ions than the other sites, appeared lo be negative

for most of 1992. The low growth rate at BRW is also
apparent when comparing the annual mean difference
between BRW and SPO. In 1991, this difference was 5.1
ppm, but for 1992 it was only 4.0 ppm.
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Fig. 2.2. The variation of the CO, growth rate for the period 1980-
1992, The curves are the time derivatives of the deseasonalized,
smoothed daily mean data for the four CMDL observatories.

2.1.2, FLASK SAMPLE CARBON DIOXIDE MEASURE-
MENTS

Measurements of the global distribution of atmospheric
CO; by flask sampling continued in 1992. Table 2.2 lists
33 sites of the CMDL cooperative flask sampling network
where flask samples were collected in 1992. Carbon
dioxide mixing ratios (as well as CH4, CO, and isotopic
ratios) were measured in the CMDL Boulder laboratories.
Provisional annual mean CO; mixing ratios for 1992 and
revised values for 1990 and 1991 are given in Table 2.2.
The first annual means for the recently started programs at
Izafia, Canary Islands; Mace Head, Ireland; Qinghai, China;
and Ulaan Uul, Mongolia are included in Table 2.2. Flask
sampling at Heimaey, Iceland, was also begun in late 1992.
The Iceland site was chosen to replace Ocean Station M
which is expected to cease operation in the next year.

Sampling on regular voyages of the containerships
Southland Star and Wellington Star continued in 1992.
Since the ships sample similar regions of the Pacific
Ocean, the annual mean CO; mixing ratios for 1990
through 1992 from both ships were combined into 5-degree
latitude bins centered on latitudes from 30°N to 35°S
(Table 2.3).

The flask sampling program in the South China Sea,
begun in 1991, continued in 1992. Flask samples are
collected at 3-degree latitude intervals from 3°N to 21°N
on regular voyages of the Chevron refined product carrier
Carla A. Hills. Tt is hoped that this intensive sampling
program (averaging more than one sample per day) will
help quantify the large CHy4 source due to rice production
in southeast Asia. Annual mean CO; mixing ratios for
1992, the first complete year of sampling, are presented in
Table 2.4,

The conversion of the flask sampling network to the
2.5-L Teflon O-ring stopcock flasks and the MAKS sampler
continued in 1992. These changes, together with an
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TABLE 2.2. Provisional 1990-1992 Annual Mean
CO; Mixing Ratios From Network Sites

CO, (ppm)

Code Station 1990 1991 1992
ALT Alert, NNW.T., Canada 3555 3572 3515
AMS Amsterdam Island 352.5 [1] [1

ASC Ascension Island 352.9 3539 355.1
AZR Terceira Island, Azores 3532 3558 [

BME Bermuda (east coast) 3552 356.1 357.0
BMW  Bermuda (west coast) 355.1 356.6 1356.3
BRW Barrow, Alaska 356.0 357.6 13575
CBA Cold Bay, Alaska 3553 3573 3513
CGO Cape Grim, Tasmania 351.6 352.8 3535
CHR Christmas Island 3543 3554 356.4
CMO  Cape Meares, Oregon 3554 356.7 356.3
GMI Guam, Mariana Islands 3542 356.1 356.3
HBA Halley Bay, Antarctica [1 [1] [1

1Z0 Izafia Observatory, Tenerife [] 356.2
KEY Key Biscayne, Florida 3559 356.5 3573
KUM  Cape Kumukahi, Hawaii 3543 355.8 3563
MBC  Mould Bay, Canada 356.0 357.6 3574
MHT Mace Head, Ireland [1] 356.1
MID Midway Island 3552 357.0 356.8
MLO Mauna Loa, Hawaii 354.1 3555 356.4
NWR  Niwot Ridge, Colorado 3547 356.1 356.8
PSA Palmer Station, Antarclica 3519 3532 3542
QPC Qinghai Province, China [1] 356.6
RPB Ragged Point, Barbados 3547 3559 3559
SEY Mahé Island, Seychelles 3533 3539 3548
SGI South Georgia Island [] [1 []

SHM  Shemya Island, Alaska 355.0 356.7 357.1
SMO American Samoa 352.8 354.2 3549
SPO South Pole, Antarctica 351.8 353.1 354.1
ST™ Ocean Station M 354.8 356.5 356.5
SYO Syowa Station, Antarctica 3523 3533 3542
TAP Tae-ahn Peninsula, S. Korea i 359.8 360.6
UUM Ulaan Uul, Mongolia 356.3

Square brackets indicate insufficient data to calculate annual mean.

increased emphasis on face-to-face training, have resulted
in a significant increase in sample quality. An objective
criterion for successful flask sample collection is that the
two members of the sample pair, collected in series, agree
to within 0.5 ppm. Figure 2.3 shows the percentage of
samples meeting this criterion ("good pairs") for all sites
during 1987-1992. The percentage of good pairs has
increased from =75% to 90%, if the shipboard flasks are
excluded. The somewhat lower percentage of good pairs
for shipboard sampling is probably due to the use of
evacuated flasks rather than the MAKS sampler (for the
convenience of the ship personnel) and the presence of
contamination sources on the ships.

The most notable feature of the 1992 CO, flask data is a
decrease in the CO; growth rate, particularly in the
northern hemisphere. The flask data from Mould Bay,
Canada (76" 15'N, 119° 21'W) and Cold Bay, Alaska (55°
12'N, 162" 43'W) are shown in Figures 2.4 and 2.5 as



TABLE 2.3. Provisional 1990-1992 Annual Mean
CO; Mixing Ratios From the Southland Star and
Wellington Star Shipboard Flasks

CO, (ppm)

Latitude 1990 1991 1992
30°N 354.6 356.5 3571
25°N 3544 356.1 357.0
20°N 354.9 356.0 356.8
15°N 354.7 356.0 356.9
10°N 355.0 356.2 357.1
5°N 354.9 355.9 356.9
Equator 354.9 355.7 356.4
5'S 354.9 355.4 356.1
10°S 354.1 355.0 3556
15°S 353.0 354.4 355.4
20°8 3525 353.8 354.9
25°8 352.5 353.7 3545
30°S 3523 3534 354.4
as5°s 352.1 353.7 354.5

examples. The trend curves for both sites (dotted lines)
show that the increase in CO, levelled off in late 1991, and
essentially no CO, increase was observed in 1992.

The spatial distribution of the 1992 CO, growth rate
anomaly is shown in Table 2.5. The mean growth rates for
1981-1992 and 1991-1992 were calculated from annual
averages based on flask data smoothed in space and time.
The global CO; growth in 1991-1992 was less than half of
the 1981-1992 mean. From 30° to 90°N, CO, did not
increase from 1991 to 1992. From the CO, data alone it is
difficult to explain the 1992 CO; growth rate anomaly.
Although 1992 fossil fuel CO, emission data are not yet
available, it is extremely unlikely that fossil fuel CO,
emissions decreased enough to account for the observed
northern hemisphere results. An increased CO, sink in the
terrestrial biosphere is a possible explanation, and is
supported by deeper than usual CO, drawdowns during the
summer of 1992, observed at several flask network sites.

TABLE 2.4. Provisional 1992 Annual Mean CO; Mixing
Ratios From the Carla A. Hills Shipboard Flasks

Latitude CO; (ppm)
3N 357.6
6°N 357.0
9°N 357.2

12°N 357.6
15°N 358.2
18°N 358.5
21°N 359.1
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Fig. 2.3. The percentage of flask samples collected each year from
1987 10 1992 meeting the good pair criterion for CO, (difference
between flasks flushed and filled in series less than 0.5 ppm). The
shaded bar represents the percentage of good pairs from both land-
based and shipboard samples, and the solid bar represents only the
land-based samples.

Similarly, an increase in the flux of atmospheric CO; into
the oceans could have occurred as a result of cooler sea
surface temperatures. The cooling is due to the aecrosol
cloud produced by the eruption of Mt. Pinatubo. Work is
currently being done to improve on these speculations
using a 2-D model to calculate the latitude distribution of
CO; sources and sinks. In addition, the measurements of
I3C/12C in CO; from flask network sites begun in 1990
should be extremely valuable in distinguishing between
marine and terrestrial effects.
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Fig. 2.4. Flask sample CO, data for Mould Bay, Canada, 1981-

1993. Each square symbol represents the average of a retained pair
or a retained single flask. The dashed-dot curve is a combination of
curve fits to and digital filtering of the data that shows both low and
high frequency variability in the data. The dotted curve shows only
the long-term trend with the mean seasonality removed. Note the
absence of an increase in CO, from 1991 to 1992 (dotted curve).
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Figure 2.5. Flask sample CO, data for Cold Bay, Alaska, 1981-
1993. The symbols and curves are the same as in Figure 2.4.

Again, note the absence of an increase in CO, from 1991 to 1992
(dotted curve).

TABLE 2.5. Comparison of 1981-1992 and
1991-1992 CO, Growth Rates (ppm yr-1)

Global 30°S-90°S 30°S-0  0-30°N 30°N-90°N
1981-1992  1.43 1.38 1.42 1.45 1.47
1991-1992  0.59 0.91 0.87 0.58 0.03

2.1.3. IN S1TUMETHANE MEASUREMENTS

Semi-continuous measurements of atmospheric CHy
continued at BRW and MLO in 1992. As before, the
sampling frequency was 60 samples per day.

A rebuilt GC, designated Carle 5, was installed at BRW
on May 14, 1992. It included modifications designed to
make the GC system more robust and easier to maintain,
and to improve the measurement precision. Carle 5 was
modified in Boulder and then installed at BRW. In Boulder
the catalyst used to convert CO and CO; to CHy in a stream
of Hy and a 4-port, 2-position valve used to divert the gas
flow to the catalyst were removed from the GC. This
change greatly simplified the procedure for balancing the
carrier gas flow rate at the FID for the two positions of the
sampling valve. The GC framework was extensively
modified to install a Valco Instruments 10-port sample
valve instead of the factory equipped Carle valve.
Compared with Carle valves, Valco valves are easier to
align and maintain, and they are more robust. The sample
loop was increased from about 3 ml (STP) to about 6 mL
(STP). A 10-mL (STP) sample loop was experimented
with, but this amount of sample overloaded the columns.
The final important modification was a switch from a
column sequence reversal chromatographic method to a
backflush of the silica gel pre-column. The combined
result of these changes was an improvement in
measurement precision from about 0.2% to 0.1% (reported
as 1o of the mean of 20 replicate measurements).
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As before, a rule-based expert system (AMIE) was used
to evaluate the quality of the in situ measurements
[Masarie et al., 1991]. During 1992, 5.7% of the data from
BRW and 11.3% of the data from MLO were flagged by
AMIE. Daily averaged dry air CH4 mixing ratios for 1992
in ppb (where 1 ppb = 1 part in 109) are shown in Figure
2.6a for BRW and Figure 2.66 for MLO. The daily means
exclude all values flagged by AMIE, but they are not
constrained by wind speed or direction.

General features in the data are similar to previous
years. At BRW, large CH4 mixing ratios are observed
when the wind direction is outside the clean air sector
(defined as 020 to 110), as air masses elevated in CHy due
to anthropogenic activities pass over the site. Much of the
noise in the data is removed when the data are constrained
to wind directions within the clean air sector. At MLO,
large variability (up to 50 ppb in 2 days) in the CH4 mixing
ratio occurring on synoptic time scales has been attributed
to transport affects by Harris et al. [1992]. Air masses
rapidly transported from Asia to MLO in about a week
elevate the CH; mixing ratio at MLO compared with air
masses that have resided over the tropical Pacific Ocean.

At MLO a diurnal cycle in the CH4 mixing ratio related
to the local meteorology is seen also. After sunrise, the
mountain warms which results in air being drawn up from
the boundary layer to the sampling site. With this air
comes CHy mixing ratios that are =30 ppb higher than
during nighttime when air representative of the free
troposphere is  sampled. The effects of the
upslope/downslope phenomenon on the mixing ratio of CHy
are shown in Figure 2.7a for August 19 to 21, 1992. The
same pattern is observed for the dew point temperature in
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Fig. 2.6. Unselected, daily mean CH, mixing ratios for 1992: (a)
BRW and (b) MLO. Gaps in the data are due to instrument
malfunction. Please note the change in vertical scale between (a)
and (b).
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Fig. 2.7. Hourly averaged values for CH, (a) and dew point (b) for
MLO spanning the period August 19 to 21, 1992. The diurnal cycle
results from differences in vertical transport between day and night
at the observatory.

Figure 2.7b; higher dewpoints are indicative of moist air
moving up from the marine boundary layer to the sampling
site.

2.1.4 FLASK MEASUREMENTS OF METHANE

During 1992, the determination of the global
distribution of atmospheric CH, continued. Measurements
of CH4 were made covering all or part of 1992 from
samples collected at 34 sites and three ships participating
in the CMDL Carbon Cycle Division cooperative air
sampling network. Sampling was started at three new sites
during the year: Vestmannaeyjar, Iceland (October),
Grifton, North Carolina (July), and Ulaan Uul, Mongolia
(January). At the time of writing, no samples were
received for 1992 from Halley Bay, Antarctica, and South
Georgeia Island, and only part of 1992 was covered for
Azores (January) and Crozet (January to June). Provisional
annual mean values are shown for sites in the cooperative
air sampling network in Tables 2.6, and 2.7.

‘We continued to determine CH4 mixing ratios from both
flasks of a sample pair using the Carle 7 analysis system.
In 1992, 6300 flasks were analyzed for atmospheric CHy.
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The average pair difference, based on 2481 pairs, was (0.3
+ 5.0) ppb.

MLO and Cape Kumukahi, Hawaii (KUM) are two
sampling sites on the Island of Hawaii approximately 90
km apart, with MLO at an elevation of 3394 m and KUM at
sea level. These sites provide a unique opportunity to look
for vertical differences in the mixing ratios and seasonal
cycles. The annual mean CH4 mixing ratios for 1984 to
1992 are, on average, (16.0 £ 4.5) ppb larger at KUM than
MLO (where the uncertainty is 10 of the mean). A detailed
examination of the data suggests that the vertical gradient
averaged over the measurement period varies with the time
of year from =20 ppb during fall, winter, and spring to =6
ppb during summer, Detrended, seasonal cycles
determined from the flask sample data and averaged over
the period 1983 through 1992 are shown in Figure 2.8 for
MLO and KUM. As shown in the figure, the seasonal
cycles at both sites have roughly the same phase, reaching
their minima at nearly the same time, but the amplitude of
the seasonal cycle at KUM is =12 ppb (or 40%) larger than
at MLO. The appearance of the minima at similar times is

TABLE 2.6. Provisional 1992 Annual Mean CH,
Mixing Ratios From the Flask Network Sites

Code Station CHy (ppm)
ALT Alert, N\W.T., Canada 1802.1
ASC Ascension Island 1677.2
AZR Terceira Island, Azores [1
BME Bermuda (east coast) 1769.8
BMW Bermuda (west coast) 1760.9
BRW Barrow, Alaska 1806.5
CBA Cold Bay, Alaska 1794.3
CGO Cape Grim, Tasmania 1666.2
CHR Christmas Island 1692.4
CMO Cape Meares, Oregon 1776.5
GMI Guam, Mariana Islands 1726.2
HBA Halley Bay, Antarctica [1
1Z0 Izafia Observatory, Tenerife 1746.8
KEY Key Biscayne, Florida 1755.0
KUM Cape Kumukahi, Hawaii 1741.5
MBC Mould Bay, Canada 1802.8
MHT Mace Head, Ireland 1782.2
MID Midway Island 1756.5
MLO Mauna Loa, Hawaii 1724.0
NWR Niwot Ridge, Colorado 1756.2
PSA Palmer Station, Antarctica 1667.6
QPC Qinghai Province, China 1765.8
RPB Ragged Point, Barbados 1729.2
SEY Mahé Island, Seychelles 1689.0
SGI South Georgia Island [1
SHM Shemya Island, Alaska 1795.0
SMO American Samoa 1668.7
SPO South Pole, Antarctica 1666.9
STM Ocean Station M 1793.8
SYO Syowa Station, Antarctica 1667.7
TAP Tae-ahn Peninsula, S. Korea 1829.3

Square brackets indicate insufficient data to calculate annual mean.



TABLE 2.7. Annual Mean CH4 Mixing Ratios
From Shipboard Air Sampling

Latitude CH, (ppb)

Southland Star and Wellington Star

35°8 1672.2
30°S 1669.3
25°S 1668.3
20°S 1668.3
15°S 1670.0
10°S 1672.7
5°S 1682.8
Equator 1690.7
5°N 1702.1
10°N 1721.6
15°N 17347
20°N 1749.4
25°N 1758.8
30°N 1769.7
Carla A. Hills

3°N 1719.9
6°N 1723.7
9*N 1721.7
12°N 1738.4
15°N 1739.0
18°N 1746.3
21°N 1762.1

likely due to the fact that the CH4 sink (reaction with
hydroxyl radical, OH) occurs throughout the atmosphere.
This is unlike CO;, where the minimum at KUM precedes
the minimum at MLO by about 3 weeks because the
drawdown in CO; is due to photosynthesis which occurs

CHa. (ppD)
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Fig. 2.8. Average, detrended seasonal cycles for MLO (dashed
line) and KUM (solid line) determined from the flask data. The

curves are based on data from the period 1983 1o 1992.
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entirely at the surface, within the atmospheric boundary
layer. Although it is not surprising that the amplitudes of
the seasonal cycles at these two sites are different, a model
of atmospheric chemistry and transport is necessary to
quantitatively explain the observations.

New air sampling sites located near important CH,4
source regions are being used to place better constraints on
regional sources and sinks of CHy. CH4 data from one of
these sites, Tae-ahn Peninsula in South Korea (TAP), are
shown in Figure 2.9 for 1991 and 1992. The important
features in the time series are the lack of a seasonal cycle
in the average CH4 mixing ratio and the near-simultaneous
appearance of the highest and the lowest values during the
summer. Analysis of atmospheric trajectories shows that
the lowest wvalues observed during the summer are
associated with southeasterly flow off the tropical Pacific
Ocean. Values observed at TAP at such times are typical
of values observed at KUM. During June to August,
northwesterly flow from the peat-rich wetlands located in
the maritime provinces of the former Soviet Union elevate
CH4 at TAP by about 80 ppb above the annual mean.
Analysis of the TAP observations using a 3-D atmospheric
CH4 model (in collaboration with I. Fung and Y. Chung)
suggests that CH4 emissions from the Far East Russian
wetlands may be about two times those of Alaskan
wetlands. Also using the 3-D model, the data were used to
constrain the global CH4 emissions from rice cultivation to
=100 Tg CH, yr-l.

The flask sample data were smoothed using techniques
described in Steele et al. [1992] to obtain biweekly, zonally
averaged data used to study CH4 trends on large spatial
scales (e.g. global, hemispheric, or semihemispheric).
Time series of global and hemispheric values are shown in
Figure 2.10. The lines approximate the trends. The main
features in the data are the strong latitudinal gradient with
values in the northern hemisphere always higher than those
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Fig. 2.9. Methane mixing ratios (ppb) for TAP from air samples

collected as part of the CMDL cooperative air sampling network.
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Fig. 2.10. Biweekly CHy mixing ratios (symbols) for global and
northern and southem hemispheres determined from zonally
smoothed flask network data. The line represents the long-term
trend in atmospheric CH,.

in the southern hemisphere, the seasonal variation in both
hemispheres, and the long-term trend. The globally
averaged values show a seasonal cycle which is a
combination of the seasonal cycles in the two hemispheres.
Based on these surface measurements, the global burden of
atmospheric CH4 undergoes a seasonal variation of about
43 Tg CHa, where 1 Tg = 10!2 g. The regular seasonal
cycle in the southern hemisphere is due to the seasonality
in the photochemical oxidation of CH4 by OH. The more
complex seasonal cycle in the northern hemisphere arises
through interactions between seasonal sources and sinks.

A decrease in the global growth rate of atmospheric
CHy over the period of these measurements from about 14
ppb yr'! in 1984 to less than 10 ppb yr! in 1992 was
observed. It is confidently observed that the decrease is
not related to measurement or sampling problems. In
Figure 2.11, the instantaneous growth rate curves for
semihemispheres obtained using methods as described by
Steele et al. [1992] are shown for 1983 to 1992. The
semihemispheres represent the latitude regions HNH = 30-
90°N, LNH = 0-30°N, LSH = 0-30'S, and HSH = 30-90°S.
While the rates of decrease of the growth rates for the
semihemispheres LSH, LNH, and HSH are somewhat
similar, the growth rate in the HNH has fallen off about a
factor of 3 faster than the others. The growth rate is
affected by both sources and sinks of CHy. The
observation that the growth rate is falling off much more
rapidly in the high latitudes of the northern hemisphere,
where most of the industrialized world lives, suggests to us
that changes in emissions of anthropogenic sources are
largely responsible for the change in the CH4 growth rate.
In particular, the component of the global methane source
that is most amenable to rapid reductions by human
intervention is that associated with fossil fuel exploitation.
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Fig. 2.11. Growth rate variations for four semihemispheres, each
containing equal volumes of the atmosphere. The figure highlights
the more rapid decrease in the CH, growth rate in the high latitudes
of the northern hemisphere than in the other semihemispheres.

2.1.5, IN S1TU CARBON MONOXIDE MEASUREMENTS

In 1992 quasi-continuous in situ measurements of CO
were made at BRW using a Trace Analytical RGA installed
at the observatory in September 1991. The analysis, gas
chromatography followed by mercuric oxide reduction
detection, requires about 3 minutes. Chromatographic data
were stored on a diskette, and mixing ratios were calculated
from the raw data using a 2-point, linear calibration scheme
(standards had mixing ratios of 75.3 and 178.8 ppb CO).
The standards were referenced to the CMDL CO-standard
scale. The instrument was operational 93% of the time; in
March 1992 components of the chromatograph and detector
were replaced.

Preliminary hourly-averaged CO mixing ratios for 1992
are shown Figure 2.12a. The data were not constrained for
wind speed or direction. The time series shows higher CO
mixing ratios in the winter, and lower levels in the summer,
which is a seasonal cycle typical of CO. The in situ time
series exhibits periods of low variability in CO levels
punctuated by short-term increases or decreases.
Comparison of CO to CO, for January 1992 (Fig. 2.12b, c)
shows the mixing ratios of both gases often change rapidly
at the same time; these episodes are are called "events." In
winter, events classified as originating from very distant
sources (based upon wind direction) had CO/CO; ratios
(ppb/ppm) of between 6 and 10 (12 from 0.8 to 0.9); higher
ratios of between 6 and 22 (r2 from 0.6 to 0.8) were
observed, and, based upon wind direction, were attributed
to local emissions. It has been suggested that in winter,
trace gases and aerosols from non-local sources at BRW
originate largely from Western Russia and Eastern Europe
[Lowenthal and Rahn, 1985; Halter et al., 1985]. In the
absence of significant sinks for either gas, CO/CO; ratios
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Fig. 2.12. (a) In situ hourly average CO mixing ratios at BRW for
1692. (b) In situ hourly average CO mixing ratios at BRW for
January 1992. (¢) In situ hourly average CO, mixing ratios at
BRW for January 1992.

may represent emission ratios from these areas. The
average wintertime ratio for events within the designated
clean air sector was 8.5. These ratios are about a factor of
2 lower than those estimated for the Northeastern United
States and Western Europe [P. Bakwin et al., manuscript in
preparation]. The lower value may reflect a number of
differences between the United States/Western Europe and
Eastern Europe/Russia, including population densities,
differences in fossil fuel usage, or a source of CO; not
sufficiently accounted for (wintertime respiration). In
summer the situation is quite different. The CO/CO; ratios
at Barrow are lower than in winter and show much less
correlation (r2 ranges from 0.1 to 0.9). In summer, CO is
lost to oxidation by OH, and CO; is certainly depressed due
to photosynthesis. As a result, the CO/CO; ratio can be
both positive and negative.

A CO analysis system, similar to that operating at
BRW, was installed at MLO in June 1992. Five to six
mixing ratios were calculated every hour using a piecewise
linear calibration scheme. The three standards used were
referenced to the CMDL scale and had mixing ratios of
81.6, 124.6, and 185.6 ppb. Beginning in July 1992, the
system was operating 92% of the time. Figure 2.13 shows
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Fig. 2.13.  In situ hourly average CO mixing ratios at MLO.
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preliminary data collected during 1992. Mixing ratios at
MLO are, as expected from previous studies [Novelli et al.,
1992, among others], lower than those observed at BRW.
In winter the background CO levels reach about 130 ppb; in
summer levels of 65 ppb are found.

2.1.6. FLASK MEASUREMENTS OF CARBON MONOXIDE

Carbon monoxide mixing ratios were measured in a
subset of flasks collected as part of the cooperative air
sampling program. Measurements were made only in air
from sites where glass flasks with Teflon O-ring stopcocks
were used. Table 2.8 provides the fixed sites where CO
was measured in 1992, the date of the first sample collected
for CO, and where possible, the 1992 annual mean value
for the site. Samples for CO were also collected during
crossings of the Pacific Ocean by ships of the Blue Star
Line and on the South China Sea between Singapore and
Hong Kong on board the tanker Carla A. Hills of the
Chevron Shipping Company. Analysis of air from all of
these flask samples for CO and H; was made on a semi-
automated Trace Analytical RGA, which shared a common
flask sampling carousel, data collection and analysis

system, and valve switching control with the gas
chromatograph used for the flask measurements of
methane, CH,, CO, and H; analyses used a common

reference gas. From January to March, the reference gas
standard AAL-17269 (118.5 ppb) was used and from May
to December, the reference gas AAL-17270 (112.9 ppb)
was used. Both standards consisted of chemically dried
(using phosphorous pentoxide on an inert support) air
collected at Niwot Ridge, Colorado, and both were
calibrated against the CMDL CO secondary standards.
Hydrogen was referenced to an arbitrary scale awaiting the
preparation of accurate standards. The precision of the CO
method, estimated as the difference of mixing ratios
determined for each flask in a (near-) simultaneously
collected pair of flasks, was typically 2 ppb or better.

The response characteristics of the instrument used for
flask analysis were non-linear from 0 to 250 ppb.
Therefore, CO mixing ratios were calculated using a multi-
point calibration curve. A suite of 6-8 standards, and one
sample of zero air passed through a CO scrubber (Schutze
reagent), were analyzed twice monthly, and all standard
response data were normalized to the response of a single
flask analysis standard (AAL-17269 or AAL-17270).
These response ratios were fit using a polynomial function.
CO in flask samples was determined by first calculating the
ratio of the area of the sample to that of the standard.
Using the calibration curve and these ratios, a mixing ratio
for each sample was calculated.

The annual mean CO values were calculated for stations
that had a complete data set for 1992 (Table 2.8). These
mean values were calculated from a curve fit to the
measurements [Thoning et al., 1989] that reduces the
effects of short-term variability of the individual samples
and of inhomogeneous sampling density through the year.
Annual means for 1992 were plotted versus station latitude



TABLE 2.8. Flask Network Sites for CO Analysis
and Preliminary Annual Mean CO Levels (ppb)

First Annual

Code Station Latitude Sample* Meant
ALT Alern, NNW.T., Canada 82°N  April 1992
ASC  Ascension Island 8°S Feb. 1989  80.8 (1.8)
BAL Baltic Sea Cruises 55°N  Aug. 1992
BME Bermuda (east coast) 32°N  June 1991 135.5 (2.5)
BMW Bermuda (west coast) 32°N  July 1991 132.6 (2.3)
BRW Barrow, Alaska 71°N  July 1988 139.4 (1.1)
CBA Cold Bay, Alaska 55°N  April 1992
CGO Cape Grim, Tasmania 41°S  June 1991  54.5 (0.4)%
CHR  Christmas Island 2°N Dec. 1989 72.9 (0.8)%
CMO Cape Meares, Oregon 45°N  Jan. 1992 139.4 (3.0)
GMI Guam, Mariana Islands  13°N  Oct. 1989  98.5 (1.6)
ICE Iceland 63°N  Oct. 1992
ITN  Griffton, N. Carolina 35°N  July 1992

Tower
1Z0  Izaiia Observatory, 28°N  Nov. 1991 110.8 (1.2)

Tenerife
KEY Key Biscayne, Florida 25°N  Aug. 1991 1206 (2.4)
KUM Cape Kumukahi, Hawaii 20°N June 1989 105.0 (1.7)
MBC Mould Bay, Canada 76°N Feb. 1992
MHT Mace Head, Ireland 54°N  June 1991 133.8 (2.9)
MID Midway Island 28°N  Jan. 1992 1206 (1.9)
MLO Mauna Loa, Hawaii 20°N  July 1989  96.4 (1.7)
NWR Niwot Ridge, Colorado  40°N  Dec. 1988 125.8 (1.8)
PSA  Palmer Station, 65°S

Antarctica
QPC Qinghai Province, China 36°N July 1991 135.9 (3.8)
RPB Ragged Point, Barbados 13°N  March 1993
SEY Mahé Island, Seychelles 4°S  Sept. 1990 84.3 (1.4)
SMO American Samoa 14°S  Sept. 1988  57.0 (0.5)
TAP  Tae-ahn Peninsula, 36°N Nov. 1990 285.5 (24)

S. Korea
UUM Ulaan Uul, Mongolia 44°N  Jan. 1992 181.4 (2.0)§

*The month and year air samples were first collected in a glass
flask fitted with Teflon O-ring stopcocks and anayzed for CO.

1Preliminary 1992 mean mixing ratios and the standard error are
taken from a smooth curve fit to the measured CO in flask samples
as described in Novelli et al., 1991.

$Mean value for 11 months of data; no samples available for 1
month.

§Mean value from 10 months of data; no samples available for 2
months.

to evaluate the latitudinal variation of CO (Figure 2.14).
Generally CO wvalues decreased from north to south.
However there were some interesting exceptions. The
greatest annual mean CO levels were observed in the mid-
and high-northern latitudes. Annual mean CO mixing
ratios were about the same from 71°N (Barrow) to 32°N
(Bermuda). Further south, carbon monoxide Ilevels
decreased to about 55 ppb at 40°S (SMO, CGO). The
lifetime of tropospheric CO varies widely with season and
latitude. At high latitudes CO is largely conserved in
winter and is destroyed by reaction with OH during the
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Fig. 2.14. Latitudinal distribution of CO. Annual means for 1992
were calculated by taking weekly values from a smoothed curve fit
to the data, then calculating monthly means, and annual means from
the monthly means as described by Novelli et al. [1992].

summer. In the tropics CO has a lifetime of 1-2 months
due to the high OH radical concentration. The latitudinal
distribution reported here would suggest there are large
regions of the troposphere that are relatively well mixed on
time scales comparable to CO lifetimes. However, a
comparison of annual mean CO values at stations with
similar latitude and different longitude (for example Key
Biscayne, Florida, Midway Island, and Izafia Observatory,
Tenerife at about 25°-28°N, or Tae-ahn Peninsula, S. Korea
and Qinghai Province, China at 36°N) sometimes shows
substantial longitudinal variations in CO. These
differences probably reflect regional scale anthropogenic
impacts on CO levels at some locations. Similarly,
biomass burning in Africa may directly impact CO levels at
some downwind sites (e.g., Ascension Island and Mahé
Island, Seychelles, but not Christmas Island).

2.2. REFERENCE GAS STANDARDS
2.2.1. CARBON DIOXIDE

The calibrations of COj-in-air reference gas tanks
continued in 1991; on 154 days, 308 tanks were calibrated.
The filling of high-pressure cylinders with dry air from
Niwot Ridge for use as reference gases continued in 1991.
The set of 15 reference gases stored in large aluminum
cylinders, which will eventually become the CMDL
primary CO, standards, were calibrated by the Scripps
Institute of Oceanography (SIO) in 1992. The NOAA
secondary CO;-in-air standards were also shipped to SIO
for calibration in 1992.



The transfer calibration system was revised in 1992 to
allow more calibrations to be performed using the same
amount of standard reference gases. Figure 2.15 shows the
new system. A Valco 16-port stream selection valve
replaced an array of eight solenoid valves for switching the
appropriate gas to the NDIR analyzer. The number of
unknown gas tanks being calibrated was increased from two
to four, while still using four known standards. Now either
two or four unknowns can be calibrated at one time, with
the time for each calibration being 2 hours and 24 minutes
and 3 hours and 12 minutes respectively.

Construction of a system for making manometric
measurements of the mole fraction of CO; in standard
gases continued in 1992, Extensive modifications to the
system were made. Tests showed unstable adsorption
effects from the small amounts of polymers used in the
system, even when using dry air, which created instability
in the measurement of the volumes containing the air
sample and the CO, sample. Based on this, it was decided
to replace all the polymer parts with glass. This involved
installing standard greased stopcocks in place of metal

valves. These stopcocks are connected to an air-driven
NDIR CO2
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rotary actuator, which turns the handle of the stopcock 90
degrees.

Some small changes in the response of the Ruska
quartz-spiral  pressure gauge were observed but
unexplained. A deadweight pressure gauge purchased by
the Carbon Cycle Division in 1992 was used to calibrate
the pressure gauges in the system. A history of calibrations
was begun so that the long-term stability of the gauge
calibration can be observed.

2.2.2. CARBON MONOXIDE

The CMDL primary CO standards were prepared
gravimetrically and were propagated to a set of secondary
CO-in-air standards [Novelli et al., 1991]. These
secondaries were used to calibrate a set of tertiary
standards. These make up the CMDL working standards.
In March 1992 three CO-in-air standards were prepared by
the CMDL NOAH Division using gravimetric methods
(mixing ratios of 48.0, 99.9 and 147.2 ppb). The secondary
and tertiary standards were then calibrated using the new

gravimetric standards.  The CO wvalues assigned to
\ Auxiliary outlst
8

|
I
|

H20 Trap |
I
i |
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i

Standards !

Fig. 2.15. Diagram of CO, transfer calibration system.
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TABLE 2.9. CO Mixing Ratios* Assigned to Standards Based Upon Different Calibration Procedures

Type Gravl Second Gravll
Cylinder ID Fill Datef (ppb)i (ppb)§ (ppb)**
AAL-17269 NWR, Nov. 1987 118.5 (0.6) 117.6 (0.9) 117.0 (0.6)
CC68734 NWR, Dec. 1988 159.7 (1.5) 159.5 (1.0) 160.1 (1.8)
CC61344 NWR, Dec. 1988 181.5 (1.5) 182.3 (1.3) 181.5 (1.7)
CC73110 NWR, Jan. 1990 202.4 (0.9) 200.7 (2.1) 202.6 (1.9)
CC73198 NWR, Jan. 1990 179.3 (1.7) 178.8 (0.9) 179.3 (1.7)
CC89259 SM, Jan. 1990 34.9 (1.9) 319 (1.7) 322 (1.5)
CC89580 SM, June 1990 50.7 (1.1) 49.9 (0.6)
CC71607 NWR, Sept. 1991 133.8 (2.0) 134.4 (1.4)

*Mixing ratios are in units of parts per billion by mole fraction (ppb). Values represent the mean of several calibrations; the standard deviations of

the means are presented in parentheses.

1Type of air in tank and fill date. NWR indicates the cylinder was filled at Niwot Ridge, Colorado; SM indicates the standard was purchased from

Scott Marrin, Inc.

$Gravl = Mixing ratios assigned based upon calibration against the 17 gravimetric standards prepared 1989-1990 as described by Novelli et al.,

1991.

§Second = Mixing ratios assigned to cylinders based solely upon calibration against other secondary standards using CO values based upon Gravl.
**Gravll = Mixing ratios assigned to cylinders based upon calibration against the gravimetric standards prepared in March 1992.

standards using either a 1-, 2- or multi-point calibration,
and wusing either the primary, secondary or new
gravimetrics show no significant difference (Table 2.9.).
The intercalibrations of the CMDL working standards show
that the reference values assigned to the standards were
propagated with a precision of at least 1%. Comparison of
gravimetric standards made at different times, with
different materials, and by different people suggests an
accuracy of 1%. In general, the working standards appear
stable with respect to CO over time scales of at least
several years,

2.3. NEW MEASUREMENT PROGRAMS

2.3.1. MEASUREMENTS OF CARBON DIOXIDE ON A
VERY TALL TOWER

Measurements of CO; on a 610-m tall television and
radio transmitter tower in a rural area of eastern North
Carolina (35° 21' 55" N, 77° 23" 38" W, 9 m above sea
level) began in June 1992. Use of the tower and space in
the transmitter building for our analytical and data
acquisition equipment were donated free of charge by
American Family Broadcasting, Inc.

Tubes for trace gas sampling were mounted on the
tower with inlets at 51, 123, and 496 m height, and sensors
for wind speed and direction, temperature and humidity
were placed at the same three levels. Three CO, analyzers
are located within the transmitter building at the base of the
tower, with an analyzer dedicated to continuous sampling
from each altitude. Flask samples are collected weekly
from the 496 m level for analysis for CH4, CO;, CO and
813C in CO;. In addition, concentrations of radon-222 are
being measured by scientists from the University of North
Carolina. Radon-222 originates in the soil from decay of
radium-226 and has a half-life of 3.8 days, making it an
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excellent tracer for soil/atmosphere gas exchange and for
continental air masses. Sampling and calibration sequences
are controlled and data are read and pre-processed using a
PC. One-half hour averages of the data are computed and
transmitted to Boulder each day by modem.

Figure 2.16 shows the mean diurnal cycle for CO; at
each height for periods of several days in June 1992 and
January 1993. In summer the concentration gradient is
positive upwards in the afternoon because of vigorous
photosynthetic uptake of CO, at the surface. At night a
shallow inversion forms, and concentrations at 51 m
rapidly increase because of plant and soil respiration and
industrial emissions, often reaching in excess of 400 ppm.
Radon-222 concentrations also build up near the surface at
night. The diurnal cycle is damped at higher altitudes; the
magnitude is typically 7-10 ppm at 496 m in summer. A
morning pulse of CO; is evident at 123 and 496 m as CO,
stored in the nocturnal stable layer is mixed upward with
the onset of convection. The nocturnal build-up at low
altitudes is reflected in 10-20 ppm higher daily mean CO,
concentrations at 51 m than at 496 m in summer. In winter
the biologically driven surface sources and sinks are much
smaller and the diurnal variation at all altitudes is greatly
reduced. Clearly, biological activity dominates industrial
CO, sources at this rural site in summer.

A time series of the daily minimum CO; concentration
at 496 m is shown in Figure 2.17. The daily minimum,
which generally occurs in late afternoon, may reasonably
approximate the average for the daytime convective
boundary layer (e.g., 2-3 km depth), since vertical
gradients above 496 m are likely to be small. The time
series of daily mean concentrations shows a similar pattern,
but the values are typically 2-8 ppm higher. Monthly
statistics for the daily minimums and means are given in
Table 2.10.

Day-to-day changes in the daily minimums (or means)
are large, as much as 15-20 ppm in the summer, probably



reflecting changes in air-mass back trajectory and the vigor
of vertical mixing. Also in summer, the biological source
and sink

strengths are strongly dependent on
meteorological parameters such as temperature and
illumination. The monthly medians change smoothly,

confirming that these data will be useful for comparison
with the CMDL "background" (remote) sites. The
magnitude of the seasonal cycle is about 15 ppm, with a
sharp minimum in August and a broad maximum in
January-April. Starting in about the last week of April,
concentrations begin to drop rapidly as photosynthetic
activily increases towards summer levels.

(a)

51m
123 m
— 496 m

CO2 (ppm)

6 12

18
Time of Day (GMT)

(b)

— - S51m
123 m

—_— 496m

CO2 (ppm)

6 12 18
Time of Day (GMT)
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Fig. 2.16. Mean diumnal cycles of CO; at 51, 123, and 496 m above the
ground on the tower in eastern North Carolina for (a) June 14-21, 1992,
(b) January 18-February 1, 1993. The daily mean at 496 m for each day
has been subtracted from the data and the data were binned in 1-hour
intervals. Time is given as GMT, which is 5 hours ahead of local
standard time.
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Fig. 2.17. Daily minimum CO, mixing ratios at 496 m above the
ground on the North Carolina tower for June 14, 1992, 10 May 31,
1993. Medians and the upper and lower quartiles for each month
are also shown (and are summarized in Table 2.10).

2.3.2 FLASK SAMPLES FROM AIRCRAFT

This year marked the beginning of operation of the
Aircraft Sampling Project. The intent of this project is to
measure biweekly profiles of CO;, CHy, and CO in the
troposphere over continental sites to determine vertical
mixing rates and identify trace gas sources and sinks. The
operation may also be useful for studying boundary layer
dynamics and species ratios of anthropogenic sources.

