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Abstract 

The observations of number concentrations and chemical compositions of ice 
nuclei, and snowfalls at Inuvik, N.W.T., Canada and Kiruna, Northern Sweden in the 
Arctic regions were carried out in the winter of 1995/1996 and 1996/1997. Results 
showed that the number concentrations of ice nuclei related to the precipitation 
events. Chemical components of ice nuclei corresponded to the soil and man made 
particles. The presence of sea salt particles depended on the difference of the 
trajectory of air masses. 

1. Introduction 

To understand in more detail the mechanisms of snowfalls, the advection of 
water vapor which form precipitating clouds, and the difference of nucleus 
which form the low temperature type snow crystals (Kikuchi, 1969,1970), the 

relationship between ice nuclei and snowfalls in the Arctic regions was inves­
tigated. 

Many surface observations of aerosol particles within the Arctic regions 
have continued (Shaw, 1983; Pacyna and Ottar, 1985; Heidam, 1985; Heintzen-
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berg and Covert, 1987; Bodhaine, 1989) beyond the international sampling 
network of Rahn (1981), including some by a Swedish ice breaker (Lannefors et 
a!., 1983). The majority of these observations were based on analyses of bulk 
samples of aerosol particles or gases which were sampled for several days. 
Heidam (1984) collected aerosol samples throughout the year at five locations in 
Greenland and analyzed them by PIXE to determine the elemental composition 
of the Arctic aerosols. Comparison of nearby meteorological soundings with 
short duration aerosol collection or measurement was shown by Leaitch et a!. 
(1984) to provide an objective analysis of transport of lower latitude aerosol to 
the Arctic surface. 

Most of these papers, however, didn't consider the ice nuclei. Kikuchi et 
a!., (1990) and Sakurai et a!., (1987) collected the snow crystals and aerosol 
particles on filter papers in the Arctic Canada and analyzed them using a SEM 
and EDX system. They also considered the relationship between the center 
nucleus of snow crystal and airborne aerosol particles. 

In this paper, the concentration and chemical components of ice nuclei were 
examined from the point of view of the aerosol transportation and the effect of 
the ice nuclei in the Arctic regions. 

2. Locations and measurements 

Observations of snow crystals and the collection of aerosol particles were 
carried out at Inuvik (68'22'N, 133'42'W), N.W.T., Canada from December 12, 
1995 to January 15, 1996 and at Kiruna (6T51'N, 20'25'E), Northern Sweden from 
December 25, 1996 to January 14, 1997. 

Aerosol particles were collected on membrane filters using a suction pump 
twice a day (00 and 12 LMT) at Inuvik, and (03 and 15 LMT) at Kiruna. The 
sampling volume of the air was 75 liter which took 30 minutes to measure. 
After the observation was completed, the filter papers on which the aerosol 
particles had been collected were sealed to keep them from absorbing moisture 
and they were bought back to the laboratory. 

These filters were exposed in a static diffusion chamber at a temperature 
of -25' Cat 2% supersaturation with respect to water. Calculated ice nucleus 
concentrations (IN) were corrected by blank counts of filter papers through 
which the air was not sucked. This method provided the possibility to measure 
the relative variations of the IN with time, but not the absolute IN concentra­
tions in the air. 

For the preparation of a specimen to determine the center nucleus of snow 
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crystals, the snow crystals were replicated by a simple vapor method. Col­

lected particles in the replica of snow crystals which were considered as ice 
nuclei were examined using a scanning electron microscope (SEM) and an 
energy dispersive X -ray microanalyzer (EDX) system to obtain the elemental 

composition. 
Further, aerosol particles were nucleated in a cold chamber at - 25'C and 

small ice crystals were replicated. The aerosol particles included in those 
crystals were examined using a SEM and EDX system as center nuclei in the 
natural snow crystals. The precipitating snow particles were sampled to 
measure the electric conductivity and pH. 

3. Results and consideration 

3.1 Results of Inuvik 

a) Meteorological conditions 
Radiosonde observations were made twice daily (00, 12 UTC) at the Inuvik 

Upper Air Station. Figure 1 shows a time-height cross section of the air 
temperature and relative humidity from the surface up to 400 hPa level from 05 

DEC. 

