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I INTRODUSTION

Everyone knowe the economlc coet of fog. Forecaetlug
of fog arrival or llftlng hae ao ecooomtc Loipact, especlally

. ln transportatLon actlvl,ty.

An understandlug of the mechanl.sm lnvolved in the foruatlon/
dlsslpatlon of sea fog and the reeultl.ng effect at coaetal
locatl.oas ls the flret step lf someone waata to forecast Bea
fog at partlcular locations.

A brlef revl.ew of the phyelcal uechanl.ens lnvolved ln
sea fog fornatlon/dtselpatlou 1111 be preseated. Surface
analysls, satelll.te Luagery aod hourly reports wlll then be
ueed to l.llustrate the fornatl.oo, spread and dleelpatlou/
advection of sea fog and the reeultlag effecto at coastal
termlnalg.

II PHYSICS OF ADVECTION FOG

Advectlon fog ls produeed vheu a uarm and uolet alr
Dass comes over a relatl.vely cold surface. The process Ls
baslcally a vertl.cal ulxlng of uolst al.r parcels of dlfferent
temperature. When mol.et and warm alr Lnteract wlth the colder
surface, the alr cools. Thl.s coollng ls spread by turbulenee
wlth nelghbourtng layere producl.ng the condensatl.on of the
sater vapour. For condensatlon to occur, we also need con-
deneatl.oo ouclel. of whlch there le an abuadance over the sea
surface.

It ls generally aesumed that wlth warn, rnol.st air
florlag over cold water, advectlou fog w111 form. Osbornel
explalns why lt Ls not always the caee:

'Io reall.ty, an al.r rnass shoee dewpol.nt ls hlgher than
the sater teEperature loees water vapour as well as
heat to the surface. Hence, the cold water surface
exerts a drylng effect ae well as a eooling. As these
two exchange mechanl.ems are more or lese of equal
efflclency, both tempereture and dewpolnt w111 decrease
and the saturatlon point w1.11 not be reached unlese
turbulent nlxlng and/or radiatl.ve coollng iB present'.

Juisto2 agrees wlth the aesumptl.on of Osbortre otr the
role of radl.ative cooll.ag:

"As Rodhe3 and othersA have showu, mixlng alone
generally le not suffl.clent to account for the ltquld
water cootent observed ln these fogs. Radlatlonal
coollng near the fog top plays a slgnlflcant
complementary role".



Keeping all these refl.nements ln uiud, one can look
very el.nply to the fornatl.on mechanl.su on a Clauslus-Clapeyro!
diagran.wlere vapour pressure is a functlon of temperature
(Flg. 1r"). If only turbulent nixlag Le coasldered, the
proceos le represented by the etral.ght ll.ne GD. Eowever, by
allowlng for radl.atlonal eoollng of the fog, the quall.tatlve
effect ls for llne CD to bulge upward aod produce hl.gher fog
ltquld water conteot2.

Advectlon fog occurs Duch uore readlly over the sea
thao over coDtloeats and, wheo lt orlgiaates over the eear Ls
called sea fog. Ttre horlzoatal exteut of thle fog nay be a
thousand square kllometera or Eore aud covera at least all the
rater surface wlth tenperature less thaa the alr dew polnt
temperature. The mean thLckoess could be more thaa 300
meters. Thls fog nay foru la all seasons but Le etatistlc-
ally rnore ltkely to occur ln early sunner wheu waru aud nol.et
alr masses spread Dorthward more fregueotly.

As there is almost no dl.urnal varl.atl.on of sea surface
tenperature, fog dlsslpatloa by diuroal rarnlng u111 generally
Dot happen over the sea end, consequeatly, dlurnal varlatlou
Ls leae llkely to occur. 0D the other hand, over laad,
dlurnal rarnlog nay dlsslpate or at least nay nake the fog
thlaner (or ralee celll.nge)a whlle nocturnal laad cooliog
wlll lnteuetfy the fog.

The game reasoning erplalue why advect'lon fog (or eea
fog) penetrates lnland at nlght, then seeua to wlthdraw toward
the ocean durl.ng the day.

