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Aitken nuclei (AN) measurements have been made between 6 km and 19 km
with a new Stratospheric Aitken Nuclei Detection System (SANDS), which was
calibrated in the laboratory of The Graduate Center for Cloud Physics Research
at the University of Missouri-Rolla and installed in the nose section of a WB-57F
aircraft. Samples were taken between 48°N and 9°8 latitudes above the U. S ALy
the Gulf of Mexico, and Central and South America between March 1974 and
February 1975.

The evaluation of 18 flights leads to the following conclusions: The vertical
profiles of AN concentrations are similar to those found by Junge et al. (1961);
however, the concentrations at altitudes above 17 km are higher by several tens
of AN cm-3. AN concentrations recorded on horizontal flights are low (below 20
AN cm_3), above 18 km in the tropical regions, and the Rocky Mountains and the
Andes Mountains influence on the AN measureinents at the 18 km altitude. Usually,
several km above the tropopause, a negative correlation between the AN and ozone

concentrations is found.
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FOREWORD

The main results of the measurements that were made of concentrations of
Aitken nuclei in the lower stratosphere during the period between March 1974
and February 1975 are recorded in the following report. The measurements
themselves were taken in a well orchestrated program of several institutions:
the General Electric Laboratories in Pittsfield, MA, where Mr. J. B. Haberl
developed the Stratospheric Aitken Nuclei Detection System (SANDS), the Los
Alamos Scientific Laboratories, NM, where Dr. W. A. Sedlacek and Mr. P.
Guthals supervised the installation of the instrument on board a WB-57F aircraft
and monitored the flight measurements; and the Graduate Center for Cloud Physics
Research of the University of Missouri-Rolla, (GCCPR-UMR) where the author
and his fellow workers calibrated SANDS and analyzed the flight data. In addition
to these institutions, which were supported by grants from the Department of
Transportation (DOT) and the Office of Naval Research (ONR) of the Navy, many
pilots, navigators, and technicians from the USAF 58th Weather Reconnaissance
Squadron and of the NASA Johnson Space Center, Houston, TX, contributed greatly
to the successful measurement of Aitken nuclei during the 18 flights.

The work started in 1972 at the General Electric Laboratory in Pittsfield.
The GCCPR-UMR staff assisted in designing the counter (J. Podzimek, '"Report
on the Feasibility Study of GE - Aitken Nuclei Counter for Stratospheric Levels",
Report to ONR and DOT, October 1972). The work was carried on until 1975. The

performance of the SANDS counter was checked twice in Rolla, once in 1974 and
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again in 1975 (J. E. Wegrzyn and J. Podzimek: "Calibration of the Stratospheric
Aitken Nuclei Detection System-SANDS'', Report to ONR, March 19, 1975).
Beginning in March 1974, systematic measurements of the concentration of Aitken
nuclei were made in the lower stratosphere over the territory of the U. S. A,
and Central and South America. (The area covered is shown in the figure on page
5.) The main objective was to measure the background of Aitken nuclei in the
stratosphere before SST commercial aircraft begin to operate in these regions.
The other aim of the research was to investigate the exchange of Aitken nuclei
over high mountains, in the Intertropical Convergence Zone, and around large
frontal systems. There was some hope that a correlation could be made with
other measurements taken on board the same aircraft, such as of ozone and
large particulates. Also, an attempt was made to measure the size distribution of
stratospheric Aitken nuclei from their mobility in an electric field.

The results of the measurements were evaluated in Rolla with the assistance
of the Los Alamos Scientific Laboratories, NM, (Dr. W. A. Sedlacek), General

Electric Laboratory, Pittsfield, MA, (J. B. Haberl) and The National Center for

Atmospheric Research, Boulder, CO, and were summarized in two technical
reports by J. Podzimek, W. A. Sedlacek, and J. B. Haberl ("Aitken Nuclei
Measurements in the Lower Stratosphere'', Reports to ONR and DOT, April 24,
1975, and '"Peculiarities in Aitken Nuclei Counts in the Tropical and Subtropical
Stratosphere', Reports to ONR and DOT, November 27, 1975). These reports

formed the basis of an invited paper on the measurement of stratospheric Aitken
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nuclei that was presented during the Climatic Impact Assessment Program

(CIAP) conference in Boston (1975) and will be published in the conference pro-

b ceedings. The geophysical aspects and interpretations of the studies will be
published by J. Podzimek, W. A. Sedlacek, and J. B. Haberl under the title

""Aitken Nuclei Measurements in the Lower Stratosphere' in a Swedish journal,

Tellus. Finally, a special study, '"Possible Correlation Between Ozone and Aitken

Nuclei Counts', by J. Podzimek will appear this year in the Swiss journal, Pure

and Applied Geophysics (Geofisica Pura e Applicata).

