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Clzma,tology of the Mechanical Energy Dzsszpatzon

in the Lower Atmosphere over the Novthern Hemisphere
' Ernest Chen-tsun Kung

Abstract

This paper is a dissertation of Dr. Ernest Chen-tsun Kung to
make his partial fulfillment of the requirement for the degree of
Doctor of philosophy in meteorclogy at the University of Wisconsin in
1963. The thesis was carried out under the guidance of his Professor
Heinz H. Lettau. Dissipation of mechanical energy is one of the major
processes of the atmospheric energy cycle. The mechanical energy
which is generated from the conversion of available potential energy
is eventually dissipated and changed into internal energy through
frictional pfocesses which are generally irreversible. The maintenance
of thelarge-scale general circulation against the frictional energy .
dissipation in one focus of interest in current theories. _

The author, discusses in primary, about fundamental concepts on -
wind profile characteristics, geotrophic drag, coefficient, external
parameters, and etc., and later introduces his analytic study on the
roughness parameter over the continents and over the ocean with
some detailed evaluation on horizontal and seasonal variations of
continental roughness from vegetation cover.

In making a practical approach of his theorectical views, an
eleven years’ period of 1,000mb pressure data over the northern hemis-
phere were examined. The general climatolegical patterns, concerning
both spacial distribution and seasonal variation on energy d1str1but10n
in the lower have been obtained.

“The detail of the contents should be. referred to the orlgmal paper
itself. The author is working as a researchmfellow of the U. S. Weather
Bureau at present.
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Table 1:Roughness parameters of various

surfaces and vegetation forms
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Fig. 1:Roughness parameter related to plant height.
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Table 2: Longitudinal limits (all in deg west of Greenwich, o to 860) at specified

latitudes (deg) for indicated continental sections of the Northern Hemisphere.

* X AE;ea Western Central Eaptern North North Eurt;pe- Apia North

BE North North North America Atlantic Africa Pacifie.

Latitude ]

~ 70°N 140---160 70—140 - 70—160 340— 25 330—340 185—330 16@—185
65° 140—‘1_65 70—140 ) — _ 70—165 380— 40 330350 180-330 165—180
60° 140—165 95—140 70— 80 70—165 ‘ 355 — 65 380—335 190—330 165—190
55° 106—130 85—100 60— 80 60—130 10— 60 335350 225—335 130—195
5¢° 100—125 80—100 ‘65— 80 70—125" e 55 33— 0 215--335 125—=215
45° 105—125 75105 65— 75 70—125 0— 65 330— O 225—320 125—215
40° 100—125 80—100 75— & 75—-125 i0— 75 0— 10 230335 125—220
350 105- 120 85—1C0 75— 85 75—120- 5— 75 350— B 220—325 120 =220
300 105—115 90— 95 80— 90 80—115- 10— 80 325— 10 240---325 115—-240
2g° 100—110 —_ 80— 85 100—=110. 15— 80 325— 15 240—325 110—240
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Table. 4. Estimated values of aerodynamic roughness parameter z (cm) for indicated

'regions and seasons, as a function of geographic latitude (deg)

H H Western | Central ; Eastern » . . Asia -~
P A:ea Latitude | North North North Aﬁiﬁ?ﬂ. Agﬁ]ﬁc = ;gﬂi" (ineluding Pgelfm
Month Ameriea | America | America USSR) eran
Dee.~Feb, 659 N 1.7 1.2 —_ 144 o1 3.9 93 0.1
w0e° 1.7 1.2 —_— 1.4 0.1 3.9 9.3 0.1

60° 1.7 73 - 31 6.9 C.1 1.4 4.2 0.1

55¢ 4.6 25, 31 35. 0.1 0.51 1.9 o1

500 9.2 3.85 31 12 0.1 1.2 0,63 0.1

459 1.9 055 19 23 .0l 2.9 0.21 0.1

40° 5.0 2.0 25 4,1 0.1 23 Q.76 0.1
35¢ 13 22, 65 17 ol 1.8 2.7 0.1’

3ce 13 &8 S0 16 0.1 0.27 3.1 0.1

259 12 —_ 106 12 e8] 0,04 3.4 0.1

Mar.-May 70°N - 42 1.2 _— 1.9 ol A7 11 0.1
: 65° 4.2 1.2 —_ 1.9 0.1 4.7 11 0.1

60° 4,2 8.4 -84 8.9 0.1 3.2 7.3 0.1

55° 59 29 34 42 0.1 22 5.0 0.1

50° 25 w2 34 27 0.1 4.0 1.8 0.1

45° 12 5.2 34 13 0.1 7.5 0,67 0.1

40° 14 7.6 - 47 13 0.1 4.1 1.5 0.1

350 16 29 '81 22 0.l 22 35 0.1

30° 18 77 111 21 0.1 .30 ‘3.8 0.1

25° 15 —_ 124 15 0.1 0,041 4.1 At
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Jun.-Aug. 70°N 19 5.6 - 8.7 0.1 17 30 0.1
65° 19 5.5 —_ 8.7 o1 17 30 0.1
60° 19 30 136 35 o.1 18 30 0.1
550 162 123 136 141 o1 18 29 0.1
509 77 67 136 87 01 22 7.6 0.1
459 a7 32 100 41 0.1 26 2.0 0.1
40° 32 24 86 3z 0.1 8.5 3.5 Q.1
35° 22 53 118 34 0.1 2.8 6.1 0.1
30° 18 99 133 24 o1 0,34 5.6 Q1
259 17 — 132 17 Q.1 0,042 5.1 Q.1
Bep.~-Nov. 70°N 5.2 1.2 —— 21 Q.1 12 11 0.1
&350 5.2 1.2 — 2.1 0.1 12 i1 Q.1
&Q° 5.2 1t 82 13 0.1 7.3 9.8 o1
550 109 71 82 87 0.1 © 4.5 8.6 0.1
50 40 25 82 47 S0l 7.0 3,0 0.1
45° 15 12 69 22 Q.1 “11 1.1 0.1
40° 17 15 65 20 0.1 5.0 23 0.1
35¢ 18 32 84 24 a.l 23 49 0,1
30° 18 75 103 21 01 Q.31 4.3 0.1
a5° 15 — 121 . 15 0.1 0.041 37 0.1
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Table4 : Regional distribution of estimated aerodynamic roughness parameter
z (cm) for indicated geographic latitude, longitude, and season over
the North American continent.

