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PREFACE

In 1955, a map titled *“World Weather Extremes™ was prepared by the Cartography
: Branch of the Environmental Proteetion Research Division, Quartermaster Rescareh and
3 Engineering Center, Natick, Massachusetts, for distribution to visitors and other interest-
. ed persons, This map showed the location of certain meteorological extremes which had
been recorded in elimatological publications. In subsequent years the map was periodi-
cally revised as new records came to light and the number of requests for it inereased.
: 1t has been reprinted in a number of publications, hoth military and civilian, and has
been widely used for instruction and display purposes.

[y

In 1269, a need for an updated map and some diseussion of the records shown
appeared in the Earth Seiences Laboratory at Natick in connection with a revision of
Military Standard 210A, “*Climatic Extremes for Military Equipment.” Natick Labora-
tories had been assigned responsibility for certain portions of the standard. As an indi-
cation of the most extreme climatic conditions that have been recorded in various parts
of the carth, the niap gives an approximation of the absolute limits within which design
criteria must be established.

In addition to the revised map of world weather extremes, a new map showing
extremes in North America was added and the sources for records on both maps were
reviewed and documented. When eontroversial records were ineluded, the arguments
for and against their acceptance were examined and summarized in the text. For many
of the reeords, the text inrcluded such information as the conditions during veeurrence
of the extremes. problems of measuring or recording them, and the Kinds of investiga-
tions carricd out by the U. S. Weather Boreau before they were aeeepted. Thus, for ﬂ\
first time a map of extreme weather ocenrrenees was presented together with full docu-
mentation of the sources of the records and references to pertinent comments in the
technical literature.

Weather records eontinue to be broken and che maps and text again have been up-
dated. In addition, some further background material has heen included and some
changes have heen inade to improve textnal clarity. This work has been carried ont in
the Environmental Criteria Branch of the Engineer Topographie Laboratories at Fort
Belvoir, Virginia, which is the suceessor organization to the former Earth Sciences Labo-
ratory at Natick.

: /

Valnable adviee and information were reecived from Dr. M. A. Arkin, Environmental
1 i Data Service, National Oceanie and Atmospherie Administration (NOAA) for both this
revision and the original report. His assistance is acknowledged with appreciation, The
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§ cuttography in the original report was completed by My Kristin Gill and Ms Olive Lesuenr,
i i i
z;

RPN -




D2 i BT wi R e & et o i RS TR |

E

E under the direeticn of Aubrey Greenwald, Jr., Chief of the Cartography Office, Earth
Seicnees Laboratory. It has been reproduced, with the neeessary updating for this
report, by SP-4 Richard Vail under the direction of James Smith of the Topographie

1 Produets Development Braneh of Engineer Topographic Laboratories. Their assistanee
1 and suggestions are appreciated as are the suggestions made for printing the records by
: categories on the reverse of the map sheets by Dr. William Robison and for setting up
eoordinates for locating the places of occurrence of the records on the world map by
Ms Janc Kroll, both of the Engineer Topographic Laboratorics.
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WEATHER EXTREMES AROUND THE WORLD

I. INTRODUCTION

1.  Subject. The world map and the map of North America were prepared pri-
marily as sids in specifying cxtreme climatie conditions for design of military equipment.
The two maps together contain approximately 100 records. The categories of cxtremes
indicated in MIL-STD 210A wcre kept in mind in the selection of records, but selection
was not limited to these catcgorics. This report is primarily intcnded to review the
validity of the records. A listing of the records, with documentation of their sources,
is followed by a commentary on their reliability.

The representativeness and significance of weather records in gencral are com-
mcnted upon, and for cach of the main elements, ccrtain factors bearing on reliability
arc notcd. Among these are measuring instruments and problems, environmental condi-
tions which favor occurrence of extremes, theoretical limits of occurrence, and the geo-
graphical arcas and seasons in which the probability of cxtremes is greatest. Following
this gencral treatment, pertinent information is given about individual records and their
documentation. There is much information available about some of the extremes,
cspecially controversial ones, but little or nothing abont others. Similarly, records are
more casily available to us for the United States and Canada than for other countries.
To make room for showing these records, and because Americans would be especially
interested in records of their own continent, the North America map has heen included.

I addition to documenting cach of the records, we have coordinated them,
where possible, with determinations of the Environmental Data Serviee (EDS) part of
the U.S. NOAA. In the United States, EDS is responsibile for archiving and disseminating
weather data, and in line with these functions it validates extreme ocenrrences, both at
home and abroad.! Other countries follow a similar policy. but there is. as yet, no workl
ageney that determines and establishes a re gister of weather extremes, As a result, a given
record might be aceepted by EDS but not by its equivalent ageney in some other commtry,

2.  Documentation. To facilitate finding the extremes for a particnlar element,
the records are listed, with documentation, by clements (see the Table, pages 7-15).
Records for each clement are arranged in order of decreasing extremity beginning with
the world's reeord if aceepted as such.

l M. A. Arkin, Chief, Foreign Branch, Environmental Data Serviee, U, S, Environmenilal Science Services Administra-
tion, letter dated 10 Sep 69,
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LOCATION OF WEATHER EXTREMES BY ELEMENT - WORLD MAP

I, TEMPERATURE

A. High

B. Low

World: El Azizia, Libya B7

W. llemisphere: Death Valley, California B3
Asia: Tirat Tsvi, Israel BS&

Australia: Cloncurry, Queensland D11

Europe: Seville, Spain B6

S. America: Rivadavia, Argentina D5
Antarctica: Esperanza, Antarctic Peninsula F5
Sca surface: Perslan Gulf C8

Annual mean: Dallol, Ethiopia C8

Hottest summers in W, Hemisphere: Death Valley, California B3
Long hot spell: Marble Bar, W, Australla D10

World: Vostok, Antarctica Fl0

N. Hemisphere: Verkhoyansk & Oimekon, U.S.S.R. All
Greenland: Northice A5

N. America (excluding Greenland): Snag, Yukon Territory A2
Europe: Ust 'Shchugor, U.S.S.R. B8

S. America: Sarmiento, Argentina E4

Africa: lfrane, Morocco B6

Australia: Charlotte Pass, New South Wales Ell

Monthly and annual means: Plateau Station, Antarctica F8

C. Variations

Difference between high and low: Verkhoyansk, U.S.S.R. All
Mean annual range: Eastern Sayan Region of U.S.S.R. Bl0
Largest 2-minute rise in 11.S.: Spearfish, South Dakota B}
Instantaneous rise: Edinburgh, Scotland B6

Largest 24=hour fall in 11.S,: Browning, Montana B3

Il. PRECIPITATION

A. Great Rainfall Amounts

One-minute, World: Unionville, Maryland B4
20~minute, World: Curtca—de-Arges, Romania B7
42-minute, World: llolt, Missouri B}

12=hour, World: Belouve, La Reunion I. D8
24—-hour, Wokld: Cilaos, La Reunion |. D8
24-hour, N. Hemisphere: Paishih, Taiwan C1!
24=hour: Dharampuri, India C9

24~hour, Australia: Crohamhurst, Queensland DI2
5-~day, World: Cilaos, La Rtunion I. D8

One month, World: Cherrapunji, India C10

1 2=months, World: Cherrapunji, India C10

1 2~months, U.S.: Mt Waialcale, Kauai, lawaii Cl

B. Great Average Yearly Precipitation

World: Mt, Waialeale, Kauai, Hawaii C1

Asia: Cherrapunji, India C10

Africa; Debundscha, Cameroon C7

S. America: Quibdo, Colombia C4

N. America: Henderson Lake, British Columbia B2
Europe: Crkvice, Yugoslavia B7

Australia: Tully, Queensland D11

Average number of days with rain per year: Bahia Felix, Chile E4

C. Least Precip
Numbe
D. Low Average

World:
Africa;
N, Amé¢
Asia:

Austra
Europe

E. Variability o
Averag

Relatit
Relati

F. Hailstones J
Largey
G, Great Snowf
24-ho
l9—hol

One s
One st

. OTHER ELEMENT

A, Thunderston

Avera
Avera

B. Sea=Level ,

Highe
Lowe:

C. Solar Radia!

Avera
One=l

D. Wind Speed

Peak
Peak
Peah
5~nti
24=h
Mean
Days

E. Dew Point

Mean
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iXTREMES BY ELEMENT -~ WORLD MAP

C. Least Precipitation
Number of years without rain' Arica, Chile D4
D. Low Average Yearly Precipitation

World: Arica, Chile D4

Africa: Wadi Halfa, Sudan C8

E N. America: Bataques, Mexico B3
Asia: Aden, South Yemen C8
Australia: Mulka, South Australia M|
2 Europe: Astrakhan, U.S.S.R. BR

E. Variability of Precipitation
Average variability: Debundscha, Cameroon C7
Relitive variability: Themed, Israel B8
3 Relative variability (1935—38): Lhasa, Tibet Cl0
4 F. Hailstones
Largest, U.S.: Coffeyville, Kansas B}
G. Great Snowfall Amounts
24~hour, N, America: Silver Lake, Colotado B3
19~hour; Bessans, France B7

One storm, N. America: Mt. Shasta Ski Bowl, California B2
One season, N. America: Rainier Paradise Ranger Station, Washington B2

. OTHER ELEMENTS
A, Thunderstorms

Avcrage number of thunderstorm days per year: Kampala, Uaanda (8
Average number of thunderstorm days, 1916=1919: Bogor, Indonesia DI0

B. Sea-Level Air Pressure

Hlighest, World: Agata, U.5.S.R. AlD
Lowest, World: estimated at 19° N, [35° &, ('Ll

C. Solar Radiation

Average daily December: South Pole, Antarctica F6 £ 7
One=hour: Malange, Angola D7

D. Wind Speed

Peak gust, World: Mt. Washington, New [fampshire B4

Peak gust, Thule Air Base, Greenland A d

Peak gust, Miyakojima [., Ryukyu Islands Cil

5--minute, World: Mt, Washington, New Hampshire 34
24=hour mean: Port Martin, Antarctica ! i1

Mean monthly: Port Martin, Antarctica il

Days with hurricane force winds: Port Martin, Antarctiva FHI

E. Dew Point

Meon afternoon, in June: Assab, Lthiopia (&
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1. COMMENTARY ON RELIABILITY OF THE RECORDS

To insure comparability of meteorological observations, various regulations coneern-
ing site, instrumentation, and proccdure have been established by the World Meteorologi-
cal Organization.? Observations taken in accordance with these regulations, over which
some sort of quality control is exercised to correet observational errors that might appear,
would be accepted by the national meteorological agencies.® Also, for highest or lowest
average records, the period of observation should be long enough to be representative.
However, even after reeords have been aceepted by appropriate ageneies, their reliability
is still sometimes questioned.

An extremne phenomenon observed and recorded in conformanee with prescribed
procedures and accepted by the appropriate meteorological serviee represents only the
most extreme aceeptable reeord that is available. 1t is not necessarily — or even probably —
the most extreme value that could oceur or ever has occurred. According to M. A. Arkin,
“...record extremes must be taken with a grain of salt. ... % He explains that news

. of an extreme weather occurrenee is not always widely disseminaied, metcorologieal

records are relatively short, stations are very few, and ** . . . even the densest network of
stations provide: only a very small sample of the weather . ... ™ To this it can be added
that records may be established whieh the observers do not recognize as records, and
sometimes suspected records are not verified because of difficulties in validating,

3. Temperature. Air temperatures are ineasured at standard heights varying in
different countries from 4 to 6 feet above ground level. The values sbtained can be
affeeted by radiation from the sun, sky, carth, and other surrounding objeets, and pre-
cautions need to be taken to prolect the measuring instruments from radiation. In addi-
tion, adequate ventilation must be provided to insure representation of the circulating
air. In addition to these requirements concerning height, radiation protection, and
ventilation, there are requirements pertinent to construction and accuracy (manufactur-
ing tolerance) of the measuring instruments.

Daily maximum and minimum temperatures are recorded at more than 10.000
weather stations throughout the world.®  Maximum and minimum thermometers which
stay at the highest or lowest point, respeetively, reached diring the reading period are
used to record these temperatures. Maximum thermometers are generally of the merenry-
in-glass type. But since mereury freezes wt abont -32°F. minimnm thermometers contain

World Meleorological Organization, * Guide to Meteorological Instrument ared Ubserviag Practices.” 2ad ed.. Geneva,
1961. (WMO-No. 8. TP’ 3.)

M. AL Arkin, op. cit,
M. AL Arkin, op, cit,

G. Hoffman, *Die hochsten and die tiefslen Temperaren anf der Erde,” (Fhe Higlest and Lowest Tewmperatures of
the Earth). Umschan, Frankfurt am Maisi, Vol. 63, No, |, pp. 16-18, 1 Jan 63
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other liquids such as ethyl aleohol; these are commonly ealled spirit thermometers be-
cause of the type of liquids used.

Besides the absolute maximum and minimum temperatures ever reeorded in
an area, several other kinds of extreme temperature records can be of interest. Among

"these are the highest and lowcest mean daily, monthly, or yearly temperatures; the high.

est and lowest mean daily, monthly, or yearly maximum and minimum temperatures;
the longest durations of very high or very low tempcratures; the greatest variations in a
given period (e.g., between summer and winter, day and night); and the fastest rises
and falls in temperature during short periods of time.

a. High Temperatures. Factors favorable to occurrcnee of very high tem-
peratures have been listed by the British meteorologist H. 1. Lamb.® Among these
factors are strong lLeating of the surfaee, especially desert sand or bare roek, during
times of high sun and very clear atmosphere; a long period of time during whieh tlic air
has passed or remained over extremely warm snrface; inhibition of vertica! eonvection
or loeal cireulations by subsidenee; passage of the air over mountains, especially when
latent heat absorbed during condensation or rainfall on the aseent is ~cleased into the
descending air; and adveetion from plaees where the air was already heated.

