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GEOPHYSICAL MONITORING FOR CLIMATIC CHANGE 

NO.l6 

SUMMARY REPORT 1987 

1. 

At MLO, major additions were gas chromatographs for 
continuous in situ measurements of methane and certain 
halocarbons. The staff supported 24 cooperative projects from 
university and other-agency investigators. Lidar measurements 
of stratospheric aerosol showed continued decay toward 
background and no major new injections of volcanic dust. At 
BRW, the frequency of ozonesonde balloon profiles was 
enhanced dwing winter-spring to look for stratospheric ozone 
depletion. Numerous improvements were made to facilities at 
BRW, SMO, and SPO. The major change at SPO was to raise 
the Clean Air Facility by about 3.7 m, thus lengthening its 
lifetime by some 10 years before it becomes covered by drifting 
snow. 

The ongoing GMCC core measurement programs continued. 
They include C02 and CH4 from the flask network and 
observatories; total column ozone; ozone vertical distribution by 
ECC sonde and Umkehr technique; smface ozone; stratospheric 
water vapor by balloon soundings at Boulder; CFC-11, CFC-12 
and N20 from flask samples and observatory analyzers; 
stratospheric aerosols at MLO using lidar; aerosol light 
scattering; CN concentration; direct and diffuse solar and 
infrared radiation; meteorological variables; and chemistry of 
precipitation. 

In the Aerosols and Radiation Monitoring Group, linear 
trends of CN concentration and particle scattering for the full 
records (up to 14 years in length) at the four observatories are 
all not statistically significant from zero. The major features in 
the measurements of aerosol optical depth, turbidity and 
incident solar radiation over the last 10 years are the very 
notable effects beginning in 1982 from the eruption of El 
Chichon. Two active cavity radiometers were characterized for 
U.S. representation in the world standard group maintained by 
WMO. An objective method of calculating errors to Umkehr 
ozone profiles due to stratospheric aerosol interference was 
developed and applied to a selected set of global Umkebr data. 
Results from the analysis, which are in agreement with 
theoretical model output from Lawrence Livermore Laboratory. 
show average ozone depletion at 35 km altitude for the period 
1979-1986 of about 8%. 

The Carbon Cycle Group continued regular atmospheric 
sampling of C02 and CH4 at the observatories and another 22 
cooperative sites with in situ analyzers and flask samples. 
Concentrations in 1987 increased comparet;l with 1986. by about 
1.7 ppm and 12 ppm for C02 and CH4 , respectively. Continu
ous measurements of CH4 at BRW during springtime showed it 
to be correlated with C02 and aerosol black carbon, suggesting a 
corrunon source or source region for all three species. Installa-

Summary 

tion of an in situ CH4 analyzer at MLO yielded intriguing 
results. showing rather large variability corresponding to time 
periods of 12-14 days. 

The Monitoring Trace Gases Group continued Dobson total 
ozone measurements at 16 sites and international Dobson 
calibration work. Assessment of the calibration history of the 
World Primaty Standard Dobson instrument showed very high 
stability since 1976. having calibration uncertainty of only ± 
0.5%. Reassessment of the complete Dobson record from MLO 
showed increasing total ozone from 1964 to 1974 at about 
0.37% per year. and decreasing amotu1ts since then at about the 
same rate. Ozonesonde and total ozone measurements from 
SPO throughout the year gave clear defmition of the Antarctic 
ozone hole; record low total ozone amotu1ts were measured 
during September-Nov~mber. The Group also continued regular 
balloon ozonesonde profiles at BRW, MLO, SMO, and Boulder; 
Umkehr ozone profiles at six locations; surface ozone at the 
observatories; and in situ stratospheric water vapor profiles at 
Boulder. 

The Acquisition and Data• Management Group continued 
regular meteorological measurements at the observatories. 
Annual surface wind rose patterns were similar to long-term 
climatologies. but the mature stage of the 1987 ENSO event 
evidently did cause some anomalous weather patterns and 
extreme events at the observatories. Nwnerous isobaric and 
isentropic air mass trajectories were calculated for NOAA and 
affiliate researchers. A special trajectory project supported the 
SPO aerosol study whereby measured aerosol variability was 
clearly linked to changes in air mass transport over Antarctica. 

The Air Quality Group continued participation in the 
National Acid Precipitation Assessment Program and several 
other field programs making use of their NOAA King Air 
research aircraft, which they have extensively modified and 
modernized for meteorological and chemical airborne research. 
Highlights included new characterization of H20 2 concentra
tions by long latitudinal sampling profiles and measurements of 
DMS over the Gulf of Mexico and southern United States that 
suggested DMS is the principal source of S02 in the marine 
atmosphere. 

The Nitrous Oxide and Halocarbons Group continued flask 
sampling of CFC-11, CFC-12, and Np, and improvement of 
performance of newly installed automated gas chromatographs 
for in situ sampling of halocarbons and N20 at the ob
servatories. The rate of increase of CFC-11 and CFC-12 
continued at about 4% per year. The Group lUldertook a major 
expeditionaty effort through participation in SAGA II, a joint 
US-USSR sea cruise over the western Pacific and Indian 
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Oceans. More than I {)(X) measurements were made of a variety 
of trace gases in the air and swface water, yielding a high
quality data set that is giving new information on the spatial 
distribution arid air-sea exchange of these species. 

Within the Director's Office, NAPAP research included 
development of a model to estimate the flux of dust to the 
atmosphere, primarily via wind erosion, for use in an inventory 
of alkaline elements in acid/base balance studies of precipita
tion. Areas of maximum dust production in the United States 

include the region from western Texas to western Nebraska. the 
valley of the Red River of the North, and northern Montana. 
Analyses of AGASP measureroeots led to numerous publica
tions. A follow-on study incorporating BRW surface ozone and 
solar radiation data indicated that bromine plays an important 
role in Arctic ozone photochemistry and the very low ozone 
measured there during March-May. Many scientists used the 
observatories for cooperative research; several of their projects 
are summarized. 
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2. Observatory Reports 

2.1. MAUNALOA 

2.1.1. FACILITIES 

The 198V pbservational year was especially notable for 
several important upgrades of observatory instrumenmtion. In 
April an automated Carle GC was installed to provide ambient 
air samples each 24 minutes for CH4, CO, and C02• A second 
complex automated halocarbon GC system was installed in June 
for 3-hourly concentration measurements of the halocarbons 
CFC-11, CFC.l2, CC!4, and CH3CCJ,, as well as for N,O. The 
Carle GC !'YII\!lJI !"placed an earlier GC that provided only C02 
and CH41 ~~titration measurements. The halocarbon-N20 
system s~ts the ongoing weekly flask sampling 
program, whiclj. Jl# provided data since 1977. 

The MLO .. C02' sampling program was upgraded in August 
when a Siemens U)tramat-3 replaced the URAS-2 instrument 
system. The Siemens. system is also a nondispersive infrared 
system, but with imprOved design and electronic systems it 
provides a much improved C02 concentration record. The 
URAS-2 had been in essentially continuous operation at MW 
since the spring of 1974. 

In September an electronic engineer joined the MW staff. 
He is responsible for · ozonesonde operations and for the 
calibration and mainienance of the MW Dobson spectro
photometer and the Dasibi surface ozone system; he also has 
observing and engineering duties. 

Data tapes from the three main CAMS units are changed 
once or twic~ a month. Before these tapes are sent to GMCC 
Boulder, CQPlli~ are made and kept at MLO. The copies are used 
to prepare lnO<IthlY plots of hourly provisional CAMS data. 
These provifiqn~. jiata plots provide a "quick look" review of 
the month's data from which the general trends of the observa
tions can be asceltained and periods warranting special review 
can be identified The plots of provisional data are included in 
the MLO monthly activity reports, but they are not for general 
publication. 

Lidar operations and ozonesonde flights were carried out on 
an approxiffiately weekly schedule. Both programs provide 
ground-truth data for NOAA NESDIS satellite observational 
systems. The "lidar data showed that stratospheric aerosol 
concentrations gradually decreased during the year and that 
there were no identifiable new volcanic episodes. 

In late April the Soviet oceanographic research ship 
Akademik Korolev called at Hila to load a contingent of 
American atmospheric and oceanographic scientists for a joint 
U.S.-U.S.S.R. scientific study. The U.S. scientific party 
included GMCC and other NOAA scientists as well as a number 
of university researchers. After aOOut a 3-mo cruise with port 
calls in Wellington, New Zealand, and Singapore, the Korolev 
returned to Hila in late July to disembark the U.S. scientific 
team and their equipment 

The installation and instrumentation of the 40-m tower at 
MLO has resulted in considerable reconfiguration of the air 

sampling intake lines to various monitoring instruments. Table 
2.1 shows the number, location, and composition of the inlet 
lines for the GMCC and SIO monitoring instruments. For most 
instruments sampling from the 40-m tower, inlet lines of 
Dekoron 3/8-in-OD tubing have replaced the aluminum tubing 
previously used. The MLO air intake stack has been described 
by Komhyr (1983). 

2.1.2. PROGRAMS 

The principal programs conducted at MLO during 1987 are 
listed in Table 2.2. The programs that are carried out at MLO 
for non-GMCC scientists are listed under Cooperative 
Programs. Brief comments on some of the individual GMCC 
programs follow. 

TABLE 2.1. MLO Air Sampling Intake Lines, Locations and 
Composition (as of early 1988) 

No. 

I 
2 

Height Locatioo 

GMCC Siemens C02 Analyzer 

40m (126ft) E side of tower 
24m (80ft) NE comer of tower 

S!O Appied Physics C02 Analyzer 

24m (SOft) NE comer of tower 
6 m (20ft) 300m W of building 

15m(50ft) 150mSEofbuilding 
40m(126ft) Esideoftower 
24m (80ft) NE comer of tower 

Composition 

Dekoron• 
Dekoron* 

Dekoran* 
Dekoron* 
Dekoron* 
Dekoron* 
Aluminum 

Carle CH.rCO.C02 Gas Chromatograph 

1,2 40m(126ft) NEcomeroftower Dekoron* 

Halocarbon..N20 Gas Chromatograph 

12.2 m (40ft) GMCC main building Teflon tube 
stainless-steel stack 

Dasibi 0 3 Analyzer 

12.2 m (40ft) GMCC main building 
stainless·steel stack 

GE.CNC 

12.2 m (40ft) GMCC main building 
aluminwn stack 

Four.Wavelen.gth Nepheloi'IWter 

12.2 m (40ft) GMCC main building 
aluminwn stack 

Teflon tube 

Teflon tube 

l.S·in·OD plastic 
inlet 

*Dekoron refers to Eaton Dekoron Type 1300, 3/8·in·OD tubing. The 
outer surface is a rugged plastic; inside is a light aluminum tube lined 
wilh a thin plastic material. The Dekoron lines appear to be non
reactive for the gaseous constituents sampled at MLO. 

tDaytime intake. 
tNighttime intake. 
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Gases 
co, 

Program 

CH4,CO,C02 
Surface 0 3 
Total 0 3 
0 3profile 

CFC-11, CPC-12, N20, 
CFC-11, CPC-12, N,O 
ca4,CH3ca, 

N2o 
so, 

Aerosols 
Condensation nuclei 

Optieal properties 
Stratospheric aerosols 

Solar Radiiltion 
Global irradiance 

Direct irradiance 

Diffuse irradiance 

Turbidity 

Meteorology 
Air temperature 

Temperature gradient 
Dewpoint temperature 
Relative humidity 
Pressure 

Wind (speed and direction) 
Precipitation 

Total precipitable water 

TABLE 2.2. SurnmaiY of Sampling Programs at MLO in 1987 

Instrument 

URAS-21R analyzer* 
Siemens llitramat-3 IR. analyzer* 
3-L glass flasks 
0.5-L glass flasks, through analyzer 
0.5-L glass flasks, p3 
GC 
Carle automated GC 
Dasibi ozone meter* 
Dobson spectrq>hotometer no. 76 
Dobson spectrophotometer no. 76 
Balloonbome ECC sonde 
300-mL stainless steel flasks 
HP5890 automated GC 

Shimadzu automated GC 
Flame photometric analyzer 

PollakCNC 
G.E.CNC* 
Four-wavelength nephelometer* 
Lidar 

Eppley pyrananeters (3) with Q, 
OGI, and RG8 filters* 

Eppley pyrheliometers (2) with Q 
filter* 

Eppley pyrheliometer with Q, 001, 
RG2, and RG8 filters 

Eppley /Kendall active cavity 
radiometer 

Eppley pyranometer with shading disk 
andQfllter* 

J-series smtphotometers, J-202 
andJ-314 

Sampling Frequency 

Continuous 
Continuous 
1 pair wk·1 

1 pairwk·l 
1 pairwk·l 
Continuous 
1 sample (24 min)·l 
Continuous 
3 day -1 

2 day·1 

1 wk·1 

1 pairwk·1 

I sample (3 hr)·' 

I sample (3 hr)·l 
Continuous 

I day·! 
Continuous 
Continuous 
Discrete 

Continuous 

Continuous 

3 day·! 

1 mo·1 

Continuous 

3 day·! 

Mainzii sunphotometer, M119 and M120 3 day·1 

PMOD three-wavelength sunphotometer* Continuous 

Aspirated thennistor* 
Max.-min. thennometers 
Hygrothermograph 
Aspirated thermistors• 
Depoint hygrometer* 
Hygrothennograph 
Capacitance transducer* 
Microbarograph 
Mecurial barometer 
Bendix Aerovane• 
Rain gauge, 8-in 
Rain gauge, 8-in 
Rain gauge, weighing bucket 
Rain gauge, tipping bucket• 
Foskett IR hygrometer* 
HAO 1R hygrometer* 

Continuous 
I day·1 

Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
I day-1 

Continuous 
I day·1 
1 wk·1 

Continuous 
Continuous 
Continuous 
Continuous 

Remarks 

MLO; discontinued Aug. 5 
MLO; installed Aug. 5 
MLO and Kwnukahi 
MW 
MLO and Kumukahi 
MLO; discontinued April 
MLO; installed April 
MW 
Weekdays 
Umkehr method 
From Hilo Airport 
MLO 
M~O; installed June 

MLO; installed June 
MW; Installed Aug. 

Weekdays 

450, 550, 700, 850 run 
694.3 nm; average 1 profile 

wk·l 

380, 500, 778, 862 nm; 
narrowband; discontinued 
July 

380, 412, 500, 675, 862 nm; 
Mll9 operational July-Oct.; 
Ml20 installed OcL 

380, 500, 778 run; 
narrowband 

2- and 40-m heights 
Standard shelter 
MLO and Kulani Mauka 
2- and 40-m heights 
2-m height 
MLO and Kulani Mauka 

8.5- and 40-m heights 

Kulani Mauka 
Weekly chart record 

Discontinued July 
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TABLE 2.2. (continued) 

Program lnstnunent 

Precipitation Chemistry 
pH pH meter, Hilo lab. 

Conductivity Conductivity bridge, Hila lab. 

Chemical components Ion chromatograph, Hila lab. 

Cooperative Prograrm 
C02 (SIO) IR analyzer (Applied Physics) 
C02, 13C, N20 (SIO) S-L evacuated glass flasks 
Surface S02 (EPA) Chemical bubbler system 
C02, CO, CH4, 1'Ci''C Pressurized glass flask sample 

(CS!RO) 
C02, CH4, and other trace Evacuated stainless steel flasks 

gases (NCAR) 
Total suspended particles High-volume sampler 

(DOE) 
Total o3, S02 

(AES Cauada) 
Brewer spectrophotometer, MK-1 

Brewer spectrophotometer, MK-ll; 
Umkehr-automated 

Turbidity Sonotek sunphotometer no. 5698 
(AES Cauada) 

CH4 (1'Ci1'C) 35-L evacuated flask 
(Univ. of Washington) 

Total suspended particles High-volume sampler 
(EPA) 

Ultraviolet radiation UV radiometer (erythema) 
(Temple Univ.) 

Ultraviolet radiation 8-wavelength UV radiometer 
(Smithsonian) 

Solar variability Solar spectroradiometer 
(Univ. of Arizona) 

Solar aureole intensity Multi-aperture tracking photometer 
(CSU) 

Precipitation collection Exp:>sed collection pails 
(DOE) 

Precipitation collection Aerochemetric automatic collector 
(ISWS) 

Precipitation collection Aerochemetric automatic collector 
(Univ. of Virginia) 

Wet-dry deposition Aerochemetric automatic collector 
(ISWS) 

Aerosol chemistry Nuclepore filters 
(Univ. of Washington) 

"C (USGS, Denver) 10-L stainless steel flasks 
Various trace gases Stainless steel flasks 

(OGC) 
HN03, HO vapor, Filter system 

and aerosols (URI) 
IR solar spectra Interferometer 

(Univ. of Denver) 
Sunphotometery Sunphotometer calibrations 

(NASA Goddard) 

*Data from this instrument recorded and processed by CAMS. 

Carbon Dioxide 
The GMCC and the SIO Applied Physics NDIR analyzers 

were operated in parallel without major problems during the 
year. The average C02 concentration for the year was al:xmt 
348.6 ppm, and the rate of C02 iflcrease was approximately 1.9 
ppm yrt. Tirls provisional value is noticeably larger than the 

Sampling Frequency Remaiks 

Weekly Rainwater collections, 
3 sites 

Weekly Rainwater collections, 
3 sites 

Weekly Rainwater collections, 
3 sites 

Continuous 
1 pair wk·1 MLO and Kumukahi 
Evei)' 12 days 24·h (0000-2400) sample 
1 mo·1 MLO 

_1 pairwk-1 MLO and Kumukahi 

Continuous 1 ftlter wk-1 

1-3 day·1 MLO, discontinued March 

Continuous MLO, installed March 

1-3 day-1 MLO 

1 mo·1 MLO 

Every 12 days 24-h (0000·2400) sample 

Continuous Radiation responsible for 
sunburning of skin 

Continuous 290-325 nm, narrowband 

Discrete Program began Sept. 1985 

Continuous 2, 5, 10, 20, 30" fields 
of view 

Continuous MLO 

Continuous Analysis for 'Be and lOSe 

Continuous Organic acid analysis 

Continuous NADP 

Continuous Upslope-downslope 
discrimination 

Biweekly MLO 
I set wk·1 MLO and Kumukahi 

(3 flasks) 
Four 2-wk periods yr"l MLO 

Feb. and July 1987 MLO 
1 wk each 

Oc!.l987,1 wk MLO 

long-term MLO C02 rate of increase of 1.42 ppm yr1 [Schnell 
and Rosson, 1987]. 

A Siemens Ulttamat-3 IR analyzer replaced the URAS-2 IR 
analyzer on August 5, 1988. The URAS-2 analyzer had been in 
use at MLO since May 1974. A series of comparisons between 
the two analyzers was performed before the removal of the 
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URAS-2 analyzer. The analyzers were first operated 
independently but using the same synthetic air as reference 
gases, sharing the same 25-m (80-ft) air intake, and using the 
same freeze trap at -60" to -70"C. After this side-by-side 
operation indicated a possible accuracy problem, a second test 
was run using a double freeze trap connected in series. In these 
tests URAS-2 values were 0.3 ppm higher than the Siemens 
values. When the analyzers were interchanged with all the 
plumbing configuration remaining untouched, the URAS-2 
values were still consistently 0.3 ppm higher than the Siemens'. 
However, when a set of natural air standards was used to replace 
the usual operational synthetic air as the reference gases, the 
Siemens and URAS-2 values showed no consistent 
concentration difference. Experiments are being undertaken in 
Boulder GMCC laboratories to explain the differences in 
ambient air response observed for the two instruments. 

The weekly C02 flask samplings· at MLO and Cape 
Kurnukahi were continued without problems and with no 
changes in protocol. 

As in previous years, outgassing from several volcanic vents 
near the swnmit and along the northeast rift of MalDla Loa 
caused observable disturbances . in some of the C02 records. 
These occur during the nocturnal downslope wind regime. most 
frequently between 0000 and 0800 LST. Visual scanning of the 
recorder chart records showed the frequency of disturbed 
periods; these have been accumulated into monthly totals (Table 
2.3). Note that these frequencies indicate only the number of 
days of occurrence and not the number or percentage of hours of 
data that are affected. Periods when the MLO C02 record is 
affected in this manner by volcanic events are not included in 
the detennination of background C02 concentrations. 

The 1987 average frequency of outgassing episodes was 
38%, which continues the downward trend of venting influences 
seen in prior years (e.g., 1984, 61%; 1985, 48%; 1986, 44%). 
The 5-yr average prior to the March 25, 1984, Mauna Loa 
eruption was 27%. The lower frequencies observed in February 
and March are probably due to lower frequencies of 
southeasterly winds during those 2 months. 

Surface Ozone 
The Dasibi ozone monitor samples directly from the air 

intake stack and is recorded by the CAMS. In 1987 the 
instrument was out of service from AprillO to July 25 because 
of the nonavailability of replacement electronic components. 
Otherwise continuous ambient data were obtained. 

Total Ozone 
The regular program of Dobson measurements and Umkehr 

proftles using Dobson spectrophotometer no. 76 was augmented 
in May, June, and July by a program of Langley plot calibra-

lions of the WMO world standard Dobson instrument, no. 83. 
During this ca}.ibration program, intercomparjson calibrations 
with no. 83 were also carried out on the MW Dobson no. 76 
and the SMO Dobson no. 42. 

Ozone Profiles 
In the MLO ozonesonde program thei'e were ~3 launches, 

approximately weekly, from the NWS Hila airpQrt station. Of 
these, 48 produced satisfactory profile data. Of the five that 
were unsuccessful, four were due to instrument failure after 
launch and one was due to the weather. The average flight 
altitude for the 48 successful flights was 41.4 km (2.5 mb) and 
ranged between 39.6 km (3.3 mb) and 44.9 km (1.6 mb). All 
but three of the 48 profiles exceeded the target altirude of 40 km 
(3.0mb). 

Aerosols 
As in prior years, the MLO aerosol program· consisted of 

both surface and stratospheric aerosol measurements. 
Continuous measurements of CN concentration and aerosol 
scattering extinction were made by the G.E. CNC and the 
four-wavelength nephelometer, respectivelY. Both systems were 
recorded by the CAMS. Operation of both instruments was 
essentially continuous through the year, having only minor 
periods of downtime. The Pollak CNC was operated daily to 
provide a calibration check for the G.E. CNC. 

Lidar data were obtained on 45 nights during the year. 
Weather permitting, observations were coordinated with 
overpasses of the SAGE II satellite. Stratospheric aerosol 
concentrations continued to decay toward backgrolD'ld, as shown 
by the decrease in average non-Rayleigh backscatter (NRBS) 
from an average of 1.4 x 104 sr1 in January 1987 to an average 
value of 1.0 x 10-4 srl in December. Prior to the eruption of the 
Columbian volcano Ruiz in November 1985, the NRBS was 
averaging 1.1 x 104 sr1• No new volcanic stratospheric aerosol 
clouds were observed by the MLO lidar in 1987. 

Solar Radiation 
In July the older J-series sunphotometers were replaced with 

a single Mainz II (Mll9) five-ch8IU1el sunphotometer. The new 
instrument is easier to use and has more accurate aiming optics 
than the J-series units. The five filters in the Mainz II units are 
narrowband fllters at approximately 380, 412, 500, 675, and 862 
nm. In October, a Mainz II MI20 replaced the M119 when the 
ftlter rotation mechanism malfunctioned. ' 

The other components of the MLO solar radiation program 
were continued with little change from the previous year. 
These, as shown in Table 2.2, include normal incidence 
pyrheliometers and global pyranometers for total and diffuse 
radiation measurements. In the solar dome a v~i.ety of solar 

TABLE2.3. Monthly Occurrences of Outgassing from Volc~c Vents on Mauna Loa 

Jan. Feb. March April May June July Aug. Sept. OcL Nov. Dec. Year 

Number of days 10 2 5 9 8 12 18 19 10 16 11 18 138 
Percent of days 32 7 16 30 26 40 58 61 33 52 37 :lo 38 

'•• 



measurement instnunents were mounted on the active solar
tracking spar. The dome. and shutter controllers malfunctioned 
occasionally, but repairs could generally be made readily and 
downtime was kept to a minimum. 

The MLO solar radiation program was used frequently by 
non-GMCC groups for assistance in instrument calibrations and 
as a source for information to assist in data interpretation. 
Specialized long-term cooperative programs. especially in the 
shorter wavelength bands, augmented the MLO radiation 
program. 

Meteorology 
The MLO program of meteorological measurements was 

continued without major problems other than a 1-mo period of 
downtime for the dewpoint hygrometer. The CAMS record of 
weather factors was expanded with the addition of the 
temperature gradient between 2 m and the top of the 40-m tower 
and of the wind gradients between 8.5 m and 40 m; thus a 
continuous measure of boundary layer stability is now available 
for use in data interpretation. 

Precipitation Chemistry 
The 1987 precipitation chemistry program consisted of 

collections from three local sites: Hilo, 22-mile on the Saddle 
Road, and MLO. Collections and collector equipment changes 
were made at each of these sites each weekday to provide an 
approximation of precipitation event sampling. These samples 
plus rain and snow samples from the other three GMCC 
observatories were analyzed in the MLO Hila laboratory. As 
shown in Table 2.2, the precipitation analysis protocol includes 
pH, conductivity, and a variety of anions and cations. Ion 
chromatography is used for the latter analysis. Several 
cooperative programs in precipitation chemistry are also carried 
out at MLO and serve to augment the GMCC program. 

Cooperative Programs 
Table 2.2 lists 24 cooperative projects supported by the 

GMCC MLO program. Most of these programs are long-term 
monitoring and sampling studies in which MLO staff assume 
the rudimentary housekeeping chores to maintain the operations, 
and the P 1. does the sample and data analysis. Classic in this 
cooperation between P.I. and MLO staff is the SIO C02 

program involving both· flask samples and the operation of a 
C02 analyzer. This program completes 30 years of operation at 
MLO in 1988, and thus this program predates the establishment 
of the GMCC program in 1972. The other type of cooperative 
program is one in which the P.l. and colleagues use MLO 
facilities to cany out specific short-term studies without any 
significant involvement of MLO staff members. The 1987 URI 
studies of HN03 and HCl, and the University of Denver IR solar 
spectra research are examples of this latter type of program. 

All of the MLO cooperative programs listed in the 1986 
Summary Report [Schnell and Rosson, 1987] were active in 
1987. The SIO C02 analyzer was upgraded with the addition of 
a new data acquisition system and new SaJ!lple lines. The inlet 
line that had been on the old high (25-m) tower was moved to a 
similar height on the new 40-m tower (see Table 2.1). The 
Canadian AtmospheriC Environment Service program of total 
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ozone and S02 measurements using the Brewer 
spectrophotometer was upgraded in March with the installation 
of a fully automated Brewer MK-TI in place of the older, 
manually oriented and initiated Brewer MK-1 instrument. The 
MK-I had been in operation at MLO since April 1982. 

The program of infrared solar absorption spectra 
measurem~nts made by the University of Denver in February 
and July showed that MW is a favorable site for this type of 
measurement [Rinsland et a/., 1988]. The results of this 
program provided total vertical column amounts of 13 
atmospheric gases and average tropospheric concentrations of 
C02, N,O, CH4, and CHC1F2 (CFC-22). The diurnal variations 
of the total column amounts of NO and N02 were also obtained. 
Spectral measurements of this type provide a permanent record 
of the observed atmospheric solar spectra and can be compared 
with spectra taken at other times and in other locations. Such 
comparisons can provide geographic distributions and temporal 
trends of a wide variety of minor and trace atmospheric 
constituents. As more basic information becomes available on 
the IR spectra of other trace constituents such as the CFCs these 
spectra can be reanalyzed to provide additional information. 

The sampler used by URI for aerosol particle studies was 
moved from a surface location to the 23-m level on the new 
tower. Boundary layer profiles and possible surface deposition 
effects will be examined in this Continuing program. 

2.2. BARROW 

2.2.1. FACIIlTIES 

Another year of data was successfully collected at BRW in 
1987. Scientific interest in BRW and the Arctic increased in 
1987. This was manifested by visits to BRW by the NOAA 
Administrator in February, the NSF Polar Research Board in 
April and September, the Director of the Geophysical Institute 
of the University of Alaska in February. and othC.rs throughout 
the year who looked into ways to increase U.S. involvement in 
Arctic science. The visits focused on reviewing present Arctic 
research and in determining what more is needed and could be 
done in the Arctic in the future. 

Station personnel were called on several times by the North 
Slope Borough/Wildlife Management for tcclmical expertise. 
On several occasions GMCC personnel were also used by NWS 
to repair equipment. There was a change in the GMCC staff in 
December when one staff member was temporarily assigned to 
Boulder; a new electronics teclmician was recruited and was 
assigned to BRW in his place. BRW's administrative support 
was transferred from WASC in Seattle to MASC in Boulder at 
the beginning of 1987. This included hooking BRW up to the 
FIDO communication network in ERL, Boulder. 

The BRW vehicles underwent major changes in 1987. The 
GSA Dodge truck was relegated to standby status early in the 
year after numerous problems made it too unreliable. In the 
summer it was replaced by a new 1985 Chevrolet Suburban 
provided by GSA. At year's end the new Suburban was still 
working well. A new Skandic 503 snowmobile was purchased 
in February. By the end of the year. all the old snowmobiles 
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and the historic Bambi were excessed and removed from the 
station inventory. The 1979 GMC truck, which has served as 
the most durable observatory transportation vehicle. received a 
new engine in February but needed further repairs. By the end 
of the year, thanks to a third-party support agreement with the 
Dew Line Station for vehicle maintenance on a noninterference 
basis, it was running better. 

The Dew Line Station supply of electrical power to BRW 
observatory was cut off in April 1987 when a frre at the Dew 
Line Station destroyed more than one-third of its electrical 
power planL Emergency action was required to locate and hook 
up an alternate power supply to the GMCC observatory. In a 
matter of days power was obtained to continue the measure
ments at BRW with minimum instrument downtime, and in a 
matter of months a working agreement was in place to receive 
commercial power from the Eskimo Corporation (UIC), which 
had taken over the day-to-day operation of NARL. By the end 
of the year, good and reliable power was still being supplied to 
BRW by UIC through NARL using the Barrow Borough Power 
Plant 

The phone lines to the observatory continue to work 
marginally. Every spring, during breakup, water can infiltrate 
into the lines feeding to the observatory and cause noisy 
conditions. GTE has worked on the lines several times during 
the year to bring temporary relief, but the problem remains. The 
observatory computer continues to be used as an alternate 
communication link with Boulder. Computer data transfer 
between BRW and Boulder is being planned. 

The clean room at the observatory had acoustic foam 
installed on the remaining walls this year, helping with the noise 
problem at the station. The clean room was also rearranged to 
make better use of the small amount of room left for expansion. 
An air conditioning unit arrived to help with the cooling/ 
humidity problems at the station. 

The arrangement between NWS and GMCC for shared 
housing in BRW continued throughout 1987. Several upgrades 
and repairs were done in the units occupied by GMCC staff. A 
water heater was installed. along with a new front door, in the 
double-wide housing unit. Corroded fixtures were replaced in 
both houses. The heater system in the double-wide unit is 
marginal and is scheduled for replacement. 

2.2.2. PROGRAMS 

Table 2.4 sururnarizes the programs at BRW. Further 
discussion of some of the programs follows. 

Carbon Dioxide 
Several problems this year were power related and solved 

with simple restarts. Tanks of compressed gas were sent to 
BRW on the cool barge; this continues to be a good system for 
shipping large amounts of heavy goods to the station. 

Met/ume 
The methanizer was reconditioned early in the year and 

replaced in May. The HP integrator locked up twice and had to 
be replaced. The pure air generator also died and was replaced 
with canned air sent from Boulder. The results seem to be better 

using the canned air, so we may continue using it. The stream 
selection valve had to be replaced when it stopped flow on 
channel3. 

Suiface Ozone 
A new lamp was installed in the Dasibi ozone meter along 

with a different LED display. The old display had several 
burned out segments, making it hard to read. The only other 
occurrence of note was replacement of the pump. 

Total Ozone 
Observations continued without any major problems this 

year. 

Ozone Profiles 
The ozonesonde program in BRW was enhanced this spring 

to look for stratospheric depletion of ozone in the Arctic. A 
total of 54 balloons were launched this year. A member of the 
MTG Group was here from Boulder during the spring to launch 
ozonesondes during the spring Arctic haze episode. 

Halocarbons and Nitrous Oxide 
A new Epson printer was installed to replace the troublesome 

HP Think-jet printer. Bed power led to several problems this 
year. Several times outages were long enough that the UPS 
could not keep things running. The problems were solved by 
use of the town power. A new disk drive was installed because 
the old one tried to write continually to the disk even though 
there was nothing to write. A member of the NOAH group 
carne from Boulder to upgrade the RITS GC and make some 
programming changes. He installed a Shimadzu GC, the 
plwnbing to run it, and two tanks of calibration gas. Earlier in 
the year a new compressor was installed to take the place of the 
tanks of compressed air that tum the pnewnatic valves in the 
GC. 

Aerosols 
The vacuum pump for the GE CNC was rebuilt this year. A 

cracked 0-ring was found in the GE CNC causing erroneous 
readings. This was repaired and the unit ran properly the rest of 
the year. The Pollak CNC operated normally all year. The print 
head in the Leeds and Northrup recorder started sticking and 
causing poor-quality chart records. The trouble was traced to a 
worn bearing in the print head carriage; a new one was ordered 
and sent from Boulder. 

Solar and Terestrial Radiation 
The sun rose on January 24 and set on November 18, both as 

expected. A Teflon cable was installed on the Li-Cor tracker 
because the old plastic one had cracked. The HP data acquisi
tion system was moved to a rack this year to make more space 
in the clean room. 

Meteorology 
This year's weather at BRW was characterized by extremes. 

Blizzards and blowing snow closed the observatorY road for 
portions of January, February, March, and April. A new 24-h 
rainfall record was set in July: 1.48 in. The old record was 1 in 
set in October 1926. A new 24-h snowfall record was also set 



Table 2.4. Summary of Sampling ProgramS at BRW in 1987 

Gases 
C02 

Prognun 

C02,CH4 
CH4,CO,C02 
Surface 0 3 
Total 0 3 
0 3 proftle 
CFC-11, CFC-12, NzO 
CFC-11, CFC-12, NzO, 

ca4,CH3ca, 
NzO 

Aerosols 
Condensation nuclei 

Optical properties 

Solar and Te"restrial Radiation 
Albedo 
Global irradiance 
Direct irradiance 

Terrestrial (IR) radiation 
Turbidity 

Meteorology 
Air temperature 

Dewpoint temperature 
Pressure 

Wind (speed and direction) 
Precipitation 

Precipilation Chemistry 
pH 
Conductivity 

Cooperative Programs 
Total surface particulates (DOE) 
Aerosol chemistry (URI) 
Aerosol chemistry (Univ. of Alaska) 
Ultraviolet radiation (Temple.Univ.) 
Precipitation gauge (ASCS) 
Magnetic fields (USGS) 
1'C (USGS) 
Various trace gases (OGC) 
C02, CH4 and other trace gases (NCAR) 
13C, 180, C02 (CSIRO) 
C02, 13C, NzO (SIO) 
Halocarbon monitoring (Univ. of 

Calif., Irvine) 
Earthquake detection 

(Univ. of Alaska) 

"CH4 ("Ci12C) (Univ. of Washing1on) 
Atmospheric tracer experiment 

(ARL!Idaho Falls) 

Instrument 

URAS-2T IR analyzer 
3-L glass flasks 
0.5-L glass flasks, through analyzer 
0.5-L glass flasks, p3 
Carle automated GC 
Dasibi ozone meter 
Dobson spectrophotometer no. 91 
Balloonbome ECC sonde 
300-mL stainless steel flasks 
HP5890 automated GC 

Shimadzu automated GC 

PollakCNC 
G.E.CNC 
Four-wavelength nephelometer 

Eppley pyranom.ter 
Eppley pyranometers with Q and RG8 ftlters 
Tracking NIP 
Eppley pyrheliometer with Q, 001, 

RG2, and RGS f111ers 
Eppley pyrgeometer 
Sunphotometers with 380-, 500-, 778-, 

and 862-nm narrowband ftlters 

Thennistor, 2levels 
Max.-min. thermometers 
Dewpoint hygrometer 
Capacitance transducer 
Mercurial barometer 
Bendix Aerovane 
Rain gauge, tipping bucket 

pH meter (samples analyzed at MW) 
Conductivity bridge (samples analyzed at MLO) 

High-volume sampler (1 ftlter wk·1) 

High-volume sampler (2 fJ.lters wk·1) 

Hi-volwne filters f!.lters wk·l 
UV radiometer 
Wyoming shielded precipitation gauge 
Magnetometer 
10-L stainless steel flasks 
Stainless steel flasks 
3-L stainless steel flasks 

. 5-L glass flasks 
5-L evacuated glass flasks 
Various stainless steel flasks 

Seismograph 

35-L stainless steel flasks 
Air sample 

Sampling Frequency 

Continuous 
1 pair wk·l 
1 pairwk·1 

1 pair wk-1 
1 sample (24 min)'1 

Continuous 
3 day·1 

1 wk·l 
1 pair wk·1 

I sample (3 hr)"1 

I sample (3 hr)"1 

I day-1 

Continuous 
Continuous 

Continuous 
Continuous 
Continuous 
Discrete 

Continuous 
Discrete 

Continuous 
I day·1 

Continuous 
Continuous 
Discrete 
Continuous 

Discrete 
2mo·1 

Continuous 
Continuous 
Continuous 
Continuous 
2mo·1 

1 station check wk·l) 
1 pairmo·1 

1 set wk-1 (3 flasks ser1) 

1 pair wk·1 

1 pair (2 wk)-1 
1 pair wk·1 

1 set (3 mo)·l 

Continuous; 
check site 1 wk·l 
change tape 1 mo·l 

I (2 wk)"1 

1 wk-1 

9 
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this year: 5.2 in in September. The old record was 5.0 in. The 
total for September was 16.2 in, beating the old September 
record of 12.9 in. Several new low-temperature records were 
also set. Routine calibrations were performed, and all instru
ments operated normally during the year. 

Precipitation Chemistry 
Precipitation samples were collected this year according to 

instructions from ARL. After collection they were sent to MLO 
for analysis. 

Cooperative Programs 
After running for only 7 months, the pump for the DOE filter 

collector seized a bearing and had to be replaced. 
The ANATEX project was run in cooperation with ARL! 

Field Research. 
The USGS equipment was checked on a regular basis. A 

CRT was installed to replace the one that stopped working this 
year. 

The University of California, hvine continues to send a 
person to BRW four times per year to collect air samples for 
CH4 analysis. 

The Soil ConseiVation Service rain gauge continues to 
operate, although it needs Some repairs. 

A flag was flown for NWS to check the wear resistance. The 
GMCC site was chosen because it is far enough away from town 
to determine a more accurate wear rate. 

The Temple University UV meter was calibrated this year. 
Some repairs were made in September to the University of 

Alaska filter hut. 
A long-standing problem with shipping the CSIRO flasks has 

finally been solved. The flasks will be sent to MLO and then 
mailed to BRW. This solves the problems with customs in 
Anchorage. 

2.3. SAMOA 

2.3.1. FACILIT1ES 

SMO had a year of fairly trouble· free operation in 1987, and 
several construction: and upgrade projects were completed. In 
May, a 24-ft square carport was built in front of the observatory 
entrance, providing shelter for the government vehicles during 
the day and making freight and mail loading easier during rainy 
periods. The upper sampling tower was primed and painted in 
July. Both of these projects provided jobs for people of nearby 
Tula village. 

The station's main air conditioner was replaced in April, and 
a second small air conditioner was installed in the GMCC room 
of the EKTO building in May. With the recent addition of a gas 
chromatograph. the single EKTO air conditioner was unable to 
maintain room temperature on the hottest days; with the two 
units working together the room temperature can be kept stable 
to within 2'F. 

As the solar photovoltaic system entered its fourth year of 
operation, a few of the 60 battery cells began to fail, and two 
six-cell replacement batteries were ordered to replace them. 

Apart from this, the system continued to perform well through
out the year. 

Other projects included the paneling of the Dobson dome in 
August, application of wood preservative to the shingles of 
housing unit T -7, and installation of a plastic bed liner in the 
Toyota pickup. Concrete landings were poured in front of both 
EKTO building doors in November. In December, a sump 
pump was installed in series with the observatory pressure pwnp 
to eliminate the occasional priming problems with that pump. 
Both the Ford van and the Toyota gave a year of trouble-free 
service. 

On January 17, a hundred-year hurricane devastated the 
Manua Islands 70 mi to the east, leaving over 90% of the 
residents homeless, and stripping all of the vegetation down to 
ground level. Luckily, Tutuila Island was spared, and the 
observatory escaped damage. 

2.3.2. PROGRAMS 

Table 2.5 summarizes the programs for 1987. New programs 
this year include the addition of a Shimadzu automated GC by 
GMCC to improve N20 measurements, and the initiation of 
flask sampling for the U.S. Bureau of Mines to measure 
atmospheric helium. 

Carbon Dioxide 
The URAS-2T analyzer and its system operated without 

problems all year with the exception of the Cryocool freezer. 
The old unit and two spares were used throughout the year, 
maintaining -60°C or cooler temperatures except for a period in 
June and July, when the trap warmed to -30'C. By early 1988, a 
heavy-duty Cincinnati Sub Zero freezer was delivered; it has 
maintained -80oc temperatures. An experiment was performed 
in May to compare the effect of using a small, low-flow-volume 
glass freezeout trap with that of a larger, high-flow-volume trap. 

In September, a special intercomparison was conducted 
between 0.5-L P' flasks with greased stopcocks and with 
stopcocks having a new type of 0-ring. 

Surface Ozone 
In January, the Teflon intake line was shortened and wrapped 

with heat tape to eliminate condensation. Dasibi ozone meter 
no. 1326 was replaced by no. 1323 in October, resulting in a 
much improved data set. 

Total Ozone 
After spending 1 year in Samoa, Dobson instrument no. 65 

was returned to Boulder in July and replaced by no. 42. Dobson 
no. 42 arrived in May, and a side-by-side comparison with no. 
65 was run for 3 weeks. In early July, no. 42 was sent to MLO 
where it was calibrated against the world standard instrument 
before being returned to service in Samoa on July 29. The 
frequency of daily observations was increased to 4-5 per day in 
1987. 

Ozone Profiles 
Weekly ozonesonde flights from the NWS facility in Tafuna 

continued in 1987, resulting in 43 total launches and a 96% 



Program 

Gases 
co, 
co2,CH4 

Surface 0 3 
Total 0 3 
0 3 profile 
CFC-11, CFC-12, N,O 
CFC-11, CFC-12, N20, C04, 

CH3C03 
N,O 

Aerosols 
Condensation nuclei 

Optical properties 

Solar Radiation 

Global irradiance 

Direct irradiance 

Turbidity 

Meteorology 
Air temperature 

Pressure 

Wind (speed and direction) 
Precipitation 

Precipitation Chemistry 
pH 

Conductivity 

Cooperative Programs 
C02, 13C, N,O (SIO) 
ALE project: CFC-11, CFC-12, 
Np, CH3C03, C04 (OGC) 

Various trace gases (OGC) 

"C, "O, C02 (CSIRO) 
1'C (USGS) 
Wet·dty deposition (NADP) 

Bulk deposition (EML) 
Hi-vol sampler (EML) 
Hi-vol sampler (SEASPAN Project) 
C02, CH4, trace gases (NCAR) 
13(:, 13f:H4 (Argonne Lab.) 
4He (U.S. BureSjU of Mines) 

TABLE 2.5. Summary of Sampling Programs at SMO in 1987 

Instrument 

URAS-2T IR analyzer 
3-L glass flasks 
0.5-L glass flasks, through analyzer 
0.5-L glass flasks, p3 
Dasibi ozone meter 
Dobson spectrophotometer no. 42 or 65 
Balloon borne ECC sonde 
300·mL stainless steel flasks 
HP5890 automated GC 

Shimadzu automated GC 

PollakCNC 
G.E.CNC 
Four·wavelength nephelometer 

. Eppley pyranomcters with Q and RG8 filters 
Eppley pyranometers with Q filters on tilted mounts 
Eppley pyrheliometer with Q filter 
Eppley pyrhcliomctcr with Q, OG1, 

RG2, and RG8 fllters 
Sunphotometers with 380·, 500-, 778·, 

and 862-nm narrowband filters 

Thennistors (2) 
Max.-min. thennomcters 
Capacitance transducer 
Microbarograph 
Mercurial.barometer 
Bendix Aerovane 
Rain gauge, weighing bucket 
Rain guage tipping bucket 
Plastic bulk rain guage 

Fisher model 805 meter 

Beckman model RC-16C meter 

5-L ev8.cuated glass flasks 
HP5880 gas chromatograph 

Stainless steel flasks 

5-L glass flasks 
10-L stainless steel flasks 
HASL Chemctrics wet-dry collector 

Plastic bucket 
Hi-volume sampler 
Hi-volume sampler 
Evacuated stainless steel flasks 
30-L evacuated steel cylinders 
1-L pressurized steel cylinder 

Sampling Frequency 

Continuous 
1 pair wk·1 

I pairwk·l 
1 pairwk·1 

Continuous 
3 day-t 
1 wk·1 

1 pair wk-1 
1 sample (3 hr)·l 

1 sample (3 hr)·l 

I day-1 

Continuous 
Continuous 

Continuous 
Continuous 
Continuous 
Discrete 

Discrete 

Continuous 
I day-1 

Continuous 
Discrete 
1 wk·1 

Continuous 
Continuous 
Continuous 
I day-1 

I day-1 (GMCC); 
I wk-1 (NADP) 

I day-1 (GMCC); 
I wk-1 (NADP) 

3 flasks wk·l 
!h-1 

3 flasks wk·l 
(3 flasks set·1) 

1 pair mo·1 

2pairmo·l 
1 wk·l, wet; 

discrete, dry 
Continuous (1 bucket mo-1) 

Continuous (1 filter wk-1) 
Continuous (1 filter wk·1) 
1 'pair wk·1 

1 pair discrete 
2 yr-1 

11 
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launch success rate. The program at SMO has been standard
ized with 2000-g balloons that reach typical heights of 6-8 mb. 
In July, hypsometer radiosondes began to be used to improve 
pressure determinations at high altitudes. 