To make sample collection economically feasible, the
project relies on a highly automated sampling system that
requires a minimum of labor to operate and can be flown
on inexpensive and available aircraft. The current system
consists of two aluminum cases, each about 25 cm X 50 cm
X 75 cm and each weighing about 30 kg. One case contains
compressors and batteries, making the system completely
self-powered and operable up to 12000 m. The other case
contains 20 1-L glass sampling flasks and a microcontroller
to actuate the sample valves at pre-programmed altitudes,
based on inputs from a Global Positioning System receiver
and a barometric altimeter. The system can be installed in
a light aircraft by one person in less than 15 minutes and
operates unattended or with minimal pilot interaction.
After a sampling flight, the flask case is plugged into an
automated analysis system, which sequentially measures
the samples with no further operator intervention.

Our first sampling site using this system is located over
Carr, Colorado, about 100 km north of Boulder (40.9°N,
104.8°W). Test flights began in March, and regularly
scheduled twice-monthly flights commenced in November.
A low-cost single-engine plane was used to take samples up
to 7600 m. Figure 2.18 shows a typical CO, profile. The
combined sampling and analysis method yields a precision
of about 0.07 ppm CO,, 5 ppb CH4 and 3 ppb CO. After a



TABLE 2.10. Monthly Statistics for Daily Minimum and Mean CO, (ppm) 496 m Above the Ground on the North Carolina Tower

Daily Minimum Daily Mean

Month  Year Mean Std. Dev. N Median LQ uQ Mean Std. Dev. N Median LQ uQ

July 1992 347.00 5.62 31 347.38 343.02 351.71 353.86 4.42 25 353.96 351.22  356.84
Aug. 1992 342.85 6.42 31 340.70 338.96 346.44 348.77 6.47 29  349.14 343.15  354.09
Sept. 1992 345.37 4.46 22 346.99 342.19 348.55 349.83 4.44 18 351.10 346.47 352.54
Oct. 1992 352.12 4.08 31 351.24 349.23 355.48 356.29 5.19 30  354.99 352.31 35971
Nov. 1992 357.26 2.58 27 356.55 355.47 358.88 361.40 4.32 29  360.45 358.11  363.29
Dec. 1992 359.11 2.24 29 359.68 357.20 360.32 361.88 3.12 29 36133 359.80 363.66
Jan. 1993 360.89 3.21 29 360.07 358.45 362,57 364.06 3.78 28  363.21 361.60 366.03
Feb. 1993 361.28 2.21 17 361.28 359.56 36231 364.76 2.83 17 364.08 362.53  367.61
March 1993 362.02 241 23 362.00 359.87 364.03 365.51 3.48 23 364.58 362.90 368.64
April 1993 360.91 2.28 30 360.99 359.04 362.44 363.61 2.94 27 363.34 361.76  365.19
May 1993 353.71 3.66 31 353.10 350.67 356.88 357.77 3.53 30 358.35 35458 361.08

year of sampling and a full seasonal cycle of data has been
obtained, the vertical mixing rate and seasonal averages for
CO;,, CHy, and CO can be estimated.

2.4. DATA MANAGEMENT

Considerable effort was made in 1992 to define and
implement a long-term Carbon Cycle Division flask data
management strategy. Annually, more than 5500 air
samples are collected in glass flasks from over 30 different
locations and shipped to Boulder where they are analyzed
for several trace gas species. Air collected into a single
2.5-L glass flask is currently analyzed for CO,, CHy, CO,
Hj within our lab, and for C!80; and !3CO, by the Stable
Isotope Laboratory at the Institute of Arctic and Alpine
Research (INSTAAR, University of Colorado). Future
flask measurement projects include N;O by CMDL and
13CH,4 by INSTAAR. Each flask has a unique sample
history that includes sampling location, date and time, flask
identification number, sample collection method, and
sampling wind speed and direction. Each analysis produces
a mixing ratio or isotopic ratio, a flag, and additional
analysis information. The proliferation of flask data from
the various measurement projects has lead us to consider a
data management strategy that (1) will allow timely
comparisons of ambient mixing ratios or isotopic ratios of
the measured species; (2) will easily accommodate all
existing and future trace gas measurements made from air
collected in flasks; (3) will continue to provide the
individual measurement programs the independence
necessary to best maintain their data; (4) will require
minimal software modifications; and (5) can be maintained
by a primary and secondary database manager. After
considering several strategies, including commercially
available relational database management packages,
management software that could provide the necessary
flexibility with relatively little disruption to the projects
and minimal modifications to existing software was
developed in-house,

The strategy adopted is simple and features a search key
that is common to all files containing analysis results for

an air sample collected in a flask. For a given air sample,
results will exist in one daily analysis file and one
processed site file for each project analyzing the sample.
Search keys used by relational database packages are often
non-repeating consecutive integers. To satisfy the above
mentioned requirements, a key that uniquely identifies a
flask sampling event was built. This 31-character key
includes the sampling location, GMT date and time, flask
id number, and sample collection method as shown below
for an air sample collected at MLO.

MLO 1992 12 18 20 07 2340-66 P

The only condition required of current and future flask
measurement projects is that analysis results residing in the
daily analysis files and processed site files must be
preceded by the 3l-character search key. Once this
condition is satisfied, the primary task becomes one of
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Fig. 2.18.  Venical profile for CO, over Carr, Colorado, from

December 10, 1992. (Altitude is in km above sea level.) Square
symbols represent individual flask measurements. The solid line is
drawn through the average of two samples collected in succession at
each altitude.

28



ensuring that the integrity of the 31-character search key is
maintained everywhere it exists. This is accomplished by
restricting access to the search key.

The search key is created by one (and only one)
software package within the Carbon Cycle Division.
Before an air sample is analyzed, the flask must proceed
through a check-in procedure. This procedure is semi-
automatic and has two primary functions. The first
function is to maintain a flask inventory, i.e., tracking
when, where, and how each flask was shipped from and
returned to Boulder. The second function is to introduce
each flask's sampling history into a computer data base; it
is here that the 31-character search key is created. During
a measurement, the analysis software simply requests the
flask identification code, and upon entry, receives the
search key from the database. This software then uses the
search key in creating the data files resulting from the
analysis. The search key is propagated to the various
measurement projects as the air sample is analyzed. At no
time may the individual measurement projects modify the
search key. If an error in the search key is suspected, then
the original sample sheet is annotated and the problem is
resolved at a later time,

The search key may be edited by one (and only one)
software package within the Carbon Cycle Division. Every
2 weeks the original sample sheets of flasks analyzed
during this period are collected and collated. The sample
history from each sample sheet is compared with the
history recorded during the check-in procedure; annotations
made during analyses are also addressed at this time. Any
necessary changes to the search key are made at this time
by the primary database manager using a single software
package. This package replaces the incorrect search key
with the edited key everywhere that the key exists and
documents each action in a log file. All personnel
responsible for maintaining the various measurement
databases are automatically notified of the changes made
by the database manager by electronic mailing of the log
file.

This flask data management strategy has been [ully
implemented. The benefits of this strategy are already
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quite clear. The various measurement project data bases
remain independent, but are easily related by the search
key. The integrity of the search key is maintained by
restricting access to both personnel and software. New
measurement programs can develop independently but
integrate easily by satisfying the single design constraint
based on the search key. Considerable time is saved when
search-key errors are corrected everywhere by the data base
manager. And finally, software written for the statistical
and graphical analysis of flask data can be species-
independent, providing powerful analysis tools to a greater
number of flask measurement programs.
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3. Aerosol, Radiation, Ozone, and Water Vapor Division

B. BODHAINE, E. DUTTON, R. EVANS, R. GRASS, J. HARRIS, D. HOFMANN, W. KOMHYR,
D. NELSON, J. OGREN, AND S. OLTMANS

3.1. CONTINUING PROGRAMS

3.1.1. SURFACE AEROSOLS
3.1.1.1. BASELINE OBSERVATIONS

Operations

The aerosol monitoring program at BRW, MLO, SMO,
and SPO continued during 1992 as in previous years.
Condensation nucleus (CN) concentration was measured
continuously with TSI (butanol-based) CN counters at
BRW, MLO, SMO, and SPO. Daily calibration points were
provided by Pollak CN counters at all stations. TSI CN
counters have been operated at BRW since March 1990,
MLO since May 1988, SMO since May 1992, and SPO
since January 1989. After TSI CN counter installation at
each station, G.E. CN counter operation was continued for
a 1-year comparison, and then G.E. CN counter operation
was terminated. At the end of 1992 all G.E. CN counters
had been discontinued.  Aerosol scattering extinction
coefficient (og,) at 450-, 550-, 700-, and 850-nm
wavelengths was measured continuously at BRW, MLO,
and SPO with four-wavelength nephelometers. Aerosol
absorption cocfficient has been measured continuously
using aethalometers at BRW since April 1988, MLO since
April 1990, and at SPO during December 1986-December
1991. Table 3.1 shows the time periods of operation of the
CN counters and nephelometers at the four baseline
stations.

Figure 3.1 shows daily geometric means of CN
concentration (lower portion of each plot), oy, (middle
portion of each plot), and Angstrom exponent (upper
portion of each plot) at the CMDL stations for 1992. Two
independent values of Angstrém exponent (o) were
calculated from the 450-, 550-, and 700-nm channels of Osp
data using the relation o = -Alogog,/Alogh, where o is

TABLE 3.1. Operation of Aerosol Instrumentation at
BRW, MLO, SMO, and SPO

Station  Pollak CN GE.CN TSICN 4-A Neph.
BRW May 1976- May 1976-  March 1990-  May 1976-
Present Mar. 1991 Present Present
MLO Jan. 1974- Jan. 1974- June 1988- Jan. 1974-
Present June 1989 Present Present
SMO June 1977- Junel977- May 1992- June 1977-
Present Dec. 1992 Present Mar. 1991
SPO Jan. 1974- Jan. 1974- Jan. 1989 Jan. 1979-
Present Dec. 1989 Present Present
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Angstrﬁm exponent and A is wavelength. These averages
were calculated only if data for all three wavelengths were
available. The interpretation of o in terms of acrosol size
distribution was discussed by Bodhaine and DelLuisi
[1985]. Monthly geometric means of the 1991 aerosol data
are listed in Table 3.2. A graphical presentation of the
monthly geometric means of the entire data record for the
four stations is shown in Figure 3.2.

Discussion

The BRW data in Figure 3.1 show a o5, maximum of
about 3 X 10-5 m-1 during spring, typical of the well-known
Arctic Haze. Minimum values of oy, below 10-6 m-!
occurred in July-August. The BRW long-term record
shown in Figure 3.2 clearly shows this annual cycle in o,
with springtime monthly means of about 10-5 m-! and
summertime monthly means of about 10-6 m-1. The BRW
CN record shows a more variable semiannual cycle with a
maximum that usually coincides with the maximum in Gg,
and another maximum in late summer or early fall. The
1992 annual geometric mean for CN is 228 cm-3 and the
annual mean for g, (550 nm) is 4.62 x 10-6 m-1. Note that
the G.E. counter CN record is shown as a solid line and the
TSI counter CN record is shown as a dashed line. The
individual squares plotted on the CN graph are monthly
means of Pollak counter observations. These are shown
separately because the TSI and Pollak counter give
independent data sets, whereas the G.E. counter was
calibrated using the Pollak counter data. Numerous gaps in
the data are apparent because of the averaging process
excluding data if local pollution is evident or if winds are
not from the clean air sector. The BRW aerosol data set
was presented by Quakenbush and Bodhaine [1986].

The MLO o, data shown in Figure 3.1 are typical with
the highest values in April and May and lower values in
fall and winter. Large events are apparent in the
springtime, caused by the long-range transport of Asian
desert dust in the upper troposphere to the vicinity of
Hawaii. As discussed in the 1988 Summary Report [Elkins
and Rosson, 1989], oy, values were generally higher since
the installation of the new nephelometer in 1985 and have
not reached the low values expected in winter. The MLO
CN record shown in Figure 3.1 is typical, giving an annual
geomeltric mean concentration of 375 cm-3; the annual
mean of Gy, (550 nm) is 8.58 x 107 m-l. Note that all
MLO aerosol data presented here are in the form of
geometric means during 0000-0800 HST (1000-1800 UT) in
order to include data for nighttime downslope wind
conditions only. The MLO data set was presented by
Massey et al. [1987].
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Fig. 3.1. Daily geometric means of G, and CN data at BRW, MLO, SMO, and SPO for 1992. Data for MLO are included only for 0000-0800 LST.

For each station, CN concentration (lower) is shown as a solid line, and daily mean Pollak counter data are shown as small squares. The o,, dala
(middle) are shown for 450 (dotted), 550 (solid), and 700 nm (dashed). Angsirém exponents (alpha) were calculated from 450- and 550-nm (dotted)

and 550- and 700-nm (solid) o,p data.

The SMO CN data continue as in previous years with no
significant annual cycle or long-term trend. The SMO
1992 annual mean is about 207 cm-? for CN concentration,
representative of the background marine boundary layer in
that region. The SMO nephclometer was removed from
service in March 1991. The SMO data record was
presented by Bodhaine and DeLuisi [1985].

The SPO o5, and CN data are shown in Figure 3.1.
These data show a strong annual cycle reaching a
maximum in the austral summer and a minimum in the
winter, similar to previous years. The O data show
fairly clean values in the fall and events resulting from
the transport of sea-salt particles in July and September.

31

Because of instrument problems, some data are missing
in the winter and fall. Recferring to the long-term data
set for SPO shown in Figure 3.2, the Osp data genecrally
show intermediate values in the austral summer and
fall, and large events, sometimes exceeding 10-6 m-1, in
late winter. These large aerosol events are caused by
the transport of sea salt in the upper troposphere from
stormy regions near the Antarctic coast to the interior
of the continent. The SPO 1992 annual means are about
69 cm-3 for CN and 4.41 x 107 m-! for G (550 nm).
Analyses of the SPO data were presented by Bodhaine et
al. [1986, 1987]. The complete data set was presented
by Bodhaine and Shanahan [1990].



TABLE 3.2.

Monthly Geometric Means of CN concentration (cm-3) and Osp (m-1) at 450,

550, and 700 nm for BRW, MLO, SMO, and SPO During 1992

Jan. Feb. March April May June July Aug. Sept. Oct Nov. Dec
BRW
CN 204 354 346 263 338 100 363 354 83 162 245 208
Oyp (450) 1.17-5 1.48-5 1.70-5 1.15-5 3.63-6 2.57-6 1.62-6 2.04-6 1.62-6 4.57-6 9.55-6 1.02-5
Gyp (550) 1.05-5 1.29-5 1.48-5 9.77-6 2756 1.95-6 1.35-6 1.86-6 1.05-6 3.89-6 9.33-6 9.33-6
Osp (700) 7.76-6 0.33-6 1.07-5 6.92-6 1.7-6 1.12-6 9.55-7 1.55-6 7.24-7 2.88-6 7.76-6 6.92-6
MLO
CN 398 380 407 338 309 380 380 436 426 354 331 380
G,p (450) 7.08-7 1.15-6 3.8-6 4.07-6 24-6 1.35-6 1.00-6 8.32-7 6.61-7 5.13.7 6.17-7 6.17-7
Osp (550) 5.13-7 7.08-7 3.09-6 3.24-6 2.04-6 1.07-6 1.76-7 6.17-7 5.01-7 3.63-7 5.01-7 4.57-7
o, (700) 3.55-7 4.17-7 2.45-6 245-6 1.70-6 8.51-7 5.89-7 4.37-7 3.39-7 2.82-7 3.72-7 3.55-7
SMO
CN 213 190 151 263 251 154 208 218 223 223 194 229
SPO
CN 181 275 154 34 22 22 13 25 53 162 213 169
Osp (450) 2.40-6 1.35-6 5.25-7 3.55-7 2.45-7 2.29-7 7.24-7 1.10-6 7.76-7 9.12-7 4.79-7
O,p (550) 1.86-6 9.77-7 3.31-7 2.14-7 1.38-7 1.23-7 5.75-7 8.32-7 5.89-7 6.31-7 3.16-7
Oyp (700) 1.29-6 5.89-7 1.95-7 1.29-7 8.13-8 6.17-8 4377 6.03-7 4.68.7 5.25-7 2.51-7

A compact exponential format is used for o, such that 1.78-5 = 1.78 » 105,

3.1.1.2. REGIONAL OBSERVATIONS

In order to address questions concerning climate forcing
by anthropogenic aerosol particles [Charlson et al., 1992;
Penner et al., 1993], CMDL is establishing a network of
four regional aerosol monitoring stations. Two of the
stations are located in marine locations and two in
continental locations; for each category one site is
relatively free of anthropogenic influences and the other is
frequently perturbed by anthropogenic aerosols. Table 3.3
lists the four sites, their characteristics, and their current
status  (June 1993). Each station operates in close
collaboration with a local university or government agency
that provides on-site support for the measurements.

The scientific questions that define the context of the
measurements at these sites include:
® What are the sign, mechanism, magnitude, uncertainty,
and spatial distribution of the climate forcing by
anthropogenic acrosol particles?
® What are the physical and chemical processes, including
their rates and spatial distributions, leading to formation
and removal of the particles responsible for the forcing,
and how do these processes determine the size and
chemical-composition distributions of the particles?
® What is the sensitivity of the forcing and its spatial
distribution to changes in these parameters?
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® How has the forcing changed in the past, and how will it
change in the future?

Clearly, ground-based measurements at a few sites will
provide answers to only a few of these questions.
Recognizing this, the strategy of the CMDL regional
acrosol measurement program is to determine means,
variability, and possible trends of key optical, chemical,
and microphysical properties for a number of important
aerosol types.

The measurements will provide ground-truth for satellite
measurements and global models, as well as key aerosol
parameters for global-scale models (e.g., scatlering
efficiency of sulfate particles, hemispheric backscattering
fraction). An important aspect of this strategy is that the
chemical measurements are linked to the physical
measurements  through  simultaneous, size-selective
sampling and thermal analysis, which allows the observed
aerosol properties to be connected to the atmospheric
cycles of specific chemical species.

When the sites are fully operational, continuous
measurements will include the total particle number
concentration (N.,), the cloud condensation nucleus
number concentration (N.,), aerosol optical depth (8), and
components of the aerosol extinction coefficient (total
scattering Ogp, backwards hemispheric scattering Oygp, and
absorption G,p). Size-resolved impactor and filter samples
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Fig. 3.2. Monthly geometric means of g, and CN data for the entire data record. Data for MLO are included only for 0000-0800 LST. The o, data
(middle) are shown for 450 (dotted), 550 (solid), and 700 nm (dashed). Angsirém exponents (alpha) were calculated from 450- and 550-nm (dotied),
and 550- and 700-nm (solid) o,; data. Note that G. E. CN counter data are shown as a solid line, TSI CN counter data are shown as a dashed line, and
Pollak CN counter data are shown as small squares.

TABLE 3.3. CMDL Regional Aerosol Monitoring Sites

Category Perturbed Marine Perturbed Continental Clean Continental Clean Marine
Location Sable Island, Bondville, Illinois Laramie, Wyoming Cheeka Peak, Washington
Nova Scotia, Canada
Collaborating Atmospheric Environ- University of Illinois, University of Wyoming University of Washington
institute ment Service, Canada  Illinois State Water Survey
Status Operational August 1992 Planned for operations Site feasibility measure- Operational, May 1993
late-1993 ments began April 1993
Current measure- Nion O4p (3R), size- Niow Gyp (31), size- Niow Oyp (33) Nion Oyp and oy, (11), size-
ments (June 1993) resolved),d (42), size- resolved),d (5A), size- resolved), & (41), size-
resolved chemical resolved chemical resolved chemical
composition composition composition
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(submicrometer and supermicrometer size fractions) will be
obtained  for  gravimetric = and  chemical (ion
chromatographic) analyses. All size-selective sampling, as
well as the measurements of the components of the aerosol
extinction coefficient, will be performed at a low,
controlled relative humidity (40%) to eliminate
confounding effects because of changes in ambient relative
humidity.

Because of the early developmental state of the regional
acrosol measurement program, the limited amount of
monthly-averaged data obtained in 1992 will be included in
the 1993 CMDL Summary Report. An example of the size-
resolved measurements of the aerosol light scattering
coefficient at Sable Island is shown in Figure 3.3. The
Sable Island site was chosen to allow characterization of
anthropogenically-perturbed marine aerosols, but air mass
trajectories from clean marine and clean continental areas
are also frequently encountered at the site. Clean marine
air was encountered at the beginning of the period shown in
Figure 3.3, resulting in low particle number concentrations
and light scattering coefficients. The contributions to Oy,
of the sub- and super-micrometer size fractions were about
equal. The large peaks on September 12 are due to
contamination by local sources on the island; a automatic
control algorithm in the sampling system prevents
contamination of the filter samples during such periods.
After several days the air trajectories came from
northeastern Canada, causing higher particle number
concentrations but similar levels of Gg,. Air trajectories
bringing polluted air from the eastern United States were
observed at the end of the period, yielding much higher
values of Ny, and Og,. Submicrometer particles dominated
the light scattering coefficient, although a substantial
increase of light scattering from supermicrometer particles
was also observed.
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Fig. 3.3. Observed total particle number concentration (lower pane) and
size-resolved aerosol light scattering coefficient (upper pane, 550 nm
wavelength, solid line for 0-1 pm diameter particles, circles for 1-10 um
particles) at Sable Island, Canada, September 10-19, 1992.

34

3.1.2. LIDAR OBSERVATIONS OF AEROSOLS
(See 1.1.2. for report on Mauna Loa lidar data.)
3.1.3. ToTAL OZONE OBSERVATIONS

Total ozone observations continued throughout 1992 at
15 of 16 stations that comprise the U.S. Dobson
spectrophotometer network (Table 3.4). Of the 15 stations,
5 were operated by CMDL personnel, 4 by the NWS, 2 are
domestic cooperative stations, and 4 are foreign
cooperative stations. The Dobson spectrophotometer,
operated at Florida State University in Tallahassee until
November 1989, was relocated in 1992 to the Municipal
Airport in Tallahassee. NWS staff made routine total
ozone observations at Tallahassee begining in March 1993,

The Poker Flat Research Range instrument failed in May
and the instrument was shipped to Boulder for repair and
re-calibration. In early June the instrument was returned,
but problems in the computer system driving this
automated instrument and problems with the operations at
the Range in general kept the instrument from making any
useful observations through the rest of the year. At the end
of the summer, the instrument and shelter were moved to
the roof of the Geophysical Institute, University of Alaska,
for installation early in 1993.

A semi-automated method of operation for the Dobson
ozone spectrophotometer was developed by CMDL. The
system uses an encoder and a counter to read the R-dial
position and a computer to guide the operator through the
observations and record the data. The operator is given a
total ozone value at the end of the observation. The
advantage is that the data is in a format ready for
processing or transmission by electronic mail. Instrument
no. 82 was equipped with this system at SPO where the
need for the system was greatest as all the data are
transmitted by satellite to CMDL.

Provisional daily 1992 total ozone amounts applicable to
local apparent noon for stations listed in Table 3.4 were
archived at the World Ozone Data Center (WODC), 4905
Dufferin Street, Downsview, Ontario M3H 5T4, Canada, in
Ozone Data for the World. Table 3.5 lists mean monthly
total ozone amounts measured at the various stations.
(Monthly means are derived for stations where observations
were made during at least 10 days each month.) Ozone
values shown for MLO for July-October may be too high
by about 2.5%; more work is needed to assess the exact
measurement errors. Ozone values in the table are
expressed in the Bass-Paur [1985] ozone absorption
coefficient scale [Komhyr et al., 1993a], adopted for use by
the WMO beginning January 1, 1992. The Bass-Paur
coefficients yield ozone amounts 0.9743 times as large as
those derived from the use of the Vigroux [1957] ozone
absorption coefficients.

Because of the need for "ground truth" wvalidation of
satellite instrument ozone data and the desirability of
obtaining reliable information on ozone trends during past
decades, the NOAA National Environmental Satellite, Data,



TABLE 3.4. U.S. Dobson Ozone Spectrophotometer Station Network for 1992

Station Period of Record Instrument No. Agency

Bismarck, North Dakota* Jan. 1, 1963-present 33 NOAA

Caribou, Maine* Jan. 1, 1963-present 34 NOAA

Wallops Is., Virginia* July 1, 1967-present 38 NOAA; NASA

SMO* Dec. 19, 1975-present 42 NOAA

Tallahassee, Florida* May 2, 1964-Nov. 30, 1989; 58 NOAA; Florida State University
Nov. 1, 1992-present

Boulder, Colorado* Sept. 1, 1966-present 61 NOAA

Poker Flat, Alaska March 6, 1984-present 63 NOAA; University of Alaska

Lauder, New Zealand Jan. 29, 1987-present 72 NOAA; DSIR

MLO* Jan. 2, 1964-present 76 NOAA

Nashville, Tennessee* Jan. 2, 1963-present 79 NOAA

Perth, Australia July 30, 1984-present 81 NOAA; Australian Bureau Meteorology

SPO Nov. 17, 1961-present 82 NOAA

Haute Provence, France Sept. 2, 1983-present 85 NOAA; CNRS

Huancayo, Peru Feb. 14, 1964-present 87 NOAA; IGP

BRW June 6, 1986-present 91 NOAA

Fresno, California* June 22, 1983-present 94 NOAA

*Stations where total ozone data were tentatively re-evaluated.

TABLE 3.5. Provisional 1992 Monthly Mean Total Ozone Amounts (m-atm-cm)

Station Jan.  Feb. March April  May June  July Aug. Sept. Oct. Nov. Dec.
Bismarck, ND 337 346 354 347 331 328 321 302 297 272 307 320
Caribou, ME 353 364 375 384 346 354 335 311 278 293 285 302
Wallops Is., VA 314 323 337 331 338 322 299 293 278 284 254 262
SMO 251 249 247 237 234 235 233 T 238 240 239 248 249
Tallahassee, FL. - - - = - - % - s - - &
Boulder, CO 324 325 336 318 308 299 296 287 276 270 290 285
Poker Flat, AK : 423 404 397 333 - = - = = = c
Lauder, New Zealand 290 284 278 266 309 - - [358] 367 350 318 289
MLO 236 255 265 279 284 279 (267) (266) (258) (250) (241) (230)
Nashville, TN 303 317 327 319 333 318 297 303 284 288 268 262
Perth, Australia 282 274 271 273 277 - - - 324 318 307 290
SPO 278 262 - [286] [254] [260] [244] [257) - 185 180 269
Haute Provence, France 296 332 329 362 346 340 [331] [286] 285 291 262 292
Huancayo, Peru 242 245 241 235 227 221 224 237 247 245 248 248
BRW = [260] 417 416 384 330 291 301 314 325 - -
Fresno, CA 310 321 346 309 315 325 301 297 281 270 263 278

Monthly mean ozone values in square brackets are derived from observations made on fewer than 10 days per month.

Values in parentheses may be too high by about 2.5%.

and Information Service, in cooperation with the WMO,
embarked on an international project to optimize the
quality of Dobson spectrophotometer data of the global
Dobson instrument network in 1991. To this end, a
"Dobson Data Re-evaluation Handbook" [Komhyr et al.,
1993b] was prepared outlining procedures to be followed in
re-evaluating the data. For Dobson instruments that were
periodically calibrated throughout the years relative to
World Primary Standard Dobson Instrument 83, as have
been the instruments of the U.S. station network, the
"Handbook" specifies procedures for correcting the data for
instrument spectral calibration changes arising from aging
of optical components, optical contamination, cobalt filter
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corrosion by humidity, and optical wedge calibration
changes.

Reevaluation of the U.S. data began in 1991. To date,
data from 9 of 16 stations identified in Table 3.4 were
tentatively reprocessed. The method involved use of
updated initial and final calibrations (relative to Dobson
instrument 83) as well as the determination, from quasi-
simultaneous direct-sun and zenith-sky observations, of
corrections to empirical charts, from which total ozone
amounts are derived from observations on the clear or
cloudy zenith sky. Resulting data are improved compared
with those originally archived at the WODC, with monthly
means generally differing from the archived values on



average by not more than about 2%. Portions of the
records, however, are subject to additional refinement.
Maximum errors within these data portions are estimated
not to exceed £2%.

Figure 3.4 plots 1979-1992 ozone anomaly data (i.e.,
monthly mean ozone deviations from monthly normals) for
14 of the 15 operating CMDL ozone stations. Data used in
the analysis are the tentatively re-evaluated data for 8 of
the 14 stations (see Table 3.4), but provisional data as
archived at the WODC for the remaining 6 stations. The
plots exhibit several interesting features. The two most
northerly stations, e.g., Point Barrow and Poker Flat,
Alaska, show downward ozone trends of -0.38 and -0.47%
yr-l, respectively, based on sparse data obtained during
springtime scasons of the years when observations were
made.  (The trend at Poker Flat is not statistically
significant at the 95% confidence interval [t-statistic]).
Stations on the U.S. mainland (Caribou, Bismarck,
Boulder, Wallops Island, and Nashville) with complete
1979-1992 records show downward ozone trends ranging
from -0.33 to -0.46 % yr-1. Data from Fresno, also on the
U.S. mainland, exhibit a non-statistically significant
downward trend of -0.22% yr-! over the 9-year record of
observations. At Haute Provence Observatory, the 9-year
record yields a large downward trend of -0.62% yr-l,
primarily because of unusually low ozone that occurred
there in the spring of 1990 and in 1992. Smaller trends,
ranging from 0.03 to -0.20% yr! are evident for the near-
equatorial stations of MLO, Huancayo, and SMO. The two
southern hemisphere stations of Perth and Lauder exhibit
positive ozone trends that likely result, at least in part, from the
shortness of the records.

Monthly mean total ozone amounts measured at SPO
during October 15-31 time intervals of 1962-1991 are
plotted in Figure 3.5. (Mid-October is when Dobson
spectrophotometer total ozone observations first become
possible at SPO following the polar night.) The October
1992 mean ozone value of 185 DU was higher than the
corresponding 1991 value of 162 DU. This larger ozone
amount resulted most likely from the relative proximity to
SPO of the polar vortex boundary in 1992 than in 1993.
The SPO November 1992 mean total ozone (180 DU) was
considerably lower in 1992 than in 1991 (289 DU).

The CMDL Dobson spectrophotometer observations
show low ozone values in 1992, similar to those reported
for the TOMS satellite instrument Gleason et al. [1993].
While the TOMS total ozone record is relatively short,
allowing comparison of recent decreases in ozone with
ozone amounts measured only since 1978, the CMDL
Dobson instrument data date back for a number of the
stations to the 1960s and 1970s, a time when atmospheric
ozone destruction was minimal due to anthropogenic
chlorofluorocarbons. Recent and past Dobson instrument
total ozone data from the six contiguous U.S. stations of
Nashville, Fresno, Wallops Island, Boulder, Bismarck,
Caribou, and from MLO in Hawaii and SMO in the South
Pacific, are compared in Figure 3.6. The solid lines in the
plots are percent decreases in 1992 monthly mean total
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ozone amounts relative to long-term normal monthly means
for the eight stations. For all stations except Fresno, the
normal monthly means were derived from data obtained at
the stations through 1985 (see Table 3.4). For the shorter
Fresno record, the monthly normals were obtained from
1984-1991 data. Dashed lines in Figure 3.6 represent
standard deviations (+10) of the normal monthly means.

Note that nearly all monthly means fall below long-term
normal ozone levels to values as low as about -10%. The
mean 1992 ozone deficiency for the eight stations is 4.7%.
For the record as a whole, the monthly mean ozone values
fell below one standard deviation of the normal monthly
means 66% of the time and below two standard deviations
38% of the time.

3.1.4. UMKEHR OBSERVATIONS

Umkehr observations with automated Dobson ozone
spectrophotometers continued during 1992 at Boulder,
Haute Provence, Lauder, MLO, Perth, and Poker Flat.
Table 3.6 lists the number of observations attempted and
the number that yielded useful data. Observations with
excessive cloud interference were not useful. Umkehr data
quality during 1992 was adversely affected by acrosol
particles still remaining in the stratosphere following the
June 1991 eruption of Mt. Pinatubo in the Philippines.
Umkehr observations at Poker Flat were only made during
March and April 1992. An instrument mechanical failure,
followed by multiple failures in the controlling computer
system, kept the station out of operation. The instrument
and shelter were moved to the Geophysical Institute at the
University of Alaska, Fairbanks, for observations starting
in 1993. Both Lauder and Perth missed many weeks of
observations in June, July, and August while the
instruments were in Boulder for recalibration. Umkehr
data for 1991 has not been archived at the WMO World
Ozone Data Center, since a correction for the interference
from the Mt. Pinatubo aerosols has not been determined.

3.1.5. CALIBRATION OF CMDL DOBSON SPECTRO-
PHOTOMETERS

Three Dobson ozone spectrophotometers of the CMDL
network and three others were calibrated during 1992,
Table 3.7 lists all the instruments calibrated and the
resulting calibration difference expressed as a percent
ozone difference. This percentage difference is calculated
between measurements from the test instrument and the
standard instrument with the ADDSGQP observation type
at a | value of 2, and a total ozone value of 300 DU, before
any rtepair or calibration adjustment is made. All
calibrations were performed in Boulder relative to the
NOAA world primary standard Dobson spectrophotometer
83 and to secondary standard Dobson spectrophotometer
65.

Instrument 63 from Poker Flat Research Range had a
failure of one of the bands holding the optical wedge in
place. The instrument was repaired with an attempt to
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1260 w10 180 1930 replace the wedge back into the correct position, based on
J the results of standard lamp tests, before the comparison
¥ with a standard. A wedge calibration after the comparison
showed that the wedge had been replaced very close to the
original position, based on the observation that after the

5 wedge was cleaned, the wedge density curve was the same
E% -3 as the 1989 curve. Instrument 81 from Perth, Australia,
g had worn bearings in the wedge drive assembly replaced.
o Instrument 72 from Lauder, New Zealand, was accidentally
'g damaged by oil on the optical wedge, thus the result in
2

200
T
200

Table 3.7 is misleading. A wedge calibration defined the
problem completely, and an interim calibration could be
applied to the data for the period when the oil was on the
wedge. This time period was known to the day.

i, g Three non-CMDL instruments were calibrated by CMDL

100

960 170 - lodo 130 in 1992. The results are listed in Table 3.7. Instrument 99
from Argentina was sent to Boulder after the instrument
Fig. 3.5. SPO mean total ozone amounts for October 15-31 time was damaged by a f{all that resulted in a broken band on the
intervals of 1962-1992, wedge. A repair was attempted on site, but the correct
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TABLE 3.6. Umkehr Observation Frequency During 1992

Station Total No. Total No.
Station Coordinates Obs. Made Useful Obs.
Boulder 40°N, 105°W 532 200
Haute Provence 43°S, 170°E 445 215
Lauder 45°S, 170°E 511 158
MLO 20°N, 156°W 580 413
Perth 32°5, 116°E 427 199
Poker Flat 65°N, 147°W 77 22
TABLE 3.7. Dobson Ozone Spectrophotometers
Calibrated in 1992
Instrument Calibration Calibration Corr.
Station Number Date Needed (%)*
Poker Flat (now UAF) 63 May 15 1.4
Perth Airport, Australia 81 June 19 -0.8
Lauder, Australia 72 July 14 -1.4
Argentina 99 July 27 -0.5
Melboume, Australia 105 June 19 -0.8
Tsukuba, Japan 116 June 28 -0.5

*Applicable to p =2 and 300 DU ozone

band was not available. The resulis in the table are,
therefore, less reliable when considering existing data.
Instrument 105 is a WMO regional standard owned and
operated by the Australian Bureau of Meteorology in
Melbourne.  Instrument 116 is the standard for the
Japanese network and is operated by the Acrological
Observatory, Tsukuba, Japan.

The calibration of instrument 82 was verified and the
instrument sent to SPO as a replacement for instrument 80.
While both instruments were on station, observations were
made with both instruments in overlapping time periods.
The results showed that both instruments produced ozone
values that agreed within 1%.

A Shimadzu-built copy of the Dobson ozone
spectrophotometer, owned by the WMO, was rebuilt in
Boulder for subsequent use in Lagos, Nigeria. As most of
this instrument's construction was different than that of the
British-built Dobson instrument, a great amount of
ingenuity was used to get the optical parts aligned
correctly. The instrument calibration was excellent after
rebuilding.

CMDL developed a semi-automated version of a two-
lamp wedge calibrator that increased the speed of a wedge
calibration from 2 days to one-half day.
3.1.6. VALIDATION OF TOMS AND SATELLITE

INSTRUMENT OZONE DATA

World primary standard Dobson instrument 83,
maintained by CMDL, operated in Junec-August 1992 at
MLO in an ongoing program to assess its calibration and 1o
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provide "ground-truth” data for wverification of ozone
measurements made by the NASA TOMS and SBUV
instruments from aboard the Nimbus 7 satellite. While
large differences were observed between Dobson
instrument 83 and TOMS data prior to 1987, development
of a wavelength pair justification technique [Herman et al.,
1991] has rendered data from the two kinds of instruments
highly compatible. TOMS corrected (Version 6) data and
Dobson instrument 83 data for 1979-1992 are compared in
Figure 3.7, showing agreement to within about *0.5%.
The long-term ozone measurement precision of Dobson
instrument 83 is currently estimated to be £1%.

3.1.7. TROPOSPHERIC OZONE

The CMDL network of surface ozone measurements
includes the four baseline observatories; three AEROCE
sites (Bermuda, Barbados, and Mace Head, Ireland); Niwot
Ridge; and Westman Islands, Iceland. The station at
Reykjavik, Iceland, continues operation under the direction
of the Icelandic Meteorological Office. The data from this
site are heavily influenced by its in-city location and the
data are more difficult 1o interpret as regionally
representative. Figure 3.8 shows the diurnal cycle (shown
as deviations from the daily mean) for Reykjavik (a) and
Westman Islands (b). At Reykjavik, there is a large
variation with minimum values in the day and highest
values very carly in the morning. At Westman Islands, on
the other hand, there is no significant diurnal cycle that is
consistent with the fact that it is removed from local or
regional pollution sources on a small island south of the
main island of Iceland. At Reykjavik, the diurnal cycle
appears to be driven by daily automobile traffic patterns
and the titration of ozone by nitric oxide (NO) [Qltmans
and Levy, 1993].

Interestingly, at Reykjavik the average concentration for
0307 LST is very similar to the daily average at Westman
Islands indicating that for iclatively unpolluted conditions
the broad scale patterns determine important features such
as the seasonal variation [Qltmans and Levy, 1993). The
long-term trend patterns reported last year [Ferguson and
Rosson, 1992] for the four observatories are not altered by
the addition of the 1992 data. A fuller discussion of the
surface ozone measurements can be found in Oltmans and
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Fig. 3.7. Percent differences between TOMS and World Standard

Dobson Instrument 83 total ozone amounts measured at MLO
during months of June-August 1979-1992.
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Levy [1993].
sitc are summarized in Table 3.8. For MLO, the averages
arc based on the period from 00-08 LST (downslope flow)
and at Reykjavik for 03-07 LST.

The monthly mean mixing ratios from cach

3.1.8. OZONESONDE OBSERVATIONS

After reestablishing weckly ozone wvertical profile
measurements at Hilo, Hawaii, and Boulder, Colorado, in
1991, in response to the eruption of Mt. Pinatubo, the
sounding program was continued at these sites as well as
SPO in 1992.

Two significant effects of the Mt. Pinatubo eruption on
stratospheric ozone were found. At SPO there was
additional springtime ozone depletion in 1992, particularly
in the lower stratosphere, Figure 3.9 shows the vertical
profile of the ozone partial pressure over South Pole at a
date near the minimum in column ozone amount for the
years 1986-1992. In 1992 (the open stars), there is
significantly less ozone in the layer from 10-15 km than in
previous years. In addition, in the region from 14-17 km,
ozone has essentially been completely destroyed in 1992,
In 1990, similar near complete ozone loss in this region
was also secn but the lower stratospheric destruction was
not. Evidence of unusual ozone loss was also seen in 1991
in the lowest part of the stratosphere. The 1991 reduction
in this region was attributed to the enhanced ozone
destroying effccts of volcanic acrosol from the Mt. Hudson
(46°S) eruption in August 1991 [[lofmann et al., 1992].
The presence of cnhanced acrosols, cold polar
stralospheric temperatures (but not cold enough to form
polar stratospheric clouds at 10-15 km), and high levels of
chlorine from human manufactured chlorofluorocarbons
allowed ozone destruction in a region where it had not
previously been secen. By winter 1992 the voleanic aerosol
from Mt Pinatubo, which was ejected to much higher
altitudes than that from Mi. Hudson, had setiled into the
10-18 km region over Antarclica [Cacciani et al., 1993].
In 1991 the Mit. Pinatubo acrosol probably did not
penetrate the Antarctic polar vortex at these levels. In late
winter and spring 1992, ozone declined more rapidly than
in previous years. The course of this decline is shown in
Figure 3.10 which shows profiles from late August through
the minimum value achicved on October 11. The column
amount of 105 DU, obtained by integrating the data from
the profile measurements, is the lowest ever measured over
South Pole and may well represent the lowest column
amount measurcd anywhere [/ofmann and Oltmans, 1993].