Lamb’s investigations suggest that conjnnetion of most or all of these
influences might ocenr during record high extremes, and that many of the peak temper-
atures * . . . are associated with the speeding up, and longer fetch, of warm air advee-
tion just ahead of a eold front . ... " Further, he coneludes that these extreme high
temperatures ** . . . may have been very loeal and associated with some locally forced
turbulenee — for instanee, in air descending some sort of declivity or merely passing
over town buildings — the circumstances being such as io caise adabatically by a degree
or two the temperature of already very warm air at a slightly higher ‘evel . ... ™7

The highest possible temperatnre that could ocenr has been cousidered
by the German meteorologist Hoffman.® According to iiim. because warm air is lighter,
air ncar the hot ground surface seeks to rise above overlying layers which are cooler.
Thus, an ascending air strexm i< esablished through which the hot air escapes so that
the temperature of the lower air levels should not rise above a theoretically definable
value. He puts this valne at slightly over 55°C (131°F) and states that world weather
observations confirm it. The bighest accepted record i 58°C (V36°F), at El Azizia in
North Africa, bnt elaims have been made of higher temperatores: e.g., 140°F at two

6”. Y, Lamb, *“The Occurrence of Very High Surface Temperalures,” Meteorol. Mag., London, Vol 87, No, 1028,
7pp. 39.43, 1954,

Ibhid.,
86. Hofr man, op. cil.
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Mexican stations, Delta, Baja Californiz and Riito, Sonora® and 167°F in the Gobi
Desert of interior Asia.!®

The highcst mea-  »rly maximum temperatures, 122°F or above,
occur in the northern and wes’ . L. .ara; Death Valley, California; low-lying desert
areas in Iran;and a small pari 1 western Pakistan.!! By contrast, the highest yearly
maximum temperatures in some parts of Antarctica average below 0°F,

T TR T

World’s higliest temperatnre: 136°F
El Azizia, Libya, 13 September 1922

El Azizia is located in the northern Sahara at 32°32' N, 13°01' E, cle-
vation 367 fect.'> At least 30 years of observations are available for the station,'® and
the elimate has been described by Eredia.!* The world record temperature oecurred
during the menth of September; other months during which very high maximum tem-

ratures have occurred are August and June, with 133°F and 127°F, respeetively }®
pe g peetively

Although this record of 58°C has attained general acceptanee as the
world’s highest temperature recorded] urder standarid conditions,'®.!” it has been

questioned. A. Fantoli, wko was Dir.ctor of ti Libyan Meteorological Service at
the tin.c the ohscrvation was reportcd, has written about the subjeet,'® '° and sum-

maries in English are available.2¢ 2! Although iic was unabic to personally investigate
the reliability of the reading at the time it oeeurred, he has since examined the evidence
in some detail: the exposure; effect of instrument shelter or of instrumental error;
records for pressure, wind, and humidity at three other stations in Tripoli for 9-12
September 1922; and synoptic charts for the area for 10-14 September 1922. He also

Internationai Boundary and Water Commission, 1inited States and Mexico, **Flow of 1he Colorado River and
other Western Boundary Sireams and Related Data,” p, 58, Western Water Bulletin, 1964,
H. T. Ashtor and J. V. Maher, * Auslralian Forecastiw and Climate,” 6th ed,. Melbourne, Auscralia, 1960,
G. lloffmaan, op. cit.
Greal Britain, Air Ministry, Met-orological Qifice, *Tables of Temperature, Relative Numidity and Precipitation
for the World, Part 1V, Africa, the Atlantic Ocean South of 35° N and the Indian Occan,” (M.O. 6174). London
. Her Majesty’s Stalionery Office, 1958,
Ibid,
. F. Eredia, *Klima von Azizia (Climate of Azizia,” Meteorol Zeitselirift, Rrannschweig, Vol 42, p. 204, 1925,
Great Britain, Air Ministry, Meteorological Office, op. cit.
U, S, Environmental Science Serviees Adininistration, Enviconmental Data Serviee, Temperature Extremes,
revisad May 67 (L..S, 5821).
L. 1, Seamon, and G. S, ltartlett, “Climatological Extremes.” Weekly Weather and Crop Balletin, Vol. 43, No. 9.
pp 6-8, 27 Feb 56,
A. Fintoli, “La Pin Alts Temperatura del Mondo,” (The Highest Temperature in the World), Rev Meteorol
Acronautica, Rome, Vol 18, No. 3, pp 53-63. Inl-Sep 58, (Eulish Smmmary)
A, Fantoli, "1 Valori Medi Della Temperatura in Lihia,” Boll, Sor. Geogr, laliana, ser. 8, Vol. Tipp 59-71, 1954,
J. Gentilli, *Libyan Climate,” Geograph Rev, Vol. 45, No. 2, p 209, Apr 55.
Meteorol Abstracts, 10 (1), 1959, (Contains abstract of # 18,)
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reviewed temperature reconts at El Azizia for June to October 19141922, as well as
the maximum temperatnres (99°F to 118°F) at 10 places in Tripoli on 11-14 Scptember
1922. Frowm his investigations, Fintoli canclnded that although there was aromusnally
violent and persistent ghibli2? at the tiree. the protaide or tentative maxinum on 13
Scptember 1922 was 56°C (132.8°F). “this concirsion nay have been influeneel in
part by the comparatively low maximum temperatures at nearby statians, a puint also
mentioned Iy other authors.?® Lamb alo investigated the El Azizia record, aml from
his investigat.ons he has deseribed the synoptie situation whieh cansed the extreme
heat.?* A cold front was advancing castward from Algeria, and alvection of warm air
from the Saharan interior was estallished some distance ahead of the front. Tripoli
had strong sontherly winds for two snecessive tlays before the front passed. Rainfall
in monntains to the south in the Anderas arva (17° N, 8 E) was thonght to have con-
tributed latent heat of eondensation to the air mass.

Western Hemisphere's highest temperatnre: 134°F
Deatle Valley, California, 10 July 1913

Death Valley, at 37° NOHET® W,k a desert below sea bael, flanked by
mountains. It has the hottest sw.amers in the Western Hemisphere 2 The temperatore
of 134°F. recorded i reenland Raneh Station, is accepted by the U.S, Weather Burean
as an offieial record. On the day this temperature ocenrred, winds were strong, there
were sandstorm conditions, and a heat spell of 8 conseentive days with maxinnmms of
127°F ar higher was in progress,
' ,
! A. Conrt?” has vxamined the Death Valley record in detail: the surround-
ing environment, the eqnipment and proceilures nsed for taking the observation, weather
conditions at the time it ocenrred, ana temperature frequencies at the station aver a
perioll of reeonl from 1911 throngh 1947, He fonnd that at the time of the record
there were eamparatively low maxima at other stations in the area, as had |)l‘(‘f‘l the case
at El Azizia. He found that aside fram the period during which the record océnrred in
July 1913, temperatures of 127°F or higher were reached in only two other ylars from
1911 throngh 1947, During a later period, 1948 ta 1967 a temperature of 129°F was

1
.

’

¥ A ghibltis a hot, dust-bearing wind in Tripolilania, i
G. Hellmann, “Grenzwerte der Klimacleinente auf dei Frde.™ [Limits of Clinatic Elewents ol the Earth].
Sitzungsberichte lreuss. Akademie der Wissenschafl, Phys, mathem, Klasse, 1925, pp, 2002175, tited Iy Mark
,l‘c-ﬂ'vr.wn: “Limiting Values of Temperature and Rain€all Over the World,” Geograph Rev. Vol 16 pp. 32126,
1926.
tl. 11, &. mb, op. cit.
tl. S, Enviconmental Science Serviees Adninistration, Temperature Extremes, op. eit.

6 l.. Williams, ** A Contribntion 1o the Flulosophy of Climatie Design Limits for Army Materiel: Extreme Hot-Desert
Conditions,” Technical Report ETL-TR.72-5, 1% 8, Army Engineer Topographic Laboralaries, Fort Belvoir, Va.,
1972, ‘

A. Caurt, “Haw Hot is Death Valley?"™ Geograph Reo, Vol, 19, No, 2, pp 21 120, Apr 49,

ar
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reported in July 196028 ; but according to Williams this value is doubtfnl.?® From his
analysis of the 1911 through 1947 data, Court determined that a temperature of 134°F
has an expeetaney of only once in 650 years.® e coneluded that “constantly rereas-
g aceuracy in weather observations and higher stundards of instrument exposure make
it seem probable that no future official observation will exeeed the present high temper-
ature record for North America now held by Death Valley 3!

Persian Gulf had a sca-snrface temperature of 96°1°
5 Angust 1924,

This sea surface temperature, measured by the SS Frankenfels, is
* ... among the highest recorded. . . .32 However, sca ‘*emperaturc in the Persian Gulf
has been known to reach 98°F in August and September.®> Although the 96°F record
is not an avsolute maximum in the sense of being the highest known, it was suggested
for inclusion here *o indicate how hot the “ea surface can become. The Persian Gulf
also has very Ligh average temperature: . sammer, 88°F during July and August.>*

Dallol, Ethiopia, has an annual mean temperatnre of 94°F
I p s
possibly the world’s highest.

Places that are hot in summer aud remain warin in winter have high
annual means of daily maximum temperature. The highest oceur at low elevations,
away from coasts, and within the latitude belt between 12° and 20°N across Africa and
possibly the southwestern Arabian penisula.®®  Dallol is within this belt at 14°19’ N,
40°11'E. 1t is located 258 feet below sea level on the edge of the Danakil Depression,
a salt desert. By averaging the annual mean daily maximum temperature of 106°F3¢
and the annnal mean daily minimum of 83°F?7 an annual mean temperature of 94°F
is obtained. All of these values are possible world records. The 94°F annual mean

28 P, I. Taticlman, N, Sissenwine and R. W, Lenhard, “Warld Frequeney of High Temperature,” Environmental Re-
search Papers, No, 305, Air Foree Cambridge Researels Labcratories, Bedford, Mass.. 1969,
1. Williams, op. vit.
A, Caunt,op, cit.
Ihid.
. S. Environmenital Seience Services Administratiou, Temperature Extremes, op. cit.
Greal Britain, Air Ministry, Meteorological Office, “Weather in the Indiau Ocean 1o Latitnde 30°S and Longitude
95°F, including Ue Red Sea and Persian Golf,” valine 11 *Loeal Information,” part 3, *“The Persian Gulf and
Gulf of Oman including the partaf the Makran Coast west of Gwadar,” (M. 0. 451b), llis Majesty’s Stativuery
Office, Lowdon, 1941,
1. 8. Envirommeutal Scienee Serviees Administration, Temperature Fxtremes, op. cit.

3 D. E. Pedgley, **Air Temperatnresal Dallol, Eihiopia.” Meteorol Mag, Lowlan, Vol. 96, No. 1142, qp. 265-71,
Sep 07,

; thid.

Thid.
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exceeds the 88°F averaged at Lugh Ferrandi, Somalia from 1923 to 1935 and cited as
probably the world’s highest anmnal mean temperatnre.®® The 106°F annnal incan daily
maximnm temperature exceeds the 102°F recorded at Abecher, Chad for a 6-year
period and the 101°F at Merowe, Sudan (30 years) and Araomne, Maki (8 years): these
values are the highest listed in the British Meteorolagical Office’s “Tables of Tempera-
ture, Relative Humidity and Precipitation for the World,”?®

The Dallol temperatures were obtained from readings taken at a clima-
tologica! station maimtained at the base camp of an American prospecting company
over a period of 6 years, October 1960 throngh November 1966, Maximunm and mini-
mum temperatnres were recorded . nsing standacd thermometers kept at a height
of fonr feet in a ventilated sereen . ... 4 The period of observatian is short; bt it is
believed that the difference between these available 6-year valnes and a fong-term mean
wonld be very small. At nearhy Khormnaksar, whose temperatnre trends appear similar
to Dallol’s, the greatest difference between monthly means of daily maximnm tempera-
ture for the years 1961 through 1966 and those for 1947 throngh 1966 was only 0.3°C.4!

D. E. Pedgley has considered arcas where annnal mean daily inaxima
might ecnal or exceed Dallols. % According to him, in the lowest part of the Danakil
Depression, which reaches a minimum of abont 390 feet below sea level some 20 miles
south of Dallol, the annual mean daily maximnm might be a “fraction of a degree
Fahrenheit greater” than at Dallol.3 In the Abechier area where thereisa * . . . descent
of potentially warmer air resulting from a blocking by the Marra Monatains of the
north-casterlies that blow for mnch of the year .. .. " there might also be low-lying
places with values similar to Dallols,

b. Low Temperatures. Extreme low temperatures resnlt from ™ ... the
simultaneous ocenrrence of an optimnm combination of several meteorological cle-
ments; absence of solar radiation, elear skies, and calm air are the most essential require-
ments, with the nltimate falt in temperatnre dependent upen the duration of these con-
ditions . ... "% During such conditions, there is minimmn mixing of the vertical air
layers. As the gronnd surface loses heat throngh terrestrial radiation, the nearest air
layers become cooled and, consegnently, heavier than the layers above them.

2 U. 8. Environment:! Science Services Administration, Temperature Extremes, op. oit,

Greal Britain, Air Ministry, Mcteorologieal Office, op, eit,
; D. E. Pedgley, op. eit.

