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& HIRTY years ago the Geographical Review \p\.llv‘a‘..\'{uﬂ a map
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FOG FREQUENC v IN THE UNITED ST A

ARNOLD COUR I axp RICHARD D. GERSTON

distribution over the United States, by Robert G. Stone.! Five ycears
later a map of ~Average Annual Number of Days w ith Dense Fog”

.\p’rnin‘cd as onc of forty-six maps d(‘pl(m)g climates of the Unitea dStates in

“Climate and Man, the 1941 Yearbook of Agriculture.” No other fog maps

: : . 5 : 3 ;
for the entire country have since appearcd, and both Stone's map and the

“Climate and Man’ = map have been \\'idcly 1‘cp1‘iuh,d and ‘\J.“ptu\." A new
|

listribution over the conterminous United States, based

map showing fog ¢

on averages at 251 first-order Weather Bureau stations through 1960, 1
prm‘vntcd here as Figure 1.

Stone’s map (Fig. 2) was based on mean values for the full period of

| for 410 stations 1n Al including many

1
record . . . (through 1931 or 1932
W cather Burcau observatorics and about 100 stations outside the United

non-
s {
20-ycar means, 190l 1930, fo1

States proper. His primary basic data were 3 .
] 26 Mexican stations; i addition, data were

108 United States stations anc
500 lig\nhouscs’.f v The “Climate and Man “map (P

obtained from about
lor Weather Burcau stations, puind 1899-1938.

was based on “200 first=orc

* This paper 1s the outgrowth of a 1964 scminar report by Mr Gerston, then a graduate st ident
San Fernando Valley State College.
1 Robert G. Stonce: Fog in the United States and Adjacent Regrons, oot R Vi 5. 103(
pp. 111-134; map on p. 112 (Fig. 1).
2 “Climate and Man,” Yearbook of Agricultire 1941, U. S. Dept. of Agricultu %/ ashin D
1941, p- 737
Stone's map has J\‘l‘k‘.]lk't], for cxample, in J. J. George: Fog Its Cause yd Forecastin |
Eastern and Southern United States (I), 1 Amer. Meteorol. Soc Vol. 21, 194

§pecial Reference to
I
Physical Climatology (State College, Pa., 1941),

135-148, reference on p. 142; Helmut Landsbe
and Sverre Petterssent: Introduction to Meteorology (Ncew &y
r publications « f the Weather Burcau

pp-
York, 1941), p-193 (2nd cdit. 1958
p. 143) The “Climate and Man’” map has .\ppx'.u\‘«' in various latc
and also in B CL Hlaynes: M reorology for Pilots, U. S. Dept. of Commeret, Civil Aeronautics Administra-
tion, Civil Aeronantics Bull. No. 25, Washington, 1940, p. 1095

Weather and Clim we (2nd edit; New York and London, 1943), p- 159- I

Glenn T. Trewartha: An Introduction to

Wendell Hewson ind Rich-

mond W Longley: Meteorology Theoretical and /\N\hu‘ (New York md London, 1944), p- 341
y (New York, 1954), p- 1853 Glenn T. Trewartha: An In-

George | Taylor: Elementary Meteorolog
croduction to Climate (3rd cdit.; New York, Toronto, London, 1954), p- 124

Atlas of the United States (Cambridge, Mass., 1954), p. 181 (Map 444); (
64; and Clarence E. Koeppe and

; Stephen Sargent Visher:
Climatic seorge H. T. Kimble:
Our American Weather (New York, Toronto, London, 1955), p- 2

George G. De Long: W eather and Climat (New York, Toronto, | ondon, 1958), p. 69.

1 Stone, op. cit. [sce footnote 1 above], pp. 124-125-

in the Department of Geography at San

hes in the Madrone

» Dr. COURT is p:'ut}\'\‘or of climatology
Fernando Valley State College, Northridge, California. MR, GERSTON teac
School, Thousand Oaks, California.

