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TABLE 2.1

Analysed observations of Air Temperature in the Lower

Atmosphere extending over at least one year.

(modified from Geiger, 1965)

Highest Intermediate
Levels Levels
Metres Metres Author

265.0 177, 89, 6 Munn(I.J.C.1960)

150.0 51y 21 Baker et al(1969)
106.7 L7, 15, 1 Best et al(1952)
87.7 &7y 30, 12, Johnson & Heywood
L (19 35)
76.0 Variable Rink (1963)
70.0 28, 13, 2 Frankenberger
(1955)
61.0 li6, 16, 1 Flower (1937)
L7.5 17 1 Mal et al(1942)
17.1 %1 Johnson (1929)

Place Period
of Analysed

Measurement (Years)
Detroit,USA 2
Minneapolis, 5
U. S - A.
Rye, England 3
Leafield, 5
England

Linaenberg, 1
Germany

Quickborn, 1
Germany

Ismailia, 1
Egypt
KaraChi, 1
Pakistan

Porton, 3

England
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Canadian Micrometeorological Tower Wind and Temperature

Table 2.l
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Table 2.5 Canadian Micrometeorological Towers.
Location Exposure Levels of Instrumentation, metres
Vancouver Top of Bridge 80
Calgary Urban 5, 60, 90
Edmonton Urban
Primrose Lake Hilly Rural L5
Whiteshell Rural 6, 25, 60
Winnipeg C.B.C. Rural 10, 62, 124, 186, 250
Chalk River Rural Valley 60
Hamilton Urban 60
Ottawa Suburban 6, 60
Sarnia(Courtright) Rural 90
Sarnia (ORF) Rural 6, 60
Totonto C.B.C. Urban
Toronto (Met. Res) Rural 6,60
Toronto (Mimico) Suburban 10, 90
Windsor Rural 30
Montreal (Bot.Gdn)Suburban 6, 60

Montreal C.B.C. Top of Mt. Royal

Glace Bay Rural 10,52,72,105



TABLE 3.1

Percentage Frequencies of Air Masses affecting Winnipeg in July.

(After Bryson, Method 1)

Air Mass % Frequency
Pacific Air L5
U.S. Air (mainly Pacific) 32
Arctic 12
Hudson's Bay n

Total 93%
TABLE 3.2

Percentage Frequencies of Air Masses affecting Winnipeg in July.

(After Bryson-Scheme 2)

Air Mass % Frequency Trajectory
N. Rockies Pacific 39 Crosses Rockies in Montana

& through Wyoming gap.

Canadian Rockies Pacific 2l Crosses Rockies into Alberta,
especially Edmonton-Calgary
HEa.

Yukon Pacific 15 Crosses Cordillera through the
Liard Gap.

Maritime Tropical 15 North from Gulf of Mexico.

Eastern Arctic 6 Develops over Canadian Arctic
Archipelago.

Total 99%
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Short Wave Cyclonic Impulse over the Great Flains

(from Sands 1966)
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FEATURE 27

Minnesota - Dakota's Tilted Trough

(from Sands 1966)
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Table 3.3

ANNUAL METEOROLOGICAL SUMMARY

for

WINNIFPEG, MANITOBA

18

MONTHLY AND ANNUAL AVERAGES AND EXTREMES OF RECORD 1872 = 1971

TEMPERATURE “E":;'u';';:l')-.‘.‘r‘;“’f
| w e > >
mont | 23 | 23| 22| 53| = | 33| « 22z) ¥ 1822 % Looo ' 0600 1200 1800
x| ¥zZ| ¥z 2% | ¥ [ 22 | ¥ |8zy| ¥ |3z%| ¥
< = 3 23 LE 2 -9
JAN Te9 |= 948[= 1.0| 46 |1942| =4B (1877 13.0|1944|=16.5|1875| 79 | 79 | 75 | 83
FEB (13,3 [= 6.,0] 3.7| 53 |1958| =49 |1966| 22.9|1878 |-14.9(1875| 82 | 85 | 79 | 78
MAR 26,8 8.0 17.4| 74 |1946| =38 (1880| 34.9(1878| 3.1(1899| 81 | 86 | 77 | 76
APR /7.5 | 28,5 38.0| 93 [1952| =18 [1932| 49.0|1915| 26,9(1893| 78 | 82 | 61 | 57
MAY  162.7 | 3944 | 51.1| 100 [1934| 11 [1907| 60.1(1922( 39.9|1907| 65 | 75 | 45 | 42
JUN 172.8 | 50,6| 61.7| 101 |1900| 21 (1888 | 68.5(1910 | 54.2(1969| 70 | 77 | 48 | 48
JUL  178,6 | 5643 | 67.5| 108 [1936| 35 |1939| 75.5|1936| 59.7 [1884| 76 | 83 | 55 | 50
AUG 99,0 | 54.0| 65.5| 105 [1949| 30 [1910| 70.8 |1961| 59.4[18%0| 75 | 85 | 53 | 49
SEPT 165.2 | 4349 5446| 99 [1929| 17 [1899 | 62.2 |1948 | 46.411965| 76 | 82 | 56 | 56
OCT 53,5 | 34,0 43.8| 86 [1922| = 5 (1936 | 55.1(1963 | 32.6 !1887| 74 | 82 | 59 | 60
NOV' 131,1 | 17.0( 24¢1| 71 (1903| =34 [1875| 34.4[1923| 6,9[1896| 81 (85 | 73 | 7
DEC 11544 [= 0.7 7e4| 53 (1939 =54 [1879| 25.9 (1877 |~14.7:1879| 82 | 80 | 79 | 79
YEAR [46.0 | 26,3 36.2| 108 (1936 =54 879 | 41.6|1931| 28,9 1883| 77 | 82 | 63 | 63
Mean values based on standard period /Extremes from complete station recore
1941 - 1970 1872 - 1971
PRECIPITATION WIND @
x s 552 £
el -9 Q & [=] Sz g;
8: | .32 | 53 | &% |83k % 553 2z (23| 33
7 | 75 | 3B |83 29| 7|83 | 7| %z g5 %=
o -9 o .
JAN | 2044 01| 9.8 ¢93 | 3.36 1916 «11 1961 | 33.% 1916 | 12.4 | NW | 101.0
FEB 1730 03| 7.8 75| 3.54 (1881 «10 1903 | 35.4 1881 12.1( S 133.3
MAR 1469 24| 8.3 1,03 | 3.00 (1904 «06 1939 | 30,0 1904 | 12,9 B,NW | 166.8
APR B08 -| 1,00 | 4.7 1.47 | 5.64 1896 «08 1949 | 17.5 1872 | 14.2 [ N 206,.9
MAY 437 2,15 | 1.0 2.25 | 6,38 1911 +03 1917 | 12.8 1931 | 13,8 BVRL | 243.9
JUN L4 | 3.16 3.16 | 10,07 D901 .13 1961 +5 1875 | 12.0 | 8 248.0
JUL 42 | 3.16 3.16 | 7,77 1953 | .53 D875 10.3 |8 | 310.1
AUG 7% | 2.90 2.90 | 7.11 1876 .13 1915 10,8 |8 269.8
SEPT | 328 2.07 o1 2.07 | 6.15 1872 «05 1948 7.2 2|11.8 |8 180.7
ocT 656 1,15 | 2.2 1.37 | 5.67 1949 «21 1920 | 15,2 1919 | 12.8 |8 152.9
NOV 1224 28 | 8.4 1.07 | 3.55 1955 «06 1939 | 31.6 1955 | 13.4 |8 81,7
DEC | 1784 03| 9.4 «90 | 3.99 1909 410 1892 | 39.9 1909 [ 12,4 |8 80,6
YEAR 1‘”40 16.13 51.7 21.% 2B.£u3 1%2 1.2.63 l%l '10-’”3 1909 12!4 S 2175.7

This Summary shows new records revised by computer.



TABLE 3.4

Percent Frequency of Occurrence of Minimum Temperatures <-10°F,

MWinnipeg, 1951-60.

Temperature Nov. Dec. Jan. Feb. March April Winter
-10°F. or lower L.0  25.5 L47.1 35.7 14.8 0.3 25.1
-15°F. or lower 1.3 15.8 35.8 23.7 7.4 5 16.6
-20°F. or lower 0.7 8.L 2L.5 13.4 3.2 - 9.9
-25°F. or lower 0.3 3.9 11.9 8.4 0.6 - 5.0
-30°F. or lower = 0.6 3.2 2.5 = - 1.8
-35°F. or lower - = 0.6 % - % 0.1
Source Hagglund (196L)
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TABLE 3.5

Heating Degree Days Below 65°F. and Extremes

Winnipeg 1931 - 1960

Month Degree Days Extreme High Year Extreme Low Year
30 Year Mean 1874-1963 187L-1963
Sept. 322 502 1918 128 1948
Oct. 683 101k 1919 308 1963
Nov. 1251 1758 1896 926 1923
Dec. 1757 2451 1879 1215 1877
Jan. 2008 2510 1875 1611 19LL
Feb. 1719 2292 1936 1179 1878
March 1465 1950 1899 936 1878
April 813 1160 1893 509 1915
May L05 788 1907 186 1922
June 147 Lo1 1902 36 1956
July 38 160 188l 2 1935
Aug. 71 191 1885 12 1961

Source Labelle (1966).
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Table 3.6

(4)

Mean Wind Direction and Speed

Winnipeg Int.

1955 - 1966
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Figure 3.13 a2

Wind Roses Winnipeg Intl. 1955 —66
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Figure 3.15 Variation of Winnipeg Winter Temperatures 1872 - 1971



TABLE 3.7

Mean Temperatures in Winnipeg for Different Averaging Periods.

Averaging Period Annual Summer Winter
Mean Mean _Mean _
1931 - 1960 36.5 65.3 L3
1941 - 1970 36.2 6L.9 3.4
1962 - 1971 35.2 6L4.3 1.L
1872 - 1971 35.1 - -
Sampling Period 34.9 65.0 2.h

(Octc 69 - Dec. ?l)



Mean Daily Temperatures by Months Winnipeg International

TABLE 3.8

versus Mean Daily Temperature during the Sampling Period.

Month Mean Temp. Mean Temp. Mean Temp. Std. Devn. Std. Devn.
1931-60 1941-70 Oct. 69 - 1931-60 1881-60
Dec. 71

Jan. 0L -1.0 -6.2 7.4 7.6
Feb. L.l 5.7 5.0 Tl 6.8
March 177 LR 14.2 (P 6.5
April 38.0 38.0 362 L.7 L.9
May 52.4 51.1 L9.5 3.5 3.9
June 61.7 61.7 6L.8 ~2.9 3.0
July 68.3 67.5 65.2 2. 2.6
Aug. 66.0 65.5 65.9 2.5 2.9
Sept. 55.1 54.6 55.6 3.0 3.0
Oct. L3.2 L3.8 1.2 L.3 L.k
Nov. 2343 2L.1 23.8 4.8 L.6
Dec. 8.7 Tl 6.5 5.8 6.5
Annual 36.5 36.2 3L.9 1.8 -
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Table 3.9

ANNUAL METEOROLOGICAL SUMMARY
for

WINNIPEG, MANITOBA

DATA FOR YEAR 1969

TEMPERATURE (*F) 2 MEAN RELATIVE HUMIDITY
MEAN EXTREME 3% (%)
= = = b
MONTH E é z 5% g E % E 5% 0000 | 0600 | 1200 | 1800
> z W oo » z w
K g | =2=4 3 2 2 % % lesy [cst |esr |csr
JAN 2-5 -17-h -7l5 28-1 ls -3508 26 2250 83 83 8’0 80
FEB 16.3 =2.L 7.0| 33.8( 25 =35.0 3 1625 85 85 82 81
MAR 23.1 2,1 | 12,6 36.7| 22 -14.5| 29 |1616 82 84 | 78 | 77
APR S54.3 30.8 | L2.,6| 69.7| 1L 0.1l 2 666 717 83 55 53
MAY 63.0 38,7 | 50.9| 90.9| 26 24,7 | 20 LL5 74 81 52 50
JUN 65.7 2.7 | sh.2| 80.0 9 29.4 | 13 318 76 82 56 51
JuL 75.5 55.0 | 65.3| 93.8| 12 LhL.7 2 59 85 87 6L 63
AUG 61.2 57.9| 69,6 97.6| 22 43.9( 31 20 79 88 62 59
SEPT 65.7 heO| 5L.9| BL.8| 1L 26.9 | 30 324 85 91 66 70
ocT L3.0 | 29,9 | 36.5| 56.3| 3 16.6 | 21 877 8 | 87 | 712 | 17
NOV k.1 18,0 | 26,1 | 58.0 6 =2.L| 20 1159 87 87 75 81
DEC 20.9 6.5 | 13.7| 47.3 1 -17.3 | 23 1584 86 8% 82 84
Aug. Jan.
YEAR 5.4 | 25,5 35.5 | 97.6 | 22 -35.8 | 26 10943 82 85 69 69

PRECIPITATION (INS) GREATEST RAINFALL GREATEST SNOWFALL
MONTH | paIN- | snow- | TOTAL . i
FaLL | FaLL | precip| 6 HRS | DATE | 24 HRS | DATE 6 HRS DATE 24 HRS | DATE
JAN TR | 21,4 | 1,87 | TR 1L4,15,2] TR 14,15,2f 1.6 16,22 3.5 15
FEB R L.3 3| TR 23 TR 23 4 [4,18,21 .8 18
MAR TR L.3 39| TR 31 TR 31 1.0 7 1.9 7
APR 1,00 TR | 1,00 | .32 26 ~L8 26 = 1,3 TR 1,3
MAY 3,02 TR | 3.02 | .60 31 (1,18 31 TR 16,19 TR 16,19
JUN L.12 ol | Lo13 | .93 27 |1.26 27 il 12 ik 12
JuL 3.99 3.99 | <70 26 |1.92 26
AUG 2,25 2,25 | .52 13 «59 29
SEPT 2.]40 2.1‘0 .66 h 1. 05 h
ocT N 2.7 | 1.07 | .27 3 oLl 3 1.0 21 1,0 21
NOY 0L L.6 «37 | «O1 23 .01 23 1.4 23 1.4 23
DEC Tr, 10,3 4 | e, 30,31 [ Tr. (30,31 1,2 8 2,5 8
«6 47,7 |21, . J 1.92 |Jul 1,6 | Jan. 3,5 Jan.
YEAR |17.63 | 47.7 57 | «93 ;3! uly 1632 15
NOTE: The following units are used throughout this summary * Climatological Day = not any 24 heur perid
Tempetature: Dag Fahtanheit Wind Spesdi Miles per hour
Degres Dayt Diffsrance of Daily Mean Tomperatures from 62 F Wind Diractiont Direction (trve north) from which the wind is blewing

Relativa Humidity: Percentage P T
Pracipitation: lnches — (Snowfall is reduced to its ""Water Content"’ by Barsmeiric Prossvest Millibers and Tonths of Millikers

malting then added te reinfell 1o sbrein **Tetel
Pracipitation’s) Sunshine: Hours end Tenths of Hours of Bright Sunshine