S fhid.
Ihid,

:: hid,
R. A. McCormick, **An Estimate of 1he Minitnum Possible Surface Temperalure al the Sonth Pole,” Monthly
Weather Rev., Vol. 86, No, 1, pp. 1-5. Jan 50,

— ik s - o n




ARG L s R bt e el it LT S e iR R

e APt R b S SRS B8 i

Extremely cold temperatures ocenr in interior high latitude localities
with clear skics, which are conducive to maximnm terrestrial radiation, and with topo-
graphic features which afford protection from wind. Geographic areas of extreme cold
arc the castern Antaretic plateau (approximately 9,000 to 12,000 fect of in clevation):
the central part of the Greenland lcecap (approximately 8,200 to 9,800 feet in cleva-
tion): Siberia between 63° and 68°N and between 93° and 160°F (below 2,500 fect in

. clevation): amil the Ynkon basin of northwestern Canada and Alaska (below 2,500
feet in elevation).

oozl

it o)

' In Furope, the lowest temperatitre has been recorded at Ust’Shehngor
in the Soviet Union at about 55°N, 50°F.*% This station, located near the Siberian
border at an clevation of 279 feet, reported a -67°F in January; the exact date is not
cited, but it was the lowest in a 15-year period.?®

Annual mean minimum temperature can range from “pproximately

T0°F in places like Dallol, Ethiopia, to a possible -130°F in the Antarctic. This differ-
ence of about 200 Fahrenheit degrees is considerably greater than the difference of
abont 125 Fahrenheit degrees between the highest and lowegt annnal inean maximam
temperatnres. Annual mean minimirms for the world’s coldest areas are -76°F in
Siberia, lielow -85°F on the Greenland leecap, and from about -94°F to -130°F in the
Antarctic.?” The -130°F value is considered possible as an annnal mean minimum,
even thongh -127°F is the lowest temperatnre recorded, becanse in the extensive cold
area of Fast Amtarcdca only a few stations have taken temperature measurements and
then only for short periods of time.%®

World’s lowest temperatirre: -127°F

Vostok, Antaretica, 24 Angust 1960

The theoretical minimnm temperature that conld be reached has been
alculated by Shliakhov® and by MeCormick.®® Shliakhov estinrated -80°C £2°C at
about 4 kilometers altitude (e, -112°F at abont 13,123 feet) with a decrease of 0.5°C
for every fnrther 100-meter rise in height. This estimate was exeeeded when the teinper-

H
't atare fell to -87.4°C (-123°F) at Vostok, Antarctica (78°27'S, 106°52°E, clevation
i " o e .

1 } 11,220 feet) in 1958 and again in 1960 when the world record low temperatore of
] as . L N o
A U.S, Environmental Seienee Serviees Administration, Fovieonmental Data Serviee, Borldwide Fxtremes of
g Temperature, Precipitation and Pressure Recorded by Continental Area, Oct 08 (ESSA/P1R8UDAD),
thid.
3 ‘ 47 .
3 G. Hoffrann, op. «it.
; Ihid,
E V. 1 Shlakhov, D Minimal nykh Temperarurakb v Antarktide J0a Minimum Temperalures in Aalaretiva |,”

Meteorologiia i Gidrologiia, No, 4, pp, 5.7, 1938,

e

R. A. Metormick, op. cit.
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-126.9°F ocecurred, also at Vostok. The basic error in Shliakhov's calculations, accord-
ing to H. Wexler®! resulted from associating a zero radiation balance with a certain
temperature — the theoretical minimum. MeConaick’s caleulation for the possible
minimum was for * . . , virtually optimum conditions . . . assumed to persist during the
polar night (about 180 days) .. .." 52 The resultant value, -200°C (-328°F) is

“ ... hardly realistic for the troposphere . . . * where, apparently. wintertime radiative
cncrgy losses are compensated by adveetive gains. However, it might be more appli-
cable to the ozonosphere where snch * . . . energy-balancing proeesses are not equally
operative . ... " %3 An ozonospheric temperatore of -97°C (-143°F) was measnred at
abont 24,000 meters (78,740 feet) above Halley Bay at 75°31°S, 26°36'W, altitnde

98 fret, on 9 August 1959.5% The lowest temperatnre recorded in the Earth’s atmo-
sphere is -153°C at 93 kilometers above Point Barrow, Alaska, in June 1966.5% How-
ever, this is above the ozonosphere and Jone is not the time of polar night at Point
Barrow.

Northern Hemisphere’s Lowest Temperature: -90°F
Verkhoyansk, USSR, 5 and 7 February 1892 and Oimekon, USSR, 6 February 1933

Very low winter temperatures oceur in the Verkhoyansk-Oimekon cold
zone, approximately between 63° and 68°N, and 93° and 160°F, in the East Siberian
taiga (northern coniferous forest). It is an area of extreme continentality, lying ucar
the castern end of the world’s largest landmass and blocked off by monntain ranges
from the moderating influence of oceans. In winter, the high air pressures from the
Asiatic anticyclone create clear weather which promotes strong radiation from the
snow surface during the long nights. A valie of -89.7°F was recorded at Verkhoyansk
(67°34'N, 133°51'E, clevation about 350 feet) twice in 1892, and -89.9°F was record.
ed at Oimekon (63°28°'N, 142°49'E, clevation 2,625 fect) in 1933.5% Oiinckon is
situated ir a valley 10 to 20 kilometers (abont 3.280 fect) wide, below a platean which
is, in turn, enclosed by mountains.$” 1n the winter, cold air acennulates in the valley
and there is hardly any wind. 1t is possible that the temperature there may have fallen

S 1. Wexler, *Note on Lowest Antarctic Temperature Extimated by Shliaghhov.” Monthiy Wenther Reciewe, Vol, 0T,
No. 4 p FAT, Apr 59,
R. A, McCormich. op. cit.
Ibid.
1) J. George, “Coldest Place on Earth,” Weather, Vol, 10, No. 5, pp. 11131, 1D,
1L Faust, “*De nidreigsten Tempreaturen in der Erdatoosphire |'Fhe lowest temperatiees in e £ th's atmos.
phere | Weltraumtahrt, Frankfurt am Main, Vol. 20, No. 172, pp. 2527, 1969,

LS, Envieonmental Svienee Seeviees Adininistration, Temperature Extremes, op. vit.

T AL AL Barisov, “CGlimates of the USSR, transkited by R. AL Ledward and edited by €. AL Nalstearl, Chicago,
Aldire, 1965,
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below the value recorded; temperaturcs of -95°F and down to -108°F have becn
. claimed.’® 5? ® Considerable controversy has arisen about the Verkhoyansk records

] duc to problems coneerning instrument corrections, and about both the Verkhoyansk
and Oimekon records because of misleading references to incorrect values in the
literature.® 62 63

.

Greenland’s lowest temperature: -87°F
Northice, 9 January 1954

On the permanent icecap, which covers most of the interior of Green-
land, temperatures are very low due both to loss of heat through radiation and to evapo-
rative cooling from the snow and icc surface.®* A temperature of -86.8°F has been re-
cerded at Northice (78°04'N, 38°29'W, clevation 7,687 fcet), a station established by
the British North Greenland Expedition.®s Since the period of record for Northice was
only 20 months (November 1952 through June 1954) and temperatures below -75°F
occurred 16 times, it is quite probable that temperatures there have been lower than
.87°F at other times.%

North America’s lowest temperature (excluding Greenland): -81°F
Snag, Yukon Territory 3 February 1947

| Snag is located near ihe Alaskan border of Canada’s Yukon Territory,

| at 62°23'N, 140°23'W, elevation 2,120 fect. This part of Canada resembles the
Verkhoyansk-Oimekon Area of castern Siberia in its continentality. The lowest
gradation on the minimum thermometer which recorded this extreme was -80°F, but a
peneil mark was made at a distance about 4 degrees below -80°F .67 llowever, subsequent

a N. A, Stepanova, “tn the Lowest Temperalures on Earth,”* Monthly Weather Revirw, Vol, §16, No, 1, pp. G-10,
Jan 58,
L. 1. Seamon and G. S, Bartlett, op. eit.
E. A. Finn, Kak Byl Othryt “Polius Kholoda™ [1law wax the “Culd Pade’ Ducovered?], Priroda, No. 7.
pp. 85-88, Moxcow, Jul 67,
N. A, Stepanava, op. eit.
E. S. Rubinshtein, 0 Prirode Pulinsov Khaloda,” [0 the Nature of the Cold Polex]. Vsesoinznoe tieograficheshae

; Obshehestyvo lavestiia, Vol 91, No, 3, pp. 26568, May-Jun 59,

" F. 8. Ruldnshtein, “K Yaprosu « Pudinsakh Kholoda,” [tontribulion to the Problems of 1he Earth's Cald Poles].
Meteorologiia i Gidrologiia, No, 12, pp, 28.30, Dee 1968, Trandated by 118, Weather llurean. Washington, 1).C..
May 59,

0. W, Bogne. “Envicenment of the tireenland leecap,”” Treh Rpt ES- 14, 1,5, Army Natich Labarataries, Natiek.

Mass,, Dee G4,

R. A, Hanultem aid t5, Rollitt, *British Norlh Greenland FExpedition 1952.51; elimatalogieal tahles far the sile of
3 Hhe expedition’s base at Britannia 8¢ (Lake) and the station an the inland.iee Northice.” Kébenhavn, 2. A, Reitzele
Forlag, Medd Grouland, Ve, 158, jqo 183, 1957,
R. 8. Quiroz, *' Lowest Temperalure in Greenland,”” Monthly Beather Review, Vol 86, No, 1. p. 99, Mar 58.

4
e A, Court awd 11\, Salmela, “Improbable Weather FExtremes and Measirement Needs Amer Meoteoral Soe Bull,
Vol 41N 9, pp, 5T1-75, Sep €3,
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laboratory calibration of the thermometer indieited an instrumental error of £3 degrees:
aud a value of -81.4°F was officially set by the Canadian Meteorological Serviee, 68 69 70
On the preceding day., 2 Febmary. the corrected minimum temperature was -80.1°F."
The previons record Canalian low temperature was -78.5°F at Fort Gooid Hope in the
Northwest territorics on 30 December 1910.7

U. 8. lowest temperature: -80°F
Prospect Creek, Alaska. 23 January 1971

This low temperature was recorded at a camp along the Alaskan pipeline
in the Endicott Mountains sontheast of Bettles at 66°48'N. 150°40°W, 1,100 feet eleva-
tion. An official figure of -79.8°F was established ** . . . after subsequent recalibration
of the thermometer at the Bureau of Standards in Washington . ... " 73 1t replaced the
previous official United States low of -T6°F reconled at Tanana, Alaska, in the Ynkon
Valley at 65°10°N, 152°06'W, elevation 220 feet, in Jannary 1886.7* Amoug other low
temperatures claimed for Alaska was one of -78°F recorded by an airways observer at
Fort Yukon (66°34'N, 145°18'W, elevation 417 feet) on 14 January 1934 two days
after the weather station closed there, which made the record unofficial.”  Also, a mini-
mum thermometer left at 15,000 feet on M. MeKinley for 19 years indicated a tempera-
ture lower than -100°F at some time during its exposure,”™

Platean Station, Antarctica, had a mean July temperature of -100°F
in 1968 and a mean temperature of -70°F for 1966 throngh 1968

Platean Station is located at 79°15'S, 40°30'E, elevation 11,890 feet.
1t is in or near the coldest part of the Auntaretie, which is believed to be close to the ridge
line in Fast Antaretica.”  During the winter of 1968, there were 118 days with
temperatnres below -100°F. The July mean temperature for that year is behieved to be

67
A, Courl amd H. A, Salmela, *Improbable Weallier Exitemes aad Measurement Needs,” Amer Mereorol Soc Bull,
Vol. $4. No. 9, pp. 371-75. Sep 63,

& Ihid.
N. A. Stepanova, op. cit.

N A, Thomwon, *Lowest Temperalure in Canada,” Monthly Weather Re, Vol. 116, No. 11, p. 291, Aag 58,

1bid,

72 . . .
N. A. Stepanova, op. eil.
Weatherwive, Apr 71, Vol. 24, No, 2, p, 94,
U, S, Environmenlal Science Services Administration, Temperature Extrenies, op, o,
1. 8. Seamon and G, 8, llartlett, op. eit.

