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A Summary of VHF and UHF Tropospheric Transmission Loss

Data and Their Long-Term Variability

by

D. A. Williamson, V. L. Fuller, A. G. Longley and P. L. Rice

SUMMARY

Cumulative distributions of hourly median basic transmission

loss are presented for 135 beyond-line-of-sight radio paths in the

United States. In order to allow for seasonal trends of transmission

loss, the year is divided into a summer period, May through October,

and a winter period, November through April.

The long-term variability of observed hourly medians is com-

pared with predicted variability based on empirical curves by Rice,

Longley and Norton [ 1 ]

.

Introduction

The Central Radio Propagation Laboratory of the National

Bureau of Standards was established at the close of World War II to

centralize and coordinate radio propagation research which was being

conducted throughout the United States in the entire frequency spectrum.

In order to obtain information regarding factors that affect trans-

mission loss, [ 2] a long term program of measurements was under-

taken by CRPL with the assistance of FCC, several universities and

other agencies. Whenever possible, transmission loss was recorded

over particular paths for at least a year to determine seasonal and

diurnal variations. A number of paths were studied for much longer
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periods of time to determine variability from year to year. This

long term program yielded a large amount of data, including nearly

a million hourly median values of transmission loss.

Transmission loss is defined as the ratio of total radiated

power to resulting signal power available from the receiver. All

data are reported in terms of basic transmission loss, defined as

the transmission loss expected between isotropic antennas, and here

expressed in decibels.

Variations in transmission loss may be classified arbitrarily

as short-term and long-term. The study of long-term variations

considers the hourly median value of transmission loss as the basic

unit. The hourly median value constitutes a measure of the field or

power exceeded for 50% of each hour of recording. Such values are

determined from Esterline -Angus charts and time totalizer records,

and are tabulated for each receiving site.

In this report only long-term variability is investigated, for

135 beyond-line-of-sight paths in the United States. Table I lists

these radio propagation paths, ordered by path distance, with the

locations of transmitters and receivers, and several of the more im-

portant path parameters. Table II lists the number of hourly medians

and the basic transmission loss exceeded 1%, 10%, 50%, 90%, and

99% of all hours recorded during the winter months and summer

months. Table III lists the predicted and observed winter and summer

long-term medians, where the predicted medians were obtained by the

methods of Reference 1. Table IV lists dates and times of recording,

with paths arranged in numerical order.

Corresponding cumulative distributions of observed winter and

summer hourly median values are plotted in Figs. 1 through 135. The

odd numbered figures through Fig. 85 show individual winter and summer
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distributions for paths where data were recorded during more than

one year. The even numbered figures through Fig. 86 show weighted

average winter and summer distributions for each path, with the

long-term median value set equal to zero decibels. This quantity is

denoted by the symbol "y". All remaining Figs. 87 through 135 show

summer and winter distributions of "yM for each path. Fach of these

figures also shows the predicted cumulative distribution y (p, 0) as

obtained from Figs. 136 and 137, which were redrawn from Figs. 12a

and 12b of Reference 1. These empirical curves were derived from

an analysis of data from about half of the paths listed in Table I. The

angular distance 9 is defined in Reference 1 as the angle between

horizon rays from transmitter and receiver; the parameter p is defined

in equation (1) below.

Fach cumulative distribution is referred to a median of zero

because this permits ready comparison of observed and predicted

values of "y", and differences in long-term variability from path to

path can easily be noted.

Data for the paths included in this report were recorded commer-

cially, with the exception of paths 250 to 449 which were recorded by

the National Bureau of Standards. All the data represent horizontal

polarization, except those for paths 42, 43, 47, and 49, where vertical

polarization was used.

Procedures

Fach distribution plotted in Figs. 1-135 corresponds to more

than 200 recorded hourly medians, and all of these plotted distributions

together represent data from 103 paths. For paths where fewer than

200 hours were available, the cumulative distribution was not plotted

but is included in Table II.
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Steps in processing the data were:

(1) For each year, observed hourly median values x of basic
n

transmission loss recorded from November through April (winter) or

from May through October (summer) were obtained. These values

were then listed in increasing order from the lowest value x , x ,

, . . , x , up to the highest value x . The percentage, p, of hourly

median values less than x was defined as
n

(2) Cumulative distributions, x versus p (n) were plotted, and
n

the values of x corresponding to p = 1%, 10%, 50%, 90%, and 99%

were obtained by interpolation. These values are listed in Table II for

paths where only one winter or one summer was recorded.

