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Observations on the Atmospheric Electrical Environment of
Sea Fog in the Pacific Coast of Eastern Hokkaido, Japan

Masashi YOSHIHIRO*

Meteorological Laboratory, Division of Environmental Structure,
Graduate School of Environmental Science, Hokkaido University
Takashi TANIGUCHI and Katsuhiro KIKUCHI
Department of Geophysics, Faculty of Science, Hokkaido University
{ Received July 1, 1985)

Observations of sea fogs were carried out at the Cape Aikappu in Akkeshi (43° 01’ N, 144°
51" E) located on the coast of the Pacific Ocean, Eastern Hokkaido, Japan from July 15 to July
26, 1983. One of the main purposes of the observations was to know the atmospheric
electrical nature of sea fogs of which very little is known to date.

Throughout the observation period, the atmospheric electric field, atmospheric electrical
conductivity, air-earth current, total space charge, electric charges on precipitation particles,
horizontal visibility, heights of inversion layer and other meteorological factors were
measured. Fog droplets were sampled to examine the size distribution, liquid water content
and elemental compositions of their nuclei using an energy dispersive X-ray microanalyzer.

In view of the characteristics of time variation of the horizontal visibility, the fog events
were divided into two types. One of them was the advection fog which was generated along
the sea side and on the Pacific Ocean, and advected to the observation site, and the other was
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the radiation fog which was generated around the observation site. Practically, the radia-
tion fog at this site could be thought as a mixture of radiation and advection mechanisms.

Using the data obtained during the observation period, we compared the atmospheric
electrical natures between the advection fog and the radiation fog, and further the natures
were compared with that of fine weather. As a result, an interesting difference between
both types of fog was recognized in the time variations of atmospheric electric field and
atmospheric electrical conductivity. Although individual electric charges on fog droplets
could not be measured directly because of their small magnitudes of electricity, it was
assumed that fog droplets had negative charges based on the change of total space charge.
The air-earth current could not be measured accurately because of unsuitable noises.
Records of inversion heights using a “Sodar” were available to determine the depth of the fog
layer. Although the sample number of fog droplets available for the analysis of the
elemental compositions of condensation nuclei were limited, the result of analysis showed a
distinct difference between both types of fog. Using these data, the atmospheric electrical
environment of sea fog was discussed and was concluded as follows.

(1) Time variations of atmospheric electric field during fog events were considered to be
mainly affected by two factors, i. e, condensation-evaporation effects on fog droplets and the
change of depth of fog layer. In the advection fog, therefore, condensation-evaporation
effects largely showed their effect at the beginning and ending of the fog events, and the
depth of fog layer changed to relatively large scale. While in the radiation fog, condensa-
tion-evaporation effects were small since the fog droplets were generated continuously
around the observation site, and the depth of fog layer was relatively constant. This was
thought to make a difference between both types of fog in the time variation of the
atmospheric electric field. (2)In the advection fog, the positive electrical conductivity
decreased, and was inversely proportional to the total surface area of fog droplets per unit
volume of the atmosphere. From this result, it was assumed that positive small ions in the
atmosphere were preferentially captured by fog droplets because of the negative charges on
them. In the radiation fog, on the other hand, although the positive electrical conductivity
decreased as in the case of the advection fog, it seemed that there was no relation between
fog droplets and conductivity. A mechanism of the decreasing of the positive electrical
conductivity in the radiation fog could not be made clear by the analysis of this observation.
(3) An analysis of the elemental composition of condensation nuclei of the advection fog
suggested that many of them were thought to be combustion products and sea salt particles.
In the case of the radiation fog, however, many of them were thought to be soil materials and
combustion products, and the ratio of them was equal. These results suggested that the
difference of the origin of condensation nuclei might partly affect the difference of the
atmospheric electrical natures between the advection fog and the radiation fog. Because of
the small sample number, further observations will be required to discuss the origin of
condensation nuclei and its precise role on the atmospheric electrical environment.
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Map of observation location.
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Fig.2. Arrangements of observation equip-
ments.
1;Observation hut, Atmospheric
electrical conductivity, Space charge,
Precipitation charge, Air temperature,
Relative humidity, and Pressure. 2;
Atmospheric electric field and Air-earth
current. 3; Wind direction and velocity.
4;Sodar. 5; Atmospheric electric field
and Horizontal visibility. 6 ; Horizontal
visibility.

Fig.3. A view around observation location seen from No. 5.
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Fig.4. Time variations of visibility. Upper ; Advection fog,
Lower ; Radiation fog.

Fig. 5. Sea fog generating on the sea surface.
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Fig.6. Advection fog invading from south of the observation
location.

Fig.7. Same direction as Fig. 6 except no advection fog.
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Fig.8. Radiation fog generating around observation location.

Fig.9. Same direction as Fig. 8 except no radiation fog.
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Fig.10. Time variations of electric field, visibility and conduc-
tivity under a fair weather.
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Fig.12. Same as Fig. 10 except radiation fog.
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Fig. 20. Percentage frequencies of elemental compositions of the condensa-
tion nuclei of advection (upper) and radiation (lower) fogs.
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Table 1. Elemental compositions of the condensation nuclei of
advection fog.

Nucleus Number Sampling Time Elemental Compositions
A—-1 7.18 1030 Si
A—-2 1030 Si
A-3 1030 Na, Mg, Cl
A—4 1056 Na, Mg, S, Cl
A-5 1056 Si
A—6 7.20 1114 S
A-7 1114 S
A—-8 1114 Na, Mg, S, K, Ca
A—-9 1143 Si
A-10 1212 S
A-11 1212 Na, Mg, Al, P, K
A—-12 1212 Na, P, S K
A—-13 1212 S, K
A—14 1450 Na, S, K, Ca
A-15 1450 S, Ca
A—-16 1450 Si
A-17 1450 Na, Mg, S, K, Ca
A—18 1450 Na, S, K
A—-19 1520 S
A—20 1520 S
A-21 1520 Na, Mg, ALLS
A—-22 1550 S
A—23 1550 S
A—24 7.22 1640 S;, S, Ca
A—25 1640 S
A—26 1640 S
A—27 1640 Si
A—28 1640 Na, Mg, Cl, Ca
A—-29 1656 Cl
A—30 7.23 1356 S, Ca
A-31 7.25 1050 Si
A-32 1319 Fe, Ni

Table 2. Elemental compositions of the condensation nuclei of

radiation fog.

Nucleus Number Sampling Time Elemental Compositions
R—1 7.16 0446 Si
R—2 7.18 0131 Fe, Ni
R-3 0308 Na, Mg, Al, Si, S, K
R—4 0340 Al Si, Cl
R—5 0415 Cl, Ni
R—6 0442 S
R-7 0545 S
R-8 0545 Na. Mg, Al Si, P. S, CL K, Ca, Ee
R—9 0635 S
R-10 0714 Si
R—11 0714 S
R—12 7.20 2115 S
R—13 2145 Al Si, Cl, Ca, Fe
R—14 2145 Na, Mg, Al, Si, CL, K, Ca, Fe, Zn
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