76
Ibid.

1L 1. Lamb, “Diflerences in the Medeorology of the Northern and Sontheen Polar Regions,” Meteorol Mag, Vol. BT,

No. 1038, pp. 333-79, London. Dee 58,

7‘ X . 1 . ’
1'. 8. Amv Nalick Laboratories,” Annual Record of Major Events - FY 1969, Natick, Mass,, 1969,
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anew world record, -99.8°F.™ It exceeds a mean of -97.2°F (-71.8°F) during August
1958 at Sovietskaya®™ which has been qnoted as ™ . .. prohably the lhwest mean mounth.
Iv temperatnre on record. ... " 8 Sovietskaya, a Rnssian station, at §8°24'S, 87°35'E,
eclevation 11,713 feet, reported an annmad mean temperatnre of -71°Fduring the 1GY
period in 1957 and 1958.%2 This is colder than Platcan Station's -70°F, but the area is
not considered to be as cold. The periods of record at Plateau Station
are not long enough, however, to be conclusive. Some other low aver
are -67°F at Vostok dnoring 1958 and 1959, and -59°F at Amnndsen-Sc
elevation 9.186 feet) for the period 1957-1964.%2 During this same pe
Scott, the Jnly temperature averaged -74.5°F with the maximums aver.
the minimums, -80°F,%

nd Sovietskaya
¢ temperatnres
tt Station (Y0°S,
wl at Amnndsen-
ng -69°F and

¢.  Temperature Variations. Rapid temperature changes can oceur under
certain weather conditions; e.g., changes in wind direction whether onshore or offshore
in coastal arcas espeeially during seasons of the year when land-sca temperature differ-
ences are greatest. Foclns (warm, drying winds descending the lee sides of mountain
ranges) can bring snbstantial temperature rises in short periods of time; inereases of 20 to
30 degrees in an hour are not uncommon along the castern side of the Rocky Mountains
in the United States and Canada.®®  Advection of cold air masses can cause temperatnre
falls which can be further intensified by loss of heat through radiation. Still other
weather situations eau eanse extreme flnciuations in temperatnre,

U. S, Greatest 2-minnte temperature rise:
49F°, from -4°F 10 45°F
Spearfish, Sonth Dakota, 22 Jannary 1943

Rapid City, Sonth Dakota. had three temperature rises
and two falls of 40F° or more during a period
ol 3 hours and 10 minntes, 22 Jannary 1943

Spearfish is located at 44°30'N, 104°W, clevation 3,637 feet, and Rapid
City is at 44°N, 103°W, clevation 3.234 feet, They are in the Black Hills, a dome-shaped
mass cnlminating in peaks over 7,200 feet above sea level, which slopes abruptly on the

L o, €. Dalrymple, Leographic A pplications Division, 1, 8. Army Eigineer Topographic Laboratories, Fort Belvoir,
Va. Personal Lomimimicalion,

3. AL Onckgnies considérations générates air b météorologie de U Antarelique, L. Métborologiv, No, 57, pp. 17-42,
196D,

il . J. George, op. cit.
N, A, Stepanova, op. eit.
i, S, Eoviconmental Scienee Serviees Administration, Temperature Extremes, op, cit,
84 |
Ibid.
g5 1. M. Ludium. Weather Record Book, United States and (anada, Princeton. NJ., Weatherwine, 1971,
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cast and gradually on the west. This region lies mostly between 43° and 45°N, and
103° und 104°30'W, and the effects of the topography on winds from the west cause
rapid temperature changes to ocenr there rather frequently.

On 22 January 1943, very rapid and pronounced fluctuations in tempera-
ture took place in the Black 1lills. The phenomenon, investigated by Hamann, was
‘... essentially the result of the wavering motion of a pronounced quasistationary front
scparating Continental Arctic air from Maritime Polar air .. .. " ® Local chinook®
effects possibly contributed to the nnusual conditions. At Spearfish, the temperature
rose from -4°F to 45°F and returned to -4°F between 0732 and 0927 hours (7:32 and
9:27 a.m.)*® During this period, in which there were many abrupt changes, the record
2-minute rise occurred. At Rapid City, the temperature rose from 5°F to 54°F between
0920 and 0940 hours (9:20 and 9:40 a.m.), fell to 11°F at 1030 hours, rose to 55°F at
1045 hours, fell to 10°F at 1130 hours, rose to 34°F at 1150 hours, fell to 16°F at
1215 hours and rose to 56°F at 1240 hours.®® Changes were so rapid that buildings
were cxperiencing winter on one side and spring around the corner. The phenomenon
also caused unusually large daily ranges in temperature, over 50 degrees at some places,
and sharp contrasts between some nearby places. For example, at Lead, South Dakota,
the temperature was 52°F, while at Deadwood, less than 3 miles away, it was -16°F.%°

In Canada, similar conditions have ocenrred. At Pinecher Creck, Alberta,
on 6 January 1966, the temperature rose 45F° (from -12 to 33) and fell 40F° (from 33
to -7) during a 2-hour period.® Several hours later it again rose 46F° (from -10 to 36)
within an hour.

4, Precipitation. Precipitation is mcasnred by the depth to which it covers a
horizontal unit arca during a given period. Precipitation is caught in gages whose diam-
cter represents the horizontal unit area; the more representative the cateh is of aetual
fall over the cutire observation arca, the more useful the measurement. For this reason,
site, form, and exposure of the gage are important. and precautions need to be taken to
prevent preeipitation from splashing out of the gage or being blown ont by wind. In hot,
dry arcas, evaporation can be a problem. Various requirements to cover these points
have been established by the World Meteorologieal Organization.®?

86 2. R. Hamann, The Remarkable Temperature Fluctuations in the Black Hills Region, January 1943, Monthly
- Weather Review, Vol. 71, No. 3, pp. 29-32.

A name given 10 fochns in the Weslern United States and Canada.
:: R. R. Hamann, op. cit.
oy Ibid.
= Ibid.

D. M. Ludlum, op. cit.

. World Meleorological Omganization, op. cit.
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Gages are of two main kinds — the ordinary or non-recording gages and re-
cording gages. The former provide a means of collecting and measuring precipitation,
and the latter incorporate mechanisms for recording the amount of fall during a given
period or the rate of fall at any instant. Descriptious of the many varieties of recording
and nonrecording gages can be found in Middlcton and Spithaus, Metcorological Iustru-
ments.*

Even with the most efficient instruments, functioning perfectly and in the
most favorable sites and exposures, there are still problems in obtaining representative
precipitation valucs. The standard gage dianeter is 8 inches in the United States. There-
fore, the horizontal unit area covered by the measured precipitation is about 50 square
inches, and measuring sites are often several miles apart. Furthermore, intense rainfall
is often very localized and may be missed by the observation network. An example is
described by Lautzenheiser and Fay.® During a rainfall in August 1959, two gages in
the town of Island Falls, Mainc, neither in the official Weather Bureau network, each
measured 6.35 inches. The next nearest gage, about 12 miles away, measnred 3.06
inches. The nearest official nctwork gages, at Houlton approximatcly 20 to 25 miles
northeast of Island Falls, measured 0.59 and 0.25 inch, respectively.

a.  Greatest Precipitation. There are three general types of precipitation:
convective, cyclonic, and orographic. Each has its charaeteristics and geographical dis-
tributions, as well as different expectations for record extremes. Convective rain results
from overturning of cooler air by warmer air from below and takes the form of heavy,
loealized showers, such as thundershowers. Convective showers tend to be most frequent
in warm arcas and seasons and are responsible for many of the extreme short-period
rainfalls.

Cyclonie precipitation results from mechanisms associated with low-
pressure eenters (evelones) and with zones of eonvergence of different air masses (fronts).
The most severe eyelonic storms, hurricanes or typhoons, bring very heavy and prolonged
tain and are responsible for most of the extreme amonnts that oeeur over a period of
several hours or days. Certain parts of the world, mostly occanic and coastal arcas, lie
along the tracks usually taken by these storms. The storms are prevalent in different
arcas at different times of the year; their tracks are mapped by month in the U, 8, Navy’s
Marine Climatic Atlas of the World.%

93 . 1 ag g
W. E. K. Middiclon and A, F. Spilhaus Meteorol Instraments, 3ed ed. 1'niv. of Toronto Press, Toronto, 1953.
94

R. E. Lautzenheiser and R. Fay, Heavy Rainfall a1 Island Fallx, Maine, 28 Aug 59, Menthly Wecther Review,
Vol 94, No, 12, pp. 711714, Dee 066,

95 IL L. Crutcher and O. M. Davis, U. S. Navy Marine Climatic Atlas of the World, v. 8, The World. (NAVAIR 50-1C.
4. 1L 8. Naval Weather Service Command, 1969,
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Orographic precipitation results from upward defleetion of air when it
strikes higher ground. This often oecurs in conjunction with convective and cyclonie

“types and tends to inerease the precipitation amounts produced by them; the increase is
greatest on steep slopes. Precipitation can also iucrease when sharply narrowing valleys
between slopes act as funnels on up-valley winds. Highlands in the path of moisture-
carrying winds from warm seas have abundant and frequent preeipitation; such areas
have the highest average yearly rainfalls. Among them are the east- and south-facing
slopes of the Himalayas, the western slopes of the Andes in Colombia, and mountain
ranges along the northwest coast of North America. Annual mean precipitation values
often differ slightly in different sources because of differenecs in the period of record.
(This is also true of the average values for other meteorological clements.) The number
of years on which the precipitation means ineluded on the weather extremes maps are
based are given in the table, pages 7-15. Generally, a longer period of record would be
more reliable than a short one.

World’s greatest 1-minute rainfall
1.23 inches
Unionville, Maryland, 4 July 1956

The U. S. Weather Bureau’s investigation of this record is deseribed by
H. H. Engelbrecht and G. N. Braneato.?® The extreme fall ocenrred during an afternoon
of intense thunderstorms in the foothills of northern Virginia and adjacent northi-central
Maryland. At Unionville, the total preeipitation during the storm was 3.60 inches, of
which 2.84 inches fell during a 50-minute period from 1450 to 1540 hours (2:50 to
3:40 p.m.). Rainfall was measured with a recording rain gage located in satisfactory
exposure. Some 13 points pertaining to functioning of the gage were cousidered in eval-
uating this record by Engelbreeht, then State Climatologist for Maryland, and T. E.
| lHostrander, who was Substation luspector. An enlarged pliotograph of the recording
| rain gage chart revealed that at chart time 3:23+ the pen was at 2.47 inchies on the ehart
! scale and at chart time 3:23-, it was at 3.70 inches. [t was concluded that . .. 1.23

f inches of precipitation occarred in an estimated period of one-minute or less. .., %7
; This exeeeded the previous world record 1-minute rainfall of 0.69 inch at Jefferson, lowa,
i whicli in turn had exceeded the earlier record of 0.65 inch at Opid's Camp, California.

World’s greatest 42-minute rainfall:
12 inches
lolt, Missouri, 22 June 1947

96 i, N, Engelbrecht, and G, N, Brancalo, World Record One-Minute Rainfall al Unjonville, Maryland. Monthly
Weather Review, Vol. 87, No, 8, pp. 303-306, Aug 59,
%7 Ihid,
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G. A. Lott has examined the metcorological data available for this
storm and considered the factors responsible for its remarkable intensity.”® According
to him, the storm occurred * . . . as a local intensification in a long, narrow, warm sec-
tor convective system (the leading edge of which may be interprcted as an instability
line) a short distance ahead of a surface cold front . . .. He further states that *“ . . . a
unique factor was the tightening of the pressure gradient north of an instability -linc
Low, causing an extraordinarily strong low lcvel flow of unstable air into the pre-existing

couvective system . ... 7

World’s greatest 12-hour rainfall:
53 inches on 28-29 February 1964
Belouve, La Réunion 1

World’s greatest 24-hour rainfall:
74 inches on 15-16 March 1952 and

World’s greatest 5-day rainfall:
152 inches on 13-18 March 1952
Cilaos, La Rennion 1

La Réunion Island is located in the Indian Ocean at approximately
21°8, 55°30'E. It is about 30 by 40 miles in extent and very mountainous, with steep
slopes and narrow valleys. Sca surface temperature is highest during the tropical cyclone
season, reaching 81°F in March.® The record-prodnceing rainfall at Cilaos vecurred dur-
ing a tropical storm as did, presamably, that at Belonve and another very heavy rainfall
(62.33 inches in 1 day and 136.83 in 5 days) at Aurere, in April 1958.'9° All three of
these storms broke the previous 24-hour world rreord, 45.99 inches at Bugui'o in the
Philippines in 1911, and the Cilaos storm broke the previons 5-day world record of 150
inches at Cherrapunji, India, in Augnst 1841, The valnes given for Anrere and Gilaos
were obtained from a survey of abont 6 years of official published data for those places,
and the Febrnary 1964 rainfall at Belonve was reported in g commnnieation from the
French Meteorological Servier, %1 Since these record-breaking amomnts * . ., were the
result of an incomplete survey of a short period of record, there is a good chanee that a
more thorongh survey of a longer period of record wonld disclose other, and perhaps,

even greater, amonnts of similar magnitnde, 12

98 ] . , :
G, A, Lott, The World-reeord $2-minute Holt, Missouri, Rainstorne, Mouthly Weather Review, Vol B2, No, 2,

pp. 3059, Feb 54,
L LA Paulus, Tndian Ocear and Taiwan Rain€alls Set New Revords, Monthiy Weather Review, Vol, 93, No, 5,
pp 331245, May 1965,
Ihid.
- Ihid,
a1 Tbid.
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Northern Henispiere’s greatest 24-honr rainfall:
49 inches
Paishih, Taiwan 10-11 September 1963

Paishih is located at 24°33'N, 121°13°E at 5,368 (et on the iskan! of
Taiwan. Taiwan, like La Réunion, is very monntainons and is sarvonnded by warm
ocean water, 82°F in Augnst and September doring the tropical storm season, The
record rainfall, 49.13 inches, ocenrred during typhoon Gloria, and it was measared in a
recording gage. thns adding to the reliability of the observation.'® Rain of similar in:
tensity fell at nearby stations during the same storm. At one of these places, Paling,
total rainfall during the typhoon was greater than at Paishih, and for some dorations,
intensity might have been greater. However, no farther information on Paling ix

available.

Dharampnri, India, had a 24-hour rainfall of
39 inches
2 July 1941 = possibly the world’s greatest on flat terrain

Information on this rainfall extreme was obtained in 1962 by the lote
Panl Siple, then Seientific Advisor to the Direetor of Army Rescarch.'®™ Dy, Siple ob-
tained it from the Direetor of the Indian Central Meteorological Research Institnte of
Poona, India. Dharampnri is at latitnde 20.5°N in the Snrat Distriet of Gnjarat. Accord-

ing to Siple.

