A | “' _ P\ HES
o \t ATMOSPHERIC ENVIRONMENT ssnvu— Ry v

TR oy g

" ATLANTIC REGION
TECHNICAL NOTES

No. 85-001(R)

10 January 1985

A CASE STUDY OF ADVECTION FOG
May 22 - 25, 1984

Michel Jean

Maritimes Weather Centre
Bedford, N.S.

EnvCanLl.IB

ﬁ Wﬂfﬂ“mﬂlﬂl\ I

39 05




Yo

B ok 3
R Y TN

o

5,

st ead

OO 102 R vk




II

INTRODUCTION

Everyone knows the economic cost of fog. Forecasting
of fog arrival or lifting has an economic impact, especially
in transportation activity.

An understanding of the mechanism involved in the formation/
dissipation of sea fog and the resulting effect at coastal
locations is the first step if someone wants to forecast sea
fog at particular locations.

A brief review of the physical mechanisms involved in
sea fog formation/dissipation will be presented. Surface
analysis, satellite imagery and hourly reports will then be
used to illustrate the formation, spread and dissipation/
advection of sea fog and the resulting effects at coastal
terminals.

PHYSICS OF ADVECTION FOG

Advection fog is produced when a warm and moist air
mass comes over a relatively cold surface. The process is
basically a vertical mixing of moist air parcels of different
temperature. When moist and warm air interact with the colder
surface, the air cools. This cooling is spread by turbulence
with neighbouring layers producing the condensation of the
water vapour. For condensation to occur, we also need con-
densation nuclei of which there is an abundance over the sea
surface.

It is generally assumed that with warm, moist air
flowing over cold water, advection fog will form. Osbornel
explains why it is not always the case:

“In reality, an air mass whose dewpoint is higher than
the water temperature loses water vapour as well as
heat to the surface. Hence, the cold water surface
exerts a drying effect as well as a cooling. As these
two exchange mechanisms are more or less of equal
efficiency, both temperature and dewpoint will decrease
and the saturation point will not be reached unless
turbulent mixing and/or radiative cooling is present”.

Juisto? agrees with the assumption of Osborne on the
role of radiative cooling:

"As Rodhe3 and others% have shown, mixing alone
generally is not sufficient to account for the liquid
water content observed in these fogs. Radiational
cooling near the fog top plays a significant
complementary role”.



Keeping all these refinements in mind, one can look
very simply to the formation mechanism on a Clausius-Clapeyron
diagram where vapour pressure is a function of temperature
(Fig. 11’5). If only turbulent mixing is considered, the
process 1s represented by the straight line CD. However, by
allowing for radiational cooling of the fog, the qualitative
effect is for line CD to bulge upward and produce higher fog
1liquid water content2.

Advection fog occurs much more readily over the sea
than over continents and, when it originates over the sea, is
called sea fog. The horizontal extent of this fog may be a
thousand square kilometers or more and covers at least all the
water surface with temperature less than the air dew point
temperature. The mean thickness could be more than 300
meters. This fog may form in all seasons but is statistic-
ally more likely to occur in early summer when warm and moist
ailr masses spread northward more frequently.

As there is almost no diurnal variation of sea surface
temperature, fog dissipation by diurnal warming will generally
not happen over the sea and, consequently, diurnal variation
is less likely to occur. On the other hand, over land,
diurnal warming may dissipate or at least may make the fog
thinner (or raise ceilings)@ while nocturnal land cooling
will intensify the fog.

The same reasoning explains why advection fog (or sea
fog) penetrates inland at night, then seems to withdraw toward
the ocean during the day.

To get rid of this fog, wind direction will have to
change. The change in wind can advect away the fog or bring
in cooler and drier air; the fog will then dissipate through
mixing processes.

a. Lifting of the fog into a stratus layer.
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FIGURE I. Phase diapram and fog formation processes. ( from Jiusto )2
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FORECAST OF ADVECTION FOG (SEA FOG)

Actually, as far as the Maritimes Weather Centre is
concerned, there is no objective method to forecast time of
occurrence of sea fog at coastal locations. Some attempts
are being made in the United States using deterministic
numerical schemes or using statistical techniques (like MOS
or perfect prog techniques). There is also some attempt to -
use special infra red and visible enhancements on satellite
imagery for short term forecasting of sea fog.