= BB _ _
monﬁmﬁgl‘“m‘de 70°N | 65° | 60° 550 500 | 480 | 400 | 350 | 3ge 250
Beasen \

Dec.-Fob. 65°W 31 3l
750 12 w2 | 3l ai 31 19 12
850 1.2 L2 25 25 2.5 20 | 56 106
950 1.2 1.2 54 | 27 3.8 053| 82 | 22 58
1050 1.2 1.2 73 | 37 59 1.0 | 13 10 12 12
1150 1.2 12 73 | 46 9.2 20 | 13 13 12
1250 1.2 12 | 23 | 46 9.2
1350 1.2 7.4
145° L7 14
155° L7 1.7 17
Mar.-May. 650 34 34
75° 1.2 1.2 34 34 34 34 34
85° 1.2 1.2 - 29 29 13 7.3 71 124
958 1.2 1.2 5.8 32 12 5.3 11 29 77
105° 1.2 12 8,4 45 17 7.9 i5 14 15 15
115¢ 1.2 1.2 8,2 59 25 12 15 16 15
125% 1.2 1.2 8.4 59 25 :
135° 1.2 8.4
145¢ 4.2 22
155° 4.2 4.2 4,2
Jun.~Aung, 650 136 136
759 5.5 55 136 123 135 98 71
85° 55 5.5 123 123 44 28 102 132
950 5.5 5.5 26 127 123 29 28 53 99
1059 5.5 Bo 30 146 67 34 28 22 17 17
1150 5.5 5.5 30 162 12 37 28 22 17
1250 5.5 5.5 30 162 77
1359 5.5 30 77
145° 19 10
1559 19 19 19
Bep.~Nov. &5° 82 82
75° 1.2 1.2 82 82 82 - 70 56
85¢ 1.2 1.2 71 71 31 15 73 121
950 1.2 1.2 9.2 75 25 14 14 32 75
1050 1.2 1.2 11 @3 32 13 18 16 15 15
115¢ 1.2 1.2 11 109 40 16 18 18 15
125° 1.2 1.2 11 i0% 40
135° 1.2 11
1450 5.2 25 ‘
155¢ 5.2 5.2 52
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Fig. 2: Averagé aerodynamic roughness
parameter Z (cm) for vegetation
0 to 100 miles radial distance
from Drexel, Nebraska.
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Table 5. Ratio of observed wind speed at anemometer level to 1000mb geostrophic
wind speed (AR/VR) usi ng Lauscher’s (1951) V-va lves, anb computed ratios
VR/AR tathree levels'z4ém, 8m, and 16m over the'North Amencan Oontinent,
as funtions of geographic latitude (deg)

\ Ratio ———__Ratios [
FEfFLatitnde VIV o|Vi/Ve (Ve Ve | Viof Ve \ ELahtudr\ VafVeVa Ve [Va/ Vg | Vie/Ve
B4y Month H {5 Month w0
— B 70° N 369 | 447 | 5321 590 45N | 447 | 255 B25| sy
January 65° 253 | 470 | 528 585 40° A37 | 273 | 342 412
60° B17 y 374 | 437 500 35° 387 | 265 | 334 404
55¢ 338 | 263 | 332 A0z 30° B85 | ,287 | 353 421
50° 291 | 331 | 394 AB8 252 S68 | 307 | 371 436
450 341 427 | 484 | 54 | = o :
40° | 84| 400 | 460 ] B0 A\?eragfjl 700 529 | 427 | 489: 552
359 316 | 308 | 572 437 ’ ; 659 454 1 424 | 486 548
NG 386 | 311 | 375 441 £09° 420 | 325 | 392 ] ..460
250 398 | 323 | 386 449 BB°e 832 | 216 | 285 358 .
. 500 B44 | 265 | .331 |- .400
H 709 689 | 379 1 446 514 450 394 | 341 | L4058 469
July 659 ' .6B5 | 377 | 444 Sl 40° AL1 337 | 401 466 -
60° D23 | 275 | 347 420 35e 352 | 287 | 353 .42t .
5£5@ 325 | 168 | 237 WB14 30° 386 1 299 | 364 | 331
500 396 | 198 | w267 | lag 250 483 | 315 | 379 | 443
: . 0.1 0.2 0.3 L 0,5 0.6 0,7 0.8
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F1g 3: Merldwnal profilesof -ratio between wind speed at height Z and geo-
) stroph1c ‘wind speed over the North American Continent. Climatologic
. means derived from. Lauscher (1951) (dashed lmes) in comparxson
with computed rat:os for Z=4, 8 and 16m.
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Tableﬁ Ratlos of ¢bserved wind speed
at anemometer level to 1000 mb
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and computed ratios V./Vy at
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Atlantic and Pacific Oceans.as

functions of geographtc latitued
(deg)
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Fig. 4: Meridional profiles of ratio
strophic wind speed over the

between wind speed at: height Z and geo-
North Atlantic and Pacific Ocean Climatolo-

gical means derived from ‘Lauscher (1951) (dashed lme in comparison
with computed ratios for Z=4, 8, and 16m: .
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Table 7. North Amierican Continent:

Computed monthly means of geostrOph1c Wlnd

speed 4t 1,000mb surface Vy (cm/sec) and of geostrophic drag coefficient
C(unit of 10-%), as-functions of geosraphic latitude (deg). 1945~1955.