Aitken nuclei measurements with the SANDS was, in the author's opinion,
prematurely terminated with the CIAP in the middle of 1975. As in other scientific
programs, many questions remained unanswered at the completion of the project
for the simple reason that many questions emerged during the actual measurements. {3
For example, it was impossible to check the extremely high Aitken nuclei counts |
in the Alaskan stratosphere that were found during the whole series of flights
performed over polar regions in April and May 1975. Because one of the two
valves on the air supplying units of the SANDS was probably frozen, there was

justified suspicion that the very interesting data might have been influenced by the

malfunction of the valve. Few measurements were made around the well defined
frontal systems and above the Intertropical Convergence Zone. Also, the measure-
ments of Aitken nuclei size distribution are not conclusive. The author hopes that

someone will use these rough data and incorporate them with new measurements

in the near future.
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There are many problems that have to be solved before the calibrated

instrument can deliver the data that are necessary for formulating basic con-
clusions about existing polluiion in the lower stratosphere and of a possible impact
of commercial SST aircraft on the content of small particulates in the stratosphere.
As a result of the understanding and wise guidance of the Program Manager of
DOT, Dr. A. J. Grobecker, and his Deputy Program Manager, Dr. S. C. Coroniti,
many problems have been solved. It is a pleasure to acknowledge the advice and
assistance of Mr. J. Hughes of ONR, who supervised the program for the U. S.

Navy (Contract N00014-75-C-0413).
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INTRODUCTION

The purpose of this final report is to summarize the 1974 and 1975 mea-
surements made of Aitken nuclei (AN) with the new General Electric Stratospheric
Aitken Nuclei Detection System (SANDS) flown on a WB-57F aircraft. Detailed
descriptions of individual flights were presented in two separate reports (Podzimek
et al. 1975a and 1975b). A report on the calibration of SANDS was prepared by
Wegrzyn and Podzimek in 1975. The technical parameters of SANDS and its
function were published elsewhere (Haberl, 1975). For this reason, only the main
results of the SANDS calibration in Rolla will be mentioned.

This report is based on the evaluation of high altitude flights over the middle
and lower latitudes of the American continents between March 1974 and February
1975. In total, nine vertical aircraft ascents and nine horizontal flights were
evaluated. On several flights, ozone measurements accompanied AN counting.

The main goal of this study, encompassed in the broad Climatic Impact Assessment
Program of the Department of Transportation, was to supply data for the back-
ground concentrations of stratospheric pollutants before the SST aircraft begin to
operate. Also, the AN measurements were to be compared with the balloon
measurements of Junge and his fellow workers (1961) and with those of Rosen and
Hofmann (1974) and Kasselau et al. (1974). Finally, SANDS in being carried by

a high altitude aircraft offered a unique opportunity to investigate the space dis-

tribution and exchange of AN over large regions including those of the tropics.
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CALIBRATION OF THE SANDS.

Calibration of the General Electric SANDS was performed by comparing
its performance with that of the UMR Absolute Aitken Nuclei Counter (AANC)
twice during the years of 1974 and 1975. The first comparison of both instruments
was made at the beginning of 1974. The latter instrument has been described
several times in the literature, e.g., Kassner (1968). In November of 1974,
after being flown on the WB-57 aircraft for several months, the SANDS was
slightly modified. This necessitated another calibration.

Both calibrations of the SANDS by the AANC were performed without the
Pressurization Unit; however, the function of all parts of the SANDS was checked
at stratospheric conditions in the environmental chamber at the Los Alamos
Scientific Laboratories. Orientational measurements with room aerosol in the
General Electric Laboratory showed that the nuclei losses in the Pressurizztion
Unit of the SANDS did not surpass 15% of the measured concentration (see Wegrzyn
and Podzimek, 1975, p. 11).