Halocarbons and Nitrous Oxide 
The GMCC halocarbon program continued to be upgraded in 

1987. An HP5890 GC operated throughout the year and was 
augmented in June by a Shimadzu GC. At the same time, the 
system was converted from using one calibration gas to using 
two and had a software upgrade installed. 

Flask sampling continued on a weekly basis. Once per 
month, flask pairs were ftlled through a chemical dryer to test 
the effect of humidity in the exposed flasks. 

Aerosols 
Condensation nuclei were· measured continuously except for 

a 6-wk period centered around November when the GE CNC 
was sent to Boulder for repair. The four-wavelength 
nephelometer ran well all year until November, when a board 
replacement and microswitch contacts on a rotary valve needed 
adjustment. 

Solar and Terrestrial Radiation 
The solar radiation program at SMO continued without any 

changes in 1987. The program consists of a continuous tracking 
pyrheliometer, global pyranometers at two wavelengths, a 
pyrheliometer at four wavelengths for making discrete 
measurements, and sunphotometers at four wavelengths. 

Meteorology 
The complement of meteorological measurements continued 

in 1987 with the exception of dewpoint temperature. In April, 
the standard plastic rain gauge at the observatory was relocated 
when it was discovered that droplets could bounce off a nearby 
wall into the gauge, causing an average 14% increase in the 
measured amounts when compared with measurements at an 
unsheltered location. 

Precipitation Chemistry 
Collection of samples, using a plastic fimnel and bottle, was 

carried out on a daily basis. After on-site measurement of pH 
and conductivity, selected samples were sent to the MLO Hilo 
laboratory fer further analyses. 

Cooperative Programs 
Table 2.5 lists 14 cooperative projects supported by the 

GMCC SMO program. The U.S. Bureau of Mines atmospheric 
helium program involved the pressurization of a small steel 
cylinder and was conducted twice in 1987. 

The largest cooperative project at SMO is the ALE project 
run by OGC consisting of an HP5880 gas chromatograph and 
associated equipment. In March, a new UPS was installed for 
the project, along with a compressor pneumatic air source and a 
new version of software for the ffiM PC data acquisition 
system. A second upgrade to the software was installed in 
October. The IBM PC suffered several periods of down time 
during the year due to program and conununication problems. 

In May, an SIO scientist visited to discover the cause of 
excessive scatter between the C02 concentrations measured 
during the three weekly 5-L glass flask exposures. The problem 
was found to be caused by sun.light striking the grease in the 
glass stopcocks, liberating trace amounts of C02• · Canvas 
"boots" sent from La Jolla to cover the stopcocks while the 
flasks are carried from the observatory to the exposure point and 
back corrected the problem. 

2.4. SO UTI! POLE 

2.4.:. FACILITES 

The GMCC SPO program is situated in the NSF's CAF 
(Figure 2.1). After an unsuccessful attempt to raise the CAF 
building during the sununer of 1985-1986, it was raised 3.7 m 
during December 1986. A hydraulic jacking system composed 
of a central pumping station. ten jacks, and associated hosing 
was Used. The only major incident that occurred during the 
building raising involved the main CAP power cable, which was 
gouged by a bulldozer. Power to the CAF was not lost, 
however, and the cable was spliced later. A new stairway was 
constructed of timber and aluntinum to reach from the CAF 
front porch to the snow surface, and a new iron ladder was 
constructed to reach from the CAF back p:>rch to the snow 
surface. 

Electric power was very reliable this year except for a few 
concentrated, problematical periods. Once again frequency 
fluctuations were virtually nonexistent. 

SPO operations continued to be good this year. Three flew 
projects were undertaken: a special aerosol measurement 
program, a Smithsonian-NOAA cooperative project to monitor 
and record UV radiation levels, and a U.S. Department of 
Interior cooperative project to collect a single sample of air for 
eventual 4He content analyses. The most significant operating 
problem encountered during the year was with the halocarbon 
program's GC. Additionally the surface ozone program's 
Dasibi ozone monitor was inoperable at various times. 

The CAMS units worked very well again this year. One 
BRAM loss was due to equipment failure. All other BRAM 
losses were due to maintenance. The ASR automatically 
restarted frequently (and inexplicably) in periods of high winds. 
The M03 did not always resume logging surface ozone data 
after scheduled calibrations. The root of this problem was never 
determined. On all occasions all three CAMS systems 
automatically restarted following power outages and failures. 

Data transfer by satellite continued this year in much the 
same form as initiated last year. There were some losses of 
message traffic, which hampered some programs. Most of these 
losses were due to an addressing problem, which was subse
quently discovered and corrected. At the SPO end of com
munication, high winds and auroral activity disrupted message 
receipt and transmission capabilities at times. 

2.4.2. PROGRAMS 

Table 2.6 lists the sampling programs carried out during 



----,Grid North 

File Desk 

Clean Air Facility 
South Pole, Antarctica 
1987 

Ladder 
Ill Snow 

Keeling Flask 
G14 Sphere 

Storage 

Stairs to 
Snow Surface 

FW NIP 

13 

Fig. 2.1. Qean Air Facility at SPO, 1987 

1987. Comments on some of the programs follow. 

Carbon Dioxide 
There were a few problems with this program last year; 

perhaps most significant was the apparent deterioration of the JR. 
light source and heater/blower unit in the analyzer. Both units 
were replaced, mid after a period of internal temperature 
stabilization, the analyzer resumed normal operation. 

Surface Ozone 
Problems with this program included Jogging difficulties in 

the M03 CAMS and the failure of the Dasibi ozone meter on 
August 4. The Jogging problem seemed to be in the CAMS 
hardware and/or software. The Dasibi logic/display board failed 
and could not be replaced until opening flight. Therefore, no 
surface ozone data were collected from August 4 until after 
station opening. 

Ozone Profiles 
The ozonesonde program continued this year as a major 

element of GMCC. The biggest problem encountered with this 
program was high wind. When winds were in excess of 
approximately 15 knots, it was virtually impossible to launch 
successfully. A sustained period of high winds permitted only 
three successful launches in Aprill987; otherwise, there were 

more than 60 successful launches through the year, with a 
concentration in the austral spring. The standard balloon used 
was a 19,000-ft' plastic balloon, but 3000-g rubber and 
141,770-ft3 plastic balloons were also used occasionally. 

H alocarbons and Nitrous Oxide 
The most significant operating problem encountered this year 

was with this program. After a period of variable data quality, 
the gas chromatograph failed in February 1987. Despite 
considerable effort made to return the instrument to operation, it 
was still not operating when the station opened the following 
November. 

Aerosols 
The Pollak CNC, GE CNC, and nephelometer performed 

well all year. The GE CNC required the usual maintenance; 
problems with this instrument normally occurred very shortly 
after maintenance, having resulted from overgreasing the valves, 
etc, 

The equipment for the special aerosol project consisted of 
two stepping streakers, a diffusion battery. with a TSI CN 
counter, and an aethelometer. The project was designed to 
investigate aerosol chemistry, size, concentration, and scattering 
properties in relation to large-scale Meteorology in order to 
understand source regions and transport paths to the South Pole. 
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Program 

Gases 
C02 
co2,CH4 

Surface 0 3 
Total 0 3 
Ozone proflle 

CFC-11, CFC-12, N,O 
CFC-11, CFC-12, N20 

Aerosols 
Condensation nuclei 

Optical properties 
Carbon aerosols 
Aerosol chemist!)' 

Solar and Terrestrial Radiation 
Global irradiance 
Direct irradiance 

Turbidity 

Albedo 

Terrestrial (IR) ra4iation 

Meteorology 
Air temperature 
Snow temperature 
Pressure 

Wind (speed and direction) 

Cooperative Programs 
C02, 13C, N,O (S10) 
Total surface particulates 

(DOE) 
Aerosol physical properites 

(SUNY A) 
Various trace gases (OGC) 
l3CJ12C, CH4 (USGS) 
l4C (NOAA/ARL) 
Snow acidity (NOANARL) 
Interhemispheric 13(:J14C 

(CSIRO) 
N02, 0 3 (NZARP) 

He (Dept of Interior) 
CH4, C02, CO (NCAR) 
Ultraviolet radiation 

(Smithsonian-NOAA) 

TABLE 2.6. Summary of Sampling Programs at SPO in 1987 

Instrument 

URAS-2T IR analyzer 
0.5-L glass flasks, through analyzer 
0.5-L glass flasks, p3 
Dasibi ozone meter 
Dobson spectrophotometer no. 82 
Balloonborne ECC sonde 

300-mL stainless steel flasks 
Shimadzu automated GC 

PollakCNC 
G.E.CNC 
Four-wavelength nephelometer 
Aethalometer 
Stepping streakers 

Eppley pyranometers with Q and RGS ftlters 
Eppley pyrheliometer with Q, OG 1, RG2, 

and RGS filters 
Sunphotometers with 380-, 500-, 718-, 

and 862-nm narrowband filters 
Eppley pyranometers with Q and. RGS 

filters, downward-facing 
Eppley pyrgeometers, upward- and 

downward-facing 

Platinum resistor, 2- and 20-m heights 
Platinum resistor, 0.5 em 
Capacitance transducer 
Mercurial barometer 
Bendix Aerovane 

5-L evacuated glass flasks 
High-volume sampler 

Pollak CNC with diffusion battecy 
Nuclepore filters 
Stainless steel flasks 
10-L stainless steel cylinder 
3,000 psi spheres 
125-mL Nalgene flasks 
5-L glass flasks 

Spectrophotometer, data logger 

1-L steel cylinder 
2.5-L steel flasks 
UV radiometer, data logger 

Sampling Frequency 

Continuous 
1 pair twice mo·l 
I pair twice rna· I 
Continuous 
3 day·1 

1 wk·I summer, autumn, winter 
I (3 dayH spring 

3 wk·l summer 
2 analyses wk·l 

2 day·1 

Continuous 
Continuous 
Continuous 
1 sample day-1 

Continuous, summer 
Discrete, summer 

Discrete, summer 

Continuous, summer 

Continuous 

Continuous 
Continuous 
Continuous 
2times wk·1 

Continuous 

2 mo·1 (3 flasks sampie-1) 

Continuous 
(4fil!en;mo·1) 

Discrete 
Continuous 
Twice mo·1 (3 flasks set)•1) 

1 mo·l (2 cylinders sample-1) 
500 psi day·l 
1 (2 wk)·1 

1 or 2 flasks mo·l 

Continuous for 6 wk 
at sunrise and sunset, 
and control periods in summer 

One time 
Daily (seasonally) 
Continuous, summer 

Solar arul Terrestrial Radiation 
Once again there were a few problems associated with 

pre-amps, but downtime was short. All cables with the 
exception of one leading from CAF to the albedo rack were 
replaced with single-run. longer cables to facilitate the raising of 
the CAF building. Additionally, the cables were suspended 

above the snow surface to prevent their future burial by blowing 
snow. 

Meteorology 
The problems encountered with this program were relatively 

minor and infrequent. An extended period of data loss occurred 



when the wires near the snow temperature sensor probe broke 
and went unnoticed for approximately 3 months. This affected 
only the snow surface temperature readingS. 

Cooperative Programs 
Most of the cooperative programs listed in Table 2.6 were 

continued from previous years. However, two new projects 
began. One, the Smithsonian-NOAA UV radiometer project 
will be an ongoing program; the other, a U.S. Department of 
Interior project to reassess global 4He levels, was a one-time 
sample. The Smithsonian-NOAA instrument went offline due 
to a failed tape-drive unit, but a new unit was received by 
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airdrop and the system was returned to operation. 
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3. Aerosols and Radiation Monitoring Group 

3.1. CONTINUING PROGRAMS 

3.1.1. SURFACEAEROSOLS 

The GMCC aerosol monitoring program continued during 
1987 as in previous years. CN concentration and aerosol 
scattering extinction coefficient (cr~ were measured continu
ously at BRW, MLO, SMO, and SPO. A G.E. automatic CN 
counter operates continuously. and a Pollak CN counter 
provides daily calibration points for the automatic CN counter at 
each station. A four-wavelength nephelometer at each station 
continuously measures cr,. at 450-, 550-, 700-, and 850-nm 
wavelengths. 

No major changes were made to the routine monitoring 
program at the GMCC stations during 1987. The MLO 
nephelometer exhibited low sensitivity on channel four (850 
nm) during the early part of 1987. Therefore, only 450-, 550-, 
and 700-J)lll scattering extinction data for MLO are shown here 
until September 5 (DOY 248), the date when the photomultiplier 
tube in the MLO nephelometer was replaced. The BRW, SMO, 
and SPO aerosol monitoring programs operated essentially 
trouble free during 1987. 

A special aerosol experiment was conducted at SPO during 
1987. A Nuclepore-filter diffusion battery apparatus for 
measurement of particle size distribution in the Aitken size 

range, a TSI alcohol-based CN counter, an aethalometer for the 
measurement of soot carbon, two stepping streaker samplers, 
and an HP data acquisition and control system were installed in 
the Clean Air Facility. The streaker samplers were programmed 
to take 24-h filter samples for each day of the year for subse
quent aerosol chemistry analysis using the PIXE technique. 

Monthly geometric means of the data for 1987 are listed in 
Table 3.1. Figure 3.1 shows daily geometric means of CN 
concentration (lower portion of each plot), a"P (middle portion 
of each plot), and Angstrom exponent (upper portion of each 
plot) at the GMCC stations for 1987. Three independent values 
of Angstrom exponent were calculated from the crsp data. 
Monthly geometric means of the entire data record for each 
station are shown in Figure 3.2. 

The BRW data in Figure 3.1 show a maximum in asp of about 
2 x JO·S m·1 during the middle of March, typical of the well
known springtime Arctic haze. After a decrease during the last 
week of March, the asp data again show high Arctic haze values 
during the frrst 3 weeks of April 1987. The high springtime 
values of asp decrease rapidly in May and June, reaching values 
well below 10-6 m·1• The BRW long-term record presented in 
Figure 3.2 clearly shows this annual cycle in asp, having 
monthly means above 1 o-s m·l in the spring and occasionally 
below 10 .. m·1 in the summer. The BRW CN data in Figure 3.1 
show an apparent semiannual cycle and a secondary maximum 

TABLE3.1. Monthly Geometric Means of CN Concentration (cm·3) and cr,. (m·1) at 450, 550, 700, 
and 850 nm for BRW, MLO, SMO, and SPO During 1987 

Jan. Fob. March April May Juno July Auq. Sept. Oct. Nov • Dec. .... 
CN 251 292 426 321 161 145 330 347 190 181 89 1S7 

"·· (4SO) 1.07-05 1.37-05 1.50-05 1.96-05 1.09-05 3.57-06 2.76-06 2.80-06 3.63-06 4.74-06 6.82-06 1.11-05 

"·· (550) 1.00-05 1.28-05 1.34-05 1.66-05 8.90-06 3.11-06 2.50-06 2.74-06 3.55-06 4.50-06 5. 81-06 1. 08-05 

"·· (700) 7.28-06 9.09-06 8.90-06 1.03-05 5.23-06 2.06-06 1.84-06 2.18-06 2.81-06 3.50-06 3.80-06 8.26-06 

"·· (850) 5.42-06 6.69-06 6.29-06 6.90-06 3.39-06 1.49-06 1.40-06 1.85-06 2.30-06 2.92-06 2.65-06 6.44-06 

MLO 

C1f 242 250 252 298 271 320 295 293 258 252 247 207 

"·· (450) 3.48-06 2.33-06 2.66-06 2.47-06 1.75-06 2.47-06 1.36-06 1.10-06 1.21-06 

"·· (550) 2.97-06 1.84-06 2.06-06 1.83-06 1.28-06 1.80-06 9.79-07 7.99-07 8.98-07 

" .. (700) 2.77-06 1.52~06 1.66-06 1.42-06 9.86-07 1.22-06 6. 76-07 5.39-07 6.11-07 

"·· (850) 9.95-07 6.25-07 5.17-07 5.87-07 

SMO 
C1i 310 2SS 234 198 233 197 190 211 208 218 303 

"·· (4SO) 1.10-05 8.66-06 1.50-05 1.88-05 1.31-05 1.18-05 1.02-05 1.69-05 1.31-05 2.00-05 1. 96-05 2.44-05 

"·· {550) 1.06-05 8.40-06 1.41-05 l.U-05 1.30-05 1.18-05 1.02-05 1.73-05 1.29-05 2.03-05 1.80-05 2.36-05 

"·• (700) 1.06-05 8.59-06 1.41-05 1.91-05 1.34-05 1.21-05 1.05-05 1.82-05 1.32-05 2.13-05 1. 74-05 2.36-05 

"·· (850) l.U-05 9.09-06 1.47-05 2.05-05 1.43-05 1.30-05 1.11-05 1.98-05 1.47-05 2.34-05 1.80-05 2.47-05 

SPO 
CN 100 100 102 32 24 16 11 15 27 89 121 llS 

"·· (450) 4.49-07 3.04-07 3.35-07 2.53-07 2.45-07 3.93-07 3.49-07 5.02-07 3.85-07 5.52-07 5.37-07 

"·• (550) 2.66-07 1.84-07 2.18-07 1.67-07 1.61-07 2.65-07 2.55-07 4.03-07 3.12-07 4.31-07 3.75-07 

" .. (700) 1.19-07 7. 78-08 1.19-07 8.91-08 9.29-08 1.56-07 1.36-07 2.58-07 1.85-07 2.68-07 2.21-07 

"·• (850) 6.40-08 4.15-08 6.10-08 5.60-08 5.19-08 8.61-08 8.37-08 1. 72-07 1.22-07 1.78-07 1.45-07 

A compact exponential fonnat is used for asp such that 1.07-05 = 1.07 x w-s. 
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Figure 3.1. Daily geometric means of a and CN data at BRW, MLO, SMO, and SPO for 1987. Data for .MLO are included only for 0000-0800 
LST. For each station, CN concentration (rower) is shown as a solid line. a !'I! data (middle) are shown for 450 (dotted), 550 (solid), 700 (dashed), and 
850 run (long-dashed). Angstrom exponents (alpha) were calculated from 4=>0- and 550-nm (dotted), 550- and 700-nm (solid), and 700- and 850-nm 
(dashed) asp data. crap data for 850 run and Angstrom exponent data for 700-850 run are not shown for MLO. 

in July-August. The BRW long-term CN record shows a more 
variable semiarmual cycle, having maxima usually in March and 
August, and minima usually in June and November. Quaken
bush and Bodhaine [1987] presented the Barrow aerosol record 
graphically in the form of hourly means for 1976-1986. 

The MW ""' data shown in Figure 3.1 are fairly typical for 
MLO but do not clearly show the expected annual cycle because 
of instrument problems and missing data. A maximum is 
expected in April-M8.y that is caused by the long-range transport 
of Asian desert dust in the upper troposphere to the vicinity of 
Hawaii. The Angstrom exponent data show a minimum in 

April-May, indicating larger particle sizes during that time. The 
MLO CN data shown in Figures 3.1 and 3.2 average about 250 
cm·3 and are probably representative of the background 
troposphere in this region. The desert dust events in the spring 
do not significantly affect the CN concentration because the dust 
particles contribute only a small percentage to the total numbers. 
However, because of their larger size, they contribute sig
nificantly to the scattering coefficient. The MLO long-term 
aerosol record presented in Figure 3.2 shows significantly 
higher wintertime values during 1985-1987 than during 
1974-1980. It is not known whether this is a real change or if it 
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Figure 3.2 Monthly geometric means of alP and CN data for the enti~ data record, as in Figure 3.1. Details of the trend lines are given in Table 3.2. 

is because of the new nephelometer installed at MLO in 
1985. 

The SMO ""' and CN data (Figures 3.1 and 3.2) continue as 
in previous years. showing no significant annual cycle or 
long-term trend. The SMO aerosol is representative of the 
background marine boundary layer in this region. The long
term mean at SMO is about 1.5 x 10·' m·1 for cr., and about 270 
cm-3 for CN concentration. A detailed analysis of the entire 
SMO data record was presented by Bodhaine and DeLuisi 
[1985]. 

The SPO ""' data (Figures 3.1 and 3.2) show intermediate 
values in the swnmer, a minimum in May, and a record 
dominated by large events, sometimes exceeding 1 ().-6 m-1, in 
late winter. These large aerosol events are caused by the 
transport of sea salt in the middle troposphere from stormy 
regions near the coast to the interior of the continent Analyses 
of the SPO data were presented by Bodhaine et aJ. [1986, 1987]. 
The SPO CN data show an annual cycle strikingly different 
from that of the alP data. The CN data show a strong annual 
cycle, reaching a maximum of about 200 cm-3 in the austral 

swnmer and a minimum of about 10 cm·3 in the winter. 
Preliminary results from the 1987 SPO aerosol experiment 

show that aerosol carbon has an annual cycle with a minimum 
concentration of about 0.1 ng m·3 in May and a maximum of 
about 10 ng m-3 in the austral summer. The general shape and 
phase of the carbon armual cycle most resembles that of a . 
Time-height cross sections of temperature show no surfaie 
temperature inversion in sununer and a strong, shallow 
inversion in winter. Large smface aerosol events often occur 
during a decrease in the strength of the surface temperature 
inversion. Trajectories calculated backward from the South 
Pole show periods of rapid transport from the Weddell and Ross 
Seas corresponding to sea-salt events in the aerosol data. 1bis 
experiment was described in more detail by Bodhaine et al. 
[1988] and Hansen et aJ. [1988]. 

The least-squares trend lines shown in Figure 3.2 were 
calculated using the common logaritluns of the monthly means 
of the entire data record, and the results are given in Table 3.2. 
Similar trend lines have been calculated and presented in 
previous GMCC Summary Reports. The long-term trends are 



TABLE3.2. Least-Squares Trend Analysis of the Common 
Logarithms of the Data Shown in Figure 3.2* 

Parameter Slope Intercept S.E. Trend (% yt"1) 

BRW CN 0.0164 0.954 0.290 3.9 
cr., 0.00553 -5.70 0.370 1.3 

MLO CN .().00457 2.79 0.127 -1.05 
cr., 0.0210 -7.81 0.321 5.0 

SMO CN .().0113 3.38 0.113 -2.6 
cr., .().0107 -3.94 0.116 -2.4 

SPO CN .().00917 2.39 0.432 -2.1 
cr., 0.0124 -7.58 0.187 2.9 

•The time axis is in fractional years, with a data point centered at the 
middle of a month; e.g., Jan. 1974 = 74.042, Feb. 1974 = 74.125, etc. 

not statistically significant compared with the standard error 
about the regression line, suggesting that there is no long-term 
trend in the background aerosol measured at these four stations. 

3.1.2. SOJ.AR AND THERMAL RADIATION 

The pmpose of the GMCC solar aod thermal radiation 
measurement project is to establish the surface radiation budget 
components at the GMCC sites. From this data set two major 
research areas are addressed: (1) the explanation of observed 
variations on multiple time scales and (2) understanding the 
influence of surface radiation budget variations on global and 
regiona.I climate. A major effort in the project is spent on the 
acquisition and quality control of the radiation data, thereby 
facilitating a research-quality data base. In addition to measure
ments of the principal components of the radiation budget, 
assorted spectral radiation measurements are made at solar 
wavelengths. These spectral measurements, obtained by 
remote-sensing techniques, support radiation budget research by 
providing data on different annospheric constituents, such as 
water vapor and aerosols. 

Current Measurements 
Table 3.3 shows the radiation measurements currently being 

made at the four GMCC observatories. This suite of measure
ments has remained. unchanged for the previous 3 years. The 
long-term goal of the measurements is to provide an understand
ing of phenomena on a multiyear time scale. 

Filter Wheel NIP Analysis 
Two sources of day-to-day and long term variations in the 

radiation budget are water vapor and to a lesser extent aerosols. 
Recently the 11-yr records of the FWN!Ps from all four sites 
were analyzed in an effort to determine the aerosol optical depth 
and precipitable water information contained in the observation 
results. This analysis was accomplished, observation-by
observation, by repeatedly adjusting the aerosol and water vapor 
amounts in a spectral atmospheric transmission model [Bird and 
Riordan, 1986] until agreement with the observations in several 
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TABLE 3.3. Current Radiation Measurements 
at GMCC Observatories 

SWD swu LWD LWU RGSD DIRQ FWNIP SPIITM MISC 

BRW X X X X X X X X 0 
MLO X 0 0 0 X X X X X 
SMO X 0 0 0 X X X X 0 
SPO X X X X X X X X X 

X, measurements made; 0, measurements not made; SWD, downward 
solar irradiance; SWU, upward (reflected) solar; LWD, downward 
longwave (sky emitted); LWU, upward longwave (earth emitted); 
RGSD, downward solar (RG8 ftlter, 0.7 to 3.0 Jlm) irradiance; DIRQ, 
direct solar; FWNIP, filter wheel normal incidence pyrlteliometer 
(discrete observations, four solar bands); SPHTM, multi-wavelength 
sunphotometer; .MISC, miscellaneous-MLO: global diffuse solar, 
downward solar (OG 1 filter, 0.53 to 3.0 p.), 2-chaMel sunphotometer 
(water vapor), 3-channel sunphotometer (calibration standard); SPO: 
RG8 albedo, direct sun (RG8 filler). 

spectral bands was achieved. Preliminary results from this 
effort are shown in Figures 3.3 aod 3.4. Identical scales were 
used for the different locations in Figures 3.3 and 3.4 for easy 
comparison. Only SPO water vapor values, which range from 
0.02 to about 0.1 em with an average of 0.05 em, are not easily 
discernible on the plots. The uncertainty in these results is 
larger than in results from more traditional techniques for 
measuring these quantities. Although it is difficult to estimate 
the magnitude of the errors in the FWNIP derived values, the 
absolute values are reasonable when compared with other 
measurements. 

The FWNIP record is exceptionally consistent and stable. 
However, on a few occasions in the 44-stati.on-year record, as 
yet unexplained. step discontinuities have appeared in the raw 
data, which are most likely observational artifacts. For this 
reason and the fact that the derived values are wholly dependent 
on the absolute calibration of the instrument, model, and 
extraterrestrial solar spectrum, the results shown in Figures 3.3 
and 3.4 are best considered to be only model inputs that force 
the model to agree with FWNIP observations. Both the model 
and raw data need to be examined further to refine the results 
and define error botmds. 

Aerosol Optical Depth 
Other than the absolute levels and short term variability the 

most obvious feature in the aerosol optical depth data (Figure 
3.3) is the peak starting in 1982 due to debris from El Chichon. 
The exact arrival time of the maximum in El Chichon debris at 
BRW aod SPO cannot be easily de!ermined because of the 

· seasonality of the measurements. However, the peak magnitude 
and multiyear decay time for the event is well depicted in the 
plots. 

Each station's aerosol record exhibits characteristics unique 
to that station's latitude and elevation. The arutual cycles at 
BRW and MLO are due to the springtime Arctic haze and Asian 
desert dust respectively. The higher frequency variability at 
SMO is due to boundary layer sea salt. 
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Fig. 3.3. Two-week averages of aerosol optical depth values (averaged over the visible) that, when input to a solar transmission model, result in the 
model solar irradiances best agreeing with FWNIP observations at the GMCC observatories. 
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Fig.3.4. Two-week averages of precipitable water (em), as in Figure 3.3. Some aerosol contamination is evident in 1982 (see text). 



Precipitable Water 
The precipitable water values in Figure 3.4 show a minor 

interference from the El Chichon event. due to aerosol 
contamination of the water vapor retrieval algorithm. Tiris 
interference is most evident in the last two-thirds of 1982 at 
MLO. The precipitable water values shown in Figure 3.4 cover 
4 orders of magnitude but in general agree to much better than a 
factor of 2 with other observations from radiosondes and a 
sunphotometer. 

Downward Solar Irradiance 
The downward solar component of the radiation budget has 

been most consistently measured and processed for all GMCC 
sites. Monthly averages of this component are shown in Figure 
3.5. These data were manually edited once and data gaps of up 
to several minutes were filled by interpolation. Only complete 
or nearly complete days were used to form the monthly 
averages. Missing days may adversely affect the monthly 
average if the missing days are concentrated at the beginning or 
the end of particular "transition" months, but this is not typically 
the case. Most months have just random missing days. 

Many interesting features are seen in the solar irradiance data 
in Figure 3.5. The most obvious are annual and station-to
station variations that are caused largely by sun-earth geometry. 
Year-to-year and seasonally dependent variations caused by the 
atmosphere are seen best by comparing individual months of 
consecutive years. For example at BRW, April irradiances have 
varied less than ±10% over the 11 years; however, July values 
decreased by 40% in the first 6 years, only to recover half that 
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loss in 1 year and then steadily decrease again for the past 5 
years. The BRW July variability is of a magnitude that can only 
be caused by cloudiness changes associated with multiyear
time-scale climate fluctuations. 

The effect of the eruption of El Chichon is not obvious in 
Figure 3'.5. Tirls is because these data include all cloudy times 
as well as clear, and the effect is masked. The dip at MLO in 
1982 may be related to El Chichon, but similar dips not evident 
at other stations are evident at MLO for different times. 

No sustained trends are discernible. There is an apparent 
slight decrease at SMO during the past 3 years, which is 
believed to be due to instrwnent detector deterioration common 
in the tropics and not fully corrected in this presentation. The 
SMO pyranometer is scheduled to be replaced in 1988, and the 
detector drift can then be corrected. 

Radiation Budget 
Nearly 3 years of complete radiation budget data have been 

acquired at three GMCC locations: SPO, BRW, and Erie, Colo. 
These records are considerably shorter than most GMCC data 
sets because of the relatively recent development of a suitable 
instrument for monitoring longwave radiation. The new 
instrument, an Eppley pyrgeometer with a silicon dome, has just 
enough increased complexity that it was incompatible with the 
data-logging capabilities at the observatories and with the data 
validation and processing procedures used in the project. These 
problems have since been solved, but the data are not ready for 
presentation at this time. 
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Fig. 3.5. Monthly average downward solar irradiance (W m-2. averaged over 24 hours a day) observed at the four GMCC observatories. The slight 

downward trend at SMO is most likely a measurement artifact (see text). 
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3.1.3. SOLAR RADIATION FACILITY 

SRF activities during 1987 were devoted to the following 
areas: recalibration of a set of pyranometers for resupply of the 
31 NOAA SOLRAD sites, other support of SOLRAD sites, 
completion of the new automated tracker purchase contract. 
installation of multiple automated tracker testing and operational 
capability in the SRF, development of data processing software 
for the SRF computer installation, coordination of and funding 
for a precision measurement of two view-limiting apertures for 
two ACRs designated to become the U.S. representative sensors 
in the World Standard Group of ACRs maintained in Davos, 
Switzerland, comparisons of NOAA reference ACRs with SERI 
ACRs as a check for consistent operation, and publication of a 
report summarizing the Seventh New River lntercomparison of 
ACRs. 

SOLRAD Network 
As part of the preparations for resuming measurements of 

global and direct beam solar radiarion at NOAA SOLRAD sites 
in the United States, a group of 30 recalibrated pyranometers 
was prepared for exchange with sensors last calibrated in !984 
(1982 for five of the sensors). AttemPts were made to send the 
same sensor back to a given site if at all possible. Table 3.4 lists 
the sites and serial numbers of the sensors sent to them. 
Additionally, the calibration histories of each sensor are listed so 
that the long-term stability may be examined. It should be noted 
that rather-detailed histories of all NOAA sensors have been 
developed during the past 12 years and that, overall, the NOAA 
complement of thermopile sensors is quite well characterized. 
For this reason the reestablishment of the SOLRAD network 
with its new data acquisition capabilities and quality control 
should do well in collecting a high-quality data set in the years 
ahead. 

Although the calibration values in Table 3.4 are not strictly 
comparable because not all are normalized to the same zenith 
angle, particularly for the earlier years, information about the 
long-term stability of the NOAA group of thermopile-based 
pyranometers is present. 

Each SOLRAD site also has a direct-beam sensor, an Eppley 
pyrheliometer (NIP), but an insufficient number of sensors 
prevents a complete exchange of field instrwnents. This is not a 
serious problem because of better long-term stability of the NIP 
compared with that of a global sensor. 

AutomaJed Tracker Project 
Final production design of the new Eppley automated 

trackers was achieved during the summer of 1987. Design 
changes were incorporated that will ensure better long-term 
tracker performance and minimize maintenance requirements. 
Delivery of the first group of 15 production units was completed 
by the end of the year. The remainder of the units will be 
delivered in early 1988. Installation of the trackers at the 
SOLRAD sites should be accomplished during !988. 

The SRF facility was fitted with permanently installed 
control cabling sufficient to operate up to five of the new 
trackers simultaneously for monitoring and testing pmposes in 
preparation for SOLRAq site installation activity. Each unit 

will be tested in Boulder prior to shipment to the field sites. 

SRF Standards Activity 
SRF primary and working standards were routinely checked 

during the year. Shade calibrations of the SRF primary 
reference pyranometer, Eppley PSP ·19917F3, were performed 
using the SRF ACR reference, TMI67502. Regular compari
sons of reference NIPS were also performed. Historical scale 
factors were reproduced, and no significant departures from past 
performance were obseiVed. 

A comparison of SRF and SERI ACR reference instruments 
was also held on 4 days during August and September. The 
SRF reference ACRs, manufactured by Technical Measure
ments Inc. and by Eppley Laboratory, were compared with the 
SERI references. Significant departures from the historical 
record date back over I 0 years. 

ACR Aperture Measurements 
Two ACRs manufactured in the United States have been 

selected as representative sensors in the WMO World Standard 
Group of ACRs maintained in Davos, Switzerland. To fulflll 
requirements set forth by the WMO regarding the admission of 
these ACRs to the World Standard Group, the instruments' 
view-limiting aperture areas had to be measured. The NBS 
Dimensional Metrology Laboratory was contracted to perform 
high-precision diameter determinations of the two apertures. 
These measurements were completed in late August and early 
September, and two U.S. ACRs were forwarded to the World 
Radiation Center in Daves. 

The two ACRs sent were manufactured by the Eppley 
Laboratory and by Technical Measurements Inc. . They are 
essentially on permanent loan to the World Radiation Center by 
their respective owners, the Eppley Laboratory and SERI. 

Analysis of the data and discussion of final results of the 
Seventh New River Intercomparison of ACRs (NRIP7) were 
published by Nelson et ol. [!987]. 

3.1.4. TURBIDITY 

The number of monitoring sites in GMCC's U.S. Turbidity 
Network remained constant at 17 during 1987. Of these, 13 
continued to send data to GMCC in Boulder for reduction and 
processing. Sunphotometers at Sterling, Madison. Raleigh, and 
Lander, however, were used solely for quality control of 
pyrheliometric data. These locations are not yet reporting 
sunphotometer observations as part of the turbidity network. 
Turbidity measurements also continued at the four GMCC 
baseline stations during !987. A five-channel Mainz II 
hand-held sunphotometer was put into service at MLO in July. 
This was the first of several Mainz IT sunphotometers scheduled 
to be sited at ADN stations. A Mainz IT sunphotometer was also 
shipped to the ADN station at Haute Provence in France during 
November. Table 3.5 lists the 22 stations and the wavelengths 
at which turbidity was measured during !987. 

In 1987, 123 sunphotometer calibrations were completed. Of 
these, 14 -were not of sufficient quality to be recorded in the 
calibration history files for the respective instruments. Eighty
six. calibrations were compl~ted in the mountains west of 
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TABLE 3.4. NOAA Calibration Histories (Scale Factors) of Pyranometers Corrently in the SOLRAD Network 

Site Serial Nwnber 1976 1977 1978 1980 1982 1983 1984 1987 Average Std. Dev. 

Lander, Wyo. 
Guam 
Salt Lake City, Utah 
El Paso, Tex. 
Omaha, Nebr. 
Dodge City, Kans. 
Fresno, Calif. 
Raleigh, N.C. 
Brownsville, Tex. 
Midland. Tex. 
Boise, Idaho 
Tallahassee, Fla. 
Montgomery, Ala. 
Phoenix, Ariz. 
Columbia, Mo. 
Great Falls, Mont. 
Nashville, Tenn. 
Coraopolis, Pa. 
Lake Charles, La. 
Albuquerque, N.Mex. 
Long Beach, Calif. 
Madison, Wis. 

A vg. Std. Dev. 

73-19 
73-23 
73-31 
73-38 
73-41 
73-40 
73-44 
73-48 
73-50 
73-55 
73-60 
73-62 
73-63 
73-65 
73-66 
73-82 
73-83 
73-84 
73-89 
73-92 
73-98 
73-99 

8.43 
9.41 
9.06 
9.91 
8.97 
8.84 
8.89 

10.63• 
9.72 
8.5o• 
8.67 
9.50 
8.38* 

10.o7 
9.89 
8.78 
8.47 
8.24 

8.41 
9.49 
9.88 

8.62 
9.58 
8.81 

10.09 
8.75 
8.74 
8.80 
8.61 
9.35 
8.26• 

9.78 
8.40* 

10.o7 
9.80 

8.33 
8.16 

8.28 
9.35 
9.79 

8.50 
9.50 
8.87 
9.70 
8.57 
8.75 
8.74 
8.62 
9.22 

10.08 
8.79 
9.55 
7.54 

10.02 
9.67 
8.54 
8.29 
8.06 
8.65 
8.13 

9.73 

8.72 8.67 
9.40 9.45 
8.81 8.82 
9.71 9.68 
8.58 8.71 
8.67 8.70 
8.70 8.71 
8.49 8.64 
9.04 9.04 

9.97 
8.60 8.57 
9.48 9.54 
7.47 7.50 

9.97 
9.72 9.80 
8.44 8.50 
8.21 8.30 
7.98 8.04 
8.62 8.62 
8.02 8.06 
9.03 9.03 

9.63 

8.59 
9.48 
8.87 
9.82 
8.72 
8.74 
8.77 
8.59 
9.27 

10.03 
8.66 
9.51 
7.50 

10.03 
9.78 
8.57 
8.32 
8.10 
8.63 
8.18 
9.23 
9.76 

0.11 ±0.33% 
0.06±0.63% 
0.10± 1.08% 
0.16± 1.62% 
0.15 ± 1.67% 
0.06±0.66% 
0.07±0.80% 
0.06±0.68% 
0.25±2.72% 
0.06±0.55% 
0.08±0.98% 
0.11 ± 1.13% 
0.03±0.38% 
0.04±0.41% 
0.08±0.77% 
0.13± 1.51% 
0.08 ± 1.02% 
0.09 ± 1.14% 
0.01 ±0.16% 
0.15 ± 1.77% 
0.20±2.18% 
0.09±0.93% 
0.10± 1.09% 

Grand Junction, Colo. 
Ely, Nev. 

10095 
11441 
11916 
11939 
12258 
12687 
15130 
15952 

6.92 6.90 6.82 6.83 6.87 
9.40 
8.83 
9.41 
8.91 
8.91 

10.10 
9.70 

0.04±0.63% 
0.20±2.08% 
0.17± 1.89% 
0.15 ± 1.55% 
0.28±3.19% 
0.18 ± 1.99% 
0.08±0.84% 
0.24±2.45% 
0.17± 1.83% 

9.73 9.33 9.26 9.26 
Burlington, VL 9.15 8.67 8.74 8.79 8.79 

9.61 9.47 9.29 9.25 
9.39 8.80 8.78 8.66 

Las Vegas, Nev. 
Bismarck, N.Dak. 
Seattle, Wash. 
Caribou, Maine 
Sterling, W.Va. 

9.05 9.01 9.02 8.90 8.57 
10.01 10.18 

10.09 9.67 9.52 9.50 
A vg. Std. Dev. 

Scale factors are in units of J1 v w-1 m-2. 
*Rebuilt sensor (not used in computation). 

Boulder, Colorado, and 37 were performed at MLO. Langley 
plot measurements were made at elevations of 2.7-3.5 km above 
sea level. This method of calibration was the only one used in 
1987 and has proved to be accurate and reliable for the majority 
of cases. 

Plots of typical calibration histories for NOAA J-series 
sunphotometers are presented in Fig. 3.6. The calibration 
constant for the 500-run channel of sunphotometer J202 shows 
little variance and no significant drift The 380-nm channels for 
1204 and 1203, however, show a more common pattern of 
downward drift with time and more substantial variance. 
Calibration drift is generally linear for the J-series sun
photometers. The estimated uncertainty in optical depth 
computations resulting from uncertainty in calibration trends is 
typically on the order of 0.005 to 0.04 optical depth units at a 
relative air mass of 1.0. This \Ulcertainty is inversely propor
tional to the relative air mass, and would be half the amount 
indicated, for example, if the relative air mass were 2.0. 

Software for acquisition of Mainz II sunphotometer data 
from the ADN sites was developed and tested in 1987. 
Logistical considerations and problems with the filter mecha-

nisms on some of the Mainz n suphotometers contributed to 
delays in the deploymeot of these instruments at ADN stations. 
Two of the nine Mainz ll sunphotometers were put into service 
in 1987. 

The torbidity project staff began the design of a new 
five-wavelength sunphotometer to replace the aging J-series 
sunphotometers at the baseline observatories. The new 
sunphotometers will use a detector-filter-amplifier (DFA) 
module developed by EG&G. Digital panel meters, chips, and 
55 of these DFA modules were purchased. The new instruments 
will be more accurate and more rugged. and will have more 
features than the J-series sunphotometers. 

Data have been processed for 1982 through the end of 1987 
for Boulder (see Figure 3.7) and for 1983 through rnid-1986 for 
Atlantic City, Bismarck, Caribou, Huron, Salem, Tallahassee, 
Alamosa, and Meridian. Data are complete for 1983 through 
November of 1986 for Victoria. Data for 1986, the frrst year of 
operation for Ely, Las Vegas, and Salt Lake City, have also been 
processed. MLO and SPO data have been processed through 
1987. BRW and SMO data have been processed through 1987; 
however. priods of questionable data from these sites have not 
yet been corrected or deleted. 
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TABLE 3.5. GMCC Turbidity Monitoring Sites and Filter 
Wavelengths for Sunphotometers Used at Each Site 

Site 

BRW* 
MLO* 
SMO* 
SPO* 
Alamosa, Colo.* 
Atlantic City, N.J. 
Boulder, Colo. 
Bismarck, N.Dak. 
Caribou, Maine • 
Ely, Nev. 
Haute Provence, France 
Huron, S. Dak. 
Lander, Wyo. t 
Las Vegas, Nev. 
Madison, Wis. t 
Meridian, Miss.* 
Raleigh, N.C. t 
Salem, ill.* 
Salt Lake City, Utah 
Sterling, Va. t 
Tallahassee, Fla. 
Victoria, Tex.* 

* BAPMoN station. 

Sunphotometer Wavelength (run) 

380, 500,778, 862 
380,412,500,675,778,862 
380,500,778,862 
380, 500, 778, 862 
380,500 
380,500 
380,500,778,862 
380,500 
380,500 
380,500 
380,412,500,675,862 
380,500 
380,500 
380,500 
380,500 
380,500 
380,500 
380,500 
380,500 
380,500 
380,500 
380,500 

tNot yet reporting data as part of the Turbidity Network. 

Data for Boulder and other continental U.S. stations continue 
to show a clear arutual cycle, having ma;ima in the spring or 
sununer months and minima during November, December, or 
January. The impact of El Chichon is evident at many stations. 
The decay of the El Cluchon signal appears as a slow downward 
trend in optical depths since the beginning of the record in early 
1983. 

SPO aerosol optical depths for a sample of wavelengths are 
shown in Figures 3.8 and 3.9. The first graph in figure 3.8 
presents the 380-nm data record after it has been edited to 
remove observations made through clouds and thick ice fogs. 
This record has also been edited to remove negative aerosol 
optical depths, which are generally artifacts caused by errors in 
the measurement process or errors in the calibration constants. 
A perturbation of 0.04 to 0.05 optical depth units is apparent in 
late 1982 and early 1983. This marks the arrival of the El 
Chicon stratospheric aerosol cloud. 

The second graph in Figure 3.8 shows the 380-run data set 
prior to editing. Negative aerosol optical depths and the effects 
of clouds and ice fogs are evident The magnitude of the 
negative aerosol optical depths is too great to be due to errors in 
the calibration constants alone. The instruments used at SPO 
are some of the most carefully and frequently calibrated of 
GMCC's sunphotometers. It is believed that the large negative 
values are caused in part by measurement techniques and in part 
by the peak-hold feature on the sunphotometers. 

The SPO staff have usually taken sunphotometer observa
tions through an open window in the CAF. The readings are 
made from a table top within the facility. Cold air pouring into 
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Fig. 3.6. Typical calibration histories for NOAA J-series sun-
photometers. 
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Fig. 3.7. Daily average aerosol optical depths at Boulder at 380 run and 778 run. 
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Fig. 3.8. Aerosol optical depths at SPO: daily averages at 380 run and unedited instantaneous 380-nm data. 

the heated room causes density discontinuity waves in the air 
around the window. Sunlight is apparently focused in some 
areas of the wave field, and the peak-hold feature stores the 
maximum signal received within the measurement period. An 
artificially high reading and correspondingly low computed 
optical depth result. This phenomenon has been duplicated at 
Boulder during observations made in subfreezing weather near a 
building air exit vent on the roof of the ERL building. 
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During the 1987-1988 austral summer, the SPO crew made 
sunphotometer observations outside the facility, and no negative 
optical depths were observed. The 1988-1989 crew will be 
asked to take readings from inside the facility as well as outside 
in the hopes that this will provide some quantitative measure of 
the impact of past measurement practices on the South Pole 
record. 