—__‘ s B } .3}3 4)§  sg'l 68 | 78| 85 ég ‘ 108 Emlrl}ﬁ
ﬂaw Dec ‘ Jan E e Mar, Apr.| May. | Jun. | Jul. ‘ Anvg, | Sep. | Oet, L Nov.
ﬁﬁﬁLatllude ' i : ! — | E
70°N - Ve 928 | o3¢ | 904 923 | 79| 78| 748 604 734 767 $27 |..1,019
‘ .0 | @34 334 335| 342 | 343 | 346 | 39t | 393 | Q92| 849 344 342
650 - Ve 950 i,m? 999 | 974 | 9311{ 803 | 6861 708 | 78B4 843 j 943 |. 984
" ‘e 32| 331} 331 340 | 3411 345| 393 | 392| 388 | 345 | 343 342
60° Ve 1,234 1,211 11,188 11,124 [1,025 | 911, 821 | 780 850 | 1,000 [ 1,119 [ 1,212
o8 g ds7 | 867 | 368 377 | 379|383 % 435 | 4371 434 | 393 389 | - 387
550 - Vg 1,152 {1,182 109:r 1,061 | 972 846, 768 1. 769 | 818 978 | 1,078 | 1,167
- c - 420 | 419 | 422 420 | 433 | 439 500|500, 496 | 464 | 460 456
50° Ve | 1,439 | 1,473 11,383 [1,392 |1,307. 11,164 (1,112 1000 1,019 | 1,153 | 1,182 | 1,424
e ¢ 374'] 373 | B75 | 402 | 404 | 408 | 456 460 | 459 428 427 | 7420
o Ve 1,362.|1,388 | 1,288 1,269 |1,147 (1,082 | 955, s74 | 885 | 1,059 | 1,136 | 1,326
o c. 3307 830 | 831 | 279 | 882 | 365| 427.: 4311 430 | 401 | 399 | 394
w | . ve. |02 1054 1,039 1,108 | 1,087 | 993 | 963 | 824 | 765 867 | 876 | 1,00
ST g | 349 [ 848 | 349 43?8‘ 3797 382|414 |, 420 | 428 401 | 401 396
350 Ve 1,192 1,163 | 1,165 1,192 {1,136 (1,062 | 968 | 832 | 803 | " 946.| 926 | 1,118
c ag1 | 382 | 382 | 390 | 392 | 394 | 412| 418 | 419 401 401 395
300 Vg o71 | 980 |1,019 [1,113 |1,106 |1,054 | 968 | 818 790 | 558 | 890 | 976
SUvepog | Tasz] dsz| asi | a8y | ‘sazi| Taeg | 395 |TT401.| - .408:|7 354 | 89377 390
250 " yg oo |1,02371,006.| 1081 (1,136 | 1,184 | 1,063 11,089 ¢ 830 | 784~ | 916 | - 949 1,080
1oe 353 368" ge6 | 371 370 | 813! 3767 381 385 | ‘376 375 372
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Table 8 North American Continent : Computed monthly means and standard

deviation of energy dissipation E (watts/m?), as functions of geographic

latitudd (deg). 1945~19556

A
Month| 12 H i1 Hi1 2 H 3 A 4 A 5 A 6 H 7 B 8 A| 28 t0R 118
bindiy Dee. Jan, Feh. Mar, Apr. May. | Jon, Jul. Aung, | Bep. Oct. | Naov.

Latitude

700 N 1.16 1,20 1.08 1.18 1.00 70 .73 5B .69 65 1.15 1.57
4+ 23|+ 22|k A6 | & A8 {4 21 £,081 | +.14 [ 080 | £ 21| =098 | +.19| £.30
65° 1.21 1.50 142 .34 1.15 72 56 60 Bl 83 118 1.40
+ 234+ 34 4 34|+ 16| 4 22| £068 | £.092 | &A1 |+ 19| £.16 | +£.,16 | + .38
60° 3.09 3.07 2.88 247 1.81 1,27 1.13 98 1,24 1,74 243 3.17
= 87| £L09 | £08 | & T5 & B3 &80 p 20 | 229 |+ 29 44 | 229 59
55@ 3.18 3.52 270 2.53 1.92 1.25 114 1.15 1.37 | 217 2.86 3.73
+ 84| £ LIS | £ A7 | £ 46|+ B335 £.03 | 207 | £.23 | £ 27 £.65 [ 48] £ 76
50° 493 5,41 4.46 5.01 4,07 288 297 2,19 2,30 | 3.00 3.29 5.74
+ 80| +149| +1.00 | +£1,01 | + 65| £.53 | .57 =49 | & 38| £.50 [ 4831 = .63
45° 3.27 3.54 2.79 334 247 1.80 1.67 1,28 1,34 | 205 2.56 4.07
4+ 53| 4101+ B38|+ 52|+ 59 +.40 + .26 + 16 + 25| 427 &+ 41 | -+ 57
40° 1.47 1.65 1.57 2.18 205 1.55 161 -1.02 B3 .13 117 1.73
+ 337+ 836! + .20+ 35|+ 48| .26 | =20 | 4.5 |+ A0 25 | £.24 | 4+ 25
350 : 2.78 2.61 256 | .282 245 198 | "1.61 1.03 94 1,45 1.37 2,36
+ 74|+ 73|+ 88|+ 40|+ 52| +£.29 | .27 | £.13 | £ A3 | x£37 | £.29 | + .30
© 3o 1.49 1.54 1.69 2.23 2.18 1.87 1,49 92 B3| 1,08 1.15 1.53
45| & A7 4+ B2 4+ 36 &£ 43| .21 | £.21 +.17 | &£ 3| .18 | .13 .36
25¢ 1.61 1.58 1.87 221 | 232 1.78 1.68 1.05 J7 115 1.33 1.78
+ 49|+ 66| + 431 + B2+ 79[ +.32 [ x+£.25 | £.28 | £ 25| £.19 | 4511 + .60
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Table 9:December-through-February-means of geostrophic wind speed at-1000mb
surface V. (cm/sec)and of geostrophic drag ccefficient C (unit of 10~*)for
indicated areas, as functions of geographic latitude (deg) 1945~1955.