T S

T A SR




SIS partun) I3 ur Aduan

X

AW J0 A1

SYILINOTI

)

VAVNVS

~

Sl

o

e

: e LT

| M
0961 03 SUOIJe}s TCZ JO SPIOOSI UO Paseg

D04 HLIM SAVT J0 JIGINNN TVANNV NVIAN

L ( S SR i m= L el

N




FOG IN THE UNITED STATES 545

¢ UNITED STATES: DISTRIBUTION OF FO
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540 THE GEOGRAPHICAL REVIEW

Use of fewer stations, for a slightly later period, may have caused the “Climate

and Man’" map, though in general similar to Stone’s, to differ from it in

several details. These differences, and the availability of data for an additional

two or three decades, prompted the preparation of Figure 1.

[DEFINITIONS

“Days with dense or heavy fog™ is the climatic quantity mapped here, as

it was on both the preceding maps. But the definitions of such days, and of

“dense” and “heavy,” have changed repeatedly.s

[n 1892, two years after the Weather Burcau was organized, a foggy day
was one “on which fog surrounds the station for one hour or more, and is
dense cnough to obscure objects at a distance of 1,000 feet.” In 1906 two
classes of fog were defined: dense, when visibility was less than 1000 feet;
light, when it was greater, with no upper limit.

Airways obscrvations, begun in 1928, retained dense when visibility was
less than 1000 feet. Because l’cpol‘mN«: visibilitics were 1/8, 1/4, 1/2, 3/4,
and 1 mile or more up to 10 miles, in practice dense fog was recorded when
objects or lights could not be distinguished at 1/4 mile (1320 feet), and fight

1

fog, nominally when “visibility of only about one-half mile is prc&;cnt,"
was recorded when visibility was 1/4 mile or more. More flexibility in
visibility reports was provided in the 1932 revision of airways reporting pro-
cedures, which introduced a third fog category: moderate, when “visibility is
over 1/5 mile but not more than 3 /4 mile.” Fog was light when visibility was
greater (no upper !imir), and dense when =.'i511»ii;t§ was “‘less than 1/5 mile
{

(1000 feet),” though 1/5 mile is actually 1056 fect.

A tourth category was introduced in 1939: thick fog, when “objects are

visible at 1/5 mile but not at §/16. Visibility to be reported as 1/4 or 1/5
mile.” Dense fog was to be reported only when “objects are not visible at
i/5 mile,” visibility to be reported at 1/8 or o mile. Liwits for noderate fog
were narrowed slightly: “when objects are visible at s/16 mile but not at
5/8 mile, visibility to be reported as 1/2 mile.”

I 1943 thick and dense fogs were merged to form heavy fog, in which
objects could not be seen at 5/16 mile, or 1650 feet; definitions of moderate
and light fog were unchanged. Six years later, on January 1, 1949, moderate

fog was combined with light fog, in which objects could be seen at 5/16 mile

See M. D. Baliles: History of Observational Instructions on Fog, Key to Meteosol. Records Documenta-
tion No. 3.031, U. S, Weather Burcau, 1959. The history of fog definitions in the present paper was care-
fully checked by J. H. Hagarty and W. A. Joos of the Environmental Data Services, Environmental
Science Services Administration (formerly the Office of Climatology, United States Weather Burcau),

whose invaluable assistance is gratefully acknowledged.
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but not at 7 miles, and moderate was abolished as a term: heavy fog was re-
. = ! .
tained without change. Four months later, on May 1, all descriptive terms
e

1 .
lity was less than 7 miles

were abolished, and fog was reported whenever
unless the restriction was caused by smoke or haz

Climatic summarics, such as those used for the m 1p offered here, mei?;
list only days with heavy fog, including dense fog (as it was called until 1943)

- 1 E

and thick tog (1939 -l{).;.;). Hence the hydrometeon mapped nere is one that

1 . - ™ 5 Q 3 { i Q
obscured objects at distances of 1000 feet until 1928, ot 1320 feet from 1928

to 1932, of 1000 feet from 1932 to 1939, and of 1650 feet from 1939 to 1949 :
these limits are shown graphically in the insct to Figure 1. Since the elimina-