(3) For paths where data were available from more than one

year, values of basic transmission loss were plotted for each year

and season and a weighted average distribution was computed by:

(a) reading the per cent time at given transmission loss levels

for each year and each season,

(b) multiplying each reading by the number of hourly medians

recorded in that year and season,

(c) computing the weighted mean per cent time at each of the

given transmission loss levels, and

(d) plotting the computed mean per cent at each of the selected

levels.

These weighted average distributions were plotted, and basic

transmission loss values were read at 1%, 10%, 50% ; 90%, and 99%

for each season. For paths where more than one year's data were

available, the weighted averages are recorded in Table II.
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Sometimes transmission loss is so great that the signal level

is below the noise level, or the signal exceeds the highest value that

the recorder can measure. Such values are listed as > and < values,

respectively, in Table II. Figures are marked with an asterisk for

paths where certain recording difficulties occurred. In some instances,

these difficulties prevented measurement of the 1%, 90%, or 99%

levels of basic transmission loss. In other cases, where recording

difficulties were intermittent, blocks of more than 200 consecutive

hours of reliable data were selected and used to represent the entire

path. The actual number of hourly medians used to plot distributions

may be found in Tables I and II, while the total number of days during

which data were recorded is found in Table IV.
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Explanation of Terms Used in Table I

1. Recording Agencies

CRPL - Central Radio Propagation Laboratory, National Bureau

of Standards, Boulder, Colorado.

FCC - Federal Communications Commission, Washington, D. C.

UBC - United Broadcasting Company, Columbus, Ohio.

Collins - Collins Radio Company, Cedar Rapids, Iowa.

Pa State Col - Pennsylvania State College, State College,

Pennsylvania.

U of 111 - University of Illinois, Urbana, Illinois.

U of Texas - University of Texas, Austin, Texas.

U of Wash - University of Washington, Seattle, Washington.

2. Path Parameters

di and d . - total path distance in kilometers and in statute miles.

^te(m)' ^te(ft) " effective transmitting antenna height in meters

and in feet. The effective height is the height above a curve

fit to part of the terrain between the antenna and its radio

horizon unless one of the following symbols is used:

s - - structural height

* - - height above 2 to 10 mile average terrain in the

direction of the receiver

** - - height above 2 to 10 mile average surrounding terrain

h / ,, ^re(ft)
~ effective receiving antenna height; structural

height above ground is used.

N - average surface refractivity, see Reference 1.

ijm _\ - radio frequency in megacycles per second.

0. . - angular distance in milliradians between transmitter
(mr) to

and receiving antennas; see Reference 1.

N hrs - total number of hourly medians available.
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TABLE III

Observed and Predicted Median Basic Transmission Loss
Winter and Summer

L, = Observed Median L. = Predicted Medianbmo bmc

NBS Winter Summer
Pa
No
Path L, L, L, L,bmo brae bmo bmc

1 178.6 186. 1

2 146.2 159.0

3 178.0 169.4

5 172.4 170. 3

6 158.8 154.5

7 173.7 188.0

8 184.9 183. 8

9 191. 8 190.2

12 184. 3 185.7

13 178.4 176. 8

15 184.6 186.9

16 - 157.7

17 183. 8 194.2

18 192.9 195.4

19 175. 3 171.3

20 175.5 175.9

21 - 170.6

22 163.2 168.4

23 156.3 168.9

26 - 199. 1

28 175.9 177.3

29 171. 1 176.7

>180.5 180.8

145. 1 153.6

174. 1 165.6

170.4 166.3

150. 1 150. 1

172.6 182.8

178.7 179. 3

189. 1 185.3

182.5 180.4

174.9 172.7

184.7 182.0

158.5 153. 1

>184.5 189.0

189.2 190.2

172. 1 167.2

174.2 171.8

167.6 166.8

166.6 164.6

167.2 165.0

>192. 1 193.8

172.8 173.2

167.8 172.6
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Table III (continued)

NBS Winter
Path
No.