1982 1983 198.j. 1985 1966 1987 1988 1969 
YEAR 

Fig. 3.9. Daily average aerosol optical depths at SPO at 862 run. 
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3.2. SPECIAL PROJECTS 

3.2.1. ZENITH-SKY CLOUD DETECTION FOR AUfOMATED 
DOBSON UMKEIIR MEASUREMENTS 

The seven automated Dobson instruments of the GMCC 
program operate in the Umkehr mode without the presence of an 
operator [Komhyr et a/., 1984]. In the absence of an onsite 
observer it is necessary to have an independent measure of 
zenith-sky conditions, because the large-particle scattering 
condition (primarily clouds) of the zenith sky is manifested in 
the Umkehr measurement, which is accepted or rejected on the 
basis of the srnootlmess of the Umkehr curve. Erroneous 
Umkehr data could be due either to such cloud interference or to 
instrumentation malfunction. Large-particle scatterers such as 
cirrus clouds present the most serious problem because of their 
optical thickness and variability over short periods of time. 
Atmospheric aerosols in the lroJX>sphere are less serious because 
they are more homogeneously distributed in the lower atmos
phere where the Umkehr sensitivity is low and their optical 
thickness is considerably less than that of cinus clouds. 

To monitor the zenith-sky brightness as an indicator of cloud 
presence during an Umkehr measurement. GMCC constructed a 
special photometer--a zentib-sky cloud detector (ZSCD)--to 
view essentially the same sky as the Dobson instrument does. 
Figure 3.10 is a drawing of the design of the ZSCD. The lens 
and aperture fix the field of view at 0.060 sr. The fllter 
bandpass is 10 nm centered at 862 run. The collimator tube is 
protected with a dust- and rain-resistant glass cover, and the 
shade tube prevents the sun's direct rays from reaching the glass 
cover. Water drain holes are located in the block holding the 
shade tube. A stable EG & G silicon photodiode is used with an 
amplifier that is adjusted to give an output of 0-10 V. The 
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Fig. 3.10. A schematic of the zenith-sky cloud detector. 

system dark cmrent is obtained each time the hatch cover of the 
Dobson housing dome is automatically closed between 
observation times. The output is adjusted to give a voltage 
reading of a few volts for a cloud-free zenith sky. All field 
instruments were compared simultaneously, and amplifiers were 
adjusted to give the same readings. 

At the automated Dobson field sites the output of the ZSCD 
was fed to the data acquisition system. During the data 
processing procedure, which was canied out at Boulder, the 
digitized cloud detector signal and a plot of the signal strength 
versus time were automatically recorded. 

Fignre 3.11 shows an example of zenith-sky signals at MLO 
received under conditions completely free of clouds on the 
morning of March 21. 1988, during the time that the Umkehr 
observation (solid line) was made. Note the low value of the 
ZSCD signal and the very smooth continuity in the fitted curve 
(dashed line). On March 19, 1988, during the afternoon 
Umkehr measurement, clouds interfered severely. The 
interference effects are shown in Figure 3.12. 

These examples serve to illustrate the sensitivity of the 
zenith-sky cloud observations and the ability to quantify the 
quality of the zenith-sky conditions during an Umkehr 
measurement. The Umkehr, being a ratio measurement. does 
not clearly display direct relationships between cloud presence 
and error, other than to produce a noisy observation. However, 
in general, thin cloud cover will cause the Umkehr observation 
N-values to become erroneously high at the smaller zenith 
angles. At the larger zenith angles, interference effects become 
less than at the smaller zenith angles. 

3.2.2. AN OBJECTIVE METIIOD OF CORRECTING UMKEIIR 
MEASUREMENTS FOR VOLCANIC AEROSOL ERROR 

An objective method of calculating errors to Umkehr 
measurements for stratospheric aerosol interference was 
developed aud used on a selected set of Umkehr data. The 
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Fig. 3.11. Umkehr observation N·values versus solar zenith angle 
(solid line), taken at MLO. The dashed line represents the zenith-sky 
signal observation from the ZSCD versus zenith angle at the same time 
as the Umkehr observation. These results, obtained during the morning 
of March 21, 1988, are typical of completely cloud-free conditions. 
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Fig. 3.12. N-values and zenith-sky signals, both versus zenith angle, as 
in Figure 3.11 but for the afternoon of March 19, 1988, and under 
conditions of severe cloud interference for part of the observation. 

method involves theoretical calculations that include observa
tions of stratospheric ozone and aerosols. Stratospheric ozone 
and aerosol profile data used to calculate the errors to the 
Umkehr measurements are derived from ozonesonde observa
tions and from observations provided by five lidar stations in the 
northern hemisphere middle latitudes. Optical properties of the 
stratospheric aerosol are d.educed from photometric observations 
and in situ observations of aerosol size distribution. The 
calculated errors are used to correct Umkehr data for several 
stations in the northern middle-latitude region. The corrected 
data display noteworthy variations, one of which is an obvious 
decrease in ozone concentration in the upper stratosphere during 
the first half of the 1980 decade. However, the decrease does 
not appear to be out of the range of variations seen in the 
long-term data set. 

Calculations of the Stratospheric Aerosol Error 
A schematic diagram that gives the sequence of steps for 

correcting Umkehr ozone profiles is shown in Figure 3.13. The 
following subsections contain a discussion of those steps. 

Data sources. To calculate the error for a given month, it is 
necessary to acquire the following data: 

o
1 

roarn.t 
11.\Vt "~ 

I ~STlllllrlo:< ~ ~~= ll!OtEIIl lllTII AtJ.<ISOl ·- ~ ~·~ III«<OK IIIT11DllT AUOSCLS tvALI!JITIO.: 

I AU..:.SOL r ·~~ SYSTEM 
nonu: 

PKOTI~t 11/J..ti<OSCL c.u.a:un 

P~OnLt ~/0 ,<.l:l<0$0'. tlllOR 
e 1 • x.,, ... o.ol • X.,!o uroool 

x,, ....... 1 

Fig. 3.13. Scheme of the steps to calculate the stratospheric aerosol 
error to the Umkehr ozone proftle. 
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Stratospheric aerosol profile information from lidar sites 
and from satellites such as in the Stratospheric Aerosol 
and Gas Experiment (SAGE). 
Optical thickness information from Iidar and satellite 
measurement systems as well as ground-based turbidity 
measurements. 
Aerosol size distribution from in situ aircraft and 
dustsonde systems. 

Theoretical Computation. The procedure for calculating aerosol 
errors to the Umkehr profile is as follows: 

Use the Dave et al. [1979] multiple-scattering code with 
pseudo-spherical abnosphere approximation to calculate 
an Umkehr profile. 
Use monthly average lidar observations of the 
stratospheric aerosol profile for input to Dave's code 
[DeLuisi et al., 1988]. 
Use monthly average ozonesonde profile data [Tiao et al., 
1986] for input to Dave's code. 
Assume surface reflectance = 0 for the present study. 
The error is small. 
Calculate Umkehr N-values for atmospheres with and 
without aerosols separately. NA and Nc stand for 
N-values with and without aerosol effects, respectively. 
8NA=NA ·Nc. 
Invert the results of calculated Umkehr measurements 
following the procedure given next. 

The monthly averaged stratospheric optical thickness observed 
by lidar at five northern middle-latitude sites is shown in Fig. 
3.14 [DeLuisi et al., 1988]. Note the abrupt change caused by 
the eruption of El Chichon. The corresponding vertical profiles 
to the optical thickness results were used in the theoretical 
calculations for error. 
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Fig. 3.14. Monthly averaged (smoothed) stratospheric aerosol optical 
thickness observed by lidar at five northern middle latitude sites vs. 
time. The sites were Langley, Virginia, U.S.A.; Aberystwyth, Wales; 
Haute Provence, France; Boulder, Colo~ado, U.S.A.; and Garmisch
Partenkirchen, F.R.G. (figure from DeLuisi et al. [1988]). 
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Inversion of Umkehr. The procedure for estimating the ozone 
profile error due to aerosols is as follows: 

Use the WMO Uniform Evaluation System (conventional 
Umkehr) to invert the Umkehr measurement 
Use a monthly average actually observed Umkehr profile 
acquired during conditions of stratospheric quiescence. 
Invert this Umkehr profile. Then, invert the same 
Umkehr profile, but with ~A added to it. 
Calculate the ozone error proflle by taking the difference 
between the two cases (with aerosol and without aerosol) 
and dividing by the without aerosol case. 

Results and Discussion 
Figure 3.15 shows the Unweighted average ozone profiles for 

1970-1986, in Umkebr layers, for four of the five Umkehr 
stations: Belsk, Arosa, Lisbon, and Tateno. It is obvious that 
amounts for layers 5 through 9 were lower than normal during 
the passage of the major mass of the El Chichon cloud. 

Fig. 3.15. Monthly average ozone partial pressure vs. time, in Umkehr 
layers 1-9 for Belsk, Arosa, Lisbon, and Tateno, for 1970-1986. Also 
shown (top) is a plot of total ozone (in Dobson units, DU) corresponding 
to the ozone proftle data. Data were supplied courtesy World Ozone 

Data Center at Toronto. These data have not been corrected for 
stratospheric aerosol error. Note the error effects of El Chichon during 
the winter of 1982M1983. 
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Fig. 3.16. Monthly average ozone partial pressure vs. time as in Figure 

3.15, but including data from Boulder and beginning in 1979. Also, the 

data have been corrected for stratospheric aerosol errors throughout the 
entire length of record. The solid lines are the leastMsquares linear fits 
for slope. The dashed segments are the fit excluding the years 
1982-1984. 

The corrected proftles are shown in Figure 3.16. (The figure 
also includes data from Boulder station and is for 1979-1986.) 
We estimate an uncertainty of the calculated correction to be in 
the range of 10% to 20%. The maximum estimated error was 
38% ± 6% in layer 9 during the winter of 1982-1983. The lower 
values seen in layer 5 during years 1983 aod 1985 and after 
correction are thought to be due to strong quasibiennial effects 
[see Bojlwv, 1987]. In 1983 the increased error is due to the 
imperfect coincidence of the aerosol and Umkehr data. A 
12-mo running average was used to smooth the data of Figure 
3.16 and a least-squares linear fit was applied to estimate a 
linear change, excluding the years 1983-1985. The results are 
shown in Figure 3.17. This figure shows the 8-yr ozone change 
in percent for each Umkehr layer (dashed line with 2cr confi
dence level). In addition, the change for the same time period 
given by the Lawrence Livermore twoMdimensional model 
(DeLuisi eta/., 1988] that includes photochemical depletion due 
to fluorocarbons and solar cycle variations is shown (solid line). 
The corrected Urnkehr observations will be used to validate 
satellite SBUV measurements of ozone profile. 
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Fig. 3.17. Plot of Umkehr ozone concentration reduction (dashed line) 
and modeled ozone concentration reduction (solid line) in Umkehr 
layers 1·9, during 1979-1986. The bars represent the 2a confidence 
level. 
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4. Carbon Cycle Group 

4.1. CONTINUING PROGRAMS 

4.1.1. CONTINUOUS IN-SITU C02 MEASUREMENTS 

The in situ NDIR C02 analyzers at the four GMCC 
observatories continued to operate in 1987. The preliminary 
monthly and annual means for 1987 are shown in Table 4.1, 
expressed in the WMO 1985 mole fraction scale (X85). The 
complete record of the growth rate observed at each station is 
shown in Figure 4.1. Calibration and data acquisition 
procedures remained the same as in previous years. A 
digital-filtering techrtique [Tiuming et al., 1988] was used to 
separate the seasonal cycle and the long-term trend signals. The 
latter were plotted as the smooth curves in Figure 4.1. The 
differences between the annual means of 1987 and 1986 are 1.1 
ppm for BRW, 1.8 ppm for MLO, 1.7 ppm for SMO, and 1.6 
ppm for SPO. The complete record at MLO has recently been 
described by Komhyr et al. [1988]. 

In August a new Siemens Ultramat 3 analyzer was installed 
at MLO parallel to the URAS analyzer that has been in use since 
the beginning of the program in 1974. To our surprise, the 
Siemens results were consistently 0.3 ppm lower than the URAS 
results when they were both analyzing the same air stream and 
using the same tanks of working standards. Further comparative 
tests showed that both analyzers gave identical and correct 
results when analyzing tank air of known concentration, using 
working standards that consisted of real air. Only when 
artificial air mixtures (specified concentrations of C02, nitrogen, 
oxygen, and argon) were used as working standards, did the 
URAS results increase by 0.3 ppm for the tank of known 
concentration. The Siemens analyzer officially replaced the 
URAS analyzer in September. Further tests are being carried 
out to determine if, and for what period, corrections to the 
URAS record will be necessary. 

The calibrations of C02- in-air reference gas tanks continued 
in 1987; on 133 days, 266 tanks were calibrated. There was an 

Table 4.1. Provisional Monthly and Anoual Mean C02 
Concentrations (ppm, Relative to Dry Air-X85 Mole 

Fraction Scale) From the Continuous Analyzers in 1987 

BRW MLO SMO SPO 

Jan. 352.36 348.23 346.68 345.72 
Feb. 352.72 348.50 346.88 345.55 
March 353.90 349.58 346.84 345.54 
April 353.85 351.10 346.38 345.72 
May 354.44 351.87 347.92 345.95 
June 352.19 351.46 347.81 346.41 
July 346.45 349.80 348.21 346.92 
Aug. 340.38 347.73 347.76 347.47 
Sept. 340.54 346.38 347.91 347.94 
Oct. 348.38 346.49 348.03 3A8.02 
Nov. 349.50 347.71 348.23 348.17 
Dec. 352.57 348.93 348.79 348.10 

Annual 349.77 348.98 347.62 346.79 
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Fig. 4.1. Long-tenn trends of C02 concentration at the four GMCC 
observatories obtained by digital-filtering of the daily data. The 
seasonal cycles have been removed by the f'lltering. 

accidental loss of one of the NOAA secondary reference gases 
during shipment to SIO for calibration. These gases defme our 
link to the WMO calibration scale; therefore, this program is 
somewhat undercalibrated in this respect because of a lack of 
redundancy. Fifteen large (225 ft' STP capacity} aluminum 
tanks have now been acquired for the backup and eventual 
replacement of our present set of secondary gases. The new 
tanks wiii be filled with diy air at Niwot Ridge, Colorado. 

4.1.2. FLAsK SAMPLE C02 MEASUREMENTS 

Measurements of the global distribution of atmospheric C02 
continued during 1987. Whole air samples were collected in 
glass flasks at the sites of the NOANGMCC cooperative flask 
sampling network. The network consisted of the same 26 sites 
as in 1985-1986 [Schnell and Rosson, 1986]. The provisional 
annual mean C02 concentrations for 1985-1987 are given in 
Table 4.2. The annual mean concentrations for 1987 are plotted 
in sine of latitude coordinates in Figure 4.2, extending a series 
oflatitude plots given in Schnell and Rosson [1986, 1987]. 

In a continuing effort to find a replacement for the greased 
ground-glass stopcocks currently in use on the 0.5-L flasks, 
various 0-ring stopcocks, with Viton, Buna, and Teflon 0-rings 
were tested. Teflon was most promising, so several hundred 
Teflon 0-ring stopcocks were purchased and installed on flasks. 
Larger scale laboratory and field tests are in progress to ensure 
that changing stopcocks will not adversely affect the time series 
for C02 flask data. 

Analysis of the statistical uncertainty and some of the 
systematic biases of flask sampling continued. Biases may arise 
from the time of day of sampling and from the data selection 
that results from the rejection of outliers that have residual 
deviations from a smooth curve fit of more than 3 standard 
deviations. The biases depend on the method used to produce a 
smooth curve fit. A preferred method was selected that fits a 
sum of harmonics to represent the average seasonal cycle and 



Table 4.2. Provisional Annual Mean C02 Concentrations 
From the Flask Network Sites 

Code Station 

ALT Alert, N.W.T., Canada 
AMS Amsterdam Is. 
ASC Ascencion Is. 
AVI SL Croix, Virgin Is. 
AZR Terceira Is., Azores 
BRW Pt. Barrow, Alaska 
CBA Cold Bay, Alaska 
CGO Cape Grim, Tasmania 
CHR Christmas Is. 
CMO Cape Meares, Oreg. 
cos Cosmos, Peru 
GMI Guam, Mariana Is. 
HBA Halley Bay, Antarctica 
KEY Key Biscayne, Fla. 
KUM Cape Kwnukahi, Hawaii 
MBC Mould Bay, Canada 
MID Midway Is. 
MLO Mauna Loa, Hawaii 
NWR Niwot Ridge, Colo. 
PSA Palmer Station, Antarctica 
SEY Mahe Is., Seychelles 
SGI South Georgia Is. 
SHI Shemya Is. 
SMO American Samoa 
SPO South Pole, Antarctica 
STM StationM 

Square brackets indicate no flasks received. 
Dashes indicate no ongoing program. 

1985 1986 1987 

348.0 349.5 
344.1 345.0 [ 1 
345.0 345.8 348.1 
345.4 346.4 348.2 
346.0 348.7 348.7 
346.5 348.6 349.5 
347.2 348.1 349.7 
343.7 344.6 346.5 
345.9 346.3 348.5 
347.4 347.8 350.8 
[ 1 [ 1 [ 1 

346.2 347.4 349.4 
344.2 [ 1 347.2 
346.7 347.6 349.5 
345.6 346.5 348.5 
346.7 348.6 349.8 

347.6 349.7 
345.3 346.3 348.5 
346.1 346.4 348.6 
343.9 344.7 347.0 
344.8 346.0 349.0 

[ 1 [ 1 
348.9 350.0 

344.7 345.2 347.1 
343.6 344.6 346.8 
346.0 347.2 348.8 

uses a digital filter to establish the trend and seasonal anomalies 
from the residuals. Our estimate of the depth of the summer 
photosynthetic drawdown of C02 at high northern latitudes has 
increased somewhat compared with earlier work [Conway et al., 
1988]. 

Regular flask samples are obtained from a cormnercial 
container ship sailing on a 6-wk round-trip schedule between the 
west coast of North America and New Zealand. The samples 
are obtained in pairs at approximately every 5' of latitude by 
exposing evacuated 2.5-L flasks to ambient air. The sample 
collection is performed by the deck officers of the SouJh/and 
Star of the Blue Star Line. The project is intended to provide 
higher resolution data than is available from our network of 
land-based sampling sites, so that the spatial and temporal 
variations of C02 and CH4 over the Pacific Ocean can be better 
detenrtioed. 

Thus far, 11 round-trip voyages have been completed 
between December 14, 1986, and May 20, 1988. Preliminary 
plots of concentrations vs. latitude show the ever-changing 
variations of atmospheric C02 with both latitude and time. 
However, the seasonal variations at the sa !attitude intervals are 
not as well defmed as those from the GMCC Pacific Basin flask 
sampling network sites, as there is only one sample every 3 
weeks instead of one per week. Some samples must also be 
rejected because of poor pair agreement. How well this series 
of samples characterizes Pacific open-ocean background 
conditions should become apparent when a project to monitor 
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the C02 continuously with an infrared analyzer is carried out on 
voyage 159 in July 1988. 

4.1.3. MODEL DEVELOPMENT 

A deeper understanding of the present global carbon budget 
and its response to climatic changes is a necessary condition for 
any credible predictions of future levels of C02• One of the 
original purposes of obtaining the GMCC flask data is to deduce 
the globally significant sources and sinks of atmospheric C02 
from the observed spatial and temporal gradients. An 
atmospheric transport model is needed to interpret the 
observations in terms of sources and sinks. 

The Carbon Cycle Group has constructed and used for this 
purpose a two-dimensional (latitude and height) model that uses 
the advective and diffusive transport fields derived by Plumb 
and Mahlman [1987] from the GFDL three-dimensional model. 
This model was used to deduce from the atmospheric 
measurements the existence of a seasonal cycle in the uptake of 
C02 in the southern oceans and also in the tropical source of 
C02. The model calculations illustrate that in the northern 
hemisphere the source deduction problem is very hard to solve 
without measurements over the great continental areas [Tans et 
a/., 1989]. 

A, global three-dimensional transport model is being 
constructed and tested. It is a Lagrangian type model, in which 
parcels of air are followed around the globe. The transport is 
based on ECMWF-observed and -intetpolated wind fields. The 
model can either be stochastic, based on the statistical properties 
of the ECMWF fields, or it can use the ECMWF fields directly. 

4.1.4. FLASK SAMPLE METIIANE MEASUREMENTS 

The measurement of methane in flask air samples returned 
from the NOANGMCC cooperative flask sampling network 
continued in 1987. Records of these data for SPO and MLO are 
shown in Figure 4.3. The larger degree of scatter in the MLO 
data is typical of locations in the northern hemisphere [Steele et 
a/., 1987]. The average growth rate for 1983-1987 at SPO is 
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Fig. 4.2. Annual mean C02 concentrations vs. sine of latitude for the 
GMCC flask sampling network. Data plotted with the symbol(+) were 
not included in the smoothed curve fit. 



~ • ~ 
:1' 
u 

32 

P59 

170EI 

16~9 

1Siil8 

1!!151'1 

..• .. 

r··· 
\ 

1sae L--~---~--~---~--~--......J 
1983 198~ 1985 1985 1987 1988 

Fig. 4.3. Flask methane data at SPO (boxes) and MLO (pluses). In 
each case the solid line results by joining adjacent values of the 12-mo 
running-mean methane concentrations, which are plotted at the midpoint 
of the appropriate 12-mo interval. 

12.1 ± 0.1 ppb yr1, while at MLO it is 12.2 ± 0.3 ppb yr1• 

Growth rates were determined by a linear fit to the 12-mo 
running-mean concentrations. The growth rates at both of these 
sites are now lower than they were just 1 year ago: for 
1983-1986 at SPO, the average growth rate was 12.5 ± 0.1 ppb 
yr1 [Robinson et al., 1988], and for 1983-1986 at MLO it was 
12.6 ± 0.3 ppb yr1• 

4.1.5. IN SrruMElHANE MEASUREMENTS AT BRW 

These measurements continued during 1987 with few 
interruptions. As in 1986 highly elevated methane con
centrations were often observed when the winds had a westerly 
component. These elevated concentrations are clearly 
associated with local human activities to the west of the 
observatory site. 

More intriguing are the occurrences of elevated methane 
concentrations when the winds are from the east, particularly 
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during the Arctic spring. During 1986 these elevations in 
methane were correlated with elevations in carbon dioxide 
[Conway and Steele, 1988] and aerosol black carbon [Hansen et 
al., 1988], suggesting a common source or source region for all 
three species. This fmding was confirmed for methane and 
carbon dioxide during 1987 and is illustrated in Figure 4.4 
where scatterplots of hourly average methane versus hourly 
average carbon dioxide are shown for March 1986 and March 
1987. The data shown in Figure 4.4 satisfy the restrictions that 
the corresponding hourly average wind speed was greater than 5 
m s·1, and that the hourly average wind direction was within the 
sector 20' -110". Linear fits to the data give slopes of 21.1 ± 0.4 
ppb CH4 per ppm C02 for March 1986 and 18.1 ± 0.8 ppb CH4 
per ppm C02 for March 1987. It appears that this correlation 
between CH4 and C02 concentrations is a recurring 
phenomenon during the Arctic spring. 

4.1.6. IN SITU ME1HANE MEASUREMENTS AT MLO 

During April1987 an automated gas chromatographic system 
for the in situ measurement of atmospheric methane was 
installed at MLO. The chromatograph (Hach-Carle model 
04270-A) has a flame ionization detector, and the output is fed 
to a Hewlett-Packard 3393A integrator. Data are stored on 
3.5-in discs that are mailed to Boulder for processing. An 
ambient air sample is analyzed every 24 minutes, and samples 
of calibration gas are analyzed before and after every ambient 
sample. All air samples are dried before analysis. The ambient 
air is sampled from the top of the walk-up tower. The methane 
concentrations for the ambient samples are printed out at the 
site. 

The Weiss-designed gas chromatograph was removed from 
the observatory in late April 1987 after a demonstration that 
over a period of 12 days the methane concentrations produced 
by this instrument were essentially identical to those generated 
by the Hach-Carle-based system. 
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Fig. 4.4. Scatterplots of hourly average methane concentrations versus the corresponding hourly average carbon dioxide concentration at BRW during 
March 1986 (left) and March 1987 (right). Data are shown only for those times when the hourly average wind speed was greater than 5 m s·1 and the 
hourly average wind direction was within the sector 20• -110•. 



The in situ data show some interesting features. During 
upslope conditions the methane concentrations generally 
increase. This is opposite to the behavior seen for some other 
trace gases such as carbon dioxide and ozone. The increase in 
methane concentrations is consistent with the existence of a 
vertical gradient in methane, in which lower concentrations are 
measured at higher altitudes most of the time. Comparison of 
the MW in situ data with flask-sample data taken near sealevel 
at Cape Kumukahi shows this vertical gradient quite clearly. 
However, during October-November there were times when 
higher concentrations were measured at the observatory than at 
Cape Kumukahi. Perhaps the most intriguing feature of the in 
situ data is illustrated in Figure 4.5 which shows the daily 
average methane concentrations during 1987. The two gaps in 
the data were due to instrument malfunctions. These daily 
average concentrations are observed to change by as much as 50 
ppb over as little as a few days. A power spectrum of the daily 
data shows a prominent peak corresponding to a period of 12-14 
days. The origin of these fluctuations is still not known. 

4.2. SPECIAL PROJECI'S 

4.2.1. SAGA II EXPEDmON 

The Carbon Cycle Group, in collaboration with the GMCC 
NOAH Group, participated in the SAGA II expedition aboard 
the Soviet research vessel Akademic Korolev. Data were 
obtained by gas chromatography on C02 and CH4 in the 
atmospheric boundary layer and the sea surface waters between 
the Kamchatka Peninsula, U.S.S.R., and Wellington, New 
Zealand. 

4.2.2. EGYPT PROJECT 

In October the Carbon Cycle Group participated in a project 
that was organized by the National Geographic Socie\)1 [El-Baz, 
1988] in collaboration with the Egyptian Antiquities Organiza
tion. In 1954 two tombs were discovered- adjacent to Cheops' 
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Fig. 4.5. Daily average-methane concentrations at MLO during 1987. 
Data for Januacy and February are from the Weiss-designed 
chromatograph. Data from April onward are from the Hach-Carle-based 
system. Gaps in the record are due to instrument malfunctions. 
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pyramid in Giza. One of them was opened and fotmd to contain 
all the parts of a remarkably well preserved boat. The boat was 
reconstructed and is now on display at the site. It was reported 
that upon opening the frrst pit the researchers could smell cedar, 
which would suggest that there had been a very tight seal. It 
appeared therefore that the second tomb presented a chance to 
obtain large samples of "old" air. 

A special airlock assembly was designed by an engineer at 
Black and Decker, to allow drilling through the 6-ft-thick 
limestone roof of the chamber and extract air samples, without 
exchange of outside air with the air in the chamber. The hole 
was also used for the insertion of video and photography 
equipment to study the contents of the pit, as well as the 
insertion of a temperature and humidity monitor. Pieces of a 
ship similar to the frrst one were found, but no old air [Tans et 
al., 1988]. During the sampling of the air inside the chamber it 
became clear that there was communication between the inside 
and outside air. This was later confirmed by the measurements 
of the concentrations of modem industrial gases inside, such as 
the chlorofluorocarbons CFC-11 and CFC-12. The second boat 
appeared to be in much worse condition than the first. but the 

reason for the difference is not understood. A complete and 

colorful description of the project was given by El-Baz [1988] 
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5. Monitoring Trace Gases Group 

5.1. CONTINUINGPROGRAMS 

5.1.1. TOTAL0ZONE 

Routine Observations 
Routine total ozone observations were made with Dobson 

spectrophotometers during 1987 at 16 stations that constitute the 
U.S. total ozone station network (fable 5.1). Of the 16 stations, 
5 are operated by GMCC personnel, 4 are foreign cooperative 
stations, 3 are domestic cooperative stations, and 4 are operated 
bytheNWS. 

Daily 1987 total ozone amounts applicable to local apparent 
noon for stations in the U.S. Dobson instrument network have 

been archived by the WMO, World Ozone Data Centre, 4905 
Dufferin Street, Duwnsview, Ontario M3H5TH, Canada, in 
Ozone Data for the World. Table 5.2lists provisional monthly 
mean total ozone arnmmts for 1987 for the NOAA observatories 
and the cooperative stations. 

1986 International Dobson Spectrophotometer and Brewer 
Spectrometer Intercomparisons 

An international comparison of Dobson ozone 
spectrophotometers and Brewer spectrometers was conducted by 
NOANGMCC Ozone Project personnel in Arosa, Switzerland, 
in August 1986. A total of 16 Dobson and 3 Brewer instruments 
participated. The reference standard instrument for the 

TABLE 5.1. U.S. Dubson Ozone Spectrophotometer Station Network for 1987 

Station Period of Record Instrument No. Agency 

Bismarck, N. Dak. Jan. 1,1963-present 33 NOAA 
Caribou, Maine Jan. 1, 1963-present 34 NOAA 
Wallops Is., Va. July 1, 1967-present 38 NOAA; NASA 
SMO Dec. 19, 1975-present 42 NOAA 
Tallahassee, Fla. May 2, 1964-present 58 NOAA; Fla. State Univ. 
Boulder, Colo. Sept. 1, 1966-present 61 NOAA 
Poker Flat, Alaska March 6, 1984-present 63 NOAA; Univ. of Alaska 
Lauder, New Zealand Jan. 29, 1987-present 72 NOAA;DSIR 
MLO Jan. 2, 1964-present 76 NOAA 
Nashville, Tenn. Jan. 2. 1963-present 79 NOAA 
Perth, Australia July 30, 1984·present 81 NOAA; Australian Bureau Meteorol. 
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, Calif. June 22, 1983-present 94 NOAA 

TABLE 5.2. Provisional1987 Monthly Mean Total Ozone Amounts (m-atrn-cm) 

Station Jan. Feb. March April May June July Aug. Sept. OcL Nov. Dec. 

Bismarck, N.Dak. 370 358 373 350 334 335 313 314 297 295 307 325 
Caribou, Maine 317 427 380 375 399 369 347 335 333 328 335 340 
Wallops Is., Va. 328 335 374 397 384 344 336 327 322 312 289 301 
SMO 238 221 240 238 247 248 243 257 253 265 257 254 
Tallahassee, Fla. 302 283 ., 342 365 360 314 320 315 323 288 280 263 
Boulder, Colo. 328 339 352 342 352 326 317 302 299 287 293 299 
Poker Flat, Alaska 406 424 405 360 326 303 309 311 
Lauder, New Zealand 289 287 274 286 301 325 314 329 368 365 335 306 
MLO 249 239 263 278 294 292 280 267 262 248 249 237 
Nashville, Tenn. 329 320 363 387 352 338 329 326 325 314 291 285 
Penh, Australia 275 265 274 274 273 273 293 307 315 325 3!2 287 
SPO 287 278 246 243 241 253 257 141 184 312 
Haute Provence, France 329 366 398 385 411 372 346 333 308 298 308 298 
Huancayo, Peru 254 246 238 241 254 257 257 251 247 
BRW 443 410 400 360 335 305 333 321 
Fresno, Calif. 327 340 352 355 366 347 334 316 310 285 300 303 

.! 
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TABLE 5.3. Results of Calibrations of Foreign Dobson SpectrophotometeiS With U.S. Primary Standard Dobson 
Instrument No. 83, Expressed as Mean Total Ozone Differences(%) for Various Air Masses (~t) 

Dobson 
Inst. Calibration ~t= ~t= ~t= ~t= ~t= ~t= 
No. Country Date,l986 1.15-1.5 1.5-2.0 2.0-2.5 2.5-3.2 3.2-4.0 1.15-3.2 

13 Portugal Aug. IS -1.13 -2.36 -3.27 -5.80 16.34 -2.41 
IS Switzerland Aug. 15 -1.69 -2.06 -1.80 -2.94 -7.53 -1.99 
40 Belgium Aug. IS 2.39 1.49 0.95 1.16 0.65 1.84 
51 Switzerland Aug. IS -0.78 -1.62 -159 -1.69 -1.63 -1.22 
56 _Norway Aug. 15 -1.02 -0.91 -0.55 -0.62 -1.01 -0.89 
64 G.D.R. Aug. 21 -0.16 0.51 0.27 -0.06 -0.21 0.11 
71 G.D.R. Aug. 15 1.69 1.78 2.73 2.49 0.98 1.94 
74 Czechoslavakia Aug. IS -1.73 -1.25 -1.11 -1.16 -0.61 -1.46 
83 United States Reference Dobson Spectrophotometer 
84 Poland Aug. IS 3.22 1.70 0.91 0.58 -0.10 2.22 
85 France Aug. 21 -0.17 -0.33 -0.43 -0.05 0.13 -0.23 
92 Denmark Aug. IS 2.04 1.21 0.25 0.07 -1.28 1.34 
96 Egypt Aug. IS 1.69 0.61 0.33 -0.93 -2.82 0.85 

101 Switzerland Aug. IS -2.63 -2.62 -2.29 -3.42 -4.96 -2.73 
104 F.R.G. Aug. 6 3.78 1.36 0.34 0.34 -0.34 2.41 
120 Spain Aug. IS 2.15 0.70 -0.15 -0.26 -0.20 1.19 

Foreign minus Dobson instrument no. 83 percent ozone differences are shown. The Dobson instrwnent values are derived from observations on AD 
wavelengths. 

comparisons was World Primary Standard Dobson instrument 
no. 83, maintained by NOANGMCC in Boulder, Colorado. 

Table 5.3 lists results of preliminary calibrations of the 
various Dobson instruments relative to instrument no. 83, as a 
function of the air mass I'· Results of preliminary calibrations of 
the Brewer spectrometers are shown in Table 5.4. More 

· detailed information regarding the comparisons is available in 
Komhyr et al. [1988a]. 

Calibration of Portuguese Dobson Instrument No. 13 in Boulder 
During 1987 GMCC continued the program that began in 

1977 to upgrade foreign Dobson spectrophotometers under the 
auspices of the WMO Global Ozone Research and Monitoring 
Project. At the Arosa Dobson instrument comparisons, 
Portugnese Dobson instrument no. 13 was found to be highly IJ. 
dependent. Major repairs were made to the instrument in 

Boulder in May 1987. The instrument was then optically 
aligned, calibrated relative to Dobson spectrophotometer no. 83, 
and returned to Portugal. 

Calibration Checks on Dobson Instruments in the Global 
Network 

Komhyr et al. (1981) devised a standard lamp method for 
identifying Dobson instnunents that have gross calibration 
errors. ht an ongoing program by NOANGMCC to upgrade the 
calibrations of Dobson spectrophotometers throughout the 
world, seven standard lamp units, each consisting of two 
calibrated lamps and a stable power supply, were fabricated in 
1981. The global Dobson instrument station network was then 
divided into seven areas, each containing 5 to 17 instnunents, 
and a lamp unit was shipped to each area for checking the 
calibration of the Dobson instruments there. Results of the 

TABLE5.4. Results of Calibrations of Brewer Spectrometers With U.S. Primary Standard Dobson Instrument No. 83, 
Expressed as Mean Total Ozone Differences(%) for Various Air Masses ()L) 

Dobson 
Inst. Calibration IJ.= ~t= ~t= ~t= ~t= ~t= 
No. Country Date,1986 1.15-1.5 1.5-2.0 2.0.2.5 2.5-3.2 3.2-4.0 1.15-3.2 

10 F.R.G. Aug. 15 0.0 -0.5 -1.1 -0.9 -0.4 -0.6 
5 Greece Aug.21 0.0 -0.1 -0.6 -0.9 -0.3 -0.4 

10 F.R.G. Aug. 21 0.3 0.2 -0.4 -0.5 0.2 -0.1 
17 Canada Aug. 21 1.1 0.8 0.3 0.4 0.2 0.7 

Brewer minus Dobson instrument no. 83 percent ozone differences are shown. The Dobson instrument values are derived from observations on AD 
wavelengths. 
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TABLE5.5. Results of 1985-1987 Calibration Checks on Dobson Spectrophotometers Using Traveling Standard Lamps 

Inst Date of lnsL Calib. Inst Date of Inst. Calib. 
Station No. Calib. Check Error(%)* Station No. Calib. Check Error(%)* 

Area 1-North America Haute Provence, France 85 June 27, 1985 -1.25 
Lisbon, Portugal 13 July 26, 1985 +0.66 

Toronto, Canada 77 May31,1985 .0.29 El Arenosillo, Spain 120 Oct.8, 1985 +0.66 
Resolute, Canada 59 Dec. 30, 1985 .0.81 Vigna DiValle, Italy 47 Nov. 27,1985 +1.03 
Churchill, Canada 60 Feb. 12, 1986 +1.10 Brindisi, Italy 46 Nov. 23, 1985 +0.88 
Goose Bay, Canada 62 July 13,1985 +0.08 Sestola, Italy 48 Dec. 6,1985 +1.10 
Edmonton, Canada 102 Nov. 14, 1985 +0.15 Calgiari/Elrnas, Italy 113 Nov. 16, 1985 .0.59 
Reykjavik, Iceland 50 June 10, 1986 +0.15 Casablanca, Morocco 106 
SPO 82 Feb. 2,1988 +0.15 Cairo, Egypt 69 Feb. 6, 19&6 ·1.25 
Bismarck, N.Dak. 33 July 28, 1986 ·2.35 Cairo, Egypt 96 Feb. II, 1986 +1.17 
Caribou, Maine 86 Oct. 6,1986 .0.15 
Wallops Is., Va. 38 Oct. 10,19&6 .0.22 Area 5-Eastern Europe U.S.S.R. 
Tallahassee, Fla. 58 Dec. 31,19&6 .0.29 
Nashville, Tenn. 79 Jan.9, 1987 +1.17 Leningrad, U.S.S.R. 108 April2, 1985 +0.08 
Poker Flat, Alaska 63 Jan. 13, 1987 -1.10 Belsk, Poland 84 May 23,1985 +1.24 
MLO 76 May24,1987 +1.47 Hradec Kralove 74 June 26, 1985 4.40 
SMO 42 July 15, 1987 +1.61 Czechoslovakia 
BRW 91 Jan. 29, 1988 +0.30 Budapest-Lorini, Hungary 110 July31,1985 -1.54 
Fresno, Calif. 94 May 5,1987 +1.18 Bucharest, Romania 121 Sept. 5, 1985 +2.72 
Boulder, Colo. 61 April II, 1985 -1.03 Potsdam, G.D.R. 64 Oct.IO,I985 .0.52 
Boulder, Colo. 65 April II, 1985 -1.25 Potsdam, G.D.R. 71 Oct. 10, 1985 +0.66 
Boulder, Colo. 34 Jan. 27,1988 +0.22 
Boulder, Colo. 80 Jan. 13, 1988 +1.40 Area 6-lndia 

Area 2-SouJh America, Africa New Delhi, India 36 Aug. 9,1985 +0.73 
New Delhi, India 112 April 22, 1985 .().52 

Mexico City, Mexico 98 May22, 1985 +1.32 Srinagar, India 10 
Huancayo, Peru 87 April!, 1985 .0.37 Varanasi, India 55 Aug. 22, 1985 -1.76 
Cachoeira PaW.ista, Brazil 114 June 6,19&6 ±0.00 ML Abu, India 54 
Natal, Brazil 93 Poona, India 39 Jan. 23, 1986 +1.54 
Buenos Aires, Argentina 97 Nov. 4,1985 .0.52 Kodaikanal, India 45 July 5,1985 +2.42 
Buenos Aires, Argentina 99 Nov.6,1985 +0.15 Quetta, Pakistan 43 July 22, 1986 +1.40 
Nairobi, Kenya 18 Quetta, Pakistan 100 July 19, 1986 +1.47 

Bangkok, Thailand 90 Oct. 9, 1986 -1.17 
Area 3-Western Europe (1) Singapore 7 Dec. 18,19&6 +3.06 

Manila, Philippines 52 June 22, 1987 +1.18 
Brackuell, U.K. 41 
Brackuell, U.K. 2 July 25, 1985 .().52 Area 7-Australia, Japan 
Halley Bay, U.K. 123 Dec. 28, 1985 +3.67 
Argentine Is., U.K. 31 Feb. 19, 1986 +0.37 Sapporo, Japan 5704 July 15, 1985 .0.88 
Seychelles, U.K. 57 Aug. 26, 1985 ·2.50 Kagoshima, Japan 5705 June 18, 1985 .0.22 
SL Helena, U.K. 35 Sep<. 25, 1985 .0.59 Tateno, Japan 116 July25,1985 .().34 
King Edward Point, U.K. 103 Oct.17,1985 -1.32 Naha/Kagamizu, Japan 5706 June 29,1985 ·0.44 
Lerwick, U.K. 32 July 31, 1985 -2.28 Tateno, Japan 5703 Oct. 24,1985 .0.49 
Arosa, Switzerland 15 March 27, 1985 ·2.57 Sapporo, Japan 5702 
Arosa, Switzerland 101 March 27,1985 +4.55 Tateno, Japan 122 
Hohenpeissenberg, F.R.G. 104 April22, 1985 +2.42 Xianghe, China 75 Feb.3,1987 +0.66 
Cologne, F.R.G. 44 Kunming, China 3 June 16, 1987 .0.74 
Oslo, Norway 56 July 12,1985 .0.66 Melbourne, Australia 105 July 9,19&6 +0.52 
Tromsq, Norway 14 July 5,1985 -1.03 Perth, Australia 81 June 16, 1986 +0.52 
Spitzbergen, Norway 8 July 3,1985 .0.22 Brisbane, Australia Ill Jan.5, 1986 +0.22 
Cambridge, U.K. 73 Sep<. 9, 1986 -2.79 Hobart. Australia 12 March 16,1986 +0.73 

Macquarie Is., Australia 6 
Area 4-Western Europe (2) Invercargill, New Zealand 17 Oct. 17,1986 -1.17 

Lauder, New Zealand 72 
Aarhus, Denmark 92 March 19, 1985 +3.60 Seoul, Korea 124 Nov. 30, 1985 +1.17 
Uccle, Belgium 40 April5,1985 +1.61 Melbourne, Australia 115 
Biscarrosse, France II Melbourne, Australia 78 

•see text for significance of indicated calibration error. Positive error means that instrument yields ozone values that are too large. 
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calibration checks were presented at the 1984 Quadrennial 
Ozone Symposium (Grass and Komhyr, 1985). 

We present here the results of similar Dobson instnunent 
calibration checks conducted in 1985-1987. Of 95 operational 
instruments, only 14 stations failed to report sufficient data. 
Results are shown in Table 5.5. Deduced instrument calibration 
errors of absolute magnitude >2% were taken to signify that an 
instrument problem exists. According to this criterion, 13 of 81 
instruments were identified as needing recalibration. 

Calibration of Primary Standard Dobson Instrument No. 83, 
1962-1987 

Dobson spectrophotometer no. 83 was established in 1962 as 
a standard for total ozone measurements in the United States. In 
1980, this instrument was designated by the WMO as the 
Primary Standard Dobson Spectrophotometer for the world. 
Since 1962, 15 domestic and 75 foreign instruments have been 
calibrated, many of them several times, either directly or 
indirectly relative to instrument no. 83. 

Absolute calibrations of instrument no. 83 (relative to 1953 
Vigioux ozone absorption coefficients for Dobson instrument A 
and D wavelength pairs) were performed by the Langley slope 
method at Sterling, Virginia, in 1962, and at Mauna Loa, 
Hawali,in1972,1976, 1978,1979,1980,1981,1984, 1986,and 
1987. Additionally, calibration checks on the instrument have 
been performed .routinely since 1962 with a set of standard 
lamps. Analysis of results of the two types of calibrations has 
yielded data on the long-term ozone measurement precision of 
the instrument [Komhyr et al., 1988b]. 

The most comprehensive calibration of instrument no. 83 was 
performed in 1976 at MLO when ozone observations were made 
during 90 one-half days. The standard error associated with the 
detennination of the mean correction to the instnnnent values at 
that time was 0.0006, which corresponds to an uncertainty in the 
measurement of ozone of 0.07% for ozone values x = 300 DU 
and J.L = 2. This calibration of instrument no. 83 resulted in 
establishment of an August 26, 1976, Calibration Scale for the 
intrument that has been used through 1987 in calibrating all 
domestic and foreign Dobson spectrophotometers. 