Fig. l. Time-height cross section of the air temperature and relative humidity from 
December 12, 1995 to January 15, 1996, at Inuvik, N.W.T., Canada. Isotherms are 
drawn at an interval of 5°C and isopleths above 80% of relative humidity are 
shaded by dark screen. 
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Table 1. Characteristics of snowfalls. 

characteristics Pacific Origin Storm Track 
(Dec. 20~30, 1995) (Jan. 6~15, 1996) 

temperature warm cold 

wind velocity strong 

liquid water content high low 

rimed dendrite, combination of bullets, 

shapes of graupel, 
column, 

snow crystals needle, 

supercooled drops crossed plates 

precipitation duration short long 

precipitation amount heavy light 

LMT December 12,1995 to 17 LMT January 15,1996 at Inuvik. Isotherms are 
drawn at an interval 5'C each and isopleths above 80% of relative humidity are 
shaded with a dark screen. As seen in the figure, there are thick cloud layers 

extending to 500 hPa. Snowfall periods were divided into warm and cold 
periods, respectively. The warm period was from December 20 to 29, 1995. 
This period corresponded to the Pacific Origin disturbance. Contrarily, the cold 
period was from January 6 to 15, 1996. This period corresponded to the Storm 

Track disturbance (Asuma, 1997). The characteristics of snowfall in each 
period are summarized in Table 1. 

b) Concentrations of ice nuclei 
The time change in the number concentrations of ice nuclei at Inuvik is 

shown in Fig. 2 along with air temperature at the ground surface and electric 

conductivity of snowfalls. Open and closed circles show the number concentra­
tion of ice nuclei at midday and midnight, respectively. A dotted line shows the 

average value. Focusing on the fluctuation in the concentration of ice nuclei in 
detail, there are minimal concentrations during snowfall periods. This seems 

to correspond to the occurrence of supercooled drizzle in January 27. The 
electric conductivity decreased in the latter half of snowfall periods. It also 
seems to correspond to the decrease in the number concentration of ice nuclei. 

c) Aerosols nucleated as ice nuclei 
Analyses of the center nuclei of snow crystals were carried out using a SEM 
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Fig. 2. Time changes in the number concentrations of ice nuclei (upper), electric 
conductivity of snowfall (middle), and air temperature (lower panel) at Inuvik. 
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and EDX system. Photographs of column type crystals observed in January 11, 
1996 taken by the SEM and EDX are shown in Fig. 3. A small nucleus which 
resembles the center nucleus of this crystal was recognized around the right part 
of this crystal. As shown in this figure, the chemical compositions of the 
nucleus was comprised of the components N a, Cl and K. Therefore, the nucleus 
was considered a sea salt particle. Another sample of the nucleus taken on the 
same day showed N a, Cl and S as shown in Fig. 4. The nucleus, therefore, can 
be considered to be a mixed nucleus, containing sea salt and man made compo-



350 N. Sato et al. 

Fig. 3. Photographs of a column type crystal observed in January 11, 1996 taken SEM 
and EDX system. 

nents. The results are summarized in Table 2. As shown in the Table 2, which 
described the center nucleus during the warm period, components of soil origin 
dominated. In the higher temperature conditions during the cold period, the 

components of man made origin dominated. In the lower temperature condi­
tions during cold period, components of marine origin dominated. Aerosols 
nucleated on the filter paper showed the same tendency as the center nucleus. 

d) Trajectory analysis of air mass 

Back trajectory analyses were carried out using 700 hPa level charts at 12 

hour intervals. It can be seen that the air masses arrived at Inuvik observation 
site on December 26 and 28 were from the Gulf of Alaska as shown in Fig. 5. In 
contrast, the air masses on January 5 and 11 were from the Arctic Ocean as 
shown in Fig. 6. It is considered therefore that the difference between the 
chemical compositions of the center nucleus of snow crystals and aerosols 
nucleated on filter papers during the warm and cold periods corresponds to the 
difference between the trajectories of the air masses. 



Relationship between Ice Nuclei and Snowfalls 351 

Fig. 4. Photographs of aerosol particle on the filter paper observed in January 11, 
1996 taken SEM and EDX system. 

Table 2. Elemental compositions of center nucleus of snow crystals and aerosol 
particles nucleated on membrane filter papers. 

snow crystals aerosols nucleated 

shapes elements of center elements nucleus 

Dec. 26, 1995 needle Cl, Si, S, K Ca, Si 

Dec. 28, 1995 broad branch Si, Fe, K, Ca Si, K, Cl 

Jan. 5, 1996 dendrite S 

Jan. 11, 1996 column K, Cl, Na, Si S, Cl, Na 
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Fig. 5. Back trajectory analysis at 12 
hour intervals from December 25 to 26, 
and from December 26 to 28, 1995. 

3.2 Result of Kiruna 

a) Meteorological conditions 

Fig. 6. Same as Fig. 5 but for from Janu­
ary 3 to 5, and from January 10 to 11, 
1996. 

Figure 7 shows air pressure read from the surface charts, air temperature, 
and the amount of snowfall in centimeters during the observation period. The 
air temperature at the ground surface was between 0 and -300 C. The snow­
fall events were divided into four episodes (I~IV) as shown in Fig. 7. The 
locations of the centers of low pressure and fronts are shown for each snowfall 
episode in Fig. 8. Low pressures moved to the east in episode I, to the southeast 
in the episodes II and III, and to the northeast in the episode IV as shown in Fig. 
8. 

b) Concentrations of ice nuclei 
The time change in the number concentrations of ice nuclei at Kiruna is 

shown in Fig. 9. The events of snowfalls are shown in the asterisk. Open and 
closed circles show the number concentration of ice nuclei at midday and 
midnight, respectively. Focusing on the fluctuation of the concentration of ice 
nuclei in detail, it seems that the concentrations are increasing during snowfall 
days. Further, it seems that there is a short cycle of the concentrations. 

