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GEOPHYSICAL MONITORING FOR CLIMATIC CHANGE 
NO, 2 

SUMMARY REPORT - 1973 

1. SUMMARY 

The Geophysical Monitoring for Climatic Change (GMCC) program objec­
tives remain the same: collection of accurate observations of atmospheric 
trace constituents, maintenance of data qua lity, presentation of these 
data for i nterpretation by the scientific community and by Gt~CC staff. 

During 1973, there was the beginni ngs of a shift from the previous 
emphasis on establi sh ing observatories, which had consumed most of the 
effort and resources, to developing uniform operating and report in g pro­
cedures. The amount of data has increased and th i s has led to the design 
of centra l i zed data handl i ng methods to cope \'Ii th the fl ood of i nforma­
tion expected in 1974 and 1975. 

The major physical changes within the observatory network occurred 
with the comp letion of the total ozone observational dome at Point 
Barro~1 (Dobson spectrophotometer faci 1 i ti es), the preparatory des i gn 
work for major additions to the South Pole program during tile 1973-74 
austral summer, and the construction of a sampl in g tower at Samoa for the 
cooperat i ve National Ocean ic and Atmospheric Adm in istration (NOAA) -
Nat ional Center for Atmospheric Research (NCAR) program. 

The programs at the several observatories were augrnented to include 
an increase in more sensitive aerosol data, surface ozone instrumentation, 
samp l i ng for freon (CC13F) and carbon tetrachloride (CC1,), and inaugura­
t i on of precipitation collection for chemica l analyses at Mauna Loa, Sa­
moa , and Po int Barrow. The largest advance was at Point Barrow where the 
program increased by orders of magnitude with the start of continuous ob­
ser vat ions of Aitken nuclei, surface ozone, carbon dioxide, and a schedu le 
of tota l ozone determinations. The detailed schedule is discussed in 
section 3.3 . 



The measurement program and the data output increased marked ly with 
the activation of observatories other than Mauna Loa. Considerable ef­
fort went into imp roving the total ozone network at the observatories 
and at locat ions i n the co ntiguous U.S. including the Nationa l Weather 
Service (NWS) Stat i ons . This reflects the increasing emphas i s on the 
importance of accurately measuring the global charac teristics of ozone. 
These data were complemented by the inauguration of surface ozone data 
at all of our obse rvatories. These measurements are already beginning 
to indicate an annual cycle in su rface ozone, but phase re la tions differ 
at each observato ry. Data ta ken at the sites (see sec. 4.1.3) show very 
little diurnal variability in contrast to the strong cyc li c behavior in 
urban areas. We have also assembl ed South Po l e surface ozone data from 
1960 on. These data show t he strong annual cycle and, importantly, the 
need for careful intercomparison and ca li brat ion of instrument systems. 
Typical su r face ozo ne va lues range from near 2 pphm (parts per hundred 
million by volume) at the South Pole, 1 to 3 pphm at BarrO\'I, and 2 to 3 
pphm at Mau na Loa. 

In September 1973, f la sk samp ling for CC 1, F and CC1, began. The 
techn i que used evacuated f lasks and has not been comp letely satisfactory 
because of periodic f l ask contamination during the samp le procedure. 
Si nce concentration levels are of order 70-100 x 10- 1 2 part per part, 
great care i s required to insure representative data. A new positive 
pressure sampling syst em is being developed. 

The test and development of the lidar system at Mauna Loa continued 
vlith a modest data collection program. Signa l automation will be accomp­
lished in 1974, permitting mo re scheduled observations. Lidar systems 
are planned for all observatories. 

Ro utine collect ion of Aitken data co ntinued, and automatic systems 
were installed at Mauna Loa, Bar row, and the South Pole. However, the 
bulk of the da ta is s till f rom the ma nual Gardner counters . Clean air 
values at Barrow are below 350 nlcc, but occasional flow from the Naval 
Arctic Research Laboratory and Barrow vill age areas causes levels to 
reach above 10000 nice. In Samoa, values are lower, near 250 to 300 
nlcc, and 99 percent of the observations there are le ss than 400 n/cc. 
The Aitken data at Mauna Loa reflect the diurnal wind regime; the values 
in the downslope flow are near to or less than 300 nlcc and rise to more 
than 1000 nice in the afternoon up-slope flow. South Pole values are be­
low the 200 nlcc threshold of the Gardner counter unless affected by camp 
eff l uent . The more sensitive Pollak counter will be operated at South 
Pole during 1974 in a cooperative program with the State University of 
New York, at Albany. 

The solar radiation monitoring program was much augmented with the 
delivery of most of the mu lti- channel systems, the receipt of several 
"abso lute " pyrheliometers, and a double beam recording spectrophotometer 
to use in calibration work. In addition, computer programs for processing 
the vo l uminous magne tic ta pe so lar radiation data "Iere developed. 
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A special program for measuring so lar ultra-violet radiation inten­
sity over a spectrum that matched the human skin response was initiated. 
This project required the desig n and construction (by Mr. W. Komhyr) of 
unique radiati on dosimeter instruments. The purpose of the program wa s 
to develop and test calcu lati onal model s of this erythema spectrum given 
total solar r ad iation intensity, turbidity, total ozone, and weather con­
ditions. In June one of these instruments was deployed at Bismarck, 
North Dakota, and another at Tallahassee, Florida. 

Early in the design of the Geophys i cal Monitoring for Climatic Change 
program we decided that the vo l ume of data generated by the extensi ve sam­
pling programs required data automat ion using a smal l on-site compu ter 
system. The need for uniform samp ling, data entry, and averaging proced­
ures could also be met most economically by automation. The design and 
construction of the first system together with the necessary programming 
(software) was completed in time for installation at the South Pole 
Observatory at the end of the year. 

The year saw Geophysical Monitoring for Climat i c Change staff as­
s igned to three new observatories, the acquisition and installation of 
s ignificant new measurement programs, and the estab li shment of initial 
support fac ili ties and staff for data qua li ty control and processing and 
for ana lyses. 

2. OBSERVATORY FACILITIES 

Thi s section describes add i t i ons and changes made i n the physical 
facilities of the observatories with special attention given to construc­
tion or relocation of an observing systems that are relevant to the char­
acter and quality of the measurements. These changes are described for 
each observatory. 

2.1 Mauna Loa 

During 1973, there were three major improvements to MLO facilities: 
(fig. 1) 

1. The inadequate electrical system at the observatory was complet­
ely rewired. This project included a new 200 ampere service entrance, 
the addition of the AEC building to the NOAA mo nitoring network, and the 
co nversion of ma ny receptacles to three-wire grounding types. Substan­
tial improvements \'Jere made to the grounding systems to reduce the 
likelihood of lightning damage. 
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2. The construction of 3 meter high platform was completed for the 
AEC aerosol sampler. 

3. Because traffic to the observatory had become a problem, a 
chain was placed across the road. This barrier stops the flow of traf­
fic 14 km from the observatory. 

2.2 South Pole 

Total ozone, surface ozone, and condensation nucle i were measured 
at South Pole Station (fig. 2) during 1972-1973 by the vlinter-over ob­
server', I~r. Russel !·iertz. In late November 1972, the Dobson building, 
from which all measurements were made, was moved from its location near 
the balloon inflation tower to approximately 100 feet grid north of the 
cosmic radiation building. Air contamination from the then functioning 
Rodriguez Vlell necess itated thi s move . 

SOU TH POLE DL 

N 

\ @l '0 m >-

J 
I , 

1-

Figure 2. Site sketch of So~!:;h Po~e Station . 
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Key to figure 2 

"Holy Stairs" 
Emergency generator 
Sick bay 
"Taj Maha 1" 
Fuel cache No. 1 

Galley and weather station 
"Club 90" 
Bui lder's shop 
Generator shack 
Recreat i on room 

Barrack 
Bui l der's tunnel 
Fuel Cache No. 2 
Su pp ly 
Snow me Hers 

Communications 
Aurora TOIver 
Cosmic radiation 
Inflation shelter 
UCLA gravity meter 

Dobson spectrophotometer hut 
Seismology tunnel 
Science building 
Garage 

Loca t i on Code 
A 
B 
D 
E 
F 

G 
H 
I 
J 
K 

L 
M 
N 
o 
P 

C 
Q 
R 
S 
T 

U 
V 
yJ 
X 

2.3 Barrow, Alaska 

The Barrow Observatory began operations with the arrival of Mr. Dan 
Williamson on January 15, 1973. The main laboratory, road, and power 
lines had been comp l eted by the end of 1972. The installation of scien­
tific equipment continued throughout the year. A vehic l e was purchased 
and used for transportation to the site. Personnel housing was provided 
by Naval Arctic Research Laboratories and support services by the Office 
of Naval Research. 

During the summer, a Dobson platform, a tower base and a 17-meter 
sampling tower were constructed. An Ash astronomical dome was assembled 
on the Dobson platform and spectrophotometer No. 76 was instal l ed . The 
dome is insulated, wired for electricity, and temperature controlled. In 
addition to these separate structures, the main laboratory building has 
a f l at 7.3 x 6.1 meter platform on the roof for various external sampling 
systems. The laboratory has 110-220 V service and is electrica l ly heated. 
Figure 3 shows the observatory bu i ldi ng and tower. 
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Figure 3. Obs er vatory buildi ng and tower a t Barrow . 

The access road to the observatory ~Ias inadequate for wheeled trans­
portation during the first summer's operations. Contracted ma i ntainance 
was unable to keep the road serviceable. Throughout the year, the road 
represented the ma j or obstacle to consistent and proper observatory ac­
cess, and therefore the major area of concern. Figures 4 and 5 describe 
the site and its position relative to sur~ounding landmarks. 

2.4 Samoa 

On Ju ne 10, 1973, Vern Rumble, first GMCC station chief, arrived in 
American Samoa. A trail was bl azed, with the aid of Tula villagers, 
through the jungle to obtain access to the Cape (fig. 6). In late June, 
meteorological measurements and air sampling were initiated. A 10 meter 
samp l ing tower was constructed and erected in October atop Lauagae Ridge, 
highest knoll of the Cape, as part of a program (sponsored by the National 
Center for Atmospher ic Research) to measure trace atmospheric gases . 

Measurements have been made at Matatula Point and Lauagae Ridge (fig. 
6). Data taken from July through December shoYI winds on Matatula Point 
to be quite strong and constant, with an average speed of 7.4 m/sec from 
east-southeast quadrant more tha n 70 percent of the t ime. Due to the 
cl oseness of t he ocean (below or horizontal), re l ative humidity on the 
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NAR _ Co mp 

1.6 km 10 No"y 

AHPOrl Facility 

NORTH 
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IS.Sme ler 

~ 
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o Aero"one 

~
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Dobson Speclrophomele/ 

Shelter 

Figu:re 5 . Or ientation of Barr ow obs er vatory . 

-"">~£AST 
2.1 km 10 Elson 
Loqoon 

Point averages over 90 percent, and salt spray becomes visible on the 
r idge at wind speeds > 9 m/sec. This corrosive environment will be con­
s idered when permanent sampling equipment is installed on the point. 
Condensation nuclei readings obtained from the point range from 250 to 
400 nice, at the lower threshold of the Gardner counter, attesti ng to 
the cleanness of the easterly trades. Condensation nuclei readings 
taken from Lauagae Ridge, planned location of the observatory building, 
appear equally as low as on the Point. However, wind speed on the ridge 
averages only about 2 mlsec, and air temperature runs a few degrees 
higher than on the point. 

Des ign details of the observatory are being formulated by N\~S Pacific 
Region Headquarters, Honolulu. Construction of the building will tenta­
tively begin in August 1974 and should last about 8 months. Improvement 
of the access road and erection of a power line will be completed before 
construction begins. Electrical power for the eastern district is sup­
pl ied by the Sata1a power plant at Pago Pago harbor. The station 's 
I',ater supply v,i11 be maintained by catching rain in a 38 kf tank. The 
27 x 5 m building wi 11 be longitudinally oriented north and south (fig. 7). 
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Existing :." 
Foot Troil.: 
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~" .. ~/ . .. / 
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Improved iL: 
_ • ../585-00E 

POINT 
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~ :; 

~ 
PREVAILING 
WINOS -ESE 

Fi gure 6. Cape Ma ta tul.a on Tutuil.a 
I sl.anil American Samoa . 

All mea surements made so far indicate that Cape Matatu la i s indeed 
an excellent location for sampling very clean sea air. The establishment 
of a GMCC program in Samoa could not have been possible without local ac­
cep tance and support. Considerable recognition and thanks are due to 
High Chief luli, hi s Aiga, and the Government of America Samoa. 

r I---
5.25m I---

L 
I. 

u 
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CHEMI STRY LAB 
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Figure 7. Samoa GeophysioaL Monitoring Observatory preLiminar y 
fLoor plan 138 m2
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2.5 Planned Stat ions 

Besides the four established observatories two more are planned near 
the eastern and western boundaries of the United States. These stations 
will perform the same functions as the others and likewise be located in 
areas where there is access to locally uncontaminated air. In combination, 
these stations will afford a unique examination of transport, dispersion, 
and removal processes o( pollutants originating from a major industrial­
ized area, viz., the U.S. Combined with intensive measurements withi n 
the Un ited States itse lf, a great deal of knowledge can be obtained from 
the "c lean" air that enters the U.S. via the ~Iesterlies, and that which 
lea ves the U.S. off the eastern coast. 

Potentially favorable locations for these two new sites have been 
suggested as the west coast of the U.S. and in Bermuda. The placing of 
these two observatories is much more difficult than the past four. The 
dichotomous samplinq needs for the various parameters and the rapid de­
velopment of land areas in the U.S. make it necessary to study the future 
s ites with preliminary and mob il e samp ling programs and to understand 
fully the growth potential and meteoro l ogy of each site . 

Preliminary sampling and meteoro logical stud ies have started in both 
areas. For several months, Aitken particle counts and CO 2 flask samples 
~Iere made for us by the University of Rhode Island at High Point, Bermuda. 
Aerosol filter sampling are al so being done by the University at this site. 
On the l'lest coast, a survey of land use, topography, and meteorology indi­
cated that the site should be located on the coast somewhere between North­
ern California and northern Washington. A trip was made to inspect the 
most likely locations on which to base more intensive studies and measure­
ments. The University of ~lashington and flashington State University agreed 
to study this under contract to GMCC. Continued efforts are being made 
in plann i ng these add itional two observatories. 

3. OBSERVATORY PROGRAMS 

This section i s a brief summary of operating programs and, where 
relevant, a description of both problems and solutions, the instrument 
systems used are emphasized. 

3.1 Mauna Loa 

The year 1973 was one of program initiation and improvement at MLO. 
Several new measurement programs were begun, and the quality co ntrol of 
all programs Iva s improved. The fo llowing are some of the new programs 
and changes made in ongoing programs: 
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1. The continuous measurement of surface Aitken nuclei con­
centration by a General Electric counter. 

2. A four-wavelength nephelometer for measur ing the optical 
properties of surface aerosols. 

3. Continuous surface CO concentration measurements. 

4. Periodic lasar radar detection of in the height and re­
fl~ctive strength of tropospheric and stratospheric aerosol 
I ayers . 

5. Continuous surface ozone measurements. 

6. Periodic measurements of several atmospheric gases using 
the ne\~ NCAR air chemistry system. 

7. Periodic flask samples for atmospheric, CCl 3 F and CCh 
analysis. 

8. Chemical analysis of precipitation. 

g, A High Altitude Observa tory IR hygrometer for measuring 
the total precipitable water. 

10. The CO 2 system was put back into operation at year end 
after experiencing a period of intermit tent difficulties 
during September and November. 

3.2 South Pole 

In general, the Dobson spectrophotometer, the ECC oxidant meter, and 
the Gardner counter performed well throughout the 1972-1973 Antarctic 
season. 

Dobson Spectrophotometer - SeriaZ No . 80 : Separation in the mercury 
column occurred because the thermometer was exposed to extreme cold and 
the mercury froze, Thermometers with separated mercury columns were peri­
odically replaced with new ones. 

ECC Oxidant i,feter - SeriaZ 110 . 002 : There ~Iere severa I fail ures of 
the meter's solution pump, always caused by rupture of the pump tubing, 
One failure was attributed to normal material fatigue and the others to 
the effects of the solution freezing inside the pump when a door or win­
dow was inadvertantly left open. 

Periodic, large and abrupt decreases in the measured ozone amount 
with a very slow recovery to levels measured prior to the decrease indi­
cate a possible contamination of the solution f low system and make the 
data gathered during the year of questionable quality. 

Gardner Counter - SeriaZ No . 1126 : In general, the readings during 
1972-1973 were at the threshold of sensitivity of the instrument. Any 
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local contamination of the air samples was obvious in that the readings 
would be several orders of magnitude higher. Only normal periodic main­
tainance was required. (Measurements made in the Aurora tower with a 
precision Pollak counter operated for the State University of New York 
gave Aitken nuclei counts of < 100 nice from the clean air direction. 
This demonstrates the need for super-sens i tive devices.) 

3. 3 Ba rrO\'1 

The programs listed i n tab l e 1 are those in operation by the end of 
1973. 

Two long term cooperative programs were conducted: the Smithsonian 
Radiation Biology Laboratory's pyranometer system with clock and paper 
tape print-out, and the operat i on of a Hi-Vol sampler for Dr. Fritz Wendt 
of Desert Research Institute, University of Nevada . Both programs are 
located on the roof of the observatory. 

3.4 American Samoa 

Appraisal of several Pacific islands led to the selection of the is­
land of Tutuil2 of American Samoa as an excellent possibility for a South­
ern Ilemisphere baseline stat ion. T\;o p,'eliminary expeditions, one in 
April 1972, and another in September 1972, were made to Samoa to ta ke A it­
ken measurements and CO. flask samples to determine if Cape Matatu la had 
clean air and suitable background conditions. Both expedit ions indicated 
this to be true, and l and negotiations began with local land owners . A 
preliminary program \'Ias then planned to send GMCC observers to the i sland 
to conduct an initial program to yield CO 2 , surface ozone, meteorolog ical, 
Aitken nucle i, turbidity, and precipitation data, and to operate the six 
component NCAR system. At the end of this trial period whether to bu ild 
a permanent observatory and add other component systems would be decided. 

