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ABSTRACT

Simultaneous measurements have been made over extended periods of time of the
relative concentrations of ice nuclei in the air at atations in Alaska, Hawaii and Wash·
ington State. On occasions large increases in ice nucleus counts lasting for a week or
more ("ice nucleus storms") were observed. The ice nucleus storms sometimes occurred
in close proximity in time at different stations and it is shown that in some cases
this can be explained by the advection of particles in the lower troposphere between
stations. On other occasions the ice nucleus storms appeared to be of local origin.

Introduction Locations and times of measurements

The locations of the sites at which the
measurements were taken are shown in Fig. l.
The station in Alaska was Ester Dome Observa­
tory (720 m MSL) which is situated six miles
WNW of Fairbanks. The observations in Ha­
waii were made at the Mauna Loa Observatory
(3 500 m MSL). During the first period of ob­
servations, which extended from 23 January to
1 April, 1968, the measurements in Washing­
ton State were made at the Blue Glacier Ob­
servatory (2070 m MSL) which is situated on

Although the first measurements of the con­
centrations of ice nuclei in the atmosphere
were made over 20 years age, there have been
comparatively few organized simultaneous
measurements of ice nuclei at widely separated
locations over the earth's surface for extended
periods of time. Bigg & Miles (1964) made such
measurements in Eastern Australia and they
concluded that the distribution of ice nuclei at
the surface of the earth was more related to
upper air circulations than to the synoptic
conditions at the surface. They hypothesized
that the downward transport of air containing
ice nuclei from the stratosphere occurred in
the vicinity of jet streams. This idea received
support, in a few situations at least, by the
work of Droessler (1964) and Rosinski (1967).

In this paper we describe the results of
simultaneous measurements of the concentra­
tions of ice nuclei in the air at three widely
separated locations, namely, Hawaii, Alaska
and Washington State. The main purpose of
the project was to investigate the relationship
between large increases in ice nucleus counts
lasting for a week or more (so-called "ice nuc­
leus storms") at these three locations. In particu­
lar, advection in the troposphere and the jet
stream are considered in seeking an explana­
tion for the migration of ice nucleus storms.

1 On leave of absence at Scott Polar Research
Institute, University of Cambridge, England.

• Presently associated with the Atmospheric
Science Dept., Colorado State University, USA.
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Fig. 1. Locations of the measuring sites.
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Fig. 2. Ice nucleus counts at - 21 DC at Ester Dome (Alaska), Mauna Loa (Hawaii) and Blue Glacier
(Washington), during the period 25 January to 24 March, 1968. The counts have been smoothed by
taking 1 week running means.

the Olympic Peninsula about 20 miles east of
the Pacific Coast. During the second period
of observations, which was from 4 June to 11
July, 1969, the measurements in Washington
State were taken at Quillayute (54 m MSL)
which is also on the Olympic Peninsula but
about 10 miles east of the Pacific Coast.

Instrumentation

At the present time the best that can be as­
pired to in trying to measure the concentra­
tions of ice nuclei in the air is to obtain reliable
relative measurements, so that the spatial and
temporal variations in the numbers of ice
nuclei in the air can be recorded and studied.
Consequently, when the expression "concentra­
tion of ice nuclei" (or "ice nucleus count") is
used in this paper it is to be understood that
this is short for "relative concentration of ice
nuclei (or "relative ice nucleus count").

The concentrations of ice nuclei in the air
were measured at each of the three sites with
a NCAR acoustical ice nucleus counter (Langer
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et aI., 1967). This counter operates automatic­
ally and the number of ice nuclei detected in a
given volume of air is printed out periodically
on a strip chart. The microphones and printers
used with each counter were calibrated before
and after each of the two periods of measure­
ments to ensure that they had the same sen­
sitivity to similar signals from the acoustical
sensor. When operated side by side the cali­
brated counters recorded essentially the same
ice nucleus count.