Figure 10 shows the relationship between the number concentration of ice nuclei 
and the wind direction at 850 hPa level. There is, however, no clear relation­
ship between the two. 

c) Aerosols nucleated as ice nuclei 
Analyses of the center nucleus of snow crystals were done by a SEM and 
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Fig. 7. Time changes of the sea level pressure (upper), air temperature (middle), and 
amount of snowfall (lower panel) at Kiruna, Sweden. 
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EDX system. The SEM and EDX photographs of a dendritic crystal observed 
in January 4,1997 are shown in Fig. 11. A small nucleus in the lower right panel 

which resembles the center nucleus of this crystal was recognized around the 
center part of this crystal. Another nucleus near the center nucleus is shown in 
the lower left panel. As shown in Fig. 11, the chemical components of the 
nucleus are considered to be a mixed nucleus having components of Si, Ca, Cl, 
AI, and S. The frequency of the elements present in the ice nuclei is shown in 
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Fig. 8. Synoptic weather charts in the episode I (December 26 to 28, 1996), II (January 
2 to 5, 1997), III (January 6 to 8, 1997), and IV (January 12 to 13, 1997). 

Fig. 12. In the figure, the number of elements comprising the nuclei is expressed 
in percentage to the nuclei analyzed by the EDX system. As understood in this 
figure, the chemical components of ice nuclei were Si, S, CI, K, Ca, and N a on 
January 4 and 5 (snowfall episodes II) , Si, S, and CIon January 7 (snowfall 
episode III), and Si, S, and CIon January 12 (snowfall episode IV), respectively. 
It was considered therefore that the ice nuclei consisted of mixed nuclei contain­
ing soil, man made and partially sea salt particle components. 

The chemical components of aerosol nucleated on the membrane filter 
sampled on January 5 were AI, Si, K, and Fe as shown in Fig. 13. The results 
of four days are represented in Table 3. As shown in this table, the elements of 
the aerosols can be considered to be mainly soil. 

d) Trajectory analysis of air mass 

Back trajectory analyses were carried out using 850 hPa level charts at one 
day intervals. It can be seen that the air mass arrived at the Kiruna observa-
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tion site in episode IV from the Atlantic Ocean and in episodes II and III from 
the Arctic Ocean as shown in Fig. 14. 

4. Concluding remarks 

The observation results obtained at Inuvik, N.W.T., Canada are summar­
ized as follows. 

During the warm period of snowfalls, soil particles tended to nucleate and 
acted as an ice nucleus. During the cold period of snowfalls, however, sea salt 
particles tended to act as an ice nucleus. This tendency corresponded to the 
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Fig. 10. Relationship between the number concentrations of ice nuclei and wind 
direction at 850 hPa level. 

results obtained by the previous work of Kikuchi et aI., (1990). From the time 
change in number concentration of ice nuclei, the number concentrations tended 
to decrease during snowfalls. This seems to correspond to the events of the 
supercooled drizzle during the warm period and to the snowfalls of the polycrys­
talline snow crystals which have a sea salt particle acting as the center nucleus 
during the cold period. It is considered from the back trajectory analysis that 
the trajectory of water vapor is similar to that of airborne aerosols. 

The results obtained at Kiruna, northern Sweden are as follows. 
The number concentrations of ice nuclei did not depend on the wind 

direction. Analyses of the chemical compositions of the center nuclei of snow 
crystals show a dominance of soil and man made components. The presence of 
sea salt particles depended on the difference of the trajectory of air masses. 
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Fig.l1. Photographs of a dendritic crystal observed in January 4, 1997 taken SEM 
and EDX system. 

357 

Most of the aerosol particles nucleated on the filter papers were dominated by 

soil particles. This seems to support the lack of relationship between the wind 
direction and the number concentration of ice nuclei. 
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Fig. 12. Frequency distributions of the elements presented in ice nuclei. 
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Fig. 13. Phorographs of aerosol particle on the filter paper observed in January 5, 
1997 taken SEM and EDX system. 
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Table 3. Elemental compositions of aero­
sol particles nucleated on membrane 
filter papers. 

Jan. 4, 1997 
Jan. 5, 1997 
Jan. 7, 1997 
Jan. 13, 1997 

Elements 

Si, K, Fe 

Si, AI, Mg, K, Fe 

Ca, Mg, AI, Si, S, CI 

Si, AI, K, S, Fe 

Fig. 14. Back trajectory analysis at one day interval from January 2 to 5,6 to 8, and 
12 to 13, 1997. 
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