In the Maritimes, one can use the “pattern recognition
technique”. Osborne? made a study of sea fog occurrence
versus synoptic pattern and based on that study, developed
graphs which, if he has time to use them, can help the
forecaster.

Another technique that one can use is the extrapolation
of the "dew point front”. Basically the idea is to look west-
ward for dew point 3 or 4 degrees higher than the mean sea
surface temperature. By taking the historical speed of that
"dew point front”, you can extrapolate its position at a time
t+ t. Applying this technique to the case of May 22nd,
1984 (Fig. 3, Table 1-2), this method gives at least an idea
when the fog will come in at coastal stations. The problems
with this technique are that (1) the position of the "dew point
front"” is somewhat subjective and can lead to important errors
in timing, and (2) the short term extrapolation of the dew
point front over the ocean is not straightforward. Finally,
sometimes radiation fog will form before the arrival of the
sea fog so that the two effects are present.

Advection fog forecasting at coastal terminals is
largely a matter of experience. This case 1s presented to
give the new forecaster an idea of the formation and the
spread of sea fog using surface analyses, satellite pictures
(visible), and hourly reports for selected terminals. Hourly
reports have been included to give an idea of the ceilings,
and their diurnal variation, associated with advection
fog/stratus.
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Hourly reports corresponding to the
extrapolated times on figure 2

TABLE 1.
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CASE STUDY.

In the period from May 22nd, 1984, 1200Z to May 25th, 1984,
0000Z, a southerly flow of warm and moist air developed over the
Atlantic, south of Nova Scotia. Sea fog consequently formed and
advected over coastal locations. Usually, when these conditions
occur, mid and high level clouds are present so that the use of
satellite pictures to locate and follow the sea fog is futile.

One has to rely only on surface analysis. This case shows the
formation, spread and dissipation/advection of sea fog with very
little cloud above.

1. May 22nd, 1984 (See Appendix 1)

A. Surface Analysis.

A ridge of high pressure through the Maritimes is
moving slowly eastward and a low pressure system
over Hudson Bay is moving northeastward. Light
variable winds are observed at most statiomns,
gradually being replaced by light southerly winds
as the ridge moves to the east. Fog forms over
water as the air mass within the ridge becomes
saturated in the low levels. The fog eventually
dissipates over land, but remains over the Gulf
of St. Lawrence.

B. Satellite Picture.

There are two significant features throughout the
day. The first one 1is the stratus and fog over the
Gulf of St. Lawrence. The second feature is the
fog and stratus over the Atlantic south of Nova
Scotia. The fog area shrank a bit during the day,
except for a band along longitudes 60°W to 63°W.

C. Hourly Reports.

All the features mentioned above can be found in

the hourly reports. Fog and stratus over the Gulf
of St. Lawrence are associated with low visibilities
at East Point (WEP). Note the sea fog over the
Atlantic south of Nova Scotia, as reported by the
rigs BOW, BOX, BOR, GOR. When the southerly flow
started, it advected sea fog at Eddy Point (WO0Q)
between 02Z and 03Z (remember the fog band along
62-63 degrees west?).



2. May 23rd, 1984 (See Appendix 2)

A.

Surface Analysis

A moderate to strong southerly flow is fully
developed over the Maritimes. The temperature and
dew point at New England locations indicate a flow
of warm and moist air.

Some particular features on the 0600Z analysis:

(a) Ships VSBC, YSA (Sable Island), ships at 60°W
- 45°N and WOQ (Eddy Point). They all report
visibility reduced by fog. The cause is the
extensive area of fog that lingered along
62-63 degrees west. This area, with a
southerly flow, started to drift northward.

(b) YCL (Charlo), with a moderate easterly wind,
reports visibility reduced by fog due to the
advection of fog banks and/or stratus over the
Gulf of St. Lawrence/Bay of Chaleur.

(c) Ships CGBL, CGDW and YQI (Yarmouth) and WOQ
(Shelburne). Ships report fog banks with zero
visibility and Yarmouth and Shelburne start to
report reduced visibility in fog.

Note the New England coastal stations.

By 1200Z, the fog covered an extensive area
over water and over coastal locations.

Satellite Picture.

The pictures show extensive fog cover over the Gulf
of Maine, the Bay of Fundy, the Atlantic south of
Nova Scotia, and adjacent coastal locations (fog and/
or stratus). The movement of the warm front can be
followed by localizing the "bumpy” clouds over

Nova Scotia.