The August 26, 1976, Calibration Scale was used to establish 
N values in 1976 for Dobson instrument no. 83 standard lamps 
83A, 83B, W, X, Y, Z. 83Ql, and 83Q2, some of which had 
been run on the instnnnent since 1962. The lamp data were then 
used to establish a 1962-1987 Standard Lamp Calibration Scale 
for instrument no. 83, which, except for the 1976 tie in. is 
independent of the Langley slope calibrations of the instrument 

Table 5.6 compares ozone values x1• determined with 
instrument no. 83 during 1962-1987 on the August 26, 1976, 
Calibration Scale, with similar values, ~ incorporating Langley 
slope calibration corrections; with x3 values measUred on the 
1976 Standard Lamp Scale; and with x4 values detemtined on 
the 1976 Standard Lamp Scale with Langley slope calibration 
corrections applied. We draw three conclusions from the 
results. First, the August 26, 1976, Calibration Scale has 
remained unchanged to within an uncertainty of ±0.5% duting 
1972-1987. Second, because this scale has remained highly 
stable with time, additional calibration corrections are not 
needed for domestic and foreign Dobson instnnnents calibrated 

I 

TABLE 5.6. Stability of the August 26, 1976, Calibration 
Scale for Dobson Instrument No. 83 

100(x1-x2) 100(Xt -x3) lOO(x1 -x., 
Xz X3 X., 

Year (%) (%) (%) 

1962 -0.7 -1.0 
1972 -0.1 -0.3 -0.1 
1976 0.1 0.0 0.1 
1978 0.0 0.0 0.0 
1979 -0.2 -0.1 -0.2 
1980 0.2 0.0 -0.4 
1981 -0.3 -0.1 -0.7 
1984 0.5 -0.1 0.1 
1986 0.2 -0.5 -0.5 
1987 0.2 -0.2 -0.1 

x1 ozone values: Based on the August 26, 1976, Calibration Scale and 
instrument optical wedge calibration of August 26, 1976. x2 ozone 
values: As X1 values, but corrected by the Langley slope calibration 
method. x3 ozone values: Based on the Standard Lamp Calibration 
Scale established in 1976, ·and updated optical wedge calibrations. x4 
ozone values: As .\3 values, but corrected by the Langley slope 
calibration method. 

since 1976 with Dobson spectrophotometer no. 83. Finally, 
instrument no. 83 calibration observations made at MLO 
spanned a solar cycle sunspot maximum and two minima. 
Because the Langley slope and the standard lamp instrument 
calibrations gave essentially identical results, we conclude that 
if the extraterrestrial intensities of the Dobson instrument A and 
D wavelengths vary during the course of a solar cycle, the 
variations are not large enough to cause errors in ozone 
measurements greater than several tenths of a percent. 

Long-Term Changes in the SBW!TOMS Relative to the 
Primary Starulmd Dobson Instrument No. 83 

The SBUV and TOMS instruments on Nimbus 7 measured a 
decrease in total ozone between 1979 and 1986 of 6%, while the 
Dobson network reported only a 3% decrease during the same 
period, bringing the long-term calibration of SBUV/TOMS into 
question. SBUV and TOMS are independent instruments, 
except that they share the diffuser plate that is used for 
instrument calibration. The TOMS and SBUV ozone 
observations agree very well. except for a 3.0% bias. 

The time dependence of the calibration of the satellite 
instruments has been determined by comparing ozone measured 
by TOMS with that measured by instrument no. 83 [McPeters 
and Komhyr, 1988] at MW during the summers of 1979, 1980, 
1981, 1984, 1986, and 1987. As indicated earlier, instrument 
no. 83 observations were made for the purpose of monitoring 
the calibration of that instrument [Komhyr eta/., 1988b]. 

The percent differences between TOMS and instrwnent no. 
83 ozone values are plotted for each year in Figure 5.1. Two 
different results (data sets 2 and 3) are given for the Dobson 
instrument; they represent two slightly different calibrations of 
the instrument. For set 2 the Dobson data were reduced using 
the 1976 instrument optical wedge calibration for all years, 



whereas for set 3 the data were reduced using updated wedge 
calibrations. The two sets of results are shown to provide some 
indication of the level of uncertainty in instrument no. 83 
results. 

Figure 5.1 shows that the TOMS instrument was relatively 
constant with respect to instrument no. 83 in the period 
1979-1981, especially if the Dobson results for 1980 are 
downweighted because of known problems of observational 
technique that year. But by 1984 the difference in ozone 
measured by the two instruments was t{).5%, a 1.5% decline 
relative to the earlier period, and by 1987 the TOMS ozone 
values were 1.4% less than instrument no. 83 values, a decline 
of 3.4% from 1979-1981. The overall pattern is that the TOMS 
(and by implication SBUV) calibration was relatively constant 
relative to that of instrument no. 83 between 1979 and 1981, 
declined rapidly between 1981 and 1986, and appears to be 
declining less rapidly between 1986 and 1987. Our conclusion 
is that the diffuser plate used by both the SBUV and TOMS has 
suffered an nncorrected wavelength-dependent degradation, 
with most of the degradation occurring between 1983 and 1986. 

This change in the TOMS instrument calibration relative to 
the calibration level of instrument no. 83 confmns the change 
noted earlier relative to many individual stations. Also plotted 
in Figure 5.1 is the yearly average TOMS-Dobson trend relative 
to an ensemble of 41 Dobson stations for the period 1979-1985. 
These data were used by Fleig et a/. [1986] to calculate the 
0.38% per year trend,. but with data for 1985 compatisons 
added. 

Long-Term Ozone Trends at MW and SMO 
Total ozone data obtained in the past at MLO and SMO, 

archived at the World Ozone Data Centre in Downsview, 
Canada, have been provisional. The MLO data record for 
1964-1987 imd the SMO data record for 1976-1987 were 
reprocessed on the August 26, 1976, Calibration Scale of 
Primary Standard Dobson instrument no. 83 [Komhyr et a/., 
1988c ]. Although some shortcuts were taken in reprocessing the 
data, it is unlikely that more detailed processing will give results 
over portions of the record that differ on average from current 
values by more than 1%. 
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Fig. 5.1. Average ozone differences in percent measured at MLO by 
TOMS and Dobson instrument no. 83 during 1979-1987. Differences 
for an ensemble of 41 Dobson stations are also shown. 
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Figure 5.2 is a plot of ozone anomalies (i.e., deviations of 
ozone monthly means from monthly normals) at MW for 
1964-1987. Quasi-biennial oscillations in ozone are clearly 
evident in the record. Least-squares linear regression trend lines 
fitted to the data indicate that ozone at MLO increased on 
average at a rate of 0.37 ± 0.16% yr' during 1964-1974, but 
decreased at a rate of 0.35 ± 0.13% yr1 during 1974-1987. 
(Indicated uncertainties are the 95% confidence intervals.) For 
the record as a whole, the mean ozone trend was -0.07 ± 0.06% 
yrl. Annual mean total ozone amonnts at MLO were equivalent 
in 1964 aod 1987, at 262 DU. 

The SMO Dobson instrument total ozone record was 
similarly reprocessed. Ozone anomalies for SMO for 1976-
1987 are shown in Figure 5.3. A least-squares linear trend line 
fitted to the data shows that, on average. total ozone has been 
decreasing at SMO at 0.40 ± 0.11% yr1• For 1976-1986, the 
downward trend in ozone was 0.35 ± 0.12% yr'. 

A record low mean monthly total ozone amount of 221 DU 
was measured at SMO in February 1987, at the time of a deep 
minimum in the 1986-1987 tropical quasi-biennial oscillation in 
ozone. This value was 13% lower than the average total ozone 
amount for February months of 1976-1987. Although the value 
is subject to revision, it is unlikely to be too low by more than 
several percent. 

Total Ozone at SPO 
Total ozone amonnts measured at SPO during September

November 1987 were the lowest on record. Figure 5.4 
compares SPO total ozone data for 1986 and 1987. For the time 
interval January-May, the average total ozone amount in 1987 
was larger than in 1986 by about 8%. During the polar night of 
both years, total ozone increased from about 245 DU in early 
June to 280-290 DU in August. Total ozone began to decrease 
rapidly during September of both years, to a low of !58 DU in 
early October 1986 but to an unprecedented low of 127 DU in 
early October 1987. Thereafter, the total ozone began to 
recover, but the recovery proceeded considerably more slowly 
(with a 3-wk delay) in 1987 than in 1986. Compared with the 
time of the springtime ozone increase at South Pole in 1978, as 
shown in Figure 5.4, the delay in the 1987 springtime ozone 
increase was 6 weeks. At year end for both 1986 and 1987, the 
total ozone amount at SPO was 315 DU. 

The 1987 October (October 15-31) mean total ozone amount 
at South Pole was 138 DU. The previous October mean low of 
161 DU occurred in 1985 [Komhyr et al., 1986]. The average 
total ozone amonnt for October months at SPO during 
1962-1979 (i.e., before onset of the ozone hole formation 
phenomenon in about 1980) was 292 DU. 

The 1987 SPO November total ozone mean of 184 DU was 
also Wl.Usually low. The previous November mean low of 238 
DU occurred in 1985. The 1962-1979 average total ozone 
amount for November months at SPO was 351 DU. 

5.1.2. OZONE VERTICAL DISTRIBUTION 

ECC Ozonesonde Observations 
Weekly ECC ozonesonde balloon flights sponsored by 

NESDIS continued in !987 at Boulder, Colorado (51 flights), 
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Fig. 5.2. Deviations of monthly mean total ozone amounts from 
monthly norms for the period of record at MLO (1964-1987). 
Least-squares regression trend lines are fitted to the data. 
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Fig. 5.3. Deviations of monthly mean total ozone amounts from 
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Fig. 5.4. Daily total ozone amounts at SPO in 1986 and 1987, and a 
portion of the 1978 total ozone record, showing the springtime ozone 
increase that occurs each year in Antarctica. 

and Hilo, Hawaii (52 flights), extending the continuous record 
of weekly soundings to 3 years at these two sites (1985-1987). 
Mean Dobson normalization correction factors for these flights 
were 0.982 for Boulder and 0.984 for Hilo with standard 
deviations of 0.044 and 0.043, respectively. The data were 
forwarded to NESDIS to assist in their efforts to validate ozone 
data from the SBUV instrument on the NOAA F satellite. 

At BRW and SMO, approximately weekly ECC ozone 
soundings were made in 1987, except for an increased launch 
frequency at BRW during March. Regular ozone soundings at 
BRW date from February 1986, and at SMO from April 1986, 
both programs depending for future continuance on the 
availability of funding. 

Computer processing of ozonesonde data continued for the 
flight program operated by DSIR personnel at Lauder, New 
Zealand. Weekly ozonesonde releases were made at Lauder 
throughout the year, except twice-weekly during August
November months, for a total of 66 soundings [Matthews et al., 
1988]. This monitoring program provides an opportunity to 
assess the impact of ozone depletion in Antarctica on the ozone 
budget of the southern hemisphere at midlatitudes. 

With support from NOAA and the NSF Division of Polar 
Programs, a successful campaign of 76 ECC ozonesonde flights 
was conducted in 1987 at SPO. From August through 
November, twice-weekly flights were conducted; during the 
remainder of the year, weekly soundings were made. Results 
were published by Komhyr et al., [1988d]. 

Latitudinal Distribution of Ozone From ECC Ozonesonde 
Observations 

ECC ozonesonde observations, made in recent years at nine 
U.S. and foreign stations whose locations range from the Arctic 
to Antarctica, have yielded a self-consistent data base from 
which the latitudinal distribution of ozone to 35 km altitude has 
been derived [Komhyr et al., 1988e]. The stations are Resolute, 
Canada (74'N, 95'W); Point Barrow, Alaska (7l'N, 156'W); 
Edmonton, Canada (53'N, 114'W); Boulder, Colorado (40'N, 
105'W); Hilo, Hawaii (19'S, 155'W); American Samoa (14'S, 
170'W); Lauder, New Zealand (45'S, 170'E); Syowa, 
Antarctica (69'S, 39'E); and South Pole, Antarctica (90'S, 
24.8"W). Average seasonal and annual ozone vertical 
distributions have also been derived for the sites. The data 
should be useful for comparison with model calculations of the 
global distribution of atmospheric ozone, for serving as a priori 
statistical information in deriving ozone vertical distributions 
from satellite and Umkehr observations, and for improving the 
satellite and Umkehr ozone inversion algorithms. 

Average December-January-February (DJF), March-April
May (MAM), June-July-August (JJA), September-October
November (SON), and annual (ANN) ozone profiles for the nine 
stations are plotted in Figure 5.5. Average seasonal and annual 
isopleths of ozone partial pressure to 35-km altitude, as a 
function of latitude, are presented in Figures 5.6 and 5.7, 
respectively. For 75' -90'N latitude, the isopleths were 
extrapolated, since the northernmost ozone data in the Arctic 
were obtained at Resolute at latitude 74aN. 
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Antarctica Springtime Ozone Depletion 
Compared with the ozone depletion in the spring of 1986, the 

ozone hole at the south pole in 1987 formed more rapidly, was 
deeper in vertical extent, and lasted longer into the sununer 
season [Komhyr et a/., 1988f]. A 4-km-thick atmospheric layer, 
centered on 17 km, was nearly completely depleted of ozone in 
early October. Select ECC ozonesonde data, comparing ozone 
hole formation at the south pole in 1986 and 1987, are shown in 
Figure 5.8. 

In further contrast to the spring of 1986, colder stratospheric 
and warmer tropospheric temperatures in 1987 accompanied the 
deeper losses in ozone. The polar vortex broke down during 
late November-early December, 3 weeks later than it did in 
1986. The enhanced ozone decrease at the south pole in the 
spring of 1987, compared with 1986, probably resulted largely 
from atmospheric circulation changes associated with the 1987 
ENSO event. These changes augmented environmental 
conditions that promoted photochemical ozone destruction on 
polar stratospheric clouds and increased polar vortex stability, 
causing the springtime transport of ozone to Antarctica to be 
delayed. 

Changes in South Pole Ozone Vertical Distributions Since the 
Early 1960's 

A comparison of ozone vertical profile data obtained at SPO 
with Regener chemiluminescent ozonesondes in 1962-1965, and 
ECC ozonesondes in 1967-1971 and 1986-1987, has revealed a 
progressive ozone decrease with time for all seasons in the 
region of the ozone maximum centered at about 17 km (Figure 
5.9), with the decrease rate accelerating in recent years during 
October months [Komhyr et a/., 1988g]. The altitudes of the 
ozone maxima, furthermore, exhibit an increase with time for all 
seasons. During summer months, a reduction in ozone with 
time has occurred in the stratosphere below 20 km, but an 
increase in ozone appears to have occurred above 20 km. 

Umkehr Observations 
In 1987, Umkehr observations were made with automated 

Dobson spectrophotometers [Komhyr et a/., 1985] at six 
stations: Boulder, Colorado (BDR, 40'N, 105'W); Mauna Loa 
Observatory, Hawaii (MLO, 20'N, 156'W); l'Observatoire de 
Haute Provence, France (OHP, 44"N, 6'E); Poker Flat Research 
Range, Alaska (POK, 65'N, 148'W); Perth Airport, Australia 
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(PTH, 32'S, 116'E); and Lauder, New Zealand (LDR, 45'S, 
169'E). LDR became operational in February 1987. No serious 
instrument problems occurred at any of these stations. In 1987, 
1298 usable ozone profiles were obtained. The Umkehr data are 
archived at the World Ozone Data Centre, Abnospheric 
Environment Service, Downsview, Ontario, Canada 

The Dobson instrument at Huancayo was operated manually 
throughout 1987 for total ozone observations only. Umkehr 
observations were not made, owing to malfunction of the 
automated instrument's computer system. A trip to the station 
was made in August to attempt to repair the system. A number 
of components were brought back to the United States for 
repair, and returned to the station, but the system remained 
down because of poor-quality main power. An isolation 

transformer was ordered for the system. but was not received by 
year•s end. 

A study was made [Evans et al., 1988] of Umkehr profiles 
deduced by the conventional method [Mateer and Diltsch 1964] 
from data obtained at BDR, MLO, OHP, POK, and PTH during 
1986 and 1987. By this time, stratospheric aerosols from the 
1982 El Chichon eruption no longer affected the Umkehr 
observations adversely. Seasonal and annual Umkehr profiles 
for the five stations are shown for 1986 and 1987 in Figure 5.10. 
Differences in the profiles at each station for the 2 years are 
small. For annual means. no station shows a difference in any 
layer larger than the standard deviations associated with the 
means. This is generally repeated for the seasonal differences. 
except for the October-December MLO averages where 
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significant differences have resulted from quasi-biennial 
oscillation effects. Classical features of the atmospheric ozone 
vertical distribution are exhibited by the profiles. The altitudes 
of the primary ozone maxima decrease as station latitude 
increases, and the maxima at higher latitude stations are broader 
than those at lower latitude. 1bis broadening is greatest during 
winter seasons. 

ECC Ozonesonde and Umkehr Profiles Compared 
Ozone profiles obtained quasi-simultaneously from ECC 

ozonesonde and Dobson Umkehr observations at Boulder and at 
Hilo/MLO during 1985-1987 are given in Figures 5.1! and 5.12 
respectively. The profiles show agreement [Franchois et al., 
1988] to within ±10% in Umkehr layeiB 4-6 (19-35 km). In 
layer 7 (35-40 km) the differences range from 15 to 25%, 
depending on season and station. Use of inadequate ECC 
ozonesonde pump efficiency corrections in Umkehr layer 7 most 
likely contributes to the observed differences in measured 
ozone. However, because the differences vary with station and 
season, it is most likely, also, that inadequacies in the inversion 
algorithm used in processing the Umkehr data contribute to the 
observed differences. The problem probably lies with the a 
priori information (flrst-guess profiles) used in the inversion 
algorithms. 

5.1.3. TROPOSPHERIC OZONE 

Prior to this report, GMCC tropospheric ozone research has 
concentrated on the four-station surface-based in situ ozone 
measurements. In 1985 ozone vertical profile measurements 
using ECC ozonesondes were begun on a weekly schedule at 
Boulder and Hila. In 1986 ozonesonde programs were 
inaugurated at BRW, SMO, Lauder, (in cooperation with 
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DSIR), and SPO. Although these soundings were begun 
primarily for stratospheric research, they provide a wealth of 
tropospheric data as well. Included here are results from the 
surface measurements as well as from the tropospheric portion 
of the ozonesonde profiles. 

Although ozone amounts at the surface at MLO have been 
near the long-term mean in recent years, the overall15-yr record 
shows a significant increase (Figure 5.13). This has been 
primarily a result of increases during the winter months. At 
BRW (Figure 5.13), on the other hand, which also shows a 
significant increase for the 15-yr period of observations, the 
largest increase is during the swnmer monthS. 

In the southern hemisphere (Figure 5.14), the trend at SMO 
for all months is not significant, but during the seasonal 
minimum, which occurs during the austral swnmer, a large, 
significant decrease (1.9% yr1) has taken place. This is similar 
to the decrease seen at SPO during the same time of year 
(Figure 5.14). This is also the seasonal minimum in surface 
ozone at SPO. The low value for the seasonal minimum 
reported at SPO in 1987 [Komhyr et a/., 1988h] continued the 
downward trend reported last year [Schnell and Rosson, 1987]. 
The seasonal maximum was also much lower in 1987, reversing 
what appeared to be a nwnber of years of increasing values. 

On the basis of ozonesonde data from nine locations (the six 
GMCC sites described above as well as two Canadian sites and 
a Japanese station in Antarctica) stretching from 75"N to 90"S 
there is strong evidence that there is more tropospheric ozone in 
the northern hemisphere than in the southern hemisphere (Figure 
5.15). On an average annual basis for all altitudes below 400 
mb there is more ozone at all locations in the northern hemi
sphere than at any site in the southern hemisphere. This is not, 
however, always true on a seasonal or monthly basis. The 
reason for larger values in the northern hemisphere is probably 
both greater cross-tropopause fluxes of ozone from the 
stratosphere into the troposphere as well as possible produclion 
of ozone in the northern hemisphere troposphere there as a result 
of the emission of anthropogenic ozone precursors. 

5.1.4. STRATOSPHERIC WATER VAPOR 

Approximately monthly soundings of the water vapor content 
of the upper troposphere and stratosphere to about 25 km were 
continued in Boulder. In addition three soundings were 
attempted at McMurdo Station, Antarctica, during the austral 
spring. Because of problems with the balloon valving system, 
good descent data were not obtained on any of the flights. 
Several pieces of useful information were obtained from the 
ascent portion of the profiles, however. The McMurdo results 
[Rosen et al., 1988] indicate that water vapor mixing ratios in 
the region between 15 and 20 km were approximately 2 ppmv. 
Because of the possibility of contamination from the balloon 
and instrument on balloon ascent, these data can only be 
construed as upper limits. To altitudes of about 70-80 mb 
(17-18 km), there is usually good agreement between ascent and 
descent data for flights made in Boulder. Above this altitude the 
amounts diverge, with the ascent data always higher. 

Several instrument-related developments to the frost-point 
hygrometer are of note. Persistent noise problems that have 
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Fig. 5.11. Annual, long-tenn, and seasonal perCentage ozone differences (detennined by 100 [Umkehr-sonde]/Umkehr), by Umkehr layer for 
Boulder, 1985-1987. Values in parentheses are 95% confidence intervals. 
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Fig. 5.12. Annual, long-tenn, and seasonal percentage ozone differences. as in Figure 5.11 but for MLO/Hilo, 1985-1987. 
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Fig. 5.13. Surface ozone monthly mean partial pressures (bottom plots) 
and anomalies (top plots) at BRW and MLO. The trends are linear
least-squares regressions of the monthly anomalies with 95% confidence 
interval. 

periodically plagued the operation of the instrument over the 
years were identified as coming from the phototransistors that 
are part of the optics portion of the servo-control system 
[Mendonca, 1979]. In the past this problem was partially solved 
by selecting components with inherently low noise characteris
tics. This was very time consuming, and adequate performance 
could not always be attained. Modifications were made in the 
circuitry to electronically reduce the noise; recent tests indicate 
that these changes have improved the performance of the 
hygrometer. 

As part of the recent tests to improve the performance of the 
instrument, it was discovered that a flaw existed in the 
calibration procedures. For calibration temperatures at ooc the 
resistances measured were too low; because of the curve-fitting 
process used to determine frost-point temperatures colder than 
the lowest calibration value of -79°C, the frost-point 
temperatures colder than -79oC were too high. The error in 
resistance determination at ooc leads to frost-point temperatures 
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Fig. 5.14. Surface ozone monthly mean partial pressure anomalies, as 
in Figure 5.13 but for SMO and SPO. 
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that are too low by approximately 0.40', 0.30', 0.17', and 
0.06'C at 10, 20, 50, and 100 mb respectively. This leads to 
mixing ratios that are too low by about 7, 5, 3 and 1% at each of 
the pressures. The actual corrections for each sounding are 
slightly different because the correction depends on the 
magnitude of the thermistor resistance at OGC. This correction 
applies to soundings made between August 1982 and December 
1986. 

5.2. REFERENCES 

Evans, R.D., G.L. Koenig, W.D. Komhyr, J. Easson, and P. MarchC, 
Umkehr observations at five automated Dobson spectrophotometer 
stations in 1986 and 1987, Proceedings of the 1988 QuadreiUlial 
Ozone Symposium, Gottingen, F.R.G., submitted, 1988. 

Fleig, AJ., P.K. Bhartin, C.G. Wellemeyer, and D.S. Silberstein, An 
assessment of the long-term drift in SBUV total ozone based on 
comprisoo.s with the Dobson network, Geophys. Res. Lett., 13, 
13S9-1362, 1986. 

Franchois, P., G. K;oenig, R.D. Evans, and W.D. Komhyr, Comparison 
of ECC ozonesonde and Umkehr proflles at Boulder, Colorado, 
198S-1987, and Mauna Loa, Hawaii, 198S-1987, Proceedings of the 
1988 Quadrennial Ozone Symposium, Gottingen, F.R.G., submitted, 
1988. 

Grass, R.D., and W.D. Komhyr, Traveling standard lamp calibration 
checks on Dobson ozone spectrophotometers during 1981-1983, in 
Atmospheric Ozone, Proceedings of the Quadrennial Ozone 
Symposium held in Halkidiki, Greece, September 3-7, 1984, Reidel, 
Dordrecltt, Hollaod, 376-380, 198S. 

Komhyr, W.D., R.D. Grass, and R.K. Leonard, WMO 1977 intematiooal 
comparison of Dobsoo ozone spectrophotomeiers, Proceedings of the 
Quadrennial International Ozone Symposium, August 4-9, 1980, 
Vol. I. edited by J. London, National Center for Abnospheric 
Research, Boulder,. Colo., 25-32, 1981. 

Komhyr, W.O., R.D. Grass, R.D. Evans, R.K. Leonard, and G.M. 
Semenink, Umkehr observations with automated Dobson 
spectrophotometers, in Atmospheric Ozone, Proceedings of the 
Quadrennial Ozone Symposiwn held in Halkidik.i, Greece, 
September 3-7, 1984, D. Reidel, Dordrecht, Holland, 316-320, 198S. 

Komhyr, W.D., R.D. Grass, and R.K. Leonard, Total ozone increase at 
South Pole, Antarctica, 1964-1985, Geophys. Res. Uti., 13, 
1248-1251, 1986. 

Komhyr, W.O., R.D. Grass, R.D. Evans, and R.K. Leonard, Results of 
international Dobson spectrophotometer and Brewer spectrometer 
intercomparisons, Arosa, Switzerland, 1986, Proceedings of the 1988 
Quadrennial Ozone Symposiwn, GOttingen F.R.G., submitted, 
1988a. 

49 

Komhyr, W.D., R.D. Grass, and R.K. Leonard, Dobson 
spectrophotometer no. 83: A standard for total ozone measurements, 
1962-1987,1. Geophys.Res., sulxnined, 1988b. 

Komhyr, W.D., R.D. Grass, and R.K. Leonard, Calibration of primary 
standard Dobson spectrophotometer no. 83 and total ozone trends at 
Mawta Loa Observatory, Hawaii, and American Samoa, South 
Pacific, Proceedings of the 1988 Quadrennial Ozone Symposium, 
GOtt.ingen F.R.G., submitted.1988c. 

Komhyr, W.O., P.R. Franchois, S.E. Kuester, P.J. Reitelbach, and M.L. 
Fanning, ECC ozonesonde observations at South Pole, Antarctica, 
during 1987, NOM Dota Report ERL ARL-15, 319 pp., NOAA Air 
Resources Lab., Boulder, Colo., 1988d. 

Komhyr, W.O., SJ. Oltmans, P.R. Franchois, W. F. Evans, and W. A. 
Matthews, The latitudinal distribution of ozone to 35 km altitude 
from ECC ozonesonde observatioos, Proceedings of the 1988 
Quadrennial Ozone Symposiwn, GOttingen F.R.G., submitted, 
1988e. 

Komhyr, W.D., R.D. Grass, PJ. Reitelbach, P.R. FranChois, M.L. 
Fanning, and S.E. Kuester, Total ozone, ozone vertical distributioos, 
and stratospheric temperatures at South Pole, Antarctica, in 1986 and 
1987,1. Geophys. Res., sulxniued, 1988f. 

Komhyr, W.O., SJ. Oltmans, R.O. Grass, P.R. Franchois, and R.K. 
Leonard, Changes in total ozone and ozone vertical distributions at 
South Pole, Antarctica, 1962-1987, Proceedings of the 1988 
Quadrennial Ozone Symposiwn, GOttingen F.R.G., submitted, 
1988g. 

Komhyr, W.D., S.J. Oltmans, and R.O. Grass, Atmospheric ozone at 
South Pole, Antarctica, in 1986, J. Geophys. Res., 93, 5167-5184, 
1988h. 

Mateer, C.L, and H.U. Diitsch, Uniform evaluation of Umkehr 
observations from the World Ozone Netwoik: Part I, Proposed 
standard evaluation technique, 105 pp., National Center for 
Atmospheric Reseach, Boulder, Colo., 1964. 

Matthews, W.A., W.O. ·Komhyr, and P.R. Franchois, Vertical 
distribution and variation in atmospheric ozone over Lauder, New 
Zealand, Proceedings of the 1988 Quadrermial Ozone Symposium, 
GOttingen F.R.G., submitted, 1988. 

McPeters, R.D., and W.O. Komhyr, Long-term changes in 
SBUV/IOMS relative to the world primary standard Dobson 
instrument, Proceedings of the 1988 Quadrermial Ozone Symposium, 
GOttingen F.R.G., submitted. 1988. 

Mendonca, B.G., Geophysical Monitoring for Climatic Change, No. 7: 
Summary Report 1978, 131 pp., NOAA Environmental Research 
Laboratories, Boulder, Colo. 1979. 

Rosen, J.M., OJ. Hofmann, J.R. Catpenter, J.W. Harder, and SJ. 
Oltmans, Balloon borne Antarctic frost point measurements and their 
impact on polar stratospheric cloud theories, Geophys. Res. Lett., 15, 
8S9-862, 1988. 

Sclmell. R.C., and R.M. Rosson, Geophysical Monitoring for Climatic 
Change, No. 14: Summary Report 1987, ISS pp., NOAA 
Environmental Research Laboratories, Boulder, Colo., 1987. 



6. Aaprisilioo and Data Manage.rrent Group 

'Die - ¥- d' --Rid 
poes.aullblibiaily~
~ ... *!jmtp 
~ JlSllaiS 1he ;.,n 

--....: iacl&lc1es ibc 
,.,.,.a. Slaliao. p 

• - - &..pai'lll pm ij 4 .~ rw al1iDalt aad a ""* - •¥. of bounrllly lJ!'CI' 
Sllililitr- 'The amaa '""""""' ...m • GMOC S1IIIKBs ......, 
sdedm1a~aheam:mcn•dtt"•Gf'lllemrin t 

:B1 !be bioD}Xk S1IIIKBs n.c-_.,.. --··-
'Sta1ions .. c:JEJqJt 6e semou =- iag • 1 -e • 6c Sm6 
l'de. ~pouilie ~- h 
eq• =:a::.....L A eeliltcfllhe-.,...ad 
mrmlbm;. -~-iio.Nilerw[l!llllij. 

m 1914 1111e CMIS ..... - ...... ,., • • """ ,;""<; 
:they jinrnr..OO !be~ efliloe dllla ~-w 
:ami ~ ...a.a:.J 6c .,._;.y Of~ dllla. no: 
oibiily -.me Of piDfulj: ~- iF aad. .. ;,ill dan 
Wiiiih ..m.aweii.,...r..;.... iWpooed,., q..a&y m""" dllla'"" 

-m. 'llbcDWJI, ...mitih ..,,,, ... ~---
~ ~ .....,;ia1;b b a :Mh pr::Doc\-

lilii!; JmPOOC. 'llbc IJWRs - - ... Jln>'kkr ............ -
~-~-~>di>:w:e.H<!dN:detoiL[19111i-. 
ibJ y 1 a ddaiicd i6w • • d' 1iloe ialiril1ul iia 

ibcDWil. :odO!horCo\115 •• - ·-
'llbc Jilmhil """,;.. - h 1!111b hom blpily :oiiodal 

!l!flibeEliiSO-. ~,...,.,.a.-aecl! ·-~ 
:B1:Bllllimm-.Wloilellhe ___ ... ..,_.._. 

...... 
A r ;..w .. of ibeBKW sill:;, ills Wid •li!di*lis -:1 dim.JR 

Cllll be ._ iia p.,.._ GMCC S ., 11qxJm [q.. 

DtbtGi. l!lll]. w...a ...... .,,.., ~-~ 
...ma.---spood -· ikd iia 16 clitediw. duols 
- .( spood d-. 'The iW il ••• Of""" ...ma1!y din:cliua 
h 1!111 (Epno 6..1) iis ;;, --chnDo!icw .......... 
ibc-b libe 1917-19111i period 'The pri'.cMMjn- ,.;,a 
Ar-2¥ • is .am fma die -.np: diwe sw"im'C sec~DC ... 

NE-SE (6SS.).-ali-c1inx:6mlo e>apt .. b --
1h-.:5S. Wmlk -..i6. a spoodequaliD cr ~llunlO.Ill s" 
...... clseaweiilli'JC, efibc IDe in 1!1111 -...... 3 

1lo ~ for 

ibc Jk:Ja.&-- - 'The ~ - din:aioo b J__,. ,_ ftaa ibe WSW Cj1WI)I:- (T:alile 6.1). in cumo.t 
wiilll.ille....- r ,- ... m.. ENE. 'Thew clitediw. Jogcd 
-~·sm-..a..dspoodefi19ms"lllllamury2S. 

'IJoe-P;so&:w• ---~---- .. Jov.p IC~-~:2Z,...m:a~3i.6-ef 
..,;,r,;n;;,a:lll-hperiod.--ilie ~- ioioiolkm ,.,.,.,.a 
(25.4- O<:lolJoc 1926) -- b ~ 61 - • 
Jlanoow ~ ~,.,.,.,.a- hd<m. ... Sq....ma 14 
....... 132.1 lliillild'_..,.,., ___ ~ ... ::Mlil; 

Jtiis • •i Htit 1D a !IIIC!W S+J• a a mcard ef 411..5 DIIIBI1DI:tll 
SIIOOifo1l WXlT!!Jl>i!rtjrno 'Diis ;my 1iip - Of 
P" ;,;o ,-,.,air 111tW ,...,.;))rdiD. a 1!117--~ 
cof130.6-, 'lltidliis 102 ............... -. 

'IJoe 0 aamus - I' o; iio 1!1111 ......., dooe ID lille 
lkq.- ao zn;; 6c - IL4X:: c:o1k1c£ -

---.. 'IVaSIL6 mb ~ -JIIIJCIDL 'Doe 
_. ... _, lllo•JJll"r.iO_..,..,efi:w: Jl9l7 d 413X::o • wilcml'<hwy 
l7.laailliat:ibc lO-yr....,.,.a.,r~:n::aaBRW. 1Joc ., .. ; 

p ... 11'1'- b Ime - A:upot oilso - ...., il~ 

,_ .S~"lii:S<.S 

! mml2l S1i"lii:S<:ID 

1r::::::J'115il:!lll 

--·--- . 

.. ------ -. 

~ ---· 
·--.. ,_- --·-·--

FWn6.L w...a.....,d...r.a..,..;,miill"mtWforl!ll7(1di)..Jim-19116{ .... ). "Dicdi••i ,- -d1loc~..macli=Ucn..a~..., 
;m...,..d_ocamaH:eiill"iibc,......ai~poDDd.• if "ni.t- Wsspcoduci.p.y.a .. at-...iclld-...;..;,a...spcodd...... 



E E E ENE ENE ENE 

6.5 fi.4 S3 63 

ll3 15 17 17 

7S liD 266 

1~ 1111!1.1 liiZll 11116:7 10143 1011.3 1Dl5.7 1017.3 1DIJJ.2 lOOIJI IDI\1.11 lOOL4 !0!3.11 

1033 1010 !031 11133 1029 lOll 1029 1113!1 lll2Z 1m2 lil32 11134 liJ.IIl 

~ 991 IIIIJJ !1!13 11m !196 1001 lllll1 !1!13 '111 iiXIl !IU 97i1 

-::J611 -303 -252. -21.6 -7.1 113 2.11 3J) -2!!1 -'1.11 -7JL7 -231l -12.6 

v- -6 -4 1 s 11 7 0 -10 -6 

-4J -41 -31 -33 -::111 -5 -1 -2 -13 -14 -:32 -:36 -41 
('Q 

A"W:~~F:it: t - t 

('Q 
y- aleI 

.;Jfi.ll -31.2 -3102 -:23.11 -&.9 -2.0 WI . 1Ll -SJI -6.4 -21-11 -23:7 -142 

('Q 
1£- dt:JW) 

('Q 
.,. y t-) 

-7 -JII 

0 0 

-6 -11 -1 

-3!1 -33 -21 

1 0 2 

Ill 3 -1 -n -7 ill 

-3 -6 -17 -15 -33 -:36 

I I 0 

1 ·~....-..17-.;~9.S-(IISQ;ain .. oioiec>"JJ,.;;.iol1""'11""'-.. 3-. wma-am i • woeiaaa ma~eaaaiiJWCI"2S!ID. ........................ 
1M - ... -- ......... Joa.Jy ........... 

RDJid. l.owei-p cs..Jc::oldc£• .: :4ii•esd.w •n*tM 
ll!ocBitW ,.._ia1911-

!li-La. 
A ks q.;,,. of 6c JIID sile ..t ils ~ <i&mlln1o.gy 

ca be b.t ill pewicw GMCC S 11 l!cpmb lJoeJIID 
1911..-Jy ca..-- is ...... iiD. ToNe 6.2.. iNale 

~ b - wwjoJioo 6c - - ano .at 
.............. of - - "lxx:.sc of 'ille iimoda'l 
ofidoiM- oflloe"Willddinx:lit:a!mal-6cliaoeofclq_ 1Joe 
dl<tt of :u- u. is ... ....-..ct .... ill~ P""·- •y 
~ « 1J ,.;;,a,; .Joli: c1oooD. 'ille >liP' widt a....., 
...-.., ""1 • 1Joe ....... _,.., .... pwJo !!io-"J> 

C...lloeSSE(34!il.)ill1911,:ii 1 iy.,.;,m~oflclo;
Sm ..... •••io&Kof6c-~62). ~~ 

- c--..: - flado. ftoock ;a Jowa: ?l!iopaes, WCRO 

:n:padCd ia1987. On Moly 10 a stmm. JIB""d:MLO and a.cd 
ll!ocp elo fiiiiD fi12mb heaUq: !he Io.,.--fur )by. 

"llle - I ._, iiD. )lay ....,. also l'C coll1o£ -
JODDilllllil< -.....& 

n.e ENS() - - :readoal ils peak ~ Apii -
)by [W-. l9l!7l and can be """D"ia<od- 'ille ~ m 

MID's dimlrlic~fur 19117. "llle"'1"""'0al """"""";pacii!ii<;. 
fmlllll!oc &bo lli:oe ... j)jlij'W, and mm. 1S'N,., ISS. ~ 
poSibre sea sm&ce !tenqwaa:we """"J'Q'lir;$ 1diidl CClll1IJCd 
enbmmrl • ,ariic ~ i.u ~ ~ wmid:l futrludes 
111.0. Amxia!ed lWiJ1it 68 c:u:ucdiw ~ :aa qpcr 
.......p.ere ~ ,.... • a Mill olservlllX>m; of 
a::gAiw:eq;.+tz~:ndUiionwamPlirs ~ 1911j. 
111.0"s ~ ....md dimdioa k hae- fiomlille lNW 
ctiredioa. "llle.....,.,}SE ...;,aclirecli<mb MID...,. alliococd 
~ ~ e.:; jal ' Jy •••• ,jes ~ Iaa:ac::s:tiJc 
~--poinredOJaiiD. 'illeGV<X: s ""'Y llq>oa-
191!6, is 1l!oc Jqe ............,.. of - and ilijjll ~ spoea. ;;, 
Jloan1rr :More - holf of 'ille ~s !lllbll. P"" iip•!dimn 
...........Jcluring D , a-. andamJC'I"·s.,,. ,;,"'"''~speed 
of2l ms-'1 w.as aeputtedoa Deca1b r 18.. 

n.e ~ .. ........, :lir 1911 .... 1.2 mb bo1mv 1lhe lo.,.

......_ham period 1977-l9llli. n.e ......_air" "'"""'"'e 
stii}'Cil abe :same ""' 1lhe ~ "' - "' 7E'C. "floe 
P'' qiil,;.., anv:>llD1 of '5Sl - - dcJM> 116 llmD. fmm 1lh: 

1986 IIDtil, ..... - .nil 2.11!11. """"' - lh:: :!3-yr -.. ,, ... ..,.n.yt:ti<er..:.. [l97l1-



52 

MAUNA 
1987 MAUNA LOA 

77-86 

WIND SPEE:D(M/S) 

- .~:i'WS<5 

~ 5:0WS<I0 

c=J lrS~ICI 
s .. 

WIND ROSE 

WIND FREQ. 

• 
Figure 6.2. Wind rose of the surface winds for MLO for 1987 (left) and 1977-1986 (right). The distributions of the resultant wind direction and speed 
are units of percent occurrence for the year and 1 0-yr period, respectively. Wind speed is displayed as a function of direction in three speed classes. 

TABLE6.2. MLO 1987 Monthly Climate Summary* 

Jan. Feb. March April May June July Aug. Sept. Oct Nov. Dec. 1987 

Prevailing wind SE sw SE SE SW NW SE SE SE SE SE SSE SE 
direction 

Average wind 4.4 5.3 6.1 4.5 5.3 3.6 3.7 3.8 3.7 3.6 5.3 4.4 4.5 
speed (m s·l) 

Maximmn wind 12 13 17 13 14 13 19 13 10 13 15 21 21 
speedt (m s•1) 

Direction of max. 256 !59 270 232 218 147 37 !54 213 90 139 139 
windt (deg.) 

Average station 679.4 671.2 679.0 679.5 678.4 681.0 680.7 680.6 680.8 680.6 680.8 679.8 679.8 
pressure (mb) 

Maximwn pressuret 683 681 683 683 685 684 683 684 684 683 685 684 685 
(mb) 

Minimum pressuret 672 670 673 674 672 677 678 677 678 678 676 673 670 
(mb) 

Average air 5.5 5.0 5.2 7.3 6.9 7.6 8.3 9.5 7.6 8.3 6.7 6.2 7.0 
temperature ("C) 

Maximum temperaturet 15 16 14 17 18 17 17 17 16 17 15 14 18 
("C) 

Minimum temperaturet -2 -3 -2 -I 0 0 3 3 3 -3 
("C) 

Average dewpoint -13.9 -13.4 -9.8 -9.2 -4.3 -7.6 -1.0 -5.9 -10.8 -6.5 -8.4 
temperature ("C) 

Maximum dewpoint 4 5 6 6 19 14 8 8 6 22 22 
temperaturet ("C) 

Minimum dewpoint -32 -38 -31 -23 -24 -24 -23 -23 -35 -32 -38 
temperaturet ("C) 

Precipitation (mm) 2 29 8 6 60 18 32 34 63 0 305 551 

*Instrument heights: wind, 17m; pressure, 3399 m (MSL); air and dewpoint temperature, 3 m. Wind and temperature instruments are on a tower 
located 25m northeast of the main building. 

tMaximum and minimum values are hourly averages. 



Samoa 
A comparison of the wind rose for 1987 with that for the 

preceding 10 years shows a very similar distribution except for 
the shift in the predominant wind direction to a more southerly 
component (Figure 6.3), A higher precentage (10%) of wind 
speeds equal to or greater than 10m s·1 was also observed. This 
shifted distribution is almost identical to the 1986 wind rose, 
with the exception of higher velocity southerly winds in 1987. 
The SSE quadrant accounted for the highest percentage (37%) 
of the observed wind directions. The average wind speed for the 
year was 5.9 m s·I (Table 6.3) , which was 1.5 m s·' above the 
long-term average, New maximum wind speeds were observed 
for the months of February and April. The maximum wind 
speed recorded on February 3 of 18 m s·1 is the highest value for 
the year. The precipitation recorded in February was 600 mm, 
the highest monthly total for 1987. The winds from the NNW 
quadrant early in the year were associated with stormy periods 
accompanied by precipitation. 

The main event for SMO in 1987 was the passage of tropieal 
cyclone Tusi on January 17-18. This storm dropped the 
pressure to 987 mb and established a new record for minimum 
pressure in January. The storm's main swath passed 70 mi east 
of GMCC's site on Tutuila Island and hit Manu'a Island, 
causing enough destruction that President Reagan declared it a 
disaster area. The other extreme feature for SMO in 1987 was 
the effect the ENSO event had on the fall precipitation. An 
extreme drought for 6 months, from July to December 
devastated the island's lush vegetation. Precipitation amounts 
for September and November were 2 mm and 54 mm 
respectively, new minimum precipitation records for both 
months. The average monthly precipitation for the year of 143 
mm was 70 mm below normal. 
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The average station pressure for the year was 1.4 mb higher 
than the long-term average, and the average temperature was 
0.5"C lower than normal. The ENSO event that caused the 
drought in the fall may also be responsible for the high-pressure 
records during the fall drought. The maximum pressure record 
for September was broken on September 29 and 30 with 
measurements of 1008mb. 

South Pole 
The most distiguishing feature of the distribution in the 

surface wind direction at SPO is that the predominant wind 
direction was grid ENE (20%) as compared with the long-term 
prevailing NNE direction (Figure 6.4). A very small percentage 
of these winds have speeds greater than 10m s·1• The prevailing 
wind direction was easterly in July-October in contrast to the 
normal, which has an associated northly component (Table 6.4). 
Another feature of the 1987 wind rose is the relatively large 
number of occurrences of wind speeds less than 5 m s·1 (50%). 
The average wind speed for the year of 5.3 m s-1 is identical to 
the long-term average. New maximum wind speeds were 
observed for the months of April and June (16 m s·1 ). 

The most significant weather event for the SPO station in 
1987 was the colder-than-normal average air temperature for the 
year of -51.0°C. August was the coldest month ever on record 
(since 1957), having an average monthly temperature of -66.8" 
C. The recorded minimum hourly average temperature for this 
month was -80.4 oc. It is interesting to note the change in the 
wind direction between May and August. During May and June 
the wind direction was predominantly from the north with 
associated high pressure and wann temperatures. The 
circulation pattern changed in July and August to a 
predominantly easterly flow. This triggered the colder air and 
lower pressures for the month of August 
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Figure 6.3. Wind roses of the surface wind for SMO for 1987 (left) and 1977-1986 (right). The distributions of the resultant wind direction and speed 
are in units of percent occurrence for the year and 10-yr period, respectively. Wind speed is displayed as a function of direction if} three speed classes. 
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TABLE6.5. GMCC CAMS Operations Summary, 1987 

Blocks Recorded and [Blocks Missing] 
Block Expected No. of 
Type Description Blocks yr"1* BRW MLO SMO SPO 

A Hourly aerosol data 2190 2162 [28] 2185 [5] 2191 [0] 2190 [I] 
H Daily aerosol data 365 364 [I] 365 [0] 367 [0] 366 [0] 
s Hourly solar radiation data 8760 8252 [108] 8745 [15] 8761 [0] 8758 [2] 
c Hourly C02 data Variable 8127 [221] 8310 [45] 8392 [I] 8247 [7] 
D Daily C02 data 365 361 [6] 365 [0] 368 [10] 365 [0] 
E Hourly C02 calibration data Variable 404 403 367 480 
F C02 calibration report 52 55 55 55 67 
M Hourly meteorological data 4380 4305 [74] 4361 [22] 4362 [19] 4328 [52] 
0 Daily ozone data 365 368 [0] 366 [0] 354 [11] 365 [0] 
w Daily meteorological data 365 362 [3] 366 [2] 367 [0] 359 [6] 
I Meteorological caibration 365 361 [0] 368 [0] 364 [0] 364 [5] 
N Ozone calibrationt 365 7 14 7 13 

*Discrepancies between the expected number of blocks and blocks recorded + blocks missing are due to clock problems or autorestarts. 
tNew data block started when new M03 PROMS were installed. 