Six different kinds of test aerosol were used: room air, residual nuclei
after the propane droplets evaporated, sodium chloride, silver iodide, nichrome,
and gold aerosol. Silver iodide nuclei were generated by heating the substance with
an electric wire coil. Sodium chloride nuclei were originally generated by an
ultra-acoustic mist generator. During the second calibration sodium chloride nuclei
were generated by bubbling the nitrogen gas through the salt solution. Nichrome

nuclei were emitted from a heated wire in a nitrogen gas flow, and the gold particles
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were generated by an exploding wire technique (a 9 uF capacitor discharged at
4000 V through the wire). The modal size (diameter) of the gold aerosol was
0.025 ym. The monodispersity factor, & = o /T, was in the first case 0. 532
and in the second 0.322. The nuclei size spectrum was obtained by evaluating
the electron micrographs of the particles deposited in electrostatic precipitator.
After eliminating the coarse particles, the test aerosol was introduced into
the 18 m3 storage chamber with an inflatable mylar bag inside. This large volume
storage facility allowed both counters to be compared over long periods of time and
enabled one to reach very low nuclei concentrations, which simulate stratospheric
conditions.
During the first series of experiments, the SANDS, originally calibrated by
a Nolan-Pollak counter, consistently showed lower counts than the AANC by
more than 30%. After the adjustment of the instrument in the fall of 1974, the
counts of both instruments were very close. Because of the apparent proportionality
of the data from the SANDS (Y) to the AANC (X), a simple linear regression
analysis was used in which the predicted value of the nuclei concentration measured

by SANDS (Y) is

o oy
in which 2 % .
D(X,~X) (¥,-Y) e ’
b, = —— andb = Y-b X,
2(X,-X) ;

All summations corresponding to the pairs of simultaneous measurements

-13 =
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by SANDS and AANC progress from i=1 to n, and X is a given value measured by

the AANC. From these data, the estimated standard error (E.S. E.) and the

correlation coefficient (rxy) were calculated in a well-known way. The results of

the calculation of these parameters for different kinds of nuclei and for different

s il et e B A el

nuclei concentrations are summarized in Table I (first series of measurements)

and in Table II (second series). Both tables are similar except that the calculated
ratio ;(/S-{ of the second table corresponds to ;{/ )-< in the first table.

In conclusion, there was a satisfactory reproducibility of data, high sensitivity,
and comparability of the SANDS measurements with the AANC. The counts of
sodium chloride nuclei showed much better correlation with the AANC during the
second series in comparison with the first. This is explained by the fact that the
aerosol for the second series was prepared in a different way and in general was
characterized by smaller sizes and a more monodisperse size distribution. The
correlation coefficients for both series were very high for all concentration
ranges and were generally higher for the smaller well defined particulates (propane
residual nuclei and gold). The E.S.E. for different nuclei concentration ranges

was smaller than 12% of the measured Aitken nuclei concentration in the second

series of measurements. All these parameters, the low threshold of the SANDS
measurements (approximately 10 AN cm_3) and the very fast time sequence of the
counts (2.5 air samples per second), were the necessary prerequisites for the

successful operation of the SANDS in the stratospheric levels.
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VERTICAL PROFILES OF AITKEN NUCLEI CONCENTRATIONS

The aircraft ascents in New Mexico and Texas yielded AN concentrations
that are comparable to Junge's data (1961) around the tropopause and surpass
his concentrations by one or two orders of magnitude at an altitude of 18 km
(Fig. 1). A well expressed layer of high AN concentration is often located below
the tropopause (Fig. 2). This usually amounts to several hundred to one thousand
nuclei per cm3. This layer is more conspicuous over middle geographical latitudes
than over equatorial regions (Fig. 1).

Vertical AN concentration profiles above Houston and Albuquerque usually
show several polluted layers in the troposphere above 6 km, which is the level
where the SANDS started to operate. These layers are most p.robably related to
the local conditions of jet aircraft traffic. This is quite obvious above Houston
(November 18, 1974, February 11 and 21, 1975). Qualitative proof of the strong
influence of air traffic on the AN counts was given by the crew of the instrumented
WB-57F, which crossed the wake behind a jet aircraft several times. A sudden
increase in AN concentrations in the wake was always found, often surpassing
20,000 AN cm ">,

Aircraft ascents above Panama (February 15, 1975) were characterized by
the smooth curve of AN concentrations and almost constant counts between 6 and
12 km altitude (Fig. 1). The AN concentration was approximately 300 AN cm-3

3

up to 12 km and then decreased steeply to 10 AN cm ° at 19 km. This smooth

decrease of AN counts is typical of the lower stratosphere above the tropics and
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Fig. 2
The temperature vertical profiles corresponding to the aircraft ascents in Fig. 1.