Meteorological measureme nt s and air sampling began in June 1973 
short ly after the arrival of Vern Rumble, first GMCC station chief. All 
instruments had to be portable, battery povlered models, because no powe r 
was available on Cape Matatula. Experience gained in the operation of 
equipment in such a hot, humid environment vii 11 be invaluable later in 
the design and selection of more sophisticated systems . 

It became obvious towards the end of 1973 that Cape Matatula was irl 
fact a prime location for baseline measurements as a conjugate station to 
Mauna Loa . In November, a long-term lease was signed with the local prop­
erty O\vner, Chief Iuli, and rlans for the construction of the observatory 
were formulated. Table 2 lists chronolog icall y the programs and equip­
ment operating in American Samoa. 

13 



~ 

""" 

Table 1 . Summary of Barrow Operacions 

System 

Gardner Aitken Counter 

Surface Ozone ECC Meter Model 002 

Temperature & Dew Point Hygrometer 

GE CNC 

C02 Flask Sampl ing 

Mercurial Barometer 

Wind direction & speed 

Sunphotometer DA - 49 
(#4630 seconda ry/standard) 

Precipitation Chemistry Collector 

Dobson Ozone Spectrophotometer 

UNOR CO 2 Continuous NDIR Analyzer 

Cloud Cover Observat ions 

Freon -II Flask Sampling 

Date of Ope~-;,ri on 
Installation Down Date Problems Time 

Before 1- 1-73 

3-14-73 

2 -18- 73 

5- 18- 73 

Before 1- 1-73 

5- 20 - 73 

2- 17- 73 

3- 02 - 73 

9-1 - 73 

8- 1- 73 

8-1 - 73 

Before 1- 1- 73 

9- 20- 73 

3- 30 to 4-05 

None 

None 

9- 21 to 
end of year 

None 

None 

None 

None 

11-1 to 
end of yea r 

None 

8- 7-73 
(3 hours) 

None 

None 

(%) 

No Ba tter i es 98 

None 100 

Incr eased Maint. 100 
during willter" 

Gear failure & 60 
optical problems 

None 100 

None 

None 

None 

Too cold for 
instrument 

100 

100 

100 

50 

None 100 

Failed soleno id 100 
power supply 

None 100 

None 100 



Table 2 . Pr ogr QJ'1s at Al'"'lerican San/oa . 

Paramete r 
I'leasu r ed 

Ai r Tempe rature 

Wi nd speed a nd 
d i rection 

Ra infall 

Hum i d i ty 

CN/A i tken nuc l e i 

CO , concent ration 

Atmosphe r i c 
Turb id i ty 

Ra in Chem i stry 

Devl po i n t 

Fr eon- II Concen­
tration 

S0 2 , NO, NO" NH 3 , 

H,s trace leve l s 

Observat ions 
In i t i a ted 

06- 20 - 73 

06 - 20 - 73 

06 - 20 - 73 

06-20-73 

06-20 - 73 

07 - 02-73 

08-07-73 

08 - 09-73 

08 - 14-73 

09 - 25-73 

10-03-73 

Instrument 
Responsible 

Agency 

I ) Belfort hygrothermo- GMCC 
graph, vert ical drum 
type , cont . operation 

2) fIR I mechanical I"eather 
station, cont. oper. 

MR I mechanical weather GMCC 
station, cont. oper. 

I ) 8" ,'ainfall co l lector GMCC 
GMCC 2) MR I t i pping bucket, 

cont i nuous operation 
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Be l fort hygrothermo- GMCC 
graph , cont. oper . 

Gardner small part i cle GMCC 
detector model CN 

} liter flasks GMCC 

Epp ley Sunphotometer WMO,EPA 
Mode l DA, 380 & 500NM 

Microchemical speci- EPA 
al i t i es , precip col­
lecto r , model 93 

S l i ng psych rometer GMCC 

Stai nless Steel Flasks GMCC 

NCAR multigas analyzer NCAR 
& mec hanical weather 
s ta t ion 



4. MEASURE MENT PROGRAMS 

This section serves two purposes: first to describe information 
systems qualitatively and quantitatively, and second, to present repre­
sentative data samples collected and/or su mmarized during this period. 
Because this latter function will continue to increase, the next annual 
summary \·Iill include a ne\·1 section "Data Reports . " 

An overview of the complete GMCC program's performed during 1973 is 
given in appendix A. As a complement to appendix A, appendix B has a 
list of the master manuals file for those measurements that have in­
struction manua l s provided. 

4.1 Gases 
'1 . 1 . 1 Carcon D·iox ide 

The CO 2 program, using the App l ied Physics Co. infrared analyzer, 
continued at MLO during 1973 in the same manner as described in the GMCC 
Summary Report 1972. 

In July of 1973, an UN OR infrared CO 2 analyzer began operation at 
Barrow. The ana lyzer system, including H. O freeze-out unit and reference 
gas tanks , is shown in figure 8. 

The 1973 MLO and Barrow CO 2 data are tabulated in table 3, and plot­
ted in fiqure 9. In light of the recent discovery that di fferent kinds 
of CO 2 analyzers respond differently to ambient air CO 2 concentrations 
when using CO 2 - in-N 2 reference gases, the Barrow data have been made 
compatible with the MLO data by subtracting 5.0 ppm from all CO. values 
derived by the UNOR analyer. The appropriate adjustment value to use 
to achieve data compatability was tentatively deduced from l aboratory 

,""" J~ 
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Fig-ur e 8 . C02 analy zer s y s tem­
Barrow. 



Table 5. ,'·:Gl:~r! !.lonthly CO 2 COY;.C ei~tl 'at-ions 

1973 Ba r rm·, , A la ska MLO, Ha\'ia i i ~'; 

January 322.53 ppm ("index") 

February 323.17 " " 
March 323 .99 " " 
Apr i I 324.66 " " 
May 325.54 " " 
June 325 . 30 " " 
Jul y 323.97 " " 
Aug us t 317.89 ppm ('' i ndex") 322.70 " " 
September 320.45 " " 32 1 .43 " " 
October 323.65 " " 321. 45 " " 
November 326.8 1 " " 322 .09 " " 
December 326 . 94 " " 322.53 " " 

," From Scripps Appl i e d Phys i cs analyzer . 

Jl5 . 

x JlO .. 
'0 
C 

E l15 
a. 
<i 

u l10 
c 
0 
U 

N ll5 
0 
u 

llO 

o 
~-'.()---()"" 

...0- - :'0 .... 
0 __ , 0- - .... '0 ... 

- BRW Mo. Flask Ave 
a BRW ConI Anal. Ma Ave. 

0---0 MLO ConI. Anal. Mo. Ave 

ASOIIDIJ 
1972 

M A M JJASO I, D 
1973 

Figl.-cre 9 . C0 2 "inde:x fl vaL!es at :·:auna Loa and 3a1'11'10:"'> f oY' 1272- 127.3 . 
Final concentr'atio'1 vall-~es detel'rl"'~ i!ed a . .L'ter re- chec;(ir::: cal:'!xP.7.t1'.Qi1 
gases . 
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investi gations in Boulder, Colorado, as well as from an analys i s of con­
tinuous analyzer and CO . fla sk data obta in ed simultaneously at Barrow. 

During early 1974, we plan to establish a new CO . ana l yzer measure­
ment sys t em at MLO employi ng aURAS 2 infrared analyzer. The new system 
will repl ace the one currently in use after sufficient data overlap for 
the t wo systems has been obtained. In late 1974, also, we plan to begin 
operations at South Pole, Antarctica, with an UNOR 2 CO . analyzer. 

The plots of figure 9 clear ly reveal the large difference in the 
amplitude of the CO . annual cycle at Barrow and MLO. A cursory examina­
tion of changes in CO . concentrations was made of the August 1973 Barrow 
data, the time of the year when such changes are largest. The data were 
compared with John Kelley's 1965 results obtained at North t1eadow Lake 
near Barrow. For August of both years, t he amplitude of the duirna l 
change was essentially the same, i.e., about 1.5 ppm 0.4 ppm in 1973 
and 1.5 ppm in 1965). Peak values occurred during the same hour 1400 
GMT (0400 AST) in both cases. 

The determination of carbon dioxide concentrat i ons in the atmos­
phere by discrete sampling, i.e., flask pairs, continued into 1973 at 
the following locations: Barrow, Alaska; Cape ~1atatu l a, America n Samoa; 
Ocean Station "Charlie," N. Atlantic; Key Bi scayne, FL; and Niwot Ridge, 
CO. A new sampl ing program was begun at High Po int in Bermuda in June 
1973, but was discontinued in December 1973, when al l other programs 
were curtailed at the site. Observations at High Point are expected to 
be resumed in 1974. 

The 1973 Barrow, Bermuda, Cape Matatula, and Ocean Station "Charli e" 
CO. Gata are summarized in tab l e 4. Included in the table are 1972 data 
for Barrow and station "Charl i e" that were not publ i shed in the 1972 
G~1CC Summary Report. In all instances, CO. concentrat ions are expressed 
in parts per million index values referred to i n the MLO CO. data base­
line. Plots of the Bermuda, Cape Matatula, and Ocean Stat ion "Charl ie" 
flash data are provided in figure 10. 

4 . 1 . 2 Total Ozone (0 3 ) 

The year 1973 was productive for total ozone measurements and 
accomplishments. Not only were total ozone measurements cont inued at 
the 10 stations in the U.S. net\'lOrk, but two additional stations were 
estab li shed. 

In June 1973, the Tallahassee, Florida, station that had operated 
from May 1964 to March 1970 was re-established at Florida State Univers­
ity. Then in July 1973 a new station was establ i shed at NOAA's Geophysi­
ca l Monitor i ng for Cl imatic Change (GMCC) station at Barrow, Alaska. 
Table 5 is a comp l ete l ist of the act i ve stations in the U.S. network 
that measure total ozone. 
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Table ·1 . 1.,."02 Index Val;lca Taken at 8aY''Y'ou1" Bcpr'7Uda " $rulloa" and 8.' 11 " :m.' "r.ltnr·Z",, " I.'OlZt 'l· t.~d ;'.1 Pl,~ . :t~:; . 

====-=-=- ..;.'""-O-~*,'.=-== ----.,,-~-

BarroV: - Bermuda Samoa Ocean Sta . "Charl i e" 
ZIoN. 156°W . 32°N. 64°w . 14°S. 1700W . 52°N. 35°W. 

No. Mean No. Mean No. Mean No. Mean 

Year of Conc. a of Conc . a of Co nc. a of Cone . 

Month Samples In dex Samp l es I ndex Samples Ind e x Samples Index 

1972 
June 7 326.RO 2. 19 
Jul y 10 319 . 72 I. 18 
Aug . 8 315.28 0. 91 
Sept. 7 319.66 2.4 7 

~ 
Oc t . 7 323.37 2.34 

'" Nov . 5 324.21 I. 91 2 322 . 76 0 .47 
Dec . 7 326.40 0. 52 325 .63 

1973 
Jan . 9 328.17 I. 41 8 327.14 1 . 14 
Feb . 4 328.44 2.77 5 327 . 22 2. 56 
Ma r. 5 330·93 I. 50 7 327 . 60 1 .07 
Ap r. 5 331. 39 3. 02 2 327.06 I .02 
May 6 331.81 2. 07 3 324 . 18 3.38 
Jun e 5 329 . 79 2.65 2 324 . 88 0.35 4 324.57 1.27 
Ju I y 7 321.08 3.80 2 320.88 0.64 6 324.68 0.89 
Aug . 6 318.40 0.96 6 324.33 0.61 2 323.66 0 . 29 
Sept . 8 319 .87 I. 45 5 322.DI I. 47 4 324.16 0 .3 2 
Dc t. 3 323. 01 0.1 7 5 323.63 0.7 5 7 323 .80 0 . 33 
Nov . 4 326.56 I. 55 4 325.75 0 .49 2 326 .02 0. 99 
Dec . 2 326.20 0. 76 2 324 . 41 0 . 24 9 324 . 68 0.74 



o Bermuda-Mo. Flask Ave. 

335 o Samoa -Mo. Flask Ave. 
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l:J. Ocean Sta."Charlie" 
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c: 
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1972 
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FiguY'e 10 . C0 2 index values at Bermuda, Samoa, and Station "ChaY' lie. " 

New instrument shelters of the Ash Dome type (fig. 11) were erected 
at the Tal l ahassee, Florida; Caribou, Ma ine; Bismarck, North Dakota; and 
Barrow, Alaska, dur i ng the year. These new instal l ations comp l eted the 
program of upgrad ing the shelters at our total ozone obser vatories . 
Hith the exception of Huancayo, Peru, and Am undsen-Scott Stat ion, Ant­
arctica, al l stations now use the Ash Dome type shelter . 

In the past, there was some question about whether the Ash Dome 
structure wou l d be satisfactory at Barrow, Alaska, and Caribou, Maine, 
where outside temperatures frequently drop l ower than -40.0"C. All 
indications are that the domes are satisfactory, and that the 1 kH 
electric heaters furnished with the domes adequately maintain tempera­
tures within the l5 "C to 25"C range. 

;.loder ni zation of Dobson Spectrophotometers . Duri ng the past 10 
years, numerous difficulties have been experienced while operating the 
Dobson spectrophotometers. To overcome the difficulties, new calibra­
tion techniques have been devised, instrument optics improved, and the 
electronic and e lectromechanical systems of the instruments redesigned. 
The U.S. modified spectrophotometers now employ minature solid-state 
built-in high-voltage converters, modern solid-state amplifier circuitry, 
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Table 5 . Dobs on Ozone SpectY'ophotometeY' Stations 

Station 

Bismarck, N.D. 

Ca r i bou, Ma j ne 

Green Bay, Wisc. 

Tallahassee, Fla . 

Mauna Loa, Hawai i 

I'la I lops I s I and, Va. 

8arrOl., Alaska 

Nashvj li e , Tenn. 

Amundsen -Scott 

Bou I de .. , Co I o. 

White Sands , N.M . 

Huancayo, Pe ru 

Per i od 

010163-Pres 

010163-Pres 

010263- Pres 

060273-Pres 

010264-Pres 

070167-Pres 

080273-Pres 

010 163-Pres 

120563-Pres 

090166-Pres 

010572-Pres 

02 1464-Pres 

Ser. No. 

33 
34 

38 

58 

63 

72 
76 

79 
80 

82 

86 

87 

and elec tro-mechan i ca l phase-sens i tive rectifiers . 
outl ining the modifications have been described by 
(1972) . 

Agency 

NOAA-ARL 

NOAA-ARL 

NOAA-ARL 

Fla. State U. 

NOAA-AR L 

NOAA-ARL 

NOAA-ARL 

NOAA-ARL 

NOAA-ARL 

NOAA-ARL 

Dept. Army 

NOAA-ARL 

Deta il ed information 
Komhyr and Grass 

The modification of the spectrophotometers has proved to be quite 
beneficial not only in the ir superior performance, but also because 
fewer days of data \'Iere lost due to instrument failure. Over the past 2 
years, on l y four minor failures have occurred; they were read i ly and 
quickly corrected. 

The Car ibou, Maine; Tallahassee, Florida; and Nashvi ll e, Tennessee, 
Dobson Spectrophotometers were al l modif i ed during 1973 . The on l y 
instruments in the U.S. network left to be modified are those at Green 
Bay, Wiscons i n, and Huancayo, Peru. 

Calibpations. Care must be taken to avoid possible long-term 
dr i fts in in s trument cal i brations. Since our initia l 1971 ana lyses of 
North Amer i ca n total ozone data, which suggested that ozone increased 
during the 1960 ' s, we have endeavored to recheck the calibration level s 
of our Dobson spectrophotometers to acertain whether instrument factor s 
influenced the results. 

To check the calibrat i on of our reference Dobson spectrophotometer 
No . 83, the instrument \'Ias transported to ~1auna Loa Observatory , Hawai i, 
in June 1972 , for a specia l ser i es of calibrations. The usual method of 
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, 

Figur e 11. Bar row ozone spe·ctr ophotome ter shelter . 

direct sun observations on A, C, and D wavelengths at various va lues of 
optical air mass vias emp loyed to calibrate the spectrophotometer. On ly 
spec iall y selected data, obtained on very clear half-days when the ozone 
amount was believed to remain nearly steady, were used. The ca li bra­
t ions revealed that the required correction to the reference spectropho­
tometer 's IOONAD = 100 INA-NO) va lues, which are fundamental, was nearly 
zero, i.e. , the instrument was virtually in perfect ca li bration. Re­
qu ired corrections to 100 N values for individual A, C, and D wavelength 
pairs were about 2.0 units. This result is not surpris ing; the instru­
ment was originally calibrated near sea level at Sterling, Virginia, 
where even during the clearest days the air is not as clear as it is at 
Mauna Loa Observatory. 

Within the past 3 years, all instruments in the U.S. network, 
except for the ones at Green Bay, Wisconsin, and Huancayo, Peru, have 
been recalled to Boulder, Co l orado, for a direct comparison with the 
reference spectrophotometer. Thi s i nvol ves maki ng simultaneous di rect 
sun observations with the two instruments on A, C, and D wavelengths for 
1.0 <lJ< 3.S. 

The ideal situation would be to recheck the abso lu te ca librati on of 
all in struments each year, but this is l ogistica ll y impossible. At the 
same time, whenever an instrument i s reca ll ed to Bou lder for a calibra­
tion, from 2 to 4 vleeks of data are lost because of its absence from the 
station. 
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Plans have been made to check the calibration of each spectropho­
tometer at least every 2 or 3 years. Rather than to recall the i nstru­
ments to our ce ntral calibration facility in Boulder, we will visit the 
stations to perform the "two-lamp" wedge calibration on A, C, and D 
wave l engths. From a plot of the wedge calibrat i on data, we can estimate 
the signif i cance of any changes that might have occurred in the opti ca l 
character i stics of the wedges. When changes are detected it will be 
necessary to recal l the instrument to Boulder for a comp l ete recalibra­
tion . 