TABLE 3.8. Monthly Mcan Surlace ozone Mixing Ratios (ppbv) During 1992
Station Jan. I'eb. March April May June July Aug. Sept. Oct. Nov. Dec
BRW 29.5 28.4 233 157 17.1 19.7 18.6 19.0 24.2
Reykjavik, Iceland 35.6 35.2 398 41.4 36.5 309 207 249
Westman Is., leeland (33.5) 33.6 39.1 38.6
Mace 1ead, Ircland 28.2 371 40.8 41.0 43.8 36.2 279 309 30.9 32.9  36.1 30.5
NWR 44.6 454 48.7 524 47.1 47.0 44.1 41.9 41.5 39.1 35.8 38.2
Bermuda 429 424 52.0 48.0 354 26.6 238 2441 27.9 39.5 342 35.9
MLO 40.1 427 5314 60.9 46.8 49.4 38.8 30.6 263
Barbados 23.3 233 22.8 19:5 16.4 16.0 16.6 18.2
SMO
SPO 8.3 18.0 17.4 218 23.0 31.2 323 314 277 24.3 25.2 28.1
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Fig. 3.9. Profile of ozone partial pressure over South Pole on the

date nearest the minimum in column ozone each year in the period
1986-1992.

This represents a 60% decline from late August to mid-
October. Twenty years earlier, ozone actually increased
during this portion of the year [Oltmans et al., 1993].

At Hilo and Boulder, ozone profiles have remained
perturbed late into 1992 from the effects of the Mt
Pinatubo ecruption 1.5 years earlier (Figure 3.11), This
perturbation is primarily seen as a displacement of the
ozone profile with lower ozone amounts in the lower
stratosphere and enhanced concentrations above the
maximum. Owverall, there has been a decline in the total
column amounts for the period following the eruption
[Hofmann et al., 1993]. In the subtropical (or high
tropical) latitude and mid-latitude cases represented by
Hilo and Boulder, the poleward transport of ozone poor air
in the lower stratosphere and enhanced ozone amounts
higher in the stratosphere, resulting from the lofting of the
tropical ozone column following the volcanic eruption, is
consistent with the patterns shown in Figure 3.10. The
lifting of the column results from the heating by absorption
from the upwelling long-wave radiation and an enhanced
vertical and horizontal circulation in the tropics [Brasseur
and Granier, 1992]. It appears that the persistent nature of
these anomalies well into 1992 is at least partially related
to the timing of the eruption relative to the shift in the
phase of the tropical stratospheric quasi-biennial wind
oscillation (QBO) from its easterly to westerly regimes
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Fig. 3.10.  Ozone vertical profiles at South Pole from August 21-

October 11, 1992, showing the spring decline in stratospheric ozone.

[Hofmann et al., 1993], although chlorine-catalyzed ozone
depletion, related to the increase in volcanic aerosol
particle surface area, is probably also involved.

3.1.9. STRATOSPHERIC WATER VAPOR

In addition to the continuing monthly water vapor
profile measurements carricd out at Boulder, upper
tropospheric and stratospheric measurements were donc in
Hilo, Hawaii; Barstow, California; Lauder, New Zealand;
McMurdo and South Pole, Antarctica; and Kiruna, Sweden.
Most of the soundings were carried out as part of the
UARS correlative measurements program.

The 12-year record of over 110 water vapor profiles
obtained in Boulder during 1981-1992 were rccently re-
analyzed. Two kilometer layer averages were calculated
for the stratosphere and upper troposphere between 10-26
km (Table 3.9). A lincar lcast-squares trend was computed
for the time series of approximately monthly balloon
soundings (Figure 3.12 and Table 3.9).  Significant
increasing water vapor con-centrations were found in the
lower stratosphere with the largest increase of ~1% yr-! in
the 18-20 km layer. Since the primary source of water
vapor in the stratosphere is the oxidation of CHy [LeTexier
et al., 1988], the rising concentrations of atmospheric CHy
[Steele et al., 1992] are expected to lead to rising
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TABLE 3.9. Water Vapor Mixing Ratios Over
Boulder, Colorado, During 1981-1992

Level Mean Std. Dev. Number
(km)  (ppmv) (ppmv) Obs.

Trend 95% Confidence
(% yrl) Interval (% yr!)

10-12  59.15  48.67 113 1.63 3.27
12-14  12.18 9.02 113 1.01 2.77
14-16 4.59 1.71 113 38 5}
16-18 3.83 .65 113 Jo* .67
18-20 3.82 = 112 1.05* .49
20-22 4.08 31 105 S0* 41
22-24 4.21 .30 101 54 38
24-26 4.28 .30 84 .29 41

The trends are computed for deseasonalized values. The 95%

confidence interval is based on students t-distribution.
*Significant at 95% confidence level.

stratospheric water vapor concentrations as well. The
measured increase is somewhat larger than that expected
from rising CHs4 amounts alone. This may indicate another
source of increasing water vapor in the lower stratosphere
such as an increase in the troposphere resulting from rising
tropospheric temperatures.

3.1.10. SURFACE RADIATION
Solar and Terrestrial Atmospheric Radiation

Surface based radiation monitoring projects continue at
eight CMDL locations: Barrow, Alaska; Erie and Boulder
(BAO and BLD), Colorado; Bermuda (BRM); Mauna Loa,
Hawaii; Kwajalein, Marshall Islands (KWIJ); American
Samoa; and the South Pole. The long-term continuous
measurements at these sites include broadband downward
solar irradiances, and several sites (BRW, BAO, BRM,
KWIJ, and SPO) also measure downward thermal infrared
irradiances. At sites where the measurements were
determined to have a representative surface (BRW, BAO,
and SPO), upward solar and infrared irradiance
measurement projects are also maintained. The surface
radiation budget (SRB) is a basic and critically important
climate variable that has long been inadequately observed
because of insufficient global coverage and inherent
instrumental limitations. The more exlensive observalions
are made at CMDL sites where the measurements are more
areally representative, especially with respect to land
surface and cloudiness. In order to make the CMDL data
more available to the general scientific community,
irradiances observed at those representative sites (BRW,
BAO, KWIJ, BRM, and SPO) are being incorporated into an
international data base sponsored by the WMO and NASA
under the Baseline Surface Radiation Network (BSRN).
All data from CMDL sites are also maintained as part of
the long-term CMDL surface radiation record which exists
for the past 15 years at four of the sites (BRW, MLO,
SMO, and SPO). Previous CMDL and GMCC Summary
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for individual profile measurements at Boulder, Colorado, during 1980-
1992. The solid line is the mean for each 2-km interval. The dashed
line is the linear fit to the deseasonalized data.

Reports have discussed the wide ranging and useful
applications of these data to scientific questions. Recently
completed projects utilizing the radiation observational
results from the CMDL field sites are as follows: the
detection of a long-term decrease in arclic haze [Bodhaine
and Dutton, 1993]; comparison of satcllite- and BAO-
derived SRB under clear and cloudy conditions [Cess et al.,
1991, 1993]; the effects of snow surfaces on atmospheric
absorption [Nemesure al., 1993]; detection of
intermediate-term trends in cloudiness related to radiation

el
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perturbations [Dutton et al., 1991; Schnell et al., 1991]; a
technique for monitoring long-term climate variability
using surface albedo records [Dutton and Endres, 1991;
Foster et al., 1992]; identification of a strong statistical
coherence between the QBO and the MLO long-term
transmission record [Dutton, 1992a]; a surprisingly good
agreement between modeled and observed thermal infrared
irradiances over the range of globally extreme conditions
[Dutton, 1993]; and a determination of the radiative effects
of the Mt. Pinatubo volcanic eruption [Dutton and Christy,
1992; Russell et al., 1993; Dutton et al., 1993), Numerous
additional requests were made and fulfilled for CMDL
radiation data for a variety of research applications.

Figure 3.13 shows updated results on the late summer
cloudiness and irradiance trends at SPO reported by Dutton
et al. [1991]. As suggested by Dutton et al. [1991], the
previously observed trends during January and February
until 1988, did not project into the future. The current SPO
irradiance level suggest a return to previous levels.

The MLO atmospheric transmission record updated
through 1992, is shown in Figure 3.14. The effects of the
eruptions of Pinatubo and El Chichon are most obvious and
are enlarged and compared in the inset of the figure.
Frequent updates of this data are submitted to the NOAA
Climate Analysis Center monthly Climate Diagnostic
Bulletin.

Snowmelt date at Barrow, Alaska, is defined as the last
date each year that any significant snow remains on the
ground, but considerable diffcrences between the National
Weather Service observations within the village of Barrow
and out on the tundra were noted in Figure 3.15. The
CMDL albedo data continue to suggest that there has been
no significant change in the annual date of sprirg snowmelt
near Barrow since the 1940s.

Observatory operations continued during the year
showing only a few significant changes that can be an
important attribute of a long-term measurement effort.
Newly available blowers were added to the upward facing
pyranometer and pyrgecometer at BRW. The new units are
very effective in kecping frozen precipitation and
condensation off the filter domes. Additional blower units
will be acquired as funds allow for implementation at other
sites. All continuous data logging at all eight sites now
have 3-minute-or-better resolution recorded and per-
manently stored. Data sampling times range from 1 to 2
seconds at all sites except Boulder where it is 10 seconds in
order to accommodate a large number, nearly 100, A/D
channels on one data logger. Many current data loggers
(BAO, BLD, BRM, and KWI) have integrating A/D
channels, and all other sites will be converted to this
capability in the next couple of years. A critical
requirement of the radiation project is to make stable and
accurate micro-volt level measurements to ensure that the
potential voltage measurement error is small compared to
other sources of error.

Data processing for the three newer sites (KWIJ, BAO,
and BRM) was largely incorporated into the system used to
process raw data from the other older sites. Incoming data
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Fig. 3.13. Monthly mean total (dircct plus diffuse) solar irradiance at SPO. The plotied lines are for lincar least-squares fits for 1976-1987.

are presently processed and edited as received from the site
within 2—4 weeks. Data received from the sites is being
delayed by as much as 3 wecks as data tapes are filled and
transmitted.  Final processing is completed about 1
calendar year after the data are first available for
processing. Final assignment of calibration information is
ongoing as updated radiometer calibration data are made
available. Data editing, processing, and final storage have
all been moved to medium-sized and personal computers
directly under the control of CMDL, thereby ecliminating
the dependence of outside computer expertise and
resources.  Data processing is evolving towards a system
where real-time interrogation of the field data is possible,
and preliminary analysis of the data can be completed in
the Boulder offices the day after the data are collected.
Several sites (KWJ, BAO, BLD, and BRM) currently
operate in that mode.

Remote Sensing of Aerosol Optical Properties and Water
Vapor

Other than clouds, acrosols and water vapor are the main
contributors to thermal-infrared and solar radiation

variations and subsequent radiative climate forcing. The
potential climate variations resulting from such factors are
extensive and varied. The observed and potential radiative
variations may be due to either anthropogenic causes:
increased industrial production of aerosols and water vapor
feedback resulting from increasing greenhouse gases, or
from natural causes; i.e., volcanic, biogenic, or surface
wind-generated aerosols and inherently varying water
vapor. CMDL has a long history of exploratory and
operational projects relating to the remote sensing of
aerosols and water vapor as related to climate variations.
Wide-band spectral observations of direct solar irradiance
using a filter wheel NIP at BRW, MLO, SMO, and SPO
were used to infer aerosol optical depth and column water
vapor amounts since 1977. These measurements have
proven to be durable and stable over time, thereby
extending monitoring efforts even though their accuracy is
less than can be obtained by more sophisticated but less
robust instrumentation. Additional and exceptional effort
has been put into high-precision narrow spectral band
optical depth measurements at MLO, Here, several
narrowband (0.005 pm) sunphotometers are routinely
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Fig. 3.14. Monthly mean "apparent” atmospheric transmission as determined from broadband direct solar beam observations at MLO.

operated and, because of the nearly ideal atmospheric
conditions and the existence of automated observing
platforms, have produced reliably consistent long-term data
sets.  Results from the MLO acrosol optical depth
measurement project are reported by Dutton et al. [1993],
Russell et al. [1993], and in previous CMDL Summary
Reports. Two additional aerosol optical-depth measure-
ment series were begun in 1992, one uses handheld J-series
sunphotometers at Sable Island, Nova Scotia. The other at
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Fig. 3.15. Date of annual spring snowmelt as determined by various
researchers at different locations in and around Barrow, Alaska. The
downward trend indicated by the Foster (NWS) curve is believed to be
due to "urbanization” in Barrow.

MLO was a short-term (6-month) comparison of a
commercially available automatic four-channel sunphoto-
meter (from EKO, Japan) that is operated in the automated
solar dome. The Sable Island measurement series is a part
of a new, comprehensive, surface-based CMDL aerosol
sampling project described elsewhere in this report.

3.1.11. SoLAR RADIATION FACILITY

An observational broadband radiation plan for the
Department of Energy Southern Great Plains Clouds and
Radiation Testbed site (SGP/CART) located near Lamont,
Oklahoma, was developed during the first half of the year.
A site plan incorporating measurement capability for solar
diffuse, direct, and global radiation, plus longwave
radiation using pyrgeometers, was completed. The solar
diffuse and IR pyrgeometer incorporated an SRF-designed
tracking disk system to occult the sun during operation.
Use of tracking disks has resulted in improved accuracy in
solar diffuse determination and, in the case of the
pyrgeometers, minimizes the corrections to data due to
sensor dome heating effects. A preliminary suite of these
broadband sensors was prepared and transported to Lamont
during early June 1992. Personnel from the CMDL Solar
Radiation Facility (SRF) were on site at SGP/CART 1o
erect a temporary measurement array consisting of a
pyranometer, tracking-disk-equipped pyranometer for
diffuse sky radiation measurements, tracking-disk-equipped
pyrgeometer for IR measurements, and a pyrheliometer
mounted on an automatic solar tracker. A data acquisition
system for this suite of secnsors was also built and



acquisition software was developed by CMDL personnel.
This preliminary suite of sensors remained operational until
the permanent site plan could be implemented.

The SRF took delivery of two automated absolute cavity
systems.  These units will result in more accurate
determinations of the solar beam data used in calibration
modes and, hence, enable more accurate transfers of the
absolute scale to CMDL field sensors. The units are also
capable of all weather operation and thus have the potential
for becoming an operationally continuous measurement
system. Continuous measurements have beneficial
potential for CMDL field sites, particularly MLO, with its
long history of solar beam measurements that are the basis
of the MLO transmission record. The development,
operation, and performance of the automated cavity system
is described in Hickey et al. [1992, 1993].

Calibration and characterization activities of the SRF
continued during the year. During the second half, a
review of all CMDL field sensors was completed and an
updated inventory of sensors by serial number, calibration
history, and deployment history was created using a
database management program. A total of over 90 different
sensors were deployed over the past 20 years at the original
GMCC and now CMDL sites, and the new database
package will enable better management of this large group
of sensors.

During the year, standards activities consisted of
establishing the relationship of the new automated cavities
to existing SRF reference units. This was accomplished
through side-by-side comparisons and computation of
ratios. Excessive cloudiness during the summer and fall of
1992 prevented the collection of as much data as desirable,
but these activities are a regular part of the SRF operations,
and eventually comparison histories will be created for
traceability to historical NOAA SRF reference units.
Collaboration with other laboratories was also maintained,
and, in particular, standards comparisons were continued
with the National Renewable Energy Laboratory in Golden.

3.1.12. ATMOSPHERIC TRAJECTORY ANALYSIS

During the past year, the computing environment for the
trajectory programs has improved since the acquisition of a
Sun Sparc-1II workstation, which has provided significantly
more memory and computing speed than the old Cyber
computer. The workstation has allowed the use of a "8
chooser” that automatically picks 0 for a given location,
time, and elevation or pressure. It has also permitted
modifications to the isentropic program to make it more
usable and realistic in the lower atmosphere.

Input to 6 chooser includes beginning and ending dates,
destination identifier, destination latitude and longitude,
limits of the data grid, and either the required pressure or
elevation for the 6 surface at the destination. The ©
chooser outputs a line for each date with its calculated 8
upon arrival.
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Usually 8 chooser can find 6 within several tens of
meters of the requested elevation. If the 6@ surface is
strongly tilted with respect to the surrounding pressure
surfaces, and the destination does not lie on or near a grid
point, a difference of a few hundreds of meters could occur
in arrival height of the trajectory versus the requested
height. The error occurs due to spatial interpolation on the
isobaric and 1sentropic surfaces. When the 0 chosen results
in an elevation that differs from the requested elevation by
more than 50 m, a 1° adjustment is made to 6, and the
elevation is recomputed and rechecked against the
requested elevation. This procedure may have to be
iterated several times until the actual and the requested
elevations differ by fewer than 50 m.

Theta chooser is a tool that is helpful when the potential
temperature of the trajectory is not known. In the future it
will also be used to adjust the 6 surface as its elevation
changes in response to synoptic and seasonal variations of
temperature and pressure. This is important for the
construction of long-term climatologies because it will
produce trajectories that arrive at approximately the same
elevation each day.

In the past, there were problems associated with using
the isentropic model below about 1500 m msl and over
mountainous terrain. Trajectories would often "crash” into
the ground because the 8 surfaces were bumpy or traveled
through mountains. Although isentropic trajectories are not
always suitable in the near-surface layer, air traveling to
this altitudc may encounter significant vertical motions
along the way; for example, as a result of travel around a
high-pressure system or transport from colder regions at
higher latitudes. It is recognized that isobaric trajectories
used in the past to model air flow at lower altitudes, are not
the best solution under these conditions because they do not
take into account the vertical motions that transport the air
parcels to these lower altitudes. Experimental changes to
the isentropic model are aimed at solving these problems.
With these changes, trajectories are calculated on a given
isentropic surface until they come within 100 m of the
topography. At this point, trajectories are promoted by
winds averaged in the layer 100-600 m above the ground
which is assumed to be representative of the mixed
boundary layer above the friction layer. If 100 m msl is
below 1000 hPa, winds at 1000 hPa are used as the lower
limit of the surface layer. It is known that the air does not
simply stop when the potential temperature surface
becomes undefined or when it approaches a mountain
barrier. By using surface layer winds as an approximalion
of air movement when the isentropic surface becomes
undefined, the usefulness of the trajectory model can be
extended.

Figure 3.16 shows trajectories arriving at BRW on
January 15, 1985, The plot of vertical motion at the bottom
indicates that air parcels descended about 1 km in 5 days as
they approached BRW. Theta levels of 257.8K for 00 UT
and 256.2K for 12 UT were selected by the 0 chooser in the
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Fig. 3.16. Hybrid trajectories arriving at BRW on January 15, 1985, at
500 m elevation (see text).

previous step so that trajectories arrive at 500 m. Figure
3.17 depicts trajectories for February 2, 1985. The 6
surfaces were adjusted to 265.6K for 00 UT and 265.9K for
12 UT to be 500 m elevation at BRW. The trajectories
show flow from the southeast over mountainous terrain (the
Brooks Range and the Alaskan Range). The European
Centre for Medium-Range Weather Forecasts supplied the
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Hybrid trajectories arriving at BRW on February 2, 1985, at
500 m elevation (see text).
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2.5° gridded data of winds, temperature, and height used in
the trajectory calculations. Topography is smoothed over a
2.5° grid. Air traveling in the boundary layer mode rather
than the isentropic mode is assigned pressure, temperature,
and height of the surface, interpolated bilinearly from the
four surrounding grid points. During transitions of mode,
some interpolations in space and time may use data from
both modes.

These modifications to the trajectory program are still
considered experimental. If all goes well, after further
review and refinement, a similar hybrid version of the
trajectory program will be used to construct a near surface
pseudo-isentropic flow climatology for BRW,

3.2. SPECIAL PROJECT - A DECREASE IN ARCTIC
HAZE AT BRW

Introduction

The "Arctic haze" as an Arctic-wide phenomenon has
been the subject of intense interest since the first aerosol
chemical analyses of Barrow samples by Rahn et al.
[1977], although the phenomenon was first discussed in the
literature by Mitchell [1957]. Excellent reviews of the
subject were provided by Barrie [1986] and Shaw and
Khalil [1989].

Continuous aerosol measurements were initiated at BRW
in May 1976 [Bodhaine, 1989] with the installation of a CN
counter for the measurement of the particle number
concentration and a four-wavelength nephelometer for the
measurement of aerosol scattering extinction coefficient
(O'sp). Optical depth (1) measurements were initiated in
1976 using wideband spectral pyrheliometers [Dutton and
Christy, 1992]. Surface-based acrosol and T measurements
at BRW were presented by Bodhaine et al. [1984, 1989]
and Dutton et al. [1984, 1989].

The purpose of this brief report is to show statistically
significant long-term decreases since 1982 of March-April
Ogp and T measurements. March-April is the time of year
when the Arctic haze caused by long-range transport is
most evident in the vicinity of Barrow [Bodhaine and
Dutton, 1993].

Instrumentation

Aerosol scattering extinction is measured continuously at
BRW with an MRI four-wavelength nephelometer similar
to the design of Ahlquist and Charlson [1969]. A rotating
filter wheel in front of the photodetector allows continuous
measurements at 450, 550, 700, and 850 nm. This
instrument can measure aerosol scatter as low as about 10-7
m-! (about 1% of Rayleigh scatter by air molecules) at an
averaging time of about 1 hour. The nephelometer is
calibrated every 2 months by filling it with CO; gas and
adjusting the output of the instrument to give the known
scattering coefficients of CO,. The accuracy of
nephelometer data is generally accepted to be about £20%.

The direct solar beam has been measured at BRW since
1976 using a FWNIP with wide-band Schott glass cutoff



filters. The T data for the 0.3-0.69 um wavelength band
were derived from the pyrheliometric data using the
spectral one-layer radiative transfer model of Bird and
Riordan [1986]. This wide-band method has proven
sufficiently stable to provide an excellent T record
beginning in 1976. The BRW instrument has been
calibrated by a comparison with a traveling standard at
about 2-year intervals. The calibration of the traveling
standard has been maintained by comparison with an
absolute cavity laboratory standard in Boulder, Colorado.
The measurement accuracy for computed ¢ is about +0.04

with an overall precision of better than £0.02.

Data Analysis

Monthly means of o, (550 nm) and 7 are presented in
Figurc 3.18, Both data sets clearly show an annual cycle
with a maximum in March-April, known as the "Arctic
haze" phenomenon, which is caused by long-range
transport from industrial regions in the springlime. oy, and
7 reached monthly mean values as high as about 2 x 10-5
m-! and 0.3 respectively in March-April, and as low as 10-6
m-! and 0.05 in the summertime. The T data set shown here
was cut off just prior to the stratospheric acrosol influx
from the Pinatubo eruption in 1991. The T data in Figure
3.18 have not been corrected for the effects of volcanic
eruptions. However, volcanic corrections were included in
further analyses presented here.

Because 7 is measured over the entire vertical column,
the data can be significantly influcnced by volcanic
eruptions that inject aerosol into the stratosphere. During
the time period under study, four eruptions may have
affected the BRW 1 data: (1) Nyamuragira (December 20,
1981); (2) El Chichon (April 4, 1982); (3) Nevada del Ruiz
(November 13, 1985); and (4) Pinatubo (Junc 14, 1991).
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Fig. 3.18. Monthly means of 1 (a) and o, (b) for 1977-1992 a1 Barrow,
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data have been terminated in 1991 to avoid the effects of Pinatubo.
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Corrections for the effects of Nyamuragira and Nevada del
Ruiz were made on the basis of balloon measurements near
Laramie, Wyoming [D. Hofmann, personal communi-
cation], and El Chichon on the basis of Dutton et al.
[1984]. The Pinatubo contribution was removed by
assuming that the 1992 data would have been the same as
in 1991. However, the 1992 1 data point was omitted from
the trend analysis described below because of the
uncertainty of the Pinatubo contribution. A 1-year e-
folding decay time was assumed for each volcanic pulse. It
should be noted that in April 1986, aircraft measurements
gave stratospheric T values near 0.00 and never larger than
0.03 [Dutton et al., 1989].

To investigate the time of year that shows the largest
long-term decrease, a trend line for Osp during 1982-1992
was calculated for each 2-day period of the year. The
March 7-May 5 time period showed downward trends
significantly larger than the rest of the year. Next, the 2-
day mean data sels were used to calculate a March 7-May 5
mean and standard deviation for each year. These data are
plotted in Figure 3.19 where the standard error (S.E.) for
each data point is shown. A linear regression for 1982-
1992 was calculated where each point was weighted
inversely by (3 S.E.)2 (99% confidence level) for that
point. The slope of the trend line is -9.34 x 10-7 + 1.95 x
10-7 m-1 yr-l, at the 99% confidence level, and with a
correlation coefficient of r -0.934, a significant
downward trend for this data set.

A similar analysis was performed on the 1982-1991 =
data set. A linear regression gave a slope of -0.0032
+0.0029 yr!, at the 95% confidence level, with a
correlation coefficient of r = -0.640. The 7t data along with
the S.E. for each data point are also shown in Figure 3.19.
The corrclation coefficient between the o5y and T data sets
for 1977-1991 is r = 0.760 at the 99% confidence level.

Discussion

According to Figure 3.19, the Arctic haze reached a peak
in 1982 and then declined thereafter. A similar long-term
trend in optical depth was shown by Radionov and
Marshunova [1992]. It is well known that the primary
contributors to Arctic haze were Europe and Asia,
including the former Soviet Union [Rahn and Lowenthal,
1984; Barrie et al., 1989]. Although the exact percentages
of contributions may be open to question, Europe and Asia
are considered to be the primary source regions for the
BRW site.

A decrcase by approximately a factor of two in the Arclic
haze phenomenon during 1982-1992, as shown here in the
Osp and T data, implics a decrease in the output of pollution
acrosol by Europe and the Soviet Union. Since it is known
that during 1980-1989 the Soviet Union increased the usc
of natural gas and decreased the use of coal and oil, thus
decreasing SO; and particulate emissions [J. Pacyna,
personal communication], part of the long-term decrease of
Oyp and T at BRW may be attributed to this decline.
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Fig. 3.19. Means and standard errors of T (A), and o, (550 nm) (B),
calculated from 2-d means for March 7-May 5 for each year, and plotted
as a time series for 1977-1992. The straight dashed lines show linear
regressions for 1982-1992 calculated by weighting each data point
inversely by (3 S.E)? (99% confidence level). The short-dashed line
shows T before volcanic corrections were applied.  Details of the
regression lines are given in the text.

Stricter pollution controls in western Europe over this time
period may have contributed to our long-term decrease in
O, and T.

It is not entirely clear what effect this decrease of Arctic
haze might have on climate.  However, Valero and
Ackerman [1986] suggested heating rates of 0.15-0.25 K 4!
on the basis of measurements made in the spring of 1983.
This is almost entirely due to absorption because the effect
of a scallering aerosol above a bright surface is small.
Therefore, in the absence of detailed aerosol size and
chemistry information, and assuming that the single scatter
albedo remained constant, it is suggested that the decrease
of the Arctic haze phenomenon shown here would result in
a 1992 warming of only about hall the 1983 warming
suggested by Valero and Ackerman [1986].

Conclusions

On the basis of the BRW record of 6, and T obtained
over the time period 1976-1992, the following conclusions
may be drawn: (1) The phenomenon known as the Arctic
haze, as observed at BRW, reached a maximum in 1982 and
then decreased over the remainder of the time period
through 1992. (2) This decrease was most likely due lo a
decrease of pollution acrosols that originated in Europe and
the Soviet Union. (3) The effect of this decrease on
climate is uncertain, but would most likely lead to a
warming effcct about half that estimated for Arctic haze for
1983 by Valero and Ackerman [1986].
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4.1. CONTINUING PROGRAMS

4.1.1. STATION CLIMATOLOGY

The climatology of surface weather observations at the
CMDL observatories is based on hourly-average measurements
of the wind direction, wind speed, station pressure, air and
dewpoint temperature, and precipitation amount. The 16-year
station climatologies are an important record for the
interpretation of measured values of aerosols, trace gases, and
climatic change. The sensors currently in use were selected not
only for high accuracy, but also for ruggedness, to minimize
failures in the extreme conditions of the polar region (Table
4.1). To the extent that is practical, WMO siting standards
were followed.

On DOY 336, air temperature sensor 291 was moved to a
height of 20.7 m from a height of 21. m. On DOY 350, the
primary anemometer 826, was moved to a height of f10.9 m
from a height of 11.8 m. There were no changes in the
instruments at BRW, MLO, or SMO in 1992, At SPO on DOY
70, thermometer 703 was replaced with 293 and 704 was
replaced with 291. Table 4.1 describes the disposition of the
sensors as of December 31, 1992.

Barrow

Descriptions of the BRW station and its climate are given in
previous CMDL Summary Reports [e.g., DeLuisi, 1981]. Wind
roses of hourly averages resultant wind direction and speed are
presented in 16 direction classes and 4 speed classes (Figure

southeast directions occurred 55.7% of the time as compared to
62.6% for the 15-year climatology. Wind spceds greater than
10 m s-! occurred 14.3% of the time as compared to 11.5% for
the 15-year climatology. The year's maximum hourly average
wind speed of 24 m s-! occurred on December 4, which ties the
all time record for December. New maximum wind speeds
were measured during the months of April and June as well.

The average temperature for 1992 tied the climatological
average of -12.7°C (Table 4.2). Like 1991, the monthly mean
pressure was not significantly different from normal.

Mauna Loa

In this report, the climatology of MLO is rcgarded as
consisting of two distinct regimes because the bimodal
distribution of the wind direction changes with the time of day.
The night (downslope) period (1800-0600 LST) and the day
(upslope) period (0600-1800 LST) define the two regimes.
The 15-year night and day wind roses illustrate the two distinct
wind patterns (Figure 4.2).

Night Regime.  The 15-year wind rose (Figure 4.2),
shows that 92.6% of all the winds observed had a southerly
component with south-southeast dominating. Storm related
winds (WS > 10 m s-1) with westerly and easterly
components are evident in both the 1992 and 15-year wind
rose. The 1992 wind rose (Figure 4.3) shows these winds
occurred 5.5% of the time as compared to 7.1% for the 15-
year climatology. The upslope or northerly component
winds (north-northwest through east-northeast) about 5% of
the time, are primarily the results of the daytime, upslope

4.1). Winds from the "clean-air" sector, north-northeast- flow extending into the evening hours. A new maximum
TABLE4.1. CMDL Meteorological Sensor Deployment December 31, 1992
BRW MLO SMO SPO
Serial Elevation, Serial Elevation, Serial Elevation, Serial Elevation,

Sensor No. m No. m No. m No. m
Primary anemometer* 576 16.7 [1829] 8.5 [883] 143 [826] 10.9
Secondary anemometer* [ 782] 38.5
Pressure transducert 2366 9 225 3403 752 30 28 2840
Mercurial barometer 641 9 278 3403 961 30 1215 2840
Air temperature At 8801 25 8805 1.7 8803 9.8 {293+) 20
Air temperature B§# 8802 15.3 8809 7.8 8806 23 (291+]}) 207
Air temperature Ci 8 3.1 46 2.0 50 9.8 835+ 2.0
Dewpoint temperature hygrometer** 8 3.1 46 2.0 50 9.8 3720 2.0

*Aerovane, Bendix, Inc., model no. 141, Baltimore, Maryland

$Pressure transducer, Rosemount, Inc., model no. 1201F1b, Minneapolis, Minnesota. Heights of all pressure sensors are given with respect to MSL
iLincarized thermistors, Yellow Springs Inst. Co., model no. 44212, Yellow Springs, Ohio, except at SPO

+Platinum resistance thermometer, Yellow Springs Inst. Co., model no. RTD-385, Yellow Springs, Ohio

§ Thermometer, positioned at the top of the local sampling tower to facilitate an estimation of boundary layer stability

**Hygrothermometer, Technical Services Laboratory model no. 1063, Fort Walton Beach, Florida

[JInstrument put in service in 1991
{}Instrument put in service in 1992
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Fig. 4.1. Wind rose of surface winds for BRW for 1992 (left) and 1977-1990 (right).
TABLE 4.2. BRW 1992 Monthly Climate Summary
Jan, Feb. March  April  May June July Aug.  Sept. Oct. Nov. Dee. 1992
Prevailing wind ENE NE ENE ENE WSW ENE E E ENE ENE ENE NE ENE
direction
Average wind 15 55 5.0 6.5 6.8 59 58 6.6 6.1 6.9 12 8.1 6.5
speed (m s7)
Maximum wind 17 15 13 19 13 17 13 13 17 17 20 24 24
speed* (ms™)
Direction of max. 60 107 80 58 187 238 86 289 254 156 57 238 238
wind* (deg.)
Average station 10155 10215 1013.5 1021.0 10111 1014.1 1015.1 1008.7 1014.7 1008.7 10104 1015.0 1014.1
pressure (hPa)
Maximum pressure* 1033 1045 1033 1040 1022 1026 1026 1024 1027 1030 1038 1044 1045
(hPa)
Minimum pressurc* 1002 993 988 1002 997 997 1005 990 995 980 980 982 980
(hPa)
Average air -28.4 -29.2 233 -17.5  -6.7 1.1 2.6 29 -3.6 -10.4 -188  -23.2  -127
temperature (*C)
Maximum temperature* 18 -8 -11 -6 3 11 12 16 4 .2 <5 -5 16
(@]
Minimum temperature* 42 -38 -41 -29 -25 -6 -4 -3 -14 =21 -37 -37 -42
Q)]
Average dewpoint -313  -320 -258 -197  -86 -0.6 0.9 1.3 5.5 -12.1 2209 -255  -1438
temperature (*C)
Maximum dewpoint 21 -9 -12 -8 1 T 9 10 3 0 -6 -7 10
temperature (*C)
Minimum dewpoint -45 -41 -45 -31 -27 -8 -5 -4 -15 -24 -40 -41 -45
temperature (°C)
Precipitation (mm) 0 0 0 0 0 1 0 0 1 1 0 0 3

Instrument heights: wind, 16.7 m; pressure, 9 m (MSL); air temperature, 2.5 m; dewpoint temperature, 3.1 m. Wind and temperature instruments are
on tower 25 m northeast of the main building.

*Maximum and minimum values are hourly averages.
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Fig. 4.2. Wind roses of the surface winds for MLO for 1977-1991 night (left) and day(right). The distribution of resultant wind direction and
speed are given in units of percent occurence for the 15-year period. Wind speed is displayed as a function of dircction in three speed clases.
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Fig. 4.3. Wind roses of the surface winds for MLO for 1992 night (left) and day(right). The distribution of resuliant wind direction and
speed are given in units of percent occurence for the year. Wind speed is displayed as a function of direction in three speed clases.
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TABLE 4.3. MLO 1992 Monthly Climate Summary

Jan. Feb. March April  May June July Aug.  Sept. Qct. Nov. Dec. 1992

Night

Prevailing wind SSW Sw SSE Sw SwW SSE SSE SSE SSE SSE SSE SE SSE
directicn

Average wind 46 5.4 33 4.4 54 52 4.2 4.1 33 4.7 34 56 46
speed (ms™')

Maximum wind 15 13 9 13 14 11 13 11 10 16 14 13 16
speed* (m s

Direction of max. 159 204 150 222 207 160 159 163 163 149 153 150 149
wind* (deg.)

Average station 6794 6784 680.0 679.1 6796 6809 6807 6817 680.1 680.6 679.8 679.1 680.0
pressure (hPa)

Maximum pressure* 683 683 683 684 684 684 685 684 685 684 683 684 685
(hPa)

Minimum pressure* 673 675 677 675 676 678 678 680 671 677 677 674 673
(hPa)

Average air 42 35 4.0 59 6.0 T35 6.5 6.2 6.1 6.0 52 4.0 54
temperature (°C)

Maximum temperature* 10 12 12 13 12 13 13 13 11 10 9 9 13
()

Minimum temperature* -3 -2 -1 1 3 2 2 2 2 3 1 0 -3
(‘O

Average dewpoint -132 -155  -172 -144 105 -135  -74 -3.4 -0.8 7.1 -8.0 -84 -10.0
temperature (*C)

Maximum dewpoint 4 4 4 10 7 7 8 9 9 7 7 4 10
temperature ("C)

Minimum dewpoint -28 -29 -33 -29 -34 -23 -24 -19 -21 -31 -30 -26 -34
temperature ("C)

Precipitation (mm) 11 0 0 0 0 0 9 27 14 4 51 7 124

Day

Prevailing wind NW SW NNE NNW  WNW NE NNE NNW NW N SE SSE NNE
direction

Average wind 4.1 56 35 5.1 6.0 44 4.0 36 34 4.3 4.6 52 4.5
speed (m s™)

Maximum wind 13 14 9 15 13 11 11 10 17 12 14 13 17
speed* (m sh

Direction of max. 157 235 152 234 243 153 98 169 168 137 155 139 168
wind* (deg.)

Average station 6794 6784 680.1 679.2 679.8 681.1 6809 681.8 6802 68038 679.8 679.1 680.0
pressure (hPa)

Maximum pressure* 684 683 682 684 684 684 685 684 684 684 683 685 685
(hPa)

Minimum pressure* 673 675 678 675 676 678 678 680 678 677 676 674 673
(hPa)

Average air 8.5 716 9.1 10.7 11.1 12.7 11.0 10.6 10.0 103 9.0 T3 9.8
temperature (*C)

Maximum temperature* 17 16 15 18 7 18 18 17 18 16 15 14 18
(§®)

Minimum temperature* -3 -1 -1 2 3 4 4 3 3 3 1 1 -3
Q)]

Average dewpoint -1.0 -100 7.9 -4.9 -39 -43 0.1 1.2 3.0 -32 -5.7 -53 -4.0
temperature (*C)

Maximum dewpoint 8 5 7 13 11 8 9 9 10 8 9 8 13
temperature (*C)

Minimum dewpoint -29 -29 -29 -26 -33 -21 -20 -19 21 -29 -30 -26 -33
temperature (*C)

Precipitation (mm) 25 5 0 0 0 0 60 61 116 6 58 32 364

Instrument heights: wind, 8.5 m; pressure, 3403 m (MSL); air temperature,1.7 m; dewpoint temperature, 2.0m. Wind and temperature instruments
are on a tower 15 m southwest of the main building.
*Maximum and minimum values are hourly averages.
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TABLE 4.4. SMO 1992 Monthly Climate Summary

Jan. Feb. March  April May  June July Aug.  Sept. Oct, Nov.  Dec. 1992

Prevailing wind SSE SE SE SE SE SE SE ESE ESE E SE E SE
direction

Average wind 37 4.7 39 4.5 42 5.0 4.0 3.0 3.2 22 2.6 36
speed (m s™)

Maximum wind 10 11 10 11 8 9 8 9 7 8 6 4 11
speed* (m sh

Direction of max. 149 147 105 142 150 128 109 125 132 128 139 100 142
wind* (deg.)

Average station 998.1 999.0 9973 999.7 1001.1 1001.4 10023 10023 1001.5 999.8 1000.1 997.7 1000.0
pressure (hPa)

Maximum pressure* 1003 1004 1005 1004 . 1005 1005 1006 1006 1005 1004 1004 1003 1006
(hPa)

Minimum pressure* 991 996 987 992 996 998 998 998 998 995 995 990 987
(hPa)

Average air 27.6 217 276 27.6 274 27.3 213 274 27.8 28.2 275 28.8 27.7
temperature ("C)

Maximum temperature®* 32 32 31 31 31 33 34 34 34 36 36 38 38
()

Minimum temperature* 22 21 24 23 24 25 23 23 23 23 21 23 21
(§®)

Average dewpoint 23.2 24.0 244 24.1 238 219 225 22.8 221 224 224 234 23.0
temperature ("C)

Maximum dewpoint 25 26 26 25 25 25 24 25 24 25 25 25 26
temperature ("C)

Minimum dewpoint 20 21 20 22 19 18 17 20 19 16 17 21 16
temperature ("C)

Precipitation (mm) 194 216 222 509 170 33 60 151 96 166 219 158 2194

Instrument heights: wind, 13.7 m; pressure, 30 m (MSL); air temperature, 9 m Wind and temperature instruments arc on Lavagae Ridge, 110m

northeast of the main building, Pressure sensors are in the main building.

*Maximum and minimum values are hourly averages.
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Fig. 4.4. Wind roses of the surface winds for SMO for 1992 (left) and 1977-1991 (right). The distribution of resultant wind direction and speed are
given in units of percent occurence for the year and 15-year period, respectively. Wind speed is displayed as a function of direction in three speed clases.
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TABLE 4.5. SPO 1992 Monthly Climate Summary

Jan, Feb. March  April May June July Aug.  Sept Oct. Nov. Dec. 1992

Prevailing wind N ENE ENE E E NNE E E N ENE NNE ENE ENE
direction

Average wind 3.7 52 59 58 4.8 3 4.7 6.3 7.0 53 5.9 32 5.4
speed (ms™)

Maximum wind 8 11 11 14 13 15 11 13 14 12 11 7 15
speed* (ms™)

Direction of max. 357 346 107 313 8 i 354 16 2 306 352 278 7
wind* (deg.)