Outside air was drawn into the cold chamber
of each ice nucleus counter at a rate of 10 liter
min-I, and the number of ice nuclei per 300
liters of air active at a given temperature was
printed out together with the time and date.
During the first period of measurements one
counter was operated at each of the three sta­
tions and all measurements were taken at a
chamber temperature of - 21°C. During the
second period of measurements two ice nucleus
counters were operated side by side at each
station. The chamber temperature of one coun·
ter was - 15°C and that of the other was - 21°C.
In all cases the water in the humidifier was held
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Fig. 3. Height (in 10's of meters) of the 850 mb
pressure surface at 1200 hours GMT on 28 January,
1968.

at a temperature of 40°C and the aerosol salt
generator was operated continuously in order
to ensure a uniform and dense cloud of water
droplets in the cold chamber.

Method of analysis

Since we were interested in ice nucleus storms
lasting for fairly long periods of time, short
term fluctuations in the ice nucleus counts were
filtered out by taking 1 week running means.
(The factors which gave rise to short term fluc­
tuations in ice nucleus counts at one of the
stations-Quillayute-have been described by
Hobbs & Locatelli, 1970.) The simultaneous
data from the three stations were then displayed
on a diagram to see if there were any obvious
relationships between ice nucleus storms at the
different stations.

The advection of air between stations was
investigated by graphical trajectory analysis.
Danielsen (1961) has pointed out that trajec­
tory analysis on an isobaric surface may have
little relation to true air parcel trajectory
especially in cases of thermal advection on a
pressure surface. It was felt therefore that
numerous isobaric trajectories at short-time
intervals at several different pressure levels
would probably mask rather than reveal the
time trajectories of the air parcels. Unfortu-

Fig. 4. Height (in 10's of meters) of the 850 mb
pressure surface at 1200 hours GMT on 3 February,
1968.

nately, due to the scarcity of data points over
the Pacific Ocean, the isentropic trajectory
methods suggested by Danielsen were not
feasible. As a compromise it was decided to
construct trajectories and keep track of the
verticle motion of the air by using the 6 hour
vertical velocity prognosis from the American
National Weather Center in which the changes
in vertical velocities are given directly in micro­
millibars per second. The vertical velocities are
averaged in the horizontal over areas of 250 000
square miles and they are averaged vertically
over a column of air about 10 000 feet in height.
If the vertical motions indicated that the air
parcel was within 40 mb of a standard pressure
surface the trajectory for that 12-hour period
was computed from the height field on that
pressure surface. However, if the air parcel was
not within 40 mb of a standard pressure sur­
face a vector average of the wind computed at
the standard levels above and below the height
of the air parcel was used to compute the tra­
jectory for that 12-hour period.

In carrying out the trajectory analysis the
geostrophic approximation was used, that is,
only the Coriolis and the pressure terms were
considered in the horizontal equation of motion
on a constant pressure surface. Even at the

Tellus XXIII (1971), 1
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Fig. 5. Trajectory analysis started at Ester Dome,
Alaska at 1200 hours GMT on 28 January, 1968,
and worked forward in time (N.B. 28/1200Z indi­
cates the horizontal position of the air parcel on
28 January, 1968, at 1200 hours GMT. The pres­
sure levels at which the air parcel is located at each
point is also noted on the diagram.)
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Fig. 7. Trajectory analysis started at Ester Dome,
Alaska at 0000 hours GMT on 30 January, 1968,
and worked forward in time (N.B. 30/0000Z indi­
cates tho horizontal position of the air parcel on 30
January 1968, at 0000 hours GMT. The pressure
level at which the air parcel is located at each point
is also noted on the diagram.)

Tellus XXIII (1971), 1

Fig. 6. Trajectory analysis started at the Blue
Glacier, Washington, at 0000 hours GMT on 2
February and worked backwards in time (N.B.
02/0000Z indicates the horizontal position of the
air parcel on 2 February, 1968, at 0000 hours GMT.
The pressure level at which the air parcel is lo­
cated at each point is also noted on the diagram.)