Table 3.10

ANNUAL METEOROLOGICAL SUMMARY

WINNIPEG,

MANITOBA

DATA FOR YEAR 1969

SUNSHINE WIND
Yw | w o MAX FOR 1 MIN HIGHEST GUST
o | BE | Z33|35% 3 | %2 | 2B
= %3 3| .23 2 & w 20 | oirecTion DIRECTION
€ ga [O£Z 2 > & o AND DATE AND DATE
(= I;I._-lg Cz’ s a @ SPEED SPEED
JAN 92,5 |34.6| 14 | 101,0 | 12,0 M| NW 30 2, | N 39 24
FEB | 119.6 42,5 6 | 133.3 9.5 S W 32,SE32( 10,14 |NW [2 10
MAR | 200.6 sL.5 3 166.8 11,0 N N 30 7 N 39 7
APR | 272.6 66,1 1 206,9 12,2 S NE 29 26 S L2 19
MAY | 288.4 60,4 1 | 24L3.9 | 11.8 N N 28 26 | NNW 66 26
JUN 263,6 53.9 1l 2u8.0 10.7 N NE 33 25 NNE Ll 1l
JuL | 298.1 60,5 1 310,1 8.9 W NE 23 L NNW 37 23
AUG | 3044 | 67.9| O | 269.8 | 11,2 W W 37 13 | wNW 55 13
SEPT | 173.8 L5.8 2 180.7 12,2 |S, W |S 31 19 S U L, 19
ocT 9.3 |[23.7] 10 | 152,9 | 11,3 W SE 26 3 NW 37 7
NOV 7.9 |32.2 7 81.7 11,5 NW NN 32 1y 42,542 04, 21
DEC 7.2 28.1 | 13 Bo.6 10.6 S S 2% 15 3% 2
YEAR |2252,0 |50.3 | 59 |2195.% 11.1 s W 3y Aug 13 | NNW 66 May 26
BAROMETR IC PRESSURE (mb)*
MONTH STATION LEVEL PRESSURE SEA LEVEL PRESSURE
MEAN MAX DATE MIN DATE | NORMAL MEAN MAX DATE MIN DATE | NORMAL
JAN | 991,2 [100L4.6 | 10 | 968.1 8 | 989.,6 | 1023.0 L037.3| 10 | 998.5 8 | 1021
FEB 992.2 [100L.O | 20 |[966,8 | 10 | 989.7 | 1023,4 L035,6| 20 | 996.8| 10 | 1021
MAR |990,5 [1005.3 | 29 |97L.5| 22 | 987.7 | 1021.6 pO37.L| 29 [1003.9| 22 | 1018
APR 19B86,3 | 997.4 | 23 |971,8| 20 | 986.8 | 1015,8 p027.2| 23 [1000.L| 20 | 1016
MAY 1 98L.5 | 999.3 | 20 |969.L4| 28 | 985.3 [1013.8 l029.4| 20 | 997.L| 28 | 1015
JUN 1 981,5 |996,3 | 8 |[958.9| 26 | 983.2 [1010.4 [lo25,8| 8 | 987.1| 26 | 1012
JuL 98L.8 [ 99L.6 | 20 [971,1| 26 | 98L.7|1013.6 1023,6| 20 | 999.6| 26 | 1013
AUG 9814 | 993.9 | 31 |[963.8| 13 | 985.2 | 1010.0 f023.1| 31 | ss1.k| 13 | 101k
;-Z';' 966.5 | 999.9 | 8 |970.6| 1L | 987.0]1015.5 po29.5| 8 | 998.6| 1L | 101l
o |82 WSS B BR8| 12 | Rer e kol B Ll o |ia
L L] L] - - L] L ] 10
DEC | 986.,7 fool.0 | 19 | 972.4 2E 987.5 | 1017.6 | 1032.4 19 [1002,4 2E 1019
Y L 2 ' - . L L - L]
EAR | 986.5 |1007.1 ;g 958.9 J!g. 986,.6 | 1016.4 | 1038.4 ggv 987.1 ggﬁ 1016

* 1 Millibor = 0,02953 inches of mercury / 33.864 Millibars = 1 inch of mercury




Table

ANMUAL METEOROLOGICAL SUMMARY

3.11

for

WINNIPEG, MANITOBA

DATA FOR YEAR 1970

TEMPERATURE (*F)

MEAN RELATIVE HUMIDITY

(%)

MEAN EXTREME E g
= z = = wE
MONTH g g z § E g :.;J % E 5; 0000 |0600 (1200 | 1800
E3 w » < z w o
< = | w3 3 = = & = cst |gst [Gst |Csy
5,3 [=13.1 | = 3.9| 29.3 30 |-36.5 19 2139 79 80 75 T
:;: 14.1 |- 844 2.9| 40.4 21 |=-26.8 3 1741 78 79 71 76
MAR 20.4 |= 3.4 8.5| 35.8 21  |=23.7 9 1747 80 82 T 6
APR 1.8 | 27.3 34.6| 57.9 25 |= 6.7 1 906 82 84 71 73
JUN 78.0 53.9 66.0| 96.8 8 40.1 19 56 77 82 58 55
JUL 79.8 | 57.9 68.9( 93.1 11 46,0 4 28 78 83 58 57
SEPT 66.3 | 43.8 55.1.| 89.5 5 28.8 27 323 83 g8 63 64
ocT 52.1 | 33.4 42.8| 68.4 5 19.9 15 684 78 84 66 67
NOV 30.7 | 16.2 23.5| 52.9 5 |=10.0 28 1239 85 85 78 82
DEC 9.9 |- 8.1 0.9| 32.2 1 [-29.2 20 1985 81 9 77 79
June Jan.
YEAR 448 | 2442 34.5| 96.8 8 [=36.5 19 (11425 79 83 67 68
PRECIPITATION (INS) GREATEST RAINFALL GREATEST SNOWFALL
NONEY §::_NL f:':cl’_‘t Jé’ga';, 6HRS | DATE | 24 HRS | DATE | 6 HRS DATE 24 HRS | DATE
JAN Tr, 12.% 90| Tr. 24 Tr. 24 2.8 A VA 4el 14
FEB 6.5 +«59 1.9 17 2.1 17
MAR Tr. 12.0 1.08| Tr. 2, 3 | Tr. 2.9 4.9 3 6.2 3
APR 72| 13.8 2.57 .22 15 «34| 15 3.0 19 4.9 20
MAY 3.39 . 3.41 80 24 1.27 24 «2 10 o2 10
JUN 1.99 1.99 40| 10 40| 10
JuL 274 2.74 54| 14 1.28( 14
AUG 2.95 2.95] 1.17| 29 2.20| 29
SEPT FAYAR 4e4l] 2.01| 20 2.01| 20
ocT 88| 1.7 1.05 32| 27 &2 27 1.0 31 1.0 31
NOV 56| 6.6 1.05 .18 1 W42 1 1.5 24 2.4 17
DEC »10| 10.9 92 .08 1 .08 1 1.9 1 2.5 1
Sept. Aug. Mar, Mar.
YEAR 17.74 | 64ed | 23.66| 2.01| 20 2.20( 29 49 3 6.2 3

NOTE: The following units are used throughout this summary

Tamperature: Degress Fohrenheit

Degres Day: Dilferance of Daily Mean Temperatures from 65°F

Relative Humidity: Percentage

Pracipitation: Inches = (Snowfall is reduced to Its "*Water Content'” by
malting then added 1o rainfall 1o obtain **Total
Precipitation',)

Wind Speed: Miles par hour

Wind Direction: Direction (truz north) from which the wind is blowing

Barometric Pressure: Millibars and Tenths of Millibars

Sunshine: Hours ond Tenths of Hours of Bright Sunshine




Table 3.12

ANNUAL METEOROLOGICAL SUMMARY

for

WINNIPEG, MANITOBA

DATA FOR YEAR 1970

SUNSHINE WIND
Bw | w X FOR 1 MIN HIGHEST GUST
3z | 33|55y 2 | 8o | 28 ——
MONTH - g z 9 05 % = é ﬁ o 5
<2 i [ D Y [ oiRECTION DIRECTION
5z e | 953 2 > O o AND DATE AND DATE
a= WA g xa SPEED SPEED
JAN 108.9 | 40.8| 8 | 101.0 10,3 | W S 27| 23 B 35,NNE35 23,28
FEB 13103 46.6 s B 133-3 11.9 S N,SSE 31’ 1. 25 SSE 45
MAR 217.4 | 59.1 2 166.8 10,2 | S N,UNE 26 22 5,N 33 16,22
APR 140.5 | 34.0 7 206.9 13.2 | S Wwiw 35 8 WNW 62 8
MAY 205.4 | 43.0 4 243.9 12.6 | S NW 33 25  NNW 47 25
JUN 302.0 | 61.8 1 248.0 10.7| S NW 28 3 NW 40 23
JUL 318.7 | 64.7 0 310.1 10.7 | S NW 30 7 W 53 25
AUG 343.9 | 76.7 0 269.8 10.1| s s 30 17 42 17
SEPT 16649 | 4440 1 180.7 10.7 | S W 26 21 55 20
ocT 149e3 | 44.7 8 152.9 12.7| S NW 32 2 45 2
NOV 70.3 | 25.8| 15 81.7 10.9 | N S 35 24 54 24
DEC 106.1 | 41.9 7 80.6 12,1 s WW 35 5 47 5
WiW 35 Apr. 8
YEAR | 2260.7 | 50.5| 54 | 2175.7 11.3 | S . Dec. 5 WNW 62 ln.pr. 8
S 35 Nov, 24
BAROMETR IC PRESSURE (mb)*
— STATION LEVEL PRESSURE SEA LEVEL PRESSURE
MEAN MAX DATE | MIN | DATE |NORMAL| MEAN MAX | DATE| MIN | DATE |NORMAL
JAN 98847(1005.1 | 20 | 967.9| 31 | 989.6 | 1020.5[1038.2 20 | 998.1 1 |10
FEB 989.2|1004.8 | 25 | 963.5 1 | 989.7| 1020.6 [1036.4| 25 | 993,7 31 10%1
MAR 991.1(1000.7 | 19 | 976.5 3 | 987.7| 1022.1 1031.5| 19 |(1006.4 3 | 1018
APR 981.7| 997.4 | 18 | 960.8 8 | 986.8 | 1011.2 1027.5| 18 | 989.4 8 | 1016
MAY 987.11003.6 5 | 96842 17 | 985.3 | 1016.2 (1033,7 5 | 996.4| 17 | 1015
JUN 982.5| 994.5 3 | 963.5| 28 | 983,2| 1011.1 |1023.5 3 | 991.1| 28 | 1012
JuL 98342 996.7 | 20 | 969.4| 24 | 984.7 | 1012.0 [1026.0| 20 997.6| 24 | 1013
AUG 984.0| 995.8 | 31 | 970.4| 17 | 985.2 | 1012.7 (1025,2| 31 998.4| 17 | 1014
SEPT 982.5| 99844 | 14 | 962.9| 21 | 987.0| 1011.5 1028.3| 14 | 991.1 21 | 1014
ocT 983.3| 998.8 | 15 | 964.8 6 | 985.9 | 1012.8 [1029.1| 15 | 993.4 6 | 1015
NOV 983.3 100704 M 952.9 25 986.5 1018.7 1038.3 :ub 98204 25 1016
DEC 98641 (1004.3 | 5,6 | 962.2 1 [987.5)|1018.3 1036.3| 5,6 | 991.3 1 | 1019
Nov. Nov. Jan. Nov,.
YEAR 985.6 |1007.4 | 14 |952.9| 25 | 986.6|1015.6 D038.4| 20 982.,4| 25 | 1016

* 1 Millibar = 0.02953 inches of mercury / 33.864 Millibars = 1 inch of marcury




Table 3.13

ANNUAL METEOROLOGICAL SUMMARY

far

WINNIPEG, MANITOBA

31

DATA FOR YEAR 1971

TEMPERATURE (*F) o MEAN RELATIVE HUMIDITY
ME AN EXTREME % (%)
MONTH = 3 z E3 = ws
3 1 3 | 3z3| =2 = 3 = €S | 0000 0600| 1200| 1800
= | E |2%5| 3 3 = a ao
3 | = * 3 3 = oT | T | cst | csT
JAN 0.0 ’ -16.9 | - 8.5 26 21 -33 15 2282 74 73 70 72
FEB 6.8 | - 2.8 7.0( 39 | 16 -27 | 2& 3! 1623 78 81 77 78
MAR 29.3 ] 10.4 ! 19.9( 42 | 30 -10 1 1392 83 85 78 79
APR 47.6 | 28.0| 37.8| 68 | 15 2 |3&4 809 76 82 65 63
MAY 64.7 | 35.6| 50.2| 81 9 & 28 26 11 450 68 74 43 41
JUN 74.5 | 52.6| 63.6| 89 3 35 1 83 79 84 60 58
JuL 72.6 | 50.4 61.5| 87 ) 26 | 40 |17 & 29 119 84 87 61 57
AUG 78.1 | 53.4| 65.8| 93 15 | 38 2 65 75 86 55 48
SEPT 67.8 | 44.1  56.0| 87 2 | 28 21 279 80 86 53 56
ocT 52.6 | 34.1| 43.4| 67 18 | 14 31 664 87 90 72 75
NOV 28.1 | 15.7] 21.9| 40 9 -11 |29 & 30 1286 86 87 85 85
DEC 13.4 | - 4.2] 4.6] 33 | 31 -22 26 1870 77 80 77 78
‘ | | Aug . | Jan.
YEAR 45.5 25.0' 35.37 93 ! 15 i -33 15 |.10922 79 83 66 66
| ]
PRECIPITATION (INS) GREATEST RAINFALL GREATEST SNOWFALL
HEH ::3t iiit‘ ;:ga; 6HRS | DATE | 24 HRS | DATE | 6HRS | DATE 24 HRS | DATE
JAN R 6.0 42 o 13 2.2 13
FEB .01 2.5 .18] .01 16 .01 16 .5 10 .8 10
MAR .29 | 14.5 1.72| .14 14 .14 14 2.6 14 5.0 14
APR 1 6.4 2.37| .85 18 1.18 18 1.8 13 1.9 1
MAY 1.85 1.85| .85 22 1.08 22 e i —_— -
JUN 2,99 I 2.99( .66 5 .86 5
JuL 4.53 4.53| .96 7 .96 7
AUG .67 .67 | .40 16 .45 16
SEPT 1.96 1.96| .60 12 .75 5
ocy 1.65 | 12.0 2.84| .29 2 .61 2 A 30 9.7 30
:2: 421 7.4 .88 .18 14 .18 14 3.3 4 3.3 4
.01 2.8 .23 .01 23 .01 23 1.0 20 1.0 20
July April October October
YEAR  [15.94 | 51.6 | 20.64| .96 7 1.18 18 4.4 30 9.7 30

NOTE: The following units are used throughout this summary

Temperature: Degrees Fohranheit
Degree Day: Dillerence of Daily Mean Temparatures from 65 F

Wind Speed: Miles per hour

Relotive Humidity: Percentage

Precipitation: Inches = (Snowfall is reduced to its ""Woter Content® by
melting then added to rainfall to abtain "' Total
Precipitation’,)