Average station 6872 687.0 680.1 678.4 683.8 6843 6756 6710 6700 6787 6767 6843 679.7
pressure (hPa)

Maximum pressure* 698 696 693 695 697 702 695 686 696 689 690 690 702
(hPa)

Minimum pressure* 679 676 671 664 671 662 658 649 647 668 667 677 647
(hPa)

Average air -280  -41.7  -55.7 -528 -584 -549 -597 -60.1 -573 -46.5 -383 284 486
temperature (*C)

Maximum temperature*  -23 -31 -43 -31 -46 -38 -40 -42 -33 -30 -31 =22 =22
(‘C)

Minimum temperature®*  -34 -54 -64 -68 -68 -7 -71 -74 <77 -62 -47 -34 =77
(0

Average dewpoint -293 425 -554 -521 -577 -540  -58.1 -59.2 -56.3 45.5 -38.7  -30.1 -48.3
temperature ("C)

Maximum dewpoint -25 -30 -44 -30 -46 -38 -40 -42 -33 -30 -31 -25 -25
temperature ("C)

Minimum dewpoint -35 -54 -63 -66 -66 -66 -67 -69 -70 -60 -46 -36 -70
temperature ("C)

Precipitation (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0

Instrument heights: wind, 12.2 m; pressure, 2841 (MSL); air temperature, 2.2 m. The anemometer and thermometer are on a tower 100 m grid east-
southeast of CAF. Pressure measurements are made inside CAF.
*Maximum and minimum values are hourly averages.
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Fig. 4.5. Wind roses of the surface winds for SPO for 1992 (left) and 1977-1991 (right). The distribution of resultant wind direction and
speed are given in units of percent occurence for the year. Wind speed is displayed as a function of direction in three speed clases.
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TABLE 4.6a. CMDL CAMS Operations Summary, 1992

Expected No. of

Percent Data Capture

Individual CAMS Blocks 1992 BRW MLO SMO SPO
ASR 8784 98.51% [131] 99.10% [79] 99.09% [80] 94.18% [511]
co2 8784 98.48% [133] 99.87% [11] 97.29% [238] 96.40% [316]
MO3 4392 99.16% [37) 99.79% [9] 96.95% [134] 99.95% [2]
Total 21960 98.72% [301] 99.59% [99] 97.78% [452] 96.84% [829]
TABLE 4.66 CMDL CAMS Operational Summary, 1992
Expected No. of Blocks Recorded and [Blocks Missing]
Block Type Description Blocks 1992 BRW MLO SMO SPO
A Hourly aerosol data 2196 2165 [31] 2176 [20] 2176 [20] 2069 [127])
B Secondary aerosol data Variable 2712 824 1244 993
B Hourly CO, data 8732+ 8290 [442] 8404 [328) 8207 [525]) 8133 [599]
D Daily CO, data 366 366 367 363 (3] 354 [12]
E Hourly CO, calibration data Variablet 361 369 339 335
F CO, calibration report 52 52 53 49 (3] 53
H Daily aerosol data 366 366 373 366 343 [23]
I Meteorological calibration 366 364 [2] 365 [1] 356 [10] 366
M Hourly meteorological data 4392 4355 [37] 4383 [9] 4258 [134] 4390 [2]
N Surface ozone calibration 52 51(1) 56 28 [24) 0
0 Daily surface ozone data 366 367 366 364 (2] 366
S Hourly solar radiation data 8784 8653 [131] 8705 [79] 8704 [80) 8273 [511]
T Daily solar radiation data 366 359 (7] 361 (5] 362 [4) 342 [24]
W Daily meteorological data 366 366 366 364 (2] 366

*Nominal block count equal to total hours in year less 52 7-hour calibration periods.

+Nominal block count equal to 52 7-hour calibration periods.

hourly average wind speed of 16 m s-! occurred during the
month of October. The average air temperature for 1992
was 5.4°C, which is 0.7°C higher than the 15-year average
while the station pressure was 0.6 mb below the 15-year
average.

Day Regime. The 15-year wind rose (Figure 4.2)
indicates that light wind speeds in the west-northwest
through east-northeast sectors were observed 58.9% of the
time. This represents the upslope flow attributed to the
daytime heating of Mauna Loa. The 1992 wind rose
(Figure 4.3) compares well with the 15-year rose in that
northerly wind components prevail 58.6% of the time. The
day wind rose was more uniformly distributed in the light
wind classes than that of the night wind rose. This was due
to the occurrence of variable wind directions during the
transition periods of dawn and dusk, most of which were
included in this regime. The percent frequency of
occurrence of wind in the 10 m s-! or greater wind class for
1992 was only 0.3% less than the 15-year average.

The 1992 average day-night temperature difference was
4.4°C and the average dewpoint temperature for 1992 was
-7.0°C (Table 4.3). The year's maximum temperature of
18°C occurred on April 20 and again on September 25. The
minimum temperature of -3°C occurred on January 16. The
average station pressure for 1992 was 680.0 mb, which was
0.6 mb below the 15-year average. Precipitation for 1992
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was below normal with 488 mm as compared to 545 mm for
the 15-year climatology. The months of March through
June recorded no precipitation.

Samoa

A comparison of SMO's 1992 wind rose (Figure 4.4) with
that of the 15-year period shows a much higher percentage
(75.8%) of “clean air" sector winds (north-northwest
through east-southeast) in 1992 than for the 1977-1991
period (58.3%). (If air passing over the offshore island of
Aunu'u is to be avoided, the south-southeast wind sector
(25.6%) cannot be considered in the "clean air” sector.)
The average wind speed of 3.6 m s-! was 1.4 m s-! below
the 15-year average.

Station pressure was slightly above normal with an
average of 1000.0 mb as comparced to the 15-year average
of 999.3 mb (Table 4.4). The temperatures for June tied the
record high for the month while the rest of the year set new
monthly records. A temperature of 38°C, which occurred on
December 24, set the all time record high temperature for
the station. The precipitation total for the ycar measured
2194 mm, which is slightly higher than the average of 2080
mm,

South Pole

The distribution of the surface wind direction in 1992

(Figure 4.5) shows a lower percentage of winds (90.3%)



from the "clean air" sector (grid north-northwest through
east-southeast) than the 15-year average (94.2%). A higher
percentage of winds in the >10 m s-! range (4.8%) was
observed in 1992 than the long term average of 4.0%. The
average wind speed for 1992 very closely follows that of
the 15-year average. The maximum hourly average wind
speed was 15 m s-! on June 19.

While the 1992 annual average temperature was slightly
cooler than normal, the annual average station pressure was
slightly higher than normal (Table 4.5). During 1992, the
minimum pressure for August tied the record for the month.
Also, the maximum temperature for October tied its record
for the month. The maximum temperature was -22°C while
the minimum was -77°C,

4.1.2. DATA MANAGEMENT

During 1992, the CAMS operated 98.2% of the time. CAMS
gathers data from sensors that operate continuously at each of

58

the four CMDL observatories. The CAMS performance was
monitored by comparing the number of data files recorded
against those expected for the year. In CAMS, there are data
files regularly recorded 12 or 24 times a day. In the summary
table (Table 4.6a, b), the hourly solar radiation file was used to
monitor the ASR CAMS. The hourly CO, data files were used
for the CO2 CAMS. The hourly average meteorological data
file was used for the MO3 CAMS.

Due to the remoteness of the obscrvatorics, power outages
are common and are the main reason for data loss. Hardware
failure is another reason for data loss. During 1992, BRW had
the line conditioner fail, MLO had two boards fail, SMO had
five RS§422 interface boards fail, and SPO had two clock boards
and the solar radiation preamp board failed.

4.2. REFERENCE

DeLuisi, J.J. (Ed.), Geophysical Monitoring for Climatic Change,
No. 9: Summary Report 1980, 163 pp., NOAA LEnvironmental
Research Laboratories, Boulder, CO, 1981.



5. Nitrous Oxide and Halocarbons Division

T.H. SWANSON (EDITOR), J.W. ELKINS, J.H. BUTLER, S.A. MONTZKA, R.C. MYERS, T.M. THOMPSON, T.J. BARING,
S.0. CUMMINGS, G.S. DuTTON, A .H. HAYDEN, J.M. LOBERT, G.A. HoLCcOoMB, W.T. STURGES, AND T.M. GILPIN

5.1. CONTINUING PROGRAMS

5.1.1. FLASK SAMPLES

Air sample pairs were collected and analyzed for CFC-11
(CCl4F), CFC-12 (CCl,F;), and nitrous oxide (N,O) on the
original HP 5710A GC. Both CFCs, particularly CFC-11,
show a decrease in growth rate during the past few years
that is apparent at all flask locations. In 1992 the growth
rates of CFC-11 and CFC-12 were about 3 ppt yr-! (Figure
5.1) and 11 ppt yr-! (Figure 5.2). For a complete discussion
of the slowdown of the growth rates, refer to Elkins et al.,
[1993]. The global slowdowns of the growth rates observed
after 1989 are also supported by estimates of reduced
emissions [AFEAS, 1993; MecFarland and Kaye, 1992]
made by the CFC producers and are directly attributed to
the international efforts of the Montreal Protocol [UNEP,
1987] and voluntary reductions from producers and users to
reduce stratospheric ozone depletion. If the observed
slowdowns in the growth rates continue at 1990-1992
levels, global atmospheric CFC-11 and -12 mixing ratios
would reach a maximum well before the turn of the century,
and thereafter begin to decline [Elkins et al., 1993].

The growth rate of N;O in the northern hemisphere has
dropped significantly in 1992 and the decline may have
started as soon as June 1991 (Figure 5.3). From 1977
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Fig. 5.1. Long-term trend of CFC-11 (dry, ppt by mole fraction) at
the seven flask sites. A color plot of the figure is available from the
NOAH division. Each tick mark on the x-axis is January 1st of
every year.
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to 1985, the growth rate was about 0.5-0.6 ppb yr-l. From
1986 through mid-1991, the growth rate reached near 1 ppb
yr-l, with the peak value in 1989. In 1992, the growth rate
dropped to about 0.5 ppb yr-!. Whether this drop is a long-
term feature remains to be seen. The cause of this
slowdown is unknown because the relative magnitudes of
the sources of atmospheric N;O are still uncertain. The gap
in the N;O and CFC-12 data are the result of a GC problem
that did not affect CFC-11.

5.1.2. RITS CoNTINUOUS GAS CHROMATOGRAPH
SYSTEMS AT CMDL STATIONS AND NIWOT RIDGE

In situ measurements of tropospheric air were made at
the CMDL baseline stations, BRW, MLO, SMO, SPO, and
at a cooperative site on Niwot Ridge (NWR). CMDL GCs
made 24 measurements per day at each site. Each in situ
GC system has three channels to measure different species
of halocarbons; (1) N;O, (2) CFC-12, and (3) CFC-11,
CFC-113, CH,CCl3, and CCly. Each channel is equipped
with a chromatographic column and an electron capture
detector (ECD).

During a scheduled maintenance trip to SPO, a new
sampling inlet system was installed. This system draws air
from the meteorological tower in the clean air sector of the
South Pole station via two sections of 0.9 cm o.d. Dekabon
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Fig. 5.2. Long-term trend of CFC-12 (dry, ppt by mole fraction) at
the seven flask sites. A color plot of the figure is available from the
NOAH division. Each tick mark on the x-axis is January Ist of
every year.
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Fig. 5.3. Northern hemispheric mean mixing ratios of N,O (dry,
ppb by mole fraction) from 1977 through 1992. A loess fit (f ~ 24
months) was applied 1o the data.

tubing to a continuously operating pump mounted near the
GC system. A stream select valve allows air to be sampled
either from one of the two lines or from calibration
cylinders. The installation of this air sampling system at
SPO completes the upgrade for the RITS network. At this
time, all of the RITS systems use this air sampling method.

During 1992, we found the mixing ratios of CFC-11 and
CFC-12 indicate a change in trend from increasing or stable
growth toward decreasing growth in data from SPO
[Swanson et. al., 1992]. The daily means for N;O, CFC-12,
CFC-11, and CCly from the in situ systems are shown in
Figures 5.4-5.7, respectively. The long-term trend of
increasing mixing ratios of the CFC's is apparent in the
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Daily average CFC-11 mixing ratios in ppt from the in

graph of the data. Observations seem to indicate that the
growth rate of CFC's has decreased since 1989. To
illustrate the change in growth rates of the CFC's, an
estimate of the growth rates for CFC-11 and CFC-12 was
calculated by differentiating the mixing ratio data sets.
Prior to 1989 the growth rate of the CFC's in the
troposphere at SPO was approximately 11 ppt yr-! for CFC
11 and 19 ppt yr-! for CFC 12. After 1989 the growth rate
of CFC's is calculated 1o be approximately 4 ppt yr-! for
CFC 11 and 14 ppt yr-! for CFC 12.

These decreased overall growth rates are encouraging.
Our laboratory plans to continue to monitor CFC molecules
to further document their decline and 1o extend our
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understanding of the transport of these compounds to the
atmosphere over Antarctica.

5.1.3. Low ELECTRON ATTACHMENT POTENTIAL
SPECIES (LEAPS)

The LEAPS program was marked by two significant
developments in 1992, The old GC system was replaced
with a new system that yields higher precision and better
accuracy. Also, year-round samples from SPO were
collected and analyzed for the first time.

Near the end of the year, the old LEAPS analysis
system, consisting of a Shimadzu GC-9A and Chrompack
cryotrap, was replaced with an HP5890 Series II GC and a
modified Tekmar dual cryo-trapping unit (Figure 5.8). The
new analysis system yields precisions (1 s.d.) of £0.02 ppt
for a single measurement of halon H-1301 and +0.04 ppt
for H-1211, which are almost an order of magnitude better
than with the old system. On the new system, gases of
interest are first trapped onto a porous adsorbent (Porapak
Q) at -60°C, separating them from O; and N;. Sample
volume is determined accurately by monitoring the
temperature and pressure of an evacuated bulb downstream
of the trap. (On the old system, sample volume was
determined indirectly by ratio to CFC-12.) Trapped gases
are then focused onto a megabore (0.53 mm i.d.),
Al,03/KCl-lined, capillary trap (Chrompack) at -60°C at
the head of the column. Gases are injected at 100°C onto a
wide-bore (30 m x 0.32 mm i.d.) DB-1 column (J and W) at
30°C. After 3 minutes, the column is heated at 8°C min-!
to 100°C, during which most gases are eluted to the ECD's.
The column is then purged for 5 minutes at 150°C.

Co 2
2%0c [~

Fig. 5.8. New GC system for analysis of LEAPS gases.

Most flasks collected during 1992 were analyzed with
the old system, but those from SPO, which were returned to
Boulder at the end of the year, were all analyzed with the
new GC and dual cryotrap. In previous years flask samples
from SPO have been collected only during summer months.
In November of 1991, however, flasks were shipped to SPO
for sampling throughout the year. Most of these flasks
were 0.85-L electropolished flasks suitable for analysis of
low-concentration or poorly responding gases. Flasks were
filled monthly throughout the year and shipped to Boulder
in November 1992 after SPO opened for the next summer
season.

These large flasks were analyzed for H-1301 and H-1211
on the newly configured LEAPS GC. There was no
apparent serious degradation or enhancement of either of
these compounds during storage, as the numerical values
were similar to those for other sampling sites in the
southern hemisphere. The growth rate of H-1301 during”
this sampling period was 7.3% yr-!. H-1211 appeared to
increase at 3.9% yrl, although the growth rate was not
significantly different from 0 because of larger variability
in the data (Figures 5.9 and 5.10). These trends are
consistent with those reported for the other CMDL
sampling sites during 1992 [Butler et al., 1992].

The absolute values for H-1211 reported here differ from
those in previous annual reports and from those in Butler et
al., [1992] because of a calculation error in the calibration
scale of H-1211. The revised scale will be published in the
next annual report, as additional re-calibrations are also
necessary on the new instrument.

5.1.4. ALTERNATIVE HALOCARBON MEASUREMENTS

In response to warnings of stratospheric ozone depletion
and global warming, the production of many industrial
chlorine-containing compounds will be banned within the
next few years [UNEP, 1987]. Although the ultimate goal
of this legislation is to replace chlorinated compounds with
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Fig. 5.10. 1992 H-1211 results from SPO.

non-chlorinated substitutes, such as hydrofluorocarbons
(HFCs), hydrochlorofluorocarbons (HCFCs) are currently
being used until suitable non-chlorinated materials are
developed. HCFCs are viewed as suitable temporary
replacements for CFCs because current technology for their
production and use in air-conditioners and refrigeration
devices is already in place, and because model calculations
suggest that the adverse effects of HCFCs on the
atmosphere will be substantially less than those of CFCs.
Accurate and precise measurements of these compounds in
the atmosphere are essential in order to validate these
predictions. These measurements also allow for accurate
predictions of atmospheric impacts of other proposed
substitute compounds, such as HFCs, because both HFCs
and HCFCs are destroyed mostly in the troposphere by
reaction with hydroxyl radical (OH). This is in contrast to
CFCs, which are decomposed primarily by photolysis in the
stratosphere. Presently, estimates of global OH are based
on the atmospheric budget of a single industrial compound,
1,1,1-trichloroethane. Because there is considerable error
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in such a limited estimate there is a need for other trace
species to test model-generated distributions of OH
[Prather and Spivakovsky, 1990].

It is within this framework that a program for measuring
alternative halocarbons was begun at CMDL. Mea-
surements of chlorodifluoromethane (HCFC-22) from
flasks collected in the NOAH flask network were initiated
in 1991 and continued in 1992. In addition, 1-chloro-1,1-
difluoroethane (HCFC-142b) and 1,1-dichloro-1-fluoroethane
(HCFC-141b) were detected and first measured in ambient air
samples during 1992.

The measurements were conducted as described by
Montzka et al. [1992, 1993a,b] from paired air samples that
were collected on a monthly basis (on average) at BRW,
MLO, SMO, SPO, and at the three cooperative flask
sampling locations of ALT, NWR, and CGO.

Chlorodifluoromethane (HCFC-22)

Chlorodifluoromethane is the major HCFC in use today
and represents a second trace species available for testing
models that estimate the global tropospheric abundance of
OH [Midgley and Fisher, 1993, Fraser et al., 1991].
Unfortunately, significant discrepancies among measure-
ments of HCFC-22 by different techniques have been
reported in the past. Mixing ratios determined from
ground-based chromatographic measurements of northern
hemispheric air [Khalil and Rasmussen, 1988, 1990, 1991]
are 10-30% higher than those determined from long-path
absorption mcasurements within the troposphere and lower
stratosphere [Rinsland et al., 1989, 1990; Zander et al.,
1992], and a small set of grab samples obtained in the
lower troposphere [Pollock et al., 1992]. Furthermore, the
lifetime of HCFC-22 suggested by a comparison of
emission estimates and ambient measurements varies from
13 to 40 years [Midgley and Fisher, 1993]. Lifetime
estimates that are based on 3-D models and the reaction
rate constant between HCFC-22 and hydroxyl radical,
suggest a lifetime for HCFC-22 of 14-16 years [Prather
and Spivakovsky, 1990; Golombek and Prinn, 1989],

Our analysis of air collected in flasks during 1992 at the
four CMDL stations and three cooperative flask sampling
sites indicates that the latitudinally-weighted, global mean
mixing ratio of HCFC-22 in 1992 was 102 ppt (Tables 5.1
and 5.2). These results are plotted as bi-monthly averages
together with measurements of air from archived samples
[Montzka et al., 1992, 1993a] and data from previous

TABLE 5.1. Mean Mixing ratios of HCFC-22 in 1992 (ppt)*

Mixing Ratio
Global mean 101.9
Northermn hemisphere 108.4
Southern hemisphere 95.4

*All values were weighted by cosine of latitude. Numbers

believed accurate within £2.5%.



TABLE 5.2. Atmospheric Measurements of HCFC-22
From Flasks in 1992

Station Date ppt Station Date ppt
ALT 1992.052 110.0 MLO 1992.893 108.4
ALT 1992.128 109.5 MLO 1992.913 105.0
ALT 1992.328 110.5 MLO 1992.970 111.6
ALT 1992.385 113.4 MLO 1992.989 111.0
ALT 1992.620 111.5
ALT 1992.713 112.1 SMO 1992.046 93.6
ALT 1992.907 115.0 SMO 1992112 90.4
SMO 1992.262 95.2
BRW 1992.022 112.2 SMO 1992.301 95.7
BRW 1992.120 109.1 SMO 1992.456 95.5
BRW 1992.268 110.7 SMO 1992.530 95.0
BRW 1992.372 111.2 SMO 1992.607 96.3
BRW 1992.459 110.0 SMO 1992.686 98.2
BRW 1992.538 "110.4 SMO 1992.784 98.3
BRW 1992.618 111.4 SMO 1992.921 97.5
BRW 1992.866 114.5
BRW 1992.940 116.3 CGO 1992.036 90.3
BRW 1992.959 115.7 CGO 1992.115 924
CGO 1992.153 924
NWR 1992.131 107.3 CGO 1992.306 94.2
NWR 1992.265 108.4 CGO 1992.363 95.1
NWR 1992.322 112.7 CGO 1992.402 94.8
NWR 1992.552 111.5 CGO 1992.555 94.5
NWR 1992.571 109.7 CGO 1992.587 96.2
NWR 1992.609 111.7 CGO 1992.669 96.3
NWR 1992.727 111.8 CGO 1992.705 96.6
NWR 1992.877 108.7 CGO 1992.746 96.2
NWR 1992.954 115.1 CGO 1992.798 96.0
CGO 1992.951 97.6
MLO 1992.033 104.4 CGO 1992.970 98.6
MLO 1992.109 101.8
MLO 1992.262 103.7 SPO 1992.063 92.1
MLO 1992.281 103.6 SPO 1992.079 90.3
MLO 1992.473 105.7 SPO 1992.434 93.8
MLO 1992.530 106.1 SPO 1992.506 96.9
MLO 1992.596 108.5 SPO 1992.590 96.2
MLO 1992.607 104.3 SPO 1992.694 96.4
MLO 1992.691 103.0 SPO 1992.781 96.8
MLO 1992.740 109.1 SPO 1992.817 96.2
MLO 1992.779 106.3 SPO 1992.853 97.1

investigators over a broad time-scale in Figure 5.11. In the
northern hemisphere, measurements based on the CMDL
calibration standards agree with long-path absorption
measurements of HCFC-22 in the troposphere near 30°N
[Rinsland et al., 1989]. They also agree with the results
obtained at 30°N and above 12.5 km with the Atmospheric
Trace Molecule Spectroscopy (ATMOS)-Fourier transform
spectrometer on board Spacelab 3 [Zander et al., 1992].
Although it is difficult to accurately compare ground-based
measurements directly with measurements at altitudes
above 12.5 km, a limited number of studies suggest that the
mixing ratio of HCFC-22 within the troposphere is fairly
constant, making these comparisons valid [Leifer et al.,
1981; Rasmussen et al., 1982].
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Fig. 5.11. Measurements of HCFC-22 and results of a 2-box model
as described in the text for the northemn (a) and southem (b)
hemisphere. Results from flasks collected at the four CMDL
stations and three cooperative flask sampling sites are bimonthly,
latitudinally-weighted hemispheric means (0, Montzka et al.,
[1993]). Flasks collected during the SAGA II Cruise (-¢-, Montzka
et al., [1992]; A, Khalil and Rasmussen [1988]) are presented as
latitudinally-weighted hemispheric means. Archived samples were
collected at Niwot Ridge (4, Montzka et al. [1992]). Other
measurements from flasks are from northern mid-latitudes in the
upper troposphere (O, Pollock et al., [1992]), Mauna Loa, USA (4,
Khalil and Rasmussen [1991], and C. Grim, Australia (M, Fraser et
al., [1988, 1989]). Long path absorption measurements were made.
at 12.5 km (O, Zander et al., [1992]), throughout the troposphere
(®, Rinsland et al., [1989]), and below 15 km (+, Rinsland et al.,
[1990]). Measurements of Rinsland et al. [1989] were increased by
a factor of 1.28 to account for an updated cross-section estimate
[Rinsland et al., 1990]. Model calculations were performed for
different lifetimes of HCFC-22, 10 years ( ), 15 years (- - - -),
20 years (———), and 50 years (— - — - — ). Abscissa tic marks
correspond to the beginning of the year indicated.

The results of Pollock et al. [1992] were obtained from a
small set of samples collected in the upper troposphere in
the northern mid-latitudes and are also in close agreement
with the results based on the CMDL standards. Their
results were obtained from GC-MS analysis of air collected
in flasks. The similarity between the results of Pollock et
al. [1992] and those reported by Montzka et al. [1992,
1993a) suggest that these two independent calibration
scales agree to within 5%.



The measurements of Khalil and Rasmussen [1988,
1990, 1991] and Fraser et al. [1989] are ~28% higher than
measurements based on the CMDL calibration standards
(Figure 5.11). Their measurements were based on a
calibration scale that was developed in the late 1970s and
believed accurate to within %£10% on the basis of
comparisons with another laboratory at that time
[Rasmussen et al., 1980]. The differences between these
results and those based on the CMDL standards are likely
the result of different calibration scales for HCFC-22.
Given that measurements by different techniques are
converging towards a lower atmospheric burden of HCFC-
22 than suggested by Khalil and Rasmussen [1988, 1990,
1991] and Fraser et al. [1989], it is possible that
calibration standards used for their measurements were
inaccurate. Overestimation of HCFC-22 by these
investigators could explain the large discrepancies reported
in the past between measured atmospheric mixing ratios
and emission estimates [Khalil and Rasmussen, 1981] and
between surface-based flask samples and long-path
absorption measurements [Rinsland et al., 1990].

Using the emission estimates of Midgley and Fisher
[1993], atmospheric mixing ratios of HCFC-22 were
calculated with a 2-box, finite increment model [Elkins et
al., 1993). The factor "f" [Butler et al., 1992] was used to
account for the vertical distribution of HCFC-22 throughout
the atmosphere, and was estimated at 1.07 (£0.2) [Zander
et al., 1992; Leifer et al., 1981; Fabian et al., 1985]. The
model was initialized with 10 ppt of HCFC-22 in 1970 to
account for emissions in years before 1970. Emissions
after the end of 1991 were estimated by a linear
extrapolation of emissions from 1985 to 1991.

When compared to mixing ratios calculated with the
model and data in Midgley and Fisher [1993],
measurements based on CMDL standards, suggest an
atmospheric lifetime for HCFC-22 of 13.6 (+1.9, -1.5)
years (Figure 5.11). A similar lifetime can be estimated
from the results of Zander et al. [1992], Rinsland et al.
[1989], and Pollock et al. [1992]. Recent estimates of the
atmospheric lifetime of HCFC-22 from global 3-D models
yield values of 14.2-15.5 years, and are based on an
atmospheric lifetime for CH3CCly of 5.7 or 6.3 years
[Prather and Spivakovsky, 1990, Golombek and Prinn,
1989]. However, revised estimates of the reaction rate
constant between OH and CH3CCl; suggest that HCFC
lifetimes should be shortened by 15% [Talukdar et al.,
1992]. Given a lifetime for CH3CCl; of 5.7 yr-! [Prinn et
al., 1992], and rate constant for CH3CCl; loss to the oceans
of between 1/59 and 1/129 yr-! [Butler et al., 1991], the
lifetime of HCFC-22 is estimated at 12-14 years. Although
error estimates for the lifetime of CH3CCly and emission of
HCFC-22 are £10% and £12%, respectively, it is clear that
our measurements agree well with this revised lifetime
eslimate.

Until measurements of HCFC-22 are extensive enough to
allow for calculation of lifetime directly (as done by Prinn
et al., [1992] for CH,CCl;3), estimates of HCFC-22

lifetime, and most other HCFCs and HFCs, are dependent
on the accuracy of rate constants and calibration of
CH3CCl; and are subject to change as these latter
parameters are refined.

Measurements of archived air and air obtained from
flasks allow for an estimate of the growth rate of HCFC-22
from 1987 to the present. From the data based on CMDL
calibration standards shown in Figure 5.11, a linear growth
rate of 6.3 (£0.3) ppt yr'! or compounding growth of 7.3
(£0.3)% yr-! (in which the mixing ratio (X) since an initial
time is defined as X = X *(1 + GR)4!, and X, is the initial
mixing ratio, GR is the fractional increase per year, and At
is the time elapsed since time t,) is obtained for HCFC-22
between 1987 and December 1992.

The global distribution of HCFC-22 as defined by flasks
collected in 1992 (Figure 5.12) can also be used to estimate
an instantaneous growth rate in the southern hemisphere
(SH) during this year [Butler et al. 1992]. Given an
interhemispheric difference of 13 (£1) ppt, an inter-
hemispheric exchange time of 1.1 (£0.1) yr-l, and a 1992
mean SH mixing ratio of 95.4 (£2) ppt, we estimate a 1992
SH growth rate for HCFC-22 of 5.0 (£1.6) ppt yr! or 5.2
(£1.7)% yrl.

These estimates of growth for HCFC-22 between 1987
and 1992 agree with predictions from our model calculation
and that reported by Midgley and Fisher [1993]. Previous
estimates of HCFC-22 growth from ambient air
measurements suggest that between 1984 and 1989 HCFC-
22 was increasing at 6 to 8% yr1 [Fraser et al., 1991].
Our measurements, when combined with these earlier
estimates, suggest that the relative growth rate of HCFC-22
has remained fairly constant (£2%) since 1984 through
1992.

HCFC-22 (ppt) ‘
1992 Station Means .t <} *
2 Alert
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Fig. 5.12. Mean mixing ratios of HCFC-22 in 1992 as determined
from air samples collected in flasks ai the seven sampling stations.
Vertical bars represent +1 standard deviation of residuals from a
linear fit to the data obtained at each station.



1,1-Dichloro-1-Fluoroethane (HCFC-142b)

HCFC-142b was recently incorporated in  air
conditioners and refrigeration devices where mixtures of
CFC-11 and CFC-12 were formerly used. This compound
was identified in ambient air collected at all seven stations
around the globe in 1992. The only other reported
measurement of this compound from air samples in the
remole atmosphere was by Pollock et al. [1992]. These
investigators reported an ambient mixing ratio for HCFC-
142b of 1.1 ppt in air collected in 1989 from the upper
troposphere in the northern hemisphere. These
investigators reported that the mixing ratio of HCFC-142b
was increasing over time at a rate of approximately 7%
yr-l.

Measurements of HCFC-142b from air collected as part
of the NOAH flask sampling network are summarized in
Figure 5.13. The mean global growth rate of this
compound was estimated using linear regression at
approximately 1 ppt yr-! in 1992. Using the methods of
Butler et al. [1992] the growth rate in the southern
hemisphere is estimated at 0.9 ppt yr-! over this period.
This corresponds to an atmospheric growth of ~30% yr-!
for HCFC-142b in 1992. These numbers are preliminary
and will be finalized in 1993 after standards are made at
CMDL. While the scale reported in Figure 5.13 is
preliminary at this time, the relative rate of growth of
HCFC-142b indicated by the results in this figure are
independent of calibration and are robust, assuming that no
drifts have occurred in reference gases, A growth of 30%
yr'! for HCFC-142b is large compared to atmospheric
growth rates of other CFCs and HCFCs currently being
used by industry. However, the yearly increase in the
atmospheric chlorine burden due to HCFC-142b is small at
this point in time as the mixing ratio of this compound is
less than 10 ppt.

HCFC-142b from Flask >umples In 1992
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Fig. 5.13. Bimonthly mean mixing ratios of HCFC-142b for both

hemispheres and the globe in 1992. Stated mixing ratios are
preliminary and based on a NOAA scale (see text).
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I-dichloro-1,1-difluoroethane (HCFC-141b)

HCFC-141b is a compound currently in use as a
substitute for CFCs and is also present as an impurity in
samples of HCFC-142b. This compound was identified in
air samples in the northern hemisphere during 1992.
Levels in the southern hemisphere were at or below the
detection limit of the instrument so as to preclude precise
quantitation. Work in 1993 will focus on developing
calibration standards and increasing the sensitivity of the
GC-MS instrument,

5.1.5. GRAVIMETRIC STANDARDS

Chlorodifluoromethane (HCFC-22)

The focus of the standards laboratory was on completing
the work started in 1991 for developing a primary
calibration scale for HCFC-22 (chlorodifluoromethane).
Research was conducted into the stability of the gas
contained in specially treated aluminum cylinders both as
single-component and multi-component mixtures ranging
from 50 parts per trillion to 1 part per thousand using gas
chromatography/mass spectrometry (GC/MS) techniques
[Montzka et al., 1993b] and by GC using an oxygen-doped
electron capture detector. The comparison of standards
prepared in May 1989 to standards prepared recently,
indicate that stability in Aculife-treated aluminum
cylinders is maintained. The response curve for
gravimeltric standards containing HCFC-22 by GC using an
oxygen-doped ECD is shown in Figure 5.14.

To investigate the containers and techniques used to
generate calibration standards for HCFC-22, standards from
levels as low as 50 ppt to as high as 1 part per thousand
(Figure 5.15) were analyzed with GC/MS techniques
[Montzka et al. 1992, 1993a,b]. Standards at levels below
15 ppb were analyzed in the same manner as flask air
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Fig. 5.14. Response curve of HCFC-22 gravimetric standards with
an oxygen-doped electron capture detector.
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different gravimetric standards from 50 parts per trillion to 1 parn
per thousand. Vertical bars correspond to one standard deviation of
the results. All standards are plotted relative to the standard at
489.9 ppb, to which a response per ppt of 1.00 was assigned.
Standards made from "pure” HCFC-22 are indicated with shaded
symbols. The parent cylinder of lower level standards is indicated
by the symbol shape. Standards below 10 ppb were multi-compo-
nent mixtures containing carbon dioxide, methane, nitrous oxide,
and numerous chlorofluorocarbons.

samples, but without the presence of a drying agent. For
standards above 10 ppb, sample loops of 81.8 and 13.1 puL
were filled to atmospheric pressure and injected directly
onto the column. Loop volumes were determined
gravimetrically to within 1% with multiple injections of de-
ionized distilled water onto a desiccant. The volume of the
evacuated chamber (used for cryo-collection of low level
samples) was determined barometrically by reference to a
known volume. When two standards of widely varying
mixing ratios were compared, different loop sizes and cryo-
collection volumes were used to minimize the difference in
the amount of HCFC-22 reaching the detector, thereby
minimizing non-linearity effects. For standards below 1
ppm this difference was always less than a factor of 6 and
was typically a factor of 2. For standards above 1 ppm, the
amount of HCFC-22 in standards being compared never
differed by more than a factor of 20. Linearity has been
confirmed (within 1%) over a range of 6.5x for HCFC-22
by injections of different loop volumes of the same
standard directly onto the column. For standards
containing CFC-12 and CFC-11, we have found that the
detector responds linearly (within 2%) over a range of
greater than 100x in the region of interest. With the
exception of two standards above 100 ppm (Figure 5.15),
the HCFC-22 standards were referenced to loop injections
of the standard at 489.9 ppb. The two standards above 100
ppm were directly compared only to the standard at 56 ppm
shown in Figure 5.15.

The response per ppt of our standards is consistent
within #2% (*1 s.d.) and these data suggest that the
integrity of HCFC-22 is maintained in Aculife-treated
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aluminum cylinders even at the 50 ppt level (Figure 5.15).
In addition, the data demonstrate that ambient levels of
CO,, N;0O, CHy, or other halocarbons in a sample do not
affect our analysis for HCFC-22. We feel that the different
conditions under which these standards were made and the
lack of impurities found in our starting reagents (none
above 1 part per thousand) allow us to estimate the
accuracy of our HCFC-22 scale by the variance among
these standards. At the 95% confidence level, we believe
our standards accurate to within £2.5%.

Blended Multi-Component Standards

Research started this year into preparing synthetically
blended multi-component standards for use as calibration
standards for our GCs located at our observatory stations
and in the standards laboratory. Our division was also
contracted by the Aeronomy Laboratory to provide a suite
of round-robin standards for worldwide inter-laboratory
analysis comparisons. Nine single-component gravimetric
mixtures were prepared from pure reagents in specially
treated aluminum cylinders using various dilution
techniques. These parent mixtures were then used to
prepare single-component gravimetric standards at lower
concentrations. The standards were then blended together
into three nine-component mixtures containing CFC-11,
CFC-12, CFC-113, methyl chloroform (CH3CCls), carbon
tetrachloride (CCly), HCFC-22, N;0, CHy, and CO; in
blended air. These were then used to prepare two cylinders
each of gases containing concentrations matching real air.
Each of the three cylinders contained the gases at various
mixing ratios found in atmospheric air ranging from the
mid-latitude to the arctic stratosphere. The gases contained
in all of the cylinders were analyzed over time to insure
stability. Unfortunately, the six cylinders used for
preparing the low concentration standards were found to
readily absorb CH3CCl3 and CCly from the gas mixtures,
Losses ranging from approximately 10 to 100% were
observed for CH3CCl3 and from approximately 5 to 90%
for CCly within 1 week after preparihg the standards. The
cylinders were returned to the vendor and were retreated
using their proprietary treatment process. The same
cylinders were then used to remake the standards. The new
suite of standards were analyzed and were found to be
acceptable except for one that exhibited CFC-113
contamination due to a dirty cylinder valve. A standard
similar to one of the six has been placed online at the NWR
station for calibrating the GCs,

Two gravimetric standards containing approximately 100
ppm of CO in air and two containing ambient
concentrations of CHy in air were prepared for NCAR. The
standards were used to calibrate a tunable diode laser
system.

Three CO in air gravimetric standards were prepared for
use as supplemental primary standards to the CO reference
scale maintained by the Carbon Cycle Division. The three
standards were prepared at nominal concentrations of 50,
100, and 150 ppb. The intercomparision of these standards
to the current scale showed no significant bias.



Several cylinders containing dilute mixtures of N,O in
N; and N,O in air were analyzed for the NASA Ames
Research Center. The analyses of these cylinders required
the preparation of six gravimetric standards. Four of the
primary calibration standards were prepared containing
N,O in blended air and two were prepared containing N,O
in N;. The mixing ratios of the primary standards were
targeted in order to closely bracket the mixtures to be
analyzed. This analysis proved interesting in that it
allowed us to intercompare NOAA N,0 in N, standards to
N,O in air standards to determine if mixtures containing
different diluents (e.g., Na, air) had any effect on ECDs
and/or presented a problem involving chromatographic
peak integration. The results of this experiment indicated
there was a small bias between analyzing N;O-in-N;
mixtures using NyO-in-air and N7O-in-N; standards. The
calculated value for a N5O in air mixture using N;O in Nj
standards was approximately 0.8% higher than what was
calculated using N, O in air standards (Figure 5.16).

Instrumentation

Two GCs with ECDs were added to the standards
laboratory this year. The two were combined with a third
on hand to create an automated analytical system similar to
the systems used by the RITS program at the observatory
stations. Previously, analysis of standards was conducted
on the flask analysis system. More time can now be
devoted to both flask analysis and standards analysis with
the use of two separate systems. The system for standards
analysis is capablc of mcasuring CFC-11, CFC-12, CFC-
113, CH3CCly, CCly, and N;O. It is also capable of
measuring HCFC-22 concentrations as low as 1 ppb without
injecting cryogenically collected samples. This is made
possible with the use of a Carbopack B column operated at
~70°C which gives good separation of the HCFC-22 and
CFC-12 peaks from the air peak and by doping the electron
capture detector with a 5% mixture of oxygen in Nj.
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Fig. 5.16. Response curve of N,O in air and N;O in N; with an
electron capture detector and 5% CHy in Ar carrier gas.
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Standards with concentrations lower than 1
measured on the GC/MS by cryogenic collection.