Fig. 8. Trajectory analysis started at the Blue Gla­
cier, Washington, at 0000 hours GMTon5 February,
1968, and worked backwards in time. (N.B. 05/
OOOOZ indicates the horizontal position of the air
parcel on 5 February, 1968, at 0000 hours GMT.
The pressure level at which the air parcel is located
at each point is also noted on the diagram.)
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Result of analysis

We consider first the results of the first
period of measurements. The ice nucleus counts
at the three stations, smoothed by taking 1
week running means, are shown in Fig. 2. It
can be seen that during the period of the meas­
urements several ice nucleus storms occurred
at the three stations. The relationships between
these storms are discussed below.

The ice nucleus storm which occurred at
Ester Dome, Alaska, from about 27 January
to 10 February, 1968, was followed about 4
days later by an ice nucleus storm at the Blue
Glacier, Washington. The synoptic features
which were typical of the period 27 January to
10 February, when the ice nucleus count at
Ester Dome was increasing rapidly, are shown
in Fig. 3. There was a northsouth oriented high
extending from Central Alaska to a latitude of
about 25° N and a low situated about 300 miles
off the Washington coast. From 1 to 4 Feb­
ruary the ice nucleus count at Ester Dome,
Alaska, continued to rise and during this period
the low deepened and moved northwest (Fig.
4). The situation was then favorable for air to
be advected from Ester Dome to the Blue
Glacier, and it was during this period that ice
nucleus storm started at the Blue Glacier.

Trajectory analyses which are typical of the
period 1 to 6 February are shown in Figs. 5
through 9. In Figs. 5, 7 and 9 the trajectories
start at Ester Dome, Alaska, and are computed
forward in time. Whereas, in Figs. 6 and 8 the
trajectories which start at the Blue Glacier,
Washington, are traced ba[Jkwards in time. In
Fig. 5 the starting time at Ester Dome was 1200
hours GMT on the 28 January and the arrival
time near the Blue Glacier was about 1500
hours GMT on the 31 January, which is close
to the time at which the ice nucleus storm
started at the Blue Glacier (Fig. 2). In Fig. 9
the starting time at Ester Dome was 1200 hours
GMT on 1 February and the arrival time at
Blue Glacier was about 0000 hours GMT on 5
February, which was just before the ice nucleus
count reached a maximum in Washington State.
Figs. 6, 7 and 8 show the trajectory between
Ester Dome and the Blue Glacier at various
times. Throughout the period 28 January to 6
February the air parcels moved to higher eleva­
tions as they were transported under cyclonic
flow from Ester Dome, Alaska, to the Blue
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Fig. 9. Trajectory analysis started at Ester Dome,
Alaska at 1200 hours GMT on 1 February, 1968,
and worked forwards in time (N.B. 01j1200Z indi­
cates the horizontal position of the air parcel on 1
February 1968, at 1200 hours GMT. The pressure
level at which the air parcel is located at each point
is also noted on the diagram.)
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latitude of Hawaii (200 N) the geostrophic ap­
proximation is reasonably good and it is even
better for Washington and Alaska. It was as­
sumed also that the direction of air motion is
parallel to the height contours on a constant
pressure surface. A wind scale was computed
based on the equation

where, V is the horizontal wind on a constant
pressure surface, g the acceleration due to
gravity, f the Coriolis parameter, and !1z/ Iln
the gradient of the height of the pressure sur­
face in a direction perpendicular and to the left
of a parcel of air when viewed in the direction
of its motion. This equation was used to con­
vert the heights of the pressure fields to a wind
field. The trajectory analysis was then carried
out following the methods suggested by Pet­
terson (1940). In all cases the trajectories were
started both from the upstream station and
worked forward in time and from the down­
stream station and worked backward in time.