Baromarric Pressure: Millibars and Tenths of Millibars

Sunshine: Hours and Tenths of Hours of Bright Sunshine

Wind Direction: Direction (trua north) from which the wind is blowing




Table

3.14

ANNUAL METEOROLOGICAL SUMMARY

for

WINNIPEG, MANITOBA

32

DATA FOR YEAR 1971

SUNSHINE WIND
= o s 9 o 0z MAX FOR 1 MIN HIGHEST GUST
MONTH 25 E 213 'é z 5 28 52
<9 Wy wIan x i u DIRECTION DIRECTION
& Ya |oEZ g > W e AND DATE AND DATE
a= wu | gF2 = x5 SPEED SPEED
a0 z
-JAN 149.2 | 55.8| 2 101.0 10.9 WNW [S35,SSE35(19, 20 | S 49 19
FEB 141.0 | 50.1| 1 133.3 10.8 S NW 35 27 S 44 13
MAR 140.5 | 38.2| 6 166.8 10.5 NW NW 36 31 |[s41, nw41| 3, 31
APR 209.3 | 50.7] 2 206.9 13.1 S NNW 34 1 W 50 11
MA Y 326.7 | 68.5| 3 243.9 11.6 NNE |S 31 28 NW 46 15
AU 257.3 | 52.6| O 248.0 8.5 NNE |SE 23 9 SSE 39 26
JuL 309.8 | 62.9] 0 310.1 | 10.1 NNW|NW 34 25 SE 57 7
AUG 314.2 | 70.1| o© 269.8 9.4 S sWw 27 15 S 45 15
SEPT 187.0 | 49.3| 2 180.7 9.7 S S 24 25 WNW 36 12
ocy 117.5 | 35.2] 9 152.9 11.3 S NNW 30 30 S 60 18
HoY 74,3 | 27.2| 8 81.7 10.2 W S 30 22 S 48 22
DEC 79.9 | 31.5| 9 80.6 11.9 5 NW 26 23 S 39 9
o March Oct.
YEAR | 2306.7 | 51.5| 42 2175.7 10.7 S NW 36 31 S 60 18
BAROMETR IC PRESSURE (mb)*
MONTH STATION LEVEL PRESSURE SEA LEVEL PRESSURE
MEAN MA X DATE MIN DATE | NORMAL ME AN MAX DATE MIN DATE | NORMAL
JAN 989.0[ 1010.5| 15 [965.5 21 [989.6 |[1020.6 |1043.6] 15 [995.5 | 21 1021
FEB 985.1| 1004.2| 12 |961.6 25 [989.7 [1015.9 |1036.1] 12 [990.7 | 25 1021
MAR 986.0{1003.7| 2 |[967.5 14 |987.7 |1016.2 |1035.3 2 1996.7 | 14 1018
APR 986.31004.5| 4 |[961.6 16 [986.8 [1016.1 |1035.3 4 (989.9 | 16 1016
MAY 986.1/1003.7| 11 [969.3 17 [985.3 [1015.1 |1033.6| 11 [997.8 | 17 1015
JUN 982.6| 994.6| 8 |969.5 5 [983.2 [1011.3 [1023.7 8 |1997.5 5 1012
JuL 982.9| 994.6| 10 |964.9 25 |984.7 [1012.3 [1023.6| 10 [992.7 | 25 1013
AUG 985.7| 996.9| 30 [972.6 12 [985.2 [1014.5 |1026.2| 30 L000.8 | 12 1014
SEPT 983.2/1003.1| 17 |968.7 13 |987.0 [1012.2 |1033.0| 17 |997.2 | 13 1014
ocT 983.0( 1007.4| 29 [960.2 31 [985.9 [1012.5 |1038.3| 29 |989.4 | 30 1015
NOV 985.9/1003.2| 7 |961.1 5 |986.5 |1015.9 |1034.4 7 1990.2 5 1016
DEC 986.6|1005.7| 21 |965.9 31 |987.5 |1017.5 [1038.1] 21 |995.9 | 31 1019
Jan. Oct. Jan, Oct.,
YEAR 985.2|1010.5| 15 |960.2 31 |986.6 [1015.0 [1043.6| 15 |989.4 | 30 1016

* 1 Millibar = 0.02953 incheas of mercury / 33.864 Millibars = 1 inch of mercury




9.

TABIE 4.1

Error Analysis of the Temperature System

Error Type Standard Deviation

Differential Mode

Absolute Mode

Radiation Shield Negligible
Calibration Error of

Temperature Sensor +0.0L
Leadwire Errors +0.02

Non-linearity of the
Linear Bridge Negligible

Errors due to line voltage
variations +0.01

Errors due to temperature .
variations on Linear Bridge +0.005

Digital Voltmeter errors +0.02
Adjustment and resolution errors
at the ILinear Bridge due to

potentiometers +0.02

Radiation stem conduction and

time constant Negligible
Total Error Std. Devn. +0.055

+0.1

+0.0L

+0.02
+0.02
+0.01
+0.025
+0.02
+0.02

+0.1

+0.184
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Plate 1
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(top) and 2 (bottom). Tower Instrumentation, C.B.C. Tower
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Plate 3 Vertical Air Photograph of the Starbuck Tower Site (circled)
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Plate L4 Vertical Air Photograph of the Starbuck Tower Site (eireled)
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Plate 5 Vertical Air Photograph of the Starbuck Tower Site (circled)




Plate 6 Vertical Air Phograph of the Starbuck Tower Site (eircled)
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Figure 4.1

Bearings and Distances to Obstructions Close to the C.B.C. Tower
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\ Figure 4.2

Location of Wind Sensors on the C.B.C. Tower
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Figure 5.1

Cumulative % frequency of occurrence of lapse rate over 3 layers, Winnipeg C.B.C. tower January 1970-71

n-
(1] r T ™ T T T ™ - T v
-10 -+ -+ 7 -6 -5 -4 -3 -2 - i 3 '3
Lapse rate in D.AL.R. units
Cumulative 7, frequency of occurrence of lapse rate over 3 layers, Winnipeg C.B.C. tower July 1970 -71
Wy R ey e
”.
I
- ;
p ™ |
; I
Y |
> l
g % ——— 400-810 Laver |
§ ———— 200-400' |/
’
g9l s 35" 200' |
§ l
3 " |
8 |
204
- |
- I
_________ |
2 e ‘-.- Inversion | Neutral ’SJp_e-m_:l:;oatuc
-0 -9 8 -7 & -5 -4 a2 g 0 R o % =

Lapse rate in DALR units



67
Figure 5.2

Cumulative % frequency of occurrence of lapse rate over 3 layers, Winnipeg C.B.C. tower October 1969-71
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Table 5.26

Maximum % Occurence of Superadiakgtic Lapse Rates

by 2 Hour Periods and Months for 3 Height Intervals

Winnipeg C.B.C. Tower, Oct.1969- Dec.1971

s 1-200" 200'-400" Lo0!-810"
Months Max.% 2 Hour Max.% 2 Hour Max.% 2 Hour
DATR Period DALR Period DALR Period
Commencing Commencing Commencing
Jan. 50.2 1200 27.3 1400 0 -
Feb. 5L4.6 1200 ;2.3 14,00 1.9 1600
Mar. 5L4.9 1400 L. 14,00 6.3 1200
Apr. 76.0 1200 L9.9 1200 6552 1200
May 72.0 1000 67.4 1000 22.4 1200
Jun. 92.3 1200 90.3 1200 18.1 1200
Jul. 8L4.9 1000 93.7 1200 20.9 1200
Aug. 96.0 1000 89.4L 1000 28.6 1200
Sep. 93.4 1000 89.4 1200 22.3 1200
Oct. 93.6 1200 83.L 1200 14.6 1200
Nov. 68.3 1200 B743 14,00 2.7 14,00
Dec. 61.7 1200 25.0 1400 0.6 2000
Table 5.22

Maximum % Occurence of Inversions by 2 Hour Periods

and Months for 3 Height Intervals
Winnipeg C.B.C. Tower, Oct.1969- Dec.1971

Height
Interval 35 - 200! 200 - LLOO' 1100 - 810!
Months Max.% 2 Hour Max.% 2 Hour Max.% 2 Hour
Inv. Period Inv. Period Inv. Period
Commencing Commencing Commencing
Jan., 70.5 0 68.2 oL00 61.8 0
Feb. 8L.4L 2000 61.7 0600 59.7 0600
Mar. TTeT 0 68.8 0400 66.7 0800
Apr. 66.7 2000 52.7 0600 L6.2 0600
May .7 2200 56.L 0200 L3.0 0600
Jun. 85.7 0200 71.9 0400 51.3 0L00
Jul. 88.7 0 69.3 0L00 56.2 0400
Aug. 93.6 2200 79.9 0200 63,7 0600
Sep. 79.1 2000 63.9 oL00 £9.3 oL00
Oct. 65.3 0 55.0 0 L0.2 0600
Nowv, 59.1 2000 L1.0 0 L1.4 0L 00

Dec. Lh4.6 1800 L3.4 0600 58.0 0600
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Figure 5.5 (over)
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Figure 5.7 (over)
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Figure 5.9 (over)
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Figure 5.11 (over)
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Figure 5.13

Theoretical Distribution of the Variation of Temperature

With Height in the Lower 1000'

1000!
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TABLE 5.53

108

Time of Occurrence of the Most Stable Lapse Rate (°F./1000') by Height.

200! 0100

35
200 - LOO' 0600
LOO - 600'% 0700

600 - 810t 0900

All Year Winter Summer
Lapse Rate Lapse Rate Lapse Rate
Value Hour Value Hour Value
-18.6 00000 -15.7 03 -25.7
6.7 0700 5.7 0500 -9.0
-3.3 0700 -4.3 0500 -3.9
-2.4 0900 -L.2 0700 -1.6

% L0O0 - 600! and 600 - 810' lapse rates have been calculated by
applying a -0.6°F. correction to the 600! temperature and should
be treated with caution.

affected.

The hour of occurrence will not be
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TABLE 5.55 140

Average Lapse Rates at Rye, England (51°N.), June 1945 - 1948

Layer Average Height of Layer L%pse Rate
Heights in Feet Feet ("F./1000")
3.5 = 50 27 -10.1
50 - 155 100 -2.0
155 - 350 250 +0.1
3.5 - 155 79 4.5

TABLE 5.56

Average Lapse Rate at Oklahoma City, U.S.A. (36°N.) December 1966 - May, 1967

Layer Average Height of Layer Lapse-Rate
Heights in Feet Feet (°F./10001 )
6.5 - 148 i -4.0
148 - 295 222 +0,61
295 - 591 138 +1.12
591 - 872 726 +1.30
872 - 116L 1018 +1.42

1164 - 1456 1310 +1.60



TABLE 5.57

Comparison of Ismailia, Rye, Oklahoma City & Winnipeg Results in the
Lower LOO!

Location Layer Mean Height of Layer Lapse Rate
Feet Feet oF./lOOO'
Rye 3.5 - 155 79 =l.5
Oklahoma City 6.5 - 148 (4 -4.0
Winnipeg 35 - 200 117 -6.7
Ismailia 53 - 200 125 -L4.1
Oklahoma City 6.5 - 300 153 -1.6
Rye 3.5 - 350 177 T840
Winnipeg 35 - L0OO 218 -3.6

Ismailia Not available



Table 5.58
Maximum and Average Values of Positive Lapse Rate (°F/1000'),

for each Month, Winnipeg C.B.C. Tower, Oct.1969 - Dec.1971

35'-2C0' Level

112

Year 1969 1970 1971
Max. Time Avg. Max. Time  Avg. Max. Time  Max

Month | L.R. L.R. L.R. L.R. L.R. L.R.]
Jan. 2L . 17 3.8 17.2 13 6.2
Feb. 8.7 0 L. 15.1 12 5.0
Mar. 15.L4 13 l.5 38.9 12 5.6
Apr. 25.0 12 L.7 26.4 10 6.2
May 3.4 15 4.9 18.4 14 8.1
Jun. 21.9 9 7.5 34.5 13 6.5
Jul. 972 16 6.7 28.1 8 6.6
Aug. 25.9 13 9.8 16.6 8 8.9
Sep. 30.1 17 8.0 25.8 11 7.0
Oct. | 18.7 13 5.2 20.7 14 7.4 22.5 1 5.3
Nov. | 22.2 13 W 18.5 1 6.6- 16.7 13 L.3
Dec. | LkL.1 6 3.9 22.0 10 5.7 15.1 13 b1y

351-,00"' Level

Jan. 1L.6 17 3.9 11.0 13 L.
Feb. 27.8 11 L1 8.3 12 .4
Mar. 6.6 10 3.9 14.7 12 4.8
Apr. 9.7 12 2.9 10.5 T3 5.2
May 19.0 15 4.0 12.4 n 6.7
Jun. 13.3 9 6.3 15.7 1 5.8
Jul. 13.8 12 5.9 14.0 11 5.9
Aug. 12.8 13 74 11.3 i 6.6
Sep. 14.5 11 6.1 23,0 11 6.1
Oct. | 16.2 12 L.8 10.9 12 6.0 12.4 9 5.2
Nov. 9.1 13 L.3 11.6 1 5.3 9.3 13 L.0
Dec. 6.0 13 3.7 10.6 10 L.6 9.8 i3 L.
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Table 5.59
Maximum and Average Values of Positive Lapse Rate (°s/10001),

for each Month, Winnipeg C.B.C. Tower, Oct. 1969 - Dec. 1971

351'-600" Level

Year 1969 1970 1971
Max. Time  Avg. Max. Time Avg. Max. Time Avg.
L.R. L.R. L.R. L.R. L.R. L.R.

Month
Jan. 5.1 12 2.8 7.8 15 3.1
Yeb. 545 14 3.0 5.9 15 3.2
Mar. 5.3 1k 3.0 8.3 13 3.6
Apr. 8.2 12 2.4 7.4 13 L.o
May 13.6 15 Bl 8.7 1L 5.0
Jun. 9.6 9 4.8 10.3 13 L.k
Jul. BT 12 L.5 9.8 11 L.6
Aug. 9.5 8 5.6 27.9 20 5.0
Sep. 10.8 16 L.7.| 10.9 M L.6
Oct. 9.3 13 3.9 8.3 12 L.6 T.6 15 3.9
Nov. 8.2 13 3.4 9.3 10 L.o 5.9 12 2.9
Dec. L.6 13 2.8 6.4 11 L4l 6.6 1L %

35'-810' Level

Jan. 547 13 3.0 7.1 15 3
Feb. 5.8 1 3.1 6.2 15 3.5
Mar. 5.9 13 3.1 6.8 13 34T
Apr. 5.9 12 2.4 T8 13 L.L
May 1148 15 3.4 9.3 15 5.k
Jun. 8.8 9 5.4 8.8 13 .9
Jul. 9.7 13 L.9 9.2 19 L.9
Aug. 8.6 13 5.6 8.2 1 5.4
Sep. 9.0 11 L.7 12.3 10 5.0
Oct. 8.5 12 1y 7.8 12 L.9 7.4 1L L.2
Nov. 77 13 3.8 8.8 g h.2 6.0 12 3.2
Dec. 5.2 13 3.2 6.1 11 3.2 6.3 12 3.6

Data for the 35 - 600' layer should be treated with caution (see chapter 5)
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Table 5.60
Maximum and Average Values of Positive Lapse Rate (°F/1000'),
for each Month, Winnipeg C.B.C. Tower, Oct. 1969 - Dec 1971

200'-400' Level

Tear 1969 1970 18971
Max. Time Avg. Max. Time  Avg. Max. Time  Avg.
L.R. TR L.E. Till. L.R. L.R.
Month
Jan. Taly 8 3.8 8.4 13 3.8
Feb. 852 14 3.9 8.1 14 L .1
Mar. 9.7 14 3.6 | 10.2 M li3
Apr. 5.8 13 2.3 10.0 11 L.8
May 8.4 11 3.3 15.8 0 5.6
Jun. 8.8 1 5.2 23.1 21 5.7
Jul. 20.8 12 5.2 | 20.9 8 5.5
Aug. 10.7 10 R 18.6 2 L
Sep. 19.1 12 L.9 | 20.7 1 5.4
Oct. |15.3 2 it | 188 3 54 | 8.7 10  Ea
Nov. |11.1 3 0 7.9 g3 L.6 7.1 1L .1
Dec. | 6.0 22 3.8 8.3 12 L.0 8.1 12 L.5
L,00'-810' Level
Jan. 5.0 8 2.8 5.2 14 2.5
Feb. s, 13 3.0 6.0 13 3.1
Mar. 5.7 1k 2.5 5.6 18 3.1
Apr. Tt 12 2.2 8.7 12 3.6
May 5.6 13 2.8 | 13.2. 18 4.3
Jun. 6.1 12 .0 7. 18 3.9
Jul. 103 12 L.0 | 14.3 19 3.8
Aug. 9.8 16 .1 4.7 10 L.
Sep. 8.4 10 3.8 13.4 10 4.0
Oct. 8.2 i1 3.9 7.5 22 3.9 7.0 13 3.h
Nov. 6.5 13 3.6 647 2 3.5 9.2 14 3.0
Dec. 5.0 13 2.8 5.2 13 2.9 6.3 5 3.1
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Table 5.61