Data Swronary . Figure 12 shovls the monthly mean total ozone amounts, 
expressed in milli-atmo-cms, measured at the U.S. stations during 1973. 
The circled dots show the standard deviations associated with the month­
ly means, and rep resent t he natural var i ab i lity in the data as well as 
observer and in strument error. Data for the Amundsen-Scott, Antarctica, 
and Barrow, Al aska, stations have not been included because final cor­
rect ions to t he da t a have yet to be establ i shed. 

4 . 1 . 3 . Surface Ozone 

Dur ing 1973, surface ozone was measured wi th El ectrochemi cal Concen­
trat i on Cell (ECC) ox i dant meters (described in GMCC Summar y Repor t 110 . 
1) at Barrow, Alaska; Bou l der, Colorado; Mauna Loa, Hawai i ; and South 
Po l e Stati on, Antarct i ca. A summary of t he data obta i ned is included in 
this report together Ivith information on the format and avai l abil ity of 
the complete data set. The quality of the data and the effect i veness of 
quality control procedures used during the past year are also discussed 
briefly. Considerable progress was also made during 1973 in processing 
s urf ace ozone data obt ained in Antarc ti ca dur ing the 1960's. Some of 
these data are summarized i n this report. 

Data Summary . During 1973, surface ozone measurements commenced at 
the Barrow and Mauna Loa Observatories and continued at South Pole 
Stat i on. Observations were also made in Boulder at the Techniques and 
Standards Group facility. The mean month ly ozone amounts for these four 
locations are shown in figure 13. The solid bars plotted with the mean 
show pl us and minus one standard deviation from the month l y mean of the 
da i ly average surface ozone values. With the Boulder means, the stan­
dard deviation of the hour l y va l ues is also pl otted and is represented 
by the solid and dashed port i on of the bars. At the GMCC observatories, 
the variations within a day are quite small, thus the standard deviation 
based on daily averages and that based on hourly averages is almost the 
same. At Bou l der, on the other hand,the large diurnal variation asso­
ciated with human activity results in a slgnificant difference between 
the two computations of the standard deviation. 

The data taken at the South Pole during 1973 are of quest ionab l e 
qua l ity . Compar i son of the data taken in 1973 l'lith that gat hered dur i ng 
the past 10 years at the South Pole shows that the data from 1973 are 
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general l y unrepresentative of ozone behavi or at the South Po l e . In par­
ticu lar, the 1973 data do not show the strong annua l cyc l e that is a 
dominant feature of the previous data, and also they under-represent the 
max imum amo un t of zone measured by 25 to 50 percent. Thi s deviation 
seems to stem from a problem that shows up in the record as a la rge , 
abrupt decrease in the recorded ozone amount followed by a very slow 
recovery to l eve l s measured before the dec rease . The sens ing so lu tion 
reservoir was probab ly contaminated, and the addition of so lu t ion to the 
reservoir may have stirred up the contaminants, which then requ ired 
several days to be purged from the system. 

Progress was al so made in process ing old data from the Antarctic. 
During the 1960 ' s, measureme nts at the South Po le used four different 
types of instruments. The mea n mo nthl y values of the surface ozone 
partial pressure are summari zed in f i gure 14 . The most s triking feature 
of this data i s the strong annual cyc l e. There are also some yea r-to­
yea r variations, although they do not appear to be of a regu lar nature. 
The data from t he various in struments for the pe riod s covered in the 
plot of figure 14 are avai l abl e in the same format and form as described 
in the ne xt sect ion about the 1973 GMCC surface ozone network. 
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Data QuaUty Control , Format, and Avai labiUty . Each of the Elec­
trochemical Concentration Cell (ECC) oxidant meters was checked on a 
monthly bas i s against a calibrated ozone source. This source had been 
checked against the ECC meter \·Iith which it would be used before being 
deployed to the field location. Through this procedure a check on the 
absolute accuracy of the ECC meters was maintained to within ±10 percent 
of the or iginal calibration during the year. 

A computer processes the data from the mean hourly data submitted 
by each observing location to the Techniques and Standards Group. An 
example of the computer printout for a month's data for Boulder is shown 
in figures 15 and 16. The format of figure 15 includes the mean hourly 
surface amounts, the daily average, and the largest of the hourly values 
for each day. The form shO\~n in figure 16 includes the daily average 
amounts, the daily maximum, the time of the maximum, and the duration of 
any peaks of 100 nanobars or more. 

Current ly, copies of the computer printout of the partial pressure 
of surface ozone are availabl e through the Techniques and Standards 
Group, ARL, NOAA, Boulder, Colo. The processed data are also contained 
on computer punch card s . 

Plans for 1974 . In addition to the present ECC meter measurements 
at the GMCC l ocations, the McMillan Electronics Corporation chemilumine­
scent ozone meter i s being used at Boulder and the South Pole. This 
i nstrument is being tested as a possible second method for measuring 
surfdce ozone at the GMCC observations. It operates on the principle of 
the photometric detection of the chemiluminescence resulting from the 
f lameless reaction of ethylene gas with ozone. Tentative plans are 
al so, to conduct tests on a Dasibi Corporation ultraviolet absorption 
ozone photometer; i t measures ozone by detecting the absorption by ozone 
of ul travio l et light at 253.7 nm. 

The various measuring techniques will al so be compared with the 1 
percent, neutral buffered potassium iodide method of measuring ozone, in 
order to establish a summary standard against which all instruments will 
be compared . 

4. 1. 4 Fr eon-1 1 (CCl 3F) 

An objective of the GMCC program is to asse ss the relative contri­
butions of natural sources and of man-made sources to the background 
concentrations of trace constituents. Separating mos t of the climat­
ically active gases into these two sources is very difficult. CO 2 , 03, 
and NH 3 are all produced by man and by nature. The sources are unevenly 
distributed and of varying strengths. Further, the sinks and removal 
processes are highly variable. As one example, CO 2 uptake by biota is 
much more efficient in t he Northern Hemisphere than in the Southern 
Hemisphere because of more biota mass and is further complicated by the 
temperature dependent behavior of the oceanic source-sink. 

27 



I.JA4TIAL pqFSSURE ~F SUR F" AU OZO·JF 1'1 "JA\j ()~ lI'<S 

S TATrJ"J BOJLDE~ 

MONTI-! JlI~F YEA>:! H73 

FJJUtPI.4EI\)T Err 

()'" T ? ) 4 5 h 7 " 9 I n II 12 13 
OATE 

I <+6.7 lB.c. 2h.Y )7.5 47.7 o+O.Q 3".0 )A.o+ 34.1 27.7 1~.5 I h . 0 1;.0 
2 ]6.4 3S.c., )S.c 32.1 23.7 2A.2 74.8 2 1. 9 I A. 9 19. !o- 13.6 13.6 14.6 
3 Jy.~ :H.4 7S.7 ?J.3 2".2 26.7 ;>>3.2 ?5. 8 29 . 2 29.7 33. I 3). I l~ .O 

4 Jr't. c 76.3 2t).~ lb. 1 12. " ?O.Q 7(> .0+ 20.4 I b.5 1 7.0 19 .0 26.>3 ;) 6.9 
5 )} .J 32.2 24.4 36.1 )~.~ )4 .7 14.3 3'>.7 35. q 3h.Q, 40.1 4 I .2 15.9 
6 l ~.h 20.0 1'. I ? 1.5 24.4 25.9 76.9 26 . 4 16.4 7h.4 23.0 2 1 • 1 1 Y. h 
7 c:5.'> 22.5 1 A • I 26.0 29.4 31.Q 1).13 )3.H 32.9 31.4 30.4 29 . 5 ? q.O 
A 31.4 22.A 20.; 2 4.0 25.'=> 27.0 76.5 26.0 26 . 5 ?/).s 25 .0 19.6 ::>2 .6 
9 bS.9 47 • . 1 3 1 • 1 33.b );.6 34.2 10. 8 25 . 9 74.4 2;.0 22 . 0 1 7.5 ::>o ./) 

10 4?.0 14 .. Q 12. , 77.9 26.9 20.6 ? 1 .7 22 .1 2 1. ) 2].9 ?2.9 2'.5 ;:>5.6 
II .Jh .• 7 D ol 29.9 23.5 1 ). -} 15 . 6 I ~. ) 20.5 22 .7 23.3 26.5 29 .. 3 ::>~. 1 
12 )9.2 15 .4 ) 1 .0 70.:' 20 . 6 23.9 r-4.5 27.4 78.5 2~.o:., 28. 1 ?7.5 I ~ . 3 
13 36.7 35 .. 0 2h.4 17. 9 22 . 5 15.0 11). 8 19.7 16.8 18 . 0 20.4 I A. I 12.8 
14 n.3 24.4 1 7. 3 I f1.5 H. I } ~. 7 1 '1..6 19.R I b.2 l b. ~ I b.3 14.5 1<.1 
15 30 • 1 30.2 2~.4 28.4 3 1. 5 )4. I 1).5 )).A 32.4 30.S 29 .) 28 . 7 ;:>5 .7 
16 '>b.O 55.S '5.0 54.4 55. 1 hO.') '<"0 .5 59.9 59.~ 59.P. 6b .0 'i4.2 4~ .0 

17 42.) 4). ) 4(\.4 36.5 3".0 JS.f, l~.l )9. 1 )4.2 )9.) 38.2 :17.fl 12.3 
18 35.3 4J.4 45.0 44.5 44 • 1 4S.2 43.7 40.7 37. 7 4 1. ) 41.9 4) . 0 4 1. "j 

19 42.4 4 1 . Q 39.4 40.0 43.7 4h.4 47.5 4'>.0 )~.) 40.4 39.9 )9.0 17.5 
20 32.8 )4.5 27. ~ 26.,> 29.8 25.'" 18 . I I 8 • 1 c4.0 ?S. l ?3.5 24 . I 19 . 9 
2 1 43.~ 43. g 31.0 36.C. 30.0 n.h ;;>!i.4 ) I .2 12.3 32.9 3 1 .8 )O.~ ? 7. I 
22 30.0 30.4 2A.2 25.5 2'1.4 n.? ? 1 .0 27. 1 28 .J 2A.Q 25.2 23 .1 ? 1.9 
23 J1.7 ?7.7 71.1) I 7 • '> 20. I 21 • 1 21 .J 23.0 ~3.5 23.5 23.5 25.0 .:».0 
24 34.7 ? 7.) l A.3 24.8 2~.7 29.7 30. 7 30.7 D. b D. " )).b 13.6 11.6 
25 30+.':) 27. 1 16.9 1 13.3 23.7 30.6 3 1. 6 34.0 33.5 28.1 32. I ?B.7 ;>9.7 
26 ~9.3 25.9 21.0 24.~ 28.3 79.8 79.8 29." 26.4 2 B. 1 2~.8 27.) ? 1. 5 
27 39.6 2~.J 22.5 2 1 .0 2 1. 5 23.4 ?3 .4 24.9 23.5 22. 5 2 1. 5 1 R. 1 19. I 
2B 29.8 2,:>.g 19. I I 7 • 2 15. 7 19.? 20.2 20.2 19.3 20.) 20.3 Ih.g 14.5 
29 c:.'I.::J 22.5 2~.6 I 8 • I I 2 • 7 I 1 • ? } 4.2 1 0. ) 15.6 18.') lb. I 18. I 1 ~. 6 
30 <+4.1 .1 7.1 32.9 39.2 )2.9 26 . 5 23.0 70 .'" 20.5 1 9 . ,) 22.1 I 9. I 1 =).7 

31 

~EAN Jb.7 33. I 27.'-+ 27.7 28.6 2>3 .) ?~.4 28.4 27.8 2B. I 27. f< 27.0 7 ~.7 

FigUI'e 15 . Example of one month 's surface ozone data at Boulder , Colo . 
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To disentangle these rel ationsh i ps , we need global measurements of 
an inert tracer whose source is who ll y anthropogenic or wholly natural 
and who se produ ction is known, quant itatively, with some prec i sion . 

Ca ndida te materia l s should be re l at i ve ly inert , minimally so luble 
in sea water with the resulting long (10 years or greater) residence 
time in the atmosphere. Further, if the tracer is sampled in remote 
locat ions, ext reme ly low concentrat i on must be detectable . Dr. James E. 
Lovelock (1971, 1972, 1973) has suggested Freon-ll (CC1) F) as such a 
tracer. 

A collaborative program in the Air Resources Laboratories was 
established to build and operate electron capture gas chromatographic 
detectors (Love l ock et al., 197 1). Dr. Lov el ock prov ided the initial 
system and consultation on me thods. The gas chromatographic (GC) equ ip­
ment i s operated by the Air Resources Laboratories Field Research Office 
at Idaho Fal l s, Idaho, under the direction of Messrs. Thayne Thompson 
and C. Ray Dickson in support of a variety of tracer experiments. The 
material i s apparently on ly ma n made and as such represents a unique 
i dentification of man's activ i ties . Its production in 1973 I~as about 
2.5 x 1011 g annually and to date appl-ox imately 2 x 10 12 g have been pro­
duced. Approx imate ly 98 percent of this material i s produced and released 
in the Nort hern Hem i sphere. Thus, it is a unique tracer especially for 
identifying inter-hemispher i c transport. A program was begun in Sep­
tember 1973 to co ll ec t samp l es of Freon-II. 

Lovelock et al. (1971) have determined that the background concen­
tration of Freon-II in the Eastern At l anti c was about 65 x 10- 12 parts per 
pa rt. Measurements in uncontaminated air above the Los Angel es inversion 
indi cate approximately a 70 x 10- 12 concentrati on. Collect ion and 
detection of these very low concentrat ions creates ma ny expected and 
unexpected difficulties. Tab l e 6 shows the individual flask concentra­
tions measured at the three locations in September through December 
197 3. The data r eco rd appears to be very "noisy," and we have not to 
date sepa rated real sig nals from poss ible sampling contamination or 
analysis uncert ainties . However , the l owest values observed do not seem 
to be too different from background levels observed elsewhere. Two 
spec ial point s should perhaps be made. Most of the sampling at Mauna 
Loa ha s been done in the late forenoon or early afternoon. These times 
are typical of an upslope flow ·that often comes f rom the populated 
regions of Hal·/aii. Thus, the possibility of samp ling loca ll y released 
Freon-II has not been eliminated. (Sampling in the ni ghttime downslope 
air shou ld assist in clarifying this s ituation. ) High values have been 
observed at Barrow, Alaska, with concentrations > 120 x 10- 12. However, 
recent I~ork by the Naval Research Labora tory (Hi 1 kni ss, 1974) has shown 
that high concentrations of Freon-II penetrate well i nto the Arctic, so 
that the possibility of trans-polar transport cannot be ru l ed out. A 
dup l icate flask sampling program to test the samp ling procedure is being 
instituted at se lected stations in 1974 and a rev i sed procedure to col lect 
pr ess urized flask samples is being developed. 
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':'a.iJ~e 6 . Sta.J- :on Jata Jt?S?dtd ]973 

Freon-II CCI" 
Da te Concentration Concen t ra t i on 

pptV 0 pptV 0 

BarrmoJ, Alaska 

Sept. 16 69.5 1. 6 42.2 2.2 
29 99.8 4.0 107 . 2 3.1 

Oc t. II 412.7 52.4 53.7 4. 2 
19 133.0 4. 9 138 . 4 2.7 

Nov. 2 128. I 5.5 69.8 2.5 
13 86.6 7.9 52.7 4.5 
20 67.8 6.7 22. I 3.8 
30 152.7 18.0 57.2 3. 6 

Dec . 8 70.7 7.5 62.9 4.0 

Cape Matatula, Samoa 

Sept. 25 84.0 2.0 50. 4 7.0 
Oct. 4 75. 1 3.6 52.7 3.3 

15 79.2 4.6 55.2 3.0 
23 135.8 15.6 109 .5 12.0 
30 84.1 6.8 70 .3 10 .7 

Nov. 7 164.9 15. 2 79.9 3.8 
14 15 7.6 14. 1 72. 1 7.8 
21 63.7 10.6 66.8 5.2 
28 71.3 5.4 71.0 3.7 

Dec. 5 154.4 4.5 119.8 6.0 
19 71. 2 6.6 76.3 4.3 

f\a una Loa, Hawa i i 

Sept. 19 100.0 4.7 42.2 4.1 
28 103.9 11.4 N.D. 

Oc t. 5 129 .4 7.2 150.3 8.2 
12 66.4 1.8 75.2 4.5 
19 73.6 4.1 39.2 3.9 
26 78.2 6.9 40.7 5.2 
29 100.2 1.6 42.6 2.0 

Nov. 7 395.2 32.9 14.1 0. 7 
23 69 . 2 3.3 61 .2 4.3 
26 69 . 5 6. 5 59 . 3 6.8 

Dec. 7 85.5 10.5 67.4 9.4 
12 87 . 5 7. 1 64.3 5.2 
21 98.6 8.9 N. D. 

N. D. = not detected < 5 ppt 
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A summary of the 1973 program, equipment, analysis, and results 
fo 11 OI'IS • 

Three sampling stations were chosen to represent different lati­
tudes : Pt. Barrow, Alaska at 72°N; ~auna Loa, Hawaii at 19°N; and Cape 
Matatu l a, American Samoa at 14°S. 

The sampling method collects ambient air in stainless steel flasks 
with hi gh purity shut-off valves. Six flasks are assigned to each 
stat ion to accommodate a rotation scheme. On a Yleekly basis, a flask is 
sent in padded mailing tubes with data sheets to the stations. The 
f lask i s then opened to the ambient air, resealed, and returned to Ida ho 
for Freon-II and Cel. analysis. Upon completion of five replicate chrom­
atogra ph ic determinations, each flask is cleaned, numbered, re-evacuated, 
and returned to the station. This complete procedure requires 6 weeks. 