Tenus XXIII (1971), 1
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Fig. 10. A typical 700 mb analysis for the period 7
to 11 March during which time the ice nucleus
count at Mauna Loa remained constant. Map
shows the heights (in 10's of meters) of the 700 mb
pressure surface at 1200 hours GMT on !) March,
1968.

Glacier, Washington. It should be noted that
the Blue Glacier is about 4 500 feet higher than
Ester Dome.

It can be seen from Figs. 5 to 9 that the time
taken for air to be transported between Ester
Dome and the Blue Glacier during the period
28 January to 6 February was from 3 to 5
days (the average for all the trajectories com­
puted for this period was 3.7 days). This is in
excellent agreement with the observed time lag
of about 4 days between the build-up of the
ice nucleus storm at Blue Glacier between 31
January and 3 February, 1968, and that which
occurred at Ester Dome from 27 January to 3
February, 1968.

We conclude from this analysis that the ini­
tiation of the ice nucleus storm at the Blue
Glacier between 31 January and the 6 Febru­
ary, 1968, was due to the particles which were
responsible for the ice nucleus storm at Ester
Dome being advected through the troposphere
to the Blue Glacier, Washington.

For the remainder of the period of the ice
nucleus storm at the Blue Glacier (6-14 Feb­
ruary) the high ice nucleus COllllt cannot be
explained by advection from Ester Dome,
Alaska. However, as the low continued to reo
cede a high pressure center built up over

Tellus XXIII (1971), 1
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Fig. 11. Heights (in lO's of meters) of the 700 mb
pressure surface at 0000 hours GMT on 12 March,
1968.

Western Canada and this produced an easterly
flow over Western Washington. Since the Pu­
get Sound basin is known to be a local source
of ice nuclei (Hobbs & Locatelli, 1970) east­
erly winds would have transported these par­
ticles to the Blue Glacier and thereby have
maintained the high count. Starting at 1200
hours on the II February the winds shifted to
the north and the ice nuclei count at the Blue
Glacier decreased sharply.

We consider next the behaviour of the jet
stream during the period 27 January to 14
February, 1968. From 27 to 31 January, when
the ice nucleus count at Ester Dome was in­
creasing, the jet stream was almost directly
over this station. Subsequently, the jet stream
moved northwest and was over 600 miles
from Ester Dome during the period I to 5
February but the ice nucleus count at Ester
Dome continued to rise (Fig. 2). During the
same period, when the ice nucleus count at the
Blue Glacier was rising, the jet stream was,
on average, about 250 miles north of the Blue
Glacier. From 6 to 9 February the jet stream
moved further north over Northern Canada
and passed directly over Ester Dome, however,
the ice nucleus count at this station was then
falling rapidly. The ice nucleus count at the
Blue Glacier continued to rise from 6 to 9
February even though the jet stream was more
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Fig. 12. Trajectory analysis starting at Mauna Loa
at 1200 hours GMT on 7 March, 1968, and worked
forward in time (N.B. 07/1200Z indicates the hori­
zontal position of the air parcel on 7 March, 1968,
at 1200 GMT. The pressure level at which the air
is located at each point is also noted on the dia­
gram.)

Fig. 13. Trajectory analysis started at Mauna Loa,
Hawaii at 0000 hours GMT 8 March, 1968, and
worked forward in time (N.B. 08/0000Z indicates
the horizontal position of the air parcel on 8 March,
1968, at 0000 GMT. The pressure level at which
the air parcel is located at each point is also noted
on the diagram.)
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Fig. 14. Trajectory analysis started at Blue Glacier
at 1200 hours GMT on 12 March, 1968, and worked
backwards in time (N.B. 12/1200Z indicates the
horizontal position of the air parcel on 12 March,
1968, at 1200 GMT. The pressure level at which
the air parcel is located at each point is also noted
on the diagram.)