L,bmo bmc

31 180. 3 172.5

32 173.4 179. 1

33 189.2 179.4

34 167.6 171.9

35 171. 8 168.3

36 182.7 182.3

37 191.0 182.3

38 187.6 181.3

39 146. 8 139.7

41 175.6 175.3

42 181. 1 176.6

43 174.3 176.6

44 173.4 176.6

45 176.2 176.6

46 171.4 176.6

47 181.4 176.6

48 176.8 176.6

49 188.2 176.6

51 178.2 177.8

52 171. 1 169. 1

53 188.4 189.3

54 177.9 177. 1

55 168.7 169.3

56 144.5 144.4

57 174.7 168.8

58 187.9 187.7

59 177.4 178. 5

Summer

Lbmo L
bmc

176.9 168.4

172.3 172.8

185.9 175.2

168.8 167.8

168.0 164.6

178.6 177.6

185. 8 177.9

184.2 176.8

147.7 136.8

174.9 170.9

178. 1 172.5

181.0 172.5

170.4 172.5

- 172.5

178.3 172.5

172.4 172.5

178.3 172.5

184.0 172.5

177.4 173.6

168.0 165.4

185.7 184.4

172.0 172.7

162.8 165. 8

146.2 141.4

171.5 164. 8

189. 1 183.1

175.7 174.4
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Table III (continued)

NBS Winter
Path
No. bmo bmc

60 164.4 170.5

61 182.9 188.3

62 185. 8 187.9

63 178.5 177. 1

64 180.3 177. 1

66 163.2 167.0

71 - 190. 3

200 152. 3

201 148.5

202 >182.6 174.7

203 173.8 172.2

204 183.4 183.6

206 170. 8 166.8

208 172. 3 167.6

210 176. 8 174.7

211 196.4 189.4

213 179.4 176.5

214 176.2 175.6

215 175.7 174. 8

216 179.7 176.5

217 183.7 176. 1

219 164.2 166.9

222 >182.

3

176.2

223 176.4 172.4

228 - 165.0

254 152.4 158.8

Summ er

bmo bmc

164.5 166.4

177.7 182.9

178.8 182.5

- 173.0

- 173.0

165. 1 161.7

182.4 185.2

150.4

147.9

177.6 170.6

171.5 168. 1

180. 1 179.5

170.4 162.7

166.9 164.4

173.9 170.6

192.9 184.8

176.4 172.4

172.8 171.5

171.4 170.7

175.7 172.4

181.4 172.0

167.0 162.8

179.1 172. 1

166.3 168.9

164.9 162.0

152.0 155.8
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Table III (cOntinued)

NBS Winter

Path
No. bmo L,

bmc

256 201. 8 190. 3

258 217. 3 206.8

260 - 232. 1

262 168.8 173.2

264 216. 8 206.8

274 156.2 162.8

276 197.4 195.5

278 - 212.3

294 153.9 163.9

296 201.9 196.8

302 171.7 179.3

314 166.8 169. 1

316 - 211.4

317 223.5 214.4

318 - 234. 1

322 179.8 193.3

323 - 212.5

324 - 211.9

325 - 214.4

330 133.9 135.0

332 143.4 152.9

334 162. 1 164.3

336 200.8 187.9

338 214.9 209.0

342 179.7 178.6

350 139,4 139.3

Summer

Lbmo bmc

191.6 185.9

202.9 201.5

228.3 227. 1

153.0 169.6

- 201.5

157.6 159.8

192.7 191. 1

206.7 207.0

148.2 160.9

188.6 192.4

155.3 175.7

161.6 166. 1

208.6 207.0

215. 1 210.0

225.4 228.9

170.7 189.8

203.9 208. 1

205.2 207.5

207.7 210.0

132.7 131.9

142.9 149.9

161.0 161. 1

184.4 183.3

- 203.8

165.7 174.5

_ 136.2



-30-

Table III (continued)

NBS
Path
No.