In addition to this program, a cooperative effort with Dr. J. E. 
Love l ock has started to relate meteorological data to the Freon-ll con­
centrati ons measured at Adrigole, Ireland (50 0 5I'N , 9°44'W). The auto­
mated electron capture gas chromatograph of Dr. Lovelock provides daily 
observat ions of CC1,F and CC1 • . Meteorological trajectories calculated 
backwards in time and space fr om Adrigole, Ireland, using a comprehen­
s i ve data base supplied by the U.S. Ai r Force and a computer program 
deve loped by I~r. Jerome Heffter of the Air Resources Labora to ri es (the 
deta il s of which wi ll be reported in other pub l ications) have been 
related t o concentration data. Fi gure 17 shows the results of associ­
ating particular trajectories with specifi c concentration values. The 
very much hi gher concentration assoc iated with transport from Europe as 
compared with the Eastern Atlantic background concentration levels (of 
order 65xlO- I

') l ends confidence to the trajectory computations. The 
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Figure 17 . Cancentmtion of CCl,F 
(xl 0- 1 ') as given t,'a,jectary 
(data underlined) at Adrigale , 
Ireland, August 1973 . 
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study i s only in its initial stages; however, tentative conclusions 
are that more than a s ingle concentration meas urement i s required within 
a 24-hour period since the me teorological t rajector. i es may originate 
from a wide di stribut ion of potentia l sources. A portion of the day may 
represent air from cl ear areas, al though the remainder may be from 
popu l ated areas . Figure 18 shows the computed produced trajectories for 
September 8, 1973, which illustrate the shift from "clean" to "pol luted " 
so urces. 

Equipment . The flasks were factory cleaned in trichloroethane vapor 
and the cl eaning procedure used before ini tial station use i s a 2-hou r 
immersion in 5 mol ar phosphoric ac id, di st ill ed water r i nse, ethano l 
r inse, and ultra purity nitrogen purge. They are then evacuated to 50 
Microns of mercury pressure us ing a Precision Sc ient i f i c, Mode l 25, vacu­
um pump and Cenco thermocoup l e gage No. 94178. 

Fi gure 19 shows the samp ling flask and mailing apparatus. The valve 
inlet has a plastic protective cap over i t during shipment . 

Figure 20 i s the data sheet sent with each cylinder. It i s com­
pl eted in dup li cate at the time of samp l ing; one i s retained for the 
station records, the other returned with the cy linder. 

Figure 21 i s a diagram of the electron capture chromatograph. Spec­
ifi c compo nents (see numbers on fig. 21) follow: 

1. Ultra high purity nitrogen suppl i ed by Li quid Air, Inc., i n 
2400 psi cyl inders. 

2. High purity t\·/O-stage sta inl ess stee l regulator Ser i es 3800, 
Matheson Gas Products. 

3. Micro-volume valve supp lied by Carle Instruments, Inc., of 
Fu l lerton, Cal iforni a. Catalog No. 2016 which has two sam­
ple loops, 1/16 inch (0.16 em) gas con nections, and purge 
manifold. 5 cc samp l e loops are used. 

4. Swagelok reducing un i on from 1/4 FPT to 1/6 inch (0.16 em) 
tube. 

5. Hoke shut-off va l ve con nected by 1/4 inch (0.64 cm) sta in­
less tubing to a Precision Scientific Model 25 vacuum pump 
and Cenco thermocouple vacuum gage No. 94178. 

6. Fi ne metering va lve, Series S, with 1/8 inch (0.32 cm) 
Swagelok inlet and outl et and vern i er handl e, by Nupro 
Company, Cleveland, Ohio . 
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7. 2.5 meter long spiral wound column made of 1/4 inch (0.64 cm) 
s tainless steel. The column packing is Carbowax 400/Porasil F 
"Low K" Durapak made by Waters Associates, Inc. of Farmington, 
Ma ss. 

8 . Cylindri cal ionization chamber (brass). Internal dimensions 
are 1.1 cm long with a 1 cm diameter. Ionization source is 
15 mCi of Ni-63 electroplated on platinum foil. 

9. Fischer and Porter low flow flowrator, Model 10A1339Ni2AXGM, 
calibrated for nitrogen gas. 

10. Temperature test chamber, Model 1060 RB2 by Delta Design, Inc., 
of San Diego, Calif. Faceplate modified to house chromatograph 
co lumn and detector wi thi n. It is an air thermos ta t. 

11. Note shOlvn on the figure. t·10seley Autograph dual pen recorder, 
model 7100B to record chromatograph output. 
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Figure 22 outlines the electronic package of the pulse model elec­
tron capture system. 
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':lata ."'or 1973 . 
measurements of peak 
a Gauss i an curve. 

On the chromato~raph, data \'/ere extracted by hand 
height and width at half heiqht then corrected to 

Dry air densities were determined from data sheet va lues of temper­
ature and pressure and used to convert peak areas to parts per part by 
volume. 

A typ ica l cl ean air chromatogram is shown in f igure 24. 

Impr ovements for 1974. The increasing samp le l oad requ ires many 
hours of hand extracting data from charts. The most accurate and time 
saving method of data handling i s by el ec tron i c digita l integrators. At 
the end of 1973, an integ rating system (Autol ab IV made by Spectra-Physic s) 
was under trial exam ination. 

During pre li minary checks, cyli nders ga ve cons i stent resu lts when 
evacuated and opened to local air . However, because of the variability 
observed in the stat ion samp l es , the samp ling procedure will be changed. 

4.2 Aeroso l s 

4. 2. 1 /·1£0 Ruby Laser Radar (UDAR) System 

During 1973, the MLO lidar cont i nued i n experimenta l and deve l opmen­
tal phases . The lidar data have been useful in interpret ing data co ll ec­
ted by other observatory instruments, e.g., detection of a thin c irru s 
layer to determine its poss ibl e effect on radiometric data, or use of 
horizonta l shots to measure aerosol spatia l uniformity. These techniques 
were exper imented v/ith during 1973. 

The primary purpose of t he MLO lidar system is to accura te ly measure 
atmospheric scattering properties. These measurements, in addition to 
other MLO data, will lead to greater understand ing of the physical and 
chemical dynamics of the atmosphere, e.g., the relationship of Junge 
layer strength and ozone levels (Fiocco and Grams, 1964; Rosen, 1968). 
Equally important are any trends that are observed; they may indicate 
a climatic change. For examp l e, volcanoes injecting gasses and aerosols, 
aerospace operat i ons, releasing contaminants, or man-made po llutants 
could all change the stratospher i c albedo. 

Lidar makes it possible to quickly measure the one-dimensional 180 0 

ba ckscatter properties of t he atmosphere above the observatory . These 
measurements vlOul d be extreme I y d iffi cu 1t with direct samp 1 i ng tech­
niques. 

Althoug h the direct output of a lidar analysis i s the atmosp her i c 
backscattering coeffi c ient (Be), use of standa rd aerosol s i ze di stribu­
tions allows us to esti mate aeroso l number and mass dens i ty. 
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During 1973, biweekly profiles of the BC were produced . The data 
were parameterized by shol"ling the heights and max imum BC of t he aerosol 
layers found. There was always at least one prom i nent l aye r i n the strat­
osphere and, on some occasions, one in the troposphe re. 

System descl'iption. The MLO l idar system is located at the observa­
tory at 3.4 km elevation. The sett i ng is appropr iat e in that the atmo­
spheric clarity reduces degradat i on of the outgo ing and i ncoming si gnal, 
and the nearness of the stratosphere reduces inverse-square losses. A 
block diagram of the system appears in figure 25. 

The laser pulses are emitted by the Apollo ruby l aser [1]. The angu­
lar width of the beam i s about 10 mrad. The pulse rate is 2 ppm , and the 
pulse duration i s 30 nsec. Pulse energy is about 1 to 2 J wit h a peak 
power of about 10 8 W. The outgo i ng pulse passes th rough a I m co l li ma t or 
that reduces stray light in the dome. The light back scattered from t he 
atmosphere is collected by two te l escopes, [2] and [3]. The opt i ca l axes 
of the system are aligned using a l arge white-card target about 300 m 
away. The collected l ight passes through 10 A bandpass f ilters, wh ich 
reduce background light, and is detected by multiplier phototubes , [5 ] 
and [6]. The resulting electrical s i gnal is fi l tered to produce an in ­
tegration time of about 0. 5 ~sec and i s t hen recorded us i ng an osc i l l o­
scope-camera comb i nation, [12]. The range resolut i on i s about 75 m. A 
small amount of the laser l ig ht is co ll ected and detected at [8]. The 
integrated output i s disp l ayed at [11] and i s used to norma l ize t he re­
turn signa l s . 

40 



1 4- -4 

7 6 5 

8 9 10 

1 1 

12 

13 

FigUI'e 25 . (]) Apono OJ, 30 ns ruby laser, 2 ppm; (2) 40 cm dia . re­
flector long range telescope; (3) 8 cm dia . reflector short range tele­
scope; (4) Interference filter, lOA bandpass at 6943A; (5,6) Short and 
long range photomultiplier tubes, RCA 7265; (7) Long range PMT modulator 
unit; (8) Photodiode laser output detector; (9,10) low pass electrical 
filter, 4 mHz cutoff; (11) Digital voltmeter; (12) Dumont dual~beam os­
cilloscope with Polaroid camera unit; (13) timing unit . 

A typica l photo output from the system is shown in figure 26. Each 
photograph contains a graph that is proportional to vo ltage V(r) . Time 
usua ll y ranges from 0 to 200 ~sec for useful signal return. By averaging 
several photographs, we can obtain the best V(r) which i s denoted V(r)av' 

The photos are now analyzed manually, although this will soon be 
done by a computer (act ivated July 1974). Each trace is digitized at 10 
~sec intervals using a ruler. This gives 10 values for each trace on 
each photo. There are five photos per evening, resulting in 100 values 
each evening . The data are then organized and analyzed to provide the 
re l at i ve Be at each alt i tude. 
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Figure 26. Lidar output signals. Upper trace is long-range telescope 
output. Sweep rate is 20 ~sec/cm, which corresponds to a range of 3 
km/am. Du:t>ing first 60 ~sec, PMT gain is reduced by modulator unit . 
Bright straight line is baseline. Lower trace is short-range scope. 
Sweep rate is 5 ~sec/am, or 750 In range per cm. On both traces, time 
increases to right. On upper trace, positive signal is downwar d. 

Data analysis. The backscattering coefficient (BC) at range r is 
given by (Bar rett and Ben Dov, 1967) 

Csca(r) = K V(r) r 2/J 

i n wh i ch Csca(r) i s the backscatteri ng coeff i cient, r i s the range, K i s 
a li dar system constant, V(r) is the voltage on the oscil loscope from 
range r, and J i s the laser output energy. Thi s expression assumes : 

1. The aeroso l s are randomly distributed 
2. The aeroso l s occupy the ent i re cross section of t he beam 

at all he i ghts. 
3. The attenuation al ong the path is neg l igibl e. 
4. Perti nent range is past the region of parall ax. 
5. Detection system is linear. 
6. Laser pulse duration is short compared ~Iith system in­

tegrat i on time. 

The ana lysis procedure is as fol l ows: The baseline for each trace 
is adjusted to produce pure Ray l ei gh scatter i ng at 30 km and some also at 
a 1 0\~ er leve l (usua ll y in the ne i ghborhood of 14 km) . Thi s is a standard 

42 



technique that is presently unavoidabl e (Barrett.and Ben Dov, 1967). The 
Rayleigh BC computed from the tropica l standard ' atmosphere i s then sub­
tracted from the experimental BC to yi eld the aerosol contribution to the 
BC. 

Results for 1973 . A biweek ly operat ing schedu l e was used in 1973. 
The data are di sp l ayed in figure 27. No data are availab l e before Marc h 
22. During the data per i od, ~ layer was always apparent at about 20 km. 
There may ha ve been other minor layers present, but the photograph i c an­
alysis technique i s too inaccurate to give f ine detail . There appeared 
to be a steady, lowering t r end in the hei ght of this layer until about 
the middle of October, when the height abrupt ly increased to about 23 km. 
No systema tic variation occurred in the maximum BC of th i s layer. The 
maximum BC averaged about 1.5 x 10- 8 m- 1 ster- 1 with two l arge vari at i ons 
in Jul y and October. 

In la te spri ng , a second l ayer appeared at a l ower alt itude. Tropo­
pause foldin g is a possible interpretation of t hi s phenomenon. This 
layer averaged about 17 km ms l during the rest of the year, with a slight 
upward trend. The maximum BC ' s were a little greater on the average than 
those of the higher l ayer. They increased during the year, apparentl y 
reaching maximum va lues about mid-fa ll . This l ower layer may have been 
present in March but not detectab l e in the data. 

These BC's avera ge about a factor of three higher than those measured 
by Stanford Research Institute (SRI ) at Menl o Park, Californ i a, during the 
same period. 

The r esu l ts support those of Rosen (1968) in which he fou nd a strong 
l atitudinal variation of the Junge l ayer strength with a maximum at the 
lower latitudes. Another possible interpretation of these data i s t hat 
the "clean" layer of· t he atmosphere used to cal i brate the lidar returns 
at the more northern latitudes is contaminated with aeroso l . 

A tropical st and ard atmosphere was used in t hi s analysis, but rad i o­
sonde data to 30 km are avai labl e for the sampling dates. Currentl y the 
data are being reanalyzed us ing the actual temperature profi l es. These 
results will appear in the next summary report (No.3). 

Operating difficulties. Two problems ex i sted during 1973. The first 
was el ectronic noise in the s i gnal cha nnel s, and the second was erratic 
output of the l aser. 

The s ignal return from the stratosphere is extremely weak, so that 
any noi se present will cause extreme error in the stratospheri c BC ' s. 
There was a sma ll amount of 60-cycle pickup present duri ng most of 1973, 
which, because of the electronic configuration, cou ld cause a shift of 
the zero baseline and thereby distort t he stratospheric returns. The ap­
proach to this probl em was to set an arb i trary basel ine to produce pure 
Ray l eigh scatter ing to 30 to 33 km ms l. This assumption mayor may not 
be good . In any event , the 20 km data appear reliab l e s ince a slight 
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baseline shift that caused a drastic percentage change at 33 ~n produced 
only a small percentage change at 20 km. However, there could be greater 
systematic error at higher altitudes. 

The second problem was trying to keep the laser output high during 
1973. One difficulty was the optical surfaces being contaminated by 
water deposits, dust, etc. A second difficulty was the temperature cyc­
ling of the laser head causing misalignment of the optical surfaces. 

Future developments. During 1974 there are plans to: 

1. Add an electronic digitizer to the signal channel. 
2. Add a d i gita 1 computer to the system so that the resu lts 

can be automatically calculated and plotted in real time. 
3. Add a photon counting system so that the stratospheric 

signals can be processed more accurately and our maximum 
altitude extended. 

4. Conduct a series of experiments using the lidar and the 
nephelometer to measure the MLO surface aerosol total 
scatter to backscatter ratio. 

5. Experiment with using the lidar to measure atmospheric 
transmission as a function of altitude and compare it 
with the radiometric determination. 

6. Compare lidar measurements with twilight measurements. 
7. Increase lidar operations to a weekly schedule. 
8. Continue to analyze and reduce system noise. 

4.2.2 Aitken Nuclei Concentration at !1LO 

Aitken nuclei may be defined as atmospheric aerosols that act as con­
densation nuclei at supersaturations of 300 percent. Since Aitken nuclei 
have diameters of about the wavelength of visible light or smaller (~10-7 
to 10- 4 em); they cannot be detected directly but must be detected after 
they act as condensation nuclei and grow to water droplets of diameter 
~5 x 10- 4 cm (5 ~). This i s done by having a humidified air sample sud­
denly expand, producing a supersaturation of ~300 percent, and then mea­
suring the concentration of water droplets formed either by a direct count 
or by the attenuation or scattering of an incident light beam. 

Gardner Counter. The Gardner Counter is a small, portable instrument 
that operates on the principle described above; i.e., a humidified air 
sample is suddenly expanded into an adjacent evacuated chamber. The at­
tenuation of a light beam passing through the air sample is measured by 
a photocell, and calibrated in terms of aerosol concentration in nuclei/ 
cm 3

• 

A Gardner counter has been operated hourly at Mauna Loa since 1967. 
Gardner counter No. 912 (NBS No . 140687) was operated throughout 1973; 
data are shown in table 7. Figure 28 shows month ly averages of the 1000 
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Table 7. Aitken Nuelei at MLO , Monthly Averages 1973 

Time of Day 
Month 1000 1100 1200 1300 1400 

n y (J n y (J n y (J n y (J n y (J 

January 20 323 154 21 327 11 9 21 307 75 21 396 180 21 460 275 
February 1 7 404 127 17 446 162 17 503 346 16 97 1 848 15 880 644 

March 20 252 119 21 297 146 21 328 273 21 310 162 21 325 177 
Apr i I 15 34 1 137 16 462 285 16 423 324 17 374 221 13 478 448 

May 21 365 157 23 376 152 22 493 323 21 612 495 21 606 401 

June 21 384 21 1 21 382 183 20 602 407 19 614 396 19 601 322 
July 19 404 169 21 393 153 21 585 405 21 711 392 19 899 613 ..,. 
August 23 344 126 23 389 132 '" 23 632 542 22 935 767 20 1165 830 
5ep tembe r 15 342 129 15 317 97 14 639 574 14 1012 1257 14 1086 963 
October 21 338 99 21 401 141 20 488 242 20 652 296 19 837 655 
November 19 661 43 8 21 737 542 20 685 478 20 720 422 18 867 503 
December 17 346 78 18 356 100 18 427 268 18 511 512 18 628 669 
Annual 228 377 208 238 407 249 233 51 1 495 230 637 544 218 751 753 Average 
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hourly observations. HOIyever, it is of doubtful mer it to attempt to draw 
conclusions from the clean air values because the sensitivity li mit of 
the Gardner counter is about 200 nuclei/cm ' . The annual averages are in­
teresting in that they clearly show the arrival of the upslope wind bring­
ing island air from below the inversion (fig. 29). 

Gardner counter No . 912 was compared with Pollak condensation nu clei 
counter No. 13 at MLO; the ca libration curve is shown in figure 30. 