TABLE 6.6. GMCC Trajectories Calculated in 1987 

Location 

Norfolk, Va. 
Torres de Paine, Chile 
BRW 
MLO 
SMO 
SPO 
Little Rock, Ark. 
Arctic (flight locations) 
Bennuda (climatology) 
Ester Dome, Alaska 
Augustine Island 
Katherine, Australia 
Mount Lemmon, Ariz. 
Amsterdam Island 
Crozet Island 
St. Francis, South Africa 
Niigata, Japan 
Yucatan, Mexico 
Cape Hatteras, N.C. 

(climatology) 
Charleston, S.C. 

(climatology) 
Alert, Canada 
Buffalo, N.Y. 
State College, Pa. 
Saranac Lake, N.Y. 
Key Biscayne, Fla. 
Adrigole, Ireland 
China 
Station M (climatology) 
Glasgow, Mont. 
St. Qoud, Minn. 

Dates 

Feb., April1985 
1986 
1986 
1986 
1986 
Selected dates 1986, 1987 
Feb., April, July, Oct. 1987 
April1983 
1983-1984 
March-April!986 
March-April1986 
Sept.1986-April1987 
April15-May 27 
1985-1986 
1985-1986 
1985 
May 1986 
June-SepL 1986 
1982-1986 

1982-1986 

March-April!986 
June 1987 
June-July 1987 
June-July 1987 
1985-1987 
1986 
May-June 1987 
Nov.-Apri11982-1987 
Jan.-March 1987 
Jan.-March 1987 

TABLE6.7. Experiments Supported During 1987 

Experiment Dates Organization 

TOGA cruise Dec. 1985-Feb. 1986 WPL 
EMEX flight Jan. 1987 AOML 
Arctic flight March-April1983 Fraunhofter htst. 
AGASP-I, II March-April1983, GMCC 

1986 
Researcher Cruise, June 1987 AOML 

RITS-1987 
ANATEX Jan., Feb. 1987 GMCC 
CURTAIN Feb.-April, GMCC 

July-Oct. 1987 
PRECPV June 1987 GMCC 

The two data sets available for trajectory calculations consist 
of analyzed grids of meteorological data from the National 
Meteorological Center. Data on the northern hemisphere 65 x 
65 grid cover the period 1975 to the present. Data on the global 
2.5" latitude, longitude grids extend from 1977 to the present. 

Data are delivered from NCAR on a monthly basis and are 
available in house within 2 months of analysis time. 

Improvements were made to the isentropic model this year to 
allow it to run on the 2.5° latitude, longitude data set. As a 
result, both isobaric and isentropic models now have global 
coverage. The isentropic programs were generalized to make 
changing of subgrids easier. Another improvement allows for 
the creation of up to five isentropic surfaces at a time. A new 
feature of the isentropic trajectory plots is shown in Figure 6.5. 
The lower plot shows the vertical path of the trajectory, and 
days from the destination along the x axis. 
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Fig. 6.5. BRW back trajectories arriving on March 14, 1983, on the 
275MK isentropic surface. The 1owerplot shows the vertical paths of the 
trajectories. 

Atmospheric trajectories were provided in support of the 
1987 SPO aerosol study. The first part of this investigation 
produced a monthwise trajectory climatology of SOOMmb 
trajectories to SPO. This mandatory level was chosen since 500 
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Fig. 6.7. SPO 2.5Mday back trajectories arriving during December 1987 
at the SOO~mb level. 

mb is the first such level above the surface at SPO. To 
distinguish months in which long-range transport was possible 
from months in which winds were light and variable, the tracks 
were plotted for only 2.5 days back. This representation of the 
climatology pointed out a seasonal difference in the flow pattern 
to SPO. Figures 6.6 and 6.7 show trajectories for November 
and December. These plots can be contrasted to Figures 6.8 and 
6.9, showing trajectories for July and August. During the 
austral surruner months trajectories meander slowly and are 
confined to the continent. During the austral winter months of 
July and August trajectories indicate much higher wind speeds 
and more direct pathways for transport from lower latitudes. 
The faster trajectories result from well-organized storms off the 
coast that have been linked with episodic sea salt events in 
aerosol scattering extinction measured by the nephelometer at 
SPO [Bodhaine et al., 1986]. Events associated with air flow 
from the north during July and from the south during August 
were studied in detail, but for expediency only the July case is 
discussed here. 

Nephelometer data collected at SPO for July 1987 (Figure 
6.10) show a definite shift at the middle of the month that raises 
the level of the aerosol scattering extinction coefficients (asp) an 
order of magnitude to about 1 Q·6 m·1• Individual 500-mb 
isobaric trajectories plotted daily for July likewise show a 
change in character at the middle of the month. Figure 6.11 
shows 500-mb trajectories computed for July 10, 1987, 
characteristic of the first half of the month when winds were 
light to moderate, meandering around the continent. In contrast. 
Figure 6.12 shows a pattern typical of the latter half of July. 
Wind speeds at 500mb during this time varied from 10 to 25m 
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7. Air Quality Group 

7 .I. CoNTINUING PROGRAMS 

7 .I. I. INTRODUCTION 

AQG research during 1987 had three objectives: (!) to 
improve understanding of the mechanisms responsible for the 
fonnation of acidic aerosols; (2) to explain the effects of these 
aerosols and of trace gases on the formation, colloidal stability, 
optical properties, and chemical composition of clouds; (3) to 
supply observational data to validate and improve the acid 
deposition models now under development AQG acquired data 
to satisfy these objectives using the NOAA King Air C-90 
aircraft (Figure 7:1). Table 7.1 summari~s the research flights 
made by the King Air in support of our activities during 1987. 

7 .1.2. NATIONAL ACID PRECIPITATION ASSESSMENT PROGRAM 

The Interagency Task Force on Acid Precipitation, created by 
Congress, sponsors NAPAP. This program consists of task 
groups entitled (A) Natural Sources, (B) Manmade Sources, (C) 
Atmospheric Processes, and (D) Deposition Monituring. AQG 
contioued its participation in NAPAP during 1986 by 
contributing to Task Groups A and C. 
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Fig. 7.1. The NOAA King Air C-90, configured for research. 

7.1.3. WESTERN ATI.ANTICOCEANEXPERIMENr 

W ATOX data analysis contioued during 1987. The purpose 
of the project was to quantify the flux of various trace species, 
notably sulfur and nitrogen, away from the United States. 

7.1.4. PROCESSING OF EMiSSIONS BY CLOUDS AND 

PRECIPITATION 

The PRECP experiment made it possible for AQG to 
investigate the complex chemical transformations occurring in 
and near clouds. The NOAA King Air flew near to many active 
thunderstorms at selected altitudes during the 1987 period. 
Other flights were made to characterize the chemical state of the 
troposphere before the initiation of convection.' A persistent 
"nose" profile of H20 2 with altitude was produced during the 
June flights. H20 2 concentrations were about 2 ppbv at the 
surface. increased to about 5 ppbv at the top of th~ planetary 
boundary layer, and decreased slowly above. S02 
concentrations were at or near the instrument detection limits (1 
ppbv) except during occasional antlrropogenic plume 
encounters. Ozone concentrations were between 80 and 100 
ppbv. Columbus, Ohio, was the site for a PRECP field effort 
during June 1987. 

7.1.5. CENTRAL U.S. RADM TEST AND ASSESSMENr 
INTENSIVES 

CURT A1N was begun with two purposes in mind. One was 
to compare the observed concentrations of trace species along 
the western boundary of the RADM (a three-dimensional 
numerical model) with those predicted by the RADM. A second 
was to establish an observational data base along the western 
boundary of the RADM as an aid to model initialization in the 
future. 

The field site for CURT A1N was Little Rock, Arkansas. 
Research aircraft flights were made north and south along the 
91'30'W meridian. The plans for CURT A1N included field 
periods in February, April, July, and October 1987. 

Each field period had two series, each consisting of a night 
flight and two day flights. One day flight was north to the Iowa 
border and the other south to the Gulf of Mexico. Each night 
flight was within 250 km of Little Rock. 

Hydrogen Peroxide in Air During Winter Over the South
Central United States 

H20 2 is important in atmospheric chemistry, both because it 
is an indicator of the recent concentrations of free radicals that 
were involved in photochemical reactions and because it· plays 
an important role in the direct oxidation of sulfur species and 
other acid precursors. Several researchers have reported on 
H20 2 and organic peroxides in clouds and precipitation [Zika et 
a/., 1982; Kelly et a/., 1985; McElroy, 1986] and in polluted 
atmospheres [Bufalini eta/., 1972; Kok eta/., 1978]. 
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7.1.8. RADIATIVELY IMPORTANT TRACE SPECIES 

The RITS project monitors trace species that are important to 
the Earth's radiation budget. Certain atmospheric trace gases, 
notably C02, are known to absorb long-wave radiation from the 
Earth, thus preventing escape of the radiation to outer space. 
The capacity of these gases to trap long-wave radiation in the 
atmosphere plays an important role in the radiation balance of 
the Earth-atmosphere system. C02 is increasing in the 
abnosphere. Knowledge of this has led to speculation that the 
Earth-atmosphere system will experience a warming (the 
Greenhouse Effect) with serious environmental consequences. 

Other trace gases such as CO and CH4 are also known to be 
effective a}>sorbers of long-wave radiation. However, they were 
considered much less important in the Earth-atmosphere 
radiation balance because of their low concentrations in the 
atmosphere. GMCC found that the concentrations of these 
gases were increasing at their obseiVatories. This spawned 
concern that these gases (notably CO and CH4) would soon 
become important contrf~utors to the Greenhouse Effect along 
with C02. In order to supplement their surface measurements of 
these radiatively important trace species, GMCC deemed it 
important to obtain climatologically representative vertical 
proflles of them. The NOAA King Air made 10 research flights 
near Miami, Florida, to gather these data. 

Preliminary analyses of the data suggest the following: 
1. Measurement of CH4 and CO from an aircraft is possible. 
2. CH4 and CO are altitude dependent Surface concentrations 

do not characterize the troposphere. 
3. CH4 and CO are seasonally dependent 
4. CH4 and CO are variable over short time and space 

intervals. 

7 .1.9. USE OF AN AIRBORNE AIR SAMPUNG PLATFORM FOR 

REGIONAL AIR QUALITY STUDIES 

The need to investigate regional air quality issues motivated 
AQG to develop an airborne platform capable of providing 
complete air quality information using limited resources, on the 
one hand, but retaining the flexibility to operate anywhere 
within the North American continent, on the other hand. Since 
our objectives called for operation over areas affected- by 
anthropogenic pollution, the analytical instrument package on 
board used commercially available units. These units may be 
less sens1t1ve than experimental or developmental 
instrumentation but provide a higher degree of reliability. In 
early 1984, the AQG leased a Beechcraft King Air C-90 from 
the Deparbnent of Interior (DOl) and modified it for use as a 
regional air quality sampling platform. Ownership of the 
aircraft was later transferred from DOl to OAO, NOAA. 

The Beechcraft King Air C-90 is a twin-engine aircraft 
equipped with 550 hp Pran-Whitney PT-6A-20 turbine engines. 
The aircraft has a useful load of 1600 kg, a gross weight of 4380 
kg, and was originally designed to carry a crew of two and up to 
seven passengers. Its fuel capacity is 1400 L and the 
consumption rate is 250 L h·1• The range of the aircraft, fully 
fueled, is 2100 ian at an average speed of 420 ian h·' and cruise 
altitude of 6400 m. The service ceiling of the aircraft is 7600 m. 

The outside dimensions are 10.8 m (length) by 15.3 m (wing 
span) by 4.3 m (vertical stabilizer height). The available cabin 
volume is 8.2 m3 (excluding pilot compartment) with an 
additional 1.5 m3 available in the baggage comparbnent at the 
rear of the cabin. The aircraft is fully equipped for operation 
wtder instrument flight rules (IFR), can be pressurized, and has 
complete deicing capability. When equipped as described 
below and with a crew of three (pilot. copilot, and scientist 
flight director) the aircraft weighs 3560 kg. This allows 820 kg 
of fuel and provides for a flight duration of about 4 hours. 

The change from a passenger aircraft to an airborne 
laboratory required several major modifications to the aircraft. 
Aluminum research instrument racks were moWlted, using the 
original floor track hardware [Wellman, 1982]. Power to the 
instruments (most of which require 110-V AC), is supplied by 
lightweight DC to AC inverters connected to the aircraft 
28-VOC electriCal system. The power pack consists of three 
110-V AC (750 VA) 400-Hz inverters made by FliteTronics Co. 
Inc, rwo 110-VAC (1000 VA) 60-Hz units built by Avionics 
Instruments Inc., and an additional 28-VDC, 70-A power 
supply. 

Spar doublers and torque boxes reinforced the end sections of 
the wings. This enabled the mounting of scientific instruments 
weighing up to 20 kg on each wing; wiring in the wings carried 
the power and signals for these instruments. To aid in sampling 
outside air, a stainless steel air intake system was installed in a 
reinforced portion of the fuselage above the right-hand side of 
the forward cabin. Tirree shutter assemblies were also installed, 
one on the top center and two on the right rear of the fuselage. 
They allow in situ or remote sensing, as needed. 

A LORAN system determines the aircraft position 
accurately. This system (Advanced Navigation Inc. model 
7000) enables determination of position to 0.5 km. A radar 
altimeter (King, KRA10) aids in maintaining constant altitude at 
low elevations (fewer than 760 m) and enhances flight safety at 
low-altitude. 

The air intake system aboard the aircraft has different intakes 
for different applications. The W ATOX, PRECP, RITS, and 
SAFE studies, used a five-tube stainless steel configuration. 
Three tubes pointed forward and two pointed vertically. One 
inlet tube, used for total aerosol sampling, was isokinetic at any 
flight sampling speed. Another inlet tube had an inner Teflon 
tube and supplied air for the gas monitors. A third tube supplied 
air to a cyclone particle separator described by Boatman and 
Welbnan [1988]. Additional air samples,· for intermittent 
sampling devices, are drawn from the vertical tubes and the 
sextant port at the top center of the fuselage. 

A fully computerized data acquisition system digitizes the 
data from all continuous monitors, aerosol probes, mass flow 
meters, and navigation system (Algo, Inc.) and records it to 
magnetic tape. The onboard computer system displays the data 
during flight. Magnetic tape also records the data from the 
navigation system (Alga, Inc.). All magnetic tape data are later 
merged into one file for analysis using an HP 1000 computer 
system (Hew len-Packard, Inc.). 

The OAO operates the aircraft with an OAO pilot and 
copilot. The scientific personnel aboard include a mission 
scientist and, if required by the program, an instrument 



operator-teclmician. An illustration of the aircraft as configured 
for scientific research is given in Fig. 7.1. Refer to Boatman et 
al. [1988] and Welbnan et al. [1988] for a more detailed 
discussion of the aircraft platform. 

7 .2. SPECIAL PROffiCTS 

7.2.1. NATURAL SULFUR FLUX FROM THE GULF OF MEXICO: 
DIMETHYL SUI1'IDE. CARBONYL SUI1'IDE. AND SULFUR DIOXIDE 

The emission of reduced sulfur compounds into the 
atmosphere through natural processes is well established. In 
recent years, however, a growing interest in the magnitude and 
composition has evolved, mainly because these compounds may 
make a significant contribution to the atmospheric loading of 
SO.f aerosols. It is difficult to accurately assess the exact 
emission rate of S-containing compounds into the atmosphere; 
therefore, variations of 2 orders of magnitude between some 
estimates are not surprising [Moller, 1984b)]. 

It is widely believed that the primary atmospheric source of 
natural atmospheric S is dimethyl sulfide (DMS). Andreae and 
Raemdonck [1983] estimated that the global biogenic emission 
of S is about 10' Tg yr', about half as DMS. Marioe sources 
emit the most DMS (-75%), but continental areas also have a 
role [Adams et al., 1981]. Other sources of biogenic S include 
hydrogen sulfide fmm biological decay 3245 Tg (S) yr' 
[Adams et al., 1981]. Khalil and Rasmussen [1984] put the 
biogenic emission of carbonyl sulfide (COS) and carbon 
disulfide (CS,) at about I and 1.3 Tg (S) yr1• Other biogenic S 
compounds, such as methyl mercaptan, dimethyl sulfoxide, and 
dimethyl disulfide, contribute to the global S cycle in only a 
minor way [e.g., Moller, 1984b; Adams et al., 1981; Aneja et 
al., !982; Steudler and Peterson, 1984]. An additional natural 
source of atmospheric S is sulfur dioxide (SO,) from volcanic 
activity. Cullis and Hirschler [1980] estimated that S02 fmm 
volcanos is nnlikely to contribute much more than -5 Tg (S) 
yr1; Cadle [1980] estimated as much as 30 Tg (S) yr1, but other 
authors [e.g., Moller, !984b] have placed the value at about 2 
Tg (S) yr'. 

Because the global natural emission of S is on the same order 
of magnitude as [Cullis and Hirschler, 1980] or somewhat 
larger thao [Moller, !984a] the anthropogenic emission, a 
program to investigate the contribution of natural S to the total S 
budget over North America was included in NAPAP. 'This 
appeared to be particularly advisable after Reisinger and 
Crawford [1980] reported SO:f fluxes from areas southwest of 
central Tenrtessee that were as much as 2.3 times the fluxes of 
all the other sectors. As a part of this program, AQG conducted 
a series of research aircraft flights in June 1985 to determine the 
flux of S compounds into the North American continent from 
the nlarine atmosphere· and from the zone extending inland as 
much as a few hundred kilometers. 

Although there may be a large experimental uncertainty in 
the DMS measurements, the results of this study suggest that 
atmospheric DMS is surface derived, has a half-life 
conunensurate with the boundazy layer mixing time, and is very 
sensitive to the presence of trace atmospheric pollutants. Under 

65 

clean atmospheric conditions in marine air masses, DMS 
concentrations over the Gulf of Mexico approached those 
typical of remote oceanic areas. A reduction in DMS by a factor 
of 4 occurred when the Gulf air was diSPlaced by continental 
air. 

There was no demonstrable diurnal cycle for DMS during the 
study; any possible diurnal cycle was within the noise level of 
the data. The very low concentrations at night, when admixture 
of continental air is suggested, support the importance of the 
recently proposed dark reaction between DMS aod NO,. COS 
concentrations were slightly higher in the boundary layer than 
above the boundary layer. The ratios between the 
concentrations of DMS and S02, and their reaction rates with 
HO, suggest that the oxidation of DMS is the pruicipal source of 
S02 in the marioe atmosphere. Van Valin et al. [1987a] gave a 
complete account of this work. 
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8. Nitrous Oxide and Halocarbons Group 

8.1. CONI1NUING PROGRAMS 

8.1.1. SAMPLES 

GMCC scientists have been analyzing flask samples for 
nitrous oxide (N20), and halocarbons CFC-12 (CCI,F,) and 
CFC-11 (CC13F) since 1977 at the GMCC baseline observatories 
and NWR. During 1987, air samples pressurized to about 8 psig 
were collected in a pair of 0.3-L Summa treated stainless steel 
cylinders each week at BRW, NWR, MLO, and SMO. Station 
personnel at SPO collected a pair of flask samples each week 
only during the Antarctic summer (November-January). These 
air samples were shipped back to Boulder for analysis by 
EC-GC. 

Figure 8.1 shows plpts of the average concentration from a 
flask pair versus rime for N,Q, CFC-12, and CFC-11 at BRW, 
NWR, MLO, SMO, and SPO. Table 8.1 lists monthly con
centration means for NOAA/GMCC flask pairs as mole fraction 
in dry air for N,Q, CFC-12, and CFC-11 collected from NOAN 
GMCC baseline stations and NWR. Esrimated secular trends 
and ±2 standard deviations at the 95% confidence level are also 
presented. Flask data are not included for May 1984 to 
Febmary 1985, because the ECD response during this time was 
not linear. Figure 8.2 shows the strong latitudinal dependence, 
higher in the northern hemisphere than the southern hemisphere, 
and the accumrnulation rates of CFC-12 and CFC-11 from plots 
of the yearly mean concentration versus latitude since 1977. 
More information on experimental design and techniques used 
in data selection are described in Tlwmpson et al. [1985]. 

Since 1983, a manually operated Shimadzu Mini-2 GC at 
SPO measured N20, CFC-12, and CFC-11 in situ twice a week. 
The monthly mean concentrations ofN,Q, CFC-12, and CFC-11 
from the in situ GC were compared with monthly means from 
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flask saroples and are shown in the bottom panel of Figure 8.1. 
The ECD on this GC becaroe contaminated by February 1987, 
and analyses were stopped until a new detector arrived during 
the midwinter air drop in June 1987. The results from the flasks 
and in situ GC at SPO were so sporadic that it was decided to 
upgrade the existing in situ GC in early 1988. The upgraded GC 
system will include unattended, automated analyses, increased 
frequency of atmospheric sampling to once every 3 hours, and 
the additional sampling of new compounds, methyl chloroform 
(CH3CC13) and carbon tetrachloride (CC14). An IBM PC clone 
computer will be used to store chromatographic information 
from two HP integrators, and to send this information back to 
Boulder via satellite each week for rapid analysis of data and for 
diagnosis of potential problems. These improvements may help 
resolve the question concerning the effects of vertical transport 
on the ozone hole. More technical information on GMCC's 
SPO N20 and halocarbon measmements can be found in 
Robinson eta/. [1988] and Elkins et al. [1988]. 

The calibration scales for GMCC's atmospheric 
measurements of CFC-12 and CFC-11 have been based since 
1977 on the OGC scale of R. Rasmussen [Rasmussen and 
Lovelock, 1983]. NOAA primary calibration tank no. T3072, 
which was used exclusively from 1977 until 1985 when it was 
expended, was calibrated last in 1983. The current primary 
calibration tank no. T3088 was compared ahnost every 6 months 
between 1977 and 1985 with tank no. T3072 and replaced it in 
1985. Because of concerns about the stability of CFC-12 and 
CFC-11 in the new tank, it was calibrated at OOC in December 
1987. Drift was found to be about -4.5 ppt yr1 for CFC-12 and 
negligible for CFC-11 during its 2 years of use. It was assumed 
that, before 1987, the drift ofT3088 was identical to the drift of 
tank no. T3072, having drift rates of about -1.5 ppt yr1 for . 
CFC-11 and +5 ppt yr1 for CFC-12. The new drift corrections 
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Fig. 8.1. Average concentration of (a) N20, (b) CFC-12, and (c) CFC-11 from measurements of paired flask samples versus time at BRW, NWR, 
MLO, SMO, and SPO. The trends and± 2 s.d. errors are shown. The bottom panel ~SPO) in each plot also shows the monthly means (o) from a 
manually operated GC. 
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TABLE 8.1. Monthly Concentration Means for NOANGMCC Flask Pairs for N20 (ppb by mole fraction in dry air), 
CFC-12 (ppt), and CFC-11 (ppt) Collected From BRW, NWR, MLO, SMO, and SPO 

•,o CFC12 CFCll ... ... MLO >MO "0 ... ... MLO >MO "0 ••• """ KLO >MO "0 

,.. 71 157.1 137.4 

"' 71 230.2 153. & 129 .4 
KAR 71 147.6 ... 71 150.& 
KAY 71 302 .8 151.! 
>ON 71 227.8 144.1 

'"" 71 260.2 loU. 2 
AUG 71 301.1 268.3 238.3 151.5 158.6 149.1 137.3 

"' 71 297.2 299.2 302.3 301.1 251.3 258.2 255.8 237.5 152.6 149.2 149.8 138.2 
OCT 71 305.1 298.8 299 .a 297,4 262.3 239.4 159.3 156.3 147.6 139.2 
NOV 71 301.6 300.8 299.2 296.6 274.3 262.8 240.0 160.4 153.2 149.3 137.6 .,c 71 305 .1 302.0 300.0 284.2 286.9 272.7 246.5 248.2 162.7 159.9 149.8 137.7 
nN " 304.1 308.5 301.5 296,] 298.6 269,9 275.3 250.1 160.8 154.6 155.8 142.3 

"' " 303.1 301.7 300.7 298,2 298.0 289.5 267.6 251.9 1S!L4 15!1.4 tsz .a 141.8 
KAR " 301.8 301.3 302 .9 299.5 302.1 282.5 279.9 275.1 245.1 162.4 156.6 14!LO 143.9 
A>R " 301.9 302.1 299.7 299 .1 298. 2 260.3 277.9 261. n 164.3 154 .1 146,3 
KAY " 302.0 301.7 298.8 J00,8 J01.1 267.4 255.4 161.9 166.6 154.5 146,8 
>ON " 301.6 301.1 Jan .1 Jno.1 Jill. 6 298.6 282.3 255.6 162.4 157.7 154.8 145.8 
1UL 78 301},9 300,2 299.5 299.3 JOl. 5 27J.7 302.5 280.6 25J .1 163.6 163.5 154.0 145.5 156.6 
AUG 78 301l.3 300.2 . 299 .5 298.5 31l1.0 279.3 254.4 164.8 165.8 158.2 148.0 

'" 78 302.0 301.4 JOO. 6 298.8 299.2 285.7 277.7 257.8 168.4 170.8 160.4 147.9 
OCT 78 301.6 301.4 JOO. 2 298.4 291l.6 296.5 277.6 258.5 249.7 169.0 165.4 158.4 149.6 
NOV " 301.7 J02. 2 300.5 299.4 300.3 293.8 293.8 281.6 262.1 251.4 174 .o 167.6 159.8 1"52. 5 165.4 
"'< " JOl. 7 J02.6 300.4 298.8 301l.7 292.4 291.0 262.0 257.5 171.3 164.8 159.8 151.4 154.8 , .. " 301. 2 302.4 301.0 301l.8 300.6 287.6 283 .9 290 .4 269.3 258. 9 168,7 164.5 162.8 154.4 151.1 

'" " 301.7 299.7 301.9 299.4 300 .9 290.0 2921!5 283.3 268.5 253. 4 171.3 163,7 164.3 158.1 157.9 
KAR " 30 2. 4 303.4 31ll.O 298.4 296.2 286.6 268.1 174 .1 173.7 164.3 154.5 .,. " 302.7 301.9 301.5 298.7 2U.2 316.4 283.2 269 .o 173.2 166.9 163.8 156.4 

"'" " 303.0 302.0 301.4 300.0 289.2 297.7 289.3 267.5 172.6 166.3 162.8 155.4 
'UN " 302.6 302.0 301.1 29!J.5 293.0 297.7 293 .9 26 8. 3 172.2 169.2 163.1 155.3 

'"" " 30 2. 5 302.4 301.4 300.4 294.4 295.1 293.3 271.2 173.0 168.9 165.7 156.9 
AUG " 302.4 302.1 300.6 301.7 293.3 J00,1 275.1 172.2 112.0 158 .9 

'" " 302.7 300.0 301.2 302.3 J00.1 311.6 298.0 275.2 175. 8 169.5 169.6 156.0 
OCT " 302.1 301.8 303.9 303.0 299.6 297.1 296 .9 320.3 275.3 29a.1 179.1 174.3 175.5 162.2 
NOV " 302.2 304.4 301.5 299.9 301.2 296 .o 301.8 298 .1 269.8 275.1 177.6 176.4 171.1 157.2 154 .3 

"c " 303.6 304.3 303.1 301,2 301.5 304.1 306.5 299.5 275.1 274.5 182.0 174.9 171.7 161.1 169.8 , .. " 303.3 306.6 302.8 302.0 302.2 306.2 314.2 309.6 279.6 275.0 183.1 175.4 173.7 164.0 162.1 

"' " 303.4 303.9 302.2 301.9 302.5 301.7 305.5 310.4 279.1 211. a 181.7 175.1 173.3 164.9 161.3 
MAR 80 30 2. 2 J02. 9 303.2 300.3 301.5 303,5 309.0 298.8 279.3 183.9 184.9 176.1 164.9 
A>R 80 300.1 303.4 301.1 298.0 301.4 309.0 304.1 304.2 282 .5 276 .9 182.3 179.0 177.9 165.9 167.5 
KAY 80 302.2 302.8 302.6 299.2 303.1 309.0 310.8 292.8 281.1 277.3 181.9 183.4 172.5 165.9 174.9 
'UN 80 302.3 304.3 302.0 300.9 299.9 306,9 301.6 309.2 283.7 281.8 183.4 180.1 177.1 168.1 163.4 

'"" " 301.7 301.4 301.0 300.0 299.1 303.2 301.3 316.8 284.5 279.6 182.8 182.1 179.4 166.7 
AUG " 304.3 303.6 301.9 299.5 304 .2 307.1 301,6 300.6 283.6 188.4 195.2 179.7 166.9 

"' " 302.1 303.2 301.7 300 .6 312.3 309.7 301.2 288 .1 300.6 186.4 184.7 176.7 170.6 
OCT " 300.9 302.0 303.5 300.4 300,1 311.1 304.. 6 310.9 287.4 286.3 184.5 182.3 181.7 168.4 177.1 
NOV " 301."1 303.4 301.3 298.0 301.1 319.8 305.0 309.3 216.7 284.3 192.8 185.4 183.1 168.8 165.5 
DEC " 303.7 302.2 300.8 297.3 300.1 327.9 308.8 306.0 290.5 286.9 189.4 181.3 178.5 169.5 168.3 , .. 01 303.1 303.3 301.3 300.9 299.8 315.1 309.5 303,8 291.5 2a6. 2 188.a 184.6 179.1 171.3 170.3 

"' 01 302.8 303.0 301.7 303.3 301.3 315 .4 307.6 310.6 2U.3 291.8 193.4 184.3 182.8 177.1 ...... 01 303.3 304.2 303.0 300.6 303.4 319.0 315.5 310.3 298.3 188 .o 186.7 183.8 172.3 
A>R 01 304.3 304.6 303.8 298. a 304.5 331.3 315,5 320.8 300.5 192.0 184 .o 184.8 175.3 
MAY 01 - 303.7 303.1 303.2 J02. 0 302.3 326.8 318.4 324.3 303. a 294 .9 19o.a 188.a 184.4 175.8 185.5 
'UN 01 303.6 303.7 304,1 301.4 303.6 32a.o 320.0 332.1 307.8 192.2 188. a 186 .a 175.5 
JUL 01 302.7 302.3 302.9 302.4 303.9 327.1 323.3 329.5 306.7 192 .3 18a. 4 188.3 176.9 
AUG 01 305.4 303.9 303 .o 300.6 302.9 337.5 324.8 333.8 307.0 201.9 190.2 187.5 178 .3 

"' 01 302.3 302.6 302.5 302.1 303.5 327.4 325.9 330.4 305,5 324 .0 191.8 191.4 190.6 U1.3 
OCT 01 302.5 302 .a 303.7 301.8 305.1 332.a 331.2 333.4 309.4 329.5 196.7 193.4 190.6 180.4 194.9 
NOV 01 302.5 302.9 302.9 302.8 303.1 332.7 322.3 328.3 311.3 199.7 190.9 190.0 182.4 173.9 
o.c 01 303.4 303.1 302.7 301.5 302.8 335.4 325.4 339.5 312 ·' 311.2 201.5 191.9 192.2 182.6 186.5 ,.. " 302.4 304.1 JOJ. 4 300.1 303.8 339.6 329.3 332.6 317. a 308.4 199.6 193.3 1U.9 184.8 

"' " 304.4 303.1 303.5 301,0 343.0 326.5 336.6 322.0 202.3 191.7 190.1 185.2 
MAR " J04.4 303.6 304.0 300.6 336.6 330.6 329.9 317.3 203.1 196.7 191.6 183.6 
A>'R " 305.5 305.9 304.7 303.7 339 .a 339.9 330 .1 320.4 201.4 197.9 192.2 186.7 
MAY " 305.3 305.0 304.5 303.6 340.0 333 .0 332 .6 320 .2 199.6 197.2 194.5 186.4 
'UN 12 304.9 305.2 304.4 30.4. 4 334.6 337.1 330.9 318.6 198.4 197.6 192.9 187,7 

'"" " 104.4 305.1 304.2 302.6 340.3 345.3 330.4 321.0 201.6 201.1 192.2 187.3 
AUG " J04.1 306.5 305.8 302.6 341.6 339. a 334 .1 322.5 201.8 198.1 195. a 189.1 

'" " 304.1 305.0 304.0 304.2 343 .2 339.3 337.9 323 .3 203.6 199.5 197.5 189.1 
OCT " 303.9 J04 .5 304.9 302.9 348.1 343 .1 339.3 325.7 205 .1 199.7 1!J8.5 190.2 
NOV 82 J04. 6 305.8 304.5 303.0 303.1 351.2 343.5 339.7 325.0 337.6 206.8 204.3 197.7 190.5 202.2 
O<C 82 304.9 305.4 304.3 302.5 303.8 350,9 343.2 342.5 325.2 208,0 204,6 197. 2 189.8 201.a , .. " 305.2 306.0 304.6 304.1 303.7 353.4 344.1 337.1 330.1 340.0 209.a 202.3 198.9 194.9 203 .1 

"' " 305.9 306.5 305.3 303.1 353.9 347.1 342.3 330 ·' 209.1 205.7 200.0 191.8 
KAR " 305.3 306.2 305.4 303.0 352.8 349 -~ 343 .1 334 .5 209.9 208.4 201.5 196.1 
A>R " 304.6 305.3 305.0 303.4 353.2 349.5 343.6 333.7 211.1 209.7 202.5 195.4 
KAY " 304.5 306.6 305.3 301.3 296.9 355.3 353.2 343 .3 332.9 210.4 204.3 195.1 
'UN " 304.9 305,5 31l4. 4 303.0 304.0 352.3 352.7 346.1 333.1 345.6 212.3 208.5 209.1 196.8 178.4 
JUL " 306.8 306. 8 303.6 305.1 353.1 365.9 357.9 327.5 214.a 209.4 208.3 197.0 
AUG " J04.4 307.3 304.9 304.9 355,4 349 .2 345 .4 335 .a 210.9 209.4 207.5 195 .a 

'" " 301.7 304.6 304.4 302.8 361.0 357.2 355.6 341.6 211.1 209,8 204.7 197.4 
OCT " 304.9 304.2 304.6 J04. 5 367,7 362.2 356.6 345.9 215.5 212.4 209.1 200.a 
NOV " 304.4 305.0 304.5 303.4 370.0 363.2 362.1 348.0 218 ·' 212.4 20a .9 199.1 .,c " 304.9 306.5 304.9 304.2 303.9 359.7 366.9 357.0 349 .6 334.2 216 .9 216.1 203.7 204.1 196,2 ,.. .. 305.1 305.5 305.3 304.6 304.0 367.2 365.0 358.a 349 .5 220.9 214 .3 209.6 205.5 

"' .. 305.2 305.5 305.0 304.4 304.3 377.9 361.8 367.0 357.0 347. a 221.1 212.0 212.6 207.1 199.5 
KAR .. 304.9 304.7 304.7 307.0 364.3 360.1 J53.4 J52.2 220.4 217.9 211.3 202.3 
A>R .. 305.6 305.8 306.5 304.2 375.3 J6a.4 358,8 360.8 217.4 215.a 212.7 207.1 
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TABLE 8.1. Continued 

s,o Cf'C12 C!'Cll 

••• BWR ••o ••o "O BRW BWR ••o ••o "0 ••• BWR ••o 'M0 "0 
m as 305.-4. 306.8 303.0 389.3 377.3 369 .a 225.3 220.9 211.4. .... " 306.1 305.4 305.4 304.4 3&7, a 310.0 379.5 368 .0 224.5 218.8 219.1 209.4 
A .. " 306.6 306,0 305.7 305.5 389 ·' 379.9 375,4 369.4 221. a :zu.:z 217.2 210.7 ... , " 307.5 307.2 305.4 304.7 392.5 384 .a 382.4 373.0 225.5 222.0 220 .J 210.9 
JUN " 306.3 305.0 306.0 306.8 39.f.6 385.0 390.5 373.5 222 ... 219.5 220.6 208.8 
JU. " 303.7 306.5 304.6 304.9 388.1 386.1 382.7 375.7 l22.0 21&.4 217.4 210.4 
AUG " 304.4. 305.1 304.. 4 305.4 393.4 )93. 4 384.5 373. '· 227.5 221.0 219.0 211.0 
UP " 305.0 306.0 305.9 304.4 4.00 .a 406.6 396.0 319.8 227.9 2]0.6 222.4 214 ... 
ocr " 305.4 306.0 JO.S. 4 305.8 4.04 .o 401. 6 39&.6 JU. 5 233.4 229. 6 226. 7 215.1 
sov " 305.7 306.7 306.7 304.7 304.4 406 .a 403.7 392.3 375.6 375.1 235.7 230.3 224.9 2U.3 21t.6 
O<C " 305.3 305.8 306.7 305.9 305.1 408.3 397.1 398.3 3&3. 6 377.6 236.1 229.0 231.1 218.0 220.9 , .. .. 305.5 306.1 306.5 303.8 306.4 407.0 396.7 395.1 383.9 381.0 236.8 228.3 223.5 217.2 , .. .. 305. 8 306.2 305.8 306.4 408.4 396 .1 400.0 388 .a 236.6 226.3 227.2 216.2 .... .. 305.9 306.1 307.2 305.5 409.6 398 .4 398.4 386.6 233.9 227.2 228.4 218.6 
APR .. 306.1 306.6 306.4 306.0 410.7 397.2 400.2 387.1 244 .6 231.9 234.0 225.7 
MAY .. 307.5 306.4 306.4 305.4 407.7 404 .2 399.5 387.7 238.5 23t.2 232.6 234.0 
JUR .. 307.7 306.3 306.7 307.1 401.8 404 .5 401.1 393.5 238.4 234.8 235 ... 22~.1 , .. .. 308.3 307.5 307.9 306.5 406.7 400.3 397.2 388.9 237.9 231.7 23t .1 225.6 
AUG .. 307.6 306 .6 307.4 307.9 404.3 405.5 402.1 391.7 240.4 237.0 232.4 226.6 
UP .. 306.3 30.6 .4 307.4 306.9 406.4 399.2 403.1 392.6 240.5 233.9 239.4 221.9 
ocr .. 306.4 306.9 308.6 306.3 413.7 406.3 412.1 392.4 241.9 HO. 7 240.4 227.4 
sou .. 306.7 306 .8 307.7 307.9 305.9 415.5 405.2 409.7 no. a 315.3 246.5 243.1 240.2 225.7 227.1 
OEC .. 305.9 306.9 307.1 306.3 304.9 4U.4 406.1 409.1 394.1 387.3 250.5 239.9 239.9 229.9 , .. " 307.3 307.7 307.2 305.7 307.3 417.0 409 .o 410.5 396.0 390.5 248.9 240.3 239.4 229.6 228.2 ... " 307.8 306.7 306.6 304.7 417.5 406.7 401.9 398.4 2U.I 243.5 236.4 .... " 308 .o 301.0 307.6 305.3 424.9 411.9 421.5 404.5 250.2 243.9 243.3 
A .. " 307.2 307.3 305.2 303.9 422.6 411.3 412.6 401.1 253.3 242.1 235 .o 
MAY 17 309 .1 301.5 307.5 430.9 253.9 247.4 
JUR 17 308.1 307.5 307.0 301.5 429.1 433.0 423 .1 400.5 253.1 249.7 244.9 232.0 
JU. 17 307.3 305.5 305.6 304.2 434.4 432.3 422.2 408.0 255.1 241.8 242.2 232.9 
AUG 17 307.7 301,0 307.2 433.1 429.2 426.5 256.5 251.1 246.2 ,,. 17 308.3 305.3 305.5 304.9 439.5 438.4 435,1 259.0 254.5 249.1 239.2 
ocr 17 308.4 307.9 307.2 304.8 443.5 441.3 U5.9 409.1 262.7 260.1 254.5 236.5 
oov 17 307.7 308.4 308.4 304.8 307.6 444.1 439.0 436.0 413.0 407.1 265.5 258.3 252.7 239.9 238.1 
OEC 17 309.4 310.1 307.7 305.2 307.2 444.9 438.9 429,0 413.5 410.9 265.9 260.0 248.5 241.1 237.4 

Data presented for 1986-1987 are subject to change, pending final calibrations. See text for discussion of calibrations and gaps in data. 
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Fig. 8.2. Latitudinal dependence of yearly means for (a) CFC-12 and (b) CFC-11 concentrations at BRW, NWR, MLO, SMO, and SPO for 
1977-1987. Yearly means for years 1977, 1984, and 1985 w~re calculated from the coefficients of the linear least-squares fit in Figure 8.1. 
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to tank no. T3088 had the effect of reducing the concentration 
values of CFC-12 and CFC-11 in the last 3 years, yielding for 
CFC-12 and CFC-11 about a 1 and a 0.6 ppt yr' lower growth 
rate, respectively, than reported in Schnell and Rosson [1987]. 

Figure 8.3 shows monthly mean concentrations of CFC-12 
and CFC-11 from the in situ GCs of the ALE/GAGE network, 
[Cunnold et a/., 1986] and the monthly means from GMCC's 
halocarbon flask network. Stations of comparable latitude from 
each network are plotted together. For example, CFC-11 and 
CFC-12 data from the RPB station of the ALE/GAGE network, 
which is partly supported by NOAA, at 13'N, 59'W in the North · 
Atlantic Ocean is plotted with data from MLO. P. Sinunonds 
from RPB has graciously provided further data, which are 
currently provisional and subject to change from mid-1985 to 
mid-1987. The comparison in growth rates for CFC-12 and 
CFC-11 between the two networks is very good at most 
locations, and excellent where the two networks share the same 
site at SMO. 

The calibration scale used for GMCC's attnospheric N,O 
measurements is the NBS SRM scale, prepared using 
gravimetric techniques [Zielinski eta/., 1986]. On average, this 
scale is 1 ppb lower than the gravimetric and dynamic dilution 
scale of Komhyr et a/. [1988] and 1 ppb higher than the 
manometric scale of Weiss et a/. [1981], and is acceptably 
within the experimental nncertainties of other techniques. The 
NBS N20 scale is about 3 ppb lower than the Rasmussen scale 
currently used by the ALE/GAGE network. 

8.1.2. RITS CoNTINUOUS GAS CHROMATOGRAPH SYSTEMS AT 
GMCC BASELINE STATIONS 

The new RITS automated GC and data processing system 
was installed at MLO in June. This system joined others that 
were installed at SMO in June 1986 and at BRW in October 
1986. Additions in 1987 to the systems included a separate 
backflush EC-GC for measuring N,O without any interference 
from CO,, a Supelco SP2100 column to separate CFC-113 from 
CFC-11, two calibration standards instead of one, and specially 
treated aluminum cylinders to enhance the stability of 
halocarbons in standards. The system consists of an HP model 
no. 5890 GC, a Shimadzu model no. GC-8AJE GC, two Nelson 
Analytical interfaces, an HP9816 computer, an HP9133 15-
megabyte hard disk drive, and a printer. The system measures 
air concentrations of N,O. CFC-12, CFC-11, CH3CCI3, and 
CC14 every 3 hours. Figure S:4 shows a comparsion of flask 
samples with dally means from the in situ RITS GC for CFC-12 
at BRW and SMO. The growth rate of CFC-12 in 1987 from 
BRW flask pairs appears to have increased from its average rate 
by about 8 ppt yr'. and this increase is also apparent from the in 
situ GC results at BRW. The reason for the increase is unknown 
and is being investigated for both real and experimental causes. 
Figure 8.5 shows results from the new back-flush N,O GC at 
BRW and SMO. The N,O concentration values from the flask 
pairs that include a correction for C02 and H20 interference 
appear to be 1 to 2 ppb higher than those measurements from 
the in situ back flush GC's at the stations. This implies that our 
correction for the N20 values from the flask pairs may need 
further refinement. Owing to regulator contamination problems, 
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the data for CH3CCI3 and CC!4 are very noisy. Changes will be 
made in 1988 to correct the contamination problems. 
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8.1.3. Low ELECfRON AITACHMENT POTENITAL SPECIES 

Considerable progress was made towards our goal in 
measuring the low electron attaclunent potential species 
(LEAPS). LEAPS are atmospheric gases which have a low 
response on an ECD either due to their low atmospheric 
concentration levels or their lack of sensitivity on the ECD. A 
literature review was completed on possible approaches for 
measuring the four gases: halons 1211 (CBrCIF) and 1301 
(CBrF3), and halocarbons CFC-22 (CHCIF,) and CFC-113 
(CCJ,F-CCIF,). Decisions were made by GMCC scientists 
concerning sample collection, concentration, and analysis, and 
the gas chromatograph and columns were chosen. The initial 
approach will involve preconcentrating samples onto tubes 
packed with adsorbent. The ultimate choice of collection 
temperature and adsorbent will depend on the results of ensuing 
tests. The tubes can then be brought to Boulder for analysis. 
The gases adsorbed to the tube packing will be thermally 
transferred to a cryogenic focusing trap, injected onto a 
wide-bore capillary column, and measured by temperature
programmed EC-GC. Pressurized Summa-treated stainless steel 
flasks also will be collected at baseline observatories and NWR, 
and shipped to Boulder for analysis by cryogenic focusing and 
capillary EC-GC. 