0 : KMEMMER A HREZPEE (12A227H)
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f‘;"i-j'il"r—;‘-‘.Area. Western | Central | Eastern North Attantic | Europe- Asia Pacifie

HRE Ve and O North North North i (including
Tatitude g Ameries | Ameriea | America | America | Ocean Afriea | TSSR) Ocean
70°N Vg 1,011 896 - 922 1,294 1,038 964 1,075
L] 337 331 — 334 276 357 385 279
‘65° Vg 1,167 945 — 988 1,342 1,276 1,074 1,213
C 333 329 - _ 331 275 351 381 277
60° Ve 1,499 1,127 1,176 1,211 1,523 1,161 1,206 1,505
C 327 371 417 367 273 328 353 273
550 Vg 1,124 1011 1,199 1,144 1,558 1,014 1,022 1,324
C 431 412 413 420 271 308 336 274
500 Vg 1,445 1,387 1,610 1,432 1,771 1,260 1,174 '1,765
C 367 344 401 374 269 320 308 268
450 Ve 1,465 1,191 1,558 1,346 1,693 1,083 1,089 1,699
C 324 303 384 330 268 341 287 268
400 Ve 1,023 1,045 1,050 1,035 1,223 968 855 1,349
c 354 332 403 349 271 336 314 270
350 Ve 1,196 1,164 1,147 1,173 1,329 878 987 1,443
C 373 3%0 430 382 268 331 337 267
30° Vg 976 1,073 935 990 867 696 868 931
c 374 423 446 382 273 293 340 212
250 Vg 1,037 — 1,035 1,087 980 735 876 975
C 367 — 442 367 268 259 338 268

£10: RPpEHEERRIREZTHE CGRER)Y
Table 10:March-through-May means of geostrophic wind speed at 1000mb surface
V. (cm/sec) and of geostrophic drag coefficient C (unit 0f10™) for indicated
regions, as functions of geographic latitude (deg). 1945~1955.

Pacifie

N ﬁﬂ@Area Western Cantral | Hastern North Atlantic | Europe~ 1( Asia

: Ve North North North including -

I%%twde and G America | Ameriea | America | Ameriea | OQcean “Afries UBRR) Ocean
70°N Ve 956 837 - 863 1,085 943 860 . 947

C 362 333 — 344 280 366 393 281

659 Vg 918- 892 — 903 1,145 1,059 933 --990

C 363« 331 — 342 278 362 389 280

60° Ve 1,184 965 1,086 1,020 1,216 945 978 "1,337

C 354 380 423 380 276 353 375 275

559 Vg 910 1,001 1,006 960 1,214 776 ' 888 1073

' c 451 418 424 434 . - 275 347 365 277

50° Ve 1,241 1,367 1,318 1,288 1,491 897 922 "1,533

c 403 377 412 405 271 357 337 271

45° Vg 1,112 1. 1,123 1,302 1,149 1,479 842 980 1536

' C 380 356 409 382 270 374 311 : 269

40° Ve 1,166 1,010 880 1,063 1,088 a0z 763 "1,188

C 380 366 433 380 273 356 332 271

© 35° Ve 1,181 1,143 1,003 1,130 1,209 651 848 1,208

C 381 401 445 392 270 342 347 270

300 Ve 1,197 1,070 900 1,031, 828 700 772 - 824

C 379 434 457 387 274 293 348 273

520 Vg 1,118 = 812 1,118 - 829 738 692 947

¢ 371 —_ 459 371 271 259 349 269
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Table 11:june-through-August-means of geostrophic wind speed at-1000mb sur-
- face Vg (cm/sec) and of geostrophic drag coefficient C (unit of 10~*)for
- indicated regions, as functions of geographic latitude (deg). 1945~1955.

F1: FHEMRR AR R TEE AE8R).

N T ey, g 3iﬂl§Area

» Western | Central-! Eastern |- North | Atlantie | Burope- -Asia Paecific
R Ve and G~ North North North | . ; (including )
Latituds BA -| Ameriea | Ameriea.| Ameriea | America | Ocean Africa | USSR) ‘| Ocesn. .

700N Vg 701 wge e 735 | 834 758 98 718
C 420 377, e 392 284 413 438 286

650 Vg 630 746 e 726 825 763 767 .-738
C 423 376, — 391 . 283 411 433 285

60° Vg 929 777 918 | 817 | 949 755 697 . 968
C 406 431~ 491 435 -, 280 412 435 280

550 < Vg 706; - 791 | - 871 785 1,053 674 660 842

C ¢ 511 . 491 491 493 277 416 435 281

- 500 Vg L8 | 1,014 942 ¢ 1,044 [ - 1,161 692 686 1151
C 450 448 - 484 458 | 275 419 383 275

. 450 Vg 925 856 1,010 %05 1,it7 604 730 1086
.. C 424 421 462 426 274 427 342 275
(400 Vg o 1,053 683 . 608 851 786 - 704 717 802
_ ¢ 411 416 474 419, 278 380 354 278
350 Vg 1,071 787 629 868 807 575 753 " 928

. s 394 437 | 483 416 276 351 365 274
--.300 Vg 936 944 -| 625 859 683 - 744 750 804
¢ 388 450 482 400 277 296 359 274

250 Ve %01 —ig 647 901. 781 | -+ 732 714 884
c 381: e 472 381... 272 259 353 270

12 : KMEMEE AR RGN (9 FE118)
Table 12:September-through-November-means of geostrophic wind speed at 1000 mb
surface Vg (cm/sec)-and of geostrophic drag coefficient C (unit of 10*)
for indicated regions; asfunctions of geographic Iatitude (deg), 1945~1955.

=

. T‘_““&}EEAIM Western Central - :'Eastern Nouoth - | Atlantie- | Europe- | - Asia Pacific
s Vg and €. | North North North . ot - {inelpding | -
Tatitude’ N : \ Americs | Amerion | America | America.{. Qcean.. . Africa USSR) | Ocean

- T0°N Vg 993 879 - = 905 | 1,193 993 900 |-, 1,019

C 367 332... | s 24501 278 393 394 280

650 Ve 935 909 -t — 924 .| 1,216 1,142 994 594
_ C 358 327 - = 344, 277 387 389 280
60° Ve 1,276 1,041 5| 1,169 1,110 | 1,325 1,115 1,027 1,323
, s 358, 386 | 456, 390 275 371 383 274
. 550 Ve 985 1,053 +f 1,180 1,074, { . 1,393 539 972 1,83
o s 474 452 1 453 460 273 361 379 276
..-50° Ve 1,183 | 1,317 | 1347 1,253 1,549 1,054 963 +1,540
_ c 421 401 - 445 425, 270 368 348 270

. 450 Ve 1,178 1,186 .| - 1,286, 1,174 1,451 | 887 979 1,534

C C 386 . ar9 .| . 438 3ss. | 270 384 321 269

., 40° g 992 |.  861..f 802 915 | 96l 785 778 -1,072

. ¢ 391 392" 450, 399::| 275 362 342 273
- 359 Vg 1,041 ;984 .. 932 996 - 1,088 | 616 |-t 906 1,1i9

s 388 410 449 399 | 272,17 845 |3 355 271

.. 809 Vg 881 1,014 |- 855 908, .[' . 785 . 626 807 ¢ 792

- vl 388, 435 457+ 392, b 274 || 208 350 274

- 250 Vg 971 ey 935 971 . B67 1 678 751 ©. 885
i C 374 — 451 374 270 |7 260 344 270
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Table 13: December—through—February—means of energy dlssmatmnE(wattslmz)
and standard deviation of E, as functions of geographrc latltude (deg).