Maximum and Average Values of Positive Lapse Rate (°F/10001),

for each Month, Winnipeg C.B.C. tower, Oct. 1969 - Dec. 1971

Year 1969 1970 1971
Max. Time  Avg. Max. Time  Avg. Max. Time  Avg.
Month | L.R. L.R. L.R. L.R. L.R. LRy
Jan. i 12 1.6 3.9 15 1.4
Feb. 3.5 (n 1.8 3.8 17 L.7
Mar. L.5 14 T 8.2 16 1.8
Apr. 16.6 13 1.6 [16.5 3 2.0
May 8.1 3 1.6 |11:5 0 1.9
Jun. T1 43 21 2.2 8.2 13 2.0
Jul. 4.2 12 2.0 |164] 7 2.0
Aug. 12.9 18 gl 20.5 14 3.0
Sep. i % 16 p2 |10.0 10 1.9
Oct. | 13.4 13 2.5 | 6.5 10 2.0 [ 6.3 B . Ty
Nov. 9.4 13 2002 5.7 12 2.0 |L6.8 22 Teadl
Dec. | 12.5 15 1.5 3.2 2 1.5 6.7 5 1.6
600'-810"' Level
Jan. 10.8 13 4.2 8.9 W L2
Feb. 9.4 5 L.y |10 13 6.2
Mar. 8.4 11 3.9 10.8 12 5.1
Apr. 7.0 16 3.1 1h.h 12 5.7
May 10.3 12 L. 37.9 23 6.9
Jun. 16.3 22 6.2 33.2 21 6.3
Jul. 23.6 13 6.3 [26.7 19 6.2
Aug. 1.6 13 6.3 |18.6 L 6.0
Sep. 173 10 5.8 |17.5 8 6.3
Oct. S.6 12 5.8 22.5 2 6.0 1147 13 5.8
Nov. | 25.6 6 5.2 1.8 9 5. G.3 12 L.7
Dec. | 7.5 15 L. 8.5 14 4.3 |1C.5 18 4.8

All data for the 600' level should be treated with caution (see chapter five)



Figure 5.16 (over)
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Figure 5.18 (over)
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Table 5.63

Diurnal Variation of Average Monthly Temperature (°F.)

C.B.C_ Tower October 1969-December 1971

Height in Feet 35! 200" 400! 600" 810!
Month

Jan 5.4 2.4 2.0 1.9 2.1
Feb 9.2 6.0 5l L.6 4.0
Mar 12.5 7.5 5.1 3.6 2.8
Apr 12.8 10.2 8.7 7+5 6.8
May 17.5 4.2 12.4 11.0 9.8
Jun 17.3 12.8 10 8.6 7.6
Jul 15.6 11.5 9.4 8.0 T2
Aug 19.1 1.1 10.6 8.8 7.8
Sep 16.5  12.1 9.2 7.5 6.3
Oct 2.2 9.1 7.0 5.6 s 7
Nov 5.9 L. 3.5 2.5 2,p

Dec )i T 3.0 it =2 0.6



Month

Jan
Feb
Mar

Apr
Jun
Jul
Aug
Se

Oct

Nowv
Dec

Month

Jan
Feb
Mar

Apr
May
Jun

Jul
Aug
Sep

Oct
Nov
Dec
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Table 5. 64
Time of Occurrence of Maximum Temperatures
by Months and Heights
Height 35! 200 L00! 600! 810!
1500 1600 1600 0120 0100
1600 1800 2100 2100 2100
1500 1700 1800 1800 2000
1600 1700 1800 1800 1800
1600 1700 1700 1700 1700
1600 1600 1600 1600 1600
1500 1600 1700 1700 1700
1300 1300 14,00 1500 1500
1400 1500 14-1500 15-1600 1500
1500 1500 1600 1600 1600
1500 1500 1500 17-2000 20-2300
1400 1700 1800 1800 1800
1300
0600
Table 5. 65
Time of occurrence of Minimum Temperatures
by Months and Heights
Height 35! 200! Loo! 600" 810! Sunrise
0700 1100 1100 1100 1100 0822
0600 0700 0700 0900 0700 o07LO
0700 0800 0900 0880 0800 06L3
0600 0700 0700 0700 0800 0537
0500 0600 0600 0600 0600 oLLl
0500 0600 0700 0700 0800 oL19
0400 0500 0600 0600 0700 0436
0500 0600 0700 0800 0800 0518
0600 0600 0600 0600 0600 0605
Q0700 0700 0800 0900 0100 0651
05-0800 0800 0300 0100 0110 o7l
0700 0900 0900 0900 0900 0821
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Approx 7, frequency of occurrence

Aep }o InoH
9L 14! L oL

Il -

et -

gr-

00C-S¢ ——
00P-007 ~~—~==~
O18-00¥ -coceeeeree

08-S ————

L,3unr- g9, 100 Jamol gD Badiuuipp
siaAe| { 10} suoisianul jJo Aouanbaiy

L*9 a.amIty

~00L

-00C

~00¢E

2

w
No. of occurrences

-006



126

Aep jo inoH

ve [AA (074 8l 9L vl al oL 8 9 1 4 [A 0

1 1 1

et L LT L LR Ll L TP

B R T bt i
*.

i g
Sl
AR

: 0

-a -l
Seagnn?®

-00L

- 051

&
occurences

o
&
of

:
N

- 00V



127

(9ATF 151dBy0 83s) UOTINED UM PSGesd} 89 PTOOUS TSAST 1009 343} SUTATOAUT sasfel JOF BLBD IV

q* L

£°9

8 1L
0°€L
L
s
0" g
nen
ARAY
89t
€2n
L*61
Legn
nene
€

*20p Jo
*bauayg

4

ongL

LLEL

8mse

Lege

B9LE

LEQS
gomoL
ZL6
5869
£86L
8516
LEm
2nsolL
&ML
6856
*200 Jo
SJMOY
Jo oy
99912

Hvax TIV

68

gL
0°8s
L*gs
9* 1§
A
61
€05
6*2€
L°09
AR
205

*220 jo
*baxy

4

€ES

LLS

slo!

L85

2oL

neEnE
6LME
§S0¢
2082
8962
65LE
8méL
965€
sfhe
LLéz

*20p0 JO
samoy
3o *oN

265
I INIM

. . : UOTSISAUT
€9 me 49 LSE 2L L odd) pue pumozy &y
T afeT ,
9N 0se €5 6w €9 we Ul om et ek i
(#oT3g TBIINAN)
6°LL omng I LE 2oL 6.8 IS8T ,008+15€ UF
jou gnq *aur Jaddp ¢y
S TR TR T G TR (b i L S
i 966 T L TR R o BT TR
6 8¢ 9602 €m SE6L . L glee 1018=1§€  taur M
621 90€2 em  eloz 8 M 1882 1009=4S€ AUl €
L*6€ Loiz oI 616l 60m  og€e 1001-a5€ AUl 2
Tl LA o' 22l 'z Lgsl 1018=1007 "auL 6
9°0¢ 5991 ot 3y L€ 0161 1018-:002 *auT L
L"9€ 8961 §rit €LLL L*6€ 852¢ 1009-.002 *aul 9
0°sL 018 Lol 66N §'slL 088 1018=1009 AUl QL
greEn nsee Len Lé61L | s652 1009-4007 *aur g
€ o€ LESL g ee Sost gret 8981t 100%-4002 *aur S
L gizz 9*en 6861 99 oLne 1002-16€  "aur L
*30Q JOo *20Q jJo *20Q Jo "22Q jJo 090 Jo 930 JO
*baayg sanoy *baay SINOY *baayg SJanNoY i) mMMMM
¥ Jo roy ¥ Jo oy ¥ Jo *oy #°
SJNoY Ut
BLES elsn 2695 a27g ardusg
NHOIOV NS ONTHS

L6103y = §561°300 ‘uamoy gy Fodruury
fsadf], uoTsaaAuT | J0F suosmag £q fousubaay ¢ pue Lausnbaay
€ "9 °19EL



128

(8ATF xe3deno 98s) UOTANEBO UYATM PalRed] 8q PTNOYS ToAST

9L

€9

L*0lL

9L

LA

nesn
B EN
men
22t
B"9¢
2'5€
ge2€
L' 1€
e he
£

*200 Jo
*baagyg

¥

EM9L

g9cL

62€e

6ME
goLe

LEgs
LL56
zLmé
5869
€864
6£9L
650L
gnLs
1ML
6956

*200 Jo
samnoy
Jo ‘o

99912

uviax 1TV

2 Ll 199
69 0€s
991 986
st 48
gl 2not
0°8s neEne
§°€S £61€
915 990€
AT 2082
161 8962
05N 6992
0°0S 5962
£ on 16€2
2t Sz
2°0% LL6Z
*20Q Jo *29p JO
*baag samoy
¥ Jo *oN
n26s
WIINTM

2's nge
o™ 8me
8'6 8es
L*e €Ll
il 9£6
6°8€ 9602
§'ge  sloz
1% lole
miz U
9'0€ 5991
ToE BE9L
592 Leml
§r9¢ LEML
£°0€ LE9L
i €12z
*000 Jo *00p JO
*bagy  samoy
g Jo oy
8LES
W0 IOV

1's

25

€M
st
0"
01z
1 0€
8 LE
661
msg
g'at
g 2n

*200 jJo
*bazg

p

ofe

ine

852

Lig

ag6L
6€61
6161
2zl
£TML
8L
0€6

681LL
s0SL
6861

*2020 j0
sanoy
Jo “oN

eLlon
TTHNS

1009 89U} JuTpniout sIefeT JIOT BYEP TTY

UOTSJISAUT
6L 2a Jaddp pue pumoan
o9 e e Al e

(MoTeg TRIjNAN)
8°6 855 Ia£BT ,002-15€
ut jou 4ng -auy Jaddp
0'L 65 b e
(41002 03) AUl puUmMO.ID)
0Ll €lé 3JOTY TeI3usN -.018
07 30U §nQ "AUT pPUNOID
L zlez 1018-15€  taul
ston  Toez 1009-5€  TAuT
§°01% oggz 1007-4 56 "auT
g-l2 L1851 10 18=4007 *aur
L'EE 0l61 1018=4002 "AUT
et |amnglL 1009=:00¢ "aur
5°0€ Lell «0Ll8=4009 *4aul
Lsz @9 1009-100% *auT
8 zE 8581 1001-41002 ~AuT
9°9%1  oune 1002-15€  "auL
OWWQMM .uMOhﬁWM sqmy ssde
g o -on Jo sdfy
295 foriic. S0
ONTUdS

UOT}23LI0) J G+~ PBY SBY BIBQ amjeaduay, ,009
LL6L 930 - 6961 *300 ‘Iamoy *ptgry Fedpuury

fsadfy uorstasur G| IoJ suosesg Aq Louenbsiy g pue Aousnbaxg
J. ‘9 91qEl

SL

m

£L

2l

=1 -
-

— W@ O WO~ ™M



129

TABLE 6.5

Frequency of Highs and Lows in the Winnipeg Area

by Months according to Sands (1966)

OCT. NOV, DEC. JAN., FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT.
HIGH 36 36 55 6L 81 97 91 77 61 52 L6 4o

LOW 34 47 L3 50 20 Lo 3 L2 60 50 L6 60

A high is taken to be the sum of features 101, 102, 103, and 10L.

A low is taken to be feature 66. (See Chapter Three)
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% Occurence of 35'-200' Inversions by Hour of Day and Month,

Tower, Oct. 1969-Dec. 1971
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Table 6.7
% Occurence of 200'-L400' Inversions by Hour of Day and Month,

C.B.C. Tower, Oct.1969 - Dec. 1971
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Table 6-8
% Occurence of L00'-810' Inversions by Hour of the day and Month,

Winnipeg C.B.C. Tower, Oct. 1969 - Dec. 1971
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TABLE 6.21

Observed Maximum Temperature Differences

by Layers in the Lower 810!,

LAYER MAXIMUM TEMPERATURE DIFFERENCE °F.
35 - 810! 32.9
35 - 600! 30.9
35 - Loo! 25.0
35 - 200! 22.7
200 - LoO! 15.8
200 - 600! Not available
200 - 810! Not available
LOO - 600! 16.5

600 - 810! 11.5
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Average Wind Speed and Wind Shear during Maximum Inversions.

TABLE 6.25

IAYER
35 - 200!
35 - Loo!
35 - 600!
35 - 810!

200 - LOO!

LOO - 600!

600 - 810!

35! WIND

5
76
8.6
10.0
10.3
11.9

15,1

WIND SHEAR

8.5
6.3
10.2
13.0
el
5.4
1h.1

810' WIND

16.2
13.9
18.8
23.0
21.7
17.3
29.2

158
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TABLE 6.26

Frequency of Occurrence of Maximum Inversion by Time of Day.