Fig. 15. Trajectory analysis starting at Blue Gla­
cier, Washington at 1200 hours GMT on 16 March,
1968, and worked backwards in time (N.B. 16/
1200Z indicates the horizontal position of the air
parcel on 16 March, 1968, at 1200 GMT. The pres­
sure level at which the air parcel is located at each
point is also noted on the diagram.)
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Fig. 16. A typical height pattern of the 700 mb
surface during the period 18 to 21 March, 1968.
Heights (in 10's of meters) of the 700 mb surface
at 0000 hours GMT on 18 March, 1968.

than 1000 miles away. From 10 to 15 Feb­
ruary the jet stream moved about 400 miles
north of Ester Dome; the ice nucleus count at
the Blue Glacier was falling and that at Ester
Dome initially decreased by then increased
again. It appears, therefore, that during the
period 27 January to 14 February, 1968, the
ice nucleus counts at Ester Dome and the Blue
Glacier were not related in any systematic
fashion to the position of the jet stream.

The increase in the ice nucleus count which
occurred at Mauna Loa, Hawaii, from 4 to 15
March, 1968, and the ice nucleus storm at Blue
Glacier, Washington, from II to 21 March ap­
pear to be related (Fig. 2). To check whether
advection in the troposphere might explain
the time difference between these two events
several trajectory analyses were carried out.

During the period 3 to 7 March, when the
ice nucleus count was increasing at Mauna
Loa, a stationary high pressure area dominated
the flow south of 250 N latitude from 1300 to
1800 W longitude and this produced very light
surface winds. From 7 to 11 March the ice
nucleus count at Mauna Loa remained approxi­
mately constant. It was during this period that
an upper level trough moved eastward from
1800 W to produce a 700 mb trough west of
Mauna Loa; this forced the high pressure area
over Hawaii to move to the northeast. A typi-

TeUus XXIII (1971), 1

cal 700 mb map for the period 7 to II March
1968, is shown in Fig. 10. The resulting pattern
provided a small pressure gradient to move air
away from Mauna Loa toward the northeast.
During this time (7 to II March) air arriving
at the Blue Glacier came from a mid-latitude
source over the Pacific Ocean.

From 11 to 16 March the low pressure center
in the Gulf of Alaska continued to move east­
ward and an air flow was established which
advected air parcels, which had already moved
northeast from Hawaii, toward the Pacific
northwest. A 700 mb analysis, typical of the
synoptic features during this period is shown
in Fig. 11. Air trajectories, shown in Figs. 12
and 13, were started at Mauna Loa at 1200
hours GMT on 7 March and at 0000 hours
GMT on 8 March and were traced forward in
time. Both of these analyses place air parcels
leaving Hawaii over the Western United States
4 1/2 days later. Further trajectories started
at the Blue Glacier at 1200 hours GMT on 12
March and at 1200 hours GMT on 16 March
were traced backwards in time to the Mauna
Loa area 4 days earlier (Figs. 14 and 15). In
all cases during this period the trajectory ana­
lyses show air parcels moving to higher eleva­
tions as they were transported from Hawaii
to the Western United States. It can be seen
from these results that air reaching the Blue
Glacier, Washington, from II to 18 March
should have passed over Hawaii about 4 to 5
days earlier. In this case, therefore, it appears
likely that particles which produced the in­
crease in the ice nucleus count at Mauna Loa
from 4 to 15 March were advected to the Pa­
cific Coast of Washington State to produce the
ice nucleus storm observed at the Blue Glacier
from 11 to 18 March, 1968.

During the period 18 to 21 March the upper
level trough moved further eastward with its
associated low at the 700 mb level into north­
central United States. Fig. 16 also shows a
much weakened low in the Alaskan Gulf with
another trough moving eastward toward Ha­
waii and a ridge extending northward east of
Hawaii. This caused northwest flow over the
Olympic Mountains, and during this period the
ice nucleus count at the Blue Glacier fell.