Winter Summer

bmo L
bmc

Lbmo bmc

352

354

356

358

370

372

374

376

382

385

389

390

392

394

396

398

400

404

416

418

420

425

429

450

451

452

149.7 158.7

172.2 171.7

209. 1 196.3

223.6 216.3

140.9 140.2

150.8 159.3

170.2 172.9

- 197.0

- 184.8

- 219.6

- 194. 1

152. 3 160.2

157.7 174.0

181.9 183.6

207.4 201.7

217.2 217.5

229.4 243.9

219.2 217.5

- 187.0

- 202.3

- 228.6

- 171.6

- 210.4

190.1 188. 1

196.4 189.8

192.9 196.3

- 155.7

- 168.5

- 191.7

- 211. 1

132.6 137. 1

138.2 156.3

158.9 169.7

186. 1 192.4

169.9 180.7

213.0 214.6

190.6 190.3

152.0 157. 1

156.7 170.6

172.6 179.8

196.4 196.8

208.6 212.3

231.4 238.9

- 212.3

187.4 182.9

199.7 197.0

224.3 223.6

155.0 168.6

214.5 206.2

-. 184. 1

189.2 185.8

191.7 192.2
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Table III (continued)

NBS Winter

Path
No. bmo bmc

453 197.0 196.4

454 190.7 196.4

457 189.7 190. 9

458 188.9 188. 1

459 188.4 187.0

460 - 186.5

461 184.8 186.0

462 188.0 185.5

Summ er

bmo bmc

191. 3 192.3

185.7 192.3

1 82 . 1 186.8

182.7 184.0

180.4 182.9

174.3 182.4

182.3 181.9

179.8 181.5
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Table IV

Dates and Hours of Recording

NBS
Path Fig.

d

P sriod of Re cording Number of Days

No. No. km Dates Hour s Winter Summer

1 - 195.9 4-17-51 to 6-30-51 1400 to 2100 14 58

2 91 102.4 7- 1-53 to 6-30-54 1900 to 2200 181 179

3 35, 36 155. 6 2-25-52 to 6-20-53 0900 to 2300 239 213

5 29, 30 150. 2-19-51 to 7-31-52 1500 to 2400 250 272

6 9, 10 136. 3 3-13-51 to 6-30-53 1400 to 2000 407 421

7 19, 20 232.9 1- 1-52

10- 1-53
to 9-30-53

10-31-54
1500

1900

to 2400

2200
444 539

8 23, 24 283. 1 6-13-50
10- 1-50

to 7-31-50
6-15-53

2400 to 2400 538 509

9 25, 26 365.6 6-13-51
12- 1-52

to 9-30-52
12-31-52

0800 to 2300 206 254

12 97 239.9 6-23-51 to 3-31-53 0600 to 2400 322 276

13 83, 84 237.9 5- 1-49
2- 1-50

to 11-16-49
6-31-51

0600 to 2400 286 412

15 133 285. 4-14-50 to 6-10-50 1500 to 1800 17 41

16 131 218. 1 8-13-52 to 9-30-52 1200 to 2100 - 49

17 - 222.9 4-17-51 to 6-30-51 0600 to 2400 14 57

18 27, 28 446.4 8- 1-51

12- 1-52
to 10-31-52

6-15-53
0500 to 0100 333 315

19 81, 82 235. 8 7- 1-51 to 6-30-52 0600 to 2000 363 368

20 85, 86 237.9 6-14-51 to 12-31-52 0700 to 2300 237 324

21 129 125. 7 5-18-49 to 8-31-49 1100 to 2200 - 106

22 108 125. 7 9- 1-49 to 4-26-50 1500 to 1800 177 61

23 > 128 119.4 4-27-50 to 10-24-50 1500 to 1800 4 184

26 - 469. 4 10- 1-52 to 10-31-52 0600 to 2400 - 31

28 71, 72 205. 2 4- 9-51 to 9-22-52 0600 to 2400 190 305

29 45,46 195. 4-15-50 to 6-20-53 0700 to 0100 560 603

31 77, 78 223. 7 7- 1-50 to 6-30-52 0600 to 2300 361 367

32 101 298. 8 8- 7-52 to 9-30-53 0600 to 2400 181 234

33 96 224. 5 9- 1-52 to 5-31-53 1500 to 2200 172 84

34 31, 32 153. 8 9- 5-51

6-15-52
to 3-15-52

11-29-52
1400 to 2100 145 196



Table IV (Continued)