There were 56 gravimetric standards prepared in the
standards laboratory for the year of 1992 (Table 5.3). In
addition, there were seven calibration standards replaced at
our various observatory stations for the RITS program. To
reduce vibrations, our gas standard laboratory was
relocated from the third floor of building RL-3 to the
ground floor of building RL-6.

ppb are

5.2, SPECIAL PROJECTS

5.2.1. AIRCRAFT MEASUREMENTS OF THE CFCs

The Airborne Chromatograph for Atmospheric Trace
Species (ACATS) instrument has had considerable success
over the past 2 years in measuring CFC-11 and CFC-113 in
the troposphere and lower stratosphere. ACATS was built
inside the reactive nitrogen instrument [Fahey et al., 1989]
and was described in last year's Summary Report [Montzka
et al., 1992]. Since its construction in 1991, ACATS has
participated in two major projects, NASA's stratospheric
ozone program and High Speed Research Program (HSRP).
These projects use CFC measurements as anthropogenic
tracers to indicate stratospheric ozone loss. Using an
airborne platform, in this case the ER-2 (a civilian version
of the U-2), allows ACATS to measure vertical profiles
extending into the lower stratosphere. Vertical profiles of
trace species, including CFCs, have become an integral
component of the NOAH division's research and is NOAA's

TABLE 5.3. Summary of Gravimetric Standards
. Concentration Prepared
Compounds Quantity Range For
HCFC-22 12 PPL, PPM NOAH/AL
CFC-11, CFC-12, 3 PPt ppb ACATS/NOAH
CFC-113, CCly,
CH,CCl,, N0,
HCFC-22
CFC-11 1 ppb NOAH/AL
CFC-12 2 ppm NOAH/AL
CFC-113 1 ppb NOAH/AL
CH,CCly 1 ppb NOAH/AL
CCly 1 ppb NOAH/AL
CH, 5 ppm, percent  NOAH/AL/
CC/NCAR
Cco 5 ppb, ppm CC/NCAR
N,0 8 ppb, ppm NOAH/U. of
N.H./CANMET
CFC-11, CFC-12, 17 PPL ppm NOAH/AL
CFC-113, CCly,
CH4CCl3, N,0,
HCFC-22, CO,
CH,




key responsibility to the Global Climate Change Program
[GCRP, 1993]. The Airborne Arctic Stratospheric
Expedition II (AASE II) and the forthcoming Stratospheric
Photochemistry, Aerosols, and Dynamics Expedition in
1993 (SPADE, a component of HSRP) missions have used
and will continue to utilize ACATS CFC measurements. In
November test flights for SPADE were conducted at NASA
Ames, Moffitt Field, California. Although the primary goal
of the November flights was to integrate new and modified
instruments into the ER-2 payload, ACATS made
measurements on two 2-hour flights. For the future 1993
SPADE project, ACATS will have an additional N,O-doped
ECD channel to measure CH, and CO in collaboration with
Carbon Cycle Division [Goldan, et al., 1982].

AASE-II mission

The AASE-II mission was designed to primarily focus
on photochemistry of the lower stratosphere and ozone
destruction or production due to chemical perturbations.
Addition of these two CFC molecules to the complement of
species already measured on the ER-2 platform offers new
science opportunities. Atmospheric CFC-11 and -113 are

important ozone depleting chemicals, which together
represent about 30% of the total organic chlorine in the
atmosphere. The use of high resolution CFC
measurements along with correlations between different
tracers generated by dynamic models [Solomon et al.,
1992] permits calculation of the total organic chlorine over
the complete flight. Since 1989, the growth rates of both
chemicals, particularly CFC-11 [Elkins et al., 1993], have
been slowing down in the troposphere. Monitoring the
slowdown of the growth rates in the troposphere and
stratosphere, together with accurate tracking of emissions,
will further aid in the refinement of chemical lifetimes of
the these species and may provide for a more complete
understanding of the transport properties of the atmosphere.

These CFC molecules are excellent tracers of
stratospheric dynamics. High levels of chlorine monoxide
(Cl0O) indicate that O3 has been destroyed. The decrease in
CFC mixing ratios that were observed on the ER-2 aircraft
flight of January 16, 1992, in a region where ClO mixing
ratios increased delineates the extent of the polar vortex
(Figure 5.17). The slow, steady photochemical destruction
of the CFCs is the source of the chlorine atom for the more

Polar Vortex: NOAA/ACATS CFC Data and Harvard/UCI CIO
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Fig. 5.17. Alitude in km (top) and mixing ratios of CFC-11 (A) and CFC-113 (¢) from ACATS and of ClIO (—) in parts-per-trillion (ppt) on
the ER-2 flight (bottom) of January 16, 1992, The boundaries of the polar vortex are clearly defined by the increase in mixing ratios of CIO
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reactive and destructive ClO molecule. It was this flight
and one on January 20 showing high levels of ClO over the
United States that convinced President Bush to move up the
timetable for the complete phaseout of the CFCs from the
year 2000 to 1996, 4 years ahead of the schedule mandated
by the Montreal Protocol. All signatory nations agreed to
this new schedule in the Copenhagen Amendment of 1992
for the Montreal Protocol. The concern over the timetable
was the long atmospheric lifetimes of the CFC molecules.
The lifetime for CFC-11 is about 55 years [Elkins et al.,
1993] and for CFC-113 is 110 years [WMO, 1992], whereas
the chemical lifetimes of ClO plus its dimer are about 1
month [Salawitch et al., 1993]. This diversity in the
lifetimes of tracers will allow modelers to check theories
on transport inside the stratosphere, Linear correlations are
found for molecules with similar lifetimes or at altitudes
where the local lifetimes are greater than the time scales of
vertical transport [Plumb and Ko, 1992]. Correlation of
mixing ratios of CFC-113 versus CFC-11 (Figure 5.18)
shows a strictly linear relationship for mixing ratios of ~50
ppt for CFC-11 and considerable curvature at lower values
where CFC-11 is more rapidly destroyed than CFC-113.
During previous missions, ozone depletion at a particular
altitude was calculated relative to the long-lived tracer,
N;0O. Additional measurements of the CFCs and their
correlations with N,O allow other tracers to be used to
evaluate the effects of ozone depletion.

SPADE Mission

ACATS is a versatile instrument that will be utilized in
the Stratospheric Photochemistry, Aerosols, and Dynamics
Expedition (SPADE) and future polar missions like
Airborne  Southern  Hemispheric Ozone  Expedition
(ASHOE) in 1994, The SPADE mission will provide
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Fig. 5.18. Mixing ratios of CFC-113 versus CFC-11 in ppt for all

flights during AASE-2. All data were fit to following equation:
CFC-113 = 21.8 + 0.186 CFC-11 - 22.8 ¢-(0.059 CFC-11) ysing least
squares techniques. The linear range covers mixing ratios for CFC-
11 between 50 and 300 ppt, and CFC-11 is destroyed more rapidly
than CFC-113 below mixing ratios of 50 ppt.
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additional measurements for key components of the prior
AASE I and II missions. This year's SPADE test flights
and the 1993 SPADE project are components of NASA's
HSRP that is in charge of assessing the environmental
impact of a projected fleet of supersonic high-speed civil
transports. SPADE has two primary scientific objectives:
(1) To determine the key chemical processes that affect
ozone levels in the parts of the stratosphere that would be
most influenced by future stratospheric aircraft. This
includes free-radical and heterogeneous chemistry. (2) To
estimate the distribution of exhaust effluent in the
stratosphere. This involves measurements of a wide range
of tracers in the lower stratosphere.

ACATS measured CFC-11 and CFC-113 on two of the
test flights this November (Figure 5.19). Both of these
flights were during the day, lasted about 2 hours, and
reached a maximum altitude of 20 km. The flight path on
November 9 stayed completely over land, south of the San
Francisco Bay area, while the flight on the 12th was mainly
over the Pacific coast. The CFC-11 stratospheric mixing
ratios for these flights are in good agreement with the
previous AASE II data. Similarly, the tropospheric mixing
ratios for these flights agree with northern hemispheric
station measurements. Unfortunately, the CFC-113
measurements for the flight on November 9 were lost due
to contamination, but the data on the 12th also agrees with
AASE I and station measurements.

5.2.2. OCEAN/ATMOSPHERE EXCHANGE OF TRACE
COMPOUNDS

The Ocean Aitmosphere Exchange of Trace Compounds
(OAXTC) mission was conducted aboard the University of
Southern California research vessel John V. Vickers
between August and October 1992. (Figure 5.20). The
main goal of this study was to determine the atmospheric
mixing ratio of HCFC-22 and its partial pressure in surface
waters of the West Pacific Ocean to assess the possible
existence of an oceanic sink for this compound. HCFC-22
is one of the major halocarbons in use today with a growth
rate of 7.3% per year and a global mean of around 101.8
ppt [Montzka et al., 1993a]. Water column measurements
of HCFC-22 were carried out to complement air and
surface water determinations Lo better illustrate its behavior
in the ocean. CFC-11, CFC-12, methyl chloroform
(CH;CCl3), and carbon tetrachloride (CCly) were added 1o
these measurements for comparison to similar data that
were obtained during previous cruises [Butler et al., 1991]
and to data from our network sites. CFC-113 and N,O
were also measured but are not reported here.

Sampling and Analysis

Surface water gases were partitioned with an acrylic
seawater equilibrator as done on previous cruises [Butler et
al., 1988]). Ambient air and equilibrator headspace were
sampled with a two-channel pumpboard. In addition, 27
pairs of flask samples, one each for air and equilibrator
headspace, were collected along meridian 165°E for the
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fraction for the SPADE test flights on November 9 and November
12,1952

determination of gases other than the compounds included
in this report and to compare flask data with those from in
situ analyses. CFC-12, CFC-11, CH3CClj3, and CCly were
measured with a custom-designed, three-channel GC. New
technology was adapted from our ACATS aircraft projects
for the design of this GC to minimize space requirements
[Montzka et al., 1992]. In addition to this three-channel
GC, we built a fourth gas chromatographic channel for the
determination of HCFC-22, using a 35 ¢cm3 sample loop and
a preconcentration step before analysis with an oxygen
doped ECD. Most of the data were analyzed with custom
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Fig. 5.20. Map with OAXTC cruise track and locations of port
stops. A total distance of about 19000 km was covered during this
12-week expedition and about 26000 chromatograms were taken
with one datapoint each for air and surface water at 40- 1o 48-
minute intervals.

software NOAHchrom, developed in our division, for both
integration of chromatograms and advanced database
analysis.

CFC-11 and CFC-12

CFC-11 and CFC-12 are anthropogenic halocarbons that
have long atmospheric lifetimes and are inert in seawater.
Hence, they are very useful as tracers of physical
processes. These two halocarbons are also useful in
evaluating atmospheric circulation and in determining the
effects of physical processes, such as mixing, heating,
cooling, and bubble injection, upon air-sea exchange.

CFC-11 behaved predictively in both the atmosphere and
the surface water. Apparent large scatter in the latitudinal
profile between 55°N and 44°N as well as 28°N and 8°N
can be explained in part by air mass movement and
temporal variations during the several crossings of these
latitudes and must be taken as the expected variability in
the mixing ratios of such compounds. CFC-11 mixing
ratios did not drop significantly until 30°N and leveled out
below 10°S (Figure 5.21). Saturation anomalies were
highest in the northern hemisphere where the waters had
been subjected to warming throughout the summer. Below
10°S, the saturation anomaly was negative for CFC-11.
From cooling alone, one might expect negative anomalies
below the equator, but effects of cooling are offset to some
degree by air-injection (air bubble dissolution), which
tends to supersaturate all gases [Kester et al., 1975].

CFC-12 data show basically the same effects as
explained for CFC-11 (Figure 5.22). CFC-12 in seawaler is
affected only by physical processes, as is CFC-11, so its
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headspace of the sea water equilibrator. The saturation anomaly
(SA) is defined as (MR e MR4i)/MR,;*100, with MR=mixing
ratio. Solid lines through the data sets (fit) are running means of 51
to 81 data points, as are all saturation anomalies shown here.

saturation anomaly should not differ substantially from that
of CEC-11, and its net saturation anomaly should be near
zero. The observed values between 0 and -2% represent the

cffects of slightly different behaviors of physically
controlled gases.
Atmospheric mixing ratios from the in situ

measurements of all compounds agreed well with those
from flask samples collected on the ship and agreed within
one s.d. with data from NWR, MLO, and SMO. Most flask
data between 8°N and 30°N were taken on our first of
several passes across this region where we observed much
lower mixing ratios in both air and surface water because
of an influence of southern hemispheric air.

HCFC-22

As with CFC-11 and CFC-12, the mixing ratio of HCFC-
22 in the atmosphere decreased with latitude from 30°N
(108 ppt) to the equator, where it tended to level off at a
value of 98 ppt with latitude (Figure 5.23). This is
consistent with recently published results from the CMDL
flask sampling network [Montzka et al., 19934a]. Data from
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Fig 5.22. Dry mixing ratios of CFC-12 in the air and the headspace
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saturation anomaly SA according to Figure 521, minus the
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flasks taken during the cruise extend the dataset of in situ
measurements to about 40°N and show an HCFC-22
latitudinal profile that is similar to those of the CFCs. The
observed latitudinal gradient for HCFC-22 was on the order
of 12 ppt between 40°N and 22°S, and is consistent with a
growth rate of about 7% yr-! as reported by Montzka et al.
[1993a].

Although differences in physical properties can explain
the observed CEC-11 and CFC-12 anomalies, they cannot
explain the differences between HCFC-22 and CFC-11
anomalies. Both the HCFC-22 and CFC-11 anomalies were
negative through much of the tropics. Warming and
cooling was minimal in these areas at this time and cannot
quantitatively explain the observed departures. Dissolution
of air bubbles only creates positive saturation anomalies,
and the anomaly for HCFC-22 was negative over a wide
latitudinal range even before being corrected with CFC-11.
Finally, there is some latitudinal dependence of the HCEC-
22 net saturation anomaly, which implies a possible
temperature-dependent effect. By contrast, the net anomaly
for CFC-12 is reasonably constant. Thus, it is also likely
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hydrolysis, reactions with solvated ions, or even microbial
metabolism. The removal rate could be as much as 10
times the published hydrolysis rates, but those rates must
be considered only tentative at this time. The removal rate,
whatever its cause, corresponds to a partial atmospheric
lifetime of 700 years. With an atmospheric lifetime of 13.6
years, this accounts for 2% of all atmospheric losses.

HCFC-22 depth profiles, although somewhat noisy, were
similar to those for CFC-11 and CFC-12 (Figure 5.24). At
this point, differences in the profiles must be considered
insignificant and do not reveal any hard evidence of sub-
surface breakdown of HCFC-22. Ratios of surface-water
concentrations of the CFCs relative to HCFC-22 were very
close to the predicted values, calculated from Henry's
solubility law.

Methyl Chloroform

The net saturation anomaly for methyl chloroform is
negative almost everywhere except for the region around
30°N where we observed slightly positive values (Figure
5.25). Our data show a significant tropical sink centered
that some in situ process is removing HCFC-22 in tropical
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and subtropical surface waters. This process may involve
the equator where upwelling and oceanic breakdown by
hydrolysis, and maybe by biological activity, is most
intense [Butler et al., 1991].

Our results show a latitudinal dependence of the
saturation anomaly for CH3CCl;, but no obvious
temperature dependence of the calculated flux.  The
temperature/flux-relationship was confounded by a positive
net saturation anomaly between 30°N and 40°N and a
negalive net anomaly in the higher latitudes. Although
these variations are not outside the realm of physical
effects, they represent fairly strong fluxes, especially in the
higher latitudes, because of the higher wind speeds and
higher gas solubilities in those regions. The possible
existence of a biological sink might explain negative fluxes
at the higher latitudes, but despite their large magnitude,
they would not be as great a global contribution as the sink
in the tropics, because the coverage of the ocean at higher
latitudes is less compared to the ocean in tropical regions.

Carbon Tetrachloride

Although CCl, appears slightly supersaturated at the
higher north latitudes, its net saturation anomaly is strongly
negative at all latitudes (Figure 5.26), which is also
consistent with earlier findings by CMDL [Butler et al.,
1993]. Laboratory hydrolysis data do not support the loss
rate required to sustain the observed saturation anomaly for
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CCly. The highest expected rate of hydrolysis could only
give rise to a net saturation anomaly of -0.1%. However,
some deep water profiles obtained by investigators on this
and other expeditions indicate that CCly is consumed at a
depth below the thermocline but near the oxygen minimum.

The flux of CCly from the atmosphere required to
sustain the observed saturation anomalies under steady-
state conditions represents a partial atmospheric lifetime of
around 250 years for loss to the ocean. The best estimate
of the global CCly atmospheric lifetime is 40 years,
meaning that 16% of the atmospheric CCly is lost to the
ocean. This number is a little smaller than the range of
values calculated from our other cruises (15-35%), but not
outside an expected range of variability. The loss of CCly
to the ocean is a significant sink, as it means substantially
less chlorine will be delivered to the stratosphere.
5.2.3. SOFTWARE DEVELOPMENT

The NOAH Division has developed a chromatographic
interpretation and management system, NOAHchrom, and
proved it in 1992 on three separate field missions (AASE
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Fig. 5.26. Dry mixing ratios of CCly in the air and the headspace of
the sea water equilibrator, and its saturation anomalies.

II, OAXTC, and SPADE). NOAHchrom runs on Apple
Macintosh computers within a commercially available data
analysis and presentation application, Igor, by Wavemetrics
Corporation.  Igor is highly extensible (by virtue of
"external operations and functions” written in the "C"
programming language, and its own internal programming
language), and thus proved to be an excellent platform for
the development of a unique system for the interpretation
of chromatographic data.

The NOAHchrom package provides a variety of tools for
accurate peak integration and subsequent analysis of large
data sets. NOAHchrom is essentially a simple database
management system designed specifically for chromato-
graphic data: all peak locations, integration results,
concentrations, and standard sampling attributes (e.g.,
chromatogram name and injection time), as well as user-
defined (binary) flags and user-defined, quantifiable,
sampling attributes (e.g., wind direction, equilibrator
temperature) are accessible through the manager. Database
searches based on multiple criteria allow the user to define
an interesting subset of the entire data set for scrutiny or
reprocessing (e.g., find all chromatograms with CFC-11



concentrations greater than 320 ppt and with wind direction
between 170-190 degrees, and then reintegrate those peaks
using an exponential fit to the baseline). NOAHchrom
supports both automatic and manual peak identification and
detection. After peaks are located, the user has a variety of
integration options: linear or non-linear curve fit to the
baseline and an optional curve fit (e.g., Gaussian) to the
peak itself. Quality data presentation is accomplished
within the Igor application, and thus within NOAHchrom
itself, at any stage of data processing.
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6.1. INTRODUCTION

The Fourth Arctic Gas and Aerosol Sampling Program
(AGASP-IV), a component of the Arctic Leads Experiment
(LEADEX), was conducted over the Beaufort Sea during
late March and April 1992. The NOAA WP-3D (P-3) Orion
research aircraft was the primary measurement platform for
AGASP-IV and was one of several airborne laboratories
used for atmospheric measurements in LEADEX. The
NOAA P-3 was instrumented to measure atmospheric gas
and aerosol species, radiation parameters at multiple
wavelengths, and meteorological state variables. The
purpose of these airborne measurements in LEADEX was
to complement and compare with concurrent baseline
station, ice camp, ice buoy, and submarine measurement
programs.

The NOAA P-3 flew a total of nine research missions in
the Beaufort Sca area (~90 research hours), operating at
altitudes between ~10 and 10,500 m above the surface
[Herbert et al., 1993]. The major objectives of AGASP-1V
were to (1) measure the concentration and composition of
gaseous and particulate constituents of springtime Arctic
haze in the Alaskan Arctic, (2) determine components of
the atmospheric (especially the marine) sulfur cycle,
through measurements of DMS, MSA, S0O,, OCS, and SO}
in the inversion layer over lead-filled pack ice, and (3)
determine whether significant amounts of volcanic aerosols
from Mount Pinatubo were present in the atmosphere over
Alaska and the Beaufort Sea. In this report, we focus on
the analysis of stratospheric aerosol and radiation
measurements that show severe perturbations from
"normal” or background values.

In the polar regions it is especially difficult to observe
and quantify the effects of volcanic forcing because natural
climate fluctuations are anomalously large there. In parti-
cular, efforts to estimate the radiation balance for the polar
regions using satellite data are hampered by problems
associated with the remote sensing of atmospheric
properties over bright, cold surfaces [Key and Barry, 1989].
Thus, there is a critical need for "ground truth" measure-
ments to validate and improve operational algorithms that
use satellite data to monitor polar climate variables. Our
aircraft data include nearly 1300 discrete spectral measure-
ments of solar irradiance using handheld sunphotometers,
and in situ measurements of aerosol light scattering,
number concentration, and particle size distribution. Our
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measurements reveal elevated aerosol concentrations and
significant numbers of large (supermicrometer) particles in
the lower Arctic stratosphere and upper troposphere,
indicating the presence of considerable amounts of Mount
Pinatubo volcanic debris. These data corroborate and
should be useful for quantifying polar-orbiting satellite
observations of greatly enhanced aerosol optical depths at
high northern latitudes in the spring of 1992 [Long and
Stowe, 1993].

6.2. METHODS

The primary optical depth data are derived from spectral
measurements made during AGASP-IV flight segments flown
above the Arctic tropopause. These observations were made
using handheld, dual-channel sunphotometers that sense
directly-transmitted solar irradiance at 380 and 500 nm, and at
778 and 862 nm, respectively. Each channel has a nominal
half-band width of 5 nm and a field-of-view of 2.4" [Reddy et
al., 1990]. Only data collected during cloud-free periods were
analyzed. Ancillary surface-based measurements of optical
depth used in support of aircraft analyses and to evaluate the
decay rate of Mount Pinatubo aerosols in the Arctic are
discussed in Stone et al. [1993].

Airborne measurements were made whenever viewing
was possible within +30° of the solar azimuth angle
through optical glass windows fitted on either side of the
aircraft [Dutton et al., 1989]. The sunphotometers were
carefully calibrated at high altitude sites before and after
AGASP-IV in accordance with recommended procedures
using the Langley plot method [Shaw, 1983]. Each
instrument was determined to be stable with precision of
~0.002. All optical depth values reported in this paper
account for Rayleigh scattering, ozone absorption at 500
nm, and changes in relative airmass as a function of time
and location. A correction due to attenuation by the optical
glass was also performed. Thus, from total slant path
irradiance measurements, columnar aerosol optical depths
were computed. Estimated uncertainties due to all sources
are <10% of typical values reported here.

The optical depth data are supported by several other
types of aerosol measurements. An automated three-
wavelength integrating nephelometer [Bodhaine et al.,
1991] made continuous aerosol light scattering (B,p)
measurements.  This instrument performs continuous
checks of operating parameters and corrects for Rayleigh



scatter and instrument background in real time. A
condensation nucleus (CN) counter [Schnell et al., 1989]
monitored stratospheric particle number concentrations.
Two aerosol spectrometer probes permitted optical particle
sizing measurements for calculation of particle number-
and volume-size distributions [Sievering et al., 1989].
Cascade impactor samples of stratospheric particulate
material were also collected and later analyzed using

standard analytical electron microscopy techniques
[Sheridan, 1989].

6.3. RESULTS

6.3.1. STRATOSPHERIC AEROSOL OPTICAL DEPTH
The locations and dates corresponding to the various
sunphotometer measurement periods are shown in Figure 6.1.
The curved arrows are isentropic 36-hour back-trajectories
representing stratospheric winds prior to each flight. Only
direct measurements made above the tropopause were selected
for analysis. Bridgman et al. [1993] give case-by-case analyses
of eight AGASP-IV flights including discussions of a variety of
tropospheric measurements. Tropopause heights for each flight
were determined on the basis of analyses performed by Herbert
et al. [1993]; these range from approximately 7 km to 10 km
depending on geographic location and synoptic conditions.
Figure 6.2 shows the mean spectral optical depths derived
for the corresponding times and locations shown in Figure 6.1.
Several features of Figure 6.2 are notable. First and most
important, the values derived for all times and locations are
one to two orders of magnitude greater than stratospheric
background levels which range between 0.002 and 0.006 for
visible wavelengths [Toon and Pollack, 1976].  These

Fig. 6.1. Distribution of sunphotometer measurements made during
AGASP-IV/LEADEX stratospheric flight segments. Curved vectors

represent  stratospheric  winds as described in the text
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Fig. 6.2. Stratospheric spectral optical depths derived for the flight
segments shown in Figure 6.1. Slight offsets are used to clearly
indicate values at plus and minus one standard deviation (vertical
bars) of the means.

values also exceed similar measurements made in the
Arctic approximately a year after El Chichon erupted
[Dutton et al., 1984; Spinhirne and King, 1985]. Second,
the optical depths are rather flat spectrally in the visible
range but show a marked decrease in the near infrared.
Third, three of the flights (nos. 403, 406, and 407) show a
high degree of homogeneity in time and space as evidenced
by their small standard deviations, similar magnitudes, and
spectral dependencies. Finally, the values for flight no.
402 are about 60% lower than those measured during flight
no. 407 despite their having similar flight tracks and
altitudes relative to the tropopause. These similarities and
differences are discussed below.

Based on the data presented in Figure 6.2, effective aerosol
size distributions were inferred using the constrained linear
inversion algorithm of King ef al. [1978]. The maximum
radius sensitivity (Tmin € T < Tiayx) [Spinhirne and King, 1985]
determined for our particular set of measurements was within
the range 1, = 0.10 £ 0.02 pm and rp,, = 1.10 £ 0.10 pm.
We assumed an index of refraction of 1.45-0.0i based on earlier
in situ observations of the Mount Pinatubo aerosol layers
[Deshler et al., 1992]. The inversion results are presented in
Figure 6.3. Each curve shows the total number concentration
dN (cm2 um-1) for seven radius increments (dlog(r)). The
vertical bars indicate the range of number density determined
by inverting the mean spectral optical depth data +1¢ presented
in Figure 6.2. The inferred size distributions are bimodal
having a large particle mode centered at ~0.5 pm and a small
mode of higher concentration peaking below 0.18 pum radius.

6.3.2. STRATOSPHERIC AEROSOL MEASUREMENTS

Several sets of aerosol measurements taken during the
AGASP-IV flights strongly support the optical depth
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Fig. 6.3. Effective aerosol size distributions showing the range of

number concentrations dN at each radius interval (dlog(r)) inferred
from the optical depth data shown in Figure. 6.2.

observations discussed previously. This corroboration is
particularly evident in data collected during flight nos. 406
and 407. On both of these flights, and on flight nos. 402,
404, and 405, the tropopause was penetrated over Alaska
during the inbound ferry to Anchorage, and substantial time
was spent in stratospheric air [Herbert et al.,, 1993]. In
contrast to this scenario, the aircraft experienced an engine
failure on flight no. 401 that prevented it from climbing
into the stratosphere, and during flight no. 403,
stratospheric air was only briefly encountered [Herbert et
al., 1993]. No sunphotometer measurements were taken on
flight no. 408.

Stratospheric aerosol data from flight nos. 404 through
407 exhibit consistently high aerosol light scattering
coefficients and particle number concentrations. As an
example, Figure 6.4 (from Bridgman et al. [1993]) clearly
shows the flight no. 406 stratospheric sampling period with
enhanced CN and By, levels. During this flight segment,
some of the highest optical depth measurements of the
entire AGASP-IV program were observed (see Figure 6.2).

The aerosol spectrometer probes typically showed
bimodal particle size distributions that display a large-
particle number peak in the 1-2 pm diameter range, with
the volume distribution secondary peak at slightly larger
particle sizes than the number peak [Bridgman et al.,
1993]. Figure 6.5 (also from Bridgman et al. [1993])
shows the number-size and volume-size distributions for
flight no. 405, which was chosen as a typical example and
closely resembles those from other flights in the 404-407
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sequence. These data confirm the size distributions inferred
from the sunphotometer measurements (Figure 6.3), which
display a large number peak at <0.18 pm radius and a
secondary large-particle peak centered at ~0.5 pim radius.
Cascade impactor samples were also collected during
AGASP-IV flights 402-407. Electron microscope analyses of
these aerosol samples revealed heavy particulate loadings for
stratospheric samples collected during flight nos. 404, 405,
406, and 407. Figure 6.6 is a photomicrograph of stratospheric
aerosol particles collected during flight no. 406. The smaller
(mostly < 0.5 pm diameter) particles are nearly all composed
of sulfate. The larger particles are one to several micrometers
in size and are usually either sulfates or solid particles rich in
Si or Na and Cl (suggesting terrestrial or marine origin,
respectively). The types, sizes, and relative loadings of
particles were similar for all stratospheric samples collected
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Fig. 6.4. Plots of atmospheric parameters measured by aircraft in-
struments during a portion of flight no. 406. The stratospheric
flight segment is denoted by the period of high O, decreasing
temperature and the highest pressure altitudes. During this time,
CN counts and B,p, were significantly elevated over upper
tropospheric levels.
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acrosol spectrometer probe data. This bimodal distribution was
typical of stratospheric aerosols sampled during flight nos. 404-407.

during flights 404-407. High altitude impactor samples
from flights 402 and 403 showed very light particulate
loadings. For flight 403, this is probably because little
time was spent in stratospheric air. The aerosol data from
flight no. 402 suggest that the aircraft flew well into the
stratosphere, but showed no significant elevation in aerosol
concentrations (as was observed on the later flights).
Possible explanations for these observations are discussed
in section 6.4.

Fig. 6.6.
during the stratospheric flight segment of AGASP-IV flight 406.
Aerosol optical depths and concentrations measured during this
period were consistently among the highest observed in this study.
Particles exhibited a roughly bimodal size distribution peaking at
< 0.5 pm and several micrometers in diameter.

Analytical electron micrograph of particles collected

6.4. DIScuUsSION

It appears from Figure 6.2 that some temporal and/or
spatial variations in stratospheric aerosols occurred over
the period and region represented by our data. The
relatively lower stratospheric aerosol concentrations and
opacity noted for flight no. 402 can be explained by
differences in synoptic conditions during the respective
flight periods [Herbert et al., 1993]. During flight no. 402
strong northerly winds transported polar air into the region
whereas weaker southerly flow generally characterized the
later flights. An analysis of isentropic back-trajectories
[Harris and Bodhaine, 1983] based on the ECMWF 2.5°
gridded data supports the synoptic analyses. Figure 6.1
shows 36-hour backward air mass trajectories representing
the flow at altitudes ranging from ~14.5 km to 15.8 km
referenced to the respective mid-flight segments. This
analysis suggests that relatively clean Arctic air displaced
or mixed with lower latitude air effectively reducing the
stratosphere's opacity prior to flight no. 402. The
formation of the polar vortex during the previous
autumn/winter probably prevented high concentrations of
Mount Pinatubo aerosols from penetrating the central
Arctic. Similar gradients related to the position, size and
shape of the polar vortex were observed several months
after El Chichon erupted [McCormick et al., 1983].

The relatively large 380 nm optical depths measured
during flight no. 402 (Figure 6.2) suggest fundamental
differences in the acrosols' microphysical properties
compared with the results of the other flights. Increased
attenuation at shorter wavelengths can be explained by the
presence of higher concentrations of small particles (Figure
6.3) that have greater extinction efficiencies as the ratio of
size-to-wavelength (r/A) increases [van de Hulst, 1981].
The sharp decreases evident at the large particle end of the
inferred size spectra are probably due to diminishing
opacity as wavelength increases [Spinhirne and King,
1985].

In situ aerosol measurements (CN counts and Bgy) made
during flight no. 402 [Bridgman et al., 1993] indicate no
enhanced small particle mode similar to those observed on
flight nos. 404-407. This is the only case in which the
aircraft aerosol measurements do not directly support the
results derived from sunphotometer measurements. Figure
6.3 suggests a small-particle enhancement and large-
particle depletion in the inferred size distribution relative
to the other flights. It is conceivable that Mount Pinatubo
sulfate aerosols were in the optical path above the aircraft
flight level, but were not present in high concentrations at
the altitude the aircraft reached on flight no. 402. This is
consistent with the notion of low settling velocities for very
small (i.e., few-tenth micrometer) particles.

The high degree of consistency between our optical depth
measurements (including their inferred size distributions)
and the in situ aerosol data lends confidence to our
measurements that strongly support recent ground-based
[Stone et al., 1993) and satellite [Long and Stowe, 1993]
observations of large aerosol optical depths in the Arctic in



spring 1992. Further, these data are being used in multiple-
year studies that begin to address potential climate impacts
of the volcanic aerosols by documenting their longevity
(i.e., decay rate) in the atmosphere [Stone et al., 1993].
Preliminary data from these studies suggest a significantly
longer aerosol residence (e-folding) time in the arctic
atmosphere compared with that observed for past volcanic
episodes (e.g., El Chichon).
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7. Cooperative Programs

Antarctic Ultraviolet Spectroradiometer Monitoring Program:
South Pole and Barrow Contrasts in UV Irradiance

C. R. BootH, T.B. Lucas, J.R, TussoN IV, J.H. MORROW, AND T. MESTECHKINA
Biospherical Instruments Inc., San Diego, California 92110-2621

1. INTRODUCTION

The Antarctic Ultraviolet spectroradiometer monitoring
network was established by the United States National
Science Foundation (NSF) in 1988 in response to predictions
of increased UV radiation in the polar regions. The network
consists of several automated, high resolution
spectroradiometers placed in strategic locations in
Antarctica and the Arctic (Table 1), and a new operational
site in San Diego that is also used for training and testing.
The network makes essential measurements of UV spectral
irradiance and provides a variety of biological dosage
calculations of UV exposure. Under contract to Antarctica
Support Associates (ASA), directed by NSF, Biospherical
Instruments Inc., is responsible for operating and
maintaining the network and distributing data to the
scientific community.

The spectroradiometer system contains an irradiance
diffuser, double holographic grating monochromator,
photomultiplier tube (PMT), and calibration lamps.
Tungsten-halogen and mercury vapor lamps are used for
automatic internal calibration of the optical pathway. The
monochromator and PMT are located in individual
temperature controlled subassemblies. The entire instru-
ment is operated under computer control, including regular
calibration cycles, several times each day. Details may be
found in Booth et al., [1992].

2. UV RADIATION CLIMATE AT THE AMUNDSEN-SCOTT
SOUTH POLE STATION AND BARROW, ALASKA

The South Pole and Barrow, Alaska, installations are in
locations that also have CMDL installations, and the balance

of this report will focus on these two sites. The South Pole
site is uniquely suited to examinations of radiative transfer
including the effects of ozone on UV radiation. This site is
located away from the influence of mountains in a region of
almost constant albedo. Cloud cover is relatively infrequent
and generally thin when it does occur. The very small
hourly change in the solar-zenith angle supports
examination of changes in total column ozone (as estimated
by UV irradiance) at hourly resolution.

Barrow can be contrasted with the South Pole in that it is
located where a significant change in surface albedo occurs
both due to the springtime snowmelt [Dutton and Endres,
1991] and changes in sea ice coverage. Significant changes
in incident irradiance also occur due to Arctic storms. The
contrast between Barrow and the South Pole can be seen in
Figure 1b, where the integrated noontime irradiance over the
UV-A (320-400 nm) for 1992 is plotted.

The large changes in total column ozone encountered at
the South Pole make it an ideal site to examine the
relationship between ozone depletion and enhanced UV
irradiance. For example, in Figure 1a, a substantial drop is
seen in the 300 nm irradiance around December 6. Data
from Total Ozone Mapping Spectrometer (TOMS) report
that the ozone column over the South Pole rose from 193
DU on December 5 to 292 DU on December 7, 1992. TOMS
update on CD-ROM is available from the National Space
Science Data Center, Goddard Space Flight Center.

Strong springtime depletion in ozone over the Pole, both
in the spring and approaching mid-summer, compared with
higher ozone levels in the fall, allow careful estimates of the
impact of changes in ozone on UV irradiance with most
other conditions (cloud cover, albedo, and solar zenith
angle) being equal. Figure 2 shows the DNA dose weighted

TABLE 1. Installation Sites
Site Latitude Longitude Established Location
McMurdo 77°51'S 166°40'E March 1988 Arrival heights
Palmer 64°46'S 64703'W May 1988 Clean air building
South Pole 90°00'S 0° February 1988 Clear air building
Ushuaia, Argentina 54°59'S 68°W November 1988 CADIC*
Barrow, Alaska T1°18'N 156° 47'W December 1990 UIC-NARLY
San Diego, California 32°47TN 117°14'W October 1992 Biospherical Instruments Inc.

*CADIC: Centro Austral de Investigaciones Cientificas, Argentina

tUkpeagvik Inupiat Corporation-National Arctic Research Laboratory
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Fig. 1. The noontime irradiance is shown at Barrow (fine line) and the
South Pole (heavy line) during 1992. Panel (a) shows the irradiance at
300 nm and is contrasted with panel (b) which shows the integrated UV-A
(320-400 nm) irradiance. The higher values at Barrow are due to the
higher sun elevation. The irradiances at Barrow peak in June, while the
irradiance at the South Pole normally peaks in December.
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irradiance (after Setlow, 1974; see Booth et al., 1992 for
details) change measured for a series of day pairs when
different amounts of ozone depletion were encountered.
One scan per day was selected closest in time to the
overpass of the TOMS satellite. A random mixture of 1
year against another, or spring against fall observations, was
used covering ozone concentrations ranging from 111 DU to
408 DU. Figure 2 shows the observed relationship between
ozone depletion expressed in percentage, versus dose-
weighted irradiance enhancement, also in percentage. No
scans were included when a time mismatch of greater than 5
hours occurred. Only data where the sun was higher than
80° (zenith angle) were considered. In all, 277 spectra were
included in the analysis.

Two lines are shown in Figure 2: the straight line
expresses a simple formulation of the effect of ozone
depletion to amplify UV irradiance and is a linear
extrapolation of a rule of "1% decrease in ozone will bring a
2.2% increase in UV," while the curved line expresses a
power-based formulation of this rule as suggested by
Madronich [1993]. This allows us to determine the
"amplification" of UV irradiance caused by ozone depletion.

3. SUMMARY

High spectral resolution scanning UV spectroradiometers
have been established at several high latitude sites and are
successfully providing multiyear data sets. Resulting data
have been used to test radiative transfer models (Lubin and
Frederick, 1990, 1991, 1992); Lubin et al., (1989); Smith et
al., (1991, 1992a), derive ozone concentrations (Stamnes et
al., 1990, 1991, 1992), and examine the biological impact of
enhanced UV [Lubin et al., 1993; Cullen et al., 1992; Smith
et al., 1991, 1992b). The data are available on CD-ROM to
a broad segment of the scientific community. Please contact
the authors for more information.

The data from the NSF UV Spectroradiometer Network is
available to all qualified researchers. The data shown in
this report is available on CD-ROM, ISO 9660 format. NSF
grantees have priority access to these data. For more
information, please contact: C. R. Booth at Biospherical
Instruments Inc., 5340 Riley St., San Diego, CA 92110 (Fax
619 686-1887, or BOOTH@SSURF.UCSD.EDU).
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Lidar Observations of Volcanic Aerosol Layers and Polar Stratospheric
Clouds at South Pole, 1990, 1991, and 1992

M. CAccIANI, P. DI GIROLAMO, A. DI SARRA, G. Fiocco, D. FUA, P. COLAGRANDE, AND G. PANEGROSSI
Universita "La Sapienza”, Physics Department, 00185 Roma, lialy

INTRODUCTION

The Physics Department of the University of Rome "La
Sapienza" has maintained a lidar at SPO since December
1987, mainly to study polar stratospheric clouds (PSCs)
and acrosols in the antarctic stratosphere. The system is
run by winterover personnel of NOAA and NSF.

During 1991 the eruptions of Mt, Pinatubo in the
Philippines and of Mt. Hudson in Chile produced a
substantial increase of the aerosol load in the polar
stratosphere. Two well-separated layers could be identified
in the lidar echoes: the lower layer, L, around 10 km and
with a vertical extent of about 3 km; and the upper layer,
U, characterized by a lower value of the backscattering
coefficient between 17-26 km [Deshler et al., 1992].

The height and time of appearance of layer L support its
attribution to the eruptions of Mt. Hudson. Layer U can be
attributed to the aerosol cloud generated by the eruptions of
Mt. Pinatubo, although the identification of the arrival time
of the layer is difficult because of the poor performance of
the lidar during the critical period of the vortex break-up.
Analyses of the integrated backscatter suggest that the
Pinatubo cloud first reached the Antarctic stratosphere at
altitudes higher than 17 km, and at lower altitudes only
later.  After that time, approaching winter, the total
integrated backscatter, IB, remained approximately
constant at all levels. An example of the vertical profiles
of the aerosol-to-molecules backscattering ratio in 1991 is
given in Figure 1 distinctly showing the two layers: the
lower one centered around 10 km and the higher one
extending between 16 and 28 km.

The change in the characteristic features of lidar echoes,
particularly as a function of the atmospheric temperature,
has been studied with the aim of identifying the formation
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Fig. 1. The backscattering ratio profile for December 8, 1991.
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of PSCs, type I (NAT) and type II (ice) when, during
winter, the conditions leading to the condensation of either
HNO; or HyO are reached.

MaAsSs LOAD AND SEDIMENTATION OF
PINATUBO AEROSOL

Under the assumption that the particles are homogeneous
spheres, the backscattering efficiency, Qbs, has been
approximated by a linear function of the size parameter
[Pinnick et al., 1980] and used to relate the mass content
per unit volume, M, to the backscattering coefficient
regardless of its dependence on the particle-size
distribution.

The aerosol mass load was computed combining the
known values of the composition of sulfuric acid aerosol
[Steele and Hamill, 1988], water vapor profiles measured in
Antarctica [Rosen et al., 1991], and the temperature
profiles at South Pole. In a similar way the sulfuric acid
content of the particles was estimated [Cacciani et al.,
1993].