It is planned to compare a number of columns, including the 
new PLOT colWlUIS, for their ability to separate these gases. 
These columns should be able to separate all of the gases 
without interference from oxygen. However, CFC-22 may 
require carrier-gas doping. If two columns are needed, the 
LEAPS GC is equipped with two independent channels for 
separate analyses. It also is apparent that it will be possible to 
obtain measurements of CFC-113 from the packed SP2100 
columns on RITS station GCs. The problems that have been 
identified with the current CFC-113 analyses are contamination 
by the gas regulators and preparation of a long-lived standard. 
An investigation of possible solutions to these and other 
problems has begun, and it is anticipated that the first 
measurements of LEAPS gases will occur in 1988. 

8.1.4. GRAVIMETRIC STANDARDS 

A gravimetric standards laboratory was completed at Boulder 
in 1987, and a CIRES research assistant was hired to prepare 
gravimetric standards. A custom Voland double-pan analytical 
balance, which is capable of weighing 10 kg cylinders (0.9 m 
tall by 0.3 m wide) to ±1 mg, was installed. For liquid phase 
halocarbons, like CFC-11, CFC-113, CH3CCI3, and CCI4, a 
microDalance capable of weighing 4 g of a liquid in a glass tube 
to precisions of ±0.1 J.Lg was also set up. Gravimetric standards 
of N,O were compared against the OGC scale and the SIO 
scale. and the results were discussed at the end of section 8 .1.1. 
Gravimetric standards of CFC-12 and CFC-11 were compared 
against the OGC scale. The results were in good agreement 
with the NOAA scales for CFC-12 and CFC-11 from 
gravimetric standards, and were found to be about 1 and 4% 
lower than the OGC scale, respectively. NOAA!GMCC will 
continue to report CFC-12 and CFC-11 values on the OGC scale 
until these small disagreements are resolved. Gravimetric 

standerds for CH3CCI3, and CCI4 were prepared, and the NOAA 
scale for these gases will be compared in the future to other 
international st3ndards. 

8.2. SPECIAl,. PROJECTS 

8.2.1. SOVIET-AMERICAN GAS AND AEROSOL EXPERIMENT 

Objectives 
The N,O and Halocarbons group took the lead for GMCC's 

effort in SAGA II, a joint US/USSR research cruise that 
occurred from April to August 1987. This expedition involved 
the measurement of atmospheric and dissolved trace gases in 
and over the west Pacific and east Indian Oceans, and was 
conducted in conjunction with the Carbon Cycle group of 
GMCC, NOAA/PMEL, OGC, SIO, University of Washington, 
Washington State University, and University of Hawaii. The 
gases measured by GMCC were N20 in the atmosphere, surface 
waters, and at depth, and CFC-11, CFC-12, C02, and CH4 in the 
atmosphere and surface waters. Flask samples were also 
collected for subsequent analysis of CCI4, CH3CCI3, C02, CH4, 

and perhaps the LEAPS gases as well. 
The cruise track is shown in Figure 8.6. GMCC scientists 

began the cruise at Hilo, Hawaii, sailed up to the Kamchatka 
Peninsula, down to Wellington, New Zealand, around Australia 
into the Indian Ocean, up to Singapore, and back to Hilo. 

The objectives were (1) to test a highly precise technique for 
measuring N20 under rigorous operating conditions, (2) to test a 
new, automated, headspace sampler for measuring dissolved 
N20, (3) to compare the latitudinal, atmospheric gradients with 
those indicated from our station sampling network, (4) to detect 
any sharp interhemispheric gmdients of N,O, CFC-11, CFC-12, 
C02, or CH4 near the equator, (5) to evaluate the fluxes of these 
gases from the sea surface to the atmosphere along this transect, 
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Fig. 8.6. Cruise track of the SAGA IT experiment during April-July 
1987 aboard the Soviet research vessel AktJdemik Korolev. The dashed 
line shows the shake-down leg. 



(6) to observe any signals that may be associated with the recent 
ENSO event, and (7) to compare our atmospheric measurements 
with those from other shipboard investigators and from some of 
the ALE/GAGE network stations. 

Results 
More than 2000 measurements were made each for N20, 

CFC-11, and CFC-12 in the air and surface water and more than 
600 measurements of N,O at depth. The precision of the NzO 
backflush technique, discussed by Zielinski et al. [1986], 
remained at less than ±0.2% for air samples; atmospheric 
CFC-12 and CFC-11 were measured with precisions of ±0.3% 
and ±0.5%. Relative error was less than ±1% for the 
equilibrated surface water and less than 2% for the automated 
headspace sampler. Substantial C02 and CH4 data were 
obtained for most of the first leg, but the Weiss dual-catalyst 
FID GC never fully recovered from a breakdown near the 
equator. 

Figure 8.7 shows the atmospheric, the surface water, and the 
difference between air and surface water concentrations for 
N20, CFC-12, and CFC-11 versus distance traveled. The 
average atmospheric N20 concentration in the northern 
hemisphere was about 0.97 ppb higher than that for the southern 
hemisphere. 'Ibis is essentially equivalent to results from our 
stati.on network and vecy close to results reported by Weiss 
[1981]. Except for some apparently seasonal cooling effects in 
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the middle-Southern latitudes, the surface waters were 
supersaturated with N20, with an overall mean of 2.5%. This is 
consistent with the concept of the ocean as a source of N20, but 
it is the lowest value reported to date. Although the area of 
coverage may have contributed in part to this lower value, the 
suppression of equatorial upwelling in the west Pacific in 
association with the 1987 ENSO event may have played a part 
as well. There may have been other ENSO effects, but they are 
more difficult to ascertain. The overall effect may have been 
significant, in that the mean surface concentration of N20 did 
not differ significantly from that reported by Weiss [1978], in 
spite of an atmospheric increase of nearly 5 ppb during the past 
decade. 

Although the equilibrator measurements of surface CFC-12 
and CFC-11 required some flltering, owing to contamination by 
the ship, it is clear that seasonal warming and cooling 
predominated in determining surface saturations. The atmos
pheric profiles of CFC-12 and CFC-11 were virtually identical, 
underscoring their value as inert tracers. Small supersaturations 
(averaging between 4 and 6% above atmospheric levels) of 
CFC-12 and CFC-11 were found in the surface waters of the 
north Pacific ocean. On average, the oceans represent a small 
sink for the atmospheric CFCs; however, small supersaturations 
and rmdersaturations of dissolved CFCs can result due to the 
fact that the rate of thermal warming between the surface waters 
and the atmosphere is faster than the rate of gas exchange 
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between the atmosphere and surface waters. Along the west 
Pacific meridian, both gases decreased at a rate of 0.35 ppt deg·l 
latitude in the northern hemisphere and remained virtually 
constant in the southern hemisphere. These gradients, as well as 
the absolute values shown in Figure 8.8, also corresponded well 
with results from the GMCC station network and measurements 
from other investigators. The CGO CFC-12 and CFC-11 
provisional data were provided by P. Fraser of CSIRO, and the 
Khalil and Rasmussen CFC-12 and CFC-11 data were from the 
cooperative programs section 10.2 of this report. 

As shown by others [Yoshinari, 1976; Elkins el al., 1978], 
N,O at depth from the SAGA II cruise correlated negatively 
with dissolved 0 2 and positively with NO;. Figure 8.9 shows 

435 

dissolved N20 and 0 2, and NOj concentrations over the Kuril 
Trench. The data from the headspace sampler were very 
consistent, giving us the most widespread data set of subsurface 
N20 to date. The highest N20 concentrations were in the 
intermediate waters of t4e northern hemisphere in both the west 
Pacific and east Indian Oceans. Waters bearing higher N20 
were fmmd in the high northern latitudes, near the equator, and 
near other regions where surface currents diverge, including the 
ocean boundaries. Dissolved N20 in waters of the southern 
hemisphere was much lower than that in the north. giving 
generally uneventful profiles. A strong temperature relation, 
similar to that discovered by Elkins et a/. [1978], was found 
between the amount of dissolved Np produced (M<,O) and the 
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amount of dissolved oxygen consumed (AOU). It is apparent 
from these data that wanner water promotes a more rapid, 
subsurface production, which is consistent with laboratory 
studies ofN,O microbial production (Figure 8.10). 

8.2.2. FT-IR SPECTROMETER ARCHIVE PROJECT 

A Nicolet FT-IR spectrometer was moved from NBS in 
Gaithersburg, Md., and installed in Boulder in RL-2. This 
instrument will be used to archive IR solar spectra for future 
analysis of compounds not currently analyzed by GMCC. 
Methods of analysis will be checked by comparing column 
densities determined by the FT-IR spectrometer against Dobson 
ozone measurements and other trace species measured by 
GMCC. The instrument was put to its flrst test on analyzing a 
flask sample for high levels of C02 from inside the second boat 
pit of Khufu's pyramid in Egypt (see section 4.2). Figure 8.11 
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shows a spectrum of the v3 band of C02 in a lO~cm-long cell 
with KBr windows at 500-mm-Hg pressure. The measured 
concentration was 745 ppm compared with the Weiss 
dual-catalyst FID GC analysis of 750 ± 7 ppm (95% confidence 
level). 
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9. Director's Office 

9.1. ALKAI.JNE AERosoLS PROGRAM: 
DUST EMISSIONS MODELING 

9.1.1. INTRODUCTION 

A model for lhe estimation of total dust production for lhe 
United States was discussed by Gillette and Passi [1988]. Its 
primary use was in constructing an inventory of alkaline 
elements for acid/base balance studies of atmospheric 
precipitation by lhe NAPAP. It has also been used for present 
estimates of soil aerosol generated by the wind and having the 
possibility of interacting with acids 'in the atmosphere. 

9.1.2. BASIS OFTIIEDUSTPRODUCTIONMODEL 

The model is a summation of the expected dust production 
caused by wind erosion for individual sampling units of the soil 
and land use inventory of lhe NRI compiled by lhe USDA. The 
model is based on a dust emission function derived theoretically 
and verified by experimenL Its form is 

where E is the mass of dust emitted in the time period !J.T'; C is a 
constant to be determined by calibration; i is the index of 
summation over N different erodible areas within the region of 
interest; R1 is effect of soil roughness; g(LJ is lhe effect of field 
lenglh, L1; A1 is lhe area of lhe land being considered; G(U) is 
the vertical mass flux of dust (mass per Wlit area per time) as a 
function of wind speed, U; pjU) is lhe probability density 
function of the wind speed during the time period of interest; 
and U,; is the ith threshold wind speed for dust emission. 

Owen's theocy of suspension of dust that predicted that flux 
of dust should follow the fourlh power of friction velocity was 
used (P.R. Owen, personal communication, 1987). G(U) is 
integrated for all wind speeds above threshold, U,, for each 
subarea of the region of interest; N such subareas are added 
togelher to obtain lhe total dust flux. The effects of live and 
dead vegetative protection of the surface, roughness of the soil, 
and soil moisture are largely built into lhe lhreshold wind speed. 
Experimentation has supplied values of this parameter for the 
calculation [Gillette et al., 1980, 1982; Gillette, 1988]. The 
integral is multiplied by a function of field length, g(L1), !hat 
was set to unity in this evaluation; by a function of the 
roughness of an individual soil, R,~ by time duration AT; and by 
area of a given soil, A;. The time AT for each integration for 
which the soil parameters are assumed to remain constant is 1 
month. 

Wind data used in lhe model were obtained from lhe WERIS 
for lhe years 1948-1978 [Barchett, 1982]. WERIS provided 
information on hourly mean winds by the month for 1432 
locations in the United States. Precipitation data were obtained 
from the National Climatic Data Center. We used the USDA 
1982 NRI [Committee on ConservaJion Needs and 

Opportunities, 1986] for soil information, land use, and wind 
erosion parameters including the roughness function, R;. We 
organized our assigrunent of threshold parameters to the 
structure of the NRI data set. This data set contained over 
350,000 individual point sampling units containing 841,860 
records to give a detailed inventory of lhe land of lhe United 
States. Wind erosion data were obtained for point sampling 
units judged to have wind erosion }XItential. These 
supplementary wind erosion data consisted of 259,628 records. 

Equation (I) was integrated using lhe melhod described by 
Gillette and Passi [1988]. Dust emission estimates were made 
for each MLRA, for each month of the 31-yr data set for winds. 

9.1,3. CALIBRATIONOFTIIEMODEL 

To evaluate C of Equation (1) for a scale appropriate to a 
national inventory, a large-scale area was chosen that could be 
effectively isolated and that had wind erosion data sufficient for 
our needs. This area is 1.25 x 1()5 km' (1.56% lhe area of lhe 48 
contiguous United States). It constitutes MLRA 77 and 78 in 
lhe 1982 NRI data set and roughly includes the "panhandles" of 
Texas and Okl<$oma and some bordering areas. The dust 
emission data used to calibrate the model were obtained from 
Gillette et al. [1978]. The data were total dust production 
estimates derived from dust concentrations measured in each 
dust cloud at several altitudes and locations multiplied by the 
volume of the dust cloud estimated from aircraft obsetvations, 
meteorological charts, and ground-based observations. All of 
lhe major dust-producing events in lhe month of April for 1972, 
1973, and 1975 were used for lhe calibration. Areas from which 
the dust originated were derived from data obtained from the 
USDA which compiled information on the dates of individual 
dust storms, area of erosion, and duration of erosion for eroding 
soils in a study area including Texas, New Mexico, and the 
Great Plains states. 

9.1.4. RESULTSOFTIIEMODEL 

Plots of median dust flux values, 901h percentile flux, and 
!Oih percentile flux are shown in Figures 9.1-9.3. The median 
flux in Figure 9.1 shows maxima in the dust bowl region, in the 
Red River Valley of Norlh Dakota, and along lhe 
Montana-Canadian border. Maxima are much larger on the 90th 
percentile map in Figure 9.2, and the area of dust production is 
also larger although centered at about the same areas as on the 
median map. The features of lhe 101h percentile dust flux map 
in Figure 9.3 show much reduced dust fluxes; only small 
ammmts of the most productive areas are still active, and much 
of lhe country has zero dust flux. Total dust fluxes for lhe 
median, 901h percentile, and !Oih percentile maps are 3.8 
million, 628 million, and 0.6 million tyrt. 

The patterns of number of days for observed blowing dust 
shown in Figure 9.4 [after Orgill and Sehmel, 1972] shows 
agreement with the broad features of Figure 9.3 in the Great 
Plains, and Sou !hem Plains area and lhe Red River Valley. 
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Fig. 9.1. Median flux of dust emission (g cm·2 yr"l) for model runs. 
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Fig. 9.2. The 90th percentile flux of dust emission (g an·2 }'1'"1) for 
model runs. 
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Fig. 9.3. The lOth percentile flux of dust emission (g cm·2 yr-1) for 
model runs. 
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Fig. 9.4. Arumal frequency of dust hours with visibility less than 11 km 
in the United States [from Orgill and Sehmel, 1976]. 

9.1.5. CONCLUSIONS 

Areas of maximum dust production are in the panhandles of 
Texas and Oklahoma. and Nebraska. western Kansas, eastern 
Colorado, the Red River Valley of North Dakota, and northern 
Montana Areas of minimal dust production are the south
eastern United States, New England, and forested and 
mountainous areas. 

9.2. ARCTIC GAS AND AEROSOL SAMPLING PROGRAM: 
SPRINGTIME TROPOSPHERIC OZONE DES1RUCTION 

IN TilE HIGH ARCTIC 

9.2.1. INTRODUCTION 

In the AGASP-I and AGASP-II flights in 1983 and 1986, 
ozone concentrations often showed a steep decline with 
decreasing altitude, beginning immediately beneath the top of 
the surface temperature inversion, to essentially zero values near 
the surface [Raatz et al .. 1985b; Herbert et al .. 1988; Bridgman 
et al., 1988]. Oltmans [1981] noted that in the surface ozone 
record at BRW, ozone concentrations near zero may persist for 
periods of days during the spring in contrast to the remainder of 
the year when low ozone values are not observed. 

Barrie et al. [1988a] presented strong evidence, based upon 
ozone and other chemical species measurements at Alert, NWT 
(82'N), that the springtime depletion of ozone is the result of 
photolytic reaction between ozone and gaseous bromine to fOrm 
filterable bromine. Filterable bromine was defmed by Barrie et 
al. [1988a] as the sum of particulate Br and gaseous HBr 
collected on filters. This sequence begins at polar sunrise and 
diminishes as sununer approaches. At the end of the spring, 
both the precursor gaseous bromine reactants are depleted and 
the capping temperature inversion decreases in strength 
allowing enhanced downward mixing of ozone from above 
Barrie et al. [1988a]. 



9 .2.2. VERTICAL EXTENT OF Tiffi OzoNE DEPLETION 

The Arctic is often under the influence of strong temperature 
inversions that create stable conditions near the surface with 
little mixing of this layer with air from above the boundary layer 
[Raatz et a/., 1985a]. NOAA WP-3D aircraft profiles of 
springtime ozone concentrations above and upwind of BRW, 
over the deep Arctic ice pack, and over the ice upwind of the 
Alert Baselioe Station [Bridgman et a/., 1988; Herbert et al., 
1988], show that the greatest ozone depletion is restricted to the 
abnosphere beneath the top of the surface temperature inversion .. 
An ozone and temperature profile for a flight north of Alert at 
82.5'N on April 14, 1986, is shown in Figure 9.5. In this figure, 
the gradient of ozone (1-min running mean) across the 
temperature inversion is essentially a step function. On 15 of 16 
AGASP flights over ice in the Arctic in 1983 and 1986, ozone 
depletion was obsezved beneath the top of the surface tempera
ture inversion. On the one remaining flight. strong southerly 
downslope flow from the Brooks Range, past BRW, out over 
the ice is thought to have mixed air of higher ozone content 
down to the surface. 

9.2.3. SEASONAL PATTERN OF SOLAR INSOLATION AND OzoNE 
CoNCENfRATIONS ATBRW 

During spring, solar insolation reaching the surface in the 
Arctic increases dramatically. 'This increase is shown in Figure 
9.6B where the daily sum of the total global flux at BRW is 
plotted in relation to the BRW ozone record (Figure 9.6A). 
Beginning early in March, the solar flux begins a rapid rise, 
March and April being months with a high number of days with 
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Fig. 9.6. (A) The seasonal ozone variation at BRW for 1976-1986. The 
medians (dots), the upper and lower quartiles (ends of the boxes), and 
upper and lower fllth percentiles (ends of lines) are shown. (B) Total 
global flux of solar radiation at BRW for 1976-1983 (as in A) and mean 
monthly bromofonn mole fraction for 1984-1987 (squares) [Cicerone et 
al., 1988]. (C) Weekly means and standard deviations of the excess 
filterable bromine at BRW for 1976-1980 [Berget al., 1983]. 

relatively clear skies. Although the radiative input continues to 

climb through May, there is a significant increase in cloudiness. 
This is indicated by the median falling wen below the upper 
envelope that could be drawn through the 95 percentile values. 
As the period of 24-h daylight approaches (mid-May), 
cloudiness increases. The end of the period of near-zero surface 
ozone concentrations (Figure 9.6A) also coincides with the 
beginoing of total daylight. By late May, the ground is no 
longer continuously covered with snow at BRW and the thermal 
stability in the near-surface air layer is much reduced. 
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9.2.4. OZONE DESTRUCTION AND FILTERABLE BROMINE 
FORMATION 

Barrie et al. [1988b] showed that, at Alert during April, 
ozone concentrations were anticorrelated at 0.95 confidence 
level (p < 0.05) with the concentration of bromine sampled daily 
by filters. They attributed the ozone concentration minima to 
destruction by photochemical reactions of ozone with bromine
rich gases (mainly bromoform) to produce aerosol bromine 
collected on the filter. These reactions began at, and immedi
ately following, polar sunrise at Alert and continued until about 
the beginning of the 24-h-daylight period. 

Extensive filterable bromine measurements by Berg et al. 
[1983] at BRW during 1976-1980 (summarized in Figure 9.6C) 
indicate that during springtime, there also are extremely high 
values of filterable bromine relative to other times of the year. 
Since the sampling periods were 3-7 days, they do not facilitate 
correlation with the sharp day-to-day fluctuations observed in 
the surface ozone data. The filterable bromine record (Figure 
9.6C) exhibits a gradual increase in February, but dramatic 
increases do not take place until March. This is consistent with 
the surface ozone data that also begin seasonal plWiges to nearly 
zero concentrations in March. By mid-May filterable bromine 
has declined to lower values, and the sharp drops in ozone have 
essentially ended. The transport of ozone from above down 
into the boundary layer proceeds more freely by mid-May as the 
frequency and strength of the inversions are reduced. Any 
bromine (being converted tD filterable form) would probably be 
more thoroughly rnlxed into the lower troposphere at this time. 
A marine source of bromine gases in the atmosphere might also 
be weaker in this season, although this has not been proved. 

That the appearance of sWilight in the spring is an important 
factor in the large seasonal plateau in filterable bromine 
concentrations is suggested by the data of Berg et al. [1983], 
and Sturges and Barrie [1988]. These data, obtained at four 
locations in the Arctic (Igloolik at 69.5'N, BRW at 70.5'N, 
Mould Bay at 76'N, and Alert at 82'N), cover about a 12' range 
in latitude. It should thus be possible to distinguish a difference 
in the seasonal cycle of filterable bromine, particularly an earlier 
appearance in the springtime rise in concentrations at the lower 
latitudes. That this is indeed the case can be seen from Figure 
9.7, which shows the monthly variation of the mean concentra
tion of excess bromine at lgloolik and Alert, the two stations 
most widely separated in latitude. This average is based on 4-6 
years of data depending on the location. Individual samples 
were collected weekly. It is clear that at the more southerly site 
(lgloolik) the seasonal increase begins sooner than at the more 
northerly site (Alert). The other two sites (BRW and Mould 
Bay) fall between these two in time of spring rise. The rate of 
falloff from the peak does not display this same latitudinal 
dependence. 

9.2.5. VERTICAL AND AREAL DISTRIBUTION OF Fn.TERABLE 

BROMINE IN TilE ARCTIC 

Figure 9.8 shows the amoWlt of excess filterable bromine 
(Br .u) in the aerosol for all nonstratospheric filter samples 
collected during AGASP-1 and AGASP-ll aircraft flights 
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Fig. 9.7. Weekly means of the excess fllterable bromine at Igloolik and 
Alert, 1979-1984 [Sturges and Barrie, 1988]. 

covering the Arctic from Alaska to Greenland to Norway. 
Elemental analyses of the 1983 AGASP filter data are published 
eleswhere [Sheridan, 1986; Sheridan and Zoller, 1988]. 
Samples were classified as containing significant marine aerosol 
contributions (M), when collected at low altitude over open 
ocean, or as having been collected over the pack ice in 
tropospheric air (I) at least 200 Ian from open ocean. Samples 
were plotted according to the weighted mean ambient pressure 
during sample collection as an approximate measure of altitude. 
Since we wanted to emphasize findings from aerosol collected 
within the surface inversion over the ice, we included pressure 
ranges for the T samples to show the vertical extent of sampling. 
For T samples where no pressure range is shown, the limits lie 
within the sample symbol. Pressure ranges for M samples were 
not included, since none of these samples contained appreciable 
Br.u. 
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Fig. 9.8. Excess f'llterable bromine in the Arctic from AGASP aircraft 
samples. M = over ocean, marine sample ; T = over ice, tropospheric 
sample. TheM and T symbols are plotted at the weighted mean ambient 
pressure of the sample, and the vertical bars indicate the sampling 
altitude range. The shaded section indicates the mean position of the 
temperature inversion over ice, obserVed in Arctic springs 1983 and 
1986. 



T samples collected wholly in the free troposphere generally 
show intermediate Br.u concentrations (-0.5-2 ng m·3). The 
remaining T samples in Figure 9.8 had significant aerosol 
contributions from below the temperature inversion layer. Most 
had sampling time near the surface at pressures > 1000 mb. 
These samples contained elevated Br.u concentrations. Three of 
the four largest Br.v T samples were collected over pack ice 
north of Alert. 

9.2.6. DISCUSSION AND CONCLUDING REMARKS 

The work of Barrie et al. [1988a] suggests that bromine is 
important in the distribution of ozone near the surface at Alert in 
April. Our examination of the seasonal variation in ozone near 
the surface at several high Arctic stations suggests that both 
meteorology and photochemistry have significant roles in 
explaining the Arctic ozone-bromine cycle. The average 
behavior of atmospheric bromoform along with the ozone, solar 
radiation. and filterable bromine from BRW are shown together 
in Figure 9.6 to emphaze the regular timing of the seasonal 
patterns in these quantities. 

To date, there has been little published concerning the causes 
of the hjgh concentrations of filterable excess bromine. The 
excess bromine observed is much higher than can be explained 
by contributions from bulk seawater and leaded gasoline, 
although other air pollution sources cannot be ruled out. It is 
widely known though that many marine organisms, among them 
red benthic algae, contain high levels of brominated compounds, 
including bromoform [Faulkner, 1980] .. A red algae source of 
bromoform in the Arctic was suggested by Dyrssen and 
Fogelqvist [1981], who measured bromoform levels in surface 
seawater- north of Svalbard. This source has been endorsed by 
other reSearchers as a major contributor of atmospheric gaseous 
bromine to the Arctic [e.g., Berget al .• 1983, 1984]. 

The character of the seasonal cycle in both ozone and 
filterable bromine at a number of locations in the Arctic 
suggests an important role for the appearance of sunlight in 
initiating the chain of events that leads to a drastic depletion of 
ozone in the boundary layer during the spring. The fact that the 
ozone loss is a springtime rather than an equinoctial event is 
compatible with the proposed interaction with bromoform and 

- the consequent appearance of filterable bromine. In the autumn 
as the sunlight declines there is little bromoform present 
[Cicerone et al., 1988] and the concentrations do not begin to 
build up again until after the autumnal equinox when there is a 
rapid rise to the wintertime values. 

The role of nitrogen oxides and other fonns of nitrogen in the 
determination of the seasonal variations in the surface ozone in 
the high Arctic has not been included here. Limited measure
ments of these species are available for some Arctic locations 
[Barrie et al., 1988b; Logan. 1983, 1985]. Seasonal measure
ments of the nitrogen compounds are not available at Barrow. 
Because of the generally low levels of the nitrogen oxides as 
well as the lack of wintertime sunlight. Levy et al. [1985] found 
a tendency for only limited ozone production at high latitudes. 
A final determination of the role of photochemically produced. 
ozone in the high Arctic, however, awaits the routine knowledge 
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of the behavior of these nitrogen compounds as well as an 
understanding of the details of bromine chemistry. A much 
better knowledge of the possible ocean sources and the 
processes that produce the organic bromine gases is also 
required. 

9 .3. REFERENCES 

Barchett, W .R., Wind energy resource infonnation system: system 
operation, Teclmical Memorandum prepared for the U.S. Depart
ment of Energy under Contract DE-AC06-76RLO 1830, Battelle 
Pacific Northwest Laboratory, Richland, Wash., 1982. 

Barrie, L.A., J.W. Bottenheim, R.C. Schenll, P.J. Crutzen, and R.A. 
Rasmussen, Ozone destruction and photochemical reactions at polar 
sunrise in the lower Arctic atmosphere, Nature, 334, 137-141, 
1988a. 

Barrie, L.A., G. den Hartog, J.W. Bottenheim, and S. Lansberger, 
Anthropogenic aerosols and gases in the lower troposphere at Alert, 
Canada in April, J. Atmos. Chern., in press, 1988b. 

Berg, W.W., P.D. Sperry, K.A. Rahn. and E.S. Gladney, Aunospheric 
bromine in the Arctic, J. Geophys. Res., 88, 6719-6736, 1983. 

Berg, W.W., L.E. Heidt, W. Pollock, P.D. Sperry, and R.J. Cicerone, 
Brominated organic species in the Arctic atmosphere, Geophys. Res. 
Lett .• ll. 429·432. 1984. 

Bridgman, H.A., R.C. Schnell; G.A. 'Herbert, B.A. Bodhaine, and S.J. 
Oltmans, Meteorology and haze during AGASP-II, Part 2: Canadian 
Arctic flights 13·16 Apri11986,J. Atmos. Chern., in press. 1988. 

Cicerone, R.J., L.E. Heidt, and W.H. Pollack, Measurements of 
atmospheric methyl bromide and bromoform, J. Geophys. Res., 93, 
3745-3749, 1988. 

Committee on Conservation Needs and Opportunities (M. Gordon 
Wohnan, Chairman), Soil Conservation: Assessing the National 
Resources Inventory, Vol 1. 112 pp., National Academy Press, 
Washington, DC, 1986. 

Dyrssen, D., and E. Fogelqvist, Bromoform concentrations of the Arctic 
ocean in the Svalbard area, Oceanol. Acta, 4, 313-317, 1981. 

Faulkner, D.J., Handbook of Ent~irollf1U!ntal Chemi.Jtry, VoL I, 
Springer-Verlag, Berlin, 1980. 

Gillette, D., Threshold friction velocities for dust production for 
agricultural soils, J. Geophys. Res., 93, 12,645-12,662, 1988. 

Gillette, D. and R. Passi, 1988, Modeling dust emission caused by wind 
erosion, J. Geophys. Res., 93, 14,233-14,242, 1988. 

Gillette, D., Clayton, R.N., Mayeda, T.K., Jackson, M.L., and K. 
Sridhar, Tropospheric aerosols from some major dust storms of the 
southwestern United States, J. Geophys. Res. 87, 9003-9015, 1978. 

Gillette, D.A., J. Adams, A. Endo, and D. Smith, Threshold velocities 
for input of soil particles into the air by desert soils, 1. Geophys. 
Res., 85(CIO). 5621-5630, 1980. 

Gillette, D.A., J. Adams, D. Muhs, and R. Kihl, Threshold friction 
velocities and rupture moduli for crusted desert soils for the input of 
soil particles into the air, J. Geophys. Res. 87, 9003-9015, 1982 

Herbert, G.A., R.C. Schnell, H.A. Bridgman. B.A. Bodhaine. and S.J. 
Oltmans, Meteorology and haze structure during AGASP-II, Part 1: 
Alaskan Arctic flights, 2-10 April 1986, J. Atmos. Chern, in press, 
1988. 

Levy H., J.D. Mahlman. W.J. Moxim, and S.C. Lim. Tropospheric 
ozone: The role·of transport, J. Geophys. Res., 90, 3753-3772, 1985. 

Logan, J.A., Nitrogen oxides in the troposphere: Global and regional 
budgets,!. Geophys. Res .• 88,!0,785-10.807.1983. 

Logan, J.A., Tropospheric ozone: Seasonal behavior, trends and 
anthropogenic influence, J. Geophys. Res., 90, 10,463-10,482, 1985. 

Oltmans, S.J., Surface ozone measurements in clean air, J. Geophys. 
Res., 86.1174·1180, 1981. 

Orgill, M., and G. Sehmel, Frequency and diurnal variation of dust 
storms in the continental United States, Atmos. Environ., 10, 
813-8252. 1976. 



82 

Raatz, W.E., R.C Schnell, B.A. Bodhaine, SJ. Oltmans, and R.H. 
Gammon, Air mass characteristics in the vicinity of Barrow, Alaska, 
9-19 March 1983,Aimos. Environ.,l9, 2127-2134, 1985a. 

Raatz, W.E.. R.C. Schnell, M.A. Shapiro, S.J. Oltmans, and B.A. 
Bodhaine, Intrusions of stratospheric air into Alaska's troposphere, 
March 1983, Almas. Environ.,l9, 2153-2!58, 1985b. 

Sheridan, PJ., The use of analytical electron microscopy for the 

individual particle analysis of the Arctic haze aerosol, Ph.D. 
dissertation, 281 pp., University of Maryland, College Park, 1986. 

Sheridan, P.J., and W. H. Zoller, Elemental composition of particulate 
material sampled from the Arctic haze aerosol, J. Almas. Chern., in 
press, 1988. 

Sturges, W.T., and L.A. Barrie, Chlorine, bromine and iodine in Arctic 
aerosols, Atmos. Environ., 22, 1179-1194, 1988. 



83 

10. Cooperative Programs 

Aerosol Black Carbon Measurements at the South Pole: Initial Results, 1986-1987 

A.D.A. HANSEN 

Lawrence Berkely Laboratory, Berk£/y, California 94720 

B.A. BODHAINE AND E.G. DUTION 

NOAAIGMCC, 325 Broadway, Boultkr, Colorado 80302 

R.C. ScHNELL 

Universily of Colorado, CIRES, Boulder, Colorado 80306 

I. IN1RODUCTION 

The combustion of carbonaceous fuels results in the 
discharge to the abnosphere of both the major species, carbon 
dioxide and water vapor, and of minor or trace effluents. One of 
these trace effiuents is graphitic or ''black" carbon emitted as 
submicrometer aerosol particles. This material is a good tracer 
for combustion emissions, and may have a long lifetime in the 
atmosphere. It has been found in all studies in urban and 
regional locations as well as in the Arctic haze and in remote 
oceanic locations. Its detection in the Arctic implies transport 
paths exceeding 8000 km [Bridgman et al., 1988]. 

Aerosol black carbon is a tracer for combustion emissions as 
well as a species of chemical and physical consequence in its 
own right. It has a large optical absorption cross section, it may 
act as a condensation nucleus, and its surface may act as a site 
for the destruction of ozone [Stephens et al., 1986]. Its 
widespread distribution in the troposphere may lead to its 
eventual presence in the stratosphere [Chuan and Wood>, 1984]. 

Graphitic carbon has been measured in the Antarctic 
snowpack in the vicinity of SPO [Warren, 1988], clearly 
indicating the effects of local sources on the areas downwind of 
the station. In December 1986 an aethalometer was installed at 
SPO to measure concentrations of aerosol black carbon with a 
time resolution of 1 hour. We present data covering a 1-yr 
period from December 1986 through November 1987 [Hansen 
et al., 1988]. 

2. EXPERJMENTAL DETAILS AND RESULTS 

The aethalometer draws the sampled airstream at a flow rate 
of approximately 20 SLPM through a 1.1-cm• active area of a 
quartz fiber filter while monitoring the transmission of light 
through the filter. The accumulation of aerosol black carbon on 
the filter causes this transmission to slowly diminish relative to a 
reference beam intensity. At the low concentrations 
encountered at the South Pole, the filter was changed 
approximately every 2 weeks. Data were recorded during the 
last 20 minutes of each hour and stored on magnetic tape. 

We first scarmed the hourly data to identify abnormal events, 

which were clearly evident above a threshold set at 25 ng m-3. 
Thirteen such local contamination events were identified in the 
data during 1987 and were extracted for separate examination; 
these events were not included in the subsequent analysis of 
background data. We separated the periods when measurements 
were contaminated by local combustion sources (0.4% of the 
time) from periods when measurements represented large-scale 
background conditions (99.6% of the time). We calculated 1-d 
averages for the background data and used an exponentially 
declining weighted running mean on the hourly data to calculate 
a smoothed value for the concentration. Figure 1 shows these 
results. The points indicate the daily averages and the line shows 
the running mean calculated with a weighting function of 80-h 
half-width. 

Figure 2 shows the hourly measurements during a local 
contamination event in which the black carbon concentration 
increased greatly above its background mean value (1.6 ng m-3 
at that time), accompanied by a similar great increase of CN 
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Fig. 1. Aerosol black carbon concentrations (ng m·3) measured at SPO 
from December 1986 to November 1987. Data were recorded every 
hour, events of local contamination were removed The solid points 
represent 24-h means; the solid curve was generated by a smoothing 
function of 80-h width. The open points represent data calrulated from 
the operator's daily logsheets when hourly data were unavailable; the 
dashed curve shows a running average of 4.-d width for these points. 
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data (circles) for a local contamination event occurring January 19-20, 
1987, at SPO. Note the logarithmic scales. The mean smoothed value 
of background black carbon concentration at this time was 1.6 ng m·3• 

concentration. For 6 hours, carbon concentrations exceeded 160 
ng m·3 (i.e. a greater than 1 00-fold increase over background). 
Other observations suggested that this event was due to 
contamination by local activities. The amount of carbon 
collected during these 6 hours was 50% greater than the total 
amount collected during the following 10 months of the study 
period, excluding other contamination events. It is important to 
note that such events are infrequent and can easily be detected 
by examining continuous hourly data. 

3. DISCUSSION 

The results show that background aerosol black carbon 
concentrations generally ranged from 50 pg m·3 to 5 ng m·3 
during the 1986-1987 sampling period at SPO, and that a 
pronounced minimum occurred in the early austral winter. 1bis 
seasonal cycle is approximately in phase with that of the aerosol 
scattering extinction and the CN concentration [Bodhaine et al., 
1986]. We may compare the black carbon ooncentrations with 
the following ranges measured at other locations: 10-100 Jl& m·3, 

winter coal heating season in European cities; 1-10 J.L& m·3, 

annual averages for U.S. urban areas; 0.1-1 J.Lg m·3, annual 
averages for U.S. regional areas, and concentrations found in 
Arctic haze layers; and 10-100 ng m·3, remote middle-latitude 
ocean area [Goldberg, 1985]. The concentrations at SPO are 
therefore much smaller than concentrations measured at any 
other location, but are nonetheless detectable. The material 
reaching the South Pole is the most long-lived fraction of the 
global background aerosol, and we may estimate a lower limit 
for the concentration of its black carbon component of about 10 
pgm·'. 

We also note the essential attribute of real-time data in 
distinguishing local influences at a remote sampling location. 

The example illustrated in Figure 2 shows that the amo\Ult of 
carbon collected during only a few hours of local contamination 
could exceed th3.t collected during an entire year of background 
sampling at such a remote location. Consequently, results 
derived from the analysis of filter samples operated for long 
periods of time may be seriously misleading if contaminating 
events are sampled. When sufficient data are available from 
several years of continuous sampling, it will be possible to study 
the statistics of local aerosol black carbon contamination events 
superimposed on background measurements at the South Pole. 
The real-time nature of aethalometer data allows for this 
examination in a manner that filter sample analyses do not 

4. SUMMARY 

Measurements of aerosol black carbon in background air at 
the South Pole for December 1986 to November 1987 show 
daily concentrations of this combustion-derived pollutant 
ranging generally from 50 pg m·3 to 5 ng m·3, and having a 
minimum in the early austral winter. These concentrations are 
many orders of magnitude lower than those measured atJess 
remote locations, and imply extremely long-range transport of 
energy-related anthropogenic emissions. The 1-h time 
resolution of the measurements allows for the identification of 
local source contamination events. 
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Global Distributions of Anthropogenic Chlorocarbons: 
A Comparison ofCFC-11, CFC-12, CFC-22, CFC-113, CC4, and CH3CC13 

From an Ocean Cruise and From Land-Based Sampling Sites 

M.A.K. KHALIL AND R.A. RASMUSSEN 

Institute of Atmospheric Sciences, Oregon Graduate Center, Beaverton, Oregon 97006 

1. INTRODUCTION 

Between May and July 1987 OGC participated in a joint 
Soviet-American research program dealing with the effects 
of human activities on the global climate (SAGA IT). Our 
experiments were conducted on the Soviet ship Akademik 
Korolev. The ship sailed from Hila, Hawaii, to high 
northern latitudes to the Kamchatka peninsula, and then 
sailed south to New Zealand, westward to Tasmania, north to 
Singapore, and finally returned to Hila. From this long trek 
we obtained flask samples from latitudes between about 
SO"N and about 45"S. 

2. SAMPLING 

Here, we report on the concentrations of six anthropogenic 
chlorine-containing trace gases including CFC-11 (CC!3F) 
and CFC-12 (CC12Fz), two of the main chlorofluorocarbons 
implicated in the depletion of the stratospheric ozone layer. 
Of the six, CFC-113 (C2Cl3F3) has been increasing most 
rapidly in the atmosphere in recent years, reflecting its 
growing use.as a degreasing solvent in the high-technology 
electronics industry [Khalil and Rasmussen, 1986]. 
Methylchloroform (CH3CC!3) is also a degreasing solvent, 
but its uses are _not growing as fast, so the rates of increase 
now are much less than in previous years [Rasmussen and 
Khalil, 1986]. All these chlorocarbons are much more 
concentrated in the northern hemisphere than in the southern 
hemisphere because most of their sources are in the 
industrialized middle northern latitudes. 

In addition to taking measurements on ocean cruises such 
as SAGA ll, we have obtained air samples, for nearly a 
decade, from sites distributed in latitudes from the Arctic 
Circle to the South Pole. The sites are located at Barrow, 
Alaska, inside the Arctic Circle; Cape Meares, Oregon, near 
our laboratory; Mauna Loa Observatory and Cape 
Kumukahi, Hawaii; American Samoa; Cape Grim, Tasmania; 
and the South Pole. At all the sites, except Cape Meares and 
Cape Grim, samples are collected for us by NOANGMCC. 
The weekly samples from these sites obtained at the same 
time as samples from the cruise of the Akademik Korolev can 
be compared with each other. Such a comparison shows 
very good agreement, demonstrating that the flask-sampling 
sites accurately reflect the concentrations of these trace 
gases, and many others not discussed here, for the entire 
range of latitudes represented by the sites. 

3. RESULTS 

The main results are summarized in Figure 1 and Table 1. 

Figure 1 shows the concentrations of the chlorocarbons 
obtained on the Akademik Korolev and the concentrations 
during the same time at the flask sampling sites. The 
shipboard measur~ments were averaged over latitudinal 
bands of 0.2 in the sine of latitude. So, for example, the 
point plotted at 0.5 in the sine of latitude is the average 
concentration in the latitude band spanning 0.4 and 0.6 in 
sine latitude or between 23o and 37°, We use sine of latitude 
as a standard unit of horizontal extent since equal divisions 
of sine latitude represent equal amounts of surface area on 
the earth. The vertical bars represent the 90% confidence 
limits of the mean concentrations. The solid line is an 
empirical fit to the average concentrations from the ship 
measurements. The empirical relation is expressed as 

dC di! = b(a-C) (C-d) (I) 

where C is the concentration (pptv), ~ is the sine of latitude, 
and a, b, and d are constants. The constant a represents the 
upper limit of concentrations at high northern latitudes, d is 
the lower limit in the southern hemisphere, and b is a 
parameter that expresses the rapidity and the magnitude by 
which concentrations fall as one moves from the northern 
hemisphere to the southern hemisphere. This is a logistic 
equation that has been applied to many natural processes in 
which limited changes are expected. The solution of this 
equation is given by 

d+aKe'~ 
C= l+Ke'~ (2) 

where K is the constant of integration-and!.. = b(a-d). The 
parameters to be fitted are a, b, d, and K. which we list in 
Table 2. Table 1 also contains the data on the average 
concentrations measured in each latitudinal band. The 
empirical funciion for the latitudinal distribution can be used 
to determine the average concentrations in any latitudinal 
band. 

4. CONCLUSIONS 

The current latitudinal distributions are shown of six 
anthropogenic chlorine-containing trace gases in the 
atmosphere that are implicated in the destruction of the 
stratospheric ozone layer. At present the most effective in 
this role are CFC-11 and CFC-12. The primary data are from 
the cruise of the Soviet ship Akademik Korolev. Simul
taneous measurements taken at the sites of our global 
network are shown to agree with the results from the cruise 



86 

> c_ 
c. 

I 
"-

> c_ 
c. 

OJ 

I 
"-

> c_ 
c. 

OJ 
OJ 
I 

"-

> c_ 
c. 

"' 
~ 

I 

"-

> -c. 
c. 
... 
(3 
(.) 

> -c. 
c. 

"' (3 
(.) 

"' I 
(.) 

260 
F-11 

250 

240 

230 "" • 
220 .L 

440 
F-12 

425 

410 
T 

395 ~ 
! 

380 
120 

F-22 
11 0 

100 

+ 
90 • 
80 
45 

F-113 
40 

35 
0 

30 

25 
145 

CCI4 
140 

135 
T 

130 . 
125 
200 

. CH3CCI3 
180 

160 

140 

120 
100 

-1.0 

0 T . 

-0.6 

v~ 
• 

. 
T __,..---- 1 
l 

~ • v T 2T • • 
.L 

T -; 
T . 

Q 2 
T - . 

+ 0 

2 1 

0 
1 

T 0 • 
f • " 

r ._y-

1 

v 2 

T -
1 ¥ 

T 

~ ~ 

-0.2 0.2 0.6 1.0 

Sine of Latitude 

Fig. 1. The latitudinal distributions of six anthropogenic chlorocar
bons obtained from a ship cruise (SAGA II - filled diamonds) and 
from systematic flask sampling sites (open diamonds). The vertical 
bars are the 90% confidence limits of the mean values. The solid 
line is an empirical fit of the data to a logistic model described in 
the text. 

TABLE 1. The Latitudinal Distribution (pptv) of Six 
Anthropogenic Chlorocarbons Obtained Onboard 
the Cruise of the Akademik Korolev (SAGA IT)* 

sin JL CFC-12 CFC-11 CFC-113 CH3CC13 CC14 CFC-22 

0.7 426 251 37 186 138 110 
0.5 417 247 39 173 137 106 
0.3 410 241 36 !55 135 102 
0.1 403 234 34 136 133 99 

-0.1 399 235 32 130 132 98 
-0.3 401 229 32 125 131 
-0.5 392 226 31 122 131 93 
-0.7 395 229 31 125 131 

*The concentrations are averaged over latitudinal bands of ± 0.1 
in sine of latitude surrounding the average location in the sin J1 
column. 