33-

NBS
Path Fig.

km

P eriod of Re cording Number of Days

No. No. Dates Hour s Winter Summer

35 112 160. 4 5-25-51 to 7-14-52 1500 to 2100 182 235

36 17, 18 224. 2 7-31-51 to 4-30-53 0600 to 2400 359 277

37 99 270. 2 9-18-52 to 5-31-53 0700 to 2400 181 75

38 100 280. 3 11- 1-49
3-16-50

to 3-15-50
8-31-50

0700
1500

to 2200

1800

181 123

39 88 73. 5 11-11-52 to 6-20-53 0600 to 0100 171 51

41 11, 12 146. 1 5-16-51 to 4-30-53 0600 to 2300 357 346

42 113 201.0 11- 1-50 to 1-21-52 0600 to 0100 263 184

43 130 201. 2-17-51 to 10-31-51 0500 to 0100 16 97

44 49, 50 201. 5- 1-50 to 6-20-53 0600 to 0100 534 597

45 124 201. 1-30-52 to 2-25-52 0600 to 0100 27 -

46 114 201. 2- 3-51 to 10-31-51 0500 to 0100 27 90

47 51, 52 201. 5-23-50 to 6-20-53 0600 to 0100 528 566

48 53, 54 201. 11- 1-51 to 6-20-53 0600 to 0100 220 133

49 55, 56 201. 11- 1-51 to 6-20-53 0600 to 0100 183 119

51 121 299. 10-13-52 to 7-16-53 0800 to 2400 181 93

52 39, 40 167. 7 3- 9-51 to 10- 9-52 0900 to 2400 235 344

53 103 307.9 11-24-52 to 5-25-53 0800 to 2400 153 20

54 15, 16 188.4 6-23-51 to 4-30-53 0700 to 0100 363 315

55 43,44 181. 5 6- 1-50 to 6-20-53 0700 to 2400 538 572

56 1,2 72. 3 8- 4-50 to 11- 7-52 1500 to 0100 360 454

57 57, 58 202. 8 7- 1-50 to 6-30-52 0600 to 2200 358 368

58 102 305. 5-15-52 to 7-11-53 0600 to 2400 175 241

59 98 243. 8 3- 1-51 to 12-25-51 1500 to 2200 116 184

60 109 129.9 7- 1-51 to 7-31-52 0400 to 2400 182 215

61 95 220. 2 8- 2-51 to 4-17-52 0500 to 0200 169 91

62 94 215. 8 4-18-52 to 4-30-53 0500 to 0200 194 180

63 124 191. 3 4- 1-50 to 4-27-50 1200 to 2300 27 -

64 - 191. 3 4- 1-50 to 4-14-50 1200 to 2300 - 14

66 90 99. 8 8-16-53
10- 1^53

to 9-30-53
6-30-54

0400

1900

to 2300
2200

181 136



Table IV (Continued)

-34-

Path Fig.

kmNo. No.