3. May

A.

Hourly Reports.

Hourly reports indicate an improvement in ceilings
and visibility during the day due to daytime
heating.

24th, 1984 (Appendix 3)

Surface Analysis.

The following maps illustrate how fog/stratus
caused by a southerly flow of warm and moist air
dissipates and/or advects away. A cold frontal
passage bringing drier air and/or a shift in the
wind direction will usually dissipate and/or advect
the fog/stratus away.

Satellite Picture.

In conjunction with the surface analysis, the
passage of the cold front across Nova Scotia can be
followed together with the subsequent “"wash out” of
the fog/stratus. It is especially apparent over
the ocean. (Note the sharp edge of the fog/stratus
a little bit behind the cold fromt.

Hourly Reports.

Hourly reports at YFC (10Z-12Z), YSJ (12Z-15Z) and
YQI (132z-14Z) show how quickly conditions improve
with the approach of the cold front.

L]



CONCLUSION

It is hoped that this case study will aid the new
forecaster in recognizing the synoptic patterns favourable to
the formation of sea fog,the subsequent advection to coastal
locations, and help him/her to write useful forecasts when such
a situation occurs. It is hoped that the new forecaster will make
the links between all the mechanisms involved (diurnal heating,
turbulent mixing over land, overlapping effect of radiation and
advection fog, etc..).

Finally, this case study covers only a fraction of
synoptic situations that will cause fog to form. Osbornel
identified seven categories of synoptic situations from which
fog will occur. Other case studies will be necessary to cover
all these situations.

11
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MAY 2204002 7O 2303002 1984

2204 YFC SA 0400 70 SCVT 15 169/712/12/0000/003/AC3 =

2205 YFC SA 0500 CLR 315 173/711/731/70000/7004/7 = .

2206 YFC SA 0600 CLR 1S 3180/32/71173302/7006/7 3016 =

2207 YFC SA 0700 CLR 1S 182/310/1073305/006/ =

2208 YFC.RS 0800 9 SCT 12 192/10/8/3002/7009/SF4 =

2208 YFC SP 0825 M12 BKN §2 3302 SFbé=

2209 YFC SA 0900 mi13 BKN 12 205/30/9/0000/013/5F8 3025 =

2209 YFC SP 0945 1S SCT 10 0000 SF3=

2210 YFC RS 1000 8 SCT 15 SCT 10 212/7310/9/3403/7015/SF15C2 =

2211 YFC SA 1100 10 SCT 310 219/11/8/0606/017/SF4 =

2212 YFC SA 1200 12 SCT. 312 228/13/9/0706/020/SC4 3023 =

2213 YFC SA 1300 315 SCT 250 =SCT 12 229/712/30/1110/020/CU3C] =

2214 YFC SA 1400 15 SCVT 250 =-SCT 12 230/127310/1110/020/CU3CI =

2215 YFC SA 1500 20 SCT 250 =SCT 12 230/13/10/0912/7020/CU3CI
1002 =

2216 YFC SA 1600 20 SCT 250 =SCV 12 227/14/11/0912/020/CU2C11 =

2237 YFC SA 1700 25 SCT 250 =SCY 15 220/16/11/0810/037/CU2C1 =

2218 YFC SA 1800 30 SCT 250 =SCT 15 213/18/12/0810/7016/7CU2C1
8017 =

2219 YFC SA 1900 30 SCT 250 =SCT 15 204/20710/0910/013/CU2CI =

2219 COR YFC SA 1900 40 SCT 250 =SCT 15 204/20/10/0910/
013/7CuU2CI =

2220 YFC SA 2000 48 SCT 250 =SCT 15 198/22/10/0810/011/CU2C1y =

2221 YFC SA 2100 48 SCT 250 =SCT 15 193/23/11/1508/70310/CU2C11
6020 =

2222 YFC SA 2200 70 SCT 250 =SCT 15 190/22710/1815622/
009/AC1CI1 =

2223 YFC SA 2300 90 SCT 250 =SCT 15 192/20/9/1808/7009/AC1CI2 =

2300 YFC SA 0000 90 SCT 250 =SCT 15 195/18/9/1608/7050/AC2C1
3002 =

2301 YFC SA 0100 90 SCY 250 SCY 1S5 192/17/8/1808/009/AC3C12 =

2302 YFC SA 0200 90 SCT 250 SCT 1S5S 189/15/9/1708/7009/AC2C11 =

2303 YFC SA 0300 mM90 BKN 15 3185/15/9/73810/7007/AC7 7040 =
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eai1s
2216
2216
eel7
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MAY 2204002 70 2303002 1984