=10 =




probably corresponds to the value of the vertical concentration gradient of 20

to 30 AN cm3 per 1 km of altitude. This value was reached, and actually sur-

passed, only during two aircraft ascents over middle latitudes at Albuquerque May

i 5 and 22, 1974. However, the extreme difficulty of obtaining a mean vertical

gradient of AN concentrations from the curve indicates that many polluted layers

| are present in the stratosphere over middle geographical latitudes.
Ozone measurements were taken during several ascents with the instrument
prepared by Dr. J. Rosen of the University of Wyoming. There is a strong
indication that at altitudes above 17 km a negative correlation between AN counts

and ozone concentration exists (Fig. 1, the ascent at Houston, November 18, 1974,

or at Panama, February 15, 1975). Ozone concentration is plotted in relative

T T —

units; 100 corresponds approximately to 350 nanobars of ozone pressure. No

T

correlation between the parameters was found just above the tropopause, such as
has been claimed by several authors for larger particulates, i.e., Rosen et al.,

1974.

Rough estimates of the size spectrum of the AN were made by evaluating the

number of charged nuclei that were deposited on the inner wall of a cylindrical

AT AT A TR e s

condenser on which different voltages were imposed. The percentage of removed

- AN versus the applied voltage can be converted into the number of AN of a certain
size, if one assumes the steadiness of the ratio of charged and uncharged particles
at a certain altitude, the validity of the Boltzmann law for the distribution of charges

on different sizes of nuclei (Rich et al., 1959), and the applicability of a steady flow
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formula for the calculation of the particle deposition rate in the cylindrical con-
densor. The last assumption is far from real, because the SANDS operates with

a pulsating flow when taking 2. 5 air samples into the counter in one second. This
explains the large scatter of recorded data that often makes an accurate evaluation
impossible; however, a comparison of the samples taken under the same conditions
and the measured size distribution curves does serve as an indication of the change
in aerosol state.

In Fig. 3, four size distribvtions of AN are plotted from samples taken over
Texas (November 15, 1974) and over the Gulf of Mexico (November 21, 1974) at
different altitudes between 10.2 km and 18.2 km. The points on each curve represent
the number of particles--in relative units, 1.0 means the total number of particles--
that are larger than a certain size. Unlike the AN size spectra of November 15,
1974, the spectrum of nuclei measured over the Gulf of Mexico exhibits a very
different character at the same level. The first curve (1) of the Nov. 21, 1974,
sample was deduced from the measurement taken at the beginning of the horizontal
flight (Fig. 7), where the aircraft just ascended to 18.2 km. The second curve (2)
is based on the measurement around the latitude 27°N. where the dramatic change
in AN counts and in the ozone concentration occur. This change is apparently
responsible for the different shape of the AN size distribution curve, which reveals
a large portion of very small nuclei with radii smaller than 0.02 ym.

The ascent of November 18, 1974, over Houston offers another example of

the importance of AN size spectrum analysis (Fig. 4). In this ascent, the layer
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§ Rough estimates of the size spectrum of the AN measured over Texas and the
{ Gulf of Mexico (November 15 and 21, 1974). (1.0 corresponds to the total number
| of particles)
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o i Size spectrum measurements of the AN above Houston, TX, on November 18, 1974.
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type structure of the stratospheric AN concentration was accompanied by a differ-
ent character of AN size distribution curves at different altitudes (Podzimek et al.,
1975a). The explanation of the observed peculiarities in the AN size spectra
is made difficult by the possible influence of contaminants emitted into the strato-
sphere by the eruption of the Guatemalen volcano, Fuego, in October 1975 (Podzimek
et al., 1975a; Fujiwara et al., 1975).

In general, the evaluated size spectra of AN are not in disagreement with
the hypothesis of Uchino and Hirono (1975) that the normal size distribution of
AN in the stratosphere follows a power law. Exceptions are situations characterized
by a particle injection after volcanic eruptions or air exchanges with higher or
lower altitudes over large frontal systems, jet streams, or high mountains. This

conclusion is not in disagreement with the findings of Briehl (1974).
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HORIZONTAL PROFILES OF AITKEN NUCLEI CONCENTRATIONS

The main purpose of taking AN measurements at a certain level along a
path covering several thousands of kilometers is to check the spatial AN concen-
tration distribution and its time variability. In this respect, special attention is
paid to the influence of high mountaineous massives, frontal systems, and the
air exchange over trop. 2l regions on the AN distribution in the lower stratosphere
and higher troposphere. From this point of view, the horizontal AN concentration
profiles described in detail in the two reports prepared by Podzimek et al., (1975a,
and 1975b) will be summarized.