TABLE 2. Values of Variables for the Empirical Logistic 
Model Fitted to the Latitudinal Data in Table I 

Variable CFC-12 CFC-11 CFC-113 CH3CCI3 CCI4 CFC-22 

d 
a 
K 
b 

395 
429 
0.10 
0.18 

228 
253 
0.25 
0.18 

31 
38 
0.40 
1.10 

122 
!92 
0.20 
0.06 

131 
138 
0.15 
1.00 

96 
112 
0.10 
0.35 

data. These results validate the shipboard measurements and 
show that measurements taken at the land-based sites 
represent the latitudes in which the sites are located. The 
data are fitted to an empirical logistic formula to represent 
the global latitudinal data by four parameters (a, b, d, and K) 
listed in Table 2. OGC is continuing the research based on 
the samples from the SAGA IT program to analyze data on 
these and many other trace gases, both in the atmosphere and 
in the sea water, to determine the global mass balances of 
some 20-30 atmospheric trace gases. 
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Some Characteristics of Aerosol Size Distributions at MLO 

ANTONY D. CLARKE 

Hawaii lnstituJe of Geophysics, Universi.Jy of Hawaii, Honolulu, Hawaii 96822 

1. lN1RODUCTION 

In-situ measurement of the aerosol size distribution was 
initiated at MLO in 1986 and was resumed in late 1987 lhrough 
March 1988 as part of NASA/GLOBE in order to characterize 
aerosol properties of importance to the LAWS program. 
Previous experiments have demonstrated that aerosols Ineasured 
under clean downslope flow at MLO undergo an annual cycle 
dominated by the springtime (February-June) transport of Asian 
dust and continental aerosol in the free troposphere [Bodhaine et 
al .. 1981; Parrington eta/., 1983]. The rest-of-the-year average 
mass concentration is an order of magnitude lower. However, 
previous data were often averages over a week or so; therefore. 
short-term variability in aerosol concentrations or properties was 
obscured. The poor size descrimination also limited information 
on particle number and mass distributions. Tills information is 
necessary to NASA/LAWS in order to relate aerosol micro
physics to the existing MLO aerosol scattering extinction data 
so that aerosol backscatter at the 10.6 J.ll11 C02 wavelength can 
be better modeled, based on the nature and variability of low 
aerosol concentrations in the marine free troposphere. 
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2. MEASUREMENTS AND RESULTS 

A measurement program was initiated at MLO using a 
modified LOPC with 254 size channels between 0.15 lind 7.0 
fllil· The LOPC operated under microcomputer control and 
accwnulated data continuously over 3-h intervals. Aerosols 
entering the LOPC first passed through a thennal conditioning 
system that heated them to 40"C, 150"C, and 340"C in separate 
channels. At 150"C sulfuric acid was driven off, and at 340"C 
all sulfates were volatilized to leave refractory components (e.g., 
soot, salt, dust), as shown in Figure I [Clarke et a/., 1987]. 
Sulfates have been identified as the major noncrustal downslope 
aerosol at MLO [Bigg, 1977], and this interpretation also 
appears appropriate here. 

The 2.5-cm-ID sample inlet line was situated at about the 
24-m level of a tower that was about 13 m from the enclosed 
saropling building. Calculated particle losses for the turbulent 
flow become significant at about 4 J.ll11. Since other inves
tigators [Shutz, 1980] and our own data from 1981 and 1982 
(unpublished) find a mass mean diameter during dust events of 
between 3.0 and 4.0 ~ after about 6000 km of transport, we 
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Fig. 1. Three volume size distributions of aerosols with diameters between 0.15 and 7.0 Jlffi measured at MLO with the LOPC at 40"C, lSO"C, and 
340"C. The top row shows upslope air from the bmmdary layer; the middle row shows an A!!ian dust event (March 11, 1988); and the bottom row 
shows clean downslope air. 
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estimate that our coarse particle mass data may be 30% low but 
coarse nwnber count will be at most a few percent low. 

Several examples of the LOPC size distributions are shown 
in Figure 1 for each temperature. The top row is an example of 
a daytime upslope aerosol mass distribution from the marine 
boundary layer and illustrates the typical volatile component 
below 0.5 fUll diameter (fine particles, sulfate) and refractory sea 
salt or dust at larger diameters (coarse particles) [Clarke, et al., 
1987]. The second row shows the character of the aerosol under 
downslope flow for March 11, 1988, when Asian dust was 
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present in the troposphere above MLO. The 15% decrease in 
mass at 150oC and 25% decrease at 340"C for this case are 
attributed largely to higher coarse particle losses in the heated 
channels. Corrections for these decreases are applied to all of 
the data that follow. The bottom row of data is a characteristic 
distribution during downslope flow for the "clean" periods at 
MLO (note scale change) and shows the much reduced coarse
particle fraction and refractory fme fraction. Although 
concentrations are very low in comparison with the mixed layer, 
the presence of a significant fine mode (<0.4 Jl1ll diameter) 
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Fig. 2. Time series of coarse aerosol mass and number concentrations, measured with the LOPC at 40"C, 150"C, and 340"C, for downslope periods 
discussed in the text. Shown are (a) the number of particles greater than 0.5 ~diameter; (b) the same as (a), but rescaled to show lower values; (c) the 
number of particles greater than 1.0 ~diameter; (d) the mass (J.L8 m·3) of particles greater than 0.5 JJJll diameter; (e) the same as (d), but rescaled to 
show lower values; (f) the mass at particles greater than 1.0 JU11 diameter. 



refractory component at 340oC is characteristic of a continental 
combustion source. A similar component has not been found in 
association with either high sea salt or high dust concentrations. 
but it has been observed when high soot concentrations were 
measured in remote polluted air [see Clarke, 1987]. A 
recalibration of the LOPC for soot instead of sulfate would 
reduce this refractory component by about a factor of 3 in 
apparent concentration, down to about 10 ng m·3, similar to soot 
concentration values estimated from light absorption 
measurements at MLO in 1981-1982 [Clarke and Charlson, 
1985]. 

Thirteen nights, in the period January 18 to February 1, 1988, 
were chosen for clean conditions based upon low CN counts and 
wind directions that did not favor transport of aerosol from the 
MaUna Loa caldera south of MW. These data were then 
selected for the lowest aerosol concentrations observed, 
occurriug generally between 0100 and 0400 LST. Figure 2 
presents time series of integrated mass and number 
concentrations for particles greater than 0.5 and 1.0 j.ll1l 

diameter. Minimum and maximum concentrations in mass or 
number range over 2 orders of magnitude even though the 
highest dust concentration (January 30) is an order of magnitude 
lower than that illustrated for the large dust event shown in 
Figure 1 (March 11). The data points at 40'C, 150'C, and 
340oC reveal the decrease of volatile particles and mass upon 
heating and were corrected for losses mentioned earlier. This 
response suggests that the sulfuric acid and arrunonium 
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sulfate/bisulfate [Clarke et al.,1987] present in these coarse 
particles can account for more than 80% of their mass at times 
of low concentrations of coarse aerosol but drop to a negligible 
fraction during the dustiest of these nights (e.g. January 30). 
The lowest concentrations obtained during this period, show that 
the number (mass) of coarse particles with diameters greater 
than 1.0 llfl1 were usually less than O.Ql cm·3 (0.03 ~g m·3). 

The interpretation of the above data in terms of backscatter at 
10.6 llfl1 C02 laser wavelength (BC02), is of interest to the 
NASA GLOBE/LAWS prograrus. Here we estimate the various 
contributions to BC02 from each component as a lognormal 
distribution in number centered at a particular diameter. These 
contributions are based upon the BC02 per particle per cubic 
centimeter calculated for lognormal distributions of various 
components, a dust aerosol lognormal number peak at 1.0 }.l.m. 
an ammonium sulfate coarse aerosol number peak at 0.6 }.l.m, 
and an ammonium sulfate fine-particle number peak at 0.16 }.l.ffi. 

These relative contributions to BC02 are shown in Figure 3 as a 
histogram for each of the 13 sequential periods. A clear change 
can be seen in the relative contributions to BC02 as the 
transition to a higher dust concentration takes place. The 
low-dust periods show contributions to BC02 from dust of 
about 15-25% compared with 50-70% for minor dust incursions 
(periods 11, 12, 13). With one exception, the fine-particle 
sulfate contribution decreases from about 40% to 15% of the 
total. Coarse volatile sulfate tends to dominate the contribution 
to BC02 during lOw-dust periods and remains significant even 
for the increasing dust concentrations seen in periodS 11. 12. 13. 
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Snowfall Measurements in the Arctic 

GEORGE CLAGETT 

Soil Conservation Service, Anchorage, Alaska 99501 

1. INTI!.ODUC!TON 

Arctic winters are characterized by months of very low 
temperatures, infrequent and light-density snowfall, and 
incessant wind, the sum of which precludes much hope of 

. accurate snowfall measurements using traditional methods. A 
precipitation gauge without artificial windshielding has little 
chance of catching a correct amount of new moisture falling out 
of a wind-driven Arctic snowstorm. In the ntid-1970's, the 
University of Wyoming produced a windshield after 7 years of 
research thar included tests in a wind tunnel [Rechard, 1975]. It 
provided snowfall catch in an exposed, windy area that was 
within 7% of the catch in a forest-protected area. This report 
compares snowfall catches using Wyoming windshielded 
gauges with catches using NWS nonshielded gauges at Barrow 
and Barter Island on Alaska's Arctic Coast for the last 12 years. 
These measurements are also compared with nearby 
measurements of the nmdra snow-water equivalent (SWE). 

2. METHODS 

The Wyoming windshield consists of two concentric rings of 
snowfences surrounding the precipitation storage can orifice. A 
solid framework elevates the 1.2-m tall snowfence mesh. The 
outer circle is 3 m off the ground and 5.1 m in diameter; the 
inner circle is 2.4 m off the ground and 3 m in diameter. The 
rings of fencing are canted inward at the bottom, 30' from the 
vertical for the outer ring and 45o for the inner ring, io form a 
cup or funnel effect. The level of the storage can orifice is 2.4 
m above the ground surface (i.e., level with the top of the inner 
ring of fencing). 

The funnel shape is a critical part of the design, since wind 
hitting the leading edge of the fencing is forced downward and 
underneath the gauge rather than over the top. This causes air 
speed below the gauge to increase slightly in order for the larger 
air volwne to pass. With the increased air speed below the 
fencing, a downward pressure gradient is created within the 
fencing, causing snow particles clearing the top of the gauge to 
settle out within the fencing and to fall into the can. Research 
suggests that the snow passing under the gauge is primarily drift 
material and snow at the 3-m elevation is primarily new 
snowfall. 

The precipitation cans mounted within the Wyoming 
windshields are storage devices with an antifreeze solution and 
an evaporation-inhibiting oil layer. The storage-type gauge is a 
basic requirement of remote, seldom-visited locations, which 
constitute the bulk of the network of 23 active Wyoming 
windshields in Alaska monitored by the SCS. Frequency of 
readings generally ranges from twice monthly at Barrow to nine 
times annually at Barter Island. Contents of the 20.3-cm-

diameter by 0.9-m-tall storage cans are weighed with an 
open-face dairy scale read to the nearest 0.25 em. In 1984, a 
larger 30.5-cm-diameter by 2.4-m-tall can was installed at 
Barter Island, along with the attachment of a float-driven fluid
level recording system, whose accuracy is also to the nearest 
0.25 em. This level of resolution makes accurate evaluation of 
small increments over short time periods impossible, especially 
in the Arctic where many small events are often required to 
meet the smallest recordable increment. Therefore, monthly 
totals are used for the evaluation period of this report 

The Barrow gauges are separated by 7 km: the NWS gauge is 
near town center, which affords some disruption of air flow past 
the gauge; the Wyoming gauge is northeast of town near the 
NOAA-GMCC facility. GMCC services the Wyoming gauge. 
At Barter Island, the Wyoming gauge was originally 1-6 km 
south of town~ however, it was difficult to get consistent 
readings by local observers, so the gauge was moved closer to 
town in June 1983. The new location is only 230 m from the 
NWS gauge which is about 60 m beyond the Barter Island DEW 
Line barracks. Readings are currently being made by the U.S. 
Fish and Wildlife Service. 

3. COMPARISONOFDATA 

NWS has staffed a fi.ist-order weather station for 67 years at 
Barrow and for 40 years ar Barter Island. Published 
precipitation averages (30-yr period) for the two sites are 12.06 
em annually and 6.45 em during the September-May winter 
months for Barrow, and 16.48 and 9.70, respectively, for Barter 
Island. Scientists have recognized that these averages are not 
accurare winter precipitation levels [Black, 1954; Benson, 1982]. 
Benson constructed two of the first three Wyoming gauge 
installations in Alaska ar these two villages in the fall of 1975. 
By the end of the 1987 wateryear, 11 years of matching records 
were collected at Barrow and 8 years at Barter Island. Table 1 
lists the average monthly catches over the last 12 years for both 
the NWS unshielded and Wyoming shielded gauges. NWS 
figures in the table correspond to the same periods that are 
available for the Wyoming gauge. For Barrow, the 1982 
wateryear is missing because the Wyoming gauge was damaged; 
for Barter Island 1978, 1980, 1982, and portions of 1976 and 
1981 wateryears are ntissing. 

In Table 2 we combined the monthly totals by periods of the 
year for matching periods during 1976-1987. The shielded 
gauges yielded an overall catch 2 times that of unshielded 
gauges during the 9-mo winter season. However. the factor is 3 
times during the November-April coldest months. Although the 
windshield is the probable reason for these discrepancies during 
the winter months, a windshield does not seem to provide any 
significant additional benefit during the three summer months. 



TABLE!. AverageMonlhly Precipitation (em) at Barrow 
and Barter Island 

Barrow 
NWS NWS Wyoming 

197&.1987 30-yr 1976-1987 
Month Average• Averaget Average* 

Sept. 1.96 1.50 1.73 
Oct. 1.02 1.40 1.55 
Nov. 0.43 0.76 1.34 
Dec. 0.28 0.46 1.14 
Jan. 0.30 0.53 1.19 
Feb. 0.36 0.43 0.96 
March 0.23 0.43 0.96 
April 0.33 0.53 0.64 
May 0.28 0.41 0.53 
June 0.66 0.94 1.14 
July 2.03 2.18 2.08 
Aug. 2.11 2.49 2.13 

*Does not include 1982 wateryear. 
tFortheperiod 1951-1980. 

Barter Island 
NWS NWS Wyoming 

1976-1987 30-yr 1976-1987 
Averag~ Averaget Averagq 

1.40 2.03 2.13 
1.40 2.06 2.36 
0.56 1.02 1.37 
0.64 0.58 !.57 
0.56 1.27 1.52 
0.25 0.68 1.35 
0.48 0.61 !.52 
0.30 0.56 1.32 
0.43 0.89 0.84 
0.81 1.42 1.37 
1.90 2.62 2.26 
2.41 2.74 3.05 

:j:Does not include 1978, 1980, 1982, and portions of 1976 and 1981 
watery ears. 

Table 1 points out another peculiar discrepancy. The NWS 
monthly average data over the last 12 years are consistently far 
below published 30-yr long-term averages (for the period 
1951-1980). Benson [1982] noted that the Barrow station was 
moved in 1955 and again in 1966 and that these moves or 
possibly the addition of an Alter shield to the gauge had a 
profound effect on the recorded precipitation. After 1955 the 
gauge caught 1.4 times as much as before the move, but after 
1966 it caught only 0.63 as much. The result is that most years 
since 1966 have precipitation data far below the inflated 
average. Barter Island also recorded a higher rate of 
preeipitation during the period 1956-1967 than afterward. A 
sharp break occurred in 1967 on the double mass plot to 0.67 as 
much precipitation, even though the gauge was not moved, 
leading one to suspect that the Alter windshield was removed 
from both Barrow and Barter Island gauges at that time. Benson 
states that the site histories for both sites mention the use of 
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TABLE 2. Monlhly Snow Catch Total (em), Combined Into 
Period of the Year, for Matching Periods During 1976-1987 

Barrow Barter Island 
NWS Wyoming Factor NWS Wyoming Factor 

Wateryear 
Oct !-Sept 30 9.98 15.42 1.54 11.15 20.67 1.85 

Winter Season 
Sept.l-May31 5.18 10.06 1.94 6.02 14.00 2.32 

Mid-Winter 
Nov.l-April30 1.93 6.25 3.24 2.79 8.66 3.10 

Alter shields, but do not give details. It is known, however, that 
gauges have been unshielded since 1966 at Barrow and 1967 at 
Barter Island. 

The NWS measurement technique creates another problem. 
Precipitation increment is measured four times per day by 
exchanging the can each 6 hours with another one. The catch 
for the previous 6 hours is thawed, then measured to determine 
the new increment. If the catch is less than 0.13 nun, it is 
recorded as a trace. The can is then dried to be ready for its next 
6-h shift. Since Arctic snowfall generally comes in small 
amounts, is of light density, and is wind driven. this technique 
of discounting even 0.13 mm four times a day becomes 
significant, as the unshielded gauge appears to be catching only 
a fraction of the small natural snowfall increments. This results 
in an extraordinary number of trace readings in the record. 
Benson [1982] reported that traces in the winter record go as 
high as 80% of all precipitation entries. Accumulation of 
precipitation over time in a storage gauge eliminates this 
problem. 

Tundra snow measurements provide more data for compari
sons (Table 3). The USGS team made reconnaissance snow 
measurements on the Arctic Slope during the spring of the year, 
just prior to the breakup season, in five different years (1977, 
1978, 1979, 1982, and 1983). In 1979, however, they were 
late, as spring thaw was well under way in much of the region. 

TABLE 3. USGS Tundra Snow-Water-Equivalent (SWE) Measurements Compared With Wyoming 
Shielded Gauges and NWS Unshielded Gauges 

Tundra 
Tundra Wyoming NWS SWE NWS NWS 
SWE Gauge Gauge as% of as %of as% of 

Year Location Date (em) (em) (em) Wyoming Wyoming Tundra 

1977 Barrow April 22 7.9 9.6 4.3 82% 45% 55% 
1978 Barrow April 17 7.4 9.1 4.1 80%. 44% 55% 
1982 Barter Is. April 24 11.9 5.3 58% 
1983 Barrow April 25 6.1 8.6 3.6 70% 41% 58% 
1983 Barter Is. April 22 7.9 11.7 0.8 67% 6% 10% 

Average (Barrow only) 7.11 9.14 4.06 73% 43% 56% 
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They landed a ski plane on the tundra at 24-40 sites over about a 
1-wk period each year. Their transects avoided obvious 
deposition areas. Their reported figures represent an average of 
40 individual random samples per site [Sloan et a/., 1979]. 
These surveys provide valuable insight into the variability of the 
snowpack across the slope. 

Tundra mow measurements do not provide a precise 
comparison because of too many renlaining unknowns, such as 
amount of wind exposure. representativeness of sample, or 
sublimation loss. But they do provide a starting point from 
which to make comparisons. For Barrow, the NWS gauge 
caught 56% of the precipitation remaining in the tundra 
snowpack. This is less than what fell, since a significant amount 
is blown away, according to the downwind drifts, and another 
portion is sublimated. The NWS gauge caught 43% of that 
caught by the Wyoming gauge, which is also probably less than 
what fell. (The values for Barter Island are much lower.) 

Theoretically, the measurements from the two gauges and the 
tundra snow would be the same if snow always fell during cahn 
air. However, wind is a dominant feature of the Arctic Coast 
Long-term mean wind speed is 5.8 m s·1 at Barter Island and 5.4 
m s·l at Barrow [Searby, 1968] and calm air occurs only 2-3% 
of the time [Wendler, 1978]. It is probable that the principal 
difference in the two catches is attributable to wind-speed effect. 
The U.S. Forest Service's Rocky Mountain Forest and Range 
Experiment Station at Laramie, Wyoming, studied the Wyoming 
shield catch efficiency for 7 years and concluded that the catch 
efficiency drops off with increasing wind speed when the 
temperature is below -2"C [Sturges, 1984]. If the catch does 
drop off with increasing wind speed for a shielded gauge, it is 
probable that it drops much further with an unshielded gauge. 
The undercatch of a nonshielded gauge may be exemplified by 
comparison of a shielded catch with an unshielded catch at 
Barter Island in 1983 (Table 3): the unshielded gauge caught 
only 6% of that of the shielded gauge. At the same time, 
snow-on-the-ground water equivalent measurements by the 
USGS were 10 times greater than the unshielded gauge 
measurements. 

Still another problem affects the comparison of shielded 
versus unshielded catches at Barrow and Barter Island: the 
Arctic Coast has a significant incidence of riming events in 
which supercooled fog coats everything, including the inside of 
the orifice of a precipitation can. NWS does not consider rime 
as true precipitation and effectively eliminates it from the 
record, since rime and precipitation events do not overlap and 
the gauge is serviced every 6 hours. Because the Wyoming 
shielded gauges are unstaffed and visited only once or twice a 
month. rime builds up from time to time, sometimes capping the 

orifice. 1bis reduces or precludes further precipitation 
accumulation until the rime melts or is removed during 
maintenance visits. Therefore, the error is magnified, resulting 
in either a net loss due to the covered or reduced orifice or a net 
gain due to the rime melting into the can. Wyoming gauge 
observers are instructed to carefully remove rime from the can 
whenever it is found. in an attempt to be as similar as possible to 
NWS procedures. The field observers have frequently stated 
their belief that the riming error leans heavily to the net loss 
side. Some scientists argue that eliminating rime from the 
precipitation total is a mistake. 

4. CONCLUSION 

The accuracy of the data from the Wyoming windshielded 
gauge compared with true or total snowfall-water-equivalent is 
still somewhat unknown. The small amount of data presented 
here only indicate that the shield allows 2 to 3 times greater 
catch during the winter months compared with unshielded 
gauges along Alaska's Arctic coast. Unshielded gauges, in fact, 
catch only slightly more than half the snow-water equivalent of 
snow remaining on the tundra. Since accurate data...is needed 
from locations offering no natural wind protection, there appears 
to be no viable alternative other than the use of a windshielded 
measuring device. 
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Sixty-nine size-fractionated aerosol samples were taken day 
and night, March 16 to May 6, 1986, at BRW, during the 
AGASP-11 project in order to identify components of the Arctic 
haze and their likely sources. In the experimental design, 12-hr 
samples were taken sequentially by two-stage stacked 
Nuclepore fllters; 12 ionic species in the samples were measured 
by ion clrromatography, and multivariate absolute pri.Dcipal 
component analysis (APCA) was used to resolve different 
components, each consisting of the ions sulfate so; . chloride 
cr. hrornide Bi, rtitrate NOj, methanesulfonate MSA, formate 
Fa·, acetate Ac·, propionate Pp', pyruvate Py-. potassium lr, 
sodium Na\ and ammonium NH;. in different proportions. In 
applying APCA, linear physical mixing of components of fixed 
composition is assumed to cause the temporal variability in 
measured ionic concentrations, and goodness of fit is indicated 
by the fraction of data variance R2 explained by the mixing 
model. The average absolute concentrations in air of the 
components and their ionic constituents, and standard deviations 
(s.d.), were then calculated by multiple linear regression. The 
results are summarized in Table 1. 

Coarse and fme aerosol components exhibited both 
similarities and differences. Three components (Cl, C2, and 
C3) exPlain more than 80% of the coarse concentration 
variance: sea-salt-contaminated C1, containing non-sea-salt 
(nss) SO~ and nss K+; a carboxylic acid anion component C2; 
and C3, containing most of the Bi, NO) and MSA. Ion 
balances between cations and anions in all three components are 
close to unity, consistent with these components being internally 
mixed aerosols. The large amount of nss K+ in C1 suggests 
aerosol from lower latitude combustion sources. C2, mainly 
carboxylic acid anions and some sea salt, may represent uptake 
of the acids by salt particles. C3 could be the product of gas 
phase reactions of marine organic compounds; its MSA/nss so; 
ratio supports such an origin. A non-AP~A component, found 
in seven coarse samples with the highest concentrations of Ac· 
and sea salt, is identified by the combination of linear regression 
and APCA and does not belong to the communality of the rest 
of the data. 

In the fine fraction four components (FI, F2, F3, and F4) 
explain 86% of the variance, with the compositions of P1, P2, 
and F3 resembling their coarse fraction counterparts. P1 is 
mainly a mixture of organic anions with additional N~ and 
Na\ resembling C2 in composition. F2 is a contaminated 
sea-salt component similar in composition to the contaminated 
sea salt in Cl; however, P2 contains smaller amounts ofnss so; 
and is not as deficient in cr. F3, which exhibits a charge 
imbalance with an anion excess, has a composition similar to 

C3. Like C3, this component also contains the largest amount 
of MSA-, with an MSA/nss SO~ ratio sintilar to those reported 
for remote marine atmospheres. P4, apparently acidic, as 
indicated by an ion imbalance, is mainly nss so~ plus most of 
the NO) and significant amounts of NH;, and may be classified 
as anunonhun bisulfate. P4 is uniquely a fine component and 
has no coarse-fraction counterpart. 

These four aerosol types, consisting cf the seven APCA 
components in the coarse and fme aerosol fractions, are 
attributed to different sources. The most prominent type is the 
contaminated sea salt coming from sea-salt scavenging of 
combustion products, as shown by the high content of nss r. 
and is consirl;ered to be transported to the Arctic as primary 
pollutants. The second contains the carboxylic acid anions, its 
internal relationships among the carboxylic acid ions suggesting 
natural vegetation emission sources. Lacking local winter 
Arctic sources, the carboxylic acid anions may have originated 
at lower latitudes as acid vapors and then been transported to the 
Arctic and condensed into aerosols at cold temperatures. The 
third, with the MSA/nss so; ratios and the collection of Bi, 
NO), small amounts of carboxylic acid anions, and sea salt, is 
demonstrated to be natural marine aerosols, and may be a 
collection of products from gas phase oxidation of precursors. 
Finally, a fine NH.,HS04 component is a likely product of SO, 
conversion in air and therefore a pollutant component. Most 
components have good charge balance, as indicated by their 
anion/cation ratios, reflecting extensive acid-base reaction in the 
components in aged aerosol systems with long atmospheric 
residence times. 

We have attempted to partition by multiple linear regressions 
the total ionic concentrations as contributions from the stated 
natural and anthropogenic aerosol sources. TOtal inorganic ion 
concentrations are similar to previous data reported from the 
Arctic. The total coarse-plus-fme MSA average is 0.12 ± 0.02 
nmol m-3• High levels of Fo"and Ac- and traces of Pp- and Py" 
were found, which altogether account for 20% of the total 
aerosol mass: Fo- 5.3 ± 0.7; Ac- 12.4 ± 2.2; Pp-, 0.3 ± 0.1; and Py" 
0.1 ± 0.04 nmol m-3• With partitiorting, about 10% of the 
carboxylic acid anions are associated with pollutants in the first 
aerosol type. The second type accounts for 80% of Po· and 60% 
of Ac· in the Arctic aerosols. The third type in the marine 
aerosols, accounts for 18% of Po· and 10% of Ac·. Thus, the 
carboxylic acid anions appear to be mostly natural; more than 
90% of Po· and 70% of Ac· from natural sources. In coarse 
aerosols, 67% of nss SO~ is in the contaminated sea salt. In 
fme, 52% of nss so~ is connected to ~ and must be due to a 
secondary pollution source. Natural marine nss so; is indicated 
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TABLE 1. Ionic Concentrations in Components of Both Fine and Coarse Aerosol Fractions, Based on 68 and 62 
Samples, Respectively 

Ion Ionic Concentration (nmol m-3), ± s.d R' 

Fine ConsL S.d. F1 S.d. F2 s.d. F3 s.d. F4 s.d. Total 

Fo· -0.19 0.14 2.01 0.05 0.20 0.03 o:n 0.09 0.11 0.03 2.40 0.96 
Ac· 0.82 0.29 2.26 0.11 0.25 0.06 0.23 0.18 -O.rr/ o.rn 3.49 0.86 
Pp· -0.06 0.02 0.09 o.oz 0.02 0.00 O.Q4 O.Ql 0.01 0.00 0.19 0.77 
Py- -0.03 0.06 0.11 0.02 0.04 0.01 0.03 0.04 0.00 0.02 o.rn 0.28 
MSA- 0.00 0.02 0.00 o.oz 0.01 0.00 0.06 0.01 0.01 0.00 0.08 0.27 
a- 1.84 0.66 0.84 0.26 3.48 0.15 4.25 0.43 -1.02 0.16 9.39 0.91 
Br· 0.03 0.02 0.02 o.oz 0.03 o.oz 0.23 0.02 -0.00 0.01 0.31 0.81 
NO; -0.22 0.08 0.08 0.03 0.01 0.02 0.64 0.05 0.11 0.02 0.62 0.74 
nss S0,4 0.66 0.30 0.22 0.12 .0.28 o.rn 1.04 0.19 2.41 o.rn 4.61 0.94 
Na+ -1.01 0.55 2.04 0.21 3.37 0.12 1.31 0.35 1.18 0.13 6.89 0.94 
NW 4 5.18 1.13 3.90 0.45 1.45 0.25 3.47 0.73 1.6 0.28 15.67 0.71 
nss K+ -1.08 0.23 0.93 0.09 1.17 0.05 0.25 0.15 0.45 0.06 1.72 0.92 

Anion 3.43 0.96 6.12 0.38 4.91 0.22 7.93 0.61 4.08 0.23 26.47 
Cation 3.08 1.28 6.91 0.50 6.07 0.28 5.05 0.82 3.32 0.31 24.43 
A!C 1.12 0.56 0.89 0.08 0.81 0.05 1.57 0.28 1.23 0.13 1.08 
Mass 171.60 678.50 908.00 408.54 666.30 1727.57 

Coarstr ConsL s.d. C1 s.d. C2 s.d. C3 s.d. Total 

Fo· -0.35 0.19 0.40 0.06 1.97 0.08 0.69 0.11 2.71 0.92 
Ac· 0.76 0.28 0.45 0.08 2.02 0.12 0.40 0.17 3.63 0.84 
Pp· -0.11 0.04 0.11 0.01 0.17 0.02 -0.02 0.02 0.15 0.74 
Py- 0.01 0.02 -0.00 0.01 -0.01 .01 0.05 0.01 0.03 0.27 
MSA· 0.01 0.02 -0.01 0.01 0.01 0.01 0.03 0.01 0.04 0.14 
-a- 3.28 !.71 7.15 0.52 1.97 0.76 3.07 1.04 15.47 0.77 
Br -0.02 0.02 0.03 o.oz -0.00 0.01 0.18 0.02 0.19 0.73 
NO; -0.03 0.13 o.oz 0.04 0.25 0.06 1.01 0.08 1.24 0.77 
nss S04 -0.08 0.54 2.23 0.16 0.78 0.24 0.41 0.33 3.34 0.76 
Na+ 0.20 1.60 8.78 0.49 3.46 0.71 3.15 0.98 15.59 0.86 
NW 4 2.72 0.93 3.47 0.28 3.55 0.41 2.36 0.57 12.!0 0.80 
nss K+ -0.91 0.44 1.53 0.13 0.89 0.19 0.16 0.27 1.67 0.72 

Anion 3.40 2.06 13.64 0.62 8.34 0.91 6.60 1.25 31.98 
Catioo 2.01 1.90 13.97 0.58 7.97 0.84 5.74 1.17 29.69 
A/C 1.69 1.90 0.98 0.06 1.05 0.16 1.15 0.32 1.08 
Mass 126.60 1756.60 773.68 411.95 2039.47 

s.d., standard deviation; R2, squared adjusted correlation coefficient; consL, constant tenn; nss, non-sea-salt; A/C, anion-to-cation ratio. 

by its association with MSA in both fractions. This marine
related nss so~ is about 20% of the total nss so~ measured. 

These results show that natural compounds are important 
constituents in Arctic aerosols. Since Cf and Na+ are natmal sea 
salt, the proportion of products from natural sources may exceed 

the pollutant proportion. Hence, natural products cannot be 
ignored in future Arctic haze studies. 
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1. IN!RODUCTION 

Anthropogenic emissions of S02 and NO. have resulted in 
widespread acidification of precipitation and subsequent 
environmental damage in eastern North America and northern 
Europe. Of numerous research questions posed by this 
phenomenon, two are of special interest: (I) What was the 
composition of precipitation prior to the use of fossil-fuels? (2) 
To what degree does the long-distance transport of sulfur and 
nitrogen species influence the composition of precipitation in 
remote regions of the world? The GPCP was initiated in 1979 
to address these questions. Principal objectives of the project 
are to measure the chemical composition of precipitation in 
remote areas of the world and to determine major processes 
controlling measured composition. Earlier reports of the GPCP 
compare the composition of precipitation in remote and 
impacted regions [Galloway et a/., 1982; 1984]; quantify the 
importance of, evaluate sources of, and intercompare 
measurement techniques for carboxylic acids in the atmosphere 
[Keene eta/., 1983, 1988; Keene and Galloway, 1984a,b, 1985, 
1986]; assess factors controlling the chemical composition of 
precipitation at remote locations [Jickells et al., 1982; Church et 
a/., 1982; Galloway and Gawiry, 1984; Dayan et a/., 1985; 
Likei1S et a/., 1987]; and present objective methods for 
differentiating sea-salt and non-sea-salt (nss) constituents in 
marine precipitation and aerosols [Keene et a/., 1986]. This 
report swnmarizes current research and reviews more recent 
contributions of the project 

2. MATERIALS AND METIJODS 

Samples of precipitation are collected, by event, in 
scrupulously washed polyethylene containers. Immediately 
after collection, pH is measured, samples are treated with CHC13 
to prevent biological activity, and aliquots are subsequently sent 
to the University of Virginia for analyses for major organic and 
inorganic chemical constituents, To date we have anhlyzed 
samples of precipitation collected at 14 land-based sites and 
during nine oceanic cruises. 

3. RESULTS AND DISCUSSION 

3.1. THE CHEMIS1RY OF PRECIPITATION ON AMSTERDAM 

IsLAND, INDIAN OCEAN 

Between May 1980 aod August 1985, 190 precipitation 
events were sampled on Amsterdam Island (37" SO'S, 77" 35'E) 
in the central Indian Ocean and samples were subsequently 
analyzed for major chemical constituents. Isobaric back 
trajectories were calculated for each event, and cluster analysis 
techniques were used to identify structure in the multivariate 
data sets for both chemistry and transpOrt. Two chemical 
clusters (NA = 141, N8 = 21) were identified. Storms in the 
smaller cluster occurred mainly in the spring and were 
associated with significantly greater depositions of If, ~. 
N03, and nss so;. Four distinct transport clusters revealed no 
significant differences for either concentrations or per-event 
depositions of any of the major chemical constituents, 
suggesting that transport is not an important factor in controlling 
the chemical composition of precipitation on the island. 
Although a continental influence on some air masses was 
suggested from both back trajectories and data for 222Rn and 
co,_. a signal in terms of major ions in associated precipitation 
events was not discernible from the marine background after the 
mean 3.5-day transport over the ocean. A significant seasonal 
signal in nss SO~. ~ and It is consistent with stronger source 
strengths of marine emissions and enhanced photochemistry 
during warmer months. 

3.2. THE BIOGEOCHEMICAL CYCilNG OF FORMIC ~ ACETIC 

ACIDS THROUGH THE TROPOSPHERE 

Despite remaining uncertainties, a general picture of the 
biogeochemical cycling of HCOOH aod CH3COOH is 
beginning to emerge [Keene and Galloway, 1988]. These acids 
are ubiquitous vapor- and aqueous-phase constituents of the 
global troposphere, contributing significant fractions of the 
natural acidity in precipitation and cloudwater, particularly in 
continental regions of the tropics and subtropics. The similarity 
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of concentrations in remote and impacted regions indicates that 
anthropogenic emissions of carboxylic acids or precmsors are 
probably not important sources over broad geographical areas. 
In continental regions, seasonally varying emissions of acids 
and hydrocarbon precursors from vegetation are thought to 
represent major sources for both acids. In marine areas, the 
seasonality of wet deposition and apparent lack of transport 
from continents support the hypothesis of a marine biogenic 
source. Ratios of total (aqueous + vapor) concentrations of 
HCOOH versus CH3CCXJH in clouds vary as a function of H'. 
This observation is consistent with the hypothesis of a 
pH-dependent aqueous-phase source and sink for HCOOH in 
clouds, which may act to stabilize aqueous-phase ratios against 
shifts in solution If. Large diel periodicities in the 
concentrations of vapor-phase species over continents, together 
with a lack of evidence for long-distance transport, suggest that 
HCOOH and CH3COOH have shon atmospheric lifetimes, of 
several hours to a few (at most) days. Because they are 
important controllers of free acidity and represent a potentially 
large sink for aqueous-phase OH radicals, the cycling of 
carboxylic acids is expected to interact directly and indirectly in 
the chemical cycling of other atmospheric constituents. 

3.3. STANDARD ERROR CALCUL\TIONS FOR NON-SEA-SALT 

CONS!TUENTS IN MARINE PRECIPITATION 

Studies of pollutant transport and investigations of 
geochemical cycling often involve calculation of nss 
concentrations for various ionic constituents of precipitation and 
atmospheric aerosols. The nss concentrations are calculated 
from measurements of the concentrations of a reference species 
and the species of interest. Formulas for determining the 
accuracy of calculated nss concentrations are necessary because 
this accuracy can vary significantly from sample to sample 
within the same data set, as well as from one study to another. 
Formulas were derived demonstrating that the standard error of 
calculated nss concentrations is dependent on the nature and 
magnitude of the analytical errors made in measuring total 
concentrations. Application to a real data set indicates that this 
standard error is often greater than the calculated nss 
concentration, and that the standard error may vary by orders of 
magnitude for various samples in the same data set. The 
magnitude of the potential errors has important implications for 
the reliability of conclusions based on calctdated nss concentra
tions, and the sample-to-sample variation of these errors 
complicates the process of determining the accuracy of 
summary statistics such as the volume-weighted concentration. 
In addition, these variations in accuracy can obscure the 
relationships between nss concentrations and other variables, 
both chemical and meteorological. This complicates 
investigations of source-receptor relationships and geochemical 
cycling, and may lead to faulty conclusions. 

4. ONGOING RESEARCH 

Research efforts currently under way within the GPCP 
include the following: 

Evaluation of shipboard data to determine factors controlling 
the atmospheric chemistry of the equatorial Atlantic Ocean 
during August and September 1986. 
Analysis of a 15-yr data record for precipitation chemistry at 
MLO. 
Detennination of the speciation and overall importance of 
organic nitrogen in precipitation. 
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Radioactivity in the Surface Air at BRW, MLO, SMO, and SPO 

RICHARD LARSEN AND COLIN SANDERSON 

U.S. Department of Energy, Environmental Measurements Ulboratory,New York, New York 10014-3261 

1. INI'RODUCTION 

Air filter samples are routinely collected by GMCC 
personnel at BRW, MLO, SMO, and SPO for the SASP. The 
primary objective of this program is to study the temporal and 
spatial distribution of specific natural and anthropogenic 
radionuclides in the surface air. 

2. MATERIALS AND METHODS 

High-volume air filter samples are continually collected on 
a weekly basis using Microsorban filter material. The air 
samplers move -1500 m3 of air per day through a 20-cm
diameter filter. The weekly filter samples collected at BRW 
and MLO are analyzed by compressing a section of the filter 
into a 1-2 em' cylinder, which is analyzed by gamma-ray 
spectrometry using a high-purity germanium (HPGe) detector 
with a 1.5-cm-diameter well. For each site, sections of the 
weekly filter samples are added together to form a monthly 
composite sample. These composite samples are compressed 
into a 45-cm3 plastic planchet, and are analyzed for gamma
ray-emitting nuclides using either HPGe n-type low-energy 
coaxial, or Ge(Li) or HPGe p·type coaxial high-resolution 
germaniwn detectors. The activities from specific gamma
ray-emitting radionuclides are determined by computerized 
analyses of the spectral data. Detailed information on SASP is 
periodically published [Feely et al., 1985]. 

3. RESULTS 

Table 1 presents the weekly surface air concentrations 
of 'Be and 210Pb at BRW and MLO duriug 1987. Table 2 
presents the surface air concentrations of 'Be and 210Pb during 
1987 in monthly composite filter samples from SPO and 'Be 
monthly concentrations from SMO. The "less than" values 
for 'Be at SPO result from its radioactive decay in the sample 
prior to analysis. These values are excluded from summary data 
tables. There were no arutounced atmospheric nuclear weapons 
tests or other significant releases of radioactive materials into 
the atmosphere during 1987, and the concentrations of the 
fission products 9SZr, 137Cs, and 144Ce were below our lower 
limit for data reporting (0.5 fCi m·'). The long-term mean 
monthly surface air concentrations of 7Be and 210Pb at BRW, 
MLO, SMO, and SPO are presented in Table 3. The mean 
values are reported along with the standard deviation at the lo 
lev.el; the number of data points used to calculate each value is 
presented in parentheses. 

4. DISCUSSION 

The weekly concentrations of 7Be and 2topb at BRW and 
MLO show a pronounced episodic behavior throughout 
1987. 'Be (half-life 53.2 days) is produced by cosmic-ray 
interactions in the upper troposphere and the strato
sphere. 21'Pb (half-life 21 years) is a decay product of 222Rn, 
which is a natural radionuclide emitted from soils. Because of 
their distinctly different source regions, these nuclides serve as 
excellent tracers for upper and lower tropsopheric sources and 
transport processes. We believe the three episodes of 

TABLE 1. Surface Air Concentrations (fCi m·') of 7Be 
and 21'Pb in Weekly Filter Samples Collected at 

BRW and MW During 1987 

S•mpllng In~rul •• 10Pb 

eRW 

1/ 1/87- 2/ 7/87 
2/ 7/87- 2/14/87 .. " 2/1<4/87- 2/24/87 " " 2/24/87- 2/28/87 " " 2/28/87- 3/ 7/87 '" " 3/ 7/87- 3/14/87 " 17 
3/14/87- 3/21/87 " " 3/21/87- 3/28/87 " " 3/28/87- 4/ 4/87 " " 4/ 4/87- <4/11/87 " " 4/11/87- <4/21/87 "' " 4/21/87- 4/26/87 "' " <4/26/87- 4/28/87 
.lo/28/87- 5/ 2/87 "' " 5/ 2/87- 6/ 11/87 " ' 5/ 9/87- 5/15/87 " ' 5/15/87- 5/26/87 " ' 6/28/87- S/29/87 " ' 6/29/87- 8/ 3/87 " ' 0/ 3/87- 8/18/87 " ' 0/18/87- 0/22/87 17 1 
0/22/87- 7/ 8/87 " ' 7/ 8/87- 7/13/87 " ' 7/13/87- 7/17/87 " >A 

... , 
1/ 2/87- 1/ 8/87 173 4 
1/ 8/87- 1/18/87 135 4 
1/18/87- 1/22/87 250 7 
1/22/87- 2/ 2/87 204 8 
2/ 2/87- 2/ 9/87 232 8 
2/ 11/87- 2/17/87 187 7 
2/17/87- 2/23/87 395 18 
2/23/87- 3/ 2/87 242 15 
3/ 2/87- 3/ 11/87 3£16 < 2 
3/ 9/87- 3/18/87 237 14 
3/18/87- 3/23/87 326 ( 2 
3/23/87- 4/ 1/87 219 13 
4/ 1/87- 4/ 8/87 217 13 
4/ 8/87- 4/15/87 2114 15 
4/15/87- 4/22/87 184 12 
4/22/87- 5/ 1/87 291 9 
5/ 1/87- 5/ 8/87 148 8 
5/ 8/17- 5/15/87 2£11 10 
S/15/87- 5/22/87 252 13 
6/22/87- 8/ 1/87 278 10 
8/ 1/87- 8/ 8/87 173 8 
8/ 8/87- 8/15/87 233 11 
8/15/87- 0/22/87 348 14 
8/22/87- 7/ 1/87 217 11 

'l doublful values 

S•'"P II ng In~rv•l 

7/17/87- 7/2987 
7/2<4/87- 8/ 4/87 
8/ 4/87- 8/10/87 
8/18/87- 8/14/87 
8/14/87- 8/21/87 
8/21/87- 8/28/87 
8/28/87· 9/ 8/87 
9/ 8/87- 9/14/87 
9/14/87- 9/18/87 
9/18/87- 9/28/87 
9/28/87-18/ 3/87 

lfJ/ 3/87-10/ 9/87 
10/ 9/87-10/17/87 
10/17/87-HJ/23/87 
1fJ/23/87-10/30/87 
10/30/87-11/ 9/87 
11/ 9/87-11/16/87 
11/18/87-11/23/87 
11/23/87-12/ 4/87 
12/ 4/87-12/ 8/87 
12/ 8/87-12/14/87 
12/14/87-12/22/87 
12/22/87-12/29/87 

7/ 1/87- 7/18/87 
7/18/87- 7/22/87 
7/22/87- 8/ 1/87 
8/ 1/87- 8/ 7/87 
8/ 7/87- 8/14/87 
8/14/87- 8/21/87 

'8/21/87- 9/ 1/87 
9/ 1/87- 9/ 8/87 
9/ 8/87- 9/15/87 
9/15/87- 9/22/87 
9/22/87-10/ 1/87 

10/ 1/87-10/ 8/87 
10/ 8/87-10/15/87 
10/15/87-10/22/87 
10/22/87-10/30/87 
10/30/87-11/ 8/87 
11/ 8/87-11/14/87 
11/14/87-11/21/87 
11/21/87-12/ 1/87 
12/ 1/87-12/ 8/87 
12/ 8/87-12/10/87 
12/16/87-12/22/87 
12/22/87-12/31/87 

•• 2lfJPb 

" ' " ' • < ' lOA lA 
17 ' " 

., ,. ' " lA 

" ' " ' " ' " 7 

" ' " ' " 7 

" ' " " " " " " " " " " " " " " 

"' 104 4 
636 < 1 
220 5 
167 7 
,. 7 

183 5 
184 7 
282 18 
126 7 
174 7 
149 6 
157 4 
236 13 
117 4 
227 14 
155 4 
213 0 
268 9 
41? 2A 
81? 1A 

183 3 

Counting errors at 2a are less than 20%, except A counting errors are 
between 20% and 100%. 
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TABLE 2. Monthly Surface Air Concentrations (fCi m·') of'Be at SMO and SPO, and 21opb at SPO During 1987 

Month SMO SPO SPO Month SMO SPO SPO 

Jan 68 13111 2A Jul 73 54 < 1 
Feb 58 94 < 1 Aug 139 54 < 1 
Mar 56 174A 2A Sep 11111 < 4 1A 
Apr 58 59 < 1 Oct 114 11113 < 3 
May 82 77 < 1 Nov 72 19111 < 1 
Jun 112 < 8 1A Dec 48 14111 < 1 

Counting errors at 2a are less than 20%, except A counting error are between 20% and 100%. 