To get rld of thls fog, wlnd dlrectlon wlll have to
change. The change ln wlnd can advect away the fog or brlag
ln eooler aad drl.er alr; the fog w111 then dleelpate through
nlxl.ng proc€ea€o.

6. Ltfttng of the fog lnto a stratus layer.
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III FORECAST OF ApVECUON FOC (SEA FOG)

Actually, as far as the Marltl.nes lfeather Gentre I's
concerned, there is no obJectlve nethod to forecast tlme of
occurrence of sea fog at coastal locatlons. Some atteuPtg
are belag nade ln the Unlted States uelng deternlalett.c
numerlcal echemes or ual.ng statl.stical techal.ques (llke MOS

or perfect prog techulques). There ls also aone atteuPt to
use epeclal lnfra red aad vlslble enhanceaents oD satelllte
lnagery for short term foreceotlag of eea fog'

In the Marltlmes, oDe catr use the
technlgue'. Osbornea uade a study of sea
versus syuoptlc pattern and baeed oa that
graphs whlch, lf he has tl.me to use themt
forecagter.

'pattern recognltloo
fog occunence
etudy, developed
can help the

Another technl.que that one can use ls the extraPoletl'on
of the 'dew polnt front'. Baslcally the ldea ls to look weet-
ward for dew poLnt 3 or 4 degrees hlgher thaa the meao Bea
surface temperature. By taklng the hlstorlcal epeed of that
'dew poLnt front', yoo can extrapolate lts posltlon at a tlme
t + t. Applying thl.s technl,que to the case of t[ay 22td,
1984 (fig. 3, Table 1-2), thls Dethod givee at least an ldea
when the fog w111 come ln at coaotal statlons. The problens
with this techol.queare that (1) the posltlou of the "dew polnt
frout- Ls souewhet subjectl.ve aod can lead to lnPortant errorg
Ln tl.nlog, and (2) the ehort term extrapolatlon of the dew
polnt front over the oceaD le not stralghtfomard. Fiually,
sometlmes radlatLon fog w111 foru before the arrl.val of the
sea fog so that the two effects are present.

Advection fog forecastlng at coastal ternl.nals I's
largely a Datter of experl€DC€. Thls case Xs presented to
glve the new forecaster an Ldea of the foruatl.on and the
spread of eea fog uelng surfacc analyses, satelllte pictures
(vlslble), and hourly reports for selected termlnals. Eourly
reports have been lncluded to glve an Ldea of the celll'ngst
and thelr dl.urnal varl.ation, assoclated ulth advectlon
fog/stratus.
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Hourly reports correspondlng to the

e:rtrapolated tlnes on figure 2
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IV CASE STT'DY.

In the perlod fron May 22ad,, 1984, L2OOZ to May 25th, 1984'
00002, a eoutherly flor of waru and moiet al.r developed over the
Atlantlc, south of Nova Scotl,a. Sea fog conaeque[tly forned and
advected over coastal locatlotrs. Usually, when these condl.tl.oae
occur, ul.d and hlgh level clouds are preseut ao that the uee'of
eatelli.te plcturee to locate and follow the sea fog ls futl.le.
One has to rely only oa eurfaee analyels. Ttrls case shows the
fornatl.on, spread and dieslpatlon/advectLon of sea fog wlth very
llttle cloud above.

1. l4ay 22rd,, 1984 (See Appeadtx 1)

A. Surface Analysl.s.

A rldge of htgh preesure through the Maritlmes Le
movlag sIowly eaetward aod a low preseure Bysten
over Budson Bay le moving northeastward. tlght
varl.able wlnde are observed at moat statlons,
gradua$y belng replaced by Ilght southerly wl.nds
as the rldge novee to the east. Fog forns over
sater ae the alr nass wlthln the rldge beiconee
saturated tn the los levele. The fog eventually
dl.eel.patea over laud, btrt rernalae over the Gulf
of St. Larrence.

B. Satelllte Plcture.
There are two slgntflcant features throughout the
day. the flrst one ie the stratue and fog over the
Gulf of St. Lawrence. The eecond feature ls the
fog and stratus over the Atlentlc south of Nova
Scotl.a. The fog area shrank a blt durlog the day,
except for a band along longltudes 60olf to 63"11.