The flights over the Rocky Mountains, the mountaineous part of New Mexico,
and the Andes support the idea that the turbulent exchange and gravity waves over
high mountains are responsible for strong variations and mean higher values of
AN counts. These results have been recently supported by the measurements of
AN concentrations near the tropopause by Cadle and Langer (1975). The horizontal
flight of March 27, 1974, which was performed entirely in the stratosphere,
documents this statement. In Figure 5, the altitude of the aircraft, the temperature
at certain points of the aircraft's path (Tf), the wind vectors at the aircraft's path
W f) and at the tropopause level (Wt), and the Aitken nuclei counts (Ncm—3) in
accordance with the longitude (OA) are plotted, because the aircraft flew almost
exactly along the 35° latitude. At the bottom of Figure 5, the altitudes of the
highest mountains situated along the flight path within a strip +25 km wide are

very approximately plotted. Those that are north of the path are indicated with a
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dotted line, and those south of it with a solid line. The meteorological situation

was characterized by very strong winds, which reached speeds of almost 50 m

sec-1 above Vandenberg, Winslow, and Albuquerque at an altitude of 10 km. The
first part of the flight was performed at an altitude of 16. 5 km and the second
around the 19.0 km level. The increase in AN counts over high Californian moun-

tains, such as Reyes Peak (2,250 m) and Mt. Pinos (2,650 m), is conspicuous.

Even at an altitude of 19 km, the AN concentration fluctuations very often surpass 50%
of the mean value. This AN concentration profile contrasts strongly with those
recorded on the flights over the flat plains of central Texas or over the Gulf of
Mexico (Fig. 7).

The flights on April 10 and May 5, 1974, yielded a picture similar to the
horizontal flight on March 27, 1974. The flight from New Mexico to the east of
Texas on May 5, 1974, however, was not characteristic of the influence of high
mountains, because the aircraft changed altitude several times between 14 and 18
km. On the other hand, the flight over the Andes in Equador and Peru on February
14, 1975, (Fig. 6) is much more supportive of the idea of the injection of tropo-
spheric nuclei into the stratosphere above high mountaineous massives; however,

the question of why the strong fluctuations of AN concentrations do not start over

Equador, where many of the mountain peaks surpass 4.0 km, remains unanswered.
In order to explain this discrepancy it is suggested that the existing secondary
Intertropical Convergence Zone (Podzimek et al., 1975b; Hubert et al., 1969)

extends from the Pacific through Peru to central Brazil. To support this hypothesis,
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it would be helpful to know the exact position of the airplane and the conditions of
the meteorological parameters that existed in the stratosphere over the Andes
on that particular day.

Two sunrise missions were flown on May 5, 1974, and on November 21,

1974 (Fig. 7). The first of these flights was made at night, the second at daylight.
There is no indication that solar radiation strongly influenced the AN counts in

the stratosphere at an altitude around 18 km. Because neither of the two flights
covered the tropopause, one cannot exclude the possibility of a photochemically
induced AN generation at this level, Vide, Friend et al., 1973.

The flight of November 21, 1974, (Fig. 7) was particularly interesting for
two reasons: 1) the AN concentration showed at an altitude of 18 km a negative
correlation with the ozone concentration, and 2) the dramatic change of AN and
ozone concentration around 27°N latitude can be related to the general model of
stratospheric air circulation. As a result of the high AN concentrations in general
and the finding of other authors, the influence of the active volcano, Fuego, was
suggested by Podzimek et al. (1975a).

Fiocco and Grams (1964) found a negative correlation between ozone concentration
and aerosol counts in the lower stratosphere. This finding, however, is not supported
by Hofmann et al., (1972), who found no correlation between both magnitudes. Little
is known about the correlation of AN with ozone. Almost all the data from the
flights on November 18 and 21, 1974, February 14, 15, and 21, 1975, support the

negative correlation between AN counts and the ozone concentration when the aircraft
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flew higher than 17 km. Negative correlation was weak on February 21, 1975,
when the aircraft flew from the Canadian border back to Houston. At a lower
altitude (below 16.5 km), there was also a negative correlation between the
parameters. A separate article has dealt with this topic (Podzimek, 1976).
Therefore, based on the presented material, one cannot accept the finding of
Schaefer (1973) that a positive correlation between ozone and AN exists as a general
rule in the subtropical and tropical atmosphere at an altitude of 39,000 ft, which
is certainly below the tropopause.