TABLE3. Long-Term Monthly Mean Concentrations (fCi m·> ± 1cr) of 'Be and 210pb at BRW, MLO, SMO, and SPO, 

7
Be 21111Pb 

Month BRW MLO SMO SPO BRW MLO SPO 

Jon 66"'19 (12) 226"'5111 (16) 61"'24 (11) 175"'38 (17) 24"' 7 ( 7) 8"' 5 (1111) 1"' 1 ( 9) 
Feb 64"'2111 (13) 198"'52 (18) 57"'15 (11) 157"'62 (11) 23"'1111 ( 7) 9"' 3 (11) 1"' 1 ( 7) 
Mar 74"'2111 (11) 224"'43 (16) 54"'13 (11) 147"'58 (14) 22"'1111 ( 6) 12"' 3 ( 9) 1"' 1 ( 7) 
Apr 75"'2111 (1111)' 21119"'48 (14) 5111"'1111 (11) 111"'36 (13) 19"' 7 ( 5) 15"' 5 ( 8) 1"' 1 ( 6) 
Moy 55"'11 (12) 21119"'41 (16) 67"'17 (12) 117"'7111 (14) 9"' 4 ( 5) 16"' 7 ( 8) 1"' 1 ( 7) 
Jun 26"' 8 .(12) 223"'38 (16) 8111"'25 (12) 83"'29 (15) 3"' 1 ( 7) 14"' 4 ( 9) 1"' 1 ( 7) 
Jul 25"' 7 (11) 211"'39 (15) 9111"'17 (12) 99"'36 (15) 3"' 1 ( 7) 1111"' 3 ( 9) 1"' 1 ( 6) 
Aug 19"' 7 (11) 195"'49 (16) 88"'23 (11) 87"'25 (17) 2"' 1 ( 7) gz 2 (1111) 1"' 1 ( 7) 
Sep 27"' 4 (13) 185"'5111 (16) 9111"'15 (11) 94"'23 (16) 5"' 2 ( 7) 8"' 2 (1111) 1"' 1 ( 8) 
Oct 42"'12 (13) 182"'31 (17) 79"'21 (11) 11111"'17 (18) 9"' 3 ( 8) 9"' 4 (11) 1"' 1 ( 8) 
Nov 59"'11 (12) 157"'53 (17) 8111'"3111 (12) 143"'41 (15) 16"' 8 ( 7) 7"' 3 (12) 2"' 2 ( 7) 
Dec 53'"2111 (11) 214'"52 (16) 59"'16 (11) 175"'47 (16) 21"'1111 ( 6) 8"' 3 ( 9) 2"' 1 ( 8) 

Mean 48"'24 (141) 21112"'49 (193) 72"'24 (136) 123"'52 (181) 13"'1111 ( 79) 1111"' 5 (116) 1"' 1 ( 87) 

elevated 'Be with undetectable 21'Pb at MLO reported in 1987 
(March 2-9, March 16-23, August 1-7) indicate periods when a 
significant descent of air masses from the upper troposphere or 
stratosphere may have occurred. 

The monthly 210 Pb concentrations at SPO are low with no 
detectable seasonal variation, reflecting the distance of SPO 
from 210Pb source regions. A seasonal cycle in the surface air 
concentrations of 'Be occurs at BRW, SMO, and SPO, and a 
seasonal cycle in 210Pb occurs at BRW and MLO. Larsen and 
Feely [1986] have related the seasonal variations of 7Be and 
210Pb at BRW to the transport of air masses poleward during the 
winter, and the seasonal variations of 2l0Pb at MLO to the 
transport of continental air masses to MLO during the spring. 
Feely et al. [1988] describe four factors that affect the surface 
air concentration of 7Be at a nmnber of the SASP sites. 

Acknowledgment. We wish to thank the NOANGMCC staff at 
BRW, MW, SMO, and SPO for the collection of air filter 
samples for the SASP. 
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Precipitation Chemistry 

R.S. AR1Z 

Air Resources Laboratory, NOAA, Silver Spring, Maryland 20910 

1. INTRODUCTION 

Routine precipitatiOn chemistry measurements continued at 
the 14 regional sites and at the four GMCC baseline stations. 
New daily monitoring protocol was instituted at three locations 
on the island of Hawaii and on the observatory roof in Samoa. 
A cooperative projec~ instituted through the University of 
Virginia and designed to measure organic acids in precipitation, 
continued with little change. 

2. BASELINE MEASUREMENTS 

Along with the initiation of the new collection protocol for 
the sites on Hawaii and Samoa, several other new projects were 
pursued at the background stations. Important events include 
the following: 

To reduce equipment washing requirements at SMO, an 
automatic wet-dry Aerochem Metrics sampler was shipped and 
installed. Because of the. drought and associated water problems 
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at the laboratory, no samples were collected using that sampler 
until December 1987. 

Several samples were collected by both the funnel and bottle 
collector, and the new Aerochem Metrics collector, during 
December at SMO. Preliminary indications from these samples 
and from paired samples similarly collected at MLO are that 
considerable dry deposition may be elevating precipitation ion 
concentrations, even with daily collection. To quantify such 
differences, a short-term intercomparison will be designed for 
studying the MLO samples. 

Although the new Dionex QIC and the aging Dionex Model 
10 are both currently operational, chloride data for SPO are not 
reported due to suspected column problems, and cations are not 
available (except for MLO) due to the current shortage of 
laboratory time. MLO monovalent cation values should be 
available in the next report after reanalysis. 

Figures 1-5 summarize the precipitation chemistry data for 
1987. 
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Fig. 1. Mon~ly precipitation weighted means for three sites on the 
island of Hawaii. 1987: Halai Hill, 22 Mile, MLO. 
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Fig. 2. Moothly precipitation at Hawaiian sites, 19F:l. 
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HAWAIIAN MONTHLY SULFAl E DATA 
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Fig. 3a. Monthly precipitation weighted sulfate means for the Hawaiian 
network, 1987. 
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Fig. 3b. Monthly precipitation weighted hydrogen ion means for the 
Hawaiian network,1987. 
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Fig. 3c. Monthly prec1p11ation weighted chloride means for the 
Hawaiian network, 1987. 
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Fig. 4. Monthly precipitation weighted hydrogen ion, sulfate, and 
nitrate ion means for SMO, 1987. 
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Fig. 5. Monthly average hydrogen ion, sulfate, and nitrate concentra
tions for snow samples collected at BRW and SPO, 1987. 



3. REGIONAL MEASUREMENTS 

A statistical comparison of precipitation data collected at the 
paired regional stations of Beeville and Victoria, Texas, and of 
Caribou and Presque Isle, Maine, was conducted for the purpose 
of determining whether stations violating siting protocols had 
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different precipitation chemistry results than stations sited 
according to network rules. Small differences were found 
between both Maine and Texas pairs, although differences were 
seldom statistically significant. As a result of this study, two 
regional stations, Victoria and one of the Maine stations, will be 
closed at the end of fiscal year 1988. 
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UVB Monitoring Data From Mauna Loa, Boulder, and Rockville 

DAVIDL. CORREll 

Smithsonian Environtnt!ntal Research Center, Box 28, Edgewater, Maryland 21037 

Our laboratory has been continuously monitoring surface 
irradiance in a series of eight 5-nm band passes in the UVB at 
these three locations with high-precision, accurately calibrated, 
interference filter radiometers. Long-term data sets are now 
being screened and analyzed before publication and archiving. 
The data include 1976 to the present at Rockville, Maryland 
(39'N, 77'W); from July 1987 to the present at Boulder, 
Colorado (40'N, 105'W); and August 1984 to the present at 
MLO (16'N, 156'W). 

Data file screening and editing include routine concerns, such 
as file format consistency; screening for data processing and file 
maintenance errors by testing for unreasonable ratios between 
channels, time of sunrise and sunset, and effects of cloud cover; 

corrections for calibration changes and equipment malfunction
ing; and altered equipment 'design. 

Until this process is completed, no data will be available. 
Requests for data or further infonnation should be directed to 
David L. Correll, Acting Director. at the address above. 

A new-generation 20-channel interference filter radiometer is 
under development and nearing completion. This new 
instrument features not only more optical channels and modem 
electronics, but improved PC-based data acquisition and 
PC-controlled choices of set gains over 3 orders of magnitude 
for different channels in the same operational instrument. Both 
present radiometers and radiometers under development operate 
as cosine collectors. 
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Nitric Acid and Aerosol Nitrate Variations at Mauna Loa 

B.J. HUEBERT AND W.M. WARREN 

Graduate Sclwol of Oceanography, University of Rhode Island, Narragansett, Rhode Island 02882-1197 

1. lNTRODUCllON 

Much of the NO and N02 that is emitted into the atmosphere 
is converted to nitric acid vapor or aerosol nitrate before it is 
removed by dry or wet deposition. This conversion to nitrate is 
largely complete within a few days of the odd-nitrogen's 
emission; therefore, in remote areas such as at MLO, the total 
nitrate concentration (vapor plus aerosol) represents a fair 
estimate of the total odd-nitrogen concentration. It is possible 
that there may be similar amounts of PAN at high altitudes in 
clean air, but at this writing measurements are still too few to 
test this hypothesis. 

With support from NSF, we measured nitrate concentrations 
at MLO for several years to help identify the important sources 
of odd-nitrogen compounds in remote _parts of the globe 
[Ga/asyn eta/., 1987a, !987b; Robinson and Harris, 1987]. In 
1987 we initiated a program of sampling from the new wa!kup 
tower to minimize the effects of dry surface deposition of nitric 
acid on our nitric acid measurements. 

2. MATERIALS AND METBODS 

We use a teflon/nylon filter pack method for collecting 
atmospheric nitrate. The filter packs are exposed by a 
sequential sampler during 8-day visits to the site approximately 
every 2 months. Filters are returned to the laboratory for 
extraction and analysis by ion chromatography. Our fmal data 
are sorted using three criteria (wind direction. humidity. and CN 
count) to eliminate those samples that have been influenced by 
local sources on the island. 

OUr tower sampling was sporadic during 1987 because it had 
to be performed manually. The difficulties associated with 
nighttime filter changes limited our ability to observe diurnal 
changes from the tower. However, we have just finished 
fabricating and installing an automated sampler on the tower to 
facilitate such measurements in the future. 

3. RESULTS AND DISCUSSION 

3.1. DIURNAL VARIATION 

At our earlier sampling site (about 1.5 m above the surface), 
we folllld a distinct diurnal cycle in nitric acid concentration, 
even when we removed the island-influenced samples. 
Nighttime concentrations were sometimes only half the daytime 
values. We believe this was the result of the rapid dry 

deposition of nitric acid vapor, which is resupplied from the free 
troposphere more rapidly in the daytime than at night. 

Our preliminary tower sampling supports this idea, since the 
few day/night sampling data sets we collected at about 26 m 
show no apparent diurnal variation. We also fo\Uld that nitric 
acid vapor concentrations decreased near the surface, while 
aerosol nitrate did not appear to have an altitude gradient The 
nitric acid gradient was steepest during the stable nighttime 
hours. These observations are understandable in view of the 
rapid dry deposition of nitric acid vapor. 

3.2. ANNuAL V AR!ATION 

We have observed a sharp maximum in mtnc acid and 
aerosol nitrate concentrations in the late swnmer. Possible 
reasons for this peak include reduced loss rates during this time 
period (which seems unlikely), increased natural sources (such 
as lightning in the ITCZ, which is closer in summer), and 
increased transport of anthropogenic material to MLO. One 
possible an~opogenic source is the North American continent, 
which is in the general direction of the origin of MLO back 
trajectories. We still have too little tower data to say what effect 
seasonal variations in surface deposition may have had in 
generating the annual variability we noted near the surface. 

We hope that the study of the late-sununer nitric acid 
maximwn will lead to improvements in our ability to describe 
those coastal eddies and diurnal flows that are missed by 
trajectories using input winds from GCMs. The search for an 
explanation of the maximum continues to stimulate our 
research. 

4. ONGOJNG RESEARCH 

We are now making our routine measurements from the 
tower in an attempt to clarify the role of dry deposition and 
assess the actual variability of nitric acid in the free troposphere. 
We are planning to participate in a joint program with numerous 
other investigators during the spring of 1988 to study the clean 
troposphere's nitrogen cycle at MLO in much greater detail. 

We are also trying to arrange for daily sampling throughout 
the year to see if the relatively high concentrations we observed 
in August were simply an infrequent "event" that may not be 
representative of the norm at MLO. To address this possibility 
we clearly must change to an inclusive sampling strategy, even 
though it will require some local assistance for weekly sample 
changes. 
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11. International Activities, 1987 

During September 21-25, B. Bodhaine and R. Schnell 
traveled to Leningrad, U.S.S.R., to attend the Arctic Aerosol 
Symposium under the U.S.-U.S.S.R. bilateral agreement, 
Working Group Vlll. This was the frrst opportunity for U.S. 
and U.S.S.R. scientists to work together on the Arctic haze 
problem. The symposium was held at the Arctic and Antarctic 
Research Institute in Leningrad, and was attended by eight 
members of the U.S. delegation and many Soviet scientists from 
Leningrad and Moscow. 

B. Bodhaine, R. Schnell, and G. Herbert attended the Fourth 
International Symposium on Arctic Air Chemistry during 
September 29-0ctober 2 at Hurdal, Norway. This meeting was 
hosted by the Norwegian Institute for Air Research and was 
devoted to the Arctic haze problem, particularly the question of 
long-range transport. Many of the results of the AGASP 
experiments were reported by scientists from many nations at 
this meeting. 

On February 7-11, J. DeLuisi and three other U.S. repre
sentatives participated in a Working Group Vlli meeting in the 
Soviet Union. The meeting was hosted by the Aerological 
Observatory at Moscow. The purpose was to provide a briefmg 
by each side on the research being conducted on the 
stratospheric ozone depletion problem, and to suggest coopera
tive research projects that would involve combining scientific 
expertise and resources for solving experimental and theoretical 
research problems. 

A cooperative South Pole Observatory lidar project was 
organized between the University of Rome, Italy, and GMCC. 
The University of Rome effort, headed by G. Fiocco, supplied a 
complete lidar system and trained the GMCC observers. The 
GMCC effort, coordinated bY J. DeLuisi, provided the 
winter-over observers, modifications to the NSF Clean Air 
Facility roof (partly supplied by NSF), and a frost-proof window 
in the roof. The lidar measurement project will provide valuable 
data on cloud structure, aerosol structure, and polar stratospheric 
clouds. 

In November, P. Franchois traveled to SPO to assist with 
ozonesonde flights and to install software for processing the 
sonde data on site. Upon his return trip, P. Franchois visited the 
DSIR Observatory in Lauder, New Zealand, where the use of 
similar software for processing ozonesonde data was 
implemented. 

During the summer, optical adjustments were made in 
Boulder by R.D. Grass to Portuguese Dobson spectrophotometer 
no. 13, new electronics were installed into the instrwnent, and 
the instrwnent was recalibrated relative to World Primary 
Standard Dobson instrument no. 83. 

During January and February, R. Evans installed automated 
Dobson spectrophotometer no. 72 at Lauder, New Zealand. The 
site is one of six NOAA and NOAA-foreign cooperative 
observatories where Umkehr observations are made routinely. 
R. Evans traveled to Huancayo Observatory, Peru, in August to 
repair automated Dobson spectrophotometer no. 87 located 
there, and to train observers in operation of the instrwnent. 

P. Steele was appointed to the Source Gases Working Group 
of the Ozone Trends Panel. He wrote the section on 

atmospheric methane for the report of this panel. The report is 
due to appear in 1988 and updates WMO Report No. 16: 
At11Wspheric Ozone 1985. 

J. Butler and K. Egan participated in the SAGA-IT 
experiment aboard the Soviet research vessel Akademik Korolev 
from May 30 to August 10. J. Elkins, T. Thompson, and T. 
Conway assisted J. Butler in setting up GC's on April26 to May 
2 before the Korolev left Hilo, Hawaii. J. Elkins discussed the 
cruise results with V. Koropolov and A. Shashkov in Hila, 
Hawaii, near the end of SAGA-IT from July 28 to August 1. The 
results of the cruise are discussed in section 8.2 of this report. 

J. Elkins was a cochairman of the International Workshop on 
Nitrous Oxide, held September 15-16 in Boulder. T. Thompson 
and K. Egan attended the workshop and its special sessions. 
The purpose of the workshop, which was cosponsored by EPA, 
NOAA, USDA, and NASA, was to evaluate our current 
understanding of N20 in the atmosphere and sources of N20 
from combustion. 

J. Elkins, R. Schnell, M. Luria, and H. Sievering attended the 
Sixth lnJernational Symposium on Global At11Wspheric Chemisty 
of the Co~ssion on Atmospheric Chemistry and Global 
Pollution, Peterborough, Ontario, Canada, August 25-29. J. 
Elkins was a coauthor of a position paper on "Intercomparisons 
of Standards and Instroments" in the Global Trends and 
Distributions section following the CACGP meeting. 

J. Elkins set up a cooperative program between the NOAH 
group and N. Trivett of the Atmospheric Environment Service 
Canada, to begin taking flask samples for N,O, CFC-12, and 
CFC-11 at their Alert station in the Northwest Territories of 
Canada. 

At the request of K. Higuchi of Atmospheric Environment 
Service Canada, G. Herbert participated in the Arctic Regional 
Modeling Workshop in Downsview, Ontario, May 24-26. He 
presented a paper titled "GMCC Long-Range Transport Models" 
at the workshop. 

H. Bridgman of the University of New Castle, NSW, 
Australia, completed a 1-yr appointroent at GMCC in August as 
a guest scientist. During this productive time in Boulder, he 
participated in analysis of AGASP and W ATOX data, and 
coauthored more than ten manuscripts. 

Attendees at the March GMCC Arroual Meeting in Boulder 
included K. Higuchi, N. Trivett, S. Syminton, R. Bojkov, and G. 
Shah of Canada, H. Bravo of Mexico, G. Ayers of Australia, 
and K. Labitzke of Federal Republic of Germany. 

A Soviet delegation represented by A. Frolov, V. Ivanov, A. 
Ivanovsky, and V. Rudakov visited GMCC under Working 
Group VIll during May-June. They received training on the use 
of ozonesondes, discussed Umkehr cooperative research. arid 
planoed further joint programs. J. Peterson attended the anoual 
Working Group VJJI planning meeting in Princeton, New 
Jersey, in November. At that time the protocol for 1988 was 
negotiated. 

GMCC provided 60 ozonesonde systems to the U.S.S.R. 
under the WG VITI bilateral agreement. Soviet scientists were 
to fly the ozonesondes from their Antarctic base during 1988 as 
part of the Antarctic ozone hole research program. 
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12. Publications and Presentations by GMCC Staff, 1987 

Aimedieu, P., W.A. Mathews, W. Attmannspacher, R 
Hartmannsgruber, J. Cisneros, W. Kornhyr, and D.E. Robbins, 
Comparison of in situ stratospheric ozone measurements obtained 
during the MAP/GLOBUS 1983 campaign. PlaMt. Space Sci., 35(5), 
563-585, 1987. 

Boatman, J., and D. Henderson, Grand Canyon wind study aids in 
smoke management, Park Sci., 6(4), 18·19,1987. 

Boatman, J.F., and D.L Wellman, An aerosol separator for use in 
aircraft, paper A31B-14 presented at the AGU Fall Meeting, San 
Francisco, Calif., December7-11, EOS, 68, 1221, 1987. 

Bodhaine, B.A., Surface aerosol measurements at Barrow, Alaska, paper 
presented at the Arctic Aerosol Symposium, Leningrad, U.S.S.R., 
September 18-27, 1987. 

Bodhaine, B.A., JJ. DeLuisi, J.M. Hanis, P. Houmere, and S. Bauman, 
PIXE analysis of South Pole aerosol, Nuclear /nslr. Melh., B22, 
241-247, 1987. 

Bodhaine, B.A., E.G. Dutton, J.J. DeLuisi, G.A. Herbert, G.E. Shaw, 
and A.D.A. Hansen, Surface aerosol measurements at Barrow during 
AGASP~II, paper presented at the Fourth Symposium en Arctic Air 
Chemistry, Hurdal, Norway, September 29~0ctober 2, 1987. 

Bridgman, H.A., G.A. Herbert, R.C. Schnell, A major haze event near 
Point Barrow, Alaska during AGASP~II. April 2-3, 1986, paper 
presented at the Fourth International Symposium on Arctic Air 
Chemistry, Hurdal, Norway, September29-0ctober2,1987. 

Bridgman, H., B. Stunder, R Artz, G. Rolpb, R Schnell, B. Bodhaine, 
and S. Oltmans, Meteorological and aerosol measurements from the 
NOAA WP-3D aircraft during WATOX-86, January 4-9, 1986, NOM 
Tech. Memo. ERL ARL-156, 65 pp., NOAA Alr Resources Laboratory, 
Silver Spring, Md., 1987. 

Butler, J.H., K.B. Egan, J.W. Elkins, and T.M. Thompson, Nitrous oxide 
in the atmosphere, surface water, and at depth for the western Pacific 
and eastern Indian Oceans, paper A31B-02 presented at the AGU Fall 
Meeting, San Francisoo, Calif., December 7~11, EOS, 68(44), 1220, 
1987. 

Butler, J.H., R.D. Jenes, J.H. Garber, and LI. Gordon, Seasonal 
distributiens and turnover of reduced trace gases and hydroxylamine 
in Yaquina Bay, Oregen, Geochim. Cosmochim. Acta, 51(3), 691~106, 
1987. 

Chaumerliac, N., E. Richard, J.P. Pinty, and E.C. Nickersen, Sulfur 
scavenging in a mesoscale model wilh quasi~spectral microphysics: 
two-dimensional results for continental and maritime clouds, J. 
Geoplrys. Res., 92,3114-3126, 1987. 

Christoffersen, R.D., and D.A. Gillette, A simple estimator of the shape 
factor of the two-parameter Weibull distribution, J. Clim. Appl. 
Meteorol., 26, 323-325, 1987. 

De Foor, T. E., and E. Robinson, Stratospheric lidar profiles from 
Mawta Loa Observatory, Winter 1985~86, Geophys. Res. Leu., 14, 
618-621, 1987. 

Dickerson, R.R., G.J. Huffman, W.T. Luke, LJ. Nunnennacker, K.E. 
Pickering, A.C.D. Leslie, C.G. Lindsey, W.G.N. Slinn, TJ. Kelly, 
P.H. Dawn, A.C. Delany, J.P. Greenberg, P.R. Zimmerman, J.F. 
Boatman, J.D. Ray, and D.H. Stedman, Thunderstorms: An important 
mechanism in the transport of air pollutants, Scknce, 235;460-465, 
1987. 

Dutton, E.G., and JJ. DeLuisi, Aerosol opitcal depth and ratios of 
diffuse-sky to tOlal solar irradiance measured from aircraft following 
the eruption of El Chichon, NOAA Data Rep. ERL ARL~12, 32 pp., 
NOAA Alr Resources Laboratory, Silver Spring, Md., 1987. 

Outten, E.G., JJ. DeLuisi, and A.P. Austring, Meas.urements of solar 
radiation at Mauna Loa Observatory, 1978~1985, with emphasis on the 
effects of the eruption of El Chichon, NOAA Data Rep. ERL ARL~13, 
35 pp., NOAA Air Resources Laboratory, Boulder, Colo.,1987. 

Elkins, J.W., Measurement techniques for atmospheric nitrous oxide, 
paper presented at the International N20 Workshop, Boulder, Colo., 
September 15-16, 1987. 

Elkins, J.W., N20 sources and sinks in aquatic ecosystems, paper 
presented at the International N20 Workshop, Boulder, Colo., 
September 15-16,1987. 

Elkins, J.W., and M. Zahniser, Infrared measurements methods for 
nitrous oxide., in EPA Research and Development Report 
EPA-60018-86-035, edited by W.S. Lanier and S.B. Robinson, 97-101, 
Energy and Environmental Research Corp., Chapel Hill, N.C., 1986. 

Elkins, J.W., T.M. Thompson, K.B. Egan, J.H. Butler, and W.D. 
Komyhr, Nitrous oxide, halocatbons F~ 11 and F-12 from GMCC 
baseline statiens, paper DT P 16 presented at Sixth International 
Symposium of the Commissien on Atmospheric Chemistry and Global 
Pollution, Trent University, Peterborough, Ontario, Canada, August 
23-29, 1987. 

Feely, R.A., R.H. Gammen, B.A. Taft, P.E. Pullen, L.S. Waterman, TJ. 
Cenway, J.F. Gendron, and D.P. Wisegarver, Distribution of chemical 
tracers in the eastern equatorial Pacific during and after the 1982~ 1983 
El Nino/Southern Oscillation event, J. Geophys. Res., 92, 6545-6558, 
1987. 

Gaudry, A., T J. Conway, and L.S. Waterman, Report on the intercom
parison between the atmospheric C02 concentrations obtained at 
Amsterdam Island by the National Oceanic and Atmospheric 
Administration and the Centre des Faibles Radioactivites, Internal 
report of the Centre des Faibles Radioactivites, 15 pp., Gig-Sur
Yvette, France, 1987. 

Gillette, D.A., W.D. Komhyr, L.S. Waterman, L.P. Steele, and R.H. 
Gammon, The NOANGMCC continuous C02 record at the South 
Po1e, 1975-1982,]. Geophy.s. Res., 92, 4231-4240, 1987. 

Herbert, G.A., GMCC long~range transport models, paper presented at 
the Canadian Workshop on Arctic Regional Modeling, Downsview, 
Ontario, Canada, May 25~26, 1987. 

Herbert, G.A., H.A. Bridgman, J.M. Harris, B.A. Bodhaine, and R.C. 
Schnell, Meteorology and atmospheric tranport during AGASP~IT, 
paper presented at the Fourth Symposiwn on Arctic Alr Chemistry. 
Hurdal, Norway, September 28~0ctober 2, 1987. 

Herbert, G.A., H.A. Bridgman, R.C. Schnell, B.A. Bodhaine, and SJ. 
Oltmans, The analysis of meteorological conditions and haze 
distributien for the second Arctic Gas and Aerosol Sampling Program 
(AGASP-1!), March-April 1986, NOM Tech. Memo. ERL ARL-158, 
67 pp., NOAA Alr Resources Laboratory, Silver Spring, Md., 1987. 

Herbert, G.A., E.R. Green, G.L. Koenig, and K.W. Thaut, Monitoring 
instrumentation for the continuous measurement and quality assurance 
of surface weather observations, paper presented at the Sixth 
Symposium on Meteorological Instrumentation, American 
Meteorological Society, New Orleans, La., January 12~16,1987. 

Komhyr, W .D., Ozone measurements to 40 km with ECC ozone sondes, 
Promet, DeUtcher Wetterdienst, SchOn and Wetzel GmbH, Frankfurt 
(Main), FRG, 29-31, 1987. 

Komhyr, ,W.D., Vertical distribution of ozone at Hilo, Hawaii, 
1982-1986, paper A51A-10 presented at the Fall AGU meeting, San 
Francisco, Calif., December 7-11, EOS 68(44}, 1232, 1987. 

Komhyr, W.D., P.R. Franchois, B.C. Halter, and C.C. Wilson, ECC 
ozonesonde observations at South Pole. Antarctica, during 1986, 
NOAA Data Rep. ERL ARL-11, 213 pp., NOAA Air Resources 
Labonotory, Boulder, Colo., 1987. 

Luria, M., C.C. Van Valin, J.F. Boatman, D.L. Wellman, and R.F. 
Pueschel, SuHur dioxide flux measurements over the Western Atlantic 
Ooean, Atmos. Environ., 21(7), 1631-1636, 1987. 

Luria, M., C.C. Van Valin, D.L. Wellman, H. Sievering, J.F. Boatman, 
J.N. Galloway, and W.C. Keene, On the relationship between dimethyl 
sulfide and sulfate ions in the mid~Atlantic Ocean atmosphere, paper 
A12-10 presented at the AGU Fall Meeting, San Francisco, Calif., 
December 7-11, EOS, 68, 1212, 1987. 

Mahfouf, J.F., E. Richard, P. Mascart, E.C. Nickerson, and R. Rosset, A 
comparative study of various parameterizations of the planetary 
boundary layer in a nwnerical mesoscale model, J. Clim. Appl. 
Meteoro/., 26, 1672-1695, 1987. 



Massey, D. M., T. K. Quakenbush, and B. A. Bodhaine, Condensation 
nuclei and aerosol scattering extinction measurements at Mauna Loa 
Observatocy: 1974-1985, NOAA Data Rep. ERL ARL-14, 174 pp., 
NOAA Air Resources Laboratory, Silver Spring, Md., 1987. 

Matthews, W.A., P. Aimedieu, G. Megie, J. Pelon, W. Atbnannspacher, 
W. Komhyr, P. March~ J. DeLa Noe, P. Rigaud, D.E. Robbins, and 
P.C. Simon, General comparison of ozone venical profiles obtained by 
various techniques during the 1983 MAP/GLOBUS campaign, Planet. 
Space Sci., 35(5}, 603-6a7, 1987. 

Matthews, W.A., W.D. Komhyr, and P.R. Franchois, Ozonesonde 
observations at Lauder, New Zealand, during the spring and early 
summer of 1986, PEL Rep. No. 960, 156 pp., Department of Scientific 
and Industrial Research, Physics and Engineering Laboratory, Lower 
Hun, New Zealand,1987. 

Nelson, D., R. Haas, J. DeLuisi, and G. Zerlaut, Results of the NRIP-7 
intercomparison, November 18-21, 1985, NOAA Tech. Memo. ERL 
ARL-161, 108 pp., NOAA Air Resources Laboratory, Silver Spring, 
Md.,l987. 

Newchurch, M.J., G.W. Grams, D.M. Cunnold, and JJ. DeLuisi, A 
comparison of SAGE 1, SBUV, and Umkehr ozone profiles including 
a search for Umkehr aerosol effects, J. Geophys. Res., 92, 8382-8390, 
1987. 

Peterson, J.P., Atmospheric greenhouse gases: recent trend, paper 
presented at the Eightieth Annual Meeting of the Air Pollution Control 
Association, New York, N.Y., June 21-26,1987. 

Ray, J.D., M. Luria, and C.C. Van Valin, Latitudinal changes of 
atmospheric hydrogen peroxide durjng sununer, paper Al2-02 
presented at the AGU Fall Meeting, San Francisco, Calif., December 
1-li,EOS,68,!2!2,!981. 

Reinking, R., and J.F. Boatman, Upslope precipitation events, in 
Mesoscale Meteorology and Forecasting, edited by P. Ray, American 
Meteorological Society, Boston, Mass., 437-463, 1987. 

Reinsel, G.C., G.C. Tiao, A.J. Miller, DJ. Wuebbles, P.S. Connell, C.L. 
Mateer, and J.J. DeLuisi, Statistical analysis of total ozone and 
stratospheric Umkehr data for trends and solar cycle relationship, J. 
Geophys. Res .. 92, 2201-2209, 1987. 

Richard, E., N. Chaumerliac, J.F. Mahfouf, and E.C. Nickerson, 
Numerical simulation of orographic enhancement of rain with a 
mesoscale model, J. Clim. Appl. Meteorol., 26, 661-669, 1987. 

Robinson, E.,. Book Review: R. E. Muon and H. Rodhe, Compendium 
of Meteorology, Volume IT, Part 6, Air Chemistry and Air Pollution 
Meteorology, WMO No. 364, World Meteorological Organization, 
209 pp., Geneva, Switzerland, 1985, Water Air Soil Poll., 33, 441448, 
1987. 

Robinson, E., and T.E. DeFoor, Stratospheric aerosol conditions over 
Mawta Loa during recent volcanic interregnum periods, paper M2-67 
presented at IUGG/IAMAP meeting, Vancouver, British Columbia, 
August 1987. 

Robinson, E., and J. Harris, Comment on "Seasonal and diurnal 
variability of nitric acid vapor and ionic aerosol species in the remote 
free troposphere at Mauna Loa, Hawaii" by J.F. Galasyn. K.L. 
Tschudy, and B. J. Huebert,J. Geophys. Res., 92,14865-14867,1987. 

Ruhnke, L.H., and R.C. Schnell, Arctic Haze, paper presented at the 
DOD Symposium and Workshop on Arctic and Arctic-Related 
Environmental Sciences, Washington, D.C, January 27-30, 1987. 

Schnell, R.C., Arctic haze measurements from aircraft during AGASP I 
and IT, paper presented at the Arctic Aerosol Symposium, Leningrad, 
U.S.S.R., September 18-27, 1987. 

Schnell, R.C., Gas and aerosol distribution in the Arctic during 
AGASP-IT, paper presented at the Fourth International Symposium on 
Arctic Air Chemistry, Hurdal, Norway, September 29-0ctober 2, 
1987. 

Schnell, R.C., Long range transport of anthropogenic pollutants into the 
Arctic, paper presented at the Sixth International Symposium of the 
Commission on Atmosheric Chemistry and Global Pollution, 
Peterborough, Canada, August 23-29,1987.-

Schnell, R.C., Use of a NOAA WP-3D with multi-sensor gas and 
aerosol sampling systems: W A TOX and AGASP-IT, 1986, Proceed
ings, Second Airborne Science Workshop, p. 151, University of 
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Miam~ Miami, Fla., Februacy 3-6, 1987. 
Schnell, R.C., and R. M. Rosson, Geophysical Monitoring for Qimatic 

Change, No. 15: Summacy Report 1986, !55 pp., NOAA Air 
Resources Laboratory, Boulder, Colo.,l987. 

Schnell, R.C., H.A. Bridgman, P.S. Naegele, and T. Watson, The 
NOAA WP-30 meteorological, aerosol, and gas systems and flight 
operations on WATOX-86, WATOX Special Issue, Global 
Biogeoch£m. Cycles,], 297-3rJ7,1987. 

Sheridan, P.J., and RC. Schnell. Cascade impactor studies of aerosol 
collected during AGASP-IT, flights 201-203, paper presented at the 
Fourth International Symposium on Arctic Air Chemistry, Hurdal, 
Norway, September29-0ctober2,1987. 

Sievering, H., Comments on "Evaluation of accuracy with which dry 
deposition can be measured with current micrometeorological 
techniques", J. Clim. Appl. Meteorol., 26, 652, 1987. 

Sievering, H., Dynamics of sulfur exchange at the air/forest canopy 
interface: A review of throoghfall inferred deposition rates, Global 
Biogeochem. Cycles,l(3), 233-249, 1987. 

Sievering, H., Midwest/Western/Eastern U.S. precipitation and aerosol 
sulfate: Differences attributable to natural source inputs?, Atmos. 
Environ., 21, 2525-2530, 1987. 

Sievering, H., Small particle eddy flux measurements at the BAO: 
Deposition under high windspeed conditions, Atmos. Environ., 21, 
2179-2185, 1987. 

Sievering, H., J. Boatman, H. Horvath, M. Luria, and C.C. Van Valin, 
Heterogeneous conversion of . S02 to SO 4 in coarse fraction 
sea-derived aerosol, paper presented at AGU, San Francisco, Calif., 
December7-11, 1987. 

Sievering, H., J.F. Boatman, L. Gunter, H. Horvath, D. Wellman, and S. 
Wilkison, Size distribution of sea-source aerosol particles: A physical 
explanation of obsetved differences, nearshore vs. open sea, J. 
G•ophys. Res., 92, 14850-14860, 1987. 

Steams, L.P., Aspects of the local circulation at the Grand Canyon 
during the fall season, J. Clim. Appl. Meteorol., 26, 1987. 

Steele, L.P., P.J. Fraser, R.A. Rasmussen, M.A.K. Khalil, T.J. Conway, 
A.J. Crawford, R.H. Gammon, K.A. Masarie, and K.W. Thoning, The 
global distribution of methane in the troposphere, J. Atmos. Chem., 5, 
125-171,1987. 

Steele, L.P., K.A. Masarie, P.M. Lang, and R.C. Martin, The distribution 
and growth rate of abnospheric methane, paper presented at the Sixth 
International Symposium of the Commission on Atmospheric 
Chemistry and Global Pollution, Trent University, Peterborough, 
Ontario, Canada, August 23-29,1987. 

Van Valin, C.C., and E. Ganor, Air pollution measurements at the 
Boulder Atmospheric Observatory, Water Air Soil Pollwt., 35, 
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Van Valin, C.C., H. Berresheim, M.O. Andreae, and M. Luria, Dimethyl 
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Van Valin, C.C., M. Luria, D.L. Wellman, R.L. Gunter, and R.F. 
Pueschel, Natural sulfur flux from the Gulf of Mexico: Dimethyl 
sulfide, carbonyl sulfide, and sulfur dioxide, NOAA Tech. Rep. ERL 
432-ARL 9, 14 pp., NOAA Air Resources Laboratory, Boulder, Colo., 
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Van Valin, C.C., J.D. Ray, J.F. Boatman, and R.L. Gunter, Hydrogen 
peroxide in air during winter over the Sooth-Central United States, 
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ACR 
ADN 
ADR 
AES 
AGASP 
ALE 
ANATEX 
AOML 
AOU 
ARL 
ARM 
ASCS 
ASR 
AQG 
BAPMoN 
BRAM 
BRW 
CACGP 
CAF 
CAMS 
CFC 
CFC-11 
CFC-12 
CGO 
CIRES 
C.L. 

'CMO 
CN 
CNC 
CNRS 
CRT 
CSIRO 
csu 
CURTAIN 
DEC 
DEW 
DMS 
DOE 
DOl 
DSIR 
DOY 
DU 
DWR 
EC 
ECC 
ECD 
EC-GC 
ECMWF 
EG&G 
EKTO 
EML 
ENSO 
EPA 
ERL 

13. Acronyms and Abbreviations 

active cavity radiometer 
Automated Dobson Network 
Adrigole, Ireland (ALE/GAGE station) 
Atmospheric Environment Service, Canada 
Arctic Gas and Aerosol Sampling Program 
Abnospheric Lifetime Experiment 
Across North America Tracer Experiment 
Atlantic Oceanographic and Meteorological Laboratory, Miami, Florida (ERL) 
apparent oxygen utilization 
Air Resources Laboratory, Silver Spring, Maryland (ERL) 
Aerosols and Radiation Monitoring Group, Boulder, Colorado (GMCC) 
Alaska Soil Conservation Service 
Aerosols and Solar Radiation 
Air Quality Group, Boulder, Colorado (GMCC) 
Background Air Pollution Monitoring Network 
battery random access memory 
Barrow Observatory, Barrow, Alaska (GMCC) 
Commission on Atmospheric Chemistry and Global Pollution 
Clean Air Facility 
Control and Monitoring System 
chlorofluorcarbon 
trichlorofluoromethane 
dichlorodifluoromethane 
Cape Grim Observatory, Australia, (CSIRO and ALE/GAGE station) 
Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, Colorado 
confidence level 
Cape Meares, Oregon (ALE/GAGE station) 
condensation nuclei 
condensation nucleus counter 
Centre National de la Recherche Scientifique 
cathode ray tube 
Commonwealth Scientific and Industrial Research Organization, Australia 
Colorado State University 
Central United States RADM Test and Assessment Intensives 
Digital Equipment Corporation 
distant early warning 
dimethyl sulfide 
Department of Energy 
Department of Interior 
Department of Scientific and Industrial Research, New Zealand 
day of year, Julian 
Dobson writ 
Daily Weather Report 
elemental carbon 
electrochemical concentration cell 
electron capture detector 
electron capture gas chromatograph 
European Center for Medium-Range Weather Forecasts 
Edgerton, Grier, and Gennerhausen, Inc. 
(a commercial name for a prefabricated building) 
Environmental Measurements Laboratory (DOE) 
El Niiio/Southem Oscillation 
Environmental Protection Agency 
Environmental Research Laboratories, Boulder, Colorado (NOAA) 



FID 
FIDO 
FRG 
Fr 
FWNIP 
GAGE 
GC 
GCM 
G.E. 
GFDL 
GLOBE 
GMCC 
GPCP 
GSA 
GTE 
HAO 
HASL 
HP 
lBM 
IGP 
IR 
ISWS 
ITCZ 
LAWS 
LEAPS 
LED 
LOPC 
LST 
LORAN 
MASC 
MLO 
M03 
MLRA 
MSL 
MTG 
NADP 
NAPAP 
NARL 
NASA 
NBS 
NCAR 
NDIR 
NESDIS 
NlP 
NOAA 
NOAH 
NRBS 
NRI 
NRIP 
NSF 
NWR 
NWS 
NWT 
NZARP 
OAO 
OGC 
PAN 
PC 

flame ionization detector 
(electronic bulletin-board system for lBM PC) 
Federal Republic of Germany (West Germany) 
Fourier transform 
filter wheel normal incidence pyrheliometer 
Global Atmospheric Gases Experiment 
gas chromatograph 
general circulation model 
General Electric 
Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey (ERL) 
Global Backscatter Experiment 
Geophysical Monitoring for Climatic Change, Boulder, Colorado (ARL) 
Global Precipitation Chemistry Project 
General Services Administration 
General Telegraphic Electronics 
High Altitude Obsetvatory 
Health and Safety Laboratory (EPA) 
Hewlett-Packard 
International Business Machines 
Institute Geoftsico del Peru 
infrared 
Illinois State Water Sntvey 
inter tropical convergence zone 
Laser Atmospheric Wind Sounder 
Low Electron Attachment Potential Species 
light-emitting diode 
laser optical particle counter 
local standard time 
long-range aid to navigation 
Mountain Administrative Support Center, Boulder, Colorado 
Mauna Loa Observatory, Hawaii (GMCC) 
meteorology and ozone (CAMS unit) 
Major Land Resources Area 
mean sea level 
Monitoring Trace Gases Group, Boulder, Colorado (GMCC) 
National Atmospheric Deposition Program 
National Acid Precipitation Assessment Program 
Naval Arctic Research Laboratory, Barrow, Alaska 
National Aeronautics and Space Administration 
National Bureau of Standards 
National Center for Atmospheric Research, Boulder, Colorado 
non-dispersive infrared analyzer 
National Environmental Satellite, Data, and Information Service 
normal incidence pyrheliometer 
National Oceanic and Atmospheric Administration 
Nitrous Oxide And Halocarbons Group, Boulder, Colorado (GMCC) 
non-Rayleigh backscatter · 
National Resource Inventory 
New River Intercomparison of Pyrheliometers 
National Science Foundation 
Niwot Ridge, Colorado 
National Weather Service 
Northwest Territories, Canada 
New Zealand Antarctic Research Program 
Offtce of Aircraft Operations 
Oregon Graduate Center, Beaverton, Oregon 
peroxyacepyl nitrate 
personal computer 
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P.I. 
PLOT 
PMEL 
PRECP 
PROM 
p' 
RADM 
RITS 
RL-2 
RPB 
SAFE 
SAGA 
SAGE 
SASP 
SBUV 
s.d.· 
SEASPAN 
SERJ 
SIO 
SLPM 
SMO 
SOLRAD 
SUNY A 
SPO 
SRF 
SRM 
STP 
TOGA 
TOMS 
TSI 
UAF 
VIC 
UPS 
URAS 
URI 
USDA 
USGS 
uv 
WASC 
WATOX 
WERJS 
WMO 
WPL 
ZRAM 
ZSCD 

Principal Investigator 
porous-layer, open tubular (columns) 
Pacific Marine Environmental Laboratory, Seattle, Washington (ERL) 
Processing of Emissions by Clouds and Precipitation Experiment 
progranunable read-only memory 
Portable Pressurizer Pack (air sampler) 
Regional Acid DeJX>sition Model 
Radiatively Important Trace Species 
Research Laboratory No. 2, Boulder, Colorado 
Ragged Point, Barbados (ALE/GAGE station) 
Southeastern Alaska Flux Experiment 
Soviet-American Gas and Aerosol (Experiment) 
Stratospheric Aerosol and Gas Experiment 
Surface Air Sampling Program 
solar backscattered ultraviolet (satellite ozone instrument) 
standard deviation 
SEAREX South Pacific Aerosol Network 
Solar Energy Research Institute 
Scripps Institution of Oceanography, La Jolla, California 
standard liters per minute 
Samoa Observatory, American Samoa (GMCC) 
solar radiation 
State University of New York at Albany 
South Pole Observatory, Antarctica (GMCC) 
Solar Research Facility 
standard reference material 
standard temperature and p~:essure (O'C and 1 atm) 
Tropical Ocean Global Atmosphere 
Total Ozone Mapping Spectrometer 
Thermo Systems Incorporated 
University of Alaska, Fairbanks 
Ukpiagvik Inupiat Corporation 
uninterruptable power supply 
(a commercial C02 analyzer) 
University of Rhode Island, Kingston, Rhode Island 
United States Department of Agriculture 
United States Geological Survey 
ultraviolet 
Western Administrative Sevice Center, Seattle, Washington 
Western Atlantic Ocean Experiment 
Wind Energy Resource Information System 
World Meteorological Organization, Geneva, Switzerland 
Wave Propagation Laboratory, Boulder, Colorado (ERL) 
"Z" random access memory 
zenith-sky cloud detector 
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