Institnte personnel believe this to be a maximnm rain
on essentially flat terrain, Actnally. it was a monsoon
rain, and the Western Ghats (monntains) must bave had
some effect. However, the Poona meteorologists mini-
mized the orographie inflnence, for the location of the
rainfall was not in the immediate vieinity of high
mountains,

Yankeetown, Florida, had a 24-hour rainfall of
39 inches
5 September 1950

Yankeetown is located on the west coast of Florida at approximately
20°2'N, 82°40'W and would he at or near sea level. The 38.70 inches that fell there is

193 pia,
Indian Central Mitcorol Research Enst, Poona, India. Commumieation from Direetor to P, A, Siple, Searntifie
Advisor 10 Direcior of Army Research, transmitted from Dr, Siple to Dr. W, B, Brierh  Earth Sciences Labora-
tores, Uy 8 Anny Natich Laboratories, in fetter dated 17 Jan 02,
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North America’s greatest 24-hour rainfall and could be a rival claim to Dharampuri’s for
rainfall on nonmnountainous terrain. Although this is not an official record, it is one of
the *“few well-aceepted mofficial extremes™ inclinded by Schmidli.'

Anstralia’s greatest 24-honr rainfall:
39 inches
Crohamlmrst, Queensland 3 Febrnary 1893

This record, discnssed by Newman, is of ficially accepted and apparently
quite reliable.'% {t occurred during a eycelonic storm in which comparable heavy rain
fell at ncarby stations.

World’s greatest annual mean precipitation:
460 inches
Mt. Waialeale, Kauai, llawaii

According to official sources, * . . . normal annual prccipitution at Mt.
Waialeale is 460 inches, the highest recorded anmml average in the world . ... 17
This amount is based on data for the period from 1931 through 1960. An average of
472 inches has been quoted in other sourees, based on data for 1912 throngh 194919
Mt. Waialeale also had the greatest precipitation for 1 year of any plaee in the United
States, 624 inches between 24 July 1947 and 27 July 1948.'%° This monntain is located
on the island of Kanai, at 22°04'N, 159°30'W. Conditions pertinent to the record rain-
fall are deseribed by Henning,"'® Aceording to him, the storage rain gage is at an cleva-
tion of 1,547 meters (5,075.5 feet), and measnrements are made at 3-inonth intervals.

Asia’s greatest annaal mean precipitation:
450 inches
Cherrapnnji, India

When the snmmer monsoon depressions (moderately vigorons, warm-
cored eyelonie disturlances accompanied by heavy rain) from the Bay of Bengal reach
the Himalayas, the rainfall is further inercased by orographie lifting.'"!  As a resuit of
these monsoon distnrbances, which are still not fully nnderstood. the eastern Himalayan

4 R. J. Sehmidli. op. cit.
B. W. Newmnan, Australia’s Highest Daily Rainfall, Australian Meteorol Mag, No. 20, pp. 61.65, Mar 1958,
U. 8. Environmental Seience Serviees Administralion, Environmental Dala Setvice, Local Climatoligical Data;
annual summary with comparative data, 1967, Lihuc. llawaii. Washington, 1). (.., GPO, 1968,
05 L. Il Seamon and 13, 8, Bartle(1, op. cit.
0 R. ). Schmidli, op. cit.
D Hepning, M Waialeale, Wetter und Leben, Vieuna, Vol 19, No, 5/6, pp 93.100, 1967.

107

Jo M. Walker, The Monsoon of Southern Asia: a review, Weather, Vol, 27, No, 5, pp, 178-89, 1072
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foothills are very wet regions. Cherrapunji is located i this area at 25°02'N, 91°08°K..

4,309 feet in clevation. The annnal precipitation record there is based on a T4-year
periodh!'2 i addition to the Asian record for aunmal mean precipitation, Cherrapnnji
also holds records for the world’s greatest ramfalls for varions durations of from 15 days
to 2 years.,'"* Among these are the greatest rainfalls i’ 1 month. 366 inches in July
1861, and in 12 months, 1042 inches from Augnst 1860 to Jnly 1861, The greatest
amonnt for a calendar year at Cherrapnmji is 905.1 inches and the least, 282.6 inches,''
Anothier plice in this Himakiyan region, Mawsynram. Assam, conld be arival to

Cherrapunji.''® .

Sonth Amcerica’s greatest annual mean rainfall
34 inches
Quibdo, Colombia

Onibdd is sitnated at an elevation of 120 feet at 5°HN, 76%H0'W. A
rainfall average of 413 inches at Quibudd, based on data from 1931 throngh 1946 taken
from Colombian sonrees,''® M7 was cited on the 1964 revision of the Weather Extremes
map. Farlier maps cited a value of 342 inches at Boena Vista, Colombia.""® The value
of 354 inches, shown on the enrrent revision, was obtained from Envirommental Data
Serviee,'1?

North America’s greatest annnal mean precipitation
202 mches
Henderson Lake, British Columbia

This station was at a fish hatchery. now elosed. at the head of Henderson
Lake on the west coast of Vanconver Iskand at 49°08'N 125°08'W, elevation 12 feet.
The topography there contribntes to extrene rainfall throngh orographie lifting

reinforeed by convergenee.'?® Monntains to the north and northwest of the station are

na, .. _ - . . L . .
U, 8, Environmental Scicuee Serviees Adininistration, Worldwide Extrewes of Tewperature, Precipitation nad

me Iressure Recorded by Continental Area. op. cit.
yild J. L. 1L Paalhas, op. cit.
U. 8. Environmental Scicuee Serviees Administration, Worldwide Extremes of Tenpernture, recipitntioo naef
Pressure Recorded by Continental Area, op. cit,
A. M. Riabehikov, Cherrapundzhi ili Mansieani-somoe dozbdlivoe mesto ma Zemle? {Cherrapunji or
Mawsyuram - Which is the Rainiest Spol on Earth? | Moscow, Vaiversitel, Vestidk, Ser 3, Geografiia, Vol 25,
No. 3. pp. 79.81, 1970.
Colombia, Hlo! Agi, between 1929 and 1947,
Colombia, Departmento de Irragacidn, Seecidn de Meteoroldgico v Alros. Aauar meteorol, O3 L-HOA7,
$. ML Seamon and G, S, Bartlell, op., cit.
9 M. A. Arkin, Chief, Foreign Branch, Eaviconmental Data Serviee, LS, Favicomnental Scienee Services Adminis
tration, correspondence dated 6 Det 69,

120 8 Ly age . . 5
1. G. Polter, Becord Precipitation on One Day in Caonda, CHEC 2H08. Cnada, Meleorologica Braeh, Vorondo.,
1968.
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at right angles tacthe main inflows of moist air. A lireet onshore flaw of maist air may
be deflected by the momntains and converge in the Hendersan Lake arca, Duricg these
conditians. it is also likely that the autflow in the lowest level from Juan de Fuea Strait
adds to the convergenee. A nearby statian, Ueluelet Brynnor Mines, had the greatest
L-day precipitation in Canada, 19.26 inches. Hemderson Lake had the secoud greatest
amamt, 16.61 inches,'?" ax well as Narth America’s greatest peecipitation in 1 year,
320 (319.78) inches in 19:31.'22

b.  lLeast Precipitation. Generally, areas of low precipitation oceur in ean-
tinental interiars, an lee sides of high momttains, on caasts adjacent to cool enrrents, in
zones of higher atmespdweric pressare where the air ix <al siding, and in high latitudes,
Arid areax are fonnd v cast Africa and adjecent sonthwest Asia hetween 15 aud 35°N,
western Sonth America between 3 and 30°S, castern Scnth America between 35° and
SO°S, western Adrica between 15 and 35S, westeru and interior Anstrahia, interior
Asia. Jart of western North America hetween 25% and 40N and in the jolar vegions.
As with recards of higlcaverage precipitation, those of low wverage jeecijpdatation vary
according to the vears on which they are fased and tend to he mare reliahle for a
longer period. I some very drey arcie, cog.. Chile and Sndan, several years can pass with
no precipifation,

¢.  Precipitation Variability, Variations in jeecipitation can le npward:
i.c., ocenrrrnee of above-average amonnts, or downward: Le. ocaarence of below;
average amonnts or even dronght. \ntong the factors cansing them are dispdacemgnts
of ocean enrerents aml differences in strength of the monsaonal cirenlation fram y ¢ar
to vear. Coasts adjacent to cold enrrents are generally dey . bt it the enrrent deviantes
even slighthy. making room for warmer water, refatively abiidant rainfall can ocear, as
in the coastal arcas of Chile and Pern. Disastrons ilronglds in northeast Brazil might le
dne fo the opposite ocenrrenceinvasion of warner water by cald enrrents. The other
fecter, ditferences in strcagth of monsoonad cirenlations, iz most prononneed along the
borders of arcas covered by these seasonal swinds. During s ears of weak monsoon, less
territory ix covered by the rain-beariez winds and Jess vain is deposited Iy them,

Debundsehia, Camerooidr, s
T oinvches

average vaviability of aunoal precipatation

The average wnd relative vaciabilits of anaual precipitation at 384 plaees
thronghont the world seve tabnkaded by o Biel" and examined <tadistically by
o
UL b, op, vt
49
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3 V. Conrad.' Places with greatest average variability (differences between mean value

‘ and individual yearly value averaged for a given number of years) were Debnudscha.

3 Cameroon, and Cherrapnnji, India, with 75.28 and 66.02 inches, respectively. Debund-
9 scha is located at 4°01°'N, 9°01'E at 30 feet elevation, and has the greatest average annual
3 precipitation in Africa, 405 inches, Cherrapunji lias the greatest average anunal precipita-
tion in Asia, 450 inches.'s Becanse the rainfall amounts at these places are so high, the

, average differences from year to year can be correspondingly high witlout being extreme
1 in proportion to the mean. In addition to having a very high average variability of annual
precipitation, Cherrapunji may hold the record for the highest actual amount of variabil-
ity. The difference hetween the greatest amonnt of preeipitation there during a calendar
year, 905.1, and the least amount, 282.6. is over 600 inches,'26

Thenmed, Istael, has a
94 percent
relative variability of annnal precipitation

E Themed is a desert station ou the Sinai Peninsula. Its relative variability
‘ record is based on the ratio between the mean deviation from the arithimetie mean of
amnal precipitation for a period of years heginning i 1921 and ending in 1947 and the
arithietic mean for those vears.'?” Other places with high valnes based on this same
measire of variability are Walvis Bay at 22°53'S, 14°26'1 in Sonth-West Africa with 87
percent,' ® and Malden Iband in the Line WNands of the Equatorial Pacific with 71
pereent.'® Walvis Bay. like Themed. is a very dry area and because the rainfall amounts
Chese places are so low, a small variation in actual amount can beeome a large pereent.
age of the mean vatne, Malden tand’s average variability of 20024 indhes from its mean
3 annual precipitation of 28.6 inches is thonghi to be die to displacement of ocean

3 cirrenis, 30

The relative variability of monthly rainfall can have nneh higher valies.
\ valie of 193 pereent for September has been cited al Beersheba, Israel (31°14'N,
34°47°E) where rain fell in ouly one of 30 Septembers frome 1921 throngh 1950,

124 ; o f o -
VL Conrad, The Varabibity ol Precipitation. Monthiy Weather Rev, Vol 09 Nog L pp. 500 Lan L,
TS, Ersiromnental Seicmee Serviees Mdunnistrdion, Rorldwide Furemes of Tomperature, Precipitation aud

% 1ressare Reeorded by Continental Lrea, op. v,
[{
! ’_; Hhid.,
% 1 Ratsnelson and S Kotz On the 1 pper Limils of Sotme Measnres ol Variabilitg, Arehiv fae Meleorologie,
E Geophy ah and Rioklintedologie, Ser B Vol 38 Noc Eopp. 10300710057,
]
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This almost reaches the theoretieal npper limit of 200 percent deiermined analytically hy
Schumann and Mostert. 132

Lhasa, Tibet, had a
108 pereent
relative variability
of annual precipitation, 1935 throngh 1938

Lhasa is located on the Tibetan plateau at 29°40'N, 91°07°E, clevation
12,090 feet. It is in an approximately cast-west valley flanked on both sides by monn-
tains of 15,000 to 16,000 fect. Its climate has been deseribed by Ginn-Tze 1lsn, who
established a meteorological station there in 1934," and also by A, Ln'3 and 11,
Flohn!*  Data ‘or 1935 through 1938 from Li’s paper'? wrre caleulated by Conrad’s
methods' to obtain the average variability of 67.7 inches and a relative variability of
108 pereent.

In 1936. the annnal precipitation reported for Lhasa, 198.3 incbes, was
more than 10 times greater than the average amonnt. However, there is some donlt as
to the authenticity of the amount of precipitation recorded for 1936, Flohn considers
the value questionable and attribntes it to a possible misplacement of a decimal point
by a partly educated weather observer.'3® On the basis of Ln's data and data for most
of the years from 1941 to 1955, Floha found no amounts that even approachied that of
1936. The highest was 22.9 inches, The frédqnency of precipitation, as indieated by the
nnmber of rainy days during 1936, was not nnusnal. Furthermore, Gyantse. in the
sime climatic region as Lhasa at 28°56'N 89°36'L. clevation 10,486 feet, had no simi-
lar extreme variation in a 38-year period. In 1936, Gyantse had only 13 inches more
than the average precipitation,

Howeser, Hsi was at Lhasa in 1936, presumably as the station observer

) A . ] )
or snpervisor, and he wrote abont the nnnsnally heavy rain and its canses'™ and in-

formed L' of the differenee hetween the rainfall in 1936 and in other years.