Another challenging problem seems to be the relationship between AN
counts and the general circulation of the atmosphere especially over subtropical
and tropical regions. This subject has been investigated in the past for larger
particulates by several investigators mainly in connection with the formation of
Junge's layer and in explaining the origin and exchange of stratospheric aerosol
(Junge and Manson, 1961; Ivlev, 1967; Pilipowskyj and Weinman, 1971; Blifford,
1971; Cadle, 1972; Friend et al., 1973; Hofmann et al., 1974; Rosen et al., 1974).
AN nuclei counts are not directly included in most of the models, because there is
few data from the tropical and polar atmospheres.

Several conclusions can be deduced from the AN measurements during the
horizontal flights. Above the tropical tropopause, the AN concentrations remain
low and rarely surpass 20 AN cm-3 at 18 km. Slightly higher counts are found in
the lower stratosphere above the subtropical regions (February 13 and 15, 1975)

and in the middle latitudes (February 21, 1975, Fig. 9) at the same altitude. The
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flight of February 14, 1975, from Panama to Peru shows a different picture of

AN concentration profile (Fig. 6). The AN counts fluctuate considerably around

e s I s ol e

! 50 AN cm"3 and suddenly increase in number and amplitude over the mountains
in Peru. This broad band of higher AN concentrations (greater than 80 AN cm—a)
extends from 5°S to 9°S latitude. Because the flight was performed near the

{ 17 km altitude, a possible explanation is that it entered the tropical troposphere

in at least a part of its path. Besides this, the counts were certainly influenced
by the air exchange above the peaks of the Andes.
During all flights in the tropical stratosphere (up to 19 km), the ozone
concentration is low and scarcely surpasses the relative value of 10. It corres-
' ponds approximately to 35 manobars of partial pressure.

The flight on February 15, 1975, (Fig. 8) was intended to study in more

T

detail the mechanism of AN exchange in the Intertropical Convergence Zone (ITC Z).
X It was performed at two different levels: above 18 km from Panama toward the
equator and around 15 km on the return flight. Along the path above 18 km, the
AN counts were recorded as uniformly low (between 10 to 20 AN cm_3). The

ozone concentration surpassed the value of 10 units on the relative scale only during

the highest position of the aircraft. On the flight back, the AN concentration
fluctuated strongly above 100 AN cm_3, surpassing the level of 150 AN cm 2 above
the position of ITCZ and of 200 AN cm_3 above the high mountains in Equador.

The AN increase above the ITCZ is very noticeable and is easily identified when

one uses the ESSA satellite's cloud pictures.
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The last flight of this series was performed on February 21, 1975, north-

ward of Houston to the Canadian border and back (Fig. 9) for the purpose of

e, U SIS —

checking the distribution of AN as on the flight of February 15, 1975. However,
in this specific case, both flights at 18 km and 15 km altitude were performed above
the tropopause. The lower flight level is characterized by higher AN counts
above the Houston area (50 AN cm—3) and by a gradually decreasing AN concen-
¢ tration toward the north (20 to 30 AN cm-3). On the flight back, AN concentrations
remained almost at the same value and fluctuated between 7 and 30 AN cm-3. There
is an indication that the low AN counts in the middle latitudes correspond to the j
high ozone concentration (above 70 relative units, which corresponds approximately
[ 1‘ to 245 nanobars of partial pressure). Unfortunately, a part of this record suffers
* from the malfunction of the instruments which explains the gap in data between
39°N and 44°N latitude. In general, the ozone concentration is higher at 18 km

on the north than on the south of the aircraft path.
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Y CONCLUSIONS

|

! The AN concentrations measured by the SANDS in the lower stratosphere

over the U.S.A. and Central and South America between March 1974 and February

1975 can be characterized in the following way:

1) The vertical profiles are very similar to those found by Junge and his
fellow workers (1961) with the exception that at altitudes above 17 km the data

% | presented in this report are of one or two orders of magnitude higher. Also,

.' J compared with AN measurements made recently by Rosen et al. (1974) in the
U.S.A. and by Kaselau et al. (1974) in Germany with balloon-borne AN counters,
the data presented in this work are slightly higher for altitudes above 15 km. At

' ‘\ 18 km, AN counts were recorded in the tropical and middle latitude stratosphere
around 20 AN cm_3; however, several times they reached almost 70 AN cm-3,

mainly over the middle latitudes (March 5, 1974; May 22, 1974; November 18,

1974). Usually one can find high concentrations of AN just below the tropopause,

% where they surpass 500 AN cm_3, and low concentrations above it. AN concen-

trations greater than 1000 AN cm"3 were found confined to relatively thin layers

in areas with heavy air traffic in the upper troposphere.
2) The tropopause represents an efficient barrier to the penetration of

tropospheric AN into the stratosphere. This is documented mainly by the horizontal

AN concentration profiles above and below the tropical and subtropical stratosphere.
There is an indication of a higher concentration of AN below the tropical tropopause

(more than 100 AN cm-3) and of moderate transport of AN through it by means
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of the Hadley cell circulation.