Pollak Counter. The Pollak counter is a non-portable instrument that 
measures condensation nuclei by light attenuation. A humidified air sam­
ple is pressurized with filtered air to a certain overpressure and then 
allowed to expand to ambient pressure. The attenuation of a light beam 
as condensation nuclei grovl into water droplets is again measured by a 
photoce ll and compared with a cal ibration table. 

Pol lak counter No . 13 at MLO was loaned to the GMCC by Austin Hogan 
of the State University of New York at Albany and wil l serve as the MLO 
s tandard. The calibration table is included as table 8 for low concen­
tration values (less than 3,000 nuclei/cm'). There was no regular Pollak 
counter measurement program in 1973; however, a few measurements were 
made at MLO and these are given in table 9. 

Figure 29 . Annual avel'ages (1973) 
of condensation nuclei at l1LO us­
"'''g Gal'dnel' counter i/o . 912. 
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Figure 30. Comparison of the M£O 
Gardner counter No . 912 and 11£0 
Pollak ;10. 13. 0 indicates mea­
sur ement on ambient aercso~; 0 in­
dicates NiCr aeroso~ in My~a;' baJ. 
Comparison was performed 0", t. 6 to 
8, 1973 . 

C. E. Condensation Nuc ~ei Automatic Counter . The G.E. is an auto ­
matic counter that samples CN at the rate of 5/ sec. A humidified air 
sample is suddenly expanded and the growth of condensation nuclei into 
water droplets is measured by li ght scattering at 10\~ scattering angles . 
A G.E. counter, serial No. 7006, wa s installed at MLO in July 1973 and 
produced usable data during Aug. 1 - Sept. 3 and Sept . 12 - Oct. 10. The 
G.E. data are va l uable, of course, because they are obtained on a contin­
uous bas i s and therefore give information about nighttime co nden sation 
nuc l ei concentrations, \~hich are of primary interest to the GMCC. Un­
fortunately, this instrument has demanded more maintenance time than ex­
pected, resulting in a large amount of down time. Figure 31 shows daily 
1000 hr values of condensation nuclei measured by this counter. 

P~ans. The Pollak counter will play an increasingly important rol e 
in Ai tken nuclei monitoring. It will be used as the standard at all s ta ­
tions, and an automated version may be developed to produce ni ghttime 
measurements. Furthermore, multiwavelength nephelometers will be used 
to expand the aerosol monitoring capabilities of the GMCC. 

4. 2. 3 Barrow and Smnoa 

Sma~~ Partic~e Survey . Monitoring ambient clean air at a ba seline 
site requires the ability to identify when there is local contamination 
present in the air being sampled. Various indicators are being used to 
do this, but the primary method is the aerosol small particle concentra­
tion number. The two stations that became operational in 1973, Barrow 
and Samoa, used a Gardner Counter to monitor aerosol content; Barrow mon­
itored on an hourly basis from 0800 to 1700 hours LT and Samoa on a time­
ava il abl e bas i s. Manufactured by Gardner Associates, this portable in­
strument operates on the moistened expansion chamber principle. It has 
a 0.5 meter expansion tube with a photocell detector and light source at 
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TabZe 8. ModeZ 1957 with Conver gent Light- Beam 

Diameter: 2. 5 am 

R E% Z R E% Z R E% z R E% Z 

100.0 0.0 0 96.0 4.0 91 92.0 8.0 227 88 .0 12.0 420 
99 .9 0.1 1 95.9 4.1 94 91.9 8. 1 23 1 87 .9 12. 1 426 
99.8 0.2 3 95.8 4.2 97 91.8 8.2 235 87.8 23 . 2 432 
99 . 7 0.3 5 95.7 4.3 100 91.7 8.3 239 87 . 7 12. 3 438 
99.6 0.4 7 95.6 4.4 103 91.6 8.4 243 87.6 12 .4 444 

99.5 0 . 5 9 95.5 4.5 106 91.5 8. 5 247 87.5 12 . 5 449 
99.4 0.6 11 95.4 4.6 109 91.4 8.6 25 1 87.4 12.6 455 
99.3 0.7 13 95.3 4.7 11 2 91.3 8.7 256 87 . 3 12.7 461 
99.2 0.8 15 95.2 4.8 11 5 91.2 8.8 260 87.2 12.8 467 
99.1 0.9 17 95.1 4.9 118 91.1 8.9 264 87. 1 12.9 474 
99.0 1 .0 19 95.0 5.0 121 91. 0 9.0 269 87.0 13.0 480 
98.9 1.1 21 94 .9 5.1 124 90.9 9. 1 273 86.9 13. 1 486 
98.8 1.2 23 94.8 5.2 127 90.8 9.2 278 86.8 13.2 492 
98.7 1.3 25 94.7 5.3 130 90.7 9.3 282 86.7 13. 3 499 
98.6 1.4 27 94.6 5.4 133 90.6 9.4 287 86.6 13 .4 505 
98.5 1.5 30 94.5 5.5 137 90.5 9.5 292 86 . 5 13.5 511 
98.4 1. 6 32 94.4 5.6 140 90.4 9.6 296 86 .4 13.6 518 
98.3 1.7 34 94.3 5.7 143 90.3 9.7 301 86 .3 13.7 524 
98.2 1.8 36 94.2 5.8 146 90.2 9. 8 306 86.2 13.8 531 
98. 1 1.9 39 94. 1 5.9 150 90. 1 9.9 310 86 . 1 13.9 538 
98.0 2.0 41 94. 0 6. 0 153 90.0 10.0 315 86 .0 14.0 544 
97.9 2. 1 43 93.9 6. 1 156 89.9 10.1 320 85.9 14.1 55 1 
97.8 2.2 46 93.8 6.2 160 89 . 8 10.2 325 85.8 14 .2 558 
97.7 2.3 48 93.7 6.3 163 89.7 10. 3 330 85.7 14.3 565 
97.6 2.4 50 93 .6 6.4 167 89.6 10.4 335 85.6 14.4 572 
97.5 2.5 53 93.5 6.5 170 89.5 10 .5 340 85.5 14. 5 579 
97.4 2.6 55 93.4 6.6 173 89.4 10.6 345 85.4 14 .6 586 
97.3 2.7 57 93 . 3 6.7 177 89.3 10. 7 350 85.3 14. 7 593 
97.2 2.8 60 93.2 6 .8 181 89.2 10.8 355 85.2 14. 8 600 
97.1 2.9 62 93. 1 6.9 184 89. 1 10.9 360 85 .1 14.9 607 
97.0 3.0 65 93.0 7.0 188 89.0 11 . 0 366 85 .0 15.0 615 
96.9 3. 1 67 92.9 7.1 192 88.9 11. 1 37 1 84.9 15.1 622 
96.8 3.2 70 92.8 7.2 195 88 . 8 11.2 376 84.8 15.2 629 
96.7 3.3 73 92.7 7. 3 199 88.7 11. 3 382 84.7 15.3 637 
96.6 3.4 75 92.6 7.4 203 88.6 11.4 387 84 .6 15.4 644 
96.5 3.5 78 92.5 7.5 207 88 . 5 11. 5 392 84.5 15.5 652 
96.4 3.6 80 92.4 7.6 211 88.4 11. 6 398 84.4 15. 6 660 
96.3 3.7 83 92.3 7.7 215 88.3 11. 7 404 84.3 15.7 667 
96.2 3.8 86 92.2 7.8 219 88 . 2 11. 8 409 84 .2 15. 8 675 
96 .1 3.9 89 92.1 7.9 223 88.1 11 . 9 415 84. 1 15.9 683 

50 



Table 8. Model 1957 with Convergent Light-Beam - Continued 

Diameter: 2. 5 em 

R E% Z R E% z R E% z R E% z 
84.0 16.0 69 1 80.0 20.0 1068 76.0 24.0 1577 72.0 28.0 2250 
83.9 16.1 699 79.9 20. 1 1079 75.9 24. 1 1592 71.9 28.1 2269 
83.8 16.2 707 79.8 20.2 1090 75.8 24.2 1607 71.8 28.2 2288 
83.7 16.3 715 79.7 20 . 3 11 01 75.7 24.3 1622 71. 7 28.3 2308 
83.6 16.4 724 79 . 6 20.4 111 2 75 . 6 24. 4 1637 71. 6 28.4 2327 
83 . 5 16.5 732 79.5 20.5 1124 75.5 24.5 1652 71.5 28.5 2347 
83.4 16.6 740 79.4 20.6 1135 75.4 24.6 1668 71.4 28.6 2367 
83.3 16.7 749 79.3 20 . 7 1147 75.3 24.7 1683 71. 3 28.7 2387 
83.2 16.8 757 79.2 20.8 1158 75 . 2 24.8 1698 71.2 28.8 2407 
83 .1 16.9 766 79. 1 20.9 1170 75. 1 24.9 171 4 71. 1 28.9 2427 
83.0 17.0 775 79.0 21.0 1182 75.0 25.0 1729 71.0 29.0 2447 
82 .9 17.1 783 78.9 21.1 1193 74.9 25.1 1745 70.9 29.1 2467 
82.8 17.2 792 78 . 8 21.2 1205 74.8 25.2 176 1 70.8 29.2 2488 
82 . 7 17.3 80 1 78.7 21. 3 1217 74.7 25 . 3 1777 70.7 29.3 2508 
82 .6 17.4 810 78.6 21.4 1229 74.6 25.4 1793 70.6 29. 4 2529 
82 .5 17 . 5 819 78.5 21.5 1241 74.5 25.5 1810 70.5 29.5 2550 
82.4 17.6 828 78.4 21.6 1254 74.4 25.6 1826 70.4 29.6 2571 
82 . 3 17.7 837 78.3 21. 7 1266 74.3 25.7 1842 70.3 29.7 2592 
82 . 2 17. 8 846 78.2 21. 8 1279 74.2 25.8 1859 70.2 29.8 26 13 
82 . 1 17.9 856 78 .1 21.9 129 1 74. 1 25 .9 1875 70.1 29.9 2635 
82.0 18.0 865 78.0 22.0 1304 74.0 26 . 0 1892 70.0 30.0 2656 
81. 9 18 .1 874 77.9 22. 1 1317 73.9 26. 1 1909 69 . 9 30. 1 2678 
81. 8 18.2 884 77 . 8 22.2 1330 73.8 26 . 2 1926 69.8 30.2 2699 
81. 7 18. 3 893 77.7 22 . 3 1342 73.7 26.3 1943 69.7 30.3 272 1 
81.6 18.4 903 77.6 22.4 1355 73.6 26.4 1960 69.6 30.4 2743 
81.5 18.5 913 77.5 22.5 1368 73.5 26.5 1977 69.5 30.5 2765 
81.4 18.6 923 77 .4 22.6 1382 73.4 26.6 1995 69.4 30.6 2787 
81.3 18.7 932 77 .3 22.7 1395 73.3 26.7 20 12 69.3 30.7 2809 
81.2 18.8 942 77.2 22.8 1408 73.2 26.8 2030 69.2 30.8 2832 
81. 1 18.9 952 77.1 22.9 1422 73.1 26.9 2047 69. 1 30.9 2854 
81.0 19.0 963 77 .0 23.0 1436 73.0 27.0 2065 69.0 31.0 2877 
80.9 19. 1 973 76.9 23.1 1449 72.9 27. 1 2083 68.9 31. 1 2900 
80.8 19.2 983 76.8 23.2 1463 72.8 27.2 2102 68.8 31.2 2923 
80.7 19 .3 993 76.7 23.3 1477 72.7 27.3 2119 68.7 31.3 2946 
80 .6 19.4 1004 76.6 23.4 1491 72.6 27.4 2137 68.6 32.4 2969 
80 . 5 19 . 5 10 14 76.5 23.5 1505 72.5 27.5 2156 68.5 31. 5 2992 
80.4 19 .6 1025 76 .4 23.6 15 19 72.4 27.6 2174 68. 4 31. 6 3016 
80.3 19. 7 1036 76.3 23.7 1534 72.3 27.7 2193 68.3 31.7 3039 
80.2 19.8 1046 76.2 23.8 1548 72.2 27.8 22 12 68.2 31.8 3063 
80.1 19.9 1057 76.1 23.9 1563 72 .1 27.9 223 1 68 . 1 31. 9 3087 
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Table 9. Some Aitken Nuclei l·feaSi!l~ements at l·I!-0 Using 
Pollak Counter i/o. 13 

Oc tobe r 6, 1973 

0832 340 cm- 3 T=63 Tp=3 Wind ESE at 20 kt. no up-
09 12 325 " s lope, C i ove rcas t . Un-
1127 382 " usual l y clear day. 
1140 409 " 
1310 287 " 
1341 256 " 
1343 287 " 

October 8, 1973 

1150 269 cm- 3 

1208 376 " 
1453 572 " Ups lope '" i nd arrives. 
1501 1330 " 
1519 1548 " 

October 10, 1973 

0709 227 c m- 3 

0710 251 " 
0725 188 " 
1000 306 " 

October 17 , 1973 

1036 256 cm- 3 

1039 256 " 
1104 219 " 
1106 264 " 
1109 278 " 
11 14 278 " 
1355 524 " Upslope wind arr i ves. 

October 24, 1973 

1106 223 cm- 3 

1108 223 " 
1303 269 " 
1305 247 " 
130 7 260 " 

each end respectively. The following summary identifies the var iability 
in small particle concentration for all air trajectories passing each 
s ite, the percentage of good sampling times, and correlation of small 
particle concentration with other parameters. 

The periods of collection used in this summary are from February 1, 
1973, through January 31, 1974, for Barrow and from July 1, 1973, through 
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FigU:t'e 31. Dai ly 1000 hI' condensation nuclei values as measul'ed by a C. E. 
aui-ona t"i c condens a t ion nucZe i c ounter at /·1£0 dU1"i; ;g 1973 . 

November 30, 1973, for Samoa. These data represent 2290 and 223 hourly 
observations, respectively. The Gardner Counter has a threshold value 
of 200 detectable particles/cc such that all data entries used are 200 
or greater. In many cases, lower values presumably existed . Three 
separate Gardner measurements are averaged for each hourly reading. 
Kno~1I1 contaminated values ~ usually caused by automobiles upI·lind ~ were 
identified and excluded from the data summary. Larger scale contamina­
tion sources such as from the nearby town are however, included in the 
data summaries. The locations of the two sampling sites were selected 
so that the prevai l ing winds would not pass near any pollution sources. 
The data have therefore been di vided into "clean" and "dirty" air quad­
rants by corre l ation with ~Iind directions. vlinds fro m the north through 
southeast vi a east, excluding velocities of 1.4 m/sec or less, are de­
fined as coming from clean air sources for both stations. 

Figures 32 and 33 illustrate the wind rose and associated averag e 
Aitken counts for each wind direction for Barrow and Samoa . Average wind 
ve locities are i ndicated on the wi nd rose bars. The 300 n/cc circle can 
be used as a comparison between the two graphs . Note that the Barrow Ob­
servatory can samp l e clean air flow 66 percent of the time. This fact 
has verified that, although the observatory I'las built near a tOl'1!1 and a 
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Figure 32. Barrow wind rose and 
Aitken averages February 1973 
through January 1974 . 
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FigvJ'e 33 . Samoa wind rose and Ait­
ken average July 1973 through No­
vember 1973 . 



large Nava l Research facility, by proper placement, it can funct i on as a 
baseline station. 

Table 10 shows the percentage of observation t ime, by mo nth, when 
clean ai r passed the Barrow station, and the average clean air Aitken 
count. The average Aitken count was usual ly < 400 n/cc; however, March 
and July raised the yearly average considerably. A sat i sfactory explana­
t i on for these part i cu l ar ly hi gh concentrat ions i s not obvious; however, 
t he 1973 data are cons i st ent with those from 1972. It i s al so poss i bl e 
to obta in background air samp l es from the westerly direct i ons a s ignifi ­
cant porti on of the time . Approximately 30 percent of westerly winds 
exhib i t Ai tken concentrations < 350 n/cc. The larger average va lues fo r 
westerly di rections are from heavy contamination that common ly occ urs. 
Corr es pondingly , the standard dev i ati on of the averages are always di rec ­
t ly proportiona l to t he average itsel f and, t her efore, not indi ca t ed. 

Table 10. The Per cent of r-linds from a Clean Air Direction and the 
Correspondi ng Aitken Partic l e Count at.Barrow. 

Feb Ma r Apr May Jun Ju l Aug Sep Oct Nov Dec Jan ' 74 

Pe rcent of wi nds from c lean air d i rect ion 
85 82 93 87 73 35 44 53 70 66 70 28 

Ave rage Ait ken Count 
344 1205 293 340 399 1497 676 367 354 377 274 29 1 

Fi gure 34 shows the monthly means for Barrow and Samoa. The l ower 
curve of eac h pair ~onnec t s t he indi vi dua l mo nth ly mea ns; t he upper curve 
is the 75 percent quart i le below whic h Ai tken count 75 percent of t he 
total clean air valu~s lie. The Samoa va l ues (dashed lines) are markedly 
consistent. The Barrow data show the increased concentrations in March 
and August; however, note that the mean i s < 300 nlcc for 9 out of 12 
months and is often lower than concentrations observed in Samoa. 

Figure 35, a l og-normal plot, shows the significant difference be­
tween the average and the mean values of Samoa and Barrow data for the 
cl ean air, as wel l as counts from all directions at Barrow. Use of a log­
norma l presentation of data means we expect a Gaus s ia n distribution of 
Ait ken co ncentrati ons. If a Gaussian distribution can be ascribed physi­
cal significance when applied to background aerosol samp l ing, the bend 
in the Barrow curves may indicate two separate di stributions: a Gaus­
sian clean ai r distribution and a contaminated air distribution from 
unknown l ocations and strengths. The Samoa data showi ng no heavy ta i led 
di str i but i ons means that no po ll ut i on sources are upwi nd of the st at i on 
and the data are a true background aerosol . Its sma l ler sl ope (or stand­
ard dev iation) is characteristic of a more uniform marine aeroso l . The 
Samoa marine aerosol has a standard deviation of 47. A representa ti ve 
cl ean ai r va l ue for Barrow would have a G = 230. Note that 60 percent 
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of the easterly winds at both Ba r row and Samoa have Aitken nuclei concen­
trations of 312 or le ss . 