132 0w o , )
UoE W Sehmam and ). S, Mostert, On the A ariability amd Reliability of Precipitation, Amer Meteorol Soe

Bull, Vol. 30, No, 110, 1D,
TG Tze s, A Nole on e Climatie Conditions of Llasa, Amer Meteorol Soe Bull, Yol, 22, \o. 2, pp. 0B-70,
Feb 11,
A Lu M Briel Surves of the Climate of Llasa, Quarterty | Roy Meteorol Soe, Vol, 65, No, 281, pp. 207302,
Il im, ;
UL Flohn, Beitrage zne Kb sande von Hochasion, {Contribntions Towanls a Climatology of The Centeal Asian
. Mlatean ], Frdhaade, Vol 120 N0, L pp. 291008, Dee S8,
TN, op, vil,
137, )
A, Courad, op, eit,
138 .
I, Eloln, op, eit,
" . 'y
Gmu-Tze L, op, i,
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Normally . rainfall at Lhasa comes from thundershowers, bat in 193G, only 23 pereent
wax of this type and 69 pervent was trom nighttine rain, possibly causeld by interaction
hetween o strong sonthwest mansoon and cold air masses from the narte, ! I another
pagier, L deseribed a similar extreme variation at Owei Slan, China, to the cast of
Lhasa, at approsimately 29°30°N. 103°30°F, elevation 10,023 feet.' The amanal
wean there s T3 inches. lat during the Second Polar Y ear from Angust 3932 to Angnst
1933 Oweir Shan had 319 inches. . o the Largest amount exer recorded in China ima

1 3-month period . ... This dilferenee of 246 inclies between the ammal mean and
the Angnst 1932 to Angnst 1933 value ix even greater than the difference between
Lhasa’s ammal mean and its 1936 precipitation. FlolCs paper also mentioned Owei
Shan, bt his Fignres dilfer comewlat from Ln's with a 25-ineh anmnal mean and 300

inches in the Second Polar Year, making a dilTyrenee of 275 inclies,'4

d.  Hail

U8, Jargest hailstone
I 7.5 inches cirematerenee
Coffesville, Ransas, 3 September 1970

Hailstones are picces of ice whicl tall as precipitation cither separately
as spheres or vones or agglowerated into irregulac Inneps. They originate in conveetive
clonds of the cionnlanimbus ty pe and are nenally assoctated with thaoderstorms, The
hailstone at tofTeyville. 35702\, 95°37'W s the largest officially recorded in the
United States, 1 was irregnlar in shape awl weigled 167 ponnd="*S 1 el during a
severe storin witl liumdreds at other large <thnes aud was preseesed and sent to the
National Center for Atmosplierie Rescareh where it was photograplaed. The presians
official record for largest Lailstooe i thes United States, whieleappeaved o thee corlive

Weather Extremes maps, was Gor a lailstone that sortehed 1.5 proannd s and neasnred 17
inehies in cirenmterence, 1 was recorded ot Potter. Nebeasha, on 6 Jols 1938,

Clattx have heen mas ot Large Tailsbmes e many places. One hailstooe
weighing 972 wrams (2.1 pounds) wos picked npoand photecragliodin Strashonrg,
Franee, near the German border one HE Napznst 1938, ol a easier one o 145 Kilograms
T8 pornds) was colleeted in Razahlistine USS00 0 1959°% i vevien '™ an'a

f e Thid,

f \. Lo, Precipitation m e, Geogrogde Reco Vol 37N B pge SR fan 17,
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y I oba, op, ent,

: VA5 ier Wetoorof Soe Budl, Vol 52 N, 2 Gl e, 1971
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Hamgarian publication." it is noted that haitstones reported in the publication w cighed
3.5 10 Lo Kilogras (8 to 9 pounds) compared o a weight of less than 1 Kilogram for
the one at Coffessille, These Himgarian hailstones felt at Sojtor village in Zada conntry
i \ngust 1786 bt .. probably a few hailsiones were lustered jogether 0709
Hailstones weidhing up to 7.5 pounds have been reported from India and up to 10
ponds from Ching. ™ Hailstones in these comtries are said fo hive Ritled people and

aninmiatls and destroy ed villages,'SY 1S

e Snow. There are two main way s of measnring suow fall depth: by direct
measureentent of fresh snow on open gronnd with a gradnated rler or scale and by a
snow gage, Precantions need 1o be taken against deifting or blowing snow, orif the
open grond method is used, against measarement of old snow. When there are strong
winds, the snow gage i more acenrate, Greatest amonnts of snowfall — as of rainfall -
ocenr i arcas where there i moist air and a mechamsm for hifting it, They tend to
ocenr in the middle Tatitades rather than at the vers high Ratitndes where there is less

moistnre,

North \merica’s greatest 24-honr snowfall
TOh inches
Silver Lake. Colorado 1115 \pril 1921

Sihver Lake is located at approsinately 10°N 1052 10'W . at 10220 feel
clevation in the Colorado Rockies. The snow fall theve in April 1921 established several
reeords: 75,8 inches in 28 bours, prorvaded from a measnred fall of 87 inches in 27.5
honrs, 95 inches in 32,5 howrs, 98 inehes in T2 hones, and 100 ineles in 85 honrs 153
\ceording to Panlhus, e measnrement was examined thoronghly before being aceepted
by the US, Weather Burean ™ =000 There was no evidenee to indicate thad the e
surement was any less rehiable than that of other heavs snow Fallscand it appears that
stom fall of this magnitide is meteorologically possible o0 The masimnm anount of
snow that can Falkin 2 hours has been estimaded ws approsimately: T2 inches for snow
with a density of 010 under norid packing conditions and coreespondingly greater for
lesser density " The deazity of the snow ab Silver Lake wis 0.06.%¢ During the stona,

e A Béthls . Wonther Pheveom g aud Havoe Weagehy b W oathier bedireen 17001800 in Thagary, Hnagaran

4 Veddean o Sewenees, Badapest, 190710

r N Bogmar, op, et

& UL Laadlane, Uhe Haolstorm. Weather, Sed. 160 No S pp 152620 1961

e JAL Field, Phe Metearnlogs of Tl 1 Rov See Teve, Vol 820 p THENGG, 19304

4.5 1AL Lard b, eqe, it

U L Panllins, Revord Sow Gall e Nped EE 1020 a8 Sibver Lake, Velorado, Hanthiv: W amher Rev, Vol 3L

Nou 2 pp R, Fely 0L
Hhid,
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Hmnder neenrred i varians parts of the region. indicating sidespread aaveetive aetiv-
ity and the cambined canvectise and arographic inflnences prodineed exeessive amonnts
of snow at several places, 'naddition to the reevrd at Silser Lakee, a fall of 62 inehes in
22 honrs was reprrted at Fey s Raneh, Colorade: hoth «f these exveeded the previons
LS. recard of 6 inches in 24 honrs at Giant Farest. California, o Jannary 193317
\Lashar's greatest s fall in
21 honrs, 62 inches, 29 December 19535
one storen, 175 inches, 20231 December 1955
one season YTdinches, 1952-19)53

Theampson Pass

This station is in scarth-central Alaska. at 61°07'N. 145° W, elevation
2.700 ft. 1t ranks near the top among places holding North American records for the
greatest amonnts of snowfall in 24 hours, during a single starne and durig a season.
Besides this, Thompsan Pass has extremely frequent ocenrrences of these intense snow-
storms. Doring the 20 winters from 1951-52 thrangh 1D70-T1, there were 32 snow-
falls of 30 inches or more during a 24-lionr obsersation period reparted at this statica,

and 12 of these snow falls were at least 40 inehes, 58

Bessans, Franee, had a snos fall «f 68 inchies (67.7)
i 1Y honrs, 5-6 April 1959

Bessans is located at ITHOm (5610 feet) in the French Nps near the
Halian barder. Very intense snowstorms ocenr in this area as the resnlt of a Sonth Fast
wind, known locally as ““la lombarde.” These storms, of which the we at Bessans is a
good vrxample, are also very localized: the meteorologival and environmental conditions
contribnting toward them are examined by M. Jail."® Parts of Nirway also have very
high 24-honr snowfalls, as do parts of northw estern Japan and some «ther world areas.
e this commeetion, it shonld he mentioned that the predeaaminanee of Narth American
records in onr listing (see the table, pages T-15) is dne tactheir availobility rather than

to greater amounts of snowfall on this cantinent,

5. Other Extremes. Besides temperature and precipitation, several other meteo-
rolgacal and climatic conditions are shawn on the maps. For cach of these. the most
extreme ocenrrenees hioe their own partienfar set of canses, limitz, and diztribntions in
time and space, aml for carh there are problems in oblaining acenrate measurements,

157 ‘
). L Pavdbas, op, it

T Clhimatotogical Data, Mouthls, Vaska, Asheville, N Co LS, Weatler Burean, 195165, 1.8 Eavieonental
Hata Seeviees, 190371,

i M. Jait, Rivaanpiable effen e oodarde: les ebes de peige de Paques 10 eo Hante-Maarienne, Recae de
Geographie Apine, Viecanble, Vol 37, o 8opp G121, 1960

40

Ty

=




T

Lk

W\w T e AT o AT A 174 P T YRR

R T PRy eT=wry

Ll evaluating reliability of the records, all of these factors shonld be taken into

constderation.

a.  Thunderstorms. \ thinderstorm is defined as ™ . .. in general, a local
storm invarizbiy produeed hy a enmnlonimims clond  and always acvaompanied by
LIGIENING and THUNDER. usually with strong gnsts of wind, heavy rain, and some-
times HAHL. 1tis nsnally of short doration, seldam lasting over two honrs for any one
190 Criteria for recording thunderstorms can vary hetween storms actually

storm . ...
oceurring at a station, or merely thander heard or lightning seen from the station,

Thunderstorms are most presalent in warm weather and. in some places,
during the rainy season. Hawever. although thunderstorms frequently prodnee heavy
rainfall. there are places where seasons of rainfall and thundeestorm maxima do not
comenle. Inaddition. some very rainy places have few thunderstorms, while places with

very freqnent Unmderstorms can have relatively small amonnts of rainfall.'!

Kampala, Uganda averages
242 thuuderstorm davs per vear
Mper )

Rampala is located o the north of Lake Vietoria at 0°20°N, 32°36°F at
L3t feet. 1 has the highest mmuber of thanderstorm days o any place listed in the
iHorld Distribution of Thunderstorm Davs.'*? The record tor Rampala is based ona
period of T vears, but the partienlar s cars are not given. Beeanse dinenal variations of
air temperature are sery small over Lake Vietoria and large over the surromnding area,
T and Tahe breezes deselop and conditions become favorable tor thonderstormes,
“ooe Land-breeze comvergenee over the Lake doving te night releases the Tatent insta-
bility of the moist lower layers ol air oser the Lahe which participate in the kmd breeze

cirealation. resnlting in the deselopment of enmidonimbns clonds and thunderstonas

over the Lake on most nights of the vear o007 ' When these storms are close cnongh

{or thinder to be heard at Kampala, thes sare connted as thanderstorms there even
thengh they donnd actnadly ceswch the fowi'® Ticaddition o these night storms, athers
develop overkind at certain tinees ol the vear from aftemann coavection at the Take

:::(: Choswrs of Favirownental Beeocs (Terrestriod), MUL-STO- 0065 Wadimeton, 1, CDept v Deteuse, 2% Var OR,
WAL Porte ond | Ry Gesbardt, Rewareh i Troguvad Metesgadogs . Secoand Tateran Feehnieal Report, Ausha,
Tesas B ol Tesas, Bleetrical Emenwernn Bewarcds Labovaters (Sponsored by 12 S0 Ve Beseareh aml

N Deselogmusst Lalawators, Cort Momumoral, Ness [erses ), 1962

Workl Meveoroloiead Orzaezation. Workd Disteshatwen of Thowdvestorns Das s (OMM, Nae, 21, Geneva, Swat-

reclannl, 1953,

Il | .
Fob b, Togareraphiv lnthwiwes o Flunndesstorm Vamats Near Lake Victori, Doacher, Vol 25 No 0,
pp. 10110, 1070,
164 . . .
WOk Partie, Reseasel Mepecrolosist, 1SS0 Aens ropee et Center, Bt Clas teae, Canal Zone, Carpespodence

dated 23 Ny 70,
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brecze front.'®S Thus, the Kampala arca is suljeet to frequent thunderstorn activity
and nearby statians sueh as Entebbe and Kisumu also average very high mimbers of

thundersterm days per vear,'%

Bogor, Indonesia, averaged
322 thunderstorm days per year
1916-1919

Bogor, formerly Buitenzorg, is located on the island of Java at 6°30'S,
106°48'F. The mean annual nimber of thunderstorm days recorded there changed from
151 in the years 18411857 to 322 in 1916-1919: it ranged from 4 to 41 fur the years
1953 through 1962.'7 These differences might refleet changes in the criteria for record-
ing thunderstormts, For instancee, ** . .. during a eertain period . . . . " Begor recorded
lightning seen in additiem ta thunder heard and thunderstarm at the statien.'® Also,
the imterpretatien «f 322 in the Bogor record is doubted ly W. 11, Portig'®? and others
who consider that it represents the * ... mean numbers of oceurring thundersterms
and net the mean number of days on which thunder was heard ... . " According to
Portig, the ** . . . absalnte «ecnrring maximem . ... 7 s indicated by statistical curves
to be ... apraximately 250 «r 260 thunderstorm dayvs annnally. althongh sneh a

location has not as yet leen found ... 17

b.  Air Pressure. The piressure value for a given it area «of surface very
nearly represents the actual weight of a vertical ecdumn of air of the same anit area
extending upward frem that surface tecthe tap of the atmosphere. At sea level, this
colnmn «f air averages aleeut 14.7 pounds (29.92 inches «f merenry) per square ineh of
exposed surface, but the weight varies with latitnde and with changes in daily weather.
It falls with altitude from an average of 31.3 inches in the carth’s deepest depression,
1.300 feet lelow sea lesel, fo less than half that amomnt (alont 14,9 inches) at 18,000
feet. At the top of the world's highest momtain, 29.028-Teeet ME. Everest. it wonld be
ahent Y inehes,

Air pressure is nsually measnred by merennal ar aneroid larometers,
The former lalanees pressire «f the whimosphere against the weight of a coluomn of mer.
enry . The aneroid or clastie type eantains a hollow metal chamber, partly empetied of

168
166
16?7

I, F Laamb, o e,

1hid.