(12HE2 A)

— 5 e

_ 1945~-195b.
oy fﬂ'l;% Wesfeni | central Eﬁstefn Nerth Atlantic ‘Hurope- Asis Paeific
o ¥ North North North - ; . ] (including
Latitude America America Ameriea America Ocean | Afrien USIR) Ocean
70°N 162 1.04.- — 114 - 2,28 1.96 1.72 1.39
+ 66 + .21 i + .20 + .70 + .82 + .51 + 66
65°. 2,40. 1.19 . = 1.37 2.44 331 2.26 1.90
+ 92 + 26 - - .30 + .57 + .92 + .42 -+ .81
600 -4.17 248 3.54 3.01 2,80 2,19 2.76 3.37
+ 112 + 74 + 1,57 + .85 & .66 + .75 + .72 + 1,10
550 3.19. 217 3.58 3.5 3.66 1.37 1.50 2.22
+ 1.52 + .65 4 1,54 + .82 + 116 I JI5 + .3l + .38
50° 4,93 3,92 7.95 4,23 5.05 2.56 1,94 4.96
+ 1.35 +.1.29 + 1,88 + L10 + 1,08 + 76 4 69 + 84
. 45°.. 409 1.92 6,61 3.20 434 1.82. 1.52 432
] + 1.11 + .62 + 2.18 + 64 + 1,15 £ .55 + .34 (- v
.. 40° . 1.57. 1.48. 212 1.57 1.64. 142 76 2.15
+ .39 4 34 + .46 4 .30 Y + .47 + .21 4 .41
350 271 272 3.10 2,65 205 S.88 .28 256
+ .70 + .78 + 97 = .62 + .70 4 32 + 40 4+ 64
ape 1.46 - 2741 1.80 157 . .59 7 86 10
+ .39 + .67 + .73 + .41 + .26 + W2 + .22 + .16
250, 1,68 e 2.37 165 . 9. 31 95 a7
+ B3 s + .10 + .53 &+ .25 + .11 + .39 + .19

standard deviation of E as functions of geographlc Iat1tude {deg).

. EM @ﬁﬁ(ﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁiﬁ‘bﬁzﬁﬁﬁ (3)51 ESE) )
Table. 14: March—through—May—means of energy d1ssxpat1ons E (watts/m?) and

EFE;Z Weatein Central Eastern . North Atlantie Europe- " Agia Pacifie
P ¥ North North North : B s (including o
Tatitude" Ameriea ~ | Ameries America: Ametiea: Ocean. .| Afriea.: .| TUSBSR) Qsean .

70°N 11,46 .82 - .96 1,27 JLL49 2 gt

: + .40 + 12 —_ +. .15 4+ 36 4.5 +. 20 + .28

650 1.33 96 C— 1,07 : 1,54 '2.09 1,52 1.03
: . + .38 .18 — 4+, .15 +- .34 +. .58 + .36 + 35
60° 2.61 ' 1.56 2.77 - 1.85 176 ~1.33 L1L70 ‘2,29
L +'..88 +. 3B +.0.92 + 46 g BE St oo 40 + .58 + 6l
55° 1.76 1,99 2,14 1.90 1.74 ¢ 12 1.12 ‘1,21
+ .45 . 4+ 40 + 60 + .31 4+ A4 439 + .18 + .21

50° 3.53 . 4.28 4,74 3.99 :3.02 1,12 1.09 3.20
+ .81 + 1.26 + 14t + .73 + .70 o+ .36 + .21 + .39

450 2,32 12,09 4,29 2.54 ‘2,90 .98 “1.09 3.18
. + .69 + .52 + 1,08 + .50 + (.80 +0 717 + 17 + .76
400 255 1,59 1.52 "1.93 1.17 8O .57 1.48
; + .62 T4+ 32 + .56 +. .36 4 .23 + .33 += .12 + 31
35e 2.56 66 2.28 242 1.59 39 .86 1.52
; + 72 +275 + .57 4+ .40 + .50 + .15 + .29 + .30
30e 2,68 2,49 1.64 209 +.53 .35 62 .50
o + 60 +. .80 + .48 4+ .33 4 18 +..16 + .12 + .16
25 2,10 — 1.18 2,10 .49 31 4é 70
+ .58 — + .26 4 .58 .= 13 o4 074 + .10 + .11
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Table 15:June-through~August-means of energy dissipation E (wattts/m?) and
standard deviation of E, as functions of geographic Iatitude (deg).

1945~1955,
Western Central ; Bastern North Atlantie Burope- Asia Pacific
Narth North i Noxth (including

-Ameries America Amerma Ameriea Ocean Afriea - TR8R) Qcean

70°N 69 .65 — 67 .58 85 ) 72 .58
4 .20 + .17 —_— + .14 + .17 + .22 + .18 + .17

65° .52 66 — £5 o5 85 92 40
- + A7 + .i4 — + i3 + 17 4 28 + .15 + .14
609 1.50 94 1,94 L11 78 81 0 85
+ .52 +.,19 + .53 4+ 26 + .15 + .22 + .57 + .25

550 94 1,25 1.66 1.22 1.04 b2 .58 .56
+ .25 4+ 41 + .41 + .22 + .21 + .30 + 094 + .15

50° 3.00 2.20 2.03 2,49 1,36 65 .53 1.34
' + 63 4+ .47 + 62 + 48 + .24 + .29 + .15 + .30
45¢ 1,52 1.18 2.30 1.43 1.21 A3 50 1.11
+ 41 + .26 + .56 + .22 4 .29 + .10 + 085 + .19