The columnar aerosol mass evolution follows the total IB
trend, increasing to a maximum value around 80 mg m-2
comparable to those reported by other authors at low- and
mid-latitudes [Valero and Pilewski, 1992; Winker and
Osborn, 1992; Gobbi et al., 1992].

To establish if sedimentation of the particles takes place
in the stratosphere, the height of the center of the mass of
the sulfuric acid contained in the aerosol was compared to
the height of the 100 mb and 50 mb surfaces during the
period January-early June. An estimate of the height
decrease of the air mass due to the diabatic cooling is given
by the altitude of the 100 mb isobar; the descent is about 1
km between January and June. In fact, the center of mass
is decreasing at a faster rate than the isobaric altitude
during January and February, when changes in the aerosol
vertical distribution occur that are attributable to the arrival
of acrosol-rich air in the lowest layers.

POLAR STRATOSPHERIC CLOUDS

Analyses of PSC observations have been carried out for
the winters of 1990 and 1992. The comparison shows
differences attributable to the large amount of sulfuric acid
aerosol of volcanic origin present in the polar stratosphere
during 1992 and its effect on nucleation.

The evolution of the backscattering in the two cases
shows a different character: larger echoes attributable to
PSCs were recorded in 1992 compared to 1990. The
differences in the intensity of the echoes is being



interpreted as due to a large number of smaller particles
present in PSCs in 1992 compared to those present in 1990,

An example of the vertical profile of the backscattering
coefficient obtained in July is given in Figure 2 for 1990
and in Figure 3 for 1992,

Criteria to distinguish the echoes from PSCs from those
due to the sulfuric acid aerosol and those due to type I
PSCs from those due to type II, are being applied to the
present set of data.

The sensitivity of the backscattering to temperature
changes near the base of a PSC is amenable to a relatively
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Fig. 2. The backscattering coefficient profile for July 3, 1990.
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simple calculation [Fiocco et al., 1991, 1992; Fua et al.,
1992], in which this quantity can be related to the
difference between the partial pressure of the condensing
species. A more elaborate criterion is based on the use of a
more complex model for aerosol formation.
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Fine Sulfur Concentrations at the Mauna Loa Observatory
and Other Hawaiian Sites

THOMAS A. CAHILL
Air Quality Group, Crocker Nuclear Laboratory and Department of Land, Air, and Water Resources, University of California, Davis 95616

Fine acrosol mass and its components, including sulfur
(= sulfate) aerosols, have been collected (Wednesday,
Saturday) and analyzed at the Kiluaea site of Hawaii
Volcanoes National Park since fall 1986. This was a
component of the National Park Service's fine aerosol
network concerned with visibility degradation at national
parks and monuments. In 1988 this formed the foundation
of the Interagency Monitoring of Protected Visual
Environments (IMPROVE) program, with the same mission
but expanded scope, now operating at 57 sites in the United
States. In 1990 sites were added at Haleakala National
Park on Maui and at the Mauna Loa Observatory (MLO) on
Hawaii, partly to better understand the effect of the
continuously erupting volcano on the Hawaii Volcanoes
data set. The data have also given a rare opportunity for a
statistically significant fine aerosol data set in a mid ocean
site as a function of elevation above sea level, with
potential use in the aerosol forcing term of global climate
models.

The aerosols are collected for a 24-hour period each
Wednesday and Saturday at Hawaii Volcanoes and
Haleakala parks at elevations of 1240 m and 1150 m above
sea level, respectively. The samples from MLO (3380 m)
are also collected twice a week, but the samplers operate on
different time schedules. One operates continuously giving
3-day (Monday-Thursday) and 4-day (Thursday-Monday)
samples (MALO1), while the other operates in the same
manner but only for hours between 2200 and 0600, thus
generally dominated by downslope winds (MALO2). Each
sampler is the standard 22-L min-1. IMPROVE 2.5 pm D(p)
cyclone sampler with no pre-treatment of the air stream.
Particles are collected on stretched Teflon filters with
supporting plastic rings. In addition, at Hawaii Volcanoes
and Haleakala National Park, the full IMPROVE array is
present including a nylon filter following an acidic
gas/vapor denuder [Eldred et al., 1988]. The nylon filter is
analyzed by ion chromatography for sulfates, nitrates, and
chlorides, while the Teflon filters are analyzed for fine
mass, hydrogen for organic, Na and heavier by PIXE and
PESA [Cahill et al. 1990]. Sensitivity for transition metals
is roughly 0.02 ng m-3, while for heavy metals it rises to
roughly 0.06 ng m-3 [Cahill et al., 1992].

While all collection and analysis protocols adhere to
published quality control procedures, the IMPROVE
network is designed to exploit ways to ensure knowledge of
both precision and accuracy through our concept of
"integral redundancy.” In this concept, most major species
are measured by two independent methods on two fully
independent samplers operating side by side, with analysis
on different substrates at different laboratories. For the

situation of sulfur, we can make measurements of sulfur by
PIXE on Teflon in channel A which, when multiplied by
3.0, should equal the results of sulfate analyses by ion
chromatography on nylon filters in channel B. Figure 1
shows this comparison for all western U.S. sites, excepting
those in California but including all three Hawaiian sites,
for summer 1992. The excellent agreement is not only
proof that all samplers are operating properly, including
flow rates, timing, etc., but that the sulfur present is
consistent with sulfate. Similar redundancies are done for
gravimetric fine mass versus the sum of all species, and
organic matter by two very different techniques, from
carbon analysis off quartz filters by combustion in channel
C versus hydrogen by PESA from Teflon in channel A
[Cahill et al., 1990]. However, note that only channel A
was operated at MLO so that quality assurance tests such as
these at lower elevations must be extrapolated to this site.
An example of the type of data generated quarterly (and
available to any user) is shown in Tables 1, 2, and 3 for the
MLO downwind sampler. All values are in ng m-3 except
mass which is in pg m-3. The term "KNON" means

N 463 T o= 1065.38 og= 33.77 5,= 726.68
R = 0.995 RZ = 0.9950 § = 1073.09 oz~ 34.38 0 ~ 73369
Y= 1.0180sX - 11.4888
o= 0.0085 o= 101444
7000. —
N
€ Bk
o
L -
I
= 1 4
o
7}
|
0 T T T T T T T T T
0. 7000.
$3  (ng m)
Fig. L Sulfur (from PIXE) versus sulfate (from ion

chromotography) from IMPROVE western sites, summer 1992.
IMPROVE sites in California have been deleted from this
comparison, but all Hawaiian sites are included.
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TABLE 1. 24-Hour Concentrations (ng m-3) of Major Elements, and Tracer Elements from the IMPROVE Particulate Network,
June 1, 1993-August 31, 1992, at 0000 LST
Soil Elements Smoke  Marine Metallic Tracers
Date H S Masst SI K CA TI MN FE KNON NA ' NI cu ZN AS SE BR PB
June 03 26.9 60.9 0.79 52 7.5 114 0.8 *0.2 10.0 1.5 *6.84 *026 *0.03 0.17 0.34 *0.02 0.03 0.23 0.12
June 06  33.0 76.7 0.73 61.9 12.5 20.6 1.8 0.6 16.8 2.4 *9.43 *035 *0.04 *0.04 032 *0.02 0.03 0.25 0.19
June 10 19.8 48.6 0.58 135 39 4.0 *0.3 *0.2 3.5 1.8 48.90 *027 *0.03 *0.03 0.11 *0.02 *0.02 0.09 0.06
June 13 326 70.0 0.68 39.4 1.1 11:2 1.0 0.9 10.4 0.9 74.90 037 *0.04 0.33 0.30  *0.02 0.05 0.13 0.25
June 17 194 61.0 0.75 274 58 9.3 0.5 0.2 8.2 0.9 *6.42 *024 *0.03 0.22 0.29 0.03 0.03 0.11 0.09
June 20 304 542 0.85 4.5 9.8 17.5 1.1 *0.2 14.3 1.3 34.50 *0.31 *0.04 0.06 025 *0.02 *0.02 0.14 0.14
June24 250 59.6 0.82 41.5 8.5 14.9 1.0 0.3 12.4 1.0 22.60 *022 *0.03 *0.03 0.19 *0.02 0.03 0.17 0.12
June 27 17.2 47.5 0.44 13.8 28 3.1 0.6 0.5 29 11 45.20 052 *004 *0.04 0.20 *0.02 0.04 0.07 0.08
July 01 176 36.6 0.41 9.8 21 33 0.6 0.2 25 0.5 *5.47 *0.22 *0.03 *0.03 0.17 *0.02 *0.02 0.07 0.07
July 04  40.0 73.2 0.63 123 2.1 2.5 0.4 *0.2 2.6 0.6 58.00 *028 *0.04 *0.04 025 *0.02 0.04 0.13 0.11
July 08 287 73.1 0.78 11.8 3.0 33 0.3 *0.1 39 0.7 *4.67 0.28 *0.02 *0.03 0.18 *0.02 0.03 0.12 0.08
July 11 28.0 77.8 0.51 9.9 22 26 0.6 *0.2 25 0.7 31.70 *0.26  *0.04 0.13 0.51  *0.02 *0.02 0.11 0.10
July 15 400 105.0 0.95 355 9.6 9.1 0.6 0.5 11.2 29 61.50 *0.25 *0.03 0.39 0.56 *0.02 0.04 0.14 0.32
July 18 28.4 63.7 0.32 7.8 22 2.7 0.6 *0.2 1.6 12 87.10 *029 *0.04 0.22 026 *0.02 *0.02 0.11 0.09
July22  29.4 103.0 0.72 4.6 1.9 0.7 0.3 0.2 0.9 1.3 53.20 0.53 *0.03 *0.03 012 *0.02 0.05 0.07 0.07
July25 19.5 511 0.76 11.0 3.4 3.0 0.6 *0.2 3.2 1.5 54.50 *0.28  *0.04 0.06 024 *0.02 0.04 0.13 0.11
July29 355 1150 0.94 18.5 4.6 5.5 0.4 “0.2 53 1.4 48.20 *0.24 *0.03 0.19 0.15 0.07 0.06 0.09 *0.07
Aug. 01 16.6 68.2 1.12 17.1 4.9 6.6 1.0 0.4 5.0 1.9 88.80 0.51  *0.04 0.12 0.18  *0.02 *0.02 0.14 0.08
Aug.05 25.8 76.7 0.72 6.6 1.6 1.1 0.2 0.2 1:2 0.9 29.90 *0.19 *0.03 0.08 0.25 0.05 0.03 0.10 *0.07
Aug.08 563 219.0 1.13 6.0 1.4 1.1 0.4 *0.2 0.5 1.1 54.40 031 *0.04 0.31 0.29 *0.02 0.08 0.09 0.06
Aug. 12 154 43.1 0.44 2.6 2.5 0.4 0.5 *0.2 0.6 2.2 48.70 032 *0.03 *0.03 0.04 *0.02 0.02 0.03 0.09
Aug. 15 17.0 47.0 0.29 4.4 2.2 1.4 *0.4 *0.2 1.0 1.6 69.80 0.55 *0.04 *0.04 023 *0.02 0.04 0.06 0.05
Aug. 19 259 86.0 0.56 5.0 2.0 0.3 0.5 0.3 17 1.0 60.60 0.42 0.12 *0.03 0.12 *0.02 0.04 0.09 0.09
Aug.22 292 80.1 0.51 4.6 L5 1.0 *0.3 0.3 0.8 1.0 72.90 043 *0.04 0.06 0.16 *0.02 *0.02 0.13 0.06
Aug.26 16.8 56.5 0.59 33 28 0.8 1.3 0.4 1.3 2.0 71.50 *0.23 *0.03 *0.03 0.18 *0.02 0.03 0.14 0.07
Aug.29 51.1 152.0 1.16 9.3 29 21 0.4 0.2 27 1:3 66.90 *026 *0.04 =004 0.23 *0.02 *0.02 0.18 0.12

* Analytical minimum detectable limit (mdl).

FMass in micrograms m-3



TABLE 2. Distribution of Concentrations (ng m-3) From the IMPROVE Particulate Network, June 1, 1992-August 31, 1992

% of Cases Arithmetic Maximum

Cases Significant Mean Minimum Median Maximum Occurs
H 26 100% 27.90 15.40 27.50 56.30 Aug, 08
S 26 100% 77.10 36.60 69.10 219.00 Aug, 08
SI 26 100% 17.60 2.57 11.40 61.90 June 06
K 26 100% 4.26 1.45 2.84 12.50 June 06
CA 26 100% 5.36 0.30 3.04 20.60 June 06
TI 26 88% 0.62 0.20 0.54 1.78 June 06
MN 26 53% 0.267 0.13 0.247 0.90 June 13
FE 26 100% 4.89 0.52 2.79 16.80 June 06
KNON 26 13% 1.32 0.54 1.25 291 July 15
NA 26 80% 46.20 4.67 51.10 88.80 Aug. 01
v 26 38% 0.247 0.19 0.287 0.55 Aug. 15
NI 26 3% 0.027 0.02 0.047 0.12 Aug. 19
Cu 26 50% 0.10? 0.03 0.05?7 0.39 July 15
ZN 26 100% 0.23 0.04 0.23 0.56 July 15
AS 26 11% 0.01?7 0.02 0.027? 0.07 July 29
SE 26 69% 0.03 0.02 0.03 0.08 Aug. 08
BR 26 100% 0.12 0.03 0.11 0.25 June 06
PB 26 92% 0.10 0.05 0.09 0.32 July 15

A significant value is greater than 2 times the uncertainty of that value.
? = The percentage of significant values is less than 65%
KNON is nonsoil potassium, a qualitative smoke tracer, K - 0.6 Fe

TABLE 3. Distribution of Concentrations (g m-3) and Percent of Fine Mass From the Improve Particulate Network,
June 1, 1992 - August 31, 1992

% of Cases Arithmetic Maximum

Cases Significant Mean Minimum Median Maximum Occurs
MASS 26 100% 0.70 0.29 0.72 1.16 Aug. 29
RCMA 26 100% 0.66 0.33 0.61 1.16 Aug. 08
NHSO 26 100% 0.32 0.15 0.28 0.90 Aug. 08
NHSO% 26 100% 47% 25% 43% 83% July 18
OMH 26 69% 0.12 -0.01 0.11 0.30 July 04
OMH% 26 61% 19%? 0% 17%? 54% July 18
SOIL 26 100% 0.08 0.01 0.05 0.28 June 06
SOIL% 26 100% 11% 2% 8% 39% June 06
BABS 26 13% 0.61 0.16 0.56 L.51 Aug. 08

A significant value is greater than 2 times the uncertainty of that value.
7 = The percentage of significant values is less than 65%

NHSO ammonium sulfate, (NH,),S0,

SOIL soil

OMH organic mass by hydrogen 13.75 (H - S/4)
RCMA reconstructed mass

potassium not associated with soil, an excellent tracer of
smoke from biomass. These values are very low, almost all
within the uncertainty, showing essentially no smoke
impact on the down-slope winds. The "all hours” sampler
at the site, MALOI1, occasionally shows heavy smoke
impacts that could well reflect agricultural burning on the
island. Formulas for the derived quantities (NHSO
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standard form of sulfate, sulfur times 4.125
sum of Al, Si, K, CA, Ti, Fe and oxides

sulfate+soil+OMH+BABS/2, but not nitrate

ammonium sulfate, OMH = organic matter from hydrogen,
etc.) are explained on the bottom of Table 3. BABS is
b(absorption) from the integrating plate method, in units of
106 m-1, The most important of these is RCMA,
reconstructed mass as the sum of all measured species.
This should be close to, but somewhat less than, MASS, the
gravimetric fine mass from weighing the Teflon filter. The



difference appears to be overwhelmingly water, since the
filters are weighed in air but the analyses are done in hard
vacuum, thus drying the filters.

In the analyses that follow, the median value was used
as opposed to the mean, due to the extremely non-log
normal distributions seen at Hawaii Volcanoes National
Park. This is due to the occasional arrival of the plume of
the ongoing eruption, which gives sharp spikes to the data
not only for sulfur but selenium and other volcanic trace
elements. At the Mauna Loa sites, this is not a problem
and the median is close to the mean (0.70 versus 0.72 pg
m-3, summer 1992).

Figures 2a, b, ¢, and d show the seasonal trends for
sulfur (= sulfate) at all four sites for the period of record.
No statistically significant trends can be seen in the annual
values, but clear seasonal shifts are seen in the MALO2
(downwind) data. Since this is so, the last two years were

[ e O
Naglionai GIn

frem S )

Halegkalo

Ammonum Sullate {

(=)

~ @ o
i

16
15
14
13 F
12
11

09
08 -
a7+
06 -
05
04|
03
02
[RE =

micrograme/m3
T

1988 M I
1989 1991
Year and Seosons — Spring ( 3.4.5 J.elc

1987

Hawaii Volcanoes National Park

Ammonium Sullate { from S )

micrograms/ir 4

1392

1986 1988 1990
1987 198

Year ond Sensons —

9 1991
Spring ( 3.4.5 ).etc

Fig. 2. Ammonium sulfate (from PIXE S times 4.125) at Haleakala
National Park (a), and from Hawaii Volacnoes (b).

89

Mauna Loa Observatery — 10 PM to 6 AM

Ammanum Sullate ( from S )

12
1 (e}
|\
n 08¢
£ oe
£ o7
o
g oe
¢ os
-4
E O*
03
oz |
01|
0 + ' B
raas 1988 [ 1950
1987 1989 1991
Year and Seasors - Spring { 3.4.5 ek
Mauna Lea Observatory — All hours
Ammanium Sulfate { from S )
24T
R = (d)
L
LERS
La]
£ o8
Eo: L
e 06
Tost
Yoo
£
03+
a2
o

. ; ;
1986 | 1988 ‘ 1390
1987 1989

Year and Seosors — Spring ( 3.4.5 )etc

Fig. 2. Continued - Ammonium sulfate (from PIXE S times 4.125)
at Mauna Loa Obervatory - downwind (c), and all hours (d).

aggregated and provide the data for Table 4. There is a
good deal of information in Table 4 that is going to require
further analysis before it is fully understood. But the first
point is the similarity between Hawaii Volcanoes and
Haleakala National Parks. This was not expected due to the
volcanic activity at Hawaii Volcanoes, but a closer
inspection of the records show that there were few plume
impacts on the site and thus did not influence the median
for these two seasons. The situation was very different in
winter when Hawaii volcanoes had numerous plume
impacts and well elevated levels of sulfur, selenium, and
other elements.

Thus we can use the summer and fall data to obtain a
measurement of the vertical gradient of sulfur. This can be
enhanced by deriving the "upslope” sulfur value at MALOI1
by subtracting the data of MALO2 (Table 5). One can then
assign an approximate "altitude” for the source of these
aerosols almost all of which lie at elevations below that of
MLO. The surprising consistency of the two NPS sites and
the "upslope" MALO1 values gives us some confidence
that an average value could represent the aerosol column
from sea level to 3380 m. There then appears to be a sharp
discontinuity to the MALO2 "downslope" aerosols with a
ratio near 2.24 + 0.02 spring and summer and 5.0 % 0.6 fall
and winter. Thus at this site, clear summer/winter



TABLE 4. Fine Ammonium Sulfate(S x 4,125) Winter 1990 to Fall 1992

Hawaii Volcanoes
National Park
(elev. 1240 m)

Haleakala
National Park
(elev. 1150 m)

Mauna Loa
All hours
(elev. 3380 m)

Mauna Loa
2200 to 0600
(elev. 3380 m)

Conc. Conc. Conc. Conc.
(ugm3) % Mass (ng m3) % Mass (ug m3) % Mass (ug m3) % Mass
Spring 1.13+0.33 43.5£6.5 0.795+0.23 26.0+2.0 0.635+0.27 38.5%7.5 0.400+0.01 23.5% 05
Summer 0.70+0.17 35.0%2.0 0.65 +0.03 24.5+45 0.51 +0.09 525%35 029 +0.05 30.0+11.0
Fall 0.94+0.10 465+ 1.5 0.88 +0.09 32.5+45 044 +£0.07 51.5+05 0.18 £0.02  34.3%102
Winter 2.78+1.61 505+25 0.85 +0.02 285+05 025 £0.02 405%75 0.13 £0.02 22.0% 5.0
Spring 1.31+0.38 0.91 +0.29 0.99 +0.52 0.77 £0.02
Summer 0.81+0.20 0.80 +0.03 0.80 +0.17 0.56 +0.09
Fall 1.17+0.12 1.08 +0.11 0.85 +0.14 0.34 £0.05
Winter 3.22+2.01 1.0 +£0.02 0.49 £0.05 0.25 £0.05

The top half of the table presents the data as pg m-3 at altitude, the standard IMPROVE protocol for visibility correlations. The bottom half
of the table presents the data corrected for the pressure differential to sea level (i.e., NTP).

Spring = March, April, and May

Summer = June, July, and August

Fall = September, October, and November
Winter = December, January, and February

TABLE 5. Vertical Profiles of Ammonium Sulfate Aerosols (Hawaiian Sites Winter 1990 to Fall 1992)
Mauna Loa Mauna Loa

Secason Hawaii Volcanoes Haleakala National Park (Up) Average (Down) Ratio
Spring 1.13 0.80 0.75 0.89 £ 0.17 0.40 223
Summer 0.70 0.65 0.62 0.66 £0.03 0.29 2.26
Fall 0.94 0.88 0.56 0.79 £ 0.17 0.18 4.41
Winter 2.78* 0.85 0.62 0.73 £0.12 0.13 5.60
Spring 1.31 0.91 1.17 LA1340.17 0.77 1.47
Summer 0.81 0.80 0.97 0.86 +0.08 0.56 1.54
Fall 117 1.08 1.08 1.11 £ 0.04 0.34 3.26
Winter 3.22% 1.05 1.24 1.14 £ 0.09 0.25 4.56

The top half of the table presents the data as pg m-3 at altitude, the standard IMPROVE protocol for visibility correlations. The bottom half
of the 1able presents the data corrected for the pressure differential to sea level (i.e., NTP).

* Note: Deleted winter, Hawaii Volcanoes, in averaging

Spring = March, April, and May

Summer = June, July, and August

Fall = September, October, and November
Winter = December, January, and February

differences appear due mainly to changes in the upper
tropospheric aerosols, not the boundary layer aerosols.
In summary, we are beginning to obtain a
statistically significant data set at MLO to match the
data sets at unpolluted (at least, not anthropogenic
pollution) sites at lower elevations. Based on the strong
trade winds at the Hawaii Volcanoes and Haleakala
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sites, these sites are sampling aerosols characteristic of
the planetary boundary layer and, as such, represent all
elevations from O to about 3380 m. Since the sites are
well removed from the coast and since coarse particles
are removed in sampling, these data then give an
estimate of the sulfate column in the atmosphere on and
over the Pacific Ocean.
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Artificial Windshielding of Precipitation Gauges in the Arctic

GEORGE P. CLAGETT
Soil Conservation Service, Anchorage, Alaska 99508

1. INTRODUCTION

Precipitation gauges can provide good measurements of
the water equivalent of snow precipitation, provided the
gauge is protected or shielded from wind effects.
Unfortunately, there are no standards for collecting snow
precipitation. Gauges located in exposed and windy areas
may be totally unshielded, partially shielded by one or
more buildings, or equipped with one of several types of
artificial shields. The various shielding options in common
use, therefore, produce a wide range of gauge catch
efficiency. Also, the various studies of artificial shields in
the United States and Canada have produced a wide range
of results. This must be, in part, due to the wide range of
weather conditions under which the various studies have
been conducted. A lingering problem is applying the
results to the local conditions of Alaska's tundra regions.

2. METHODS

A study of the windshield alternatives, under the unique
conditions of Alaska's Arctic coastal region, was set up at the
CMDL facility at BRW during September 1989. Snowfall
catches from four newly installed precipitation storage gauges
were compared with that from an exisling storage gauge
protected by a Wyoming shield [Hanson, 1988]. Two of the
new gauges were shieldled—one with a Nipher shield
[Goodison et al., 1983] and the other with an Alter shield
[Alter, 1937}—and two were unshielded. One of the
unshielded gauges was serviced on an event basis, the same as
the three shielded gauges. The other unshielded gauge was
treated as if it were a remote gauge, allowing rime to build up
and dissipate naturally to see what effects rime had on the
overall catch. The four newly installed gauges are 20.3 cm in
diameter X 100 cm tall, mounted with the orifice 2 m above the
normal ground surface. The existing Wyoming-shielded gauge
is 30.5 c¢cm in diameter X 2 m tall, and is equipped with a
Leupold-Stevens water-level recorder.
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3. RESULTS

Provisional results from the September 1, 1992, to
June 2, 1993, winter season indicate that the Wyoming-
shielded gauge provided 13.0cm of snowfall water-
equivalent catch. The Nipher-shielded gauge caught
exactly the same amount over the same period. The Alter-
shiclded gauge caught 5.2 cm or 40% of the Wyoming-
shielded gauge. The unshielded but serviced gauge caught
only 1.8 cm of water-equivalent snowfall which was barely
over 14% of that of the Wyoming-shielded gauge. The
unshielded and non-serviced gauge did slightly better,
catching 2.3 cm water-equivalent, or nearly 18% of the
snowfall caught by the Wyoming-shielded gauge.

These results are right in the ballpark of expectations:
the Wyoming and Nipher shields are expected to have very
similar catches; the Alter-shielded catch drops off
substantially; and a non-shielded gauge catch should drop
off even substantially more at exposed and windy locations
during snowfall events.

Acknowledgment. Appreciation is expressed to D. Endres, Station
Chief, BRW, who serviced the precipitation gauges and collected
the snow samples.
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A Comparison of Aerosol Size Distributions and Nephelometer
Measurements at Mauna Loa Observatory

ANTONY CLARKE
University of Hawaii, Department of Oceanography, Honolulu, Hawaii 96822

BARRY BODHAINE
NOAA CMDL, Boulder, Colorado 80303

1. INTRODUCTION

Mauna Loa Observatory (MLO) has maintained a long
term and near continuous record of aerosol light scattering
since 1974 [Bodhaine, 1983; Massey et al., 1987]. The
existing four-wavelength instrument allows for assessment
of both the scattering coefficient, Oy, at four wavelengths
and some inference of the aerosol size distribution through
the parameter alpha [0g(A) = K/A-®]. This data has been
valuable in providing information on aerosol properties in
the remote troposphere and their optical effects [Clarke and
Charlson, 1985; Bodhaine et al.; 1992]. Because of this
record and the accessibility of remote tropospheric air at
MLO, this site was selected for aerosol measurements in
support of the NASA Laser Atmospheric Wind Sounder
program. One objective of this program was the
assessment of the relationship of lidar backscatter to
measured aerosol size distributions [Clarke and Porter,
1991]. A second objective was to examine the relationship
of aerosol size distributions to the nephelometer record in
order to see if the latter could be used as a surrogate
measurement of the aerosol size distribution. If so, the
long nephelometer record at MLO could be used to infer an
aerosol climatology for the Pacific mid-troposphere. More
recently, questions regarding the link of aerosol sulfate to
scattering extinction in the atmosphere [Charlson et al.,
1991] prompted us to examine the relationship of the
aerosol size distribution and G4, at MLO in order to assess
the mass scattering efficiency for sulfate in the free
troposphere.

Here, we report the results of these comparisons. One
key observation is that changes in aerosol concentration of
1 to 2 orders of magnitude between upslope and downslope
flow coupled with the long averaging time used for the
nephelometer (about 1 hour) can prevent O from
achieving the minimum representative downslope values.
This often results in both hourly and mean nightly
downslope O, values that are several times greater than
they should be and thereby posing a difficulty for direct
comparison of Gy, with other MLO data sets.

2. OBSERVATIONS

Aerosol heated to 40, 150, and 300°C and sized with a
laser optical particle counter (OPC) was used to assess the
size distribution (0.15-7.0 pm) of sulfuric acid, ammonium
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sulfate and refractory (dust) components of the aerosol at
MLO during January-March 1988 [Clarke and Porter,
1991]. During the downslope conditions of interest here
the fine volume with diameters below 1 pm were primarily
sulfate while the coarse volume tended to be refractory
aerosol (remaining at 300°C) and probably dust. The few
periods of high relative humidity were deleted in order to
avoid O, values that might reflect growth through water
uptake rather than changes in aerosol sulfate. The
refractory component remaining at 300°C was present at all
sizes but was a small component of the total, and dust
present in the submicrometer fraction appeared to be
heavily coated with a sulfate shell.

Figure 1 shows the fine, coarse, and total volumes
plotted against the corresponding nephelometer data during
downslope conditions. These data usually represent the
two cleanest 3-hour averages during each night and these
generally occurred between 2200 and 0800 LST. The
strongest relationship is evident between the fine aerosol
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Fig. 1. A plot of fine (0.14<Dp<0.6 pm), coarse (0.6<Dp<7.0 pm)
and total aerosol volume versus 6,, for 3-hour nightly downslope
minimum periods for DOY 16-86 1988.



volume and Gy, as evidenced by the least scatter of the data
points for this fraction. Similar behavior was also evident
for upslope data (not shown). This measurement period
includes times of episodic transport from Asia and it is
common to observe three orders of magnitude change in
both volume and scattering during this period. It is
significant to note that during periods of highest G5, both
fine particle sulfate and coarse particles are high. This is
consistent with prior evidence for an anthropogenic source
of pollutant aerosol that is coincident with periods of dust
transport to MLO [Clarke and Charlson, 1985].

Examination of Figure 1 indicates that a measured fine
(or total) particle volume may be associated with several
values of 6. Coincident 3-hour averages were plotted for
Osp and the fine, coarse, and total volumes in order to make
a direct comparison of these data. An example of several
consecutive days are shown in Figure 2. A clear
upslope/downslope signal is evident in both data but closer
examination reveals that the transition to low aerosol
volume occurs in the OPC data shortly after downslope
flow has begun while the light scattering values decrease
only gradually during the night to reach minimum values
just before upslope recurs.

This delayed response is a consequence of the above
mentioned long averaging time of the nephelometer and the
large dynamic range often present between upslope and
downslope flow. This is clearly evident for the case shown
in Figure 3 where DOY 80 having moderate upslope
aerosol is followed by DOY 81 with weak upslope aerosol.
Here the optical particle counter (OPC) data reveals that
downslope aerosol concentration for both nights are similar
while the corresponding oy, values (see circled pairs) differ
by a factor of about 5. In fact, the slope of the Gy, data
does not approach the slope in the aerosol volume data
until about 1800 hr (GMT) on DOY 81, about 36 hours
after the upslope peak on DOY 80. (The oy, value just
before DOY 82 is a zero test.) This reveals that an

unbiased comparison of Oy, with the aerosol mass from
which the o, signal is derived is only possible for about 3
hours out of the 48 shown. Moreover, this is only possible
because the upslope aerosol on DOY 81 was little enhanced
above free troposphere values.

The above observations have significant impact upon
attempts to relate the optical scattering of the acrosol to
aerosol properties at MLO. This is illustrated through our
attempt to establish the specific scattering coefficient for
sulfate (scattering coefficient divided by the mass
concentration - O4,/M) in the clean free troposphere since
this is a quantity of some significance to the assessment of
sulfur emissions upon climate [Charlson et al., 1991].
Here we will examine data during the "clean" part of the
year at MLO during the Mauna Loa Aecrosol Backscatter
Intercomparison Experiment (MABIE) carried out in
November of 1988. As indicated in Figure 1, fine particle
sulfate is the major contributor to 055 However, because
of the concerns mentioned above, we used only edited time
periods when the nephelometer was stable and unperturbed
by significant previous upslope aerosol. The result is
shown in Figure 4a. In order to convert the predominantly
sulfuric acid aerosol volume to mass, we have used our
laboratory derived diameter correction (division by 1.1)
due to the uptake of water at the typical downslope OPC
relative humidity of 10% at MLO and employed a density
of 1.8 g cm-3 to the resulting volume. A strong correlation
(r2 = 0.9) is evident between fine particle sulfate and o, at
550 nm although the intercept does not go through zero.
This is because some aerosol mass is present below the
lower limit of detection of the OPC at 0.15 pm resulting in
some scattering extinction due to fine particle mass not
observed by the OPC. Because G;,/M decreases rapidly for
decreasing size below 0.3 pm and because the mass mean
diameter tends to increase with concentration, the relative
contribution to Gy from these smaller aerosol decreases
rapidly as concentrations increase. Moreover, the slope of
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Fig. 2. Time series of 3-hour averaged values for fine and coarse acrosol volume, G, at 550 nm and alpha for period with moderate daily
upslope flow. Note slow decay of o, signal and alpha compared to fine particle mass.
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Fig. 3. Time series for DOY 81-82 as per Figure 2 showing the

gradual decay of Osp values over a 2-day period when the
intervening upslope perturbation is weak.

the regression line can be used to determine the 64,/M for
the aerosol resulting in a value of about 5.6 m2/g. Given
the 20% estimated uncertainty in the OPC measurement,
this tends to support the value of 5.0 m2/g recently
suggested [Charlson et al., 1991] for the remote
troposphere.

In contrast to the above edited data, Figure 4b shows the
data for downslope conditions between about 2200 and
0600 LST, similar to times often used for filter sampling
for aerosol chemistry (e.g., sulfate). Note that the "best
fit" regression line from Figure 4a falls along the upper
boundary of this data set and that these downslope values
show far greater scatter. The resulting 6,,/M that might be
derived from the 4b data would be both higher by about a
factor of two and more uncertain than Figure 4a. The
result of including both upslope and downslope data is
shown in Figure 4c. In spite of increased scatter, this plot
is more similar to the data in Fig 4b than 4a. This supports
the point made earlier that "downslope" Ogp values often
retain the influence of prior "upslope" values due to the
long averaging time.

3. CONCLUSION

These observations have important consequences for the
use and interpretation of MLO &, data. First, the common
occurrence of significantly enhanced upslope aerosol means
that for many nights a true minimum o value
corresponding to the actual clean free tropospheric aerosol
present at MLO will not be reached. Second, even for
those nights when the prior upslope aerosol concentration
was low, the decay to minimum G, may not occur until the
3-hour period just before the onset of upslope flow. This
may persist even though aerosol volume at MLO could
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have been low for over 12 hours. Third, these effects will
tend to make estimates of clean tropospheric scattering
values based upon MLO data systematically higher than is
warranted for the aerosol actually present. Fourth,
averages of other nightly downslope measurements (e.g.,
filter samples) that are frequently compared to averaged
downslope Oy, will include a scatter in the relationship that
may be appreciably influenced by the above effects.

This error in downslope values will be largest for periods
when the previous day's upslope aerosol scattering is
greatest. As a result, a careful evaluation of nephelometer
data is required if it is to be used or compared reliably with
other data representative of the clean free troposphere.
Recognition of this bias and its nature can make it possible
to stratify the oy, data in order to seek out times when the
Ogp values are most representative of the actual aerosol
present. Comparing data with simply the minimum Ogp ON
nights following a mild upslope aerosol influence is an
obvious possibility. Even after stronger upslope, the
evaluation of the slope of the oy, signal just before the
downslope minimum might provide a means of
extrapolating to the real oy, value.
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Improved MFOV Performance at Mauna Loa

PAUL F. HEIN, JOHN M. DAVIS, AND STEPHEN K. CoXx
Colorado State University, Department of Atmospheric Science, Fort Collins, Colorado 80523

1. INTRODUCTION AND BACKGROUND

The Multiple Field of View (MFOV) sunphotometer at
Mauna Loa Observatory was replaced in November 1992 in
order to improve the data quality. The instrument, which
basically consists of five coaligned silicon photodiodes,
each with a different field of view (fov), was originally
designed to infer the optical depth of clouds by utilizing
the information contained in the amount of scattering of
solar radiation into the different fov's. The instrument was
modified by using a different set of fovs and introducing a
slope angle into the design of the collimating tubes.
Additionally, the solar tracker was replaced. Results from
the new configuration are encouraging. Data analysis
algorithms are being improved with anticipation of adding
the ability to infer some information concerning the cloud
particle size,

The original approach is described in Hein et al.,
[1990], wherein the transmittance from a particular fov
T(fov) was described as resulting from attenuation of the
incident solar radiation by an atmosphere of optical
thickness 7 , and enhancement of the measured signal by
scattering from the same atmosphere into the fov, a process
which is assigned an optical thickness for scattering T,.

Or;
T(fov)= [1: -1, (fov)],

Monte Carlo modeling results for a Rayleigh atmosphere
indicate almost no enhancement by scattering into the
larger fields of view as shown in Table 1, which is also
being presented as a correction to a similar table presented
in the 1991 summary CMDL report. The previous year's

TABLE 1. Modeled transmittances for solar zenith angles
of 0°,15°,30°,45°, and 60° and optical depths derived
from the Langley method, for fields of view of
11.4°, 6.4°,4.1°,2.3° and 2.0°
and direct measurements

11.4° 6.4° 4.1° 237 2.0° Direct
0° 0.9327 09325 0.9324 0.9324 0.9324 0.9324
15° 0.9304 09303 09302 09302 0.9302 0.9302
30° 0.9227 09225 09224 09224 09224 0.9224
45° 0.9066 0.9063 0.9062 0.9062 0.9062 0.9062
60° 0.8710 0.8707 0.8705 0.8705 0.8705 0.8704
Tlang 0.0684 0.0686 0.0687 0.0687 0.0687 0.0688
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discrepancy resulted from a coding error. The table shows
modeled transmittances for a Rayleigh sky with a specified
optical thickness of 0.07, for solar zenith angles of 0, 15,
30, 45 and 60 degrees. The last row shows optical
thicknesses which are derived from the Langley method
using the modeled data. By taking ratios of modeled
(Monte Carlo) cloud transmittances, using the largest fov in
the denominator, it was found that a parameter a(t) could
be established such that;

T(fov) _ "
T(max)

xp[_a(t)(emx - efuv )]'

and that a(t) was nearly linear in T up to an optical
thickness of 10, at least for a stratocumulus base droplet
distribution. In theory, this provided a method to find the
optical depth from measured transmittances; however, in
practice such determinations were uncertain due to poor
solar tracking performance.

2. RECENT IMPROVEMENTS

The new instrument design appears to have improved its
performance. For example, Figure 1 displays
transmittances measured on a clear morning using the
signal of each detector. The Langley method was used to
determine "top of the atmosphere” values for the detector
voltages V,(fov), and the transmittances were calculated as
the simple ratio V(fov)/V,y(fov), where V(fov) is the
instantaneous voltage from the detector. The divergence of
the traces after 0900 LST may have resulted from thin
clouds, slight tracking misalignment, or changing detector
sensitivities; however, the spread in the transmittances
reaches a maximum of about 0.02 at local noon, and
scattering even by thin cloud cover is expected to produce
differences in the transmittances exceeding that value.

The MFOV was not designed to measure clear sky
scattering characteristics; however, typical clear sky optical
depths derived by the Langley method for the Spring of
1992 were 0.18. The standard deviation of the optical
thicknesses derived from the individual detectors on a
typical clear sky morning was 0.006. This degree of
stability is judged adequate for inference of thin cloud
optical thicknesses.

3. DATA ANALYSIS
The current method of inferring cloud optical thickness

differs somewhat from what is described above and
consists of the following procedure. First, curves of the
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Fig. 1. Transmittances determined from each fov for the moming of
Julian day 148.

natural log of the ratios of theoretically determined
transmittances are plotted as a function of the difference in
the detector fields of view for various optical thicknesses
using an assumed microphysical distribution. Figure 2
shows such a plot for a C.6 ice sphere distribution
characterized by a 20 pm modal radius. The smallest
optical depth corresponds to clear-sky conditions with a
moderate volcanic aerosol in the stratosphere.

Next, the natural log of the transmittance ratios from

the data are plotted in a similar manner, and an optical
thickness is inferred for each microphysical distribution
using the theoretical slopes associated each optical
thickness.  Finally, the derived optical thicknesses are
plotted against the corresponding optical thicknesses
determined from the transmittance as measured by the
smallest fov. An example is shown in Figure 3 for three
distributions using the data of Julian day 144, during a time
for which the data indicated thin cloud conditions. Three
droplet distributions have been used; the third distribution
is a modified C.6 for which the modal radius has been
adjusted from 20 to 30
pm. From this plot one would conclude that the cloud's
optical thickness varied between 0.2 and 2.0 and that it
consists of particles with an equivalent sphere modal radius
between 6 and 20 pm. Of course, as a rule it would be
advisable to apply the information from additional
distributions.
The advantage of this method of data analysis is that it
appears to allow simultaneous determination of both the
optical depth and some indication of an equivalent sphere
modal radius for the cloud.
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transmittance ratios used in the MFOV data analysis.

Julian Day 144 0900-1550 LT

3.0 _llll|'l"1'|Y! Ill||111]r11r-
i o C5(6um) ]
8 25 e C6(R0um)
é _:_ Y C6(30,u,m)5
£ 2.0 = & z .
S : 4
e WL :
2 L ]
— 10F B
o C ]
52, L ]
§ ost .
O‘O-%lllllll'llljlllllillll'l_[u:
Do 0.9 190 1.5 20 25 30
Optical Path from 2 FOV
Fig. 3. Optical thicknesses derived from transmittance ratios versus

those derived from extinction as measured by the smallest fov for three
microphysical distributions.