AL Arabadzln, Kinnal vzrozs . Climate aud Thomderstorn s Pricode, No. 20 pp, 05.60, Feb 06, Transhated In

E. 1 Dope as Camnla, Defener Rescareh Hoard, Prandazion TEOR, Apr 66,

W L Portre, op. e,

ok W. 10 Portis. Flasulerstorm Frequenses aud Amomnt of Peecipitation in the Frognes, Fspecialls in 1ine African
and Tndan Monsoon Begions, Trehie fur Meteorologie, Geoplis <ik i Bioklinazologie, ser 10 Vol U No, )L
pin 20435, 1963,
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air and scaled, which expand: and contracts as the pressure changes. Mereurial barom-
cters are generally more aceurate, but the aneroids are smaller and more portable.

Since mereury is affected by temperature and gravity. adjnstments must be made in the
readings of meicurial barometers to allow for these factors. Also, in order to standard-
ize readings of any kind of barometer when made at different times and places, adjnst-
ments are required to compensate for errors i the individual instriment used (index
error) and for differenees in altitude. For the altitnde correetion the station pressure
readings are nsually equated to sea level pressure, and these are the values which are
recorded. There are possible sourees of error peenliar to each type of barometer, as
well as errors that could result from making the varions types ol adjustments. For
example, different values can be obtained when different methods are nsed for redneing
the actual or station pressure to its sea level egnivalent.

(1) High Pressure. "I'he highest station pressures ocenr at the lowest
clevations:ie., in depressions helow sea level sueh as Death Valley . California. where
the lowest point is -280 feet: the Qattara depression ip northwestern Faypt. with a
mininmnm elevation of -436 feet: and the shores of the Dead Sea between fsracl aned
Jordan, at -1,286 feet. n the Dead Sea area. a station pressure of 31.91 inches was
reported at Sedow (the biblical Sodom) on 21 Febmary 1961.'7" Another depression,
the Tarlan in central Asia at approximately 45°N, 90°E. is thonght to have station
pressures similar to or even higher than those ol the Dead Sea arca '™ However, after
the adinstment to sea level is made for pressare readings at places helow sea level, (he
valnes recorded are lower, At or near sca level, high pressares ocenr along Aretie
coasts. Valnes of 3137 inches (3138 sea level equivalent) and of 3130 inches (31,41
sea level) lave heen recorded at Clyde in northeastern Canada i at My sebirkta in
Fast Greenland on 18 Jannary 1958 and 15 Jannary 1940, vespeetively 173 174y
stations above sea fevel the pressure readings are actually Tower, bat when equated to

their sea level equivalents, the valnes veeorded are higher,

World's highest sea level air pressure:
32,00 inches
Agata, USSR 3T Decrmdner 1968

The highest recorded pressumes ocenrin Siberia doring winter,
Vatais located o this arca at 66°53°N, 93°28°E, clevation 855 e, The high

' A, Coerd, bnprobable Pressiree Extreme: 0070 @b, Gaer Meteorol Soe Badl, Yoo 500N £ g 21050,

\pr 69,
A, b, Mare on “topradatile Pressiee Extreoe: 070 @b, Taer Veteorsd Soc Rl A of, 5100 N 0

, P ARG, Gt o,
AL Bty nprobabde Pressoee Exteeme: I000mb. Taer Weteorid See Radl, Sod 300 N Lopp, 21870

\prnn,
R. Seherbad. Newe Yothodew dor Wettermadsse wiad Wotterprognose, | Nes Vethodeod Weather Ay s annd

Weather Farerast | Rerfin, 19 W,
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pressare record there was the eulmination of an intense antieyelone which originated

in East Siberia on 22 December and continned intil 2 Jannary when it declined some-
what as it moved sonth and west into Enropean Russia.)” On 31 December, seven
stations in north-central Siberia had air pressares above 31.565 inches (1.070 millibars).
The weather was elear and calm with temperatnres between -40° and -50°C. Previons
waorld records for high pressare were 31,84 inehes at Barnanl, Siberia. in 1900 ami
31.75 inches at Irkntsk, Siberia, in 1893,

(2) Low Pressure. The lowest station pressures ocenr at the highest

altitudes; e.g., in the Himalavas of Asia, the Andes in South Ameria, and the Rockies
in western North Ameriva, Beginning at abont 4,000 feet, the average station pressures
are lower than the most extreme low pressures that ocenr at sea level. At the approxi-
mate npper limit of weather stations, 15,000 feet. standard pressire is 16.90 inchrs
and the extreme lowest is estimatel at abont 14.76 inches. ' At sea level, the lowest
pressures and most rapil Lalls in pressnre ocenr dnring hurricanes amd tornadoes,

(1}

v o Acenrate pressiure measnrements by a recorder direetly in the center of a torado

have never heen madr ... .7 bt various estimates are available, Acconling to one
estimate. the drop in pressnre can be as great as one fifth of an atmosphere, i.e., abont
6 inches. '™ Other estimates are for . . . a rednetion of no nore than one fonrth of
the pre-existing pressure . .. which conld ocenr =, . within 15 seeonds ...V and
a drop of 1.5 ponnds per synare ineh (3 inches) and a time change of 0.5 psi (1 inch)

per second in pressure of tornadoes with 200-mile per honr winds,

1

180

World's lowest air pressnre at sea level
(exchding tornadunes)
25.90 inches
estimated by aerial reconnaissanee in eve of Typhoon Ida at
19°N. 135°E. 24 September 1958

Reliability of the estimated record has been evalnated by Jonton '®!
t was based on a dropsonde ahservation made from the T00-millibor level by a

U. S0 Air Foree recommaissanee aireraft of the 54th Weather Reromnaissanee Synantron,

180

7: BoD. Giles, Extremely High Minospherie Pressures, Weather, Vol 25, No. Fop. 19213970,

. ConrLand 1A, Sadneela, Troproballe Weather Extremesand Measurement Needs, dmer Veteorol Soe Bull,
Vol 34 No 9, pp. 373705, Sep b,
1.\, Ladlum, op, eit.
“Tornadoes in: knevelopedio of Mmospheric Seienceand Astrogeology. Reinhold, N, Y 1967,
A Vourtamd 1o A, Salowla, op. it
11 Fujita, Estimate of Maximum Wind Speeds of Tornadoes in Theee Novtlwestern States, Chicago U niv..,
M. Dept, of the Geophy sical Srieaces, Researel Paper 92, NO VA TTO00308, Dee 70,
Cob Jordan, A Repocted Sea-Level Pressire of 877 mb, Monthly Weather Review, Aol 87, N\o, 9, pp. 305-66,
Ney 3,
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abont GO0 niiles northwest of Guam.  In the ohsersation. the 00-millibar height

wits determined from the pressure and radio altimeters aboard the aireraft. and the

850-millibar height and sea lesel pressaee were compmted trom temperature and

hnmidity data measured hy the aireraft instrmments at flight lesel and by the drop-

somde instenment at levels below the aireraft, According to Jordan, the sonnding

was fonnd to he hydrostatically consistent and the vertical temperature distribution
’ wax realistic. ™2 A sonree of major ervar in this type of measneement wonld be in
the aircraft altimetry, bt on recommissance airerafl. calibration cheeks are o rontine
part of cach flight. Dropsonde observations from two other aireralt, made abont 8
hours carlier and 23 honrs later, respectively, both reported sea level pressares lower
than the previonsly aceepted lowest pressire of 20,185 inches fraom the S8 Supoerca.
Lower values than the Sepoeree’s were also reported in 1953 during Typhoon Nina,
with dropsonde sea level pressures of 886 millibars (26,17 inches) and 883 millibars
(20.04 inches)."™ lowever, the record taken on the Sapocrea. 460 miles cast of
Lnzon, Philippine Islinds, on 18 Angnst 1927 was an actnal easurement rather
than an estimate, aml it remains the lowest measured pressure at sea level, 184

c.  Solar Radiation. Measurements of the fux of solar raligtion penetrat-
{ ing to the lower layers of the atmosphere ean be snhdivided into several main classes.
Yalnes constdered here are for global solar radiation received on a horizontal surface.
* ... This includes both ramliation reeciverl direet from the solid angle of the swn’s
dise and alzo radiation that has heen seattered or diffusely peflected in traversing e
atmosphere ... .7 185 Such measurements are usually made with pyranometers, and,
as in all radiation measurements, considerable care and attention to detail is required
to insure aceuraey. Several points to be evaluated in estimating aceuraey of radiation
meaxurements are listed in the WMO Guide. 186

Sonth Pole has
955 Lanaleys
average daily insoletion in Deermber

The world’s hiighest daily amaunts of solar radiation are recetved on
the Antaretie Platean during snmmer when there are 24 honrs of continnons daylight.'87
i. The North Polar arca also has continnons ilaylight iluring its summer, hut at that time
i s 0 of the year the earth is ahount 3 million miles further from the sun. Consequently.,

T

18
IB; Ihid.
: Thid,
. ). Selimidli, op. it

TN e

" World Meleorological Dnganizalion. op, eit,
186
1o\d,

e K. J. Htanson, Some Aspecls of the Thermal Energy Exvhange on the Sonth Polar Snow Field and Aredie lee
Pack. Mouthly Weather Reciew, Yol 19, No, 5. pp. 17377, Mav 61,
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abont ¥ percent more solar radiation impinges on the top of the Antaretic’s atino-
sphere than on the Aretie’s during midsimer,'#8

The Sonth Pole record was obtained by averaging daily salnes of hemi-
sptoorie global solar radiation, which were availabte from Annndsen-Seott Station for
the Deeembers of 1958 throngh 1965.'%° The resnltant valne wax 93546 kingleys,
Amwnmbsen-Scott is located at an elevation of D A8G teet. at DO°S, However, the aver-
agr daily insolation conld be greater at other stations in the Antaretie.'™

Malinge, Angola had a solar radiation of
LE3 langleys in one honr
T November 1961

\
0

Malange is located in western Africa at V°33'S01G°22°E, altitnde 3.710
feete A very high reading of 112 langles < in 1 howr was afso obtained at Windhoek,
Sonth West Afriva (22230 S, 17210, altitmle 5,610 feet) on 20 December 1956,
High hourly values of solar radiation can be expeetedat refatisely low latitndes during
the honrs of the day and times of the year when the s is strongest and when elond
cover is absentand the air ix as vlear as possible frone dostand oder impnrities. Other
things being equal, they wonld tend to ocenr at the higher elesations,

d. Wind Speed. Of all the clements. wind is mostsariable. To compare
witid xpeeds reported from varions places and times, information shondd be known about
the height and exposure of the measnring instrument Ganemometer), the Gy pe of instro-
ment and recordand the time intersal covered by the measnrement. Wind speed is
wstally easnred by cither rotating or pressure anemometers, I the former ty peowind
passage is measured by the rate of wotion imparted to a treely rotating mechanism.
and a timing meehanizim is nsually combined with the ancmometer to indicate the rate
of passage, Pressnee anemometers measnee the instantianeans specds @etnally averages
tor about | second) by means of pressare effects: e, foree applied to o surface or sur-
faces, The time intervals of wind observations ditter between conntries and even
hetween stations, In the UL the extreme salnes tabolated are: the greatest average
speed overa S-minute piersal, maximuem spevd: the speed of the fastest mile of wind
fron the record ol rotating ancmometers, extreme speed: and the highest reading ol the
instantancous recording ancmometers, strongest gust. ' Anaddition, extreme average

1.8
] : Ihid.
189

L. S Eovironwental Seienee Serviees Wanmistration, Ensissmnental Daba Servee, Elinatolagical Fata Cur
Aubiretic Staticas, Nes Darad 9, Waskingbeas, D, G, LPDL B g 19468,

o Peesod cotrmnaication. M, Kaba, Uidsersity of laehsnek, Toashraiek, Austre.
Quart Radintion Bull, Ui of Sonth Africe Vol 3, No, 302 po 171957,

192 A, Conrd, Wiod Extremes as Design Faelors, | Franklue Tnst, Vol 2536, pp. 30560 [ad 33
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vilues are obtained from records of the total wind passage wn cach hour from recording

rotation anemometers at the principal weather stations, '

Winds are strougest at the times and places of maximum temperature
and pressure gradients. They inerease with altitude and during thanderstorms, horri-
canes, and (ornadoes. Gnsts are sudden brief inereases in the specd of wind, usnally less

. than 20 seconds in doration.'® and are known to execed 200 miles per hour in hneri-
canes and tornadoes 'S A tormado is defined as** . Caslightly funnel-shaped, npward-
spirating wind column of destenetive velocity .07 %% Becanse wind measuring instra-

0 ments are unable to withstand the Tullimpact of a tornado, estimates of the wind speed
are made on the hasis of variaus eriteria such as the amount of foree that wonld be re-
quired to canse the resnltant damage. Aecording to Lodbum, the maximnm winds in

) a tornado probably range hetween 150 and 225 miles per hour'7 Fujita gives a similar

3 range of values, 175 to 225 miles per hour hased on his nvestigation of tornadoes o

' eurring in the states of Washington, Oregon. and ldaho during the vears 1930-1969.'9*

.o

World's highest surface wind
(exeluding tornadaes)
231 miles per hour, peak gost, and

188 miles per hour, 3-minnte wind .~|wN|. on
12 \pril 1934 and

UL S.highest annnal mean wind speed
3 35 miles per hor (35.:4)
Mt Washington, New Thawmpshire

Winds are stronger at the it of thi= 6.288-thol monntain. at +1°
TO'N. TIPE8"W . than they are at the sanee elevation in the free air some distonee avan,

“ oo Thisis probably due o uphtt vwver the stape ae to the Bernonthi elfect itroduerd
199

by the <ueronuding monntains, Windspeals of TOO mph are not miemnmon ...