PR 3

3) High mountain masses act as agents in stimulating air exchange up to

levels higher than 18 km, such as over the Rocky Mountains and the Andes.
4) No noticeable difference was found between the stratospheric AN counts
taken before and after sunrise.
5) Most of the AN concentration measurements above 16.5 km show a
J negative correlation with ozone counts. Only the flight on February 14, 1975,

yielded a slightly positive correlation between both parameters. This particular

|
} flight was characterized by very low ozone counts and was performed at an altitude
around 17 km, which was apparently at the tropopause level. At altitudes lower
' :& than 16.5 km, there is no correlation between AN and ozone concentrations that
B can be characterized by a widely prevailing sign. High ozone concentrations on

February 21, 1975, measured over middle latitudes at an altitude of 18 km are

L5

not paralleled by low AN counts that would correspond to a supposed perfect nega-

tive correlation.

This report is of necessity a presentation of rough data accompanied by

observations on some interesting peculiarities of the stratospheric AN. It does
not answer many questions, which must await answer until more material is
gathered and analyzed; however, it can serve, together with other reports on AN
and aerosol measurements in the atmosphere, for a more complex interpretation,

which could contribute to the better understanding and checking of the feasibility

of many existing theoretical models. An attempt has been made in a separate

- 37 =

“biy Y BN L e AR T AT




T T R T T . . ki
— : " - S T e E N ———

34
I
|
{ article to contribute to this interpretative work (Podzimek, 1976) and to compare
|
|
| AN and ozone concentrations in the stratosphere.
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RECOMMENDATIONS
Several recommendations can be made on the basis of the past experience
with the SANDS during the AN measurements in the laboratory and in the strato-
sphere:

1) The SANDS program should be continued in order to answer questions
about the operation of the pressurization unit, humidification system, and the
device for measuring the size spectrum of AN, mainly during a series of flights
over Alaska. Also, SANDS operation should be rechecked in the laboratory,
because some measurements indicated that the supersaturation in the SANDS might
be lower than that claimed by the designer. The nuclei size spectrum measurement
in the SANDS requires several improvements, according to the opinion of the author.
First of all, the theoretical assumptions should be rechecked and an estimated
error in the measurements should be calculated. Secondly, the current way
of measuring and recording the percentage of deposited charged nuclei is not
very accurate.

2) There still is a need to make a direct comparison of the Nolan-Pollak
counter with the University of Missouri AANC. Several indirect comparisons reveal
that the Nolan-Pollak counter when used as a standard by all producers in the
U.S.A. often measures 20 to 30 percent less nuclei than the AANC at the same
supersaturation.

3) The measurements of AN in the tropopause should be continued to establish

a complete picture of the exchange of AN and pollutants over the ridges of high
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mountains, around jet-streams, large thunderstorms, and well developed frontal

systems. Special attention should be paid to the polar and tropical tropopause.

ettt O i e I e




T "
EOUESCIRIISTNENeT NI R SR S et

REFERENCES

Blifford, I. H., Jr., 1971: Global Aerosol Model. Particulate Models: Their
Validity and Application, NCAR - TN / Proc ~ 68, Boulder, Aug., 61 - 65

Briehl, D., 1974: In Situ Measurement of Particulate Number Density and Size
Distribution from an Aircraft, NASA Tech. Memo., X - 71577, Lewis Res.
Center, Cleveland, July

Cadle, R. D., 1972: Composition of the Stratospheric ' Sulfate ' Layer, CIAP
Sympos., DOT, Cambridge, Feb. 15, 16

Fiocco, G., and G. Grams, 1964: Observation of aerosol layer at 20 km by
optical radar, J. Atmos. Sci. 21, 323 - 327

Friend, J. P., R. Leifer, and M. Trichon, 1973: On the Formation of Strato-
spheric Aerosols, J. Atm. Sci. 30, 465 - 479

Fujiwara M., T. Itable, and M. Hirono, 1975: Sudden Increase of Stratospheric
Aerosol Content after the Eruption of Fuego Volcano; Lidar Observations
in Fukuoka, Rept. on Ionosphere and Space Research in Japan, 29, 74 - 78

Haberl, J. B., 1975: Stratospheric Aitken Nuclei Counter, Rev. Sci. Instr.,
46, 443 - 447

Hofmann, D. J., J. M. Rosen, and T. J. Pepin, 1974: Stratospheric Aerosol
Measurements I: Time Variations at Northern Midlatitudes, Rept. GM -
21, Univ. of Wyoming, Laramie, Aug.