Corre 1 at ions bet\;een var i ous parameters were sought in order to re­
flect aerosol behavior and dynamics i n the data. At Samoa, the s parse 
data made several poss ible corre l ations uncertain; some comparisons indi­
cated no relationshi p. The latter included the Aitken concentrat ion num­
ber versus \;illd velocity , r ain or no rain, time of day, or amount of 
cloud cover. The sampli ng he ight being 25 meter above the sea may remove 
much of the interdependency in these parameters indicated by other re­
searchers. 

At Barrow , rel ations had more significance, but the inter-depend-
ency of the par c2r s requires more study to isolate the true influence 
of a particul a! rameter. During fog, the Aitken average was signifi-
cantly lower , _"IJecially consider ing that fog largely occurred during 
li ght wind condlt ions when Aitken averages are usually high. Fog occur­
red 80 percent of the time when winds were from the clean air directions, 
yet 61 cases with fog had an average Aitken count one-half that of the 
cl ean a ir average. Blowi ng snow occurred generally with winds from the 
north and northeast and sho~led significantly higher than normal Aitken 
av erases . Rain, drizzle, and snow showed little correlation with Aitken 
counts measu red at the same time. Cloud cover also showed no correlation 
except that clear days had higher aerosol concentrations than expected. 
Monitoring t he hourly Aitken averages throughout the day displays the 
working pattern of the Barrow camp in the total averages. After 0800 
hours LT, t he Aitken count increased, decreased significantly at noon, 
and increased again in the afternoon . Wind velocity affect s the Aitken 
concent ration systematically as illustrated in figure 36. 

The marked decrea se with velocity is signifi cant because average 
wind velocities vary only slightly with wind direction. 
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Figure 36 . Barrow wind velocity VB. 
I Aitken concentration Februar y 1973 -----41 t hrough January 1974 . 
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4.3 Meteorology 

4.J.1 Mauna Loa 

Mauna Loa Observatory ha s a re l atively mild climate for it s eleva­
tion, 3.4 km msl. The observatory i s near the top of the average verti­
cal extent of the northea st trade wind regime as well as in the northern 
portion of the latitudinal belt of these trades . Therefore, the observa­
tory experiences an annual variation in winds, type and amount of cl oud i­
ness, and presence of the trade wind invers ion with the yea rl y migration 
of the trade wind belt. The trades and trade inversion are stronger and 
more pers i stent in the summer than in the early spr ing and l ate fall. 

A regular diurnal wind regime influences the general c limate at the 
observatory. Thi s i s manifested by a warm daytime upslope f l ow and a 
colder downslope flow at night caused by diurnal heating and coo ling of 
the mountain s lopes. The ups lope flow ordinar il y bring s up moist sub in ­
version air from below the obse rvatory, while the nighttime downslope 
flow draws down c l ean upper tropospheric air from above. Thi s l oca l di­
urnal weather r eg ime permits an afternoon maximum of cloudiness, mo i s­
ture, and precipitation, but the nights and morni ngs are ge nera ll y cloud 
free and dry. 

Figure 37 gives the annual var i ation of temperature at the observa­
tory. Virtually half of the year had no temperature below freezing, but 
showed an unu sual number of days of s ooe. This is reflected in its un­
usually l ow average maximum temperature (ta ble 11) . On the other hand, 
June showed an unusually hi gh number of days with temperatures > 16°e, 
which i s also reflected in its high average minimum temperature (table 
11). The January set a 13 year record by being warmer t han any previou s 
January . 

Fi gure 38 s hows the month ly amounts and t he number of days having 
0.25 mm of prec ipitation. Overal l , 1973 had only 87 percent of the 13-
yea r average. Onl y July, November, and December exceeded their normal 
amounts. Note that for 8 mo nt hs about hal f of each months tota l fell 
in one 24 hour period, 

In figure 39 t he winds at t he observatory are stratified i nto two 
categories: when the observatory i s under the in f lu ence of an easterly 
f l ow, and when it i s under the in f luence of a wester ly flow . At other 
times, no set pattern's observed or the diurnal wind regime directions 
(north for daytime and south for nighttime) mask out the genera l synoptic 
f low. The def initi on of easterly flow is met when 95 percent of the 
hourl y averages had an easterly component in the wind regard l ess whether 
an up- or down s lope component a l so occurred. This cl assification indi­
cates the trade wind r eg ime. The definition for westerly component is 
identical t o the former, and this regime indicates the mid-l atitude 
wes terli es extend t o t he l ati tude of the observatory . The westerlies 
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FiglD'e 37 . Monthly average and extr eme maximum and m'tnurruII/ 
temper atur es at Mauna Loa Obs ervator y in 1973 . (Read on scale 
at left . ) Fpequency of days with temper atur es equal to or 
above 16°C and equal to or below OOC . (Read on scale at 
right . ) 
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CO) 

-"" 

1973 

Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 

Table 12 . Cape r1acatula ('Umatolo(1J for' 7."7 ., . 

~~Avi" Yemp".~~C""cl"~" ~-Prec~tpitatfon~T~' '="~=="1iind" (inis"ec r .. = =.. "~Cl ouj. l.O.'!.ff_*~_ 

Dai ly Day RH Resultant Mon. Fastest Mile Part . 
Max . Min. Monthly Total Max.* Date (%) Speed Dir. Avg . Speed Dir . Day Clear ~ Cldy 

27.2 24.4 25.8 13.49 4. 90 28 94 . 2 6. 5 100" 7.5 16 . 5 E 4 0 14 17 
28.1 24.6 26.5 11 . 71 2.08 4,26 86.0 7.1 120 8 . 6 16 . 1 SE 5,19 1 17 13 
28.8 25.1 27 . 3 5. 64 1.19 26 91.4 5.2 100 6.6 13.0 E 10,22 2 17 11 
27 . 5 24.0 26.3 27.38 4.52 20 88.7 8.5 130 9.8 21.9 SE 9 0 9 22 
27 . 7 23 . 9 26.0 37 . 08 6.17 8 93.4 2.5 080 7.0 18 . 8 W 6 0 7 23 
29.3 24.6 26 . 8 30.10 5.08 1,2 89.8 2. 4 080 4. 5 10.7 SE 15 1 12 18 

Average 28 .1 24 . 4 26 . 4 125 . 40 6.17 8 90.6 5.1 110 7. 3 21.9 SE 9 4 76 104 

*In 24 hours. 
**Number of days. 
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FiguT'e 41 . Example by tempemtuT'e (OF) of humidity tT'aces (peT'Cent) 
at MLO. 

observed for each I'lind direction and the numbers represent percentage fre­
quency of wi nd observed from each di recti on withi n each speed i nt erv a 1. 
Figure 43 shows frequen cy distributions for the prevailing east-southeast 
winds at Matatula Point. Resultant vectors , and other monthly wind data 
are listed in table 12. 

FiguT'e 42 . Surface wind r ose Cape 
Matatula Jul - Dec . 1973. 
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4.4 Solar Radiation 

4. 4 . 1 f.'eiJ P-ielJ. li!strumentat-ion 

ouri ng the latter part of 1973, tVienty Model 2 pyranometers \'/ere re­
ceived fl-om The Eppley Laboratories, Inc. Table 16 summarizes the pl'OP­
erties as given by the manufacturer. Table 17 summar izes the data for 
the three UV radiometers that also arrived during 1973. Table 18 gives 
the results of some of the comparisons of the South Pole array of pyra­
nometers to instrument 10155F4. Note the last three comparisons differ 
significantly from the first compa rison; this suggests the possibility 
that the properties of 10155F4 changed sudden ly, perhaps to a 10Vier sens­
itivity as of December 31, 1973. Pyranometers 12268F3 through 12271F3 
and UV radiometer 12349 arrived at the South Pole on January 3, 1974. 
The temperature response of these instruments is given in tables 19 and 
20 . A s ignificant difference exists betVleen the manufacturer's response 
test results and GMCC's values. The calibration technique employed by 
Gr~CC i nvo 1 ved p 1 ac i ng the pyranometers in the NCAR envi ronmenta 1 chamber. 
Temperature was allowed to stabil ize for 40 min before readings Vlere made 
on a voltmeter I'/hose calibration \'/as traceable to NBS. The standard lamp, 
used as a light source, had its current monitored, and the lamp intensity 
Vias monitored by a detector outside the environmental chamber, so that 
the total irradiance of the lamp remained constant to I'/ithin +0.3 percent 
over the entire test. The manufacturer's method of testing has not been 
specified. Tables 21 and 22 given some further data on the UV radiometers, 
and table 23 gives some data on the multichannel radiometers (pyrheliome­
ters) thaL arrived in late December 1973. 

4. 4.2 Calibl'at-ion Equipment 

For calibrat ion, two Angstrom compensation pyrheliometers, two ac­
tive cavity radiometers, and tl"lO primary absolute radiometers arrived in 
1973. Table 24 lists the appropriate calibration constants . A McPherson 
double-beam recording spectrophotometer was also received. The filters 
to be calibrated did not arrive until very late in 1973 . 

Figures 46 and 47 are drawings of the detecting apertures of the 
Kendall radiometers. Table 25 gives some numerical data for these aper­
tures as measured by NBS and shows that the aperture sizes do not agree 
with the manufacturer's claims . 

Although the data analysis was held up in 1973 by the need to stand­
ardize the raw data tapes, several analysis programs were Vlritten and 
tested in preparation for obtaining the standardized data tapes. 
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TaMe 19 . 'l'empeY'L~tIale _~e8!?Oi':s e iJ_:scd on .".'J)li.A .. Factu!~el" / s :;c:.-ta .~'Oi" 

Py ranor1eters ~'sIn2 S:!;~ CaZ1: !;,f'at":o;~ ro;~stan-:-

-=--=-==_': - ==",,",-=-- -
Ser i a I Numbe " 

Temp. ( 0c) 12268 12269 12270 12271 12272 

25 0.1017 0.1025 0.0970 0.1077 0.1061 
10 0.1028 0.1038 0.0981 0.1079 0,1077 
-5 0.1032 0.1041 0.0983 0.1081 0.1079 

-20 0.1033 0.1044 0.0985 0.1083 0.1084 
-35 0.1027 0.1033 0.0975 0.1076 0.1078 
-50 0.1015 0.1025 0.0965 0.1066 0.1065 

12263 12264 12265 12266 12267 

30 0.0954 0.1051 0.0976 0.1061 0.0959 
20 0.0955 o. 1056 0.0981 0.1064 0.0964 
(8 ) 0.0957 0.1058 0.0983 0.1068 0.0965 
0 0.0958 0.1060 0.0985 0.1075 0.0966 

-20 0.0955 O. 1059 0.0982 0.1073 0.0964 
-30 0.0946 0.1039 0.0975 0.1067 0.0958 

12273 12274 12275 12276 12277 

40 0.0932 0.0966 0.0918 0.1023 0.0963 
25 0.0933 0.0969 0.0917 0.1025 0.0969 
10 0.0929 0.0965 0.0914 0.1025 0.0971 
-5 0.0928 0.0967 0.0914 NA NA 

-10 0.0926 0.0965 0.0910 0.1019 0.0969 
-20 0.0933 0.0969 0.0918 NA NA 

12616 12617 12618 12619 12622 

30 0.0790 0.0808 0.0769 0.0789 0.0938 
18 0.0794 0.0812 0.0770 0.0792 0.0939 

( 1 0) 0.0794 0.0810 0.0770 0.0791 0.0940 
6 0.0793 0.0809 0.0770 0.0790 0.0940 

-16 0.0793 0.0809 0.0770 0.0792 0.0938 
-28 0.0789 0.0807 0.0765 0.0787 0.0935 
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Table 20 . TempeY'ature :>:?s~)onse of Pyranometers (South Pole Only) 

Ser i a l Numbe r 
Temp . (OC) 12268 12269 12270 12271 

19 0 .101 2 0. 104 1 0.0956 0.1014 
0 0. 1028 o. 1037 0.0974 0. 1048 

-20 0 . 1033 0. 1044 0.0985 0.1083 
-40 0.104 3 0.1037 0.1080 0. 1083 
-60 NA 0. 10 19 NA NA 

l'cole 21 . Cos ine Res ponse o f uv Radio7leters 

Tem p :-r'C) 123~8 (Hem i sphere) 1 23~8 (No Hemi s pher e ) 

10 1.057 1 .010 
';''J 1 .030 1 .007 
30 1 . 0 14 1 . 008 
40 1.005 1.010 
50 1.002 1 .010 
60 1.000 1.000 
70 0.998 0.984 
80 0 . 981 0.982 
90 0.989 0.984 

Da ta fo r 12349 and 12350 not ava i l ab Ie . 

Table 22 . Temperature Response of UV Radiometer ' 

Temp 
(OC) 

40 
25 
10 
-5 

-20 
-35 
-50 

,"Date for 12348 and 12349 not ava i l able . 

73 

12350 
(mV ImWcm - 2) 

1.924 
1 .906 
1. 87 
1.836 
1.810 
1.750 
1.705 







Figure 46 . The deviations from roundness of the detecting aperture of 
the Kendall radiometer 12842 as supplied by the Eppley Laboratory> Inc . 
Each unit of radius corresponds to 0.001 i,~h . 
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Figure 47 _ 1'he deviations of the detecting aperture of the Kendall radi­
ometer 12843 as supplied by The Eppley Laboratory, Inc _ Divisions for 
the outer circle correspond to 0.001 inch and for the inner circZe to 
0. 00005 inch . 

the tape, and so forth. Averages and standard deviations are for the 
printed values only. Standard deviations are large becau se cloudy condi­
tions are included in the calculations for the given run. All analys i s 
programs produce similar tables, with most of them giving dail y averages 
and standard deviations when applicable. The programs are constructed 
so that filtering of the va lues is fairly easy if we wish to remove cl oudy 
conditions, for example. 

Two plots (figs. 50 and 51) of t yp ical days are given at t~auna Loa 
for the quartz channel of the multichannel pyrheliometer. The f irst one 
(fig. 50) is for a fairly clear day with what appears to be fractocumulu s 
appearing in the afternoon. The second plot (fig. 51) is a day with a 
clear morning with l arge layered clouds appearing in the afternoon, per­
haps altostratus. Plots allow us to determine quick ly what days are con­
trol days and occasionally determine the effect of clouds in the measure­
ment. 
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Ultraviolet Radiation MeaSUl'ements 
1~ n the Ery thema Spec t r wn 

Under sponsorship of the U.S . Department of Transportation, two 
erythema spectrum dosimeters were developed by Komhyr (1974) at the GMCC 
Techniques and Standards Group, Boulder, Co l orado. These instruments 
measure the intensity of solar ultraviolet radiation that causes sunburn 
and skin cancer and are intended to provide baseline i nforma tion about 
the dependence of irradiance in the erythema spectrum on atmosp heri c 
total ozone amount, sky turbidity, and cloud conditions. The two instru­
ments were deployed to the field stat ions (Bismarck, North Dakota, and 
Tallahassee, Florida) in June of 1973. Measurements at these s i tes are 
expected to continue until December 1974. 

A unique feature of the spectrophotometer dosimeters is that their 
spectra l sensitivity ca n be "tailored " to correspond to any des ired ery­
thema spectrum relative response curve. The relative response of the 
NOAA instruments is that shown in figure 52 which is a curve based on the 
data of Urback-Berger (personal communication) for wavelengths greater 
than 2967 A, and datu derived by Coblentz and Stair (1934) for shorter 
wav elengths. 

Figure 53 illustrates the optical system of a spectrophotometer ery­
thema spectrum dosimeter. Sun and sky li ght enter the instrument via a 
cos ine-response light col lector comprised of a slab of trans lucent quartz 
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~ Figure 52. Action spectl'a for mini­
mal erythema of the human skin . 

protected from the elements by a quartz hemisphere. Beneath the light 
collector is a quartz NiS0 4 "6H 20-cobalt glass ultraviolet light filter 
wh i ch blocks vi sible rad i ation but al l ows the passage of wavelengths 
shorter t han about 3350 A. The ultraviolet radiation then passes 
through a ci rcular var iable neutra l density light attenuator, which i s 
automatically rotated by a feedback mechanism incident daylight inten­
sity. For the incident beam cross-section to be uniformly illuminated 
as vi ewed by the first monochrometer, an inl et window comprised of mate­
rial s imi lar to that of the l ight attenuator, but with an opposite den­
si ty grad ient, is pos i tioned be l ow t he light attenuator. The light i s 
next ref l ected by a sma l l prism into the first monochrometer of the 
spectrophotometer, wh i ch forms approximately 10 A wavelength-wide 
images of the ent rance sl it S, at the instrument ' s focal plane; viz., 
at sl i t S2 i s approximately 1.5 cm wide, and the optical arrangement is 
such that wavelengths fa l ling on the s lit range from 2894 A at the 
top of the s l it to 3260 A at the bottom of the slit. The focal plane 
shapes the instrument's spectral response. First, a mask is fitted over 
s l it S2 i n such a way that the l onger wavelengths are partially blocked 
by the mask and are, therefore, unabl e to pass comp l etely to the instru­
ment ' s detector, and wavelengths near the peak of the erythema spectrum 
(2960 A) pass unobstructed to the photomultiplier tube. Second, a 
rotating sector wheel vlh i ch chops the dispersed light beam at a frequency 
of 33 Hz further attenuates l onger wave l engths as compared with shorter 
ones. This i s accomp l ished by shaping the sector wheel so that wave­
l engths near 2960 A are bl ocked by the shutter for one-half the period 
of each shutter revolution, whereas longer wavelengths are blocked by the 
shutter for t i mes longer than one-half the period of each revo lution, de­
pending on wavelength. Dispersed and suitably attenuated wavelengths are 
accomp l ished by a second monochrometer, wh i ch also serves to minimize 
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Figure 53 . Optical system of a Dobson spectrophotometer converted 
into an erythema spectrum dosimeter . 

the problems of scattered light. Additional protection against visible 
scattered light is provided by a cobalt glass filter positioned behind 
exit slit 53; i.e., in front of the photomultiplier tube. 