40° 211 61 .54 L15 43 .55 .51 A6
+ 27 4+ .15 + 22 + .15 + .10 + .15 + .11 + 079

35¢ 204 99 .59 .19 47 © 27 .61 68
. + 42 + .25 + .18 4+ .18 + .14 + .14 + .11 + 13
80° 1.35 1.76 60 1.08 .28 42 .58 45
4+ 27 + .46 + .27 + .17 + U6 + .16 S | + .15

250 1.16 — 63 116 8.40 30 49 56
+ .24 e + 27 4+ 24 + ,0%% + 098 + .12 + .13

#16 : KWEHEERERRERZZAREME (9 AEILH)

Table 16:September-through-November-means of energy dissipation E (watts/m?
) and standard deviation of E as functmns of geographic latitude
(deg). 1945~1955,

e

o Western Central Eestern i North Atlantie Enrope- Asig - Pacific
i North ‘| North North ' i (neluding’ toEa
La%tﬁdé- America America” | Ameriea ;Ameriea Ocean Afriea "UBBR) Ocean,

70°N k 1.73 0.96 - 112 1.78 1.96 ! 1,38 R
S L+ 58 + .18 —_ + 20 + .61 + 76 + .23 + 35
659 1.43 1,01 _ -1:.14 1.78 2.82 ] 1.83 . ‘1,10
+ 44 4+ .22 + .24 + .24 + 1,22 449 P 46

600 3.24 1,99 376 245 22,20 238 1.97 i '2,39
' S+ 83 4+ 42 +1,20 4,44 + .52 + .72 4+ 4l k96

850 240 2.69 3.78 2.92 2.52 t.42 1.5 180
Dok Sl 4 .88 +'1.03 + .63 + .80 + .78 + .33 4 .49

1o I ¥ 7 425 5.51 401 3.33 202 |1 132 3.28
- i+ .89 + 96 + 1.67 Cod 0,56 + .64 +' .99 |4 27 + 60

" 45¢° i 2.89 242 451 12,89 2.68 1.26 1.15 3.27
+ .90 + 53 + 1,33 4 42 + .52 + .44 + .29 + .98

- 40° 165 114 122 1.34 B3 .80 | 64 115
+ 45 + 30 + 49 4+ .25 + .16 += 36 + .16 + .35

35° 1.89 1.75 1,82 ‘1,713 1,01 36 1.08 1.25
’ - 4 .38 + .38 + 74 + .32 4+ .25 + 16" + .29 + 40
30° 1,14 2.12 1,40 1.24 42 25 i 72 43
i + .35 + 67 + .56 4+ 22 + 082 + 071 4 .17 + .12
a5e 1.42 — 1,78 1.42 B4 24 P59 58
: + 43 —_— + 54 4+ .43 + .11 + .071 Lo+ .18 + .083
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BT0°NZ A RESMRGERY (Zonal) FHiE
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BEEZ,=0.014cm » REEE AR Greenland
(tnBDalrymple, Lettau WallastonzE Antartic
KEEFTER—I) o DUESEMNARZ BRBEMNEH
~ T REE » A EENAEE -

FIT : e R - A RETRIE
Table 17:Seasonal and annual zonal means of energy dissipation E (watts/m?)
and standard deviation of E, as functions of geographic latitude (deg).

1945~1955.

@ B ﬁonﬁ 12~ 2 A 3~5H 6~8 A 9 ~11H B B &£
Latitube Dec.~Feb. Mar.~May. Jun.~Aug. Sep.~Nov. Annual mean
70°N 1,62 1,08 b2 1.32 1,16

. + 47 4 23 + 16 = 31 =+ 29

65° 1.97 1.35 73 1.58 y 1.14

_ + 45 + .30 .15 + 45 St 34

609 2,83 1.76 B4 2,18 1.0

+ 78 =+ Sl -+ .20 4+ 50 + 50

559 2.29 1.32 g4 1.90 1.56

4 .70 + .27 + 22 , + 50 + 40

500 3.78 2,42 1.18 263 2.50

‘ + .88 4 45 + 327 + 53 + .53

459 3.05 2.19 94 2,28 2,12

o 70 + 50 + 18 : s 535, + 48

400 1.4 1.10 54 .87 98

+ 32 + 23 + .10 + 22 4 22

35@ 1.89 1.31 62 1.10 1.23

e 54 e 32 o 13 &£ 30 b 32

30° 76 67 S5l 55 b2

+ .29 + 17 4 A3 ) o 13 + .18

25° .BO 59 A48 ) 56 b1

+ .26 += .12 + 13 + .13 + .16

. 1.54 1.33 70 1,40 1,34
"Welghivad fmian + .51 + .30 + 16 1+ 34 4+ 33

* Weighted mean (25°-70°N) averaged by ecost as weighfing factors
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Table 18: December-through-February: Regional distribution of means of Latitude
geographic wind speed at 1000mb surface Vi (cm/sec)and geostrophic drag
coefficient C (unit of 10~*) over the North American Continent. 1945~1955.

T Latitude .
Md G | qoew | 650 | eoe | s5° | soo | 450 | 400 | 850 | 80 | 250
Longitude