Bourly Reports.

A11 the features Eentloned above ean be found Ln
the hourly reports. Fog and stratua over the Gulf
of St. Lawrence are associated wlth low vlelbllltles
at East Polnt (ltEP). Note the eea fog over the
Atlantic eouth of Nova Scotla, aB reported by the
rlgs BOVI, BOX, BOR, GOR. When the southerly flow
started, it advected sea fog at Eddy Potnt (WOQ)

between O2Z and 032 (renenber the fog band along
62-63 degrees west?).

c.



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

A. Surface Analysle

A uoderate to strong eoutherly flow ts fully
developed over the Marltines. The temperature and
dew polnt at New England locatl.ons Lndlcate a flow
of waru and nolgt alr.
Sone partlcular features oa the 06002 analysle:

(a) Shlps VSBC, YSA (Sable Island), ehl.pe at 60olf
- 45oN and I|OQ (Eddy Polut). Ttrey all report
vtstbtllty reduced by fog. The cause !.s the
exteaslve area of fog that llngered along' 62-63 degreee e€Bt. Thts area, wlth a
southerly flow, started to drlft Dorthward.

(b) YCL (Charlo), wlth a moderate easterly wlnd,
reports vlelblllty reduced by fog due to the
advectlon of fog baake aad/or stratus over the
Gulf of St. Lawrence/Bay of Chaleur.

(c) Ships CGBL, CGDI{ and YQI (Yarnouth) and WOQ

(Shelburne). Shlps report fog banks wlth zero
vlslblllty and Yarmouth aod Shelburne start to
report reduced vtstblllty lu fog.

Note the New Englaad coastal etattons.

By L2OOZ, the fog eovered aD exteDBlve area
over water and over coastal locatlono.

B. Satelllte Plcture.

The plcturee show extenslve fog cover over the Culf
of Malne, the Bay of Fundy, the Atlantlc south of
Nova Scotla, and adJacent coastal locatl.ons (fog aud/
or stratus). The movement of the warm front can be
followed by locallzlng the "buupy" cloude over
Nova Scotla.
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C. Eourly Reports.

Eourly reports Lndl.cate ao LDprovement ln celllngs
and vlelblllty durlng the day due to daytlne
heatlog.

!tray 24th, 1984 (Appendlx 3)

A. Surface Analysls.

The follorttrg !!aps llluetrate hos fog/etratue
caueed by a eoutherly flow of rarm and oolet aLr
dleslpates and/or advects aray. A cold frootal
passage brtnglng drl.er alr and/or a ehlft ln the
wlnd dlrectlon 11.11 usually dtsstpate aad/or advect
the fog/stratus awey.

B. Satelllte Plcture.

In conJunction rtlth the surfece analyslsr the
pessage of the cold front across Nova Scot!.a cal be
folloned together rlth the subeequeat 'sash out" of
the fog/stratus. It l,B eepeclally aPParent over
the ocean. (Note the eharp edge of the fog/stratus
a llttle blt behlnd the cold front.

@$ Reports_.

Eourly reports et IFC (LOZ-LZZ>' YSJ (L2Z-LSZ) an'd
YQI (132-142) ehow how qul.ckly condltlone lmprove
wlth the approach of the cold froot.

3.

C.
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v coNctusloN

It ls hoped that thls case study 1111 ald the aew
forecaster Ln recogalzlag the synoptlc patteras favourable to
the foruatl.oa of sea fogrthe subeequeat advectl.on to coaetal
locattoos, aad help hln/her to yrLte ueeful forecasts rheo euch
a sl.tuatloo occura. It Le hoped that the new forecaster o111 nake
the llnks bebneen all the mechanl.sns lavolved (diuraal heatl.ng,
turbuleat nlxtng over Laad, overlapptng effect of radlatlon aad
advectioa fog, etc..).

Flaally, thle eaee study coyers oaly a fractl.oa of_
Byaoptlc el.tuations that stll cause fog to forD. Osbornel
ldentlfled eeven categortes of synoptlc eltuations fron whlch
fog w111 occur. Other case etudles w!.11 be aeceesary to coyer
all these sl.tuatlons.
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