4. FUTURE DEVELOPMENT

Perhaps the most interesting feature of the current data
analysis is that the optical depth on the vertical axis is
derived solely from scattering information (since the
extinction optical depth subtracts out in the ratio), while
the optical depth displayed on the horizontal axis is derived
primarily from extinction information (this is the fov that
is least affected by reentry from multiple scattering). This
suggests that a more refined treatment may hold the
promise of also utilizing the single particle scattering
albedo as an upper limit constraint, which according to
ongoing analysis, would be given directly by the slope of
the line of best fit in a plot similar to Figure 3. Thus on
such a plot, the C.6 and modified C.6 lines would be

eliminated since they would infer a single particle
scattering albedo greater than unity.
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Atmospheric Methane at Cape Meares, Oregon

M.A K. KHALIL AND R.A. RASMUSSEN
Global Change Research Center, Department of Environmental Science and Engineering
Oregon Graduate Institute, Beaverton, Oregon 97006

1. INTRODUCTION

At Cape Meares, on the Oregon coast, we have taken
measurements of CHy for nearly 15 years starting in the
middle of 1978 and continuing at present. Numerous
experiments have been conducted at this station because it
is close to our laboratory and because it represents
background air of the middle northern latitudes. In these
latitudes, human activities have the greatest influence on
atmospheric composition which eventually spreads to all
parts of the world carried by the winds and atmospheric
turbulence.

Three major experiments have been conducted on CHy
at Cape Meares. The most elaborate is an automated high-
frequency measurement of atmospheric CH4 concentra-
tions. This experiment has produced more than 120,000
individual measurements of CHy. The early portion of data
first established the increasing concentration of CHy
[Rasmussen and Khalil, 1981]. The other two experiments
are to measure CHy in flask samples that are collected
every week at the site. One set of flasks is for our
research, which includes the analysis of more than 20 trace
gases in which the Cape Meares site is one of six globally
distributed locations. The other set of flask samples is
collected for the NOAA/CMDL program for the analysis of
CHy4, COy, and CO.

Here we describe briefly the continuous Cape Meares
data and how readers may obtain them for their own
research and, perhaps more important, to compare the
broader features of the trend found in the available CMDL
data with the results from the continuous measurements.
The details of the nature, interpretation, and environmental
implications of the continuous data set are discussed in our
recent papers [Khalil et al., 1993; Khalil and Rasmussen,
1993].

2. THE SALIENT RESULTS FROM CONTINUOUS
MEASUREMENTS

(a) The data provide detailed observed concentration of
CH, in the middle latitudes of the northern hemisphere as
shown in Figure 1. Pronounced seasonal variations are
apparent, as is the trend and decrease of the trend. (b) The
cycle amplitude increased during the course of
measurements (1979-1993). This finding is equivalent to
the fact that CH, increased most rapidly in winter and least
in late summer and fall. (c) The rate of increase of CHy
declined in recent years. The rate during the most recent
years is about half as large as in the early years of the
measurements. See also Khalil and Rasmussen (1993 and
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Fig. 1. High frequency measurements of CHy at Cape Meares,

Oregon, between 1979 and 1993.

elsewhere) and for the CMDL data, sec Steele et al. [1992].
(d) There are yet other variabilities that are not fully
understood at present. These include diurnal cycles during
fall and sub-monthly variabilities that may reflect seasonal
long distance transport.

The data provide definitive information on the sources
of CH4 in this region. De-convolutions of the
measurements to calculate emissions show that there are
significant seasonal variations. The observed seasonal
cycle of CHy is therefore caused not only by the cycles of
OH that remove CH, from the atmosphere but also the
seasonal cycles of emissions.

3. THE TRENDS AND DECLINE IN THE
ACCUMULATION RATES

To verify the trends seen in the continuous data, we
constructed an independent data set. It consists of two
other primary data sets. The first is the flask sampling data
of the CMDL from Cape Meares, Oregon, which is one of
the 20 or so sites in their network. The other set is from
the analysis of air stored in large 36-L stainless steel tanks.
We recently analyzed 217 such air tanks over a 6-week
period referenced against a single standard (NBS-982). It
has been shown in numerous experiments that CHg
concentrations remain stable in such tanks for decades [see
Khalil et al, 1993, for recent results]. The time series
obtained from this instantaneous analyses we believe
accurately represents the trends of the past.

There was a good distribution of air before 1984, and
some air was also available for more recent times. But for



the crucial period of 1985-1989 when major changes of
trends took place, there was almost no stored air.
Fortunately the CMDL flask sample data were available for
this period. Therefore, the two data sets that separately
were not sufficient for comparisons with the long time-
series of continuous measurements, together become most
useful in verifying the trends in the continuous data. These
comparisons are shown in Figures 2 (concentrations) and 3
(running slopes over 3-year periods). The continuous data
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Fig. 2. Monthly average concentrations of the continuous

measurements and the composite independent data described in the
text. The composite data are taken at much lower frequency than
the continuous data.

24
( —©— Continuous
-~+-- Stored &
G
> 187
>
)
B
&
3
0 127
°
6 . . ; i e A
80 82 84 86 88 90

Time

Fig. 3. Trends of methane over 3-year overlapping periods of time.
The graph shows the slowdown of methane trend during the course
of the experiment.
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and the composite data (CMDL and stored air) agree very
well, showing that CH4 has probably decreased from about
20 ppbv yr'! down to 10 ppbv yr-l. The somewhat abrupt
timing of this change is also supported by both data sets.
These results lend support to the accuracy of the continuous
data from Cape Meares, which are, as mentioned earlier,
extremely detailed and contain much more information than
the composite data or the flask sampling data in general.

4, How TO GET THE DATA

The data are archived at the Carbon Dioxide
Information and Assessment Center (CDIAC) and may be
obtained from CDIAC, Oak Ridge National Laboratory,
Oak Ridge, TN 37831-9984. The data at CDIAC are in
three tables that can be directly retrieved into the computer.
Table 1 contains time and continuous data in ASCII format.
Table 2 contains the time, daily average concentration,
standard deviations (of daily concentrations), number of
data during each day, and a column with interpolated data.
The interpolation is used to fill gaps when samples were
not collected. Table 3 contains monthly average data. The
primary references for this data set are Khalil and
Rasmussen [1993] and Khalil et al. [1993].
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Radioactivity in the Surface Air at BRW, MLO, SMO, and SPO During 1992
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1. INTRODUCTION

Hi-volume air filter samples are routinely collected by
CMDL personnel at BRW, MLO, SMO, and SPO for EML's
Surface Air Sampling Program (SASP). The primary
objective of this program is to identify and study the
temporal and spatial distribution of specific anthropogenic
and natural radionuclides in the lower troposphere. Of the
radionuclides  that are analyzed by gamma-ray
spectrometry, only the naturally occurring radioisotopes
"Be and 210Pb are still readily measured in most of the
filter samples. Beryllium-7 (T}, = 53.2d) is produced by
cosmic-ray interactions in the upper troposphere and the

stratosphere and 210Pb (T;p = 22.3 years) is a decay
product of 222Rn, a noble gas that diffuses from soils.
Because of their distinctly different source regions, these
radioisotopes may serve as excellent tracers for air masses
of upper and lower tropospheric origin. Therefore, they are
quite useful in studies of atmospheric transport processes.

2. MATERIAL AND METHODS

Weekly air filter samples are continuously collected
using Dynaweb filter material. The air samplers move
~1700 m3 of air per day through a 20.3-cm diameter filter.
The weekly filter samples collected at BRW and MLO are

TABLE 1. Monthly Surface Air Concentrations of Radionuclides at BRW, MLO, SMO, and SPO During 1992

Site Nuclide Jan. Feb. March  April May June July Aug. Sept. Oct. Nov. Dec.
BRW  Gamma (cpmm3) <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001
MLO Gamma (cpm m-3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SMO Gamma (cpm m-3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SPO Gamma (cpm m-3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
BRW "Be (mBq m-3) 2.0 22 20 23 1.7 <0.4 0.8 0.7 0.7 1.0 1.2 22
MLO 7Be (mBq m-3) 58 6.6 13 92 58 8.3 6.8 4.0 33 4.1 4.8 43
SMO 7Be (mBq m-3) * 1.4% 1.5 1.2 26 27 22 1.8 28 3.1 1.8 1.6
SPO 7Be (mBqm-3) 34 4.2% 25 2.0% 33 24 19 1.8 2.0 26 3.5 4.7
BRW 95Zr (uBgm-3) <4.5 <7.0 <8.9 <20. <8.4 <30. <8.6 <34 <19. <l9) <8.0 <12.
MLO 95Zr (uBq m3) <20. <9.4 <11. <16. <l4. <l13. <1.0 <15. <18. <59. <76. <20.
SMO 95Zr (LBg m-3) = <38. <ll. <13. <13. <28. <1.0 <24. <18. <14. <29 <9.1
SPO 957Zr (WBgm3) <100. <100. <100. <75. <87. <69. <40. <20. <15. <12 <10. <6.1
BRW 137Cs (WBqm3) <1.2 <l.1 <12 <l.5 <l.1 <25 <0.7 <0.6 <2.1 <1.1 <0.7 <1.5
MLO 137Cs (uBqm3) <29 <2.1 <1.0 <23 <24 <2.1 <l.4 <22 <3.0 <3.8 <57 <4.2
SMO 137Cs (WBq m3) ¥ <3.0 <23 1.5 <13 <1 <0.8 <1.4 <2.3 <1.4 <0.6 <2.8
SPO 137Cs (uBgm3) <37 <1.3 <24 <1.8 <1.8 <2.7 <1.9 <1.2 <1.2 <1.8 <20 <1.7
BRW 144Ce (uBgm3) <52 <5.5 <6.1 <8.2 <54 <13, <3.9 <27 <ll. <5.6 <33 <11
MLO 144Ce (WBqm3)  <12. <l11. <4.0 <l13. <12, <ll. <53 <1I. <12 <23. <30. <18.
SMO 184Ce (UBqm?)  * <17. <l11. <5.1 <54 <10. <39 <82 <l12. 5 <2.1 C 0
SPO 144Ce (WBqm3) <24, <8.0 <18. <9.6 <13. <18. <12. <5.5 <5.1 <8.5 <9.2 <1.9
BRW 210Ph (mBqm3)  0.78 1.07 0.78 0.48 0.277 0.08% 0.07¢ 0.067 0.087 0.29 0.38 1.27
MLO 2L0Ph (mBqm3) 031 036 056 0.63 0.43 0.48 039 0.16 0.20 0.15 0.19 0.137
SMO 20Pb (mBgqm3) * 0.04% 0.02f 0.04 0.07 0.09% 0.047 0.06 0.09t 0.11 0.06 0.057
SPO 210 (mBqm-3) 0.05f 0.02f 001+ 0.01% 0.03+% 0.03% 0.02% 0.01% 0.01% 0.01§ 0.01§ 0.037
*No data

Uncertainty is <20% except:
FUncertainty is between 20% and 50%
iUncertainty is between 50% and 100%
§Uncertainty is greater than 100%
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analyzed by gamma-ray spectrometry using a high-purity
germanium (HPGe) detector with a 1.5 cm diameter well.
The individual weekly samples from SMO and SPO are not
routinely analyzed. A monthly composite sample for each
site was formed by adding together one half of each of the
weekly filter samples. These monthly composite samples
are compressed into 45-cm3 plastic planchets and are
routinely analyzed for several gamma-ray emitting
radionuclides using either n-type low-energy coaxial, high-
purity germanium (HPGe) detectors or p-type coaxial high-
resolution, germanium lithium or HPGe detectors. Detailed
information on SASP is periodically published [Larsen and
Sanderson, 1991].

3. RESULTS

The results of the analyses of several radionuclides and
the total gamma-ray activities for the monthly composite
samples from filters collected at BRW, MLO, SMO, and
SPO during 1992 are reported in Table 1. The total
gamma-ray aclivities are reported in units of counts per
minute (cpm) per cubic meter of sampled air referenced to
15°C and 1 Atm. The surface air concentrations of "Be and
210Pb are reported in millibecquerels (mBq) per standard
cubic meter of air, and 95Zr, 137Cs, and 144Ce are reported
in microbecquerels (Bq) per cubic meter of air referenced

103

to 15°C and 1 Atm. The concentrations are reported as
corrected for radioactive decay to the midpoint of the
month of collection. The results of the analyses on the
weekly samples from BRW and MLO are presently being
prepared for publication as an EML report.

4. DISCUSSION

There were no reported significant releases of radioactive
materials into the atmosphere during 1992, and the
concentrations of fission products such as 95Zr, 137Cs, and
144Ce were at or below the lower limits of detection for the
analytical and sampling techniques that we currently use to
measure them. The seasonal cycles of 7Be and 210pp
continue to follow those observed in previous years.

Acknowledgment. We wish to thank the NOAA CMDL staff at
BRW, MLO, SMO, and SPO for the collection of air filter samples
for the SASP.
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Tomsk-7 Debris at BRW: Detection and Transport

H. N. LEE, R. J. LARSEN, AND C. G. SANDERSON
Environmental Measurements Laboratory, U.S. Department of Energy, New York, New York 10014-3621

1. INTRODUCTION

On April 6, 1993, radioactivity was accidently released
into the atmosphere during an explosion and fire at a
reprocessing plant in the Tomsk-7 military nuclear complex
located 16 km north of the Siberian city of Tomsk. About
40 Ci (19.9 TBq) of beta-gamma radionuclides were
released into the atmosphere. The isotopic composition of
the beta-gamma radionuclides at the time of the accident
was reported by the JAEA [1993] to be 43.2% 95Nb, 35.3%
106Ru, 18.7% 95Zr, 2.7% 103Ru, <0.1% 137Cs, with traces
of 90Sr.

2. MATERIAL AND METHODS

Week-long, high-volume air filter samples are routincly
collected by CMDL personnel at BRW, MLO, SMO, and
SPO for EML's Surface Air Sampling Program. The
primary purpose of this program is to study the temporal
and spatial distribution of specific natural and
anthropogenic radionuclides in the surface air. Following
notification of the accident, air filter samples collected at
BRW were express mailed to EML and were immediately
analyzed for gamma-ray emitting isotopes. The samples
were collected on Dynaweb filters, which have an effective
exposure area of about 266 cm2, at a flow rate of ~1.5 m3
min-l. A 65.3 cm? section of each filter was removed and
compressed into a 1-2 em3 cylinder and analyzed by
gamma-ray spectrometry using a 320 cm3 high-purity
germanium well detector.

3. RESULTS AND DISCUSSION

The fission products 95Nb and !196Ru were first detected
in the BRW sample collected from April 15-21. The
surface air concentrations of these isotopes inferred from
this sample were 2.2 and 15 uBq m-3, respectively, at the
midpoint of collection. In the sample collected from April
21-30, 95Zr and 193Ru were detected in addition to 93Nb
and '96Ru. The surface air concentrations of 95Zr, 103Ru,
95Nb, and 106Ru infcrred from this sample were 1.2, 0.8,
2.8, and 16 uBq m3, with counting
uncertainties at 1 sigma, between 10% and 30%. No
fission products were detected in the sample collected from
April 30-May 8. These results have been submitted for
publication [Larsen et al., 1993].

To understand the global transport of these isolopes, a
three-dimensional trajeclory model was developed 1o
calculate the transport paths of the radionuclides released

respectively,
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during the accident. The trajectories were calculated based
on the wind forecast generated by the global model
operated at the National Meteorological Center, Camp
Springs, Maryland. The 12-hr analysis wind data at grid
intervals of 2.5 degrees for the 1000-, 850-, 700- and 500-
mb in the northern hemisphere were used in this study.
Figure 1 presents two trajectories, computed at each 3-hr
interval, showing the transport paths, from April 6-30, for
radionuclide particles released near the Tomsk-7 site on
April 6. The computations start at 875-mb (solid line) and
835-mb (dotted line). This figure shows that the debris
initially moved in a northeastern direction. Then, the
debris meandered around at 80 degree latitude above the
Arctic Occan before finally moving southward, passing
near the sampling station at BRW. The estimated arrival
times for these trajectories at BRW, April 17 (835-mb) and
April 27 (875-mb) are consistent with the arrival times
estimated from the measurements. The debris followed
different trajectories, depending on the initial time and
location assumed for the released radionuclide particles.

Fig. 1 Trajectories of radionuclides released at the Tomsk-7 site.
The release heights are 875-and 835-mb for solid and dotted lines,
respectively.  The star represents the sampling site at Barrow,
Alaska.



We have computed additional trajectories showing the
transport of the Tomsk-7 debris to Greenland and to central
and eastern Canada, where we also have detected traces of
Tomsk-7 debris.

The concentrations of these fission products are
extremely low and are of no dosimetric significance to the
residents of Barrow. For example, we estimate the
maximum increase in the daily external radiation exposure
rate resulting from these fission products was less than
1/100th of a percent.

Acknowledgment. We wish to thank Dan Endres for coordinating
the collection and mailing air filter samples 1o EML.
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Ultrahigh Resolution Infrared Solar Spectra from Mauna Loa Observatory

FRANK J. MURCRAY, SHELLE J. DAVID, RONALD D, BLATHERWICK, AARON GOLDMAN, AND DAVID G. MURCRAY
University of Denver, Department of Physics, Denver, Coloarde 80208

1. INTRODUCTION

An ultrahigh resolution (0.0035 cm-!1) FTIR system was
installed at the Mauna Loa Observatory (MLO) in May
1991. It was run routinely once per week by the MLO staff
since November 1991. This instrument is serving as a
prototype for the solar absorption FTIR instrument that will
be used in the Network for Detection of Stratospheric
Change. The instrument and analysis procedure were
described in last year's Summary Report (Ferguson and
Rosson, 1992).

During 1992, University of Denver (DU) personnel
operated and adjusted the equipment during a 1-week period in
January. In May and June, the quality of the data slowly
degraded until it was not usable. DU personnel returned to
MLO and found that a set screw holding the solar tracker in
position had became loose. The screw was tightened and the
system ran fine. In October, one of the instrument's power
supplies failed. A new power supply was installed in
December. Throughout the rest of the year when everything
was running properly, MLO staff operated the instrument on a
once-per-week  basis  (usually Wednesdays),
permitting.

This instrument currently measures the spectrum in the 750
10 1250 cm-! (8 10 13 micron) band and the 2500 to 3100 ¢m-!
(3 10 4 micron) band. Total column amounts of HC1, HNO;,
Oy and N,O are currently processed routinely.
software for many of the other gases are under development.
Last yecar we presented results pertaining to HCl and HNO;.
This year we will focus on our O3 and N,O results.

weather

Retrieval

2. ANALYSIS

The procedure for analyzing data is the same as
described last year. A small section of a MLO spectrum
fitted to a calculated spectrum, around 1163 cm-!, is shown
in Figure 1. The ozone spectral lines were chosen to be
isolated and only weakly temperature dependent. The
fitted spectral region includes two prominent ozone
absorptions and a strong line due to N;O. The difference
between the observed and calculated spectra is shown
below the spectra on an expanded scale. The residuals
appear to be random, indicating that the fit is good down to
the noise level of the instrument. The initial profile used in
fitting the ozone was based on an average of the ozone
sonde data provided by 8. (personal
communication).
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Fig. 1. The top panel shows a portion of the spectrum in the 750 to
1250 e¢m! band, which is analyzed for O3 and N;O. The N,O line
is the broader line near the center of the region, sharper Og lines are
on either side. The observed spectrum is the dotted line, the best fit
calculated spectrum is the solid line. The bottom panel shows the
difference between the observed and calculated on an expanded
scale.

3. DISSCUSSION

Figure 2 shows the total column ozone measured by FTIR
and by the Dobson for January 1992-January 1993. Except
when the instrument was down, there is FTIR data for almost
every week. The data are plotted to show the natural
variability as well as to compare the FTIR and Dobson results.
Using only the days where measurements were made using
both techniques (29 days), the mean total ozone column
determined by the FTIR is 4.6% lower than the Dobson. After
raising the FTIR results by 4.6%, the RMS difference between
FTIR and Dobson is 2.7%. Considering the two techniques
differ widely in instrumentation, analysis and spectroscopy, the
agreement between them is extremely good.
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Figure 3 shows the total column of N;O measured by
FTIR. We have not yet carried out a detailed study of the
error budget in this analysis; however, retrievals of N,O
are consistent within about 2.5% (RMS).

We are still trying to understand the remaining
differences between the Dobson and FTIR, even though the
agreement is already very good. Possible systematic
differences include different response to tropospheric
ozone.
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Fig. 3. Total column N,O as measured by the FTIR. There is a
slight indication of a possible seasonal effect, possibly related to the
tropopause height.
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indebted 10 Bob Uchida for collecting most of the data every week
and letting us know when problems arise with the instrument.
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Advanced Global Atmospheric Gases Experiment (AGAGE)
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CSIRO, Division of Atmospheric Research, Victoria, Australia 3195

P.G. SIMMONDS
University of Bristel, School of Chemistry, Bristol, United Kingdom BS8 ITS

1. INTRODUCTION

In this global network program, continuous high-
frequency gas chromatographic measurements of two
biogenic/anthropogenic gases (CHg, N;O) and five
anthropogenic  gases  (CFCl;, CF,;Cl;  CH;CCls,
CF,CICFCl,, CCly) are carried out at globally distributed
sites in order to quantitatively determine the source and
sink strengths and circulation of these chemically and
radiatively important long-lived gases. The program that
started in 1978 is conveniently divided into three parts
associated with three changes in instrumentation: the
Atmospheric Lifetime Experiment (ALE) that utilized
Hewlett-Packard HP5840 gas chromatographs, the Global
Atmospheric Gases Experiment (GAGE) that utilizes
HP5880 gas chromatographs, and the Advanced (AGAGE)
phase that has recently started using a new fully automated
system from the Scripps Institution of Oceanography (SIO)
containing a custom-designed sample module and HP5890
and Carle Instruments gas chromatographic components.

The current station locations are Cape Grim, Tasmania
(41°S, 145°E); Point Matatula, American Samoa (14°S,
171°E), Ragged Point, Barbados (13°N, 59°W), and Mace
Head, Ireland (53°N, 10°W). Stations also previously
existed at Cape Meares, Oregon (45°N, 124°W) and
Adrigole, Ireland (52°N, 10°W). The current Mace Head
station replaced the Adrigole station, and a station is
planned at Trinidad Head, California, (41°N, 124°W) to
replace Cape Meares.

2. 1992-1993 UPDATE

The data for the seven long-lived gases measured in
GAGE during 1992-1993 continue to generally be of good
quality. Two publications have appeared or are about to
appear describing and analyzing the data. First,
measurements made between 1978 and 1990 of the
anthropogenic chemical compound 1,1,1-trichloroethane
(methyl chloroform, CH;CCl;) show it increasing at a
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global average rate of 4.4 £ 0.2% per year (16) over this
later time period. The measured trends combined with
industrial emission estimates, are used in an optimal
estimation inversion scheme to deduce a globally averaged
CH3CCl; tropospheric (and total atmospheric) lifetime of
5.7 (+0.7, -0.6) years (10) and a weighted global average
tropospheric hydroxyl radical (OH) concentration of 8.7
+1.0 x 105 radical cm-3 (16). Inclusion of a small loss rate
to the ocean for CH3CCl; of 1/85 year-! does not affect the
stated lifetime but lowers the stated OH concentration to
8.1 £ 0.9 x 105 radical cm-3 (1¢). The rate of change of the
weighted global average OH concentration over this time
period is determined to be 1.0 £ 0.8% per year (1o) which
has major implications for the oxidation capacity of the
atmosphere and more specifically for methane (CHy),
which like CH3CClj is destroyed primarily by OH radicals.
The CH3CCl; measurements at Samoa show remarkable
sensitivity to the El Nifio-Southern Oscillation (ENSO) that
is attributable to modulation of cross-equatorial transport
during the northern hemisphere winter by the interannually
varying upper tropospheric zonal winds in the equatorial
Pacific. Thus measurements of this chemical compound
have led to the discovery of a previously unappreciated
aspect of tropical atmospheric tracer transport [Prinn et al.,
1992].

Second, 13 years of ALE/GAGE CCI3F and CCl)F,
measurements have also been analyzed. Comparisons are
made against shipboard measurements by the SIO group
and archived air samples collected at Cape Grim,
Tasmania, since 1978. CCI3F in the lower troposphere was
increasing at an average rate of 9.1 ppt yr-! over the period
July 1978 to June 1988. CCl;F, was increasing at an
average 17.4 ppt year! in the lower troposphere over the
same period. However, between July 1988 and June 1991
the increases of CCl3F and CClyF; in this region have
averaged just 6.9 ppt year! and 15.7 ppt year!
respectfully. The rate of increase has been decreasing 2.4
ppt year-2 and 2.9 ppt year-2 over this 3-year period. On
the basis of recent scenarios of the worldwide releases of



these compounds and using the calibration scale SIO 1986,
the equilibrium lifetimes are estimated to be 49:?? years

and 150°33° years for CCI;F and CCl;F, respectively.

Using these lifetime estimates and a two-dimensional
model, it is estimated that global releases of these two
chlorofluorocarbons in 1990 were 242 + 20 x 106 kg for
CCl4F and 367 + 29 x 106 kg for CCl3F,. It is also
estimated that  combined  releases of these
chlorofluorocarbons in 1990 were 21 + 4% less than those
in 1986. Slightly different estimates of lifetimes and
emissions are obtained using new SIO 1993 calibrations
[Cunnold et al., 1993].

Operations at the American Samoa CMDL Observatory
will soon make the transition from the GAGE instrument to
the new AGAGE system. During 1992 the GAGE HP5880
continued to be operated by the CMDL station personnel in
collaboration with the SIO group. Operations were
generally smooth and uneventful except for two significant
problem periods. In the aftermath of Hurricane Val
(December 1991), the island electrical power was
extremely unreliable and the station's generating system
was severely taxed. Although the GAGE instrument
operates on an uninterruptible power supply, the island
power is so unreliable that we have decided not to risk
uncontrolled shutdowns by operating the GAGE instrument
when the station generator is not working.  Station
generator problems resulted in the suspension of operations
for 11 days in early January and again for 9 days at the end
of January. The second major problem was the erratic
performance of the GAGE air sampling system between
August and October. During this period there were several
problems with failures of the metal bellows air sampling
pump that were ultimately traced to a clogged inlet filter
and approximately 2 months of data were lost.

The new instrument systems for AGAGE represent a
significant technological advance. All operations and data
acquisition are by a Sun Microsystems workstation
computer using custom runfile architecture, signal
processing and integration routines, and storing all the data
and chromatograms digitally. The instrument measures its
own non-linearity for all the AGAGE gases on a regular
basis using a pressure-programmed constant-volume
injection system and a single gas standard. All channels of
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the instrument are fitted with precolumns to avoid column
contamination by late-eluting gases, and as a result the
frequency of measurement was increased three-fold versus
GAGE. Precision is also greatly improved over the GAGE
instruments, with 10 relative precisions on the order of
0.05% for the rapidly eluting gases CHy, CCI;F;, N3O, and
CCI3F. The system works interactively with its
uninterruptible power supply so that controlled shutdown
and startup of the entire instrument and sampling system
arc assured when there are extended power outages. The
first AGAGE field instrument is now in operation at Cape
Grim, and the instruments for Samoa and the other stations
will be installed during the coming year.

3. DATA ACCESS

The ALE/GAGE/AGAGE data are archived at the
Georgia Institute of Technology and are available to
interested scientists. Potential users of the data should
contact Fred Alyea (Internet: alyea@eas.gatech.edu,
telephone: 404-894-3815). Generally, monthly means and
standard deviations can be immediately transferred
electronically. Transmission of the full data set (4-12
measurements day-! for each compound at each station for
all years beginning 1978) will require consultation.

Acknowledgments. The AGAGE is supported by NASA Grants
NAGW-732 and NAGW-2034, NOAA Contract NAB5-RAC05103,
CSIRO, Australian Bureau of Meteorology, and the U.K.
Department of Environment. We thank the NOAA siaff a1 Samoa
for their continued excellent local support for our instrumentation
there.
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The 13C/12C of Atmospheric Methane

PAUL QUAY, JOHN STUTSMAN AND DAVID WILBUR
School of Oceanography, University of Washington, Seatile, Washington 98195

1. INTRODUCTION

For the past 5 years we have been measuring the 13C/!12C
of atmospheric CH4 on air samples collected at three
CMDL sites (BRW at 71°N 156°W, MLO at 19°N 155'W,
and SMO at 14°S 170°W) and on the Washington coast at
48°N 126" W.

The 13C/12C of atmospheric CHy; is a tracer that can
distinguish between CH, input from bacterial and non-
bacterial CH4 sources. Bacterial CHy4 is microbially
produced in anoxic environments likes swamps, bogs, rice
paddies, and the rumens of cows. Non-bacterial CH,
sources include thermogenically produced natural gas and
CHy4 produced during the incomplete oxidation of plant
material during biomass burning. Bacterial CH4 has a §13C
of about -60%00 (versus PDB) whereas the §!3C of natural
gas and CH, produced from biomass burning are about -40
and -27% oo, respectively [Quay et al., 1991].

The spatial and temporal variations in the 13C/12C of
atmospheric CH4 depend on the variations in the relative
strength and 13C/12C of the CHy sources and sinks. Over
interannual time scales, the change in the 13C/12C of
atmospheric CH4 indicates changes in the source
composition, i.e., the relative strength of bacterial versus
non-bacterial CHy sources. Because CHy will likely
contribute about 15% of the radiative forcing during the
next century [Wigley and Raper, 1992], it is important to
quantify the strength of the individual CH4 sources,
currently known to about £50%, and to determine whether
the CH,4 source strengths are changing with time. This
latter point has been underscored by the recently observed
slow down in the rate of CH4 increase in the atmosphere
[Steele et al., 1992]

2. METHODS

The air samples are collected, at approximately 2-week
intervals, using pre-evacuated stainless-steel flasks either
15 or 30 L in volume. The CHy is extracted from air in our
laboratory using the procedure developed by Stevens and
Rust [1982]. Briefly, the air is metered into a high vacuum
extraction line through a series of liquid nitrogen traps to
remove H,0, CO,, and N,0. The air then passes through a
bed of Schutze's reagent, 1,05 on silica, to oxidize CO to
CO; that is trapped cryogenically. Then the CHj4 in the air
is combusted over platinized silica at 800°C to CO, which
is then trapped cryogenically. The yield of the procedure,
determined from standards, is 100 £ 2% (n = 114). The
13C/12C of the CO, derived from CH, is measured on a
Finnigan MAT 251 gas ratio isotope mass spectromeler.

The overall measurement precision is about +0.1%/00. We
obtain a 813C of -41.73%00 (versus PDB) for NBS-16.

3. RESULTS AND DISCUSSION

The seasonal cycle in the 813C of CHy is greatest at 71°N
(BRW), with an amplitude of ~0.6°/0o0 and decreases
southward to 14°S (SMO) where we measure no significant
seasonal trend, i.e., <0.1%00 (Figure 1). The seasonal
trends at 71°N and 48°N can be approximated roughly by a
single harmonic with an annual period. Episodes of high
CH4 concentrations associated with very depleted 813C
values occur at these two sites in September-October of
each year. Generally at the northern hemisphere sites the
lowest 813C values occur in the fall and the highest values
occur in the summer.  This trend toward enriched
summertime 813C values is expected if CH4 oxidation by
OH primarily controls the seasonal cycle because the 12CHy
molecules react at a slightly faster rate (1.005x) than the
13CH4 molecules [Cantrell et al., 1990]. The annual mean
813C values increase southward from about -47.8%00 at
71°N 1o -47.3%/00 at 14°S.

We calculate a global average 813C of CHy of about
-47.5%00. The mean global 8!3C value, when combined
with the 14C content of atmospheric CHy4, yields an
estimate of the proportion of bacterial versus non-bacterial
CHy source strengths [Quay et al., 1991]. We estimate that
bacterial CH, sources contribute ~70%, fossil CHy4 sources
~20%, and biomass burning ~10% of the total CH, input.

Although the seasonal cycle in 8!3C dominates the time
series measurements, there is evidence for a slight
interannual trend. Measurements at all four time series
locations indicate an increase in §!3C, and when combined,
yield an average rate of approximately 0.04 + 0.02%00 per
year. Measuring the interannual change in the 813C of
atmospheric CHy over the longer term will be a useful
indicator of changes in the proportion of bacterial and non-
bacterial CH, inputs.
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Non Seasalt Sulfate to Methanesulfonate Ratios at American Samoa

DENNIS L. SAVOIE AND JOSEPH M. PROSPERO
University of Miami, Rosenstiel School of Marine and Atmospheric Sciences
Division of Marine and Atmospheric Chemistry, Miami, Florida 33149-1098

1. INTRODUCTION

A major goal of our cooperative work at SMO is to more
rigorously define the sources, atmospheric transport
pathways, and fluxes of particulate nitrogen and sulfur
species in the remote marine atmosphere. As a major
component of aerosols, non seasalt (nss) SOZ is believed
to play an important role in the radiation balance of the
atmosphere as well as in the acidity of atmospheric
particles and precipitation. Estimates of the absolute
and/or relative contributions of the marine and continental
sources to the total nss SO concentration require an

independent estimate of the amount of nss SO derived

from at least one of these two sources. Methanesulfonate
(MSA) has frequently been used as a tracer for the marine
biogenic component because its dominant source over the
ocean is believed to be the oxidation of dimethylsulfide
(CH3SCHjy, DMS). However, there has been some concern
that the (DMS) derived nss SO;/MSA ratio may vary
significantly in both time and space. The best locations to
assess the variation in the DMS-derived nss SO;/MSA ratio
are those in regions that are minimally impacted by
continentally-derived material either anthropogenic or
natural; SMO appears to be one such location. In this
report, we use the results from 149 more recent samples in
addition to the original 22 of Saltzman er al. [1985] to
assess the variations in the relative concentrations of MSA
and nss SO at SMO. The more recent data are from 96
weekly samples collected from January 3, 1990, through
May 6, 1992, and from 53 daily samples collected in
conjunction with the NASA GLOBE aircraft missions of
November 1989 and May 10 to June 10, 1990.

The aerosol samples were collected by drawing air
through 20 X 25-cm Whatman-41 filters at a nominal flow
rate of 1.1 m3 min-!. The sampling pumps are controlled
by wind sensors that activate the pumps only when the
wind is off the ocean at speeds greater than 1 m s-1. Milli-
Q water extracts of quarter-sections of the filters were
analyzed for SO; and MSA (1c uncertainties = 5%) using

suppressed ion chromatography and for N} (1o uncertainty =
Nss SO is the
difference between total SO; and seasalt SO7, the latter
being calculated as total N} times 0.2516, the SOZ/N}

mass ratio in bulk seawater. The results from an intensive
study of concurrent samples collected on Barbados indicate
that the uncertainties in a given interspecies ratio are about
2-5% and are attributable almost exclusively to the
imprecisions in the chemical analyses.

2%) using flame atomic absorption.
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2. RESULTS

The mean concentrations of nss SO; and MSA for a
variety of periods are presented in Table 1. A similar mean
nss SO} concentration, 0.36 pg m-3, was reported by
Savoie et al. [1989a,b] for 215 samples. Even the
comparatively small data set (n = 22) used by Saltzman et
al. [1985] provided comparable means: 0.41 pg m-3 for nss
SO and 26 ng m-3 for MSA. The seasonal cycles of nss
SO; and MSA are indicated by the seasonal averages listed
in Table 1. The nss SOj seasonal cycle is virtually
identical to that which was based on the 1983 through 1987
samples [Savoie et al., 1989b]. Perhaps partially as a
consequence of the more limited data set, there is no
clearly coherent pattern in either the monthly or the
seasonal averages for MSA.

The coefficients of determination (r2) between MSA and
nss SO are clearly significant: 0.66 for all of the weekly
averages; 0.64 for November 1989 daily samples; and 0.83
for May-June 1990 daily samples. Using a least-squares
regression technique that takes into account the errors in
both variables, the 127 weekly averages for nss SO} and
MSA yield the following equation:

nss SO = 15.6 (£3.5) MSA + 0.047 (£0.089) (1)
where all concentrations are in plg m-3 and * indicates the
95% confidence intervals. Excluding the intercept (which

is not significantly different from zero) yields the
following relationship:
nss SO; =17.9 (£2.7) MSA (2)

For the 127 weekly averages, the geometric mean (GM)
ratio (18.1 + 0.9) is virtually identical to the MSA
regression coefficient in eq. (2) and to the results obtained
if all of the daily samples are considered separately rather
than combined into weekly averages. The results from the
composited seasonal data sets clearly indicate that there is
no consistent seasonal variation in the nss SO /MSA ratio.
Moreover, the GM ratio for all of the 53 daily samples
considered collectively (GM = 17.4; standard geomeltric
deviation (SGD) = 1.346; median = 17.3) does not differ
significantly from those for the overall or seasonal data
sets even though there appear to be differences between the
two daily sets.

The overall variance in the measured nss SOz /MSA ratio

includes two principal components: (1) the variance due to



TABLE 1.

Mean Concentrations (Standard Deviation, N) of Nonsea-Salt (nss) SO; and MSA and Statistics

of the nss SO;/MSA Ratio at American Samoa for Various Time Periods.

NSS SO MSA NSS SO; /MSA Ratio
Data Set pg m-3 ng m-3 N GM SGD
All weeky averages 0.371 (0.160, 393) 229 (10.6, 128) 127 18.07 1.328
All individual samples, 171 18.06 1.373
1983-1992
Seasonal Using Weekly Averages
Dec., Jan,, Feb. 0.411 (0.174, 78) 229 (8.0, 21) 21 17.46 1.230
March, April, May 0.340 (0.165, 99) 219 (11.6, 36) 36 18.14 1.306
June, July, Aug. 0.320 (0.133, 107) 22.8 (12.1, 33) 32 17.50 1.382
Sept., Oct., Nov. 0.421 (0.148, 109) 23.8 (9.9, 39 38 18.84 1.354
Daily Samples
Nov. 1989 0.366 (0.177, 25) 17.7 (8.0, 25) 25 20.13 1.373
May-June 1990 0.444 (0.227, 28) 29.9 (16.5, 28) 28 15.25 1.229

N = Number of data, GM = geometric mean, SGD = standard geometric deviation

the random errors in the measured concentrations of SO7,
N7, and MSA; and (2) the variance in the actual nss
SO7 /MSA ratio in the atmosphere. Because the frequency

distribution of the ratio is lognormal, we assess the
variance in the natural logarithm of the ratio (In R) which
exhibits a normal distribution. In this case, the appropriate
equation is:

InR = In (nss SOZ) - In (MSA) (3)

and propagation of errors yields the following estimate for
the variance in InR that arises solely as a consequence of
the analytical variance (a) of SO, N7, and MSA:

o?[InR,a] = ¢2[In (nss SO3), a] + 62[In (MSA), a] (4)
which can be calculated from the following:

o2[In(MSA), a] = 62[(MSA), a]/(MSA)? =

(5)
(0.05*MSA)2/ (MSA)2 = 0.0025

o2[In(nss SO3), a] = 62[(nss SO3), a]/(nss SO;)2 (6)
o2[(nss SO3), a] = (0.05*S03) 2 + (0.02*%0.2516*N})2 (7)

where the constants 0.05 and 0.02 represent the analytical
uncertainties for MSA, SO3, and NI, respectively.

For all sample sets that were examined, the variance of
the measured InR is comparable to the variance that would
be expected from the uncertainties in the measured
atmospheric concentrations alone. For the 171 individual
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samples, 02[InR,m] was 0.085 which is virtually identical
to the estimated analytical variance, 62[InR,a] = 0.083. For
all 127 weekly averages, ¢2[InR,m] is similar, 0.080, and
only 10% higher than ¢2[InR,a], 0.073. For all 53 daily
averages, o2[InR,m], 0.090, is 14% lower than ¢2[InR,a],

0.104. Even for the May-June 1990 daily samples for
which the geometric mean ratio was statistically
significantly different from that in the other sets,

62[InR,m] and o2[InR,a] were within 14% of one another
(0.073 and 0.063, respectively). The largest difference
between the two variances was for the November 1989
daily samples for which ¢2[InR,m], 0.112, was about 28%
less than would have been predicted from the uncertainties
in the concentrations, 62[InR,a] = 0.155.