65°W Ve 1,305 | 1,246
c 413 413
750 Vg 816 036 | 1,176 | 1,161 | 1,482 | 1,353 | 1,050
c 334 329 417 415 404 388 378
8s° Vg 880 940 | 3,089 | 1,446 | 1,216 | 1,159 | 1,155 935
c 33z 329 415 397 339 329 424 453
950 Vg 944 945 943 | 1,012 | 1,828 | 1,180 931 | 1,164 | 1,073
C 330 329 367 415 345 303 371 393 £23
105° Ve 832 916 868 896 | 1,276 | 1,277 972 | 1,206 | 1,098 | 1,218
c 333 330 379 432 358 315 383 366 371 363
1150 Vg 915 890 917 | 1,005 | 1,518 | 1,465 | 1,081 | 1,196 853
c 331 331 377 437 365 325 381.| 873 a78
1250 Ve 866 910 | 1,447 | 1,353 | 1,567
o 332 a31 364 | 424 364
1350 Vg o 1,088 | 1,579
0 328 361
145% Vg 951 1,174
c 339 390
155° Vg 1,072 | 1,182 | 1421
c 336 334 328
#19 ¢ EMNZ B ERE IRECERLE (BAESR) 7
Table 19: March-through-May: Regional distriburion of means of geostrophic wind
speed at 1000mb surface Vz; (cm/sec) and geostrophic drag coefficient
: C (unit of 107Y) over the North American Continent. 19456~1955.
ST W Latitude '
Nd c?\ 70°N | 650 | 60° 55¢ 50° | 45° | 400 35° | 200 | . 250
Longitude
£5°W Vg 1,120 | 1,006
c 422 424
75° Vg 742 892 | 1,086 962 | 1262 | 1,207 880
Q 336 331 423 425 414 | 412 420
850 Vg 816 942 1,018 | 1,369 | 1,141 990 | 1,088 900
c 534 329 | 404 385 366 436 462
950 e &89 946 894 | 1,000 | 1,365 | 1,120 | 1,031 | 1,143 | 1,070
E c 332 329 371 422 376 | 855 377 404 434
105° Ve 858 915 865 soo | 1,178 | 1,123 | 1,079 | 1,070 | 1,320 998
C 233 330 asz |1 441 391 367 385 380 371 375
115° Vg 824 872 819 8s6 | 1,279 | 1,112 | 1,397 | 1,181 | 1,074
¢ | 333 331 384, | 453 402 381 377 382 378
1250 Vg 810 853 951 921 | 1,281
¢ 334 331 ¢ 381 451 402
135° Vg 863 | 1,153
C 332 374
145° Vg 894 884
c 364 348
155° Ve 1,018 947 | 1,148
C 360 362 355
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Table 20: June-through~August: Regional distribution of means of geostrophic wind
speed at 1000mb surface Vg (cm/sec) and geostrophic drag coefficient
C (unit of 10-%) over the North American Continent. 1945~1955.

N——_  fBE Latitude
‘-‘—_‘
M\\ 70°N | 63¢ 60° 5o s0° | 450 400 350 300 250
Longitude ™. Vg andC\
65°W Ve 14 875
C 492 491
750 Ve 749 767 918 843 885 947 608
C 377 375 491 493 487 465 | 465
850 Ve 778 831 844 992 865 622 731 625
¢ 376 373 488 477 435 425 469 482
950 Vg 507 818 751 792 | 1,036 843 744 784 944
C 374 a73 427 | 493 447 419 | 419 43; 450
1050 Ve 743 i 784 721 | 693 952 B70 | © 755 703 815 651
: ¢ 377 5373 434 507 454 | 424 | - 418 409 389 391
1150 Vg 762 748 649 686 | 1,192 925 | 1,489 | 1071 | 1,060
C 376 375 438 513 247 425 394 397 381
1250 Vg 652 | 991 697 719 | 1,235
¢ 381 a78 435 511 146
1350 Vg 626 850
o 382 427
1450 Vg 657 608
C 422 402
1550 Vg 744 642 881
o 417 420 408

21 JeEMzaEE R IR EREE (9 AE1D)
Table 21: September through-November: Regional dlstr1butlon of means of geostrophlc
wind speed at 1000mb surface Vy (cm/sec) and geostrophic drag coefficient
C (unit of 10) over the North American Continent. 1945-1955

iBE Latitude . ]
Py - 70°N 65° 60° 550 500 450 40° ase 30° 25°
Longitude ™~ Vg and )
65°W Vg oo 1,163 | 1,178
C 456 453
75° Ve 876 935 | 1,150 | 1,147 | 1,328 | 1,238 802
o] . 332 330 456 454 445 438 445
850 Ve 887 980 LI15 | 1,373 | 1,179 509 975 855
c 332 329 450 438 411 391 442 463
950 Vg 898 968 o41 | 1,058 | 1,261 | 1,110 813 985 | 1,014
c 332 329 383 455 402 385 391 412 435
1050 Vg 1,063 932 882 919 993 | 1,075 P01 994 928 | 1,064
¥ 333 330 392 470 419 385 397 386 381 372
115° Vg 887 %00 791 897 | 1,210 | 1,174 | 1,144 | 1,041 835
C 332 aso 395 479 |- 420 | ‘887 389 389 384
1250 Vg 775 855 1,124 | 1,051 1,353
c 335 322 385 472 416
135° Vg 83% | 1,271
C 333 381
1450 Vg 922 916
¢ 369 350
1550 Ve 1,064 992 | 1,259 -
¢ 365 36 358 ‘
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Table 22: December-through-February: Regional distribution of means of energy
dissipation E (watts/m2) and standard deviation of E over the North

American Continent. 1945~1955.

\ R Liatitude

|

70°N 659 | 670 550 500 450 400 350 3p0 250
REEE Longitude |
4,79 4,16
3w o |ez17 jxrm
- 8l 1. 119 354 | 338 6.30 5.11 1.%0
+ .24 = 44 |4 157 i+ 151 I+ 1,74 [+ 165 |4 42
850 1.04 1.20 2,47 5.76 2.59 2.01 3.09 1.84
+ .39 |4 .47 + 90 |+ 186 [+ B7 |& 58 |+ 98 |+ 75
950 1.26 1.24 1.48 2,20 307 1.89 1.31 2.80 2.41
+ 53 |+ 51 |+ 55 1+ 82 |+£126 |+ 70 [+ 41 I+ 98 |+ .67
- 20 1.19 1.20 1.64 231 2,76 1.58 284 | 207 2,76
+ 41 [+ b1 |+ 48 |+ 64 |+1.28 |+ L14 |+ 54 |+ B2 [+ 70 |+ 126
11150 ‘117 | Lo 1.49 2.55 506 | 425 1.86 283 1.00
+ 40 |+ 55 [+ 86 |4 106 '+ 177 |+ 167 [+ 65 |+ 69 [+ .31
1250 98 1.10 539 | . 5.86 5.54
+ 4l |+ 43 |+ 267 |+ 275 |4+ 166
1.68 6.90
1858 4+, 74 |+359
| 138 2.41
A + 54 |+ 110 .
1550 1.92 2.48 3.98
+ 84 |+ 100 [£1.09 |
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Table 23: March-through-May: Regional distribution of means of energy dissi-
‘pation E (watts/m?®) and standard deviation of E over the North
- American Cotinent. 1945~1955.
\ﬁéﬁ Latitude ‘ =T o
: s T 700N 65° 60° ' 55O ggo 450 400 350 age | 250
MLongitudN' ‘
3,07 221
aaew £123 1= 8
750 60 .99 277 | 193 4,28 3.52 1.45
= 20 |+ 35 |+ .92 !i 79 |+ 30 1= 90 |+ 53
. 850 ) 1.14 2,13 4.95 2.57 1.53 2,80 1.67
+ .27 |+ .37 4 64 |+ 29 1 .88 [+ 35 |= Bl |+ .49
950 102 15 | 121 205 3.88 215 | .1.77 277 2.49
= B4 I+ 32 |+ 46 [+ 58 |+ 155 i+ 76 |+ 52 |+ 89 |+ .80
1050 94 106 | L14 ;162 268 | 227 217 2,00 3.52 1.73
+ 3% |+ 32 |= B3¢ |+ 45 |+ 118 |+ .83 |+ .85 |+ 63 |+115 |+ 76
1150 £ 94 98 160 | 360 | 239 | 439 | 283 | 193
+ 22 |£ 35 |+ 28 |+ B8 |x 97 |+ 90 |+1.02 |+ 94 [+ 33
1250 76 | 92 | wv2 | 154 | 36l | '
+ A9 |+ 82 [+ 74 |+ 96 1+ 98
R 95 2.82
o + B |+ 146
; L2y L15
b 4+ a4 |+ .38
o 262 1.47 2.45
185¢ + 50 |+ 43 [+ 1.09
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Table 24: June-through-August: Regional distribution of means of energy
dissipation E (wattsfm?®) and standard deviation of E over the
North American Continent.