YSJ SA 0400 80 SCT 3F 368/9/8/0000/001/7AC4 =

YSJ SA 0500 80 SCT 7 173/8/7/0000/003/AC3 =

YSJ SA 0600 80 SCT 7 174/8/77/70000/7003/7AC2 3007 =

¥YS8J SA 0700 80 SCY 7 179/8/7/0000/005/AC2 SHLW F PTCHS
ALGDS =

¥YSJ SP 0720 wi X 31/4F 1903 F10 MOON DIMLY VSB=

YSJ RS 0800 Wi X 1/8F 187/5/5/00007007/F10 MOON DIMLY VSB
k4

YSJ SP 0845 =X 1/8F 0000 F9=

YSJ SA 0900 =X 31/8F 195/5/5/0000/010/F9 3023 =

YSJ RS 1000 =X 1/4F 203/8/77/70503/012/F9 =

YSJ SA 1100 =X 1/4F 211/9/8/0205/015/¢9 =

YSJ SA 1200 =X 1/4F 220/10/9/0205/7017/F9 2025 =

YSJ SP 1205 «X 1/2F 0205 Fo=

YSJ SP 1220 =X M3 BKN 3/4F 0203 F3SF5=

YSJ SP 1240 4 SCT SF 0203 SF4= :

YSJ SA 1300 4 SCT 312 223/13/712/3403/018/8F2 =

YSJ SA 1400 20 SCT 300 SCT 12 224/16/12/3203/038/CF1Cly =
YSJ SA 1500 25 SCY 15 223/18/712/731309/018/7Cu2 0003 =

YSJ SA 1600 28 SCT 35S 223/718/11/71408/7038/CU3 =

YSJ SA 1700 36 SCT 300 SCT 15 220/19/10/1509/037/7CU2C1Y =
YSJ SA 1800 40 SCT 300 SCT 15 216/19/10/71608/7036/7CU2C11
8007 =

YSJ SA 1900 40 SCT 300 SCT 15 216/19/30/1709/016/7CU1CIY =
YSJ SA 2000 40 SCT 300 SCT 15 213/20/9/1409/015/CuiCcly =
YSJ SA 2100 40 SCT 300 =SCT 15 211/720/9/1509/015/Cu1Ccli
8005 = s

YSJ SA 2200 300 =BKN 1S 209/20/7/1708/034/C13 =

YSJ SA 2300 300 =BkN 315 209/16/10/11909/034/C1I2 =

YSJ SA 0000 300 =~BKN 15 208/13/9/1805/013/7C12 8003 =

YSJ SA 0200 300 =BKN 315 208/10/8/71905/7013/C12 =

YSJ RS 0300 M3 BKN 300 OVC 4F 207/9/8/71910/013/SF8C12 8001

YGR SA 13100 4 =SCT 300 =SCT 10 225/6/4/0609/019/SF1AC2 =&
YGR RS 1200 A9 BAN 100 BKN 15 236/6/4/70508/022/SC7ACY 1029
=

YGR RS 1300 Bi1l OVC 15 243/7/4/0308/024/5C9 =

YGR SP 1343 A7 OVC 10 0608 SC9 UA /0V YGR 31342 FLON T/0
/TP PA31 /8K OVC 0311 /RF¢ CLKR ABV=

YGR SA 1400 B7 BKNC 10 244/6/4/0708/025/SC9 =

YGR SA 1500 B7 BKN 8 245/6/4/0612/025/8C9 3009 =

YGR SA 1600 B6 BKN B8 248/6/4/0709/026/5C9 =

YGR SP 1642 6 SCT E220 BKN 8 0807 SCSClIe=

YGR SA 1700 6 =SCT 220 =bBKN 10 243/7/4/0808/025/SC3CI2 =

YGR SA 1800 8 SCT 100 SCT 220 SCT 15 241/7/4/0708/ :
024/SC2AC1IC11 5004 =

YGR SA 1900 8 SCT 100 SCT 220 =SCT 15 245/8/4/70704/
025/5C2AC1CI1y = :

YGR SA 2000 8 SCT 270 =SCT 15 245/8/5/0604/025/8CiCIy =
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