. ~ 1 . . g " - {
trion of v.lk‘\(i’li’rii‘n\‘ terms mn 1949, suminarics IM\'(' !.”“'H 1",.'11"1'.1}:\ tor fiee

fog with visibility of 1 /4 mile (1320 feet) or less.
OBSERVATIONS
Fog 1s the most variable, in spatial distribution, of all the major climatic

clements. The boundarices of its arcas of occurrence, both instantance yusly and

in the mean, are much sharper than those of sunshine or precipitation. Detect-
able only by the human cye or by sophisticated substitutes such as the trans-
missometer, fbg 1‘;11‘1:1_\' is recorded (‘UINP]C[‘CI\'. Precipitation can be trapped,
wind is chronicled by broken branches, lightning is reported by thunder.
But fog must be scen to be recorded, and not only must it be seen, it must
be sought.

A reasonably true account of fog occurrence can be attained only through
a continuous and conscientious watch of the wcnt!u‘r. such as has been main-

tained at an increasing number of airports during the past thirty years. The

pilot’s paramount need for secing the runway makes the visual range (ver ‘ o
¢ .. .1 ! " . i ad 2 b
tically the “ceiling,” horizontally the “visibility™) the most important part of ~

the aviation weather report. Hence fog occurrence is well documented at
airports. Likewise, ship logs usually record fog occurrence, and some hight-
house and harbor records also are fairly complete.

But at other United States weather stations, especially before the needs

ol aviation l\i:‘i_';‘\‘l a reorgantzation in wceather I'CP(H‘UHL’“ Ei‘i\-,f was 1 })()il»ﬁ,"i
1

1 . . 11 1
only 1f the observer was sure it had occurred and had lasted for at least an

1 1 s J e il 1 £
hour. In principle, obscrvers were expected to keep track of the weather §
twenty-four hours a day, but in actuality stations were manned only during 3
normal oftice hours, and for !'("}j‘ll]‘l?' obscrvations.

e ~ . 3 5 1 o 3

[he number of observations® has increased from two per day (at 8 a.m.

I. H. Hagarty : History of Weather Bureau Climat ical Record Forms for Surface Synoptic by b
Airway Observations, Key to Meteorol. Records Documentation No. 2,211, U. S. Weatl 1964 :
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and 8 p.m. EST) to three per day (a noon, local time, observation was added

in 1918, discontinued in 1948) to four or five per day (1 a.m. and 1 p.m. EST

obscrvations were added in 1938). Observations at airport stations, begun

FApLE [—NUMBER OF DAYS wrtH DENSE Fock

TATION STONE CLIMATE AND MAN  CURRENT
Blue Canyon, Calif. 10-15 §-10 68
Cheyenne, Wyo. 5-10 10-15 25
Colorado Springs, Colo. 1-5 0-5 23
Daytona Beach, Fla 1-5 10-15 14
Santa Maria, Calif. 10—-50 20-30 88
St ouis, Mo. $—10 20-2 8
aton, Del 15-20 10-15 14

* Sinc nges are given here, the table does not everywhere agree with the map, specitically at

Blue Canyon and Wilminaton

: ] ~ 1 .
tbout 1930, arc¢ I!Lt(lx’ :"H‘LH]\' or ortencer; these stations .\HPCR‘.\L‘(!L‘(! downtown

'z o 1 =
ofhices as the principal observatorics in 1939.

Hence the chances that a dense or heavy foe will be reported it e lasts

only an hour or two during the night have increased markedly in the past ewo

or three decades. As far as the climatic data go, the country is becoming

togeier—iust as increased awareness, closer networks, and better rural com-

yunications have reased the S L ,_{ nadoces recorded
munications have mcereased the numbcer of tornadocs recorded.

ferations of the definition of “day with foe,” and of the like-

\ .
I'hese consie

lihood that such a day would be recorded, are necessary for proper inter-

pretation of the map presented here. It is based on the averages, tor the entire

period of record, of 251 United States Weather Burcau stations as given in

the Local Climatological Data: Annual Summary for 1960. The W eather Burcau

has not yet adopted the international thirty-ycar period, 1931-1960, for cle-

ments other than temperature and precipitation, and it gives averages only

for the “period of record,” from 1891 onward. Thus at the older stations

thL‘ means ('H!llbil](‘ Ul)SL‘l'VthiUHS ()f.lﬂ.'lll/\’ sorts, from two PL‘I" d;l\' mn [lk' L‘;H”]}"

yecars to [i]L‘ continuous 'W';lt('l] of recent times.