When the ice nucleus count at Mauna Loa
was increasing from 4 to 7 March, the jet stream
was over 1200 miles north of Hawaii. From II
to 14 March the jet stream moved south to



36 P. V. HOBBS ET AL.

:..

...~
.........

'.
'.. .

. .

.-.: . : ..
,°0 o •........

:',-
.'.'

.,~

-'~.'."

..'

0, Ester Dome,ALASKA -21'e
- - - Ester Dome, ALASKA -J5' C

A QuiHoyu1e. WASHINGTON -21'e
- - - - - - - -Quilloyuf., WASHI,\lGTOO -IS'C

• Mauna LOd, HAWAII -21~

--- Mauna Loa, HAWAII - 15'C

...
4. • • .........r ...._· ....·· .... ........
~~44A ~11.6 .....

•~. 46 00oeJf...,o 0,

..... ~'" ....
.... ........._............. 6

h~: ~6
"Iod'. 0'<... "'..""--- : /""---.. ..,

......... • ••M" ..........••
•• ' •• _" •• J __...:,;~/ •• ,/

6
6

: ~'_,' 6_~

"--1. •

10 .~:-;; ;:;~:::.::" ....__ ••_, •./.~.=~~._:.~.~.~~_ ..__ .=._/.._-='~_:-:- ..-::;.=.,.. _..

o 4 5 6 7 B 9 10 II 12 13 14 15 16' 11 18 19 20' 21 •22 23 '24 25 26 21 28 29 30 I 2 3 4' 5 6 7 I 8 9 10 I' I
JUlIE 1969 JUL Y 1969

Fig. 17. Ice nucleus counts at -21 and' -15°C at Ester Dome (Alaska), Mauna Loa (Hawaii), and
Quillayute (Washington) during the period May 24 to July 11, 1969. The counts have been smoothed
by taking I week running means.

within 420 miles of Hawai(but the ice nucleus
count at Mauna Loa decreased during this
period (Fig. 2). The jet stream moved to within
180 miles of Hawaii from 15 to 18 March but
the ice nucleus count remained low at Mauna
Loa. During this same period of time there was
no jet stream near Washington but the ice
nucleus count was rising. From 19 to 21 March
the jet stream passed almost over the Blue
Glacier, Washington, but the ice nucleus count
at this station was decreasing. Again, therefore,
there appeared to be little correlation between
the ice nucleus count at a station and the loca­
tion of the jet stream.

The ice nucleus storm which occurred at
Ester Dome, Alaska, from 13 to 21 February,
1968, did not have a counterpart at either of
the other two stations (Fig. 2). Tropospheric
trajectory analyses to and from Ester Dome
showed that air could not have been advected
between the three stations during this period.

We turn now to the results obtained during
the second period of measurements (June 4 to
11 July, 1969). The ice nucleus counts at
- 21°C and - 15°C at the three stations are

shown in Fig. 17, however, it should be noted
that the counts at - 15°C were generally too

low to be recorded reliably by the acoustical
counter.

The main features of the measurements shown
in Fig. 17 are the ice nucleus storms observed

Fig. 18. A typical 850 mb analysis for the period 27
June to 6 July, 1969 showing a pattern which would
cause northwest flow from Ester Dome, Alaska, to
Quillayute, Washington. (Analysis forl200Z, 2 July
1969.)