BB Latituds
70°N 65 60 55 - EQ 45 40 35 30 25
B Longitude
65°W 1.92 1.70 ‘ '
+ 47 | £ .53
75 .70 73 1.95 1,52 1.78 1.96 52
+ ,21 |+ .26 | 4 53 | 4 44 1 4 65 | £ 55 [ + .21
85 79 93 151 2,32 1.31 .48 5 60
+ .25 | = .38 + 55 | = 69 | = B7 | = .15 | 3 830 | & .27
95 87 .89 B5 1.29 2,29 113 .83 1.04 1.76
+ 29 |+ 82 | x .23 | £ 51 | £ 80| =25 |+ .28 |+ .31 | & 46
105 72 78 27 80" 1.83 1.29 82 56 94 A48
+ 38 | +.25 |+ .23 |+ B30 |- B2+ .39 |+ .24 [+ 09 | .30 [ £ .18
115 79 .69 58 .89 3.49 1.49 5.59 291 1.87
+ 41 |+ .22 |+ .09 | £ .30 | + 94 |+ 57 | =117 | = 38 | + 35
125 .55 56 74 1,02 3.87
+ 26 | & A9 | £ 40 | & 4l | £197
135 43 1.26
+ 17 | + 54
145 59 A4
+ 18 | = .18
158 82 57 1,33
+ .25 |+ .22 | £ 48
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Tagqle 25: September-through-November: Regional distribution of energy
dissipation E (watts/m?) and standard deviation of E over the
North American Continent.

~ A Latitude : &
70°N 65° 600 550 500 450 40° 350 300 25°
AP Longitude
65°W 369 | 380 '
4 88 | 4115
750 98 112 3.76 3.51 5.47 412 1.20
+ 82 | 4+ .38 | +£1.20 | 114 |'=214 | 2132 | + 48
850 1.01 1.30 3,24 5.79 3,21 1.42 2.01 1.43
+ 29 | + .46 HE26 | +192 | 100 | + 61 | + .73 | &+ .57
g5¢ 1.03 1.28 1.46 2.77 3.45 2.38 94 1.82 2,12
+ 27 | 4 5t |4+ 49 | =103 | = 90 | = 59 |+ .25 | + 58 | + 67
105¢ .86 1.15 1.23 1.93 1.84 2.10 1.29 1.68 1.35 2,06
7 + .24 |+ 53| + 33 | = 66 |+ .64 | = 59 | = 46 | + 47 | & 51 | + 98
115° 1.01 1,02 © .91 1.89 3.29 3.00 2.59 1.96 94
4+ 838 | = 45 |+ 26 | + .61 | =131 | =104 | & 92 | + .60 [+ .28
125° .70 89 3.00 3.29 452
+ .22 | 4 32 ] +115 | £1.09 | +2.03
1340 86| 382 |
+ .44 | £1.08
1450 1.42 1.30
+ 49 | & 59
1550 211 1.73 3.14
+ 82 | + 64 | 4118
! g
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Table 26: Examples of geostrophic drag coefficient C by Kung and skin-drag

— 20 —

coefficient Cd by Cressman (1960) for the North American Continent.
1945-1955. C andy” Cdin unit of 104

TLiongitude '
ongitu ; 5 o
i 135 125 115 105 95 8 75 65°W
Latitude
80°N V' Cd 775 632 387 387 a8y = 447 447
C winter 361 364 377 379 367 i 417 413
C summer 427 435 438 434 427 — 491 492
50 v ¢d — 616 748 387 387 ag7 500 wm
: C winter — 364 365 358 345 397 404 —
C summer — 446 447 454 447 477 487 —
40 1/ G e — | 837 775 as7 424 469 —
C winter - — 381 383 371 329 378 —
C summer —_— —_ 394 418 419 425 465 —_
FaT:4r % M — A B & K F & fE

Table 27: Comparison of January means of energy dissipation E (Watts/m?®) over
the North American Continent, Computed with geostrophic drag coef-
ficient by Kung and skin drag coefficient by Cressman (1960). 1945-1955.

E R
\ Longitude
" 135°W 125 115 105 95 85 75 &5 Mean
R
% pitade
60°N Ku* 8,17 6.94 1.74 0,94 1.39 = 3.58 £94 396
O 38.54 | 21.58 1.88 0.98 1.55 —_ 4.19 586 | 1065
50 Ku — 6.07 5.7 3.58 3.22 5.90 6.93 — 5.18
Cr — | 19.14] 2511 4,73 461 5641 1073 — | 1166
40 Ku —_ — | 192 167 1.18 213 2,22 -—_ 1.82
Or _— . 9.35 6.90 1.29 3,57 346 - 491

*Ku=drag coefficient. by EKung.
#kOr=drag coefficient by Cressman.
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