3. CONCLUSIONS

Several fundamental conclusions can be drawn from the
results of this research. A nss SO;/MSA ratio of 18.1 (£0.9)

appears to be applicable at Samoa throughout the year. This
value is only 7% higher than the GM ratio of 16.9 (+1.1) in the
much smaller data set used by Saltzman et al. [1985]. Since
the observed variances from this value can be attributed solely
to the random errors in the measurements, there is no evidence
that this ratio varies to any significant extent. Hence
measurement uncertainties would have to be reduced
substantially in order to observe any variations that could be
attributed to actual changes in the ambient atmosphere. The
ratio at Samoa is consistent with the biogenic nss SO3/MSA
ratios that were estimated for Bermuda and Barbados from the
results of multiple variable regression analyses, 19.6 (+2.1) and
18.8 (+2.2), respectively [Savoie et al., 1993].
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USGS Barrow Observatory

JACK TOWNSHEND
U.S. Geological Survey, College Observatory, Fairbanks, Alaska 99775-3160

The USGS Barrow Observatory is the northernmost of
this agency's 13 continuously recording, digital magnetic
observatories. As such, it serves as a singularly important
site in a global network of observing stations, whose
combined data define the planetary magnetic field and
track its secular change. Ground stations such as at the
Barrow Observatory are controls for field modeling by
harmonic analysis, essential reference stations for airborne
and satellite surveys, and absolute calibration locations for
field survey instrumentation. The observatory is operated
from the USGS College Observatory at the University of
Alaska in Fairbanks as a satellite station. Staff scientists
from the College Observatory visit the site bimonthly to
make absolute observations, perform routine equipment
maintenance, and retrieve data on magnetic tape. Staff
personnel from NOAA CMDL make weekly visits to the
site to check equipment operation and occasionally
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perform emergency service when there is a problem and a
College Observatory staff person is not available to make
repairs.

The primary equipment used to acquire the magnetic
data is an EDA FM-100-BR Triaxial fluxgate magneto-
meter, an EDA PPM-105 proton free-precession
magnetometer, an observatory magnetometer interface
system, and several pier-mounted instruments for absolute
control observations. Data are retrieved by telephone
periodically through a computer modem by the USGS
office in Golden, Colorado. A seismograph is operated on
site in a vault located 6.1 m beneath the ground surface.
The present seismic program is operated in cooperation
with the Geophysical Institute at the University of Alaska,
Fairbanks.

The USGS Barrow Observatory has been in continuous
operation since 1949,



Separation of Local From Distant Pollution at MLO Using Pb-212
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1. INTRODUCTION

At MLO there are several means of deciding whether an
air mass can be considered "baseline.” Wind direction, dew
point, CN, and radon are the most important parameters on
which to base selection of baseline samples. Combined,
they can be used with a high success rate to select air
samples that represent a large volume of the atmosphere
and are free from recent pollution [Gras et al., 1992]. They
cannot, however, be used to distinguish between local and
distant sources.

Some observers need to know if the air parcel has been in
contact with Hawaiian soil. Asian contact a few days
before is not always important. Some short-lived gases
such as isoprene have shown that it is possible to have
entrainment of Hawaiian air into the down-slope flow. But
isoprene has complex generation and transport, and a more
quantitative, or at least a complementary indicator of local
influence is needed.

Pb-212 has the potential to fulfill this role. It is the
decay product of thoron gas (radon 220) that is emitted
from all soils along with radon-222. Thoron has a 55-
second half life and that of Pb 212 is 10.6 hours. After 4
days, only 0.2% of the original Pb-212 remains, which
means that it has virtually disappeared from the fastest
Asian air flows. However it lasts long enough to be present
in 1-day scale circulation. Pb-212 has been used by others
for indication of close land contact [Heimann et al., 1990]).
Hutter et al., [1990] have measured Pb-212 at MLO, and
shown the expected result that Pb-212 tends to be present in
up-slope air, but not in downslope.

This report describes a 5-week study of Pb-212
concentration at MLO to assess its potential for detecting
local land influence on air samples. The measurements
were carried out at the invitation of NCAR in July-August
1992 to coincide with the last phase of MLOPEX II. Brief
mention is made of some measurements of Pb-212 and
thoron emanation from lava in April 1993 because the
preliminary results clarify the MLOPEX measurements.

2. EXPERIMENTAL METHOD

The method employed to measure the concentration of
Pb-212 required three steps. First, air was drawn from a
mast 3 m above ground at a rate of 250 L min-! through a
filter (Gelman versipore, 1.2 micron pore size) with
diameter 115 mm. This stage lasted 2 hours, and was
synchronized with even hours local time. Next, the filter
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was left for 4 hours; long enough to allow any radon-222
decay products to decay. Finally, the filter was exposed to
a screen coated with zinc sulfide, the scintillation's of
which were detected by a photomultiplier.

This process was fully automated and permitted
measurement of Pb-212 averaged over precisely defined 2-
hour periods. Extraction of the Pb-212 concentration was
simple in principle, rtequiring only subtraction of
background events from the raw count and multiplication
by a calibration factor.

3. RESULTS

At MLO influence of Hawaiian land is most strongly felt
during the day when the synoptic winds are light and there
is no heavy cloud above the mountain. Under these
conditions convective northerly upslope winds become
established. At night the same cloud and wind conditions
lead to southerly downslope winds that are subject to the
least island contact. Synoptic flows and clouds result in
more complex sampling conditions.

The week starting July 16 (Figure 1) was so variable that
most conditions of interest occurred. On July 16, CN,
water, Pb-212, and radon concentrations varied as expected
for upslope and downslope conditions: concentrations
elevated in upslope winds compared to concentrations in
downslope winds. On other days most possible
combinations of tracer concentrations occurred: high CN
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Fig. 1. Pb-212 versus water concentration.




and water with low Pb-212 and radon on July 20, low CN
and water with high Pb-212 and radon on July 18, and so
on. It is of particular note that elevated Pb-212 does occur
in dry downslope winds when land contact should be a
minimum.

The data for 5 weeks were sorted into groups in which
the wind had persisted in the upslope (315° through north to
67°) and non-upslope sectors for 2 hours. Upslope
conditions are easiest to understand. A high proportion of
radon in upslope wind is from Hawaii, rather than from
remote land, and correlation analysis indicated that the
correlation of Pb-212 with radon is quite high (0.76). The
sources of Pb-212 and CN tend to be differently distributed
on the island, so this correlation is modest (0.48). In the
case of water, the data are stronger than would appear from
the modest correlation coefficient of 0.45. This is
illustrated in Figure la. It is not unusual to have moist
boundary layer air transported to the observatory with a
minimal contact with Pb-212 producing land, so there will
be times when Pb-212 is low but water concentration high:
at low Pb-212 concentrations it is possible to have a wide
range of water concentrations. However, if the Pb-212
concentration is high, the air path must have been close to
land and thercfore, from the moist boundary layer. Pb-212
thus provides clear discrimination of moist air into parcels
with and without contact with Hawaiian soil.

In non-upslope winds, the proportions of non-Hawaiian
radon and CN are higher and the correlations with Pb-212
weaker as expected. The relationship between Pb-212 and
water (Figure 1b) was markedly different from that in the
upslope sector and the correlation coefficient was slightly
negative (-0.2). This suggests that some of the down-slope
Pb-212 may not have come from the moist boundary layer.

The origin of non-upslope Pb-212 was investigated in a
number of ways. First, correlations were carried out for
data from a wind sector close to directly downslope. These
winds tend to occur when the skies are clear and the
synoptic winds light and should accentuate any direct
effects of the mountain above MLO. Table 1 shows
correlations of Pb-212 with radon, CN, water, wind speed,
and differential temperature. The number of events in this
sector was only 20, 17% of all non-upslope, so not too
much weight should be given to the correlations.

TABLE 1. Correlations between Pb-212 and wind speed,
radon, CN, and water concentrations, for winds
persisting in the downslope sector, south £16°,

for at least 2 hours at more than 2 ms-!

PB-212  Radon CN Water  Wind Speed

Radon 0.81

CN 0.82 0.90

Water 0.03 0.17 0.27

Wind speed -0.47 -0.44 -0.66 -0.52

DT* -0.64 -0.36 0.34 0.38 0.25

*DT - Differential temperature 2-40 m.

The correlations in the downslope sector are very much
stronger than in the broader non-upslope sector. Taking
them at face value, it would seem that Pb-212 is higher
when wind speed is less and the differential temperature is
more negative: conditions favoring a smaller mixing depth
and a larger contribution from the lava above MLO. There
are also strong correlations, not seen in the rest of the non-
upslope sector between Pb-212 and species that can be
imagined to come from volcanic vents: CN and radon. It is
somewhat confusing that the correlation of differential
temperature is weakly positive with CN but moderately
negative with Pb-212.

A second approach to assessing the origin of non-up-
slope Pb-212 was to compare the average concentrations in
the three wind sectors. From Table 2 it is evident that Pb-
212 responds more strongly to Hawaiian land contact than
the other species: the ratio of non-upslope to upslope is 0.2.
This proportion is small enough for it to be reasonable to
attribute it to either lava above MLO or re-circulated air
from below MLO. Data in Table 2 support the indication
above that a significant proportion of non-upslope radon is
from above MLO: the Pb-212 concentration in the broad
non-upslope sector is only half that in the downslope
sector.

Thirdly, Pb-212 was compared to another natural tracer,
isoprene. Both the source distributions and evolution with
time of these species are somewhat different. Even so,
there is close correlation between the means of groups
selected on the basis of Pb-212 concentration ranges as
shown in Figurc 2. Isoprene has no source above MLO or
distant from Hawaii. Figure 2 therefore supports the
evidence from wind sector averages that most Pb-212
comes from below MLO.

The final evidence for location of Pb-212 sources comes
from a set of measurements specifically designed to set
limits on the amount from above MLO. From preliminary
analysis of this experiment three conclusions are suggested:
(1) The thoron emanation from lava above MLO is
sufficient to produce Pb-212 concentrations of the order of
those observed in downslope winds with reasonable mixing
depths. (2) In ideal downslope winds, Pb-212
concentrations close to the top of Mauna Loa, directly
upwind of MLO have been observed to be close to the limit

TABLE 2. Ratios between concentrations of PB-212, radon,
CN, water, and wind speed in three wind sectors. The non-
upslope sector excludes the downslope, south +16°, sector.

Ratio

Wind Sectors PB-212 Radon CN  Water Wind Speed

Non-upslope 0.21 0.67 0.54 0.66 1.58
Upslope

Non upslope 0.50 1.14 0.94 1.02 1.07
Downslope
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concentration range. Bars are errors on the means.

of detection (2 atoms m-3) while the level at MLO was up
to 17 atoms m-3 This may have come from the lava in the
path of the air flow. (3) When a moderate southeasterly
synoptic wind de-coupled the boundary layer from MLO,
the Pb-212 concentration in the saddle below MLO was
lower than the concentration at MLO. This is strong
evidence for a Pb-212 source above the saddle where the
terrain is similar to that above MLO.

4. CONCLUSIONS

Continuous measurements of Pb-212 with 2-hour time
resolution have established that levels at MLO over a wide
range of conditions could be made by a relatively simple
instrument with sufficient sensitivity at 1-hour time
resolution.
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The presence of Pb-212 is unequivocal evidence of
passage of an air parcel close to the Hawaiian land, and it is
feasible to detect concentrations as small as 2% of the
highest levels observed in upslope winds. Pb-212 is,
thercfore, an excellent supplement to radon, which detects
land contact, but not necessarily with Hawaii.

Interpretative difficulties arise because some Pb-212
enters air from even relatively recent lava above MLO.
The total amount of Pb-212 in non-upslope winds is
generally small compared with that in upslope winds, being
less by a factor of 5 on average. Most of the Pb-212 in a
narrow downslope sector appears to come from the lava
above MLO. Further analysis is required to decide whether
there is any Pb-212 recirculated from below MLO to the
broad non-upslope sector.
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Recent Interannual Variations in CO2 in Both Hemispheres
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Scripps Institution of Oceanography, La Jolla, California 92093-0220

1. INTRODUCTION

Cooperative programs of CO, measurements between the
Scripps Institution of Oceanography (SIO) and CMDL
continued through 1992 at Point Barrow, Alaska (PTB),
Mauna Loa Observatory (MLO), Cape Kumakahi (KUM),
Samoa (SAM), and the South Pole (SPO). Air samples
were collected in 5-L glass flasks several times per month
since the 1950s at MLO and SPO, and since the mid 1970s
to early 1980s at the other three stations. SIO also collects
flask samples at a few other stations, including La Jolla
(LJO) since 1969. In addition, SIO continues to monitor
atmospheric CO, concentrations at MLO on a continuous
basis using the non-dispersive infrared (NDIR) gas analyzer
installed on site in 1958. Furthermore, since 1978 at some
stations the 13C/12C isotopic ratio of atmospheric CO, was
determined from samples collected in flasks. Measure-
ments before 1992 were made at the laboratory of Willem
Mook at Groningen University [Keeling et al., 1989, and
unpublished data]. Subsequent measurements were made at
SIO. Recent data indicate that the persistent rise in
atmospheric CO; has anomalously slowed since 1989 on a
global basis. The anomalous departures at MLO and SPO
are the largest ever seen at these stations in over 30 years
of record. Nevertheless, as with previously observed
anomalies in atmospheric CO;, this anomaly appears to be
associated with an El Nifio event. It may also be related to
the eruption of the Pinatubo volcano. In either case, the
anomaly is expected to be transient and not an indication
that the global carbon cycle has become more efficient in
sequestering CO; produced by the combustion of fossil
fuels.

2. DATA AND ANALYSIS

All flask samples were analyzed for their CO,
concentration with an NDIR gas analyzer of the same
design as that installed at MLO. Calibrations have
continued with reference gases similar to those used at
MLO [Keeling et al., 1986]. Air samples were rejected if
pairs did not agree within 0.40 ppm (0.60 ppm for Point
Barrow), i.e., singlets were rejected also, or if found to be
outliers having a residual greater than three standard
deviations from a smooth curve fit describing the seasonal
and interannual variations. The function chosen in the
fitting process uses a sum of four harmonics to describe the
seasonal variations, and a cubic spline [Reinsch, 1967] to
describe the interannual variations. A gain factor is used to
model an approximately linearly increasing seasonal
amplitude variation [Keeling et al., 1989, pp. 167, 176].
This simple model of increasing annual CO; cycles was
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introduced when it became clear in our longer CO, records
that there were significant increases in the seasonal
amplitude of CO;, concentration.

Figure 1 shows the results of such fits made to the CO;
observations selected from a subset of the stations where
we sample air. Point Barrow data were augmented to
include continuous CO, data measurements made by Kelley
[Kelley, 1969] during the period 1961-1967. Data at five
additional sites are shown in the figure: La Jolla, California
(33°N, 117°W), MLO (19°N, 155°W), Christmas Island
(2°N, 157°W), SMO (14°S, 171°W) and SPO (90°S). A
cooperative program at Alert between SIO and the
Aimospheric Environment Service of Canada has existed
since 1985. The Alert CO; record is, however, relatively
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Fig. 1. Monthly average CO; concentration (in ppm) at six SIO
stations spanning the globe and fit by the function prescribed in the
text. Early Point Barrow data are from Kelley [1969] and Mauna
Loa data from the continuous data record.



short and thus in this analysis provides only supporting
cvidence to the results from the longer stations. The
Christmas Island data record shown in Figure 1 was
extended back from 1976 to 1972 by using data from
nearby Fanning Island in the computation of CO,
anomalies discussed in the next section.

3. RESULTS

Plots of CO; anomalies were prepared from seasonally-
adjusted monthly average CO,; data at each station by
subtracting a constant fraction of the CO; produced by
industrial processes, as described by Keeling et al., [1989,

p- 179-180]. This airborne fraction (58.6%) was chosen so
that the anomaly is zero on January 1, 1959, and 1986 for
MLO in the northern hemisphere and for SPO in the
southern hemisphere. Figures 2 and 3 show the results for
selected northern and southern hemisphere stations,
respectively. A strong negative anomaly is seen to have
developed at all stations in 1992. At many of the stations it
began immediately following the eruption of Mt. Pinatubo
in the Philippine Islands. It is more pronounced in the
northern hemisphere, but is global in scope.

To determine the cause of this anomaly, we have
computed global terrestrial vegetative and oceanic fluxes of
CO; that explain the recent trends in both atmospheric CO,
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Fig. 2. CO, anomalies for northern hemisphere stations obtained by scasonally adjusting the data and then subtracting a constant airborne
fraction of the CO, released to the atmosphere by industrial processes, calculated to agree with the Mauna Loa CO; record (58.58%). The
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concentration and its 13C/12C ratio. First we combined data
for MLO and SPO to obtain estimates of the global trends
in both the concentration and 13C/12C ratio. Then with a
one-dimensional model of the oceanic carbon cycle
[Siegenthaler, 1983] we estimated the rate at which the
oceans have absorbed CO; injected into the atmosphere by
industrial processes.

The calculated rate is a function of the rate of industrial
emissions [Marland, 1991 and personal communication]
and of the observed atmospheric concentration variation
since preindustrial times. The concentration variation used
in the calculation, as described by Keeling et al., [1989, pp.
186] combines estimates of CO; concentration from air
trapped in ice cores with the CO, data from MLO and SPO.
We then calculated the variations in CO, concentration not
accounted for by oceanic absorption of industrial CO,. For
the period commencing with the isotopic record in 1978,
these anomalous variations were further partitioned into
oceanic and terrestrial components consistent with the
observed 13C/12C ratio of atmospheric CO,  This
computation was done by a "double deconvolution" as
described by Keeling et al., [1989, pp 229-230]. The
oceanic and terrestrial fluxes implied by this double
deconvolution are plotted in Figures 4 and 5, respectively.
Fluxes in gigatons of carbon (GtC) are shown as integrals
over intervals defined by episodes of persistently positive
and negative oceanic anomalies. The anomalies are
expressed with respect to the average trend in each flux
from the beginning of 1978 until May 1991, when the most
recent negative anomaly began. Since May 1991, the
oceans are computed to have taken up 0.7 GIC, in addition
to 4.5 GtC absorbed primarily in response to the increase in
atmospheric CO, from industrial emissions, but partially
owing to long-term changes in the carbon cycle reflected in
the average trend in each anomalous flux component from
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Fig. 4. Time trend of the anomalous release of CO, by the oceans
shown as a solid curve in units of GtC yr-l. Vertical lines separate
persistently positive and negative anomalies with amounts
integrated over each interval expressed in GiC. A dashed curve
indicates the long-term trend evaluated as the mean of the anomaly
over the isotopic record period up to May 1991 (0.08 GtC yr1).
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Fig. 5. Same as Figure 4 except showing the time trend of the net
release of CO; by the biosphere. The vertical lines are those used in
Figure 4, and the mean of the anomaly over the isotopic record up
to May 1991 is -0.08 GiC yr1.

1978 to 1991. During the same time period, the terrestrial
vegetation is computed to have anomalously taken up 1.8
Gtc. These two estimated amounts are, however, more
uncertain than those for previous periods of persistent
anomalies, because the isotopic measurements of the final
period were made on a different mass spectrometer, not yet
fully calibrated.

The computations, if correct, indicate that the oceanic
and terrestrial flux components, since May 1992, have both
involved withdrawals of CO, from the air, contrary to all
previously documented episodes shown in Figures 4 and 5,
in which the fluxes were in oppeosite directions with respect
to the atmosphere. Thus they have evidently produced a
prominent anomaly in CO; concentration, even though they
are not particularly striking when viewed separately. We
caution that these conclusions could be altered if the
isotopic calibrations turn out later to need adjustment.

In our calculations, we have taken into account the
influence of temperature at the sea surface on the air-sea
flux. The oceans cooled since May 1991 by about 0.5°C as
judged from a cooling trend in global air temperature
[Dutton and Christy, 1992]. According to calculations
using the one-dimensional model as cited previously, this
cooling accounts for an additional absorption of only about
01 GIC CO; by the oceans. Thus the principal cause of the
anomalous oceanic sink of 0.7 GtC is evidently an increase
in photosynthesis of marine plants that decreased the
pressure of CO; gas dissolved in the water by converting
inorganic carbon to organic carbon.

4. CONCLUDING REMARKS

Until the present event terminates with a return to a
positive CO, concentration anomaly, it is difficult to assess
the extent to which this anomaly is actually synchronous
with the climatic impacts of the Mt. Pinatubo eruption.
The El Nifio event that began in 1991 in the eastern half of
the equatorial Pacific, then waned in late 1992, and had a



short re-emergence in early 1993 [Climatic Analysis
Center, 1993], is a further complicating factor in deciding
the cause of the anomaly. Before carrying the
interpretation any further, the question of the isotopic
calibration needs to be resolved. Improvements in
modeling the isotopic aspects of the carbon cycle would
also add confidence to our tentative findings.
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8. International Activities, 1992

In September-October, E. Ferguson visited the University
of Paris-South to interact with former colleagues in the
Physical Chemistry Department to discuss current research
there. He attended the NATO Advanced Study Institute
program on The Role of the Stratosphere in Global Change
where he lectured on the subject of "Stratospheric
Homogencous Chemistry.”  Also during this visit he
participated in a round-table discussion regarding
collaborations on sampling at the Centre des Faibles
Radioactivities, and he presented a lecture in the Atomic
and Molecular Physics Laboratory at Orsay on "Chemistry
of Stratospheric Ozone and the Ozone Hole."

E. Ferguson was in Germany in December to attend the
World Meteorological Organization (WMO) Global
Atmospheric Waich (GAW) Quality Assurance Program
meeting that involved experts on global atmospheric
monitoring. The purpose of the meeting was to devise
procedures and protocols for assuring high-quality data
acquisition at the present and contemplated WMO/GAW
global sites. During this time, he also presented a seminar
on recent CMDL results at the Max Planck Institute for
Chemistry.

J. Peterson traveled to Toronto, Canada, in February to
participate in a WMO/GAW meeting on the developing
Chinese baseline stations in Qinghai Province.  The
meeting focused on potential Canadian, Australian, and
United States cooperative support with the Chinese to
further development of their baseline station.

R.C. Schnell traveled to Siberia from Nome, Alaska, in
April to assist in initiating the Bennett Island Project and to
recover samples. The Bennett Island Project was a Joint
NOAA/Russia Academy of Sciences airborne project (using
a Russian AN-26) to sample the Bennett Island plume.
These plumes periodically originate from an isolated,
uninhabited island in the New Siberian chain and can last
for 10-36 hours. It was thought the plumes may be
produced by releases of methane from ocean floor clathrate
decomposition. The sampling showed the plumes to be
natural, post-frontal orographic clouds.

The 5th International Symposium on Arctic Air
Chemistry, Copenhagen, Denmark, September 8-10, 1992,
was attended by P.J. Sheridan, I. Sokolik, and R.C. Schnell,
AGASP members. Seven of the twenty-four core papers
presented at the conference were authored by AGASP
scientists.

R.C. Schnell attended the Cape Grim Baseline Station
annual meecting, Aspendale, Australia, November 25-27,
1992, and visited a number of CSIRO and university
facilities both prior to and subsequent to the meeting. Each
year CMDL and the Australian Bureau of Meteorology host
one scientist from the other’s institution at their respective
baseline station's annual meeting.

In January, B. Mendonca was a participant and organizer
of the first planning meeting for the establishment of a
GAW station in Algeria, sponsored by the WMO. In Paris
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and Geneva, he met with the research specialists from
France and Algeria to define and plan for the GAW station
in Algeria. A location for the station and a measurement
and instrumentation list was decided on and a time
schedule for the initiation of the program was established
and agreed upon.

Munich, Germany, was the site of the second Programs
and Technical Advisory Group (PTAG) for the
Harmonization of Environmental Measurement (HEM)
program in May. B. Mendonca was an invited member to
review this United Nations Environment Programme
(UNEP). As a member of the advisory group, the past
year's work and accomplishments were reviewed, and the
future direction and goals of the program were formulated
and agreed upon .

The University of La Laguna (Tenerife, Spain) sponsored
a course on global climate and its relationship with the sub-
tropical region of the globe. B. Mendonca participated as
an invited guest lecturer. The course was structured for
graduate students and offered advanced study in
environmental issues. The lecture was based on the
monitoring and research effort in CMDL and with the
GAW stations and their programs. A full course brochure
was prepared and distributed as a course aid for the
students,

In February, L. Haszpra, Institute for Atmospheric
Physics, Budapest, Hungary, came to Boulder for 2 weeks.
The purpose of the visit was to compare CO, data from the
Hungarian site at K-Puszta and the CMDL flask network.
Discussions were held regarding NOAA-provided gas
standards to the Hungarian program and for possible
collaboration with CMDL on-tower and aircraft
measurements.  These discussions lead directly to the
preparation and delivery of four carbon dioxide/methane
standards and plans for setting up a NOAA flask sampling
network site in Hungary.

From March 10 to 13, Pieter Tans presented a paper and
participated in the Workshop for Trace Gas Measurement
in Both Hemispheres that was held at Aspendale, Australia.
The conference was sponsored by the Center for Global
Environment Research, National Institute for
Environmental Studies (Japan).

The program to bring flask-sampling network personnel
to Boulder was continued. In preparation for establishing a
sampling site at Sal, Cape Verde, E. Fernando from the
Servico Meteorologico Nacional visited Boulder between
May 6 and 13. Following training in the use of the MAKS
and discussions on methodology and logistics, he hand-
carried a MAKS unit back to Sal.

In August 1992, L. Waterman traveled to Warsaw and
Gdynia, Poland, to initiate twice-weekly sampling on the
Balanga Queen, a Baltic Sca ferry operating between
Poland and Sweden. Arrangements were made at the U.S.
Embassy to receive boxes of flasks sent from Boulder and
to dispatch boxes of samples sent from Gdynia by way of



diplomatic post. Arrangements were made with the Morski
Instytut Rybacki (MIR) [Sea Fisheries Institute] to operate
the sampling program from Gdynia. Samples are collected
by the deck officers of the Balanga Queen on scheduled
voyages between Gdynia and Karlskrona, Sweden. The
initial Poland-to-Sweden voyage for the CMDL sampling
network site was made on August 31 by L. Waterman and
M. Pustuszak (MIR). The Master and several mates were
briefed on the program, demonstrations were given, and
practice samples collected. Three days later (September 3)
on the return voyage to Poland, the second crew was
briefed and trained to collect samples. While in
Karlskrona, meetings were held with G. Sellerberg and L.
Lundahl of the Fiskeriverket Ostersjolaboratoriet, the
Swedish counterpart of Poland's MIR.

Following completion of the Baltic work, L. Waterman
traveled to Oslo and Kristiansund, Norway. Meetings were
held with A. Grammelvendt, Director, Det Norske
Meteorologiske Institutt, University of Oslo, and other staff
members. It was learned that the meteorological institute
has reasonably secure funding to operate the WiS
Polarfront (STM) for at least 2 years (1993-1994).
Logistics were discussed and the institute will continue
paying some costs associated with the domestic transfer of
sample boxes.

L. Waterman visited the W/§ Polarfront on September 8§
and presented the crew with a plaque commemorating 10
years of collecting samples for the CMDL Worldwide Flask
Sampling Network. Discussions were held with both
sample collectors, and the sample flushing apparatus (P3)
was inspected.

On September 10 and 11, L. Waterman visited Blue Star
Ship Management Ltd. (London) and the British Antarctic
Survey (Cambridge). The reorganization of the Blue Star
Line in the Pacific and the plan to replace both the
Southland Star and the Wellington Star were discussed. Al
the British Antarctic Survey, a meeting was held with the
liaison with CMDL for Halley Bay and Bird Island, South
Georgia.

On September 12 to 14, L. Waterman visited the
AEROCE Mace Head Station at Carna, County Galway,
Ireland, and met with G. Spain, Station Manager. A new
flask sampling procedure using a Dekabon line attached to
the AEROCE tower was initiated.

On September 15, L. Waterman traveled to Reykjavik,
Iceland, to initiate a new flask sampling site at Storhofdi
Lighthouse, Heimaey, Westman Islands, including sending
flask boxes to and from Iceland by diplomatic post.
Regular sampling began on October 2.

In September, P. Tans visited the Chinese Academy of
Meteorological Sciences (CAMS) in Beijing. The purpose
of the trip was to inspect the Mt. Waliguan baseline station
that is a part of the CMDL air sampling network, and to
investigate the possibilities for a cooperative effort to
monitor trace gas fluxes in China's agricultural heartland.
Talks were presented at CAMS on the CMDL global
methane monitoring program and on the carbon dioxide
program. A talk on global climate change was also given
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at the State Oceanographic Administration. Hubei Province
was visiled to inspect radio transmission towers in the
vicinity of Jingzhou. The highest towers are about 125 m
and not tall enough for the type of concentration
measurements currently being made in North Carolina. It
would be useful to obtain experimental data on regional
greenhouse gas fluxes in this region of China. Discussions
were held on setting up such an experiment with focus on
communication, maintenance, and training. The realization
of this program depends on finding new funding sources,
however. Qinghai Province was visited with a group
driving to the Mt. Waliguan baseline station. The site and
conditions appear to be excellent for atmospheric
background monitoring activities, and when fully equipped
and staffed as currently envisioned, this observatory can
become a first-class facility.

From September 21 to 28, P. Bakwin visited Laszlé
Haszpra, Hungarian Meteorological Service, to determine
the feasibility of using an existing television transmitter
tower as a platform for trace gas monitoring. The trip was
sponsored by the U.S. Hungarian Joint Fund. Three towers
were considered and inspected: Tokaj in northwest
Hungary, Komdadi in western Hungary near the Romanian
border, and Hegyhitsil, 7 km southwest of Kérmend.

In October, E. Dlugokencky visited Prof, Y.S. Chung at
the Korean National University of Education (KNUE) and
the CMDL flask sampling network site at Tae-ahn
Peninsula, Korea. Seminars were given at KNUE and for
the Department of Oceanography, College of Natural
Sciences, Seoul National University. Discussions were
held with Prof. Chung on joint publication results of
collaborative air sampling.

Two sets of three cylinders each containing CO,
standard gases (341, 348, 375 ppm) were provided by NIST
for international "round robin" intercomparisons. Both sets
were analyzed by NIST and the CMDL Carbon Cycle
Division prior to starting the circuits. Set A was circulated
among European laboratories in Germany, France, Spain
(Canary Islands), Italy, and Hungary. Set B was sent to the
U.S. (SI0), Canada, Japan, New Zealand, and Australia.
Altogether, 16 laboratories in 10 countries participated. J.
Peterson acted as referee for the experiment.

E. Dlugokencky and P. Lang conducted comparisons
with two laboratories in 1992. A standard prepared at
Niwot Ridge, Colorado, in 1988 and calibrated periodically
in Boulder, was used for both experiments. During July
and August, the cylinder was sent to the Geochemical
Research Laboratory, Meteorological Research Institute
(Japan), and in September, to the Atmospheric
Environment Service (Canada).

P. Novelli conducted intercomparisons of standards
with the Fraunhofer Institute, Garmisch, Germany. Six
mixtures in the 50-200 ppb range made in Boulder by the
NOAH Division [Novelli, et al., 1991] were used. The
results of five calibrations agreed to within 3%; the sixth
standard agreed to within 5%. This project was carried out
over a 2-year period. An experiment involving eight
laboratories will be next in this series.



In January, D. Hofmann and F. Polacek III, conducted
correlative water vapor and aerosol balloon flights in
support of the NASA UARS program at Lauder, New
Zealand. The acrosol and water-vapor measurement data
from these balloon flights were presented at a meeting
(June 27-July 3) in Aix-en Provence, France, sponsored by
the NASA Upper Atmosphere Research Satellite (UARS)
Correlative Measurement program, S. Oltmans and D.
Hofmann attended the Aix-en-Provence meeting, where S.
Oltmans presented a paper and participated in the
Investigators Workshop and Science Team Meeting. D.
Hofmann presented the acrosol data. After the meeting, D.
Hofmann participated in cooperative atmospheric research
involving the effects on the stratosphere of the Mt.
Pinatubo eruption with colleagues at the Institute for
Atmospheric Environmental Research in Garmisch, Federal
Republic of Germany.

D. Hofmann returned to Lauder in May to participate in
a joint meeting with scientists from the NOAA Aeronomy
Laboratory and six other research groups in an international
intercomparison of nitrogen dioxide measurement
instruments. Again in November, D. Hofmann traveled to
Lauder, New Zealand, to conduct water vapor and aerosol
balloon flights in support of the NASA UARS program.

B. Bodhaine, J. Ogren, and J. Wendell spent 2 weeks in
August setting up an aerosol monitoring station at the
Canadian Atmosphere Environment Services station on
Sable Island, Nova Scotia. Sable Island is a remote site
and all the instrumentation that was installed had to be
shipped by boat and unloaded to a beach without a dock on
motorized rubber rafts. The measurements recorded so far
at Sable Island reveal it to be an excellent site for obtaining
data of aerosols affected by polluted areas, J. Ogren
traveled to Montreal, Canada, to attend the 11th
International Conference on Clouds and Precipitation to
present a paper. At that time, he also participated in the
meeting of the executive committee of the International
Commission on Clouds and Precipitation.

In January, J. Ogren was invited to the University of
Stockholm where he presented a seminar "Measurements of
the size-dependence of the scavenging efficiency of aerosol
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particles by fog droplets.” He also worked on evaluation of
aerosol and cloud chemical and microphysical
measurements obtained during a 1990 field experiment in
Germany.

In August, S. Oltmans was invited to Wolfville, Canada,
by the NATO Scientific Affairs Division to attend the
NATO Advanced Research Workshop on Tropospheric
Chemistry of Ozone in the Polar Regions where he
presented a paper. In September, he traveled to Heimaey
on the Westman Islands of Iceland to set up an ozone
monitor. Further, he serviced and calibrated the ozone
monitor at Reykjavik, Iceland.

J. Easson of the Australian Bureau of Meteorology and
T. Uebuko of the Japanese Aerological Observatory visited
Boulder in June and July to calibrate their respective
country's secondary standard Dobson spectrophotometers
relative to World Primary Standard Dobson Instrument 83.

During the summer of 1992, an Argentine Dobson
instrument was received in Boulder for repair and
calibration.

A program to check on the calibration status of Dobson
spectrophotometers throughout the world by means of
traveling calibrated standard lamps was continued. This is
the third such international activity conducted since the
program was first implemented in 1981.

To use CFC tracers to determine the ocean circulation
and age of water mass, J.M. Lobert, J.H. Butler, and T.J.
Baring participated in the World Ocean Circulation
Experiment (WOCE-16) starting from Long Beach,
California, on August 4 and ending at Noumea, New
Caledonia, on October 22 (see Figure 5.20).

J.W. Elkins, T.J. Baring, G.A. Holcomb, T.M. Gilpin,
I.LH. Butler, T.M. Thompson, and W.T. Sturges participated
on the continuation in 1992 of the NASA Airborne Arctic
Stratospheric Expedition IT (AASE II) based out of Bangor,
Maine. The purpose of the participation was to continue to
measure CFC-11 and -113 using the ACATS instrument,
aboard the NASA ER-2 aircraft for the January through
March polar mission. The science investigators included
scientists from Canada, United Kingdom, Australia, New
Zealand and Iceland.
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10. Acronyms and Abbreviations

AASE Airborne Arctic stratospheric Expedition

ACATS Airborne Chromatograph for Atmospheric Trace Species
AEROCE Atmosphere/Ocean Chemistry Experiment

AEC Atomic Energy Commision

AES Atmospheric Environment Service, Canada

AGASP Arctic Gas and Aerosol Sampling Program

AGL above ground level

AL Aeronomy Laboratory, Boulder, Colorado (ERL)
ALE/GAGE Atmospheric Lifetime Experiment/Global Atmospheric Gases Experiment
AMIE Automated Methane Instrument Evaluation

ANSTO Australian Nuclear Science and Technology Organization
AOML Atlantic Oceanographic and Meteorological Laboratory, Miami, Florida (ERL)
ARL Air Resources Laboratory, Silver Spring, Maryland (ERL)
ARM Awmospheric Radiation Measurement program

ASA Antarctic Support Associates, Inc.

ASASP Active Scattering Aerosol Spectrometer Probe

ASCII American Standard Code For Information Interchange
ASL above sea level

ASR aerosol solar radiation

ATS Application Technoloy Satellite

ATMOS Atmospheric Trace Molecule Spectroscopy

BAO Boulder Atmospheric Observatory

BC black carbon

BSRN Baseline Surface Radition Network

BRW Barrow Observatory, Barrow, Alaska (CMDL)

CAF Clean Air Facility

CAMS Control and Monitoring System

CART Cloud And Radiation Testbed

CFC chlorofluorcarbon

CFC-11 trichlorofluoromethane

CFC-12 dichlorodifluoromethane

CGO Cape Grim, Tasmania, baseline station

CIRES Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder
CMDL Climate Monitoring and Diagnostics Laboratory (ERL)
CN condensation nuclei

CNC condensation nucleus counter

CSIRO/DAR Commonwealth Scientific and Industrial Research Organization/Division of Atmospheric Research, Australia
CSu Colorado State University, Fort Collins, Colorado

DB direct-beam [irradiance]

DEW distant early warning

DMS dimethyl sulfide

DOE Department of Energy

DOY day of year

DU Dobson units

ECC electrochemical concentration cell

ECD electron capture detector

EC-GC electron capture-gas chromatograph

ECMWEF European Center for Medium-Range Weather Forecasts
EML Environmental Measurements Laboratory

ENSO El Nifio/Southern Oscillation

EPA Environmental Protection Agency
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ERL Environmental Research Laboratories, Boulder, Colorado (NOAA)

FID flame ionization detector

FPD flame photometric detector

FRLAB Front Range Lidar, Aircraft, and Balloon experiment
ESSP Forward Scattering Spectrometer Probe

FTIR Fourier transform infrared (spectroscopy)

FW filter wheel

GAGE Global Atmospheric Gases Experiment

GC gas chromatograph

GCRP Global Climate Change Program

G.E. General Electric

GMT Greenwich Mean Time

GONG Global Oscillation Network Group

GR growth rate

GSA General Services Administration

HAO High Altitude Observatory

HCFE hydrochloroflurocarbon

HFC hydroflurocarbon

HP Hewlett-Packard

HST Hawaii standard time

INSTAAR Institute for Arctic and Alpine Research, University of Colorado, Boulder
IR infrared

ISWS Illinois State Water Survey

LAN local area network

LEADEX Leads Experiment

LEAPS Low Electron Attachment Potential Species

LES Lincoln Experimental Satellite

LPM liters per minute

LST local standard time

MAKS Martin and Kitzis Sampler (portable air sampler)
MASC Mountain Administration Support Center (NOAA)
MLO Mauna Loa Observatory, Hawaii (CMDL)

MLOPEX MLO Photochemical Experiment

MRI Meteorology Research, Inc.

MS mass spectrometer

MSL mean sea level

NADP National Atmospheric Deposition Program

NARL National Arctic Research Laboratory, Barrow, Alaska
NASA National Aeronautics and Space Administration
NAVSWC Naval Surface Warfare Center, Department of Defense
NCAR National Center for Atmospheric Research

NDSC Network for the Detection of Stratospheric Change
NDIR non-dispersive infrared analyzer

NIP normal incidence pyrheliometer

NOAA National Oceanic and Atmospheric Administration (U.S. Department. of Commerce)
NOAH Nitrous Oxide And Halocarbons Division (CMDL)
NSF National Science Foundation

NWR Niwot Ridge, Colorado

NWS National Weather Service

OAXTC Ocean Atmosphere Exchange of Trace Compounds
OGIST Oregon Graduate Institute of Science and Technology
OH hydroxyl radical

PBL planetary boundary layer

PC personal computer
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PMEL
PMOD
QBO
RITS
RGA
RSD
SBUV
SCS
sid.
SEAREX
SEASPAN
SIO
SMO
SOI
SPADE
SPO
SRB
SRF
SRF
SST
STP
TOMS
TSI
UARS
UCI
uIcC
UPS
URAS
URI
USDA
USGS
uT
uv
UVB
WHOI
WMO

Pacific Marine Environmental Laboratory (ERL)
Physikalisch-Meteorologisches Observatorium Davos (World Radiation Center)
quasi-biennial oscillation

Radiatively Important Trace Species

reduction gas analyzer

residual standard deviation

solar backscattered ultraviolet (satellite ozone instrument)
Soil Conservation Service, Anchorage, Alaska
standard deviation

Sea-Air Exchange Experiment

SEAREX South Pacific Aerosol Network

Scripps Institution of Oceanography

Samoa Observatory, American Samoa (CMDL)
Southern Oscillation Index

Stratospheric Photochemistry, Aerosols, and Dynamics Expedition
South Pole Observatory, Antarctica (CMDL)
surface radiation budget

Solar Radiation Facility (CMDL)

spectral response function

sea-surface temperature

standard temperature and pressure (0° and 1 atm)
Total Ozone Mapping Spectrometer

Thermo Systems Incorporated

Upper Atmosphere Research Satellite

University of California, Irvine

Ukpeaguik Inupiat Corporation

uninteruptable power supply

[a commercial CO, analyzer]

University of Rhode Island

United States Department of Agriculture

United States Geological Survey

universal time

ultraviolet

ultraviolet B spectral band

Woods Hole Oceanographic Institute

World Meteorological Organization
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