The speed of the peak gost was measured by a heated rotation avemometer, bat. in

sl strong winds, no apparatas can record the airflow exeept approxinately . and actual

y 193
A i Thaul.
s - R, K. Husehhe, o, Glossary of Veteorofogy, Boston, Mass, Y Meteorol Soe, 1959,
! TE Ribes, B and B E. Watked, Hamospheric Prossare Ceiteria for Vireraft and Vicborue Eguipmont, W ADC
on Teeh Nore 5598, Chapter Wl Weighd-Patterson Vir Foree Base, Ohio, 1955,
o Ihid.

YL Llbam. op. eit.

FoT, Enjita,op, e,

199 . ) . o .
oS Bavirominental Sewnee Seevees Sdbmiisication, Easnonmentad Data Seeviee, Local Climatologaal Data:
ammal sunmary watl eonnparatinve data, 1107, Mot Washinglon Observalons, Gordunn, New Hanpsiore,

Washivgton, D, GO0 S Gont, Prot, 40T, 1960,
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200201 The 231-mile-per-liour

velocily may be in error hy 10 to 40 miles per hour,

value is locumented in the official recorids. 22 A value of 225 miles per hour, after
anemometer calibration, is given in some sonrees?® aud was cited in previous edditions
of the Weather Extremes wmap. Direetion of the wind during the gust was from the
southeast. the direction from which the most severe storms in the Mt, Washington arva
nsually come. lts foree, dne to the reduced air density on the monutain top, was enpal

to that of abont a 180-mile-per-hour wind at sea level 204

The highest S-minnte wmaximum spevd at Mt Washington is 1€, ailes
per hour, recorded on the same alay as the peak gnst. 2% The secoud highest gust that 0
ocenrred on Mt. Washington is apparently the 189 miles per hounr estimated during the
hurricane of 21 September 1938.2%¢ The strongest gnst speed that was actually wmea-
sured during the 1938 hurricane was 183 miles per hour (earrervted) at the Blue Hill
Obsersatory in Milton, Massarhusetts:37 Saninnte speeds at the Observators were np o
121 miles per houe 2% The annual mean wind speeil recordeit on ME Washington varies
with the period of observation: valies of 36.9. 37.2. and 344 were also (ol 2 210200

Thule, Greealand, had &
207 miles per honr prak gnst
8 Murch 1972

Thix peak wind speed af 180 hoats (207 miles pee hone) was recarded at
2035 honrs (9:55 pon) at an off-base suevival shelter at 76°31°20° N, 68° 19°00"W , ele-

vation 990 fret 22 10 was abserved by two site dispatehers onacanenameter capable of

3()’) t F, Brooks, The Worst Weather in the Narbl, Eppalacha, pp, 191202, Dere (0.

0 Note on the Previpitation, Swes Gl aml Wind Becards, Yount Washimgton Obseriatars Yews Bull, N, 22,
i 2320 o 53,

02
IS Envircnmental Seienee Seeviess Smimstration, Envicommental Data Service, Loeal Chinatologioal Data:
anmnnal siwnpwes with comparative data, 167, Mo Washington Oleervators, Gorham. Ve Hampshire,
Washington, ), G TS0 Got, Pring, DI, T8,

03
o, Y tonrl Wand Fatremesas Desgn Favtors, 1 Franklin Inst, Vol. 256, pp. 39-56, [l 53,

Ind.

:0;‘ R Sclnnilli, op. cie,
;07 €L Brswohs, The Word Weather on the Warbd, Apgehachion, pgr 1D 202, Dec (D,
. V. Comet, Waral BExtremes as Desgn Favtors, | Erauklin fust, Vol 250, ppe 39500 §nl 538, !

Foos Natioual Oveqie sl Aouosphierie Administratins, Favironmental Data Seesice, Loval € limatologionl Data:
ana b somars with comparatone G 1070, Blne Hll Obsersators, Viton, Massaclaosetis: Washinegon, 104
(HEI U

. Lo AL Secansarand 1S Barthene op, eir,
Notean the Preapatation. snowtall aod Woud Reconls, op, e,

U, Lanseher, 1 ber die Verteibing diee Wiamlzesehw mdighent ant der Falec O the Distedanticann of Waal ' elocin
Over the Farth, drel Vieteorol Geaphys Binklimatol, series< 5V ol 20N S0 py 1360 DAL

1AL Stanshield, Pl Ssevere Aeetwe Storm ol 82085 aeeh 1972 00 hale Ve Foree Bawe, Greenband, Beatherimae,
Vol 25, Vo, S 220838, 1072,
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registering winds of npcto 276 miles per honr, Hoaeenrred at a consid rably lower elevie
ticr than the peak gnst on MU Washingtan and. conseqnently, eaanhd have exceeded it

in foree. The gnst was abserved during a severe Aretie storm in whicl the site exjeri-
enced winds of 146 miles per honr or greater For 4 honrs. Similar. thongh somewhat
lesser, specds were observed thronghont the area. The UL S0 Air Base at Thale had a
speed «f THO miles jer hearr, Tligh winds are commean in this narthwest Greenland area

"

] G due tccintense winter starnis and local topagrigdiie conditions. Winds blowing down
] ; from the dome-shaped Greenland ieecap are accelerated by gravity and by compressien
? ! and Omneling as a resnlt of the local orientation of monntains and vallevs,

’

Mivakojima Island. Rynkyn Iskands had a
190 mile-per-honr peak gnst and a
maximum wind speed of 136 miles per honr
3 Sepdember 1966

T S

it

These wind speeds were observed at the Mis akojima Weather Statian wnd
have been officially reported by the Ry nkyvo Meteorological Ageney. They ocenrred
during a by phoon whese masinmm wind zone passed over the island. Tle peak gnst of
85.3 meters per second (190 miles per howr) was recorded at DS 1 hours (6:31 aam.)
and the maximonm wind of (0.8 mcters per second (136 1ailes per honr) at 0731 hounrs
(7:31 )2 Tle direction of botle was Northeast, Miyakojitaa i< a small. flatistand
tocated at abont 24° 1N 123°17F. Sinee the record there ocenrred at sea level,

there wonld have been no rednetion in the faeee of the wind. Ty jdioons of similar
214

-

severity ocenr ahont onee or twice a vear in the nortinwest Pacilie arca,

Port Martin, Autaretica, had
a 24-hone mean wind speed of TO8 miles per s, v
21-22 Vareh 1951
a mean monthly wind speed of (5 miles per hour
Mareh 1951

These wind specds were recorded ata station maintained by the FExpeédi-
tions Polaires Frangaises at (6° 1'S FHP2VE on the coastof Adélie Land trom Febey-

4 ary 1930 to Jannary 19322 The wim! neasnzing instattations didk not tnlly comply
3 . with international standards, being somewhiat sheltered by snowdritts, or the valnes
; voonkd have been stighthy higher. 2" Winds of buericane toree (74 miies per onr or
E : e . . - By
1 aricater) were recorded at the Jdation on HO conseentive davsin Mareh 1958 and on 122
3 - =
; i y .
: Y Maaa and S Yoshkiznmi, Charscterstios of the Secord Mivakopima Uy phoon, Rvoto, Taper. uive Diwater
] 4 Proverdion Reseench Balletne, Vol 28 p1 1 Nog B3 ppe 15280, 1908,
: .
218 - o
FoLoewe, The Dawd ol Stora Weather, Vol 27 N0 30 ppe V211972,
3 216
3 " hidl.
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day ~ during calendar year 1951 The lmrvicane foree winds are extremely steady both
m their direction, sonth-sontheast.and i their strengthe which varies vers little and
appears lacking i normal gustiness. However, they can within a minute drop from full
horricane strength to near-calm and just as saddenly refurn, Extreme winds were also
reported by Mawson's expedition at nearby Cape Denison, 67 1S LI22HE in 1912
and 19327 Narious explanations of the canses of strong winds in this part of \nt-
arctica have heen advaneed 2% it as vet the reasons for them are not definitely extab-

lished 21

e.  bewpoint (Humidity). Dewpoint i oL the temperatare to whielva
given parcel of air mnst be cooled at constant pressure and constant walervapor contenl
i order Tor saturation to ocenr ... This temperature is measnred by instroments
e which a mirror or other element is cooled to the saturation point. High dew points
indicate high hnmidits cand Tow dew points indicate low umidity. A= far as could be
ascertained. there are no gecepted extreme records of high or low dew points. The high
values cannot be Ingher than the tewperatiee of the body of water from which the
vapor origiates, They ocene in prrosimity to water bodies with high sarface tempera-
tres snelvas parts of the Galt of California, the Red Sea, the Persian Gl and possibly
i some tropical swamplands,

\=xzab. Ethiopia. has
8$4°F

\verage afternoon dew point in June

The dew point valne for Assab was faken from a footno ¢ ina repart by
A Dodd: 20 0 Reeently avaiiable data fuenished by the National Weather Records
Centerindi=ate that very high dew points ocenr also in the Red Sea littoral, Assab and
nearby Ras Andalighe on the Red Sea coast of Eritrea (Kthinpia) had average afternoon
dew points higher than 841 007

f. Fou

UL N0 West Coast lughest average fog freqneney
2552 honrs per hear

Caper Disappombiment. Washington

17
‘ Heid.
L]

K. B Mather aml G0 S Miller, Thee problew ob e Kadabatie Winds oo the Coast of Teree \idélie, Polar Record,
" Vol 13 pp. 12582, 1907,

F. Lovwe, ofe it
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UL S. Fast Coast highestaverage Tog Trequeney
15380 hones per year
Moose Peak Lighthonse, Mistake Island,
Maine

Fogis i cloud at the surface ol the carth, consisting of awseltitnde of
minnte water droplets suspended in the atmosphere: aceording to international defini-

tion. it rednees horizoutal visibility below | Kilometer, or .62 miles 22 1t ¢

an ocenr,

il there are snfficient condensation nuelei present, wheneser the air is cooled to its dew -
point or the dew point is raised by the addition ol moisture to the air. Fog oceurs most
often on momtaing wheve the surface of the carth is high coongh to be o the elonds
and on coasts where Tand and water temperatores differ and moisture is present. The
records for Cape Disappointment and Moose Peak Lighthouse were obtained from M.\,
Arkincof the UL S0 Eaviconmental Data Serviee, They are hased on Tog signal operation
and on low aisihility operation ol radio beacons at light stations, light<hips. aud other
Coaxt Guard nuits during a period of 10 vears or lovger. Also, fora by ear period al
Willapa. Washinglon, the average was 3803 lonrs per vearcand for one of those s cars
the total was 7,613 hours, Monntain stations with very frequent acenrrenees of fog are
Mt Washington, New Hkoaapshire, averaging 308 daysa year on which theve is some log,

and Stampede Pass. Washington, averaging 252 day <23

1. CONCLUSIONS

6.  Conclusions. From the foregoing examples and disenssions, several points

seendcto stand ont:

a. For cach meteorolovical and climatological element these are certain con-
ditions or combinatians of conditions that favor extreme values and are most likely to
ocent within pactienlar geographical areas or seasons of the yearzalso, theee are npper
awd lower limits of the values that can possibly ocenr, The records shown on the workd
and North American maps appear to be within the limits ol possibility and to have
ocearred in places and at times in which the necessary conditions conld be expeeted.
However, ocenrrences of equal or greater extremity conld have happened at other places
in the same arcas or at otler times in the same places without being recorded or with-
ont being publicized, There is no routine exchinge ol suelvinformation between difter-
cut conutries,

b, For caclometeorological and elimatological element, theve are Gactors of
sites instromentation, and observational procedure which ean afteet the measured valnes,
22
ban 1M Lsdlum, op. it
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Toinsure uniformity oi weasurements, certain standardized equipment and procednores
are recommentded by the World Meteorological Orgaization. However, standardized
cquipment can malfimetion and errors can be made in observation and recording, even
mtder standard procedures, Faorther, improveinents in the reliability of measurements
contimie 1o be made as know ledge of both techmology and the plysical environment
inereases, Some of the earlier records might have different valnes if measured with the
newest mstrimments avd procedures: even now, extremes are sometimes not measired :

exacthy . or at all, becanse they exceed the seale of standard meteorological instrnments

or their rate of response. 22 For these reasons, it is not to be assmmed that any one of

the vahtes showi on the maps in this report is correet to the tenth of a decimal place: C
Int those for which a claim of record extreme is made were obtained mnder conditions

that were aceeptable to the Environmental Data Service,

¢.  Cousiderable research remains to be done hoth oun the general snbjeet of
extreme weather and chmate and on the records of individnal extremes,. There is more
to be knowu abont the canses of extreme conditions as well as their absohiie limits.,
frequencies. and distributions in time and place. Farther seareh wonld yvield additional
records of extremes which are not inchuded on the present maps.

224
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