LAYER (Heights in Feet)

TIME

PERIOD 35-200 35-810 200-400  L0OO-600  600-810!
2300 - LOO 17 L7 9 7 1
0500 - 1000 7 8 16 14 10
1100 - 1600 0 0 0 3 3
1700 - 2300 3 2 2 3 3
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TABLE 7.1

Generalized Airflow Types Affecting Winnipeg

WINTER SUMMER

N. airflow from Arctic N. airflow from Arctic Ocean
Ocean (cA) (mP - mA)

NW flow from the Yukon N. airflow from the Yukon
(mPyg,) (nP_)

W flow from S. Alberta W flow from S. Alberta
(mP. ) (e, )

SW flow from Montana SW flow from Montana (mP_ )
(mpsw) SwW

S/SE flow from U.S.A. (mT)
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Table 7.2

Iist of Days Selected for Detailed Analysis

Period Dates
2 23rd. - 26th. January, 1972

17th. - 19th. February, 1971

27th. = 30th. July, 1971

i & w

10th. - 19th. August, 1970
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Figure 7.2

Fig. 7.2 WEATHER OF JANUARY 15, 1972
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Temperature (°F)

Figure 7.3
Fig. 7.3 WEATHER OF JANUARY 16, 1972
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Figure 7.4
Fig. .4 WEATHER OF JANUARY 17, 1972
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WEATHER OF JANUARY 18, 1972
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Height in Feet

Figure 7.6
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Figure 7.7

Fig. 7.7 WEATHER OF JANUARY 24, 1972
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Figure 7.8
Fig. .8 WEATHER OF JANUARY 25, 1972
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WEATHER OF FEBRUARY 16, 1971

Lapse Rate (°F/1000")

-
=
"6 434
o
g’ 3% ) 4 " 12 6 20 24 0 4 8 125 a0
9 Hour of Day Hour of Day
= Fig. 7.10 (b) LAPSE RATES Fig. 7.10(c) LAPSE RATES
114 - — = 35-200° - — = 35-200°
— = 35-400' v o= 200-400"
-+ 35-600° -~ 400-600°
e T B 6 = 5 — — 35810 600-810°
Hour of Day = . : ¥
Fig. 7. IO(a) TEMPERATURES Fig. 7.10 (d) ABSTRACT OF DAILY WEATHER MAP
D &
8 | /
E ©
o f
T g
2 3 4 5 &6 7 8 ? 10 11 12 1314 15 16171819 - 20 2122123

(4] 1
Temperature °F
Hour of Day

Fig. 7.10 (¢) VERTICAL TEMPERATURE PROFILES




Figl_]{e Toill
Fig. 7.11
|
=i 38
- = 200’
-+ 400'
] 600°

e 810

(%] (=]
S @
L i

Lapse Rate (°F/1000°')

20

Temperature (°F)

a + 8 B mioru
Hour of Day
* Fig. 7.11 (b) LAPSE RATES
| — —— 35.200'
10 - -= 35-400'
-+ 35-600°
6 , . : = = — — 35.810°
0 4 B 12 |[+] 20 24
Hour of Day

Fig. 7.11 (a) TEMPERATURES

800 1000

600

Height in Feet
400

172

WEATHER OF FEBRUARY 17,

Lapse Rate (°F/1000")

L 8 6 20 24
Hour of Day
Fig. 7.11 (c) LAPSE RATES
- = = 35.200
= - = 200-400'
-~ 400-600°
600-810"

NN

1971

Fig. 7.11 (d) ABSTRACT OF DAILY WEATHER MAP

o
=2
~
= - O ]
= sz =% 8 o R 38 ANB8RGES B2k
m e Mo ] I - @ ®
(o 12 3 4 5 & 7 8 9 10 11 121314 151617181920 2122 23

Temperature °F
Hour of Day

Fig. 7.11 (e) VERTICAL TEMPERATURE PROFILES




173

Figure 7.12

Fig. 7.12 WEATHER OF FEBRUARY 18, 1971
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Figure 7.13

Fig. 7.13 WEATHER OF FEBRUARY 19, 1971
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Figure 7.1L

Fig. 7.14 WEATHER OF JULY 27, 1971
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Figure 7.15
Fig. 7.15 WEATHER OF JULY 28, 1971
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Figure 7.16
Fig. 7.16 WEATHER OF JULY 29, 1971
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Figure 7.17

Fig. 7.17 WEATHER OF JULY 30, 1971

——= 35
e = 200°
wereaens 400
600’ 1A
+HH- B0

Lapse Rate (°F/1000')
Lapse Rate (.°F/'|000')

0 B 12 6 20 24 “Ja 4 8 20 8V i200 24
Hour of Day Hour of Day
Fig. 7.17 (b) LAPSE RATES Fig. 7.17 (c¢) LAPSE RATES
— —— 35.200' - — — 35-200°
----- ~ 35400 =+ = 200-400'
cveonene 35600 ey e ‘00.600:
2 H 8 12 16 20 24 35-810° e e .
Hour of Day 7 =
Fig. 7.17 (a) TEMPERATURES Fig. 7.17 (d) ABSTRACT OF DAILY WEATHER MAP
8
® &
: \
£ § )
Zs e
5 :
% | =
"g58 3 Yy 2 2 2 5 33 32339 s 8§ agq

01 2 3 4

Tem ture °F
Hour of Day Fig. 7.17 (¢) VERTICAL TEMPERATURE PROFILES

w
o

7 8 9 10 11 1213 14 1516 171819 2C 21 22 23




Temperature (°F)

Figure 7.18

Fig. 7.
- — = 35 174 i3
} e 00° N
400 == 28
] 600 & e = 3

s 8107 |

] | \

12 -] 20

8
Hour of Day

Fig. 7.18 (b) LAPSE RATES
— —— 35.200'

\ == 35-400'

b e eaes 3656001

- r . - — — 35-810°

0 4 B 12 1. 20 24

Hour of Day

Fig. 7.18 (a) TEMPERATURES

3

4

4
ra
]
L
L}
1]
]
]
I
1]
]
[
i
]

800 100

400

Height in Feet
400

24

179

AN

18 WEATHER OF AUGUST 10, 1970

1
: 1
o (R
— 134 v T |
o Vv 'ql [l
. 1
8-23- I |
— I 1
= . )
%'33 : 1 I' ."'
) ! Iy
D -43 | ‘:
a: I
e i
Q Ly
g
= \
e 1 ST
I '._ I
-734! 1 .'
\
|
83 . 3 b
0 4 8 Y e T L e, )
Hour of Day
Fig. 7.18 (c) LAPSE RATES
— = = 35-200°
= .= 200-400'
++evee 400-600'
600-810°

(3 1

2

Fig. 718 (d) ABSTRACT OF DAILY WEATHER.MAP

o

=1

™~

=] ™ 0 g g = ¥ L B T T T = R =
R s @ v o d T 3 & =
38 = 2283 b 3 -~ R RE8& 3 S 88a3an~ N~ ~ %
o 1 2 3 4 5 o F 8 9 10 1M 12 13 14 1516 17 18 19 20 2% 22 23

Temperature °F
Hour of Day

Fig. 7.18 (¢) VERTICAL TEMPERATURE PROFILES




Figure 7.19

.

......... 400"
600’

HH- 810

Temperature (°F)

0 4 B 2 16 20 24
Hour of Day
Fig. 7.19 (a) TEMPERATURES

800 1000

600

Height in Feet
400

200

o Fid

G

Lapse Rate (°F/1000')

180

144
-26) 3 j)’l
.I“,
364 {
e
[
46 nog
In
580y .H I
Vo
sl 1/_ ; . » .
] 4 8 12 W, 30 2%
Hour of Day
Fig. 7.19 (b) LAPSE RATES
— —= 35-200°
— = 35-400
—— 35-810°

/1000")

e

Lapse Rate (°:

-4 6 —

0 4 8 12008 20 24
Hour of Day
Fig. 7.19 (¢) LAPSE RATES
- = = 35.200
== 200-400'
e 400-600°
600-810°

WEATHER OF AUGUST 11, 1970

L
)

N i
0 0

|

. 7.19 (d) ABSTRACT OF DAILY WEATHER MAP

0 1 2 3 4
Temperature °F
Hour of Day

5 -] 7

872

- vy
wy -
~ @

B ? 10 1 12 1314151617 1819 20

Fig. 7.19 (e) VERTICAL TEMPERATURE PROFILES

894

Za G\

896

as0
. FAl

9
2

B4

o~ b
o -]
~ ~

82

21

792

L]

738

2123




181

Figure 7.20

Fig. .20 WEATHER OF AUGUST 12, 1970
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Figure 7.22
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Fig. 7.25 WEATHER OF AUGUST 17, 1970
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Figure 7.26

Fig. 7.26 WEATHER OF AUGUST 18, 1970
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Figure 7.27

Fig. 7.27 WEATHER OF AUGUST 19, 1970
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Table 8.1

Wind Speed and Direction Frequencies for Winnipeg

W.M.0, Model B

PFRIND SEPTEMBEM 1957-196%

STATION  WINNIPEG INT & maN PERIND  NIVEMRER 19571986 STATION  WINNIPEG INT A MAN
M FE AN M ONTHLY mEAMN RONTHLY

WIiWND SPEED FREUUEMNECY (MPHY MO0 B WwiND SPEED FREUUENCY ERFHTHODR ME AN

1-3 “=7 B-12 13-18 19-2&4 25-31 37-38 3%-ab 4T-5& 55-83 64-75 75+  TOTAL ;:::.. 1-3 &=T B-12 13-18 19-24 25-31 32-38 39-4b &7-54 55-63 6475 75+ TOTAL SPEED
CaLm 9.6 CALM 11.5

WNE 2.3 11.0  12.1  11.2 4.5 1.8 .2 42.8 1.7 MNE 1.1 S.6  Ml.s 13.2 5.3 1.8 o2 38.8 13.5
NE 3.1 13.4 11.0 Bk 1.8 -5 6.2 9.3 NE 1.8 7.9 Y.H 7.7 lah l 268.7 10.%
ENE 1.0 5.0 2.9 2.7 1a3 b 153 1n,.2 ENE -5 4.5 5.2 4.0 «T .l 15.0 10.%
E 1.5 5.0 5.5 2.9 o .2 15.% 9.7 F 1ot 4.8 het 2.9 . 14.9 9.2
ESE 1:1 4.5 6.6 4.t 1.1 17.9 10.3 ESE . 3.8 5.7 S.b -9 ok 16.8 11.4
SE 2.5 12.0 10.9 9.4 1e4 o 36.6 9.9 SE 1.3 7.8 10.4 B9 1.6 51 30.1 10,7
S5E 1.8 9.2 14,4 17.7 B.t 1.2 ol 57.9 13.2 S5F 1.7 10.0 1&.5 15.3 &3 2.0 ke 4B.2 12.5
H 3.5 l4.6 28,9  39.4 16.0 4.8 107.2 13.5 5 3.0 15.5 26.5  3B.3  1%.s  10.5 1.1 ol 116.6 14,8
S5W 1-1 9.8 17.5 13.7 5.0 -8 £7.9 11.8 S5 1.1 9.5  17.1 12.0 3.8 .t LAE 11.3
SW 1.8 9.8 18.2 7.7 1.5 1 39.1 10.0 5w Z.% T.8 10.9 4.7 1.0 <5 2608 Pk
L 1% 8.4 13,9 8.2 2.8 -5 35.3 10.9 wEW g Eal 5.8 3.2 2.8 o5 20.3 10.86
W P 14.3 25.9 11.0 &l 1.5 §9,2 10. - 73 9.7 16.3 Ha® 3.5 ) %3.1 10.8
L] 1.0 8.8 15.0 Ll.% Sk 2.3 »2 a4.1 12,6 W 1.3 Bak 17.8 13.3 bals 2.2 e ] -l 48,2 13.8
Hw 1.7 10.1 19.8 16.0 10.0 4,0 7 .1 62 .0 132.7 N 2.1 9.1 78.7 31.5 15.9 0.8 3.1 -3 95.5 15.8
LLL] 1.1 b7 16.3 14.5 &9 1.% 2 &5 .6 12.9 LT 10 ] 12.5 168.% 13.5 bt 1.4 ol LT 1ta
" 3.0 10.7  15.1  15.5 T. 2.0 .7 54 .4 12.7 N 1.9 Be%  16.2 17.0 10.9 2.7 1.0 CLRP el
TOTAL 30.1 153.3 234.0 192.3 Toa? 22.2 2.2 = | 720.0 11.8 TOTAL 25.4 121.1 217.0 204.5 92.2 39.7 Tak 1.1 -1 3.1

PERIOD DCTOBER 1957-1966 STATION  wiINNIPEG INT & MaN PERIOD  DECEMHER 1957-196% STATION  WINNIPEG INT & min

MEAN MONTHLY MEAN MONTHLY
WwilwbD SPEED FREOQUEMNWCY IMPHY MOD B WwilwND S PEED FREQUENCY (MPH) WOD B

MEAN MEAN

1-3 =7 B-12 13=18 19-2& 25-31 32-35 39-4& &T-54& 55563 &e-7% 754+ TOTAL SPEEL 1-3 R, §=12 13-18 19-2& 25-31 32-38 39-5& &T=5& 55-63 Ba=T5 75+ TOTaL SPEED
caLm 11.5 CALM 12.3

MNE 1.8 Tet 11.% 9.7 5.2 B 38.5 11.9 NNE 3.1 10.0 12.7 12.4 3.3 o8 = 42.3 1.1
NE 2.8 8.1 1.0 6.2 2.8 .3 27.0 10.1 NE 3.0 Tall 1ie8 6.2 1.7 .1 2%.9 9.8
ENE la% 3.7 2.8 2.3 .2 10.4 B.T ENE 1.5 s 5.0 YT, ] 12.% B.3
E 17 3.9 3.7 2.9 2 12.4 8.6 E 1.8 3.0 5.8 2.5 a7 13.6 9.2
ESE 9 hob 5.3 3.8 -7 .3 15.6 10.4 ESE .9 2.9 4.0 3.7 1.6 o 13.5 11.8
SE 2.7 B.0  11.9 12.1 3.1 .5 38,3 11, SE 1.5 8.0 B.b 1.1 2.7 1.5 .2 29.4 11.8
SSE Lot 8.5 15.0 18.% B.4 2.7 .5 55.2 13.7 SSE 2.1 B.7 14,2 15.3 7.3 2.8 .l 50.3 13.2
5 3.3 16.8 33,5 45,7 23.0 5.2 «5 128.0 14.0 5 A8 ATT 315.4 3B.4 26.8 10.3 s 136.4 14.4
S55u Lok 9.2 15.6 15.0 2.9 -5 b “5,2 12.0 S5w 2.0 8.7 13.3 8.5 2.5 -5 -1 IS8 10.7
Sw 1.7 6.2 13.8 7.9 1s1 .8 2 31.5 il.0 Sw 2.1 10.5 8.k 1.8 o2 23.0 7.3
WiN 1.5 6.1 9.7 5.3 Lot .8 ] 25.0 11.0 WEW s 8.9 5.7 2.3 .1 164 8.0
" 1.8  12.0 21.8 13.3 .t 1.9 ol | 55.6 11.7 w 2.8 1&.1  25.4  13.0 2.9 -5 | £0.8 10.2
W 1.2 8.l 17.3 11.0 5.9 1.7 .3 45,5 12.5 MN W 1.9 12.8 23.1 15.8 3.3 1.2 o2 58.3 1.1
L] 2.1 9.3 28.2 22.0 12.5 7.0 1o sl BO.& 16.7 MW 3.9 12.0 27.0 27.7 12.5 7.8 3.1 .1 93.9 14.5
LT 1.1 1.2 13.7  22.8 11.1 6.0 1.1 a1 63.1 15.5 NN 2.1 7.9 13.5 177 12.0 4.8 .9 58.9 1.9
L] 3.5 12.1  16.4  19.4 8.1 2.6 .5 b2.6 12.7 n 3.2 per I BE B | = 9.1 5.9 .5 G86.5 14.7

TOTAL 30.5 131.4 224,%9 217.9 91.0  31.1 5.4 o2 ¥ Te4.0 12.6 TOTAL 6.6 145.2 229.2 191.5 Bs.8  36.0 6.3 ol Tt 0 12.3
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TABLE 8.12

Duration of Light Winds at 135' Level, C.B.C. Tower

Maximum Value (Hours) 99th Percentile (Hours)
3 % 3 %W
Spring 18 26 L0 1 | 20 38
Summer 11 28 37 9 18 32
Autumn 13 51 66 11 25 L3
Winter 18 30 61 12 21 L9
All Year 18 51 66 11 22 39
TABLE 8.13

Duration of Light Winds Winnipeg Airport 1961-70

Maximum Value (Hours) 99th Percentile (Hours)
3 6 < 3 6 ©

Spring 9 18 30 6 16 21

Summer 7 22 30 7 12 2L

Autumn & 17 37 6 12 2l

Winter 19 25 36 18 22

O

All Year 19 25 37 7 1k 2l
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TABLE 8.1l

Duration of Light Winds for Calgary and Edmonton

Calgary 1963 - 1967 Edmonton 1963 - 1967
3 %< S % %
Summer 16 33 55 1 L6 91

Winter 30 70 119 20 90 1L7
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Figure 8.8

DURATION OF LIGHT WINDS at WINNIPEG C.B.C. TOWER

WINTER 1969-72
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Figure 8.9
DURATION OF LIGHT WINDS at WINNIPEG C.B.C. TOWER

SPRING 1970-72
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Cumulative Frequency

Figure 8.1p

210

DURATION OF LIGHT WINDS at WINNIPEG C.B.C. TOWER

SUMMER 1970-72
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Figure 8.11
DURATION OF LIGHT WINDS at WINNIPEG C.B.C. TOWER

FALL 1969-71
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Figure 8.12

DURATION OF LIGHT WINDS at WIN
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Table 8.15
WINNIPEG CBC TV TOWER STARBUCK

CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
4 MILES PER HOUR FOR

WINTER 1970 = 1972

}

TP L R R L L L L LR R L L P P R P L L R L L L L T P Py

i DURN | |
| IN . DIRECTION |
|  HOURS | ALL N NE E SE S SW W NW |
| | |
| 1 ) 220 17 27 32 20 26 35 39 24 |
| 2 | 129 10 14 24 12 16 16 20 17 |
. 3 | 89 6 11 18 i1 10 7 13 13 1
| = | 64 6 7 14 6 6 4 9 12 |
| 5 | 48 5 5 8 6 4 2 8 1e |
| 6 | 35 5 2 7 2 2 2 8 z i
| 7 | 25 4 1 6 2 1 2 5 4 |
: 8 | 19 3 { ] 2 { 3 3 |
| 9 | 14 2 1 4 2 { { 3 |
) 19 . 13 2 1 4 2 1 3 |
) 11 | 9 2 i 4 1 11
| 12 | 5 2 1 2 |
| 13 | 2 i 1 l
| 14 | e 1 )
| 15 | 1 i |
| 16 | l ) |
| 37 | l 1 |
| 18 | 1 1 |
) 19 | 1 1 |
| 22 | 1 1 )
| 21 | ) 1 |
) 22 ) 1 1 |
| 23 | 1 ! l
| 24 | 1 1 |
| 2s | 1 1 l
| 26 . { 1 |
| |
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Table 8.16

WINNIPEG C3C TY TOWER STARBUCK
CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
4 MILES PER HOUR FOR

SPRING 1970 = 1972

| DURN | !
| IN | DIRECTION |
| HOURS | ALL N NE E SE S SW W NW L
! } |
| { ) 279 18 53 88 {8 32 22 29 19 1
| g | 156 12 28 5 9 16 11 £7 12
! 5 91 7 17 26 6 10 5 13 6 |
| 4 | 51 3 12 17 4 4 3 5 a |
! g 37 2 5 13 4 2 3 4 4 |
| § 28 2 3 11 4 2 1 3 2 |
! y | 16 2 8 2 ! { 1 L
| g i 12 2 5 2 1 1 L1
§ S 9 2 3 1 t 1 t |
b1 | 6 ! 1 1 1 g |
R 5 1 ! { 1 { |
| 42 | 5 4 1 i L ) |
1% i 4 1 1 % 1 l
i 14 | 4 1 1 1 1 |
{ 15 ) 4 1 1 1 1 |
A LI 3 { 1 1 |
| 17 2 1 t |
Lo 2 { 1 |
R ! ! !
io20 | 1 1 |
} 21 | 4 ! |
! | |

CE R L B B B B R A A A R R L L L L L L L L L L T Y L L L L L]
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Table 8.17
WINNIPEG CBC TV TOWER STARBUCK

CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
4 MILES PER HOUR FOR

SUMMER 1970 = 1971

LA R T L N B N B B N B B B B N N I 0 I B N B B B 0 B N I N B B B R N R B B B B N R B B B B B N N N & B &N F§F B & N L 0 & B N |

| DURN | |
) IN | DIRECTION !
|  HOURS | ALL N NE £ SE S SW W NW |
i i l
l 1 ! 262 38 34 69 21 28 22 29 21 |
| 2 ) 133 20 24 34 7 15 8 16 9 |
) 3 ! 71 12 16 17 6 5 4 6 5 |
| 4 l 43 6 11 13 i 3 2 4 3 |
| 5 | 32 4 9 12 2 1 2 2 1
| 6 | 19 3 5 8 | i 1 1
l 7 | 13 3 3 4 1 1 1 |
l 8 | 6 3 | { 1|
| 9 | 4 2 1 1 |
! 10 | 2 1 1 l
| 11 | ! 1 !
| l
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Table 8.18
WINNIPEG C8C TV TOWAER STARBUCK

CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EGUAL TO

4 MILES PER HOUR FOR

FALL 1969 = 1971
I DURN | |
l IN ! DIRECTION l
| A0URS | ALL M NE E SE S SW W Nw |
i | |
l i | 268 34 26 85 39 22 28 40 33
| 2 | 161 21 19 39 16 12 {3 19 23 |
l 3 | 123 13 13 21 i1 7 8 185 15 4
| 4 l 67 8 9 18 7 8 3 7 13 |
) 5 | 48 6 5 12 5 3 2 4 5 S |
) 6 | 36 4 4 9 4 3 4 8 )
| 7 | 25 2 2 6 3 2 3 7
l 8 l 18 i 1 4 3 2 2 5 |
| 9 } 13 1 { 3 1 2 | 4 |
i 12 i 9 1 2 i 2., | 2 |
l i1 | 7 1 1 1 2 2 |
) 12 | 6 { by 2 2 |
| 13 | 3 1 1 1)
| 14 | 2 1 7 .
| 15 | 2 1 1 1
| 16 | 2 1 11
| 17 i 2 1 [
| 18 | 2 1 1
| 19 | 1 i !
| 292 | i 1 l
! | )
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Table 8.19
NINNIPEG CBC TY TOWER STARBUCK

CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
4 MILES PER HOUR FOR
ALL=YR 1970 = 1972

e S s N R N G R PR P RS SE e A WS S SR R mm B e R R T g N me R S S A SR Aw N R e S W W R A S e A R S SR e SR O O G e R -

| DURN | l

|

l IN } DIRECTI1ON |
! HOURS | ALL N NE E SE S SW W NW |
! ) !
| 1 ) 1929 107 149 244 89 128 107 137 97 |
| 2 ! 578 63 85 148 44 57 48 72 61 |
) 3 } 354 38 57 82 34 32 25 47 39 |
| 4 | 225 23 37 59 18 18 12 26 32
l 5 i 163 17 24 43 15 14 8 18 27 |
| 6 | 118 14 14 36 19 7 4 16 18 |
| 7 l 79 | 6 24 7 4 4 1@ yh 7|
| 8 | 55 6 2 18 7 3 2 7 12 |
! 9 | 40 B 2 12 4 3 2 4 8 |
l 12 | 30 4 { 8 4 3 { 3 6 |}
| 14 | 22 4 i 7 3 3. 1 o]
| 12 | 16 4 1 4 1 3 1 2 1
} 173 l 9 i 1 3 1 1 1 f
i 14 | 7 1 2 1 i 1 Lol
) 15 | 7 i 2 1 1 1 L
| 16 | 6 1 2 1 1 1!
l 17 | 5 i 2 1 {atl
| 18 | 5 1 2 1 1]
| 19 | 5] 1 2 |
! 20 | 3 1 2 !
| 2l } 2 2 |
! 22 | 1 i |
! 23 l 1 i !
| 24 | 1 1 l
l 25 | 1 i l
l 26 | 1 1 l
l |



WINNIPEG CBC TV TOWER STARBUCK
CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
9 MILES PER HOUKR FOR
WINTER 197@ = 1972

i\ DURN | l

| IN | DIRECTION l

| HOURS | ALL N NE E SE S SW W NW |

| | ' |

l 1 l 426 27 13 26 44 50 56 129 59 |

} 2 | 272 20 12 16 27 32 35 86 44 |

| 3 | 223 14 8 13 22 23 24 60 39 | -
| 4 | 171 13 6 11 17 20 16 53 35 | o,
| 5 | 149 11 6 8 16 15 14 49 3@ | i~
| [ | 126 10 5 5 14 13 13 41 25 | =
| 7 } 116 9 5 3 13 12 10 41 23 | s
| 8 | 122 8 5 2 11 10 8 38 22 | o
| 9 | 83 7 3 2 7 8 6 31 19 |

| 1@ | 73 6 3 1 8 6 5 29 18 |

| 19 ) 64 6 3 1 5 8 3 25 16 |

| i2 H 59 6 2 5 5 2 23 16 |

{ 13 | 53 6 2 4 4 2 20 i 4

| 14 | 48 6 2 4 4 2 18 e i

| 15 ' 45 6 1 4 3 2 i8 ;s S |

| 16 | 42 6 1 4 3 2 16 10 |

| 17 i 38 4 | 3 3 2 19 1e |

l 18 | 34 4 i 2 3 2 14 8 |

| 19 | 34 4 p 2 3 2 14 8 |

| 20 i 38 4 i 2 3 2 12 8 |

| 21 | 30 4 1 2 3 2 10 8 |

| 22 ) 26 3 i 2 3 i 9 7 1

) 23 ' 25 K 1 1 3 i ) £k

| 24 ) 24 3 1 3 i 9 z 4

) 25 j 17 3 1 1 i 6 5 | N
l 26 i 16 3 1 1 1 6 4 | oo
! 27 | 16 3 1 1 1 6 4 |

| 28 | 14 3 i { 1 5 3 |

| 29 ) 12 3 1 1 4 3 |

| 30 | 12 3 1 1 4 Sk

| 31 | 12 3 : i 4 3 |

| 32 | i0 3 ! 3 =~ B

| 33 ) 10 3 1 3 3 |

| 34 ' 10 3 1 3 . 58

l 35 i 12 3 1 3 3 i

| 36 ! 9 3 1 2 3 |

) 37 | 8 2 i 2 3 .

| 38 ) 7 2 i i 5 i |

| 39 i 7 2 i 1 3 |

| 402 i 6 2 1 i g2

| 41 \ 6 2 1 { e |

| 42 ) 6 2 1 1 2 3

| 43 ) 5 2 1 e i

l 44 ) 5 2 i %l

| 45 | 5 2 1 2 1

! 46 } 5 2 1 2 |

! 47 | 5 2 1 i

| 48 \ 5 2 1 2 5l

| 49 | & i i 214

| S0 | 4 1 1 21

| 51 ) 3 1 { 1513

| 52 | 3 ! 1 S

| 53 A 2 i %

| 54 | 2 { As

! 55 { 1 1 1

| 56 } { { |

) 57 ) 1 | }

l 58 | 1 | |

| 659 l i i |

! 60 ) ! 1 |

' 61 ) i b |

| | |

CE R B B B B B B B B N L B I B 8 B BN N B 0 L0 LR BN E B NN E N § - A R R B B R-N B N N N & K B R B N-0 &R N N N ]
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Table 8.21
WINNIPEG CBC TV TOWER STARBUCK

CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
9 MILES PER HOUR FOR

SPRING 1970 = 1971

-—

| DURN |} |
| IN | DIRECTION l
| HOURS | ALL N NE E SE S SHW W NW |
| | |
| i ‘ 279 43 41 43 22 35 29 41 34 |
| 2 ' 189 26 26 33 14 23 12 32 25 |
| 3 | 141 20 28 25 11 17 8 23 e |
| 4 | 116 18 12 20 9 14 7 19 16 |
| 5 ' 92 16 11 14 > 12 7 16 |
i 6 i 81 15 9 12 5 9 7 16 8 |
H 7 | 65 13 8 8 5 7 4 15 o |
| 8 | 60 12 7 6 5 7 4 14 S |
| 9 } 58 12 7 5 5 & 4 13 5 |
l 1@ ' 56 12 7 S 5 6 4 12 5
| 11 i 48 9 7 5 4 5 4 10 4 |
H 12 i 45 7 7 ] 3 5 4 10 4 |
| 13 | 40 i 7 4 3 4 4 8 3 |
2 4 36 7 6 4 3 4 4 5 3 |
i 15 | 32 6 4 4 3 4 4 4 3
| 16 | 28 2] 3 4 3 3 3 3 3 |
| 17 ) 27 5 3 4 3 3 3 3 3 ]
| 18 | 23 3 3 3 2 3 3 3 L
| 19 | 21 2 3 3 { 3 3 3 3 |
| 20 | 17 2 3 2 1 3 3 2 b
i 214 i 17 2 3 2 i 3 3 2 11
| 22 l 13 2 1 i 1 3 2 2 S
l 23 | 11 2 ! i 3 2 2 l
{ 24 | 11 2 l i 3 2 2 l
| 25 } 12 2 1 i 3 1 2 |
i 26 | 10 2 1 i 3 | 2 |
| 27 | 9 2 { 1 3 2 |
| 28 i 8 { i i 3 2 |
| 29 | 8 1 { i 3 2 |
| 30 l 8 1 1 i 3 2 |
| 314 | 8 i l i 3 2 l
| 32 l 8 i { 1 3 2 !
| 33 } 7 1 1 3 2 l
) 34 | 6 i 3 2 |
{ 35 i 6 1 3 2 |
| 36 ) 5 i 3 | i
) 37 i 5 { 3 ! !
| 38 | o 1 2 { )
| 39 i 2 1 1 |
| 40 | 1 1 |
: }

L B R R R R B P L L L A L L L L P Y P T



220
Table 8.22

WINNIPEG C3C TV TOWER STARBUCK
CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EQUAL TO
9 MILES PER HOUR FOR
SUMMER 1970 = 1971

LE R N N K B N R N N B N N N N} LE R N N B B N N N N NN N N R N R N R N N N N N N ] N e SR RN RS S SR S A S A o W e

| DURN | |
| IN | DIRECTION |
I HOURS | ALL N NE E SE S SW W NwWw |
: | l
! 1 | 342 39 26 44 31 o o) 36 66 45 |
) 2 | 238 34 21 25 20 37 22 47 32 |
! 3 | 204 29 19 22 16 30 19 41 28 |
| 4 | 165 26 16 17 12 24 8 27 25 |
| 5 : 128 21 15 15 31 15 8 22 21 |
i € i 113 20 15 11 ) 12 7 20 19 |
| 7 | 187 19 14 i1 7 12 6 19 19 |
| 8 | 99 19 14 § 1 7 9 5 15 e i
l 9 : 85 19 13 8 4 6 4 14 17 1
' 19 i 76 17 11 7 4 5 3 13 16 |
| 11 | 72 16 11 ] 3 4 3 12 16 |
| 12 | 61 13 9 5 3 3 3 1t 14 |
£ 83 'q 55 11 9 5 2 3. 3 9 13 1
i 14 l 48 19 8 4 2 2’ 2 8 12 |
| 15 ) 42 8 6 4 2 2 i 7 12 |
) 16 i 34 6 5 3 2 1 i 5 : O |
| 17 | 27 6 5 3 2 { 3 Z
! 18 | 23 5 4 K| i i 3 B i
| 19 ' 20 5 4 2 1 { 2 - 1
| 20 | 16 1 4 2 1 { 2 9
l 21 } 15 4 2 1 1 2 5 1
l 22 | 13 4 2 1 2 4 |
| 23 ) 12 3 2 { 2 4 |
| 24 | 9 3 { { 1 3 |
| 25 i 9 3 1 ! i 3 |
| 26 | 8 3 b | 3 |
| 27 i 8 3 1 1 3 |
| 28 : 8 3 1 1 « )
| 29 } 6 2 | 1 e i}
| 32 | 5 2 1 1 ] |
| 31 ) 4 2 1 |
{ 32 | 4 2 1 $ |
| 33 | 3 2 1 !
| 34 | 3 2 1 |
: 35 | 3 2 1 |
l 36 | 2 2 |
! 37 | 2 2 !
! | |



WINNIPEG CBC TV TOWER STARSUCK
CUMULATIVE FREQUENCY OF WINDS LESS THAN OR EGUAL TO
9 MILES PER +HOUR FOR
FALL 1969 =~ 1971}

| DURN |} !
I IN DIRECTION !

! HOURS | ALL N NE E SE S SW W NW |

| | : !