Tellus XXIII (l971), I
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Fig. 19. Trajectories analysis on the 850 mb pres­
sure surface starting at Quillayute, Washington,
at 0000 hours GMT on 5 July, 1969, and working
backwards in time (N.B. 05/0000Z indicates the
position of the air parcel on 5 July, 1969 at 0000
hours GMT. The pressure level at which the air
parcel is located at each point is also noted on the
diagram.)

at - 21°C at Ester Dome and Mauna Loa and
the increase in count at Quillayute at - 21°C
during the latter part of June and early July,
1969. The synoptic situation during this period
was quite stationary. A high preBBure center
was located 900 miles north and 500 miles east
of Hawaii, and there was a well-developed
stationary low pressure center at 52° N 180° W.
Another low preBBure center was situated over
northeastern Canada (Fig. 18). These synoptic
features set up a weak preBBure gradient to
cause a gentle northwest flow of air from Ester
Dome, Alaska, to Quillayute, Washington.
There was very little verticle motion aBBociated
with this flow. Trajectories started from Quil­
layute, Washington, at 0000 hours GMT on 5
July, 1969, were traced backwards in time and
thost started from Ester Dome, Alaska, at
0000 hours GMT on 27 June, 1969, were traced
forward in time (Figs. 19 and 20). These ana­
lyses show that air was transported from Ester
Dome to the Blue Glacier in a period of about
6 days. The trajectories also show that air par­
cels starting out from the elevation of Ester
Dome would have moved to a lower elevation
as they were transported south, but would have

"..,...
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Fig. 20. Trajectory analysis started at Ester Dome,
Alaska, at 0000 hours GMT on 27 June, 1969, and
traced forward in time (N.B. 27/0000Z indicates
the horizontal position of the air parcel on 27 June,
1969, at 0000 GMT. The pressure level at which the
air parcel is located at each point is also noted on
the diagram.)

subsequently moved up to about the same
elevation as Quillayute as they approached
Washington State.

We see from this analysis that the transport
of air in the troposphere could explain the close
proximity in time of the ice nucleus storm ob·
served at Ester Dome, Alaska, and the increase
in the ice nucleus count at Quillayute, Wash­
ington, during this period. However, trajectory
analysis showed that during the same period
there was no pOBBibility of air being advected
between Hawaii and the other two stations.
It appears, therefore, that the occurrence of
the ice nucleus storm at Mauna Loa within a
few days of the ice nucleus storm which oc­
curred at Ester Dome was coincidental. The
jet stream remained fairly constant in its po­
sition during the period of the three ice nucleus
storms and remote from all three stations, being
about 1 600 miles from Hawaii, 700 miles from
Ester Dome and 500 miles from Quillayute.

Finally, some general comments may be
made about the variations in the ice nucleus
counts at - 21°C at Quillayute and Mauna Loa
during the second period of measurements.
During the first 10 days of June, 1969, the air­
flow in Washington was from the east which
allowed air from the city of Seattle to be trans­
ported to Quillayute, Washington. Since
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Hobbs & Locatelli (1970) have shown that
Seattle is a prolific source of ice nuclei, this may
well account for the high ice nucleus count at
Quillayute during the early part of June. Dur­
ing the remainder of the month the airflow at
Quillayute became increasingly westerly and the
ice nucleus count showed a general decline
(Fig. 17).

From 4 to 23 June, 1969, the ice nucleus
counts at - 21°C at Mauna Loa, Hawaii, were
too low to be recorded reliably by the acousti­
cal counter. During this period the synoptic
situation at Hawaii was dominated by a stable
high and subsiding air and there was no pre­
cipitation reported. The ice nucleus storm which
started at Mauna Loa on about 26 July occurred
under more unstable and convective condi­
tions. It is also interesting note that the vol­
cano Kilauea was in eruption from midnight on
the 26 June to midday on the 27 June and that
the lava flowed into the ocean. The ice nucleus
storm at Mauna Loa which started on 26 June
might well have been due to this eruption (see
Hobbs et aI., 1971).