Ivlev, L. S., 1967: K voprosu o roli mekhanizmov raspredelenia i istochnikov

atmosfernogo aerozolia, Problemy fiziki atmosfery, Leningrad, 5, 240 - 244

Junge, Ch. E., and J. E. Manson, 1961: Stratospheric Aerosol Studies, J.
Geophys. Res., 66, 2163 - 2182

Junge, Ch.E., Ch. W. Chagnon, and J. E. Manson, 1961: Stratospheric Aero-
sols, J. Met. 18, 81 - 108

Kaselau, K. H., P. Fabian and H. Rohrs, 1974: Measurements of Aerosol Con-
centration up to a Height of 27 km. Pure and Appl. Geophys., 112/6,
877 - 885

Kassner, J. L., Jr., 1968: Experimental and Theoretical Studies of Nucleation
Phenomena, Rept. to NSF, GA-428, GCCPR, UMR, Rolla, October

-42 -




? v T T ey e errr— - e Sh— :
|

Pilipovskyj, S., and J. Weinman, 1971: Global Distribution of Stratospheric
Aerosols as Derived from Balloon-Borne Infrared Flux Measurements,
Particulate Models: Their Validity and Application, Ed. I. H. Blifford, Jr.,
NCAR - TN / Proc. - 68, Boulder, Aug., 227 - 236

et i

Podzimek, J., W. A. Sedlacek, and J. B. Haberl, 1975 a: Aircraft Measurements
of Aitken Nuclei in the Lower Stratosphere, Tech. Rept. GCCPR, Univ. of
Missouri - Rolla, April 24

i Podzimek, J., W. A, Sedlacek, and J. B. Haberl, 1975 b: Peculiarities in
Aitken Nuclei Counts in the Tropical and Subtropical Stratosphere, Tech.
Rept. GCCPR, Univ. of Missouri - Rolla, Nov. 27

Podzimek, J., 1976: Peculiarities in the Pollution of the Lower Stratosphere
as Indicated by the Aitken Nuclei Measurements, Proc. Conf. Missouri Acad.
Sci., Rolla, April 23

1
N ) Rich, T. A., L. W. Pollak, and A. L, Metnieks, 1959: Estimation of Average
{ Size of Submicron Particles from the Number of A1l and Uncharged Particles,
Geofis. Pura e Appl., 44, 233 - 241

‘} Rosen, J. M., and D. J. Hofmann, 1974: Recent Measurements of Condensation
Nuclei from Ground Level to 25 km, Rept. No. CN - 2, Univ. of Wyoming,
Laramie, Aug.

Rosen, J. M., D. J. Hofmann, and J. Laby, 1974: Stratospheric Aerosol Mea-
surements II: The Worldwide Distribution, Rept. No. GM - 22, Univ. of
Wyoming, Laramie, Aug.

Schaefer, V. J., 1973: High Concentrations of Condensation Nuclei in the Lower
Stratosphere, J. Rech. Atm., 7, 161 - 165

Uchino, O., and M. Hirono, 1975: On Stratospheric Aerosol Size Distributions
from Recent Optical Radar Observations, Rept. on Ionosphere and Space
Research in Japan, 29, 69 - 73

Wegrzyn, J. E., and J. Podzimek, 1975: Calibration of the Stratospheric Aitken
Nuclei Detection System ( SANDS ), Tech. Rept. GCCPR, Univ. of Missouri -
Rolla, March 19

- 43 =

i A O N, TR ety 1A TP T R PN



LIST OF SYMBOLS

el o s A RR b Rl

O e e L i A i

constants in the regression curve deduced from the pairs of AN concen-
trations measured by the AANC (Xi) and by the SANDS (Yi) and from the
mean AN concentrations within a certain concentration range ()-(, {f)

E.S.E. estimated standard error

E r mean radius of an aerosol particle
i
23 rxy correlation coefficient of the AN concentrations
Tf temperature (OC) at the flight level
Wf wind vector at the flight level
i F Wt wind vector at the tropopause level
X Aitken nuclei concentration measured by the AANC
Y Aitken nuclei concentration measured by the SANDS "
'
b predicted concentration of AN which would be measured by the SANDS ?
- i & monodispersity factor ( geometrical ) of the size distribution of aerosols
k- } o standard deviation :
« ¥
, “

{ S 3PSO S Pt v =
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