! {1 350 41 17 25 40 60 28 77 62 |

| 2 l 239 29 12 20 22 41 20 48 49 |

! 3 | 189 25 10 18 14 29 16 34 43 | 5
| 4 | 161 21 9 14 11 23 13 33 37 | =
! 5 } 144 19 9 13 11 19 11 29 33 | @
| 6 | 133 17 8 12 10 18 9 28 31| §
! y 3 120 17 5 11 8 17 8 24 29 | &
! 8 | 107 15 5 ) B 16 8 21 25 |

! 9 | 100 14 5 9 8 16 7 17 24 |

|1 | 87 {3 3 8 7 15 5 5 21 |

R 75 11 3 6 7 13 3 14 18 |

! 12 | 71 11 2 6 7 12 3 13 17 |

T S 62 10 2 4 6 10 3 13 14 |

Lo14 60 10 2 4 5 19 3 13 13 4

15 | 56 10 2 4 2 10 3 13 12 |

V16 | 49 8 2 4 2 10 2 11 10 1

. A7 | 44 8 2 4 ) 10 2 9 8 |

L. %8 42 8 2 4 1 10 2 8 7 1

P19 | 36 7 2 4 i 9 { 7 5 |

I 20} 34 7 { 4 { 8 1 7 5 |

b . B o) 31 4 1 4 { 8 1 7 5 )

b Bahy | 26 2 3 1 7 { 7 5 |

o mae ) 23 2 2 { 6 1 7 4 |

J 23 2 2 { < { 7 gy -
I 25 | 20 2 2 1 6 6 3l N
I 26 17 2 1 6 6 2 |

27 15 g 6 6 2 |

I 28 | 13 1 5 5 2 )

L2 | 13 { 5 5 2 |

5 X0 2l 12 1 4 = 2 |

R (e 9 3 4 2

P e | 9 3 4 2 |

[° sl 9 3 4 2"}

S @l 9 3 4 2%

JLE ks S 7 2 3 2]

AR T 7 2 3 2.}

(s 6 ! 3 2

I 3B 6 { 3 2 |

|5 sDE 5 1 3 2 |

| A ] 6 { 3 2:9]

L okdq Tl 4 { 2 i)

| Lrap s X 4 { 2 £

PRV Ay 1 4 ) 2 { |

Lo ot A ek 3 2 Tt

. eas il 3 2 ¢

i 48 i o 2 1

b q/ 9 2 1 |

b v r 48 3 5 {

P gl A 3 2 -5

L SRt 2 1 £ )

B E 1 1]

o mn e 2 { 1 |

o5 BEL ¢ ) i)

AR, T 2 { (=

| 85 | 2 1 31

| e 2 1 [

P ae 1 {

I (Bg. W { o

R 1 1 {2

T 1 Ty

. 1 1

| sy { { ]

o { 381

l 64 | i {1

b B 1 -

! | :
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DURN |
IN |
HOURS | ALL
)
{ ) 1377
2 l 938
3 | 737
4 | 6@2
5 | 5913
6 l 453
7 l 408
8 | 368
9 | 326
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Summer
Autumn
Winter

A1l Year

TABLE 8.25

Duration of Iight Winds by Direction

Winnipeg C.B.C. 35', 99th Percentile Durations

<3 <6 <9 M.P.H.
SE’ N E} N, NW NE, S, W

E, W NE, NW, E NE, E, NW
E, NW W, N, SW NW, Wy, S

E, N E3 S’ N NJ Nw! W

E, SE W, E, NE NW, N, W
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Table 9. 2

Percent Frequency of 3 Lapse Rate Typesby Wind Speed and Season for the 35'-200' Layer

Winnipeg C.B.C. Tower, Oct. 1969 - June 1972

ALL YEAR
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Table 9.5 28
Percentage of Total Winds and Lapse Rates from the North West in Winter

All 2=l >4-9 >9-13 21317 >17-21 >21
Speeds
Wind 26.6 0.5 2,9 5.2 6.3 L.8 6.8
Superadiabatics 32.1 0.4 2.5 L.0 1.0 697 1.2
Weak Lapse Rates 21.6 0.3 15 2.3 3.6 52 8.6
Inversions 275 0.7 3.9 b 8.8 3.8 2.8

Lapse Rates as Percentage of Wind Frequency with

North Westerly Winds in Winter

A1l 2=l >-9 29-13 213-17 >17-21 >21
Speeds ;
Superadiabatics 23.4 167 Sl6e 1.9 12.9 275 10,6
Weak Lapse Rates 24.7 JEaitd ' hee2s 233 Tl 32.8 38.7
Inversions 52.0 66,7 B 7.8 70.0 39.7 20.7
Table 9.6

Percentage of Total Winds and Lapse Rates from the North in Winter

A1l 2=l >Lh-9 >9-13 >13-17 X721 >21

Speeds
Wind 17.9 1.6 2.8 B L.L 2.6 2.9
Superadiabatics 293 1.6 2T 2.l L.9 .0 6.7
Weak Lapse Rates 15.8 1.0 2t 245 3.6 2.8 3.8
Inversions 17.5 1.9 3.3 L.9 L 1.8 0.9

Lapse Rates as Percentage of Wind Frequency
with North Winds in Winter
All 2=l >L-9 29-13 213217 217=21 >21

Speeds
Superadiabatics  2l.1 19. 18,8 -12,8 21.5 30.3 - Lls
Weak Lapse Rates 26.8 gl 22l 205 2L.9 33.6 39.9
Inversions 49.1 61.3 | 588 66.7 53.6 36.2 15.6

b R e Tt e Al O R e e T ==, B =y e e

For the % of total winds and lapse rates from the north-west :
% Wind = 100 times the number of hours of north-west winds / total
number of hours for all winds
% Superadiabatics = 100 times the number of hours with superadiabatics
from the north west / total number of hours for all superadiabatics.
For lapse rates as a # of wind frequency: Superadiabatics = number
of hours of superadiabatics with NW wind x 100 / number of hours of nw winds
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Table 9.7

Percentage of Total Winds and Lapse Rates from the West in Winter

A1l 2=l >L-9 29-13 >13-17 >17=21 >21
Speeds
Winds 15,1 0.3 3.1 3.5 3.3 2.7 2.3
Superadiabatics Tl 0.5 1.6 1.1 (R 1.0 1.1
Weak Lapse Rates 10.5 0.1 1.8 1.3 2.4 241 2.8
Inversions 21.0 0.3 L.5 5.8 L.b i 2.1

Lapse Rates as Percentage of Wind Frequency
with Westerly Winds in Winter

A1l 2-li >h=9 >9-13 H13-17 1 7=21 >21
Speeds

Superadiabatics 9.0 37.5 9.8 6.2 9.8 7.6 9.6

Weak Lapse Rates 21.1  12.5 17.9 11.5 22,2 23.L 37.0

Inversions 69.9 50,0 72,3 B2.3 68.0 69.0 53.3
Table 9.8

Percentage of Total Winds and Lapse Rates from the South in Winter

A1l 2=  dLh=9 >9-13  >13-17  >17-21 21

Speeds
Winds 137 0.3 1% 2.5 1.6 1.9 iy
Superadiabatics 13.7 03 1.6 2.8 1.7 2.0 5.1
Weak Lapse Rates 18.0 0.3 1.h 1.6 1.1 2.2 11.5
Inversions 1541 0.3 1.9 2.9 1.8 1.6 22,5

Lapse Rates as Percentage of Wind Frequency
with Southerly Winds in Winter

Al 2=l  OL=9 >9-13  >13-17 >17=21 >21

Speeds
Superadiabatics 193 £1:1 19.8 21.6 20,2 20,7 176
Weak Lapse Rates 39.9 26.3 2.8 19.6 20:2 35.1  61a
Inversions L0.8 52.6 55.L4, 58.8 59.6 Ll .1 21.5
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Table 99

Percentage of Total Winds and Lapse Rates from the South West in Winter

A1l o2l OL=9  39-13  >13-17 >17-21 >21
Speeds
Winds Tab 0.2 147 B 1.3 143 T3
Superadiabatics 2.2 0.3 0.4 0.5 0.6 0.3 0.1
Weak Lapse Rates T 0.1 1.6 1.5 Tie] Toad T
Inversions 10.0 0.2 243 243 1.8 1.5 1.9

Lapse Rates as Percentages of Wind Frequency
with South Westerly Winds in Winter

A1l o)y =9  59-13 1317 M7=21 21
Speeds
Superadiabatics 5.5 273 L.9 5.9 8.9 3.8 1.3
Weak Lapse Rates 28.4 18.2 28.:2 2647 2l.1 39,2 25,6
Inversions 66.1 sh.5  67.0 67.3 67.1 57.0: 7341
Table 9.10

Percentage of Total Winds and Lapse Rates from the Sauth East in Winter

A1 2=  d4<9  >9-13 213-17  >16-21 >21

Speeds
Winds % TR0 87 7.0 0.7 2.3
Superadiabatics 7.8 0.1 T 1.2 1.4 0.9 2.5
Weak Lapse Rates 12.6 0.6 I Tl 147 142 5:7
Inversions 3.5 0.3 T+3 0.8 0.4 0.4 0.2
Lapse Rates as Percentages of Wind Frequency
With South Easterly Winds in Winter
All 2=l  Oh=9 >9-13 >13-17 >17-21 >21
Speeds
Superadiabatics 2.2 . 2l..3 : 27.6 22.9 2% .

4.8 20,0 1
Weak Lapse Rates 54.0 52.4 34.8 LL.3 51.7 £0.0 73.
Inversions 2L4.8  L2.9 35.9 2 5



Table 9,11

Percentage of Total Winds and Lapse Rates from the East in Winter

A1l 2=l >14=9 >9-13 21317 >17=21
Speeds
Winds 3.8 0.6 1ali 1.1 0.5 0.1
Superadiabatics L.5 %) 1.0 143 1.0 0.1
Weak Lapse Rates 5.7 0.7 0.2 1.8 0T 0.2
Inversions 2.4 0.4 1.0 0.5 0.3 0,1

Lapse Rates as Percentage of Wind Frequency

with Easterly Winds in Winter

A1 2=l >l=-9 29-13 21317 >17-21
Speeds
Superadiabatics 23:2 3hie 13.6 234 3.l 16.7
Weak Lapse Rates L5.5 342  48.1 51,6 37.5 50.0
Inversions 3.3 31.6 38.3 25.0 28.1 33.3
Table 9. 12

Percentage of Total Winds and Lapse Rates from the North East

in Winter
Al 2= Oh=9 >9-13  >13-17 >17-21
Speeds
Winds 3.5 0.3 1.1 0.9 0.6 0.3
Superadiabatics L.5 D2 047 141 17 07
Weak Lapse Rates L.7 0.2 1.4 1.4 0 0.5
Inversions 2.1 0.3 142 0.6 0.2 0.1
Lapse Rates as Percentage of Wind Frequency
with North Easterly Winds in Winter
A1 2=, >h-9 >9-13 M3-17  »17-21
Speeds
Superadiabatics 2L.9 12.5 11.8 23.6 51.4 L2.1
Weak lapse rates  40.7 = 25.0 33.8 L5.5 35.1 L7.4
Inversions 3h.h 62.5 5L4.4  30.9 13.5 10.5
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Table 2.13

Percentage of Total Winds and Lapse Rates from the South in Summer

Al 2= OLh=9  >9-13  M13-17  M7-21 21
Speeds
Winds 178 0.3 2.6 3.6 3.5 33 L.6
Superadiabatics 16.8 0.2 T ot 3.0 3.9 3.1 L.9
Weak Lapse Rates 18.7 0.1 31 L.5 38 Il 33
Inversions
Lapse Rates as Percentage of Wind Frequency with
Southerly Winds in Summer
A1l 2=l  >h4-9 >9-13 213-17 > 7=21 >21
Speeds
Superadiabatics 39.3 BSL EY.7 35.5 15.5 L0.1 L.
Weak Lapse Rates 16.6 1.3 21,0 10.2 9.1 17.8 2.8
Inversions Lh4.1  68.8 51.3 5L4.2 L5.5 L2.1 30.8

Table .14

o Percentage of Total Winds and Lapse Rates from The North West in Summer

A11 ol SLe9  >9-13  313-17  >17-21 21

Speeds
Winds 16,6 g2 2.1 .2 4.5 3.0 2.6
Superadiabatics 20.6 0.2 2.0 3.8 5.6 L.6 L.5
Weak Lapse Rates 14.9 1.2 k% | 3u7 3.4 3.5
Inversions 133 0.4 2.6 5.0 3.8 1.2 0.4

Lapse Rates as Percentage of Wind Frequency with
North Westerly Winds in Summer

A11 2=l  OL=9 >9-13 »13-17 >17-21 >21

Speeds
Superadiabatics Bl 3000 29.0 37.2 51.4 65.2 72.1
Weak Lapse Rates 14.2 9.0 11.7 12.9 18.1 21.3

Inversions 3h.1 70,0 52.0 51.0 35.7 16.7 6.6
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Table 9.15

Percentage of Total Winds and Lapse Rates from the North in Summer

A1l 2=,  >L4-9 >9-13 213-17  >17=21 >21

Speeds
Winds 15.0 1.2 3kl 3.8 3.9 149 1.2
Superadiabatics 15.7 0.6 2.3 3.3 L.7 421 1.6
Weak Lapse Rates 13.1 0.5 1.8 3.1 3.5 1.9 243
Inversions 15.0 1.9 L.2 L.5 3.3 0.7 0.4

Lapse Rates as Percentage of Wind Frequency with
Northerly Winds in Summer

A1l 2=l  S4=9 >9-13 213-17  >17=21 >21

Speeds
Superadiabatics 3.5 22,2 3. 35T L9.7 69.0 55.4
Weak Lapse Rates 13.9 T4 9.2 13,0 14.2 16.1 30.4
Inversions LR.6 70.2 59.2 50.3 36.1 14.9 14.3

Table 9.16

Percentage of Total Winds and Lapse Rates from the West in Summer

A1l 2=, dh-9 >9-13  >13-17 > 7-21 >21

Speeds
Wind 12,5 0.3 2.2 3.8 2.7 1.6 2.0
Superadiabatics 4.1 0.2 2.3 L.y 2.L 1.8 2.9
Weak Lapse Rates 8.8 0.9 2.0 0.8 2.4 2.6
Inversions T2 0.5 2.6 3.8 37 1.0 0.9

Lapse Rates as Percentage of Wind Frequency with
Westerly Winds in Summer

A1l 2=l  OL=9  >9-13 >13=-17  >17-21 >21

Speeds
Superadiabatics L6.7 28.6 L3.1 LB.9 37.3 L7.9 60.0
Weak Lapse Rates 53 6.9 8.5 L.8 2Lh.7 20.2

Inversions h2.2 7. 50.0 L2.6 57.9 270 19,1
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_Table 9. 17

Percentage of Total Winds and Lapse Rates from the South East in Summer

S%%%ds 2=,  >L4-9 29-13 21317 >17=21 >21
Wind 10.8 0 = 2.2 Re5 2.0 13 2.4
Superadiabatics 12,3 0.5 2.3 1.9 241 1.9 3.7
Weak Lapse Rates 8.9 0.9 1.4 1.5 1.4 3.8
Inversions 10.1 0.4 2.6 3.5 2:C 0.8 0.8

Lapse Rates as Percentage of Wind Freguency with

South Easterly Winds in Summer

A1l
Speeds 2-4 >L4=9 >9-13  >13-17 >17=21 >21

Superadiabatics L7.3 58.8 U3.3 31.0 .6 58.1 62.3

Weak Lapse Rates  13.1 6.7 8.6 12.0 16.1 2L.6
Inversions 39.6 L1.2 50,0 60.3 L3.5 25.8 13.2
Table 9. 18