The signa l emanat ing from the photomultiplier tube in response to 
the chopped light beam is a pu l sating d.c voltage that is amplif i ed by 
an a.c. amplif i er and rectified by a phase-sensitive rectifier (Komhyr 
and Grass, 1972) to yield a d.c. voltage l evel that is balanced against 
a co nstant d.c. voltage reference source. The difference in the two d.c. 
voltages (error signal) is impressed upon a servo amplifier-motor that 
rotates the circular variable neutral density li ght attenuator in response 
to changes in incident light intensity so as to maintain a constant light 
level enter ing the instrument. Coup l ed to the li ght attenuator is a shaft 
encoder that outputs information regarding t he angular position of the 
light at tenuator disc. Through a previous calibrat ion , the li ght attenua­
tor optical densities vs. angular position are known. The instrument 
i s absolutely calibrated through use of an Eppl ey Laboratory standard of 
spectral radiance lamp. Thus, the U.V. erythema spectrum energy falling 
on the instrument's light collector can be determined . 

The observational data are recorded in digital form on an incremen­
tal tape recorder, and al so in analog form on a strip-chart recorder. 
Figure 54 shows typical data obta ined on clear days dur ing midsummer 
qnd midwinter at Bismarck, North Dakota. Note that the ratio of irradi­
ance values in the erythema spectrum for the two different times of year 
is approximately 15:1. 
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Figure 54. Typical plots of irradi­
ance in the erythema spectrun/ mea­
sured on clear days at Bismarck, 
North Dakota . 
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4. 5 Cooperat i ve Program1 

Dec 19, 1973 
10101°3,0.378 milli-olmo 

ems 

Centra l Stan dard Time 

In 1973 ~1auna Loa Observatory had many cooperative programs. The 
active programs are: (1) Measurement of Sr 90 , (2) Tota l surface partic­
ulate matter, (3) Surface tritium concentration, (4) Condensation nuclei 
concentration, (5) Surface 50 2 and N0 2 , (6) Surface 50 2 , NO, N0 2 , and 
NH 3 , (7) Precipitation collection for chemical analysis, (8) Fog concen­
tration, (9) Atmospheric extinction, and (10) CO concentration . 

The cooperative programs at Barrow, Alaska, are: (1) 5mithsonian­
Radiation Biology Lab's pyranometer system; (2) High volume air samples 
(Desert Research Laboratory, Reno, Nevada); and (3) Precipitation col­
l ect ion for chemical analysis. 

The two cooperative programs at American Samoa are: (1) Precipita­
tion collection for chemi cal analysis; and (2) NCAR surface measurement 
of 502 , NO, N0 2 , and NH 3 • 

4. 5. 1 Carbon Monoxide 

The Mauna Loa Observatory, in cooperation with the Max Planck Insti­
tute, Mainz, Germany, has begun to measure surface carbon monoxide 
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concentrations in order to monitor daily and seasonal variatio ns, and 
to establish possible trends. The system was installed by its designer, 
Dr. W. Seiler, on I~auna Loa in August 1973 . 

Method . Carbon monoxide is detec t ed by allo\ying it to react with 
mercuric oxide at 210 °C; this produces mercury vapor. The atomic absorp­
tion of mercury vapor is then measured in an optical ce ll; the output 
from the phototubes is recorded conti nuous l y by a strip chart recorder. 
Interfering gases are removed by drier, mo lecul ar sieves, and zero point 
adjustment. Ca lib ration is done with known concentration reference gases. 
The detection limit of the instrument is 0.1 ppbv. The standard error 
for a CO mixing ratio of 0.1 ppmv is 3 percent. 

System Descr iption. The ambient air or calibration gas i s pumped 
into the system and initia l ly passed through cooli ng traps at tempera­
tures of about -40°C. A glass tube molecular sieve eliminates interfer­
ence caused by reduc ing gases such as 502, hydrocarbons, formaldehyde, 
and other gases that . would also react with the mercuric oxide. At this 
point, the samp l e can either be passed directly into the heating modu l e 
consisting of the mercuric oxide and the optical cell, or the sample can 
be passed first over s ilver oxide and then into the heat ing module. 

Because at 2l0°C mercuric oxide slowly dissociates into mercury 
vapor and oxygen, there is a background concentration of mercury vapor 
passing through the opt ical ce ll depend i ng on the flo.1 rate. To eli min­
ate th i s error source, the samp le flow i s automatically cycled through 
a carbon monoxide trap for 5 min every 50 min. The trap co ntains silver 
oxide which destroys the CO in the air samp l e quantitat ivel y but does not 
react with hydrogen. The resulting detection level during this mode of 
operation is the zero point wh i ch includes the mercury level produced by 
thermal dissoc iation of HgO and the Hg-vapor generated by the reaction 
between H2 and HgO . The difference between zero-point and the normal 
recorder reading is therefore caused onl y by the CO in the air sample. 

The air sample now passes through the hot mercuric oxide where the 
CO reacts to form mercury vapor. The optical ce ll i s within the furnace 
through which the air samp le nO\y containing mercury vapo r passes. The 
air sample exits the optical cell via a flow meter and leaves the system. 
Flow rate is mai ntained at about 35 £/hr. 

The CO detection system (f i g. 55) has a light from a mercury lamp 
source that traverses the optica l cell and is received by a photo tube at 
the opposite end. A second phototube observes the mercury lamp directly. 
The two currents from the two phototubes contain the output information. 
The signa l s are amplified and their ratio is monitored on a strip chart 
recorder. 

Calibra t ion. Th i s instrument i s cal ibra ted by using cyJinders of 
compressed air-CO mixtures. The concentration of the calibrat ing gases 
spa n the expected amb i ent air concentrations being measured. Repeatabil­
ity checks for determining drift stability are also made with a tank of 
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FigL!pe 55 . Schematic diagpam of the CO analyzer developed at the :·Ia:e 
Planck Institute , /.Jainz , Germany . Best operational conditions are 
210°C, 40~/hl' and O. 5g HgO (f rom W. Se i l e r and C. Jung e, J. Geophys . 
Re s . 22, 12, 1970 , copyright by Amer ica n Geophys . Union).-

compressed amb ient air. Thi s all ows ca libration runs to be made l ess 
frequent ly and on ly when needed. 

Initial Operation . The shakedown period lasted throughout 1973, 
with numerou s malfunctions occurring and ma ny ot these failures cou ld 
not be immediately corrected . Few re l iable data were obtained in 1973. 
The hope that the system wou ld require mi nimum surveilance and operate 
unattended for extended peri ods has not been fulfilled. 

4. 5. 2 Pl'ecipitation Chemis~py 

In 1973 precip i tation was co llected at Mauna Loa, Barrow, and Samoa 
for chem i ca l anal ysis . In this initial program, three major problems 
have evo l ved : 

1. The co ll ector proved to be unreliable especially at the 
extreme conditions of the Arctic. 

2. Two of the three stat ions (MLO and BRW) have very little 
prec i pitat i on (500 mm and 300 mm respectively) . 

3. Because of the l ocations of these bacKground stat i ons, 
the chemica l co nstituents in precipitation are at very 
1 0\~ concentrat i ons. This requires extremely precise an­
alyses. 
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Some of the MLO average year ly values of constituents are shown in table 
26. During 1973, precipitation was coll ected on ly intermittant ly at 
Barrow and Samoa. 

Table 26. Average Values of Selected Constituents ~n 
Precipi tation at Mauna Loa 

Constituent 

pH 
SO, 
C 1 
Ca 
K 
Mg 
Na 

Concen t r a t i on 
(mg/.f) 

5.90 (pH uni ts) 
1. 70 
0.30 
0.27 
0. 12 
0.03 
0.78 

4.6 Data Acqu i s ition System 

As part of the effort to install a reasonably comp lete monitoring 
program at the South Pole station, we compl eted the instrument contro l 
and data acqu isiti on system (ICDAS) and wrote a stand-a l one program for 
operating the system . ~Jhi le the operating program was vlritten in BASIC, 
a set of subroutines had to be written to perform data transfer to and 
from peripherial devices. Such subroutines are numbered and appeared in 
the form "CAL L N, X, Y." They were written in computer (Data General 
Corp., NOVA 1220) assembly language. These subroutines cou ld transfer 
data fi les and from the magnetic tape recorder, skip files in both di­
rections, write end-of-files, and rewind tape. The control routines for 
the display clock, the general purpose switches, and the teletype were 
modified and tested. Separate diagnostic and test routines were also 
produced. 

The central timing program, or operating executive, was written with 
three tasks in mind. The first and most important was the recording of 
all s i gnals on magnetic tape in real time. This recording schedu l e \vas 
non-interruptable. Al l signals, except those from the clock and switches, 
were acquired through a conventional multiplexer-digitizer, which was con­
trolled by the computer. The second task was to schedule the calibration 
of the individual sensors through the activation of switches to set sole­
noid values. For the aerosol counter the sw i tches were used to set the 
range of the instrument. While signals were digitized once/second and 
the basic observation was of 10-sec sums, the switch register was checked 
and updated every minute. With the ICDAS i n control of the calibration 
of se nsors, the system cou ld be used to perform the third task, calculating 
hourly averages and scaling of these values in scientific units. With 
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proper gu idel ines , t hese data are used to monitor sensor performance and 
provide summary or climatologica l data. Unfor tunately memory capacity 
wi ll not allow the next logica l step to be imp lemented, viz., the formu­
lat i on of dai ly averages. 

The structure of the execut i ve program i s shown in figure 56). Once 
a week, after t he stat i on observer changed the data tape, he initiali zed 
the program i n three steps . (1) The number of analog channel s to be re­
corded was specifi ed, and from this the computer established the s i ze of 
the data arrays. (2) Iden tification file s were l oaded into the computer 
vi a punched paper t ape through a teletype reader. These files id entify 
the st at i on and t he spnsor belonging t o ea ch channel . They were logged 
on the data tape t',d ce a day . (3) The start sequence simply waited for 
the next hour anc:l eared all fi l es. The sys t em examines th e display 
clock wa i ting f c t he next second at which time ana l og data are acquired, 
digitized, and sUlI,med into an array . Every IO-sec a new sum starts, and 
at the end of each minute, during th e 59th sec, the sum for that minute 
i s tabu l ated, and the seven va l ues for each channel are recorded on tape . 
Within each mi nute certain bl ocks of ti me, spec ific I- sec intervals, are 
used t o do t asks unique to individual sensors, suc h as, ca librati on sched­
uling and da ta sca l ing. There i s plenty of t i me remaining after the data 
are digitized for such tasks as long as they are broken into sub-sections. 
Th is process is ou t l i ned in dashed lines in fi gure 56. 

The main ou t put of th i s sys tem i s on magnetic ta pe, recorded in a 
computer compatab l e fo rmat, at 800 bpi (bytes per inch, NRZI). The data 
are contained in two arrays; the s ignal array, S(I, J ), "I" representing 
the cha nnel number, ·and 

J=O; sums fr om second 0 throuqh 9 
J= I; sums from second 10 through 19 
J=2; sums from second 20 throu gh 29 
J=3; sums from second 30 throug h 39 
J=4; sums from second 40 through 49 
J=5; sums from seco nd 50 throu gh 59 
J=6; sums from second 0 through 59 
J=7; ti me and switch sett i ngs . 

This array i s recorded once a minute. The seco nd, the "data qua lity," 
array is where the 1 min sums are collected, it is i n the form D(I,J). 
Aga i n "I" denotes the channel number, and 

J=O; the sum of 5( 1, 6) for l ow calibration sett i ngs. 
J=I; the sum of 5( 1, 6) for high calibration sett i ngs. 
J=2; the sum of 5(1,6) for measured air values. 
J=3; the number of data entries for l ow calibrat i ons. 
J=4 ; the number of data entries for hi gh calibrations. 
J=5; t he number of data entries for meas ured values . 
J=6; the calibrated average for the previous hour. 
J=7\ the va l ue of the l ow calibration point. 
J=8; the val ue of the high ca libratio n point. 
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Figure 56. Flow chart of executive program. 
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This array is completed during the first minute of every hour and re­
corded on magnetic tape. It is followed by an end-of-file mark to allow 
easy access for subsequent analyses . Every 12-hours, the station identi­
fication file and channel identification file are recorded immediately 
preceeding the D(I,J) file. 

The ICDAS hardlvare installed at the South Pole station i s pictured 
in figure 57. It is housed in two equipment racks with the digita l com­
ponents, magnetic tape drive, and computer console, in the one on the 
right. The other, on the left, contains the analog components including 
the clock, multipoint recorder, multiplexer-digitizer, analog preampli­
fier, test equipment, and power supplies. Each rack contains a fan and 
an AC power regulator. The teleprinter with paper tape reader and punch 
is shown on the right. 

Throughout the year, this system was tested and evaluated. In all 
but a few cases, the results were favorable. Thus, a request for stand­
ardization and interchangability of parts, under section 302(c) (13) of 
the Federal Property and Administrative Services Act of 1949, was initi­
ated for the core of ICDAS. In this way, the new equipment for additional 
stations will be identical to that currently in use. 

5. REGIONAL STATIONS 

The 10 Ht~O-designated stations are a complementary netlvork to the 
baseline observatories. This network was described in GMCC Summary Re­
port No.1 (1972). The data were published in the recent Atmospheric 
TVybidity and Ppecipitation Chemistry Data for the World 1972. 

Figure 57 . ICD.4S hal'd'Jal'e installed at South Pole Station . 
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C. Turner 

Geophysical Monitoring for Climati c Change . The ~OAA Program. 
Specia l Environmental Repor t No. :3 Observations and Measurement 
of Atmospher ic PoLLution , WMO No. 368, p. 334-345, 1973. 
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8. STAFF 

8.1 Mauna Loa 

8 . 1.1 Directors of MLO 

Jack C. Pales, 1958-1963 
Howard El ] is, 1963-1966 
Lothar H. Ruhnke, 1966-1968 
Howard Ellis, 1968-1970 
Rudolf F. Pueschel, 1970-1972 
Ronald Fegley, 197~-Present 

8.1. 2 MLO Staff 

*Ronald Fegley, Director and Supervisory Physicist 
*Howard Ellis, Physicist 
John F. S. Chin, Physicist 

*Bernard G. Mendonca, Research Meteorologist 
Mamoru Shibata, Electronic Technician 
Alan M. Yoshinaga, Analytical Chemist 

*Barry A. Bodhaine, Research Physicist 
Judith B. Pereira, Secretary 

8.2 Geophysical Monitoring Techniques and 
Standards Group 

*Walter D. Komhyr, Supervisory Physicist 
*Gary A. Herbert, Research Meteorologist 
*Robert Grass, Physicist 

Rudy A. Haas, Mathematician 
*Thomas B. Harris, Meteorological Technician 
*Douglas V. Hoyt, Physicist 
Milton S. Johnson, Electronic Technician 

*Sam Oltmans, Physicist 
Colleen McAvoy, Secretary 

8.3 Antarctic Observer 

Russel P. Wertz, Physicist 

*Contributors to·the Summary Report. 
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8.4 Barrow 

Daniel M. Williamson , Electronic Technician 

8.5 Samoa 

*Vern Rumble, Physicist 

8.6 GMCC Staff 

*Donald H. Pack, Director, GMCC 
Gerald F. Cotton, Statistician 

*Jo hn M. Mi ll er, Research Meteorologist 
*Charles P. Turner, Technical Assistant to the Director 
*James A. Watkins, Lt. (jg.) NOAA Corps 

*Contributors to the Summary Report . 
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APPENDIX A: Data Taken At Observatories 

(1) Gases 
CO 2 (MLO, BRW, SMO, SP) 
CO (M LO) 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 

Total 03 (MLO, BRW, SP) 
Sfc 03 (MLO, BRW, SMO, SP) 
Freon (MLO, BRW, SMO, SP) 
S02, NO, N0 2, NH3 (10 and 24 hr samp le each 2 weeks) 
(MLO, SMO) 

(g) 
(h) 

S02, N0 2 (48 hr avg. weekly) (MLO) 
HT, HTO (MLO) 

(2) Meteoro l og i cal 
(a) Wind speed and direct ion (MLO, BRW, SMO, SP) 
(b) Temperature and dew point (MLO, BRW, SMO, SP) 
(c) Pressure (MLO, BRW, SMO, SP) 
(d) Precipitation (MLO, BRW, SMO, SP) 
(e) Ground temperature (MLO) 
(f) Cloud cover (BRW, SMO) 
(g) Snow cover (BRW) 

(3) Aeroso l s 
(a) Lidar (MLO) 
(b) Aitken nuclei concentration (MLO, BRW, SMO, SP) 
(c) Total surface particulate matter (MLO, SMO) 
(d) Particle counter (MLO) 

(4) So lar terrestrial radiation 
(a) Direct so l ar spectral irradiance (M LO) 
(b) Globa l so l ar spectra l irradiance (MLO, BRYI) 
(c) Atmospheric turbidity extinction coefficient (MLO, BRW, SMO) 

(5) Miscellaneous 
(a) Precipitation chemistry (MLO, BRyl, SMO) 
(b) Sr 90 in rain (MLO) 
(c) Fog concentrat i on (MLO) 

MLO = Mauna Loa Observatory 
BRW = Barrow, Al aska 
SMO = American Samoa 
SP = South Pole 
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APPENDIX B: Master Manuals File - Instructions 

To preserve for posterity a record of the ma-nner in ~Ihich operuc ilns 
are and wi 11 be conducted at our GMCC Observa tori es, we have es tab 1 i shed 
a Master File of Instruction and Instrument Manuals under the categories: 

1. Aeroso l Monitoring 
2. Aeroso l and Gas Sampling Systems 
3. Analyzer CO 2 Measurements 
4. CO 2 Flask Sampling 
5. Data Acquisition/Instrumentation Control Systems 
6. Freon-II (CCI 3 Fl Sampling 
7. H20 Freezers 
B. Total Ozone Observations 
9. Surface Ozone Monitoring 
10. Ozonesonde Observations 
11. Oxygen Flask Sampling 
12. Solar Radiation Observations 
13. Turbidity Measurements 
14. Prec ipitation Measurements 
15. Wind Observations 
16. Temperature Measurements 
17. Test and Laboratory Equipment Manuals 
lB. Message Format - Special Instructions 
19. Station/Program Reports 
20. Provision is made under items 20 to 30 to record new manual c~te 

gories as they become established_ 

Included in the Master Manua l s File are (al a Manuals Record Book 
li sting all the manua l s in the master file, and (b) a Card Index list ing 
all manuals and for checking manuals out of the master file; e.g . , for 
temporary use. The Master Manuals File also contains manuals relev(1l1t 
to the GMCC work but prepared before the establishment of the GMCC pr~ 
gram. These include instructions pertaining to surface ozone measure­
ments, ozonesonde observations, oxygen flask sampling, etc. 