Summary and conclusions

During the first period of the simultaneous
ice nucleus measurements at Ester Dome
(Alaska), Mauna Loa (Hawaii) and the Blue
Glacier (Washington) ice nucleus storms oc­
curred within about 4 days of one another dur­
ing late January and early February, 1968, at
Ester Dome and the Blue Glacier. Trajectory
analysis showed that during this period air
was being transported from Ester Dome to
the Blue Glacier in a time of about 4 to 5 days.
An increase in ice nucleus count at Mauna Loa
from 4 to 15 March, 1968, and an ice nucleus
storm at the Blue Glacier from 11 to 21 March,
1968, also occurred under synoptic conditions
which allowed for the advection of particles
from Mauna Loa to the Blue Glacier in a mat­
ter of days. The only other ice nucleus storm
which occurred during the first period was at
Ester Dome from 13 to 21 February, 1968,
and this did not have a counterpart at either
of the other two stations. During this period
the synoptic situation was such that particles
could not have been advected in the tropo­
sphere between the three stations.

During the second period of measurements
ice nucleus storms (at - 21°C) were observed

at Ester Dome, Alaska, and Mauna Loa, Ha­
waii, and there was an increase in ice nucleus
count at Quillayute, Washington, during late
June and early July, 1969. During this period
air was being advected in the troposphere from
Central Alaska to Western Washington and
this could well explain the close proximity in
time of the ice nucleus storm at Ester Dome,
Alaska, and the increase in count at Quillayute,
Washington. However, during the same period,
it was not possible for air to have been trans­
ported between Hawaii and the other two
stations. In this case, therefore, the ice nucleus
storm observed at Mauna Loa was probably
unrelated to the increases in ice nucleus counts
observed at the other two stations and it was
probably due to local sources of ice nuclei.

Consideration of the position of the jet
stream with respect to the occurrence of the
ice nucleus storms observed in the present
measurements has failed to reveal any sys­
tematic relationship between these two phe­
nomena.

We conclude from this study that ice nuclei
can be advected by tropospheric winds over
distances of thousands of miles. Consequently,
an ice nucleus storm which originates locally
may, under suitable conditions, be transported
over large distances to produce ice nucleus
storms at various locations around the world.
In this connection we note than Isono, Koma­
bayasi & Qno (1969) observed ice nucleus
storms in Tokyo at the time of arrival of loess
particles which originated from large dust
storms in Northern China and Mongolia. More
recently, Prospero & Carlson (1970) have found
that particles originating from dust storms in
Africa may be transported by the North At­
lantic trade winds to the eastern coast of the
United States.
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IIEPEHOC JIE)J,HHbIX 3APO)J,bIlliEll HA)J, CEBEPHOll QACTbIO TMXOrO OREAHA

B TeqeHHe ~JIHTeJIbHhIX npoMemyTRoB BpeMeHH
Ha CTaH~HRx B AJIRCRe, raBafiRx H IlITaTe Ba­
IlIHHrTOH B B03~yxe npoH3BOAHJIHCb OAHO­
BpeMeHHhIe H3MepeHHR OTHOCHTeJIbHOfi ROH­

~eHTpa~HH JIe~RHhIX 3apo~hIlliefi. B pR~e CJIy­
qaeB Ha6JIIo~aJIHCb 60JIbIlIHe YBeJIHqeHHR qHCJIa

3apo~hIlliefi, npOAOJImaBIlIHecR He~eJIIO HJIH
~OJIbIlIe (~IlITOpMhI JIe~RHhIX 3apo~hIIlIefi*).
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MHorAa 3TH IlITOPMhI JIe~RHhIX 3apOAhIlliefi Ha
pa3HhIX CTaH~HRX npOHCXO~HJIH BCRope ~pyr

sa ApyroM, qTO, RaR nORa3aHO, B HeROTophIX
CJIyqaRX MomeT 6bITb 06'hRCHeHO a~BeR~HeA

qaCTH~ B HHmHeA TpOIIoclJlepe MemAY CTaH­
~HRMH. B ~pyrHx CJIyqaRX IIpe~CTaBJIReTCR,

qTO 3TH IlITOPMhI 6hIJIH JIORaJIbHOrO IIpOHcxom­

~eHHR.