COMPARISONS

Of the two previous maps, that in “Climate and Man” is much more gen-

cralized than Stonc’s. It shows fewer than five foggy days annually through-

oc

out the Great Basin and Rocky Mountain region (vxcc]vt ten around Chey-

enne) and twenty to thirty fogey days on the south and central coasts of

California; in both regions the current figures for several stations are much

llig}l('i‘. On the other hand, ten to twenty fogs{\' davs are mdicated in the
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. : T 1 - 1
]0'\.\1‘1' I\/llSSHHI'I ‘ll](l (,)]HU Valleys, but more recent figurces arc onl

e . o Sucy . ~ ' . : - o
Cairo, lllinois, with heavy or light fog, and cight days in St. Louis. The Stonc

]

map accounts much more accuratcly for fog in major mountain arcas and

over water bodics but aives lictle attention to localized fog cast of the Rockics.
A tew examples of the number of days with dense foe, as estimated from the
imph‘th\‘ on the two maps and a‘wmp.n‘cJ with recent Weather Burcau

figurces, arc given in Table 1.

West of the Continental Divide fl)gs occur most fkn‘qm'ml\ over elevated,

exposed, west-facing terrain. Radiation togs occur, especially i winter, in
the intercoastal and interior valleys, where clear, cold, calm air permits

dramage, usually resulting in low-lying ground fog. Similar radiation togs

generally occur cast of the Rockics, most frequently in winter in Appalachian
¢ ) ] ) Pl

" . = : y < | -+
leys. Frontal and air-mass fogs are most common in the 1 yeep South, north

of Mexico (exc ept for southern Texas and southern Florida), alone

the New England coast, and around Lakes Superior and Huron. Other fogs
. :
lc

occur in the high plains of Colorado and Wyoming, an arca of free

C 1 16 1
prefrontal litting, and on adjacent mountains.

Of the 251 stations available for this study, 110 were west of 05°W, and
141 cast of 1t (!‘Jr;. 4). The western stations have the extremes; that is, mor

- = . : : ] i
stations with few foga days, and more stations with many days. |

| 3 2 3 3 1 i1, | { e
cach arca 82 percent of the stations have fewer than thirty-three fogey days

v vieats Elalf oL the o1 stations have nineteen or foter wda R
per year. Halt of the 251 stations have nincteen or fewer days with fog
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he four foggiest castern stations are all in New England; the least foggy 1s
Key West, Florida, with less than one day per year, the on[}' castern station
with fewer than six foggy days annually. The cight foggiest western stations
arc all on west-facing Pacific slopes. Although fourtcen western stations have
averages of fewer than six days with fog per year, Bishop, California, is the
only one, like Key West, with an average of only a trace. Mount Washing-
ton, New Hampshire (303), and Tatoosh Island, Washington (251), have the
highest frequencices in the conterminous United States. Neither Stone’s map
nor the “Climate and Man” map shows Mount Washington specifically;
they suggest only twenty or fifteen days there, respectively. Stone’s Table |
gives 318 fogey days in 1933 as the only available data.

[he new map presented here, t]mugl] still in«\dcqu‘m‘ because of the
parscness, inhomogeneity, and possible nonrepresentativencess of the basic
! ta, 1S nevel 1!]@1(‘\\ ()”;\'i('f{ as lg'h" l)t'\t J\‘.‘zi!(lljlf »\'\YI]III‘\ SIS (‘i‘.l\.”ldl\{\‘ 1]]“‘“["

nation tor the conterminous United States of the annual distribution of days