The Master Manuals File is maintained by the Chief, GMCC Techlli llU€S 
and Standards Group, Boulder, Colorado, who is also responsible for p~ri 
odic updating of the f ile . A identical file is maintained at the GM CC 
Central Office, ARL, Silver Spring, Maryland. 

1. Aerosol Monitoring 

1. Prel iminary Instructions for Small-Particle Detector Type eN, Seri al 
No. 109B, with Calibration Curve, Gardner Associates, Inc. 

2. Instruction Manual - Condensation Nuclei Counter Catalogue No. 11 2L 
42BGl, G2, G3, G4, Rev. 2, GEl No. 45069, September 1972. 
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3. Instruction Manual - Pre-humidifier for Use with the G.E. Condensa­
tion Nuclei Counter. 

2. Aerosol and Gas Sampling Systems 

1. In struction Manual - Aerosol and Gas Sampling System (for use at 
South Pole Station), prepared Janual'Y 2, 1974, by \oJ. D. Komhyr. 

3. Analyzer CO 2 Measurements 

1. Instruction Manual - CO 2 Measurements with a Non-dispersive Infrared 
Analyzer, prepared by W. D. Komhyr and T. B. Harris, Jan. 2, 1974. 

2. Servicing Instructions for UNOR Gas Analyzers, No. 1390/157. 

3. Instruction Manual for ACR Series Sil icon Contro lled Rectifier A. C. 
Regulators, Raytheon Company. 

4. Instruction Book - Model 200 LIRA Infrared Analyzers, Mines Safety 
Appliance Co., June 1960. 

5. URAS 1 Infrared Gas Analyzer (operat ing manual), Intertech Corpora­
tion, received June 1973. 

6. Instructions for URAS-2 Infrared Gas Ana lyzer - Carbon Diox ide, Ser­
ial No. 37626682, Intertech Corporation, August 17 , 1973. 

7. Operating Manual 42CG57-3en, URAS 2 Infrared Gas Anal yzer, Intertech 
Corporat i on. 

8. Operat i ng and Serv ice Ma nu al - Str ip Chart Recorders 7100B/7101B/ 
7127A/7128A, Hewlett-Packard. 

9. Operating and Service Manual - 17500 A Mu l tip l e Spa n Inpu t Module, 
Hewlett-Packard. 

4. CO 2 Flask Sampling 

1. Carbon Dioxide Flask Sampl ing Program - Instruction Manual, prepared 
15 February 1967 by T. B. Harr i s. 

2. Instructions for Taking Air Samples on Board Ship - Carbon Diox ide 
Program, prepared August 1968, by T. B. Harris. 

3. Prel iminary Report - Fl ask Sampl e Analys i s Equipment for CO 2 , pre­
pared December 1967 by H. Bischof. 
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OVerall 

5. Data Acquisition/Instrumentation Control Systems 

Synopsis of Support Material (printed) for 
Instrumentation Contro l and Data Acquisition System 

Manuals containing operation, maintenance, and repair information for 
each component of the ICDAS are provided by the manufacturer. A component 
is defined by a certain area of rack space; therefore the manuals are as­
sembled into binders representing a single rack. Using the South Pole 
deployment as an example, all hardware components are contained in bind­
ers labeled "analog rack," "d igital rack," and "teletype." Software is 
handled in a different way . Three systems t apes are provided to house 
the "diagnostics," "system generating routines (assembly language) , " and 
"executive generating routines (basic)." A binder contai ning the operat­
ing instructions and code listing is provided for each type. The indi­
vidual manuals within each binder are listed below. 

Ha:r>dWaPe 

Ana~og Rack (top to bottom) 

Multipoint Recorder (Leeds and Northrup Co). This recorder is 
supported by a maintenance and operation manual as well as a parts manual. 

Mu~tip~exer-Digitizer (Xerox Data Systems). Two manuals are en­
closed, one for the MUX-Digitizer operation and one for the power supply. 

Preamplifiers (Newport Labs., Inc.) The manual contains test 
instruction as we ll as schematics. 

Switch Registers. This unit was built by T&SG and the manual 
contains board layout, parts location, and pin assignments. 

Power Supplies (Hewlett-Packa:r>d, Inc.) One manual is provided 
for each class of power supply. 

AC Line Regulator (Elgar Co.) One manual is required for this 
unit and a companion unit in the digital rack . 

Digital Rack (top to bottom) 

Magnetic Tape Drive (Wangco, Inc.) The material for this sys· 
tem i s in two locations. All hardware description, maintenance, and op­
eration instructions are located in the manual. The definit ion of the 
tape format is contained in "How to Use the NOVA" book. 
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Magnetic Tape Formatter (Data General Corp.) The material for 
this interface unit is included with the material for the tape interface 
board in the following section. 

Minicomputer (Data General Corp.) Following the descriptive 
material and diagrams for the mainframe and the console, the details for 
each subassembly or pc board are filed. Operating and interfacing in­
structions are contained in a second, separate volume entitled "How to 
Use the NOVA." Material for the display clock is contained in this lo­
cat ion . 

Teleprinter, Reader, and Punch (Teletype). Due to their size, 
these manuals require a separate binder. 

Software 

System Reliability and Diagnostics. This binder contains manuals in 
support of each reliability program and diagnostic routine. The former 
are used to generate timing tables for the central processing unit and 
the magnetic tape transport . Diagnostic routines are used to locate mal­
functions. 

System Generating Programs (Assembly Language). 
tape contains the minimum number of programs required 
semble machine language code. 

Paper tape ed itor (DGC tape 91-1-7) 
Assembler (DGC tape 91-2-8) 
Basic with Call Subroutines (Hall) 
Basic with Ca ll Subroutines Ver. 4.4.-C 

The corresponding 
to write and as-

The manual also contains programming instructions for assembly language 
and machine language code. 

Assembly language listing of Basic w-call 

Executive Generating Routines (Basic) 

The corresponding tape contains the final operating executive and 
special test routines. 

Basic 4.4-C, South Pole Executive 
Basic 4.4-C, Statist ics routine (I-hour vers ion) 
Basic 4.4-C, Statist ics routine (IO-min version) 
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6. Freon-ll (CC1,F) Sampling 

1. GMCC Program - Freon-II (CC1,F) Sampling, Instructions from ARL Fro, 
Idaho Falls, dated 9/5/73." 

7. H20 Freezers 

1. Operating Instructions - Genera l Technical Data, Cincinnati Sub-Zero 
Products, Inc. 

2. CC-10Of Instruction Manual, Neslab Instruments, Inc. 

3. Instruction Manual - Cryocool CC-IOOf Freezer and Trap Unit (for use 
at South Pole, Antarctica, with the C0 2 Analyzer), prepared by W. D. 
Komhyr, January 2, 1974. 

8. Tota l Ozone Observations 

1. Dobson Spectrophotometer 
Beck, London, prepared by G.M.B. Dobson on behalf of the I.O .C . 

2. Adjustment and Ca libration of Ozo ne Spectrophotometer 
Rev is ed January 1956, R&J Beck, Limited. 

3. Observers ' Manual - Dobson Ozone Spectrophotometer 
(Comprehensive Program of Observations) prepared September 1, 1962 
by W. D. Komhyr. 

4. Observers' Manual - Dobson Ozone Spectrophotometer 
(Limited Program of Observations) prepared July 1, 1963, by W. D. 
Komhyr. 

5. Observers' Manual - Dobson Ozone Sepctrophotometer 
(Limited Program of Observations) revised November 1, 1972, by W. D. 
Komhyr and R. D. Grass. 

9. Surface Ozone Monitoring 

Manuals l i sted in 1 through 16 deal with instruments used before GMCC. 

1. Instruction :lanual for Operators of the Regener Automatic Surface 
Ozone Recorder (Antarctica Stations September 1962-Se~tember 1963) 
prepa red by 1<1. D. Komhyr. 

2. Technical Manual Automati~ Ozone Recorder, October 30, 1956 
University of New I~exico, Department of Physics. 
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3. Technical Manual Modified Automatic Ozone Recorder, August 18, 1960 . 
University of New Mexico, Department of Phys i cs. 

4. Instruction Manual for Operators of Mast Mode l 724-1 or 724-2 Surface 
Ozone Meters (Antarctica Stations, September 1962-September 1963) 
prepared by W. D. Komhyr. 

5. Operation and Maintenance Manual - Ozone Meter MDC Mode l 724- 1\ pre­
pared by Mast Development Co., Davenport, Iowa. 

6. Operation and Maintenance Manua l - Mast Model 724-2 Ozone Meter, pre­
pared by Mast Development Co., Davenport, Iowa. 

7. Technical Information - Model G- I1 A Str i p Chart ~ecorder, Varian As­
sociates, Palo Alto, Ca l iforn ia. 

8. Instruction Manual for Operators of the Regener Chemil uminescent Sur­
face Ozone Recorder (Antarctica Stations, September 1962-September 
1963) prepared by W. D. Komhyr. 

9. Technical Manual - Regener Chemil umi nestent Surface Ozone Recorder 
University of New Mexico, Department or Physics (not av ai l ab l e). 

10. Instruction Manual fo r Operators of Mast Mode l 724- 1 or 724-2 Surface 
Ozone Meters (Antarctica Stations , Se~tem8er 1963-Septembet 1964) 
prepared by W. D. Komhyr. 

11 . Instruction Manua l for Operators of the Regener Chemiluminescent 
Surface Ozone Recorder (Antarctica Stations, September 1963-Septem­
ber 1967) prepared by W. D. Komhyr. 

12. Instruction Manual for Operators df Mast Model 724-1 and 724-2 Sur­
face Ozone Meters (Antarctica Stations, September 1964-September 
1967 ) prepared by W. D. Komhyr . 

13. Instruc ti on Manual - Carbon-Iodine Oxidant Meters Models CIO-SR and 
CIO-SSR, prepared by W. D. Komhyr. 

14. Instruction Manual ECC Oxidant Meters Model 002 (revised August 1, 
1969) Astro Engineering, Boulder, Colorado 80302. 

15. Instruction Manual for Operators of ECC Oxidant Meters Model 002 
(October 1972) prepared by R. D. Grass. 

16 . Instruction Manual ECC Oxidant Meter Model 002 (revised April 1, 1972) 
Astro Engineering, Boulder, Colorado 80302. 

The following manuals are for equipment currently in use: 

17. Surface Ozone Monitorin1 , preoared by S. J. Oltmans, Seotember 1, 
1973 . 
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18. Surface Ozone Monitoring (South Pole Station) prepared by S. J. 01t­
ma ns, September 1, 1,73 (rev ised January 1974). 

19. Instru ction Manua l , ECC Ox idan t Meter Model 001 (December 1, 1968) 
Ast ro Engineering, Boulder, Colorado 80302. 

20. Instruc t ion r~anua1 for MEC Ser i es 11 00 Ozone Meters (December 1972) 
McMill an Electronics Cor p., Housto n, Texas 77036. 

21. Instruction Manual for MEC Seri es 1000 Ozone Generators (Sept ember 
1971) McN i11!ll Electronics Corp . , Houston, Texas 77036. 

22. In struct io. .nua1, Ozone Generator Series C-07-10 (January 10, 1964) 
U nivers i t ~ ~ f New Mexico , V. H. Reg en~r, Al buqu erque , N.M. 

23 . D. C. Reco der Manual (1969) Rustrak Instrument Division, Gulton In­
du stries, Inc ., Manchester, N.H. 03103 . 

24. Str i p Chart Recorders 7100B/7 101B/7127A/7128A, Hewlett-Packard, San 
Diego, Ca li for ni a 92127 (1971). 

25. rpera t ing and Serv i ce Manual, 17501A, IMV, Mu l tiple Span Input Mod­
ule, Hewlett-Packard, San Diego, California 92127 (March 1969). 

10. Ozone sonde Observat i ons 

1. Chemi1uminescent Ozonesonde Type T9 - Descript ion and Instructions 
No. 0110, September 23, 1963, prepared by V. H. Regener, University 
of NeVI Mexico. 

2. Chemilumi nescent Ozo nesond~ Type T9/Tll - Description and Instruc­
tions No. 0110, September 23 ,1963, prepared by V. H. Regener, Un­
iver~ ity of New Mexico. 

3. Instruct i on Manual - Antarct i c Ozone sonde Program (Regener Chemi­
luminescent Ozonesondes), U.S. Dept. of Commerce, October 1, 1963, 
prepa r ed by W. D. Komhyr. 

4. Instruct i on Manual - Antarctic Ozonesonde Program (Regener Chemi­
lum i nescent Ozonesondes), October 1, 1964, U.S. Dept. of Commerce, 
prepared by W. D. Komhyr. 

5. Instruction Manual - IQSY Ozonesonde Program (Regener Chemilumi nes­
cent Ozonesondes), October 15,1964, U.S. Dept. of .Commerce, pre­
pared by I,. D. Komhyr. 
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6. Flight Preparation Instructions for the Mast Model 730-5 Ozone Sen­
sor, January 7, 1964, Mast Development Company, prepared by James 
I. Mueller. 

7. Instruction Manual - Carbon Iodine Ozonesonde Model CI-IA, October 1, 
1965, ESSA, prepared by W. D. Komhyr. 

8. Instruction Manua l - Carbon Iodine Ozonesonde Model CI-IA (1680 Hz 
WB Radiosonde), October 1, 1965/revised January 3, 1965, ESSA, pre­
pared by W. D. Komhyr. 

9. Instruction Manual - Carbon Iodine Ozonesonde Model CI-IA (for use 
with 1680 Hz WB Radiosonde), November 1, 1967, prepared by Science 
Pump Corporation, Camden, N.J. 

10. Instructi on Manual - Carbon Iodine Ozonesonde Model CI-IB (1680 Hz 
AF Radio sonde), November 1, 1967, prepared by Science Pump Corpora­
tion, Camden, N.J. 

11. Instruction Manua l - Electrochemical Concentration Cell Ozonesonce 
Model ECC-IA (For use with 1680 Hz WB Radiosonde), October 1, 1968, 
prepared by Science Pump Corporation, Camden, N.J. 

12. Instruction Manual - Electrochemical Concentration Cell Ozonesonde 
Model ECC-IA (For use with 1680 Hz WB Radiosonde), October 1, 1968/ 
revised January 1, 1970, ESSA, prepared by W. D. Komhyr. 

11. Oxygen Flask Sampling 

1. Instruction Manual - Air Sampl ing with Stainless Steel Flasks (Ocean­
ographer Cruise, April-December 1967), prepared March 20, 1967 by 
W. D. Komhyr. 

12. Solar Radiation Observations 

1. Instrument Manual and Operating Instructions for the Solar Irradiance 
Measurement System. November 1969, revised June 16, 1971. Prepared 
by The Eppley Laboratory, Inc., for Mauna Loa Observatory. 

2. Construction and Operation of the Angstrom Compensation Pyrheliometer. 
December 13, 1972. Prepared by Douglas V. Hoyt, GMCC. 

3. Th e Eppley-Angstrom Compensat i on Pyrheliometer and Associated D.C. 
Electrical Instrumentation. Prepared by The Eppley Laboratory, Inc . 

4. Instruction Manual, Eppley-Kendall Absolute Radiometer, Pacrad. Aug­
ust 5, 1971. Prepared by The Eppley Laboratory, Inc. 
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5. South Pole Pyranometer Instruction Manual. December 1973. Prepared 
by Douglas V. Hoyt, GMCC. 

6. Operating Instructions for Model RS-10. December 11 , 1968. Pre­
pared by ~lc;Pherson Instrument Co. 

7. Strip Chart Recorders 7100B/7101B/7127A/7128A. March 1971. Pre­
pared by Hewl ett-Packard. 

8. Single Span Input Modu l e 1750A. September 1968. Prepared by Hew-
1 ett-Packa rd. 

9. Hiring Sc hfmat ics for Model 783. December 5, 1971. Prepared by 
McPherson Ins trument Co. 

10. Mode l 783 Lock-in Amplif ier . Prepared by McPherson Instrument Co. 

11. Mul tichannel Radiometer. March 1974. Prepared by The Epp l ey Labor­
atoi'y, Inc. 

12, Su nphotometer Instruction Manual, Prepared by Env i ronmental Protec­
tion Agency and The Eppley Laboratory, Inc, 

13. Turbid ity Measurements 

1. Atmospher ic Turbidity Program - Instructions for Using the DA ~lode1 
Sunphotometer , 

14, Precipitation Measurements 

Manua l s to be supplied at a later date . 

15. Hind Observations 

Manuals to be supplied at a later date, 

16. Temperature Measurements 

Ma nuals to be supplied at a la ter date, 

17, Test and Laboratory Equipment Manuals 

1, Modu lar Power Supplies A, C, and E Series, Models 62003A-62048A , 
62003C-62048C, and 62003E-62048E, Operating and Service Manual 
for Serials 1210A-00101 and above, Hewlett-Packard, May 1972, 
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18. Message Formats - Special Instructions 

1. Message Format and Data Handling Instructions (South Pole Station), 
prepared January 2, 1974, by D. H. Pack and W. D. Komhyr. 

19. Station/Program Reports 

1. Regener Chemiluminescent Surface 03 Report, South Pole, November 
1962-November 1963, by Craig Brown and Ken Jensen. 

-(:( u.s. GOVERNMENT PRINTING OFFICE 1981 - 177.00211241 Reg ion No. 8 
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