Percentage of Total Winds and Lapse Kates from the South West in Summer

A1l 24 Sh=9  >9-13 313417 >17-21 21

Speeds
Wind 8.7 0.2 2,1 2.2 1.9 {5 1%
Superadiabatics 7.0 0.2 1.9 T3 1.5 0.9 1.2
Weak Lapse Rates 10.6 2l 1.9 2.4 0.8 3.0
Inversions 9.6 0.3 243 3.1 2.2 1.5 0.3

Lapse Rates as Percentage of Wind Frequency with
South Westerly Winds in Summer

A1l 2=l OL=9 >9-13 H13-17 17«21 >21

Speeds
Superadiabatics 33.7 37.5 37.0 25.5 32.2 34.0 45.1
Weak Lapse Rates 19.3 18.0 13.7 20.0 1143 L3.1

Inversions L47.0 62.5 U5.0 60,8 L7.8 5ha7 11.8
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Table 9. 19

Percentage of Total Winds and Lapse Rates from the North East in Summer

Sﬁé:ds 2.), L9 9213 13217  >7-21 21
Wind 5.6 0.2 1.8 1.9 1.2 Ok 0.1
Superadiabatics 359 0.2 1.1 1.0 1.3 0.3
Weak Lapse Rates 8.7 0.1 1.6 2.4 2.4 1.5 0.5
Inversions 6.0 0.2 2.5 2.5 O 0.1 0.1

Lapse Rates as Percentage of Wind Frequency with

North Easterly Winds in Summer

A1l 2= Oh=9  >9-13  >13=17 >17=21 >21
Speeds

Superadiabatics 29.3 37.5 26,5 21.8 Lh.8 33.3
WeakLapse Rates 2L.7 12.58 145 20.7 31.0 61.1 80.0
Inversions L5.9 50.0_ 59.0 57.5 2l 5.6 20.0

Table 9.20

Percentage of Total Winds and Lapse Rates from the East in Summer

Spé%és 2=,  >4=9 39213  D13-17  >17-21 >21

Wind T 0.2 2.0 1.5 0.8 0.3
Superadiabatics 3.5 0.1 1.4 151 0.7 0.2
Weak Lapse Rates 6.2 2.0 1.6 1.6 0.8 0.1
Inversions 6.0 0.4 2.6 1.8 0.5 0.2 0.1

Lapse Rates as Percentage of Wind Frequency with

Easterly Winds in Summer

A1 2=l >4=9 >9-13  >13-17 M17=21 >21

Speeds
Superadiabatics 30.5 22.2 29.0 30.9 40.0 23.1
Weak Lapse Rates 20.9 16.1  17.6 3Lk.3 L6.2 50.0

Inversions 8.6 77.8 54,8 51.5 25.7 30.8 50,0
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Table 9.21a

Lapse Rates as a Percentage of Wind Frequency by Wind Direction
35! - 200' Layer, Winter

Wind % Superadiabatics ¥ Weak Lapse Rates % Inversions
Direction % Wind % Wind % Wind
SE 110 9% L9
E 118 150 63
' 128 135 68
S 100 132 81
W L7 70 (B
Sw 29 93 132
N 125 88 98
NW 120 80 103

Table 9.21b

Wind Speed Ranges (m.p.h.) when Wind Directions Receive more than

their Proportionate Share of that lLapse Rate Class

35! - 200' Layer, Winter

Wind Lapse Rate Class
Direction
Superadiabatic Weak Lapse Inversion
SE 9-21" 2+ Never
E 9-17 2+ Never
NE 9=21 L+ 2=9
S 9-21 17+ 2=17
W Never 21+ L+
SW Never 17=21 2+
N 13+ 17+ 217
NwW 17+ 17+ 2=17

NB. For table 9.21(a) ¥ superadiabatics / % Wind is obtained as follows:

100 x (Number of hours with Superadiabatics from that wind direction)
Total number of hours with superadiabatics from all wind directions

Number of hours with winds from that direction
Total number of hours for all winds




Table

9.22a

Lapse Rates as a Percentage of Wind Frequency by Wind Direction

35! - 200! Layer , Sumer

% Inversion

Table 9.22b

Wind ¢ Superadiabatics % Weak Lapse Rates
Direction % Wind % Wind Z Wind

NE 69 155 107

E 82 132 128
SW 80 122 110

S oL 105 104

N 105 87 100

W 113 70 99
SE 114 82 ol
NW 124 90 80
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Wind Speed Ranges (m.p.h.) when Wind Directions Receive more than

Wind

Direction

NE
E

SW

Superadiabatic Weak ILapse Rate Inversion
13-17 9+ 2=13
Never L+ 2=13

21+ L+ 2-21
13=17, 221 L=17 2-13
13+ 17+ 2=13
L=13, 17+ 17+ 2-17
2-9, 13+ 17+ 2-13
13+ 2-13

their Proportionate Share of that Lapse Rate Class

35! - 200'Layer, Summer

Lapse Rate Class

- —



Table 9.23 (a)
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TInversion Duration (Hours) by Inversion Intensity and Season

Winnipeg C.B.C. Tower Oct. 1969~ June 1972

35'-200' Layer 35'-810"' Layer
~ Season Wint.. Spr. Sum. Aut. All Wint. Spr. Sum. Aut. All
N Tr, ¥r,
Inv.
Intensity
°F/1000"
< = 1.2 14 T.h 1.2 1.2 1.8 1.8 1.6 2.0 1.8
O 2.3 30 Al Y5 B8 33 k.1 248 3.6 3.
{-2--5 3.9 .o 38 3.3 347 73 T T3 75 Tk
{=5-=10 73 8.2 6.6 5.2 6.8 18.2 1.4 98 12.7 13.3
<-10-=15 8.5 9.0 T4 8.8 B 26,7 15.6 10.8 14.2 17.1
<-15-=20 11 105 8.9 1.5 10.6 51,8 L7.2 11.3 21.6 27.3
<=-20--25 h.6 12.1 10.0 12.% 12.8 11.5 31.0 -~ 16.0 17.2
<-25--30 13.8 11.5 10.5 16.5 13.0
<-30--35 15.2 12.3 102 711.3 12
<-35--L0 18,0 15.0 11.3 2L.2 15,7
<=40-=U5 15.0 13,0 11,3 13.8 13.1
<-15--50 157 15.7 1.2 thid 13.8
<-50 178 21.0 5.8 20.2 11.3
Table 9.23(b)
Frequency of Inversions by Inversion Intensity and Season
35'-200! Layer 35'<810" Layer
Season Wint. Spr. Sum. Aut. All Wint. Spr. Sum. Aut. A1l
Ir. Yr.
Inv.
Intensity
°F/1000!
<-1 34 33 13 29 52 L2 23 55
L [ 25 22 14 17 Ll 25 27 29
<{-2--5 63 L9 33 53 60 69 L9 5l
{=5==10 6L 41 32 g6 85 67 68 60
<-10--15 35 29 28 35 38 3L 39 25
<-15--20 27 21 27 30 ol ol 07 11
<=20-=25 32 20 16 18 02 01 - 02
<~25--30 28 19 18 16
<=30--35 13 13 17 11
<=35-=L0 16 16 15 05
<=L0-=45 06 09 10 09
<-L5--50 03 03 05 03
<-50 ol 08 06 05
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Table 9. 29a

Inversion Duration by Wind Direction and Season

Winnipeg C.B.C. Tower Oct. 1969~ Dec. 1971

L7

351'-200' Layer 35'-810' Layer
Season Wint. Spr. Sum. Aut, All Wint. Spr. Sum. Aut. All
-

Wind Yr. Yr.
Direction

N B,6 5.5 6.l 6.3 6.1 6.4 6.7 6.6 L.5 6.0

NE 7.1 B.T B.Ji Tl 6.5 6.9 7.3 T 95 T

E B8 Bl T2 63 ' BE 9.5 T8 7.8 BJT 7.6

SE 5.9 8.8 5.6 86 .1 11.8 8.9 6.0 8.3 8.5

S T1.1 11.6 9.8 10.5 10.8 200 Tl 956 10:7 13:2

SW 10.8 9.3 9,1 8.9 9.6 14.0. 11.0 7.9 10,4 11,0

W 8.1 8.0 7.9 6.5 7.7 10.3 8.6 B.9 9.3 9.4

NW 7.0 9. 5.8 8.1 7.5 11.3 8.6 6.1 63 8.7

A1l 8.5 8.1 7.3 Tub 7.5 12.2 9.2 7.6 8.5 9.5

Table 9.29b
Inversion Frequency by Wind Direction and Season
Winnipeg C.B.C. Tower Oct. 1969- Dec 1971
35'-200"' Layer 35'-810' Layer

Season Wint. Spr. Sum. Aut. A1] Wint. Spr. Sum. Aut. A1l

Wind Yr. Yr.
Direction

N L9 63 39 5L 200 23 19 22 23 86

NE 13 33 21 10 77 i [ 23 18 12 70

E 19 29 21 20 89 16 2l 22 14 76

SE 35 21 27 28 111 26 22 35 31 114

S L6 L5 38 39 168 L3 L3 35 32 153

SW 53 33 31 L5 162 50 51 37 L6 184

W 68 25 29 L7 169 56 21 2l L5 146

NW 67 3L, 28 L4 173 54 39 20 33 146

A11 350 282 234 287 1153 285 22 213 236 976



2,8
Table 9. 30g

Inversion Duration by Wind Speed and Season

Winnipeg C.B.C. Tower Oct. 1969- Dec. 1971

35'-200' Layer 35'-810' Layer
Season Wint. Spr. Sum. Aut. All Wint. Spr. Sum. Aut. All
¥ Xt
Wind
Speed M,.P.H.
0-1 1.3 300’“’ 1-0‘3:_ 1-6 1.6 1.0* 1 O* 3.0’35’ 1.?
2 2.0 1.0% 2,7 5.3% 2.8 L.O* 2,0% 3.0
3-L 9.5 7.0 9.3 5.9 8.2 18.7¢ 6.3 9.2 3.4 8.3
>L-9 9.1 9.2 8.8 9.1 9.0 9s5 10.8 9.3 7.0 9.2
29-13 9.8 8.5 6.7 T[T 8.5 159 9.k, 8.6 10.3 1.2
213-17 8.3 6.6 6.9 B3 Tl 16.5 10.1 7.7 8.3 10.6
>17-21 6.7 L.2 3.5 5.6 5. 11.5 8.2 7.4 7.9 9.0
>21-25 1.6 7.8 1.3 2.0% 3.4 9.1 5.1 6.6 10,0 8.1
>25-29 1.3% 1,3% 1,0%¢ 2.0 1.5 6.1 7. 3.8 B3 &
>29-34 3.0% 1,0% 147 6.3 9.0 L0 9.4 6.9
>34-39 3.3% 1.0 1,06 2,0% 3,6
# = Frequency'é 3
Table 9.30b
Inversion Frequency by Wind Speed and Season
Winnipeg C.B.C. Tower Oct. 1969- Dec. 1971
35'-200' Layer 35'-810' Layer
Season Wint., Spr. Sum. Aut. All Wint. Spr. Sum. Aut. All
Yr. Y
Wind
Speed M.P.H.
0=1 06 03 03 o7 19 01 01 01 03
2 ol 02 06 03 17 01 01 02
3=l 15 11 11 09 Lé 03 06 05 05 19
>L-9 101 114 104 134 L53 Ly 4y 30 38 156
>9-13 120 n 68 71 333 60 51 51 56 218
21317 56 L7 2l 38 165 57 65 55 58 235
>17=21 33 19 1 18 81 53 3 37 32 159
>21-25 1 o7 ol 03 25 30 21 1, 28 93
>25-29 03 03 03 ol 13 20 1M 12 09 52
>29-3l 01 02 03 13 ©6 06 05 33

>34-39 03 01 02 03 09
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Table 9.35

Diurnal and Seasonal Distributions of Brief Inversions

% Frequency of Inversions by Period and Season

351-200' Layer

35'-810' Layer

255

PERIOD 1 hour or less PERTIOD
SEASON 5-10 11-16 17-22 23-0) A1l 5-10 11-16 17-22 23-04 All
Spring 35 35 13 Lo 21 50 33 07 23 1640
Summer 62 58 08 20 15 65 80 11 12 16.0
Autumn 5L L6 1 Lo 27 53 31 10 30 20.6
Winter Lo 18 11 22 20 27 2l 1 0g 17l
A1 L6 30 11 30 21 L3 31 10 18  17.3
35'-200' Layer 35'-810' Layer
PERIOD 2 Hours or less PERTIOD
SEASON 5-10 11-16 17-22 23-0 A1l 5-10 11-16 17-22 23-04 A1l
Spring 65 52 39 51 30 69 Ll 13 27 23.4
Summer Vs 67 12 35 21 88 80 13 25  21.9
Autumn 76 50 16 NN 3l 67 5L 16 36 28,7
Winter 50 28 19 23 30 L2 29 22 15 25.4
A11 62 Lo 16 L1 29 60 39 16 26 24.8
35'-200' Layer 35.810" Layer
PERIOD l; hours or less PERIOD
SEASON 5-10 11-16 17«22 2304 411 6=10 11=16 17=-22 2304 ATl
Spring 80 55 L2 70 36 88 inn 19 L2 32.8
Summer 92 85 18 61 33 79 80 17 52 31.6
Autumn 93 58 2l 72 L6 100 69 20 53 39.7
Winter 71 38 31 3l L3 65 Lo a7 28 36.1
A1l 81 L9 23 62 L0 83 L9 21 Ll 35.0



Table 9. 36

% Frequency of Short Inversions by Cloud Obscurity and Season

< |} Hours

< 2 Hours

< 1 Hour

SEASON

SEASON

SEASON

Aut. Wint, All Spr. Sum, Aut. Wint. All Spr. Sum. Aut. Wint All
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Percentages were calculated as follows :

and cloud obscurity) / total number of occurrences of all inversions for that season and cloud obscurity



Table 9. 137

¢ Frequency of Short Inversions by Wind Direction and Season

< l; Hours

< 2 Hours

< 1 Hour

SEASON

SEASON

SEASQN

Spr. Sum. Aut. All

int.

Sum. Aut. A1l Wint. Spr. Sum. Aut. All
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Relationship of the Six Variables to the Air Pollution Problem

Variable Relationship
Duration of Inversion - length important in the accumulation
of pollutants
Wind Speed - influences mixing and dilution of air
pollutants
Temperature - cold temperatures result in increased

heating and hence increased pollution

Pressure - high pressures generally result in
incresed stability

Sky Obscurity - influences radiation balance and stability

Inversion Intensity - Stronly related to inversion duration
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248

GROUPING STEPS
213
PERCENTAGE LOSS OF DETAIL WITH GROUPING

O
O
o

Fig. 9.5 LINKAGE TREE GROUPING OF SUMMER 35-810° INVERSIONS, WINNIPEG CBC TOWER 1969-1971
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TABIE 10.2

Inversions over 2l Hours in Duration

for the 35 - 810' Layer in Winter

Wind Direction Frequency Wind Speed Details
Frequency Average Wind Speed

South 10 2 L -9
3 9 -13
3 13 =17
2 17 - 21
South-West 8 3 9 -13
L 13 =17
1 17 = 21
North-West 6 L 9 -13
1 13 - 17
1 o W 0K
South-East 3 1 17 = 21
2 21 - 25
East 2 1 2 -l
1 -9
West 2 1 9 -13
1 13 =17
North 1 ’ I

North-East 1 9 - 13
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APPENDIX T

DEGREES FAHRENHEIT - DEGREES CENTIGRADE CONVERSION TABLE
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APPENDIX

Degrees Fahrenheit - Degrees Centigrade Conversion Table
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Appendix 1 Continued
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