71 133 307.9

200 7, 8 116. 4

201 87 61. 5

202 131 211. 5

203 79, 80 229.6

204 47, 48 196. 3

Period of Recording

Date s Hours

6-12-53 to 7-14-53 0500 to 2300

11-20-51 to 2-25-52 0900 to 2300
4-26-52 10-20-53

7- 1-51 to 9-17-52 0900 to 2300

4-13-51 to 6-30-51 1000 to 2400

3- 1-51 to 6-15-53 0700 to 2400

2-23-51 to 3-28-51 0900 to 2300
7- 1-51 6-12-54

5-17-51 to 12-31-52 0700 to 2400
5- 1-53 5-29-53

6-12-53 to 6-30-54 0600 to 2300

7- 1-51 to 4-15-52 0900 to 2400
6- 1-52 6-30-53

4-25-57 to 6-15-53 1200 to 2300

7- 1-51 to 6-30-53 0900 to 0100

7- 1-51 to 6-30-53 0900 to 0100

9- 1-51 to 6-30-53 0900 to 0100

9- 1-51 to 6-30-53 0900 to 0100

10- 1-52 to 5-14-53 0900 to 0100

10-12-50 to 5-22-51 0700 to 2400

4- 3-51 to 6-30-51 0900 to 2400

5-11-50 to 6-20-53 0700 to 0100

5-12-53 to 5-28-53 0600 to 2300

2- 1-52 to 8-31-53 2400 to 2400

2, 3, 8-54

2-23-52 to 5-31-52 2400 to 2400
10- 1-52 4- 9-53
2, 3, 8-54

7-30-52 to 8-20-52 2400 to 2400
2-17-53 3-10-53

8- 8-52 to 8-20-52 2400 to 2400
2-20-53 2-27-53

2-14-54 to 3- 2-54 2400 to 2400
8-16-54 8-29-54

Number of Days

Winter Summer

- 28

276 357

182 252

18 61

39 5 402

381 431

206

256

258

260

262

61,62 203.7

208 110 131.8

210 59,60 203.3

211 21, 22 281. 8

213 63,64 204. 4

214 65,66 204.4

215 67,68 204.4

216 69, 70 204.4

217 120 231.9

219 115 203. 3

222 130 210. 3

223 41,42 179.9

228 129 131. 8

254 13, 14 155. 5

104 364. 5

127 633.3

994. 1

248

149

352

140 199

317 292

321 405

363 350

346 368

333 303

360 306

169 43

152 42

28 61

541 584

- 17

242 279

61

226.9

22 21

12

12 14



Table IV (Continued)

-35-

NBS
Path Fig.

km

Period of Re cording Number of Days

No. No. Date 5 Houi s Winter Summer

264 127 633. 3 2-17-53 to 3-10-53 2400 to 2400 19 -

274 92 155. 5 2- 1-52
12- 5-52

to 11-26-52
4- 9-53

2400
2400

to 2400

1800

185 162

276 105 364. 5 2-13-52 to 2-25-53 2400 to 2400 68 149

278 135 633. 3 7-27-52 to 8-20-52 2400 to 2400 - 21

294 93 155. 5 2- 1-54
8-18-54

to 3- 2-54
8-29-54

2400 to 2400 29 12

296 106 226. 5 2-16-54
8-17-54

to 3- 2-54
8-29-54

2400 to 2400 14 13

302 132 226.9 2-16-54
8-16-54

to 3- 2-54
8-29-54

2400 to 2400 10 14

314 33, 34 155. 5 2- 8-52

2, 3,8-54
to 8-31-53 2400 to 2400 151 221

316 134 364. 5 6- 1-52 to 10-14-52 2400 to 2400 - 113

317 126 364. 5 3- 1-53

2, 3, 8-54
to 4- 9-53 2400 to 2400 46 5

318 - 633. 3 7-28-52 to 8-20-52 2400 to 2400 - 18

322 - 226.9 2, 3,8-54 2400 to 2400 9 5

323 - 364. 5 8-24-54 to 8-29-54 2400 to 2400 - 5

324 - 364. 5 8-24-54 to 8-29-54 2400 to 2400 - 5

325 - 364. 5 8-24-54 to 8-29-54 2400 to 2400 - 5

330 3,4 79. 5 2- 1-52
12- 8-52

2, 3,8-54

to 3- 7-52
6-30-53

2400 to 2400 188 74

332 5,6 113. 2- 1-52

11-24-52
2, 3, 8-54

to 3- 7-52

7-31-53
2400 to 2400 203 103

334 37, 38 155. 8 2- 1-52
12- 8-52

2, 3,8-54

to 3- 7-52

6-30-53
2400 to 2400 167 71

336 107 364. 7 2-20-52
12-29-52

2, 3,8-54

to 3- 7-52
4- 9-53

2400 to 2400 103 14

338 - 633.4 2-11-53 to 2-18-53 2400 to 2400 8 -

342 132 227. 1 2, 3,8-54 2400 to 2400 15 14

350 122 79. 5 2-13-52
12- 9-52

to 3- 7-52

4-30-53
2400 to 2400 154 -



Table IV (Continued)

.36-

NBS
Path Fig.

Tcm

Period of Re cording Number of Days

No. No. Dates Hour s Winter Summe r

352 122 113. 1-13-53 to 4- 6-53 2400 to 2400 70 -

354 123 155. 8 2-12-52
12- 9-52

to 3- 7-52

4-10-53
2400 to 2400 138 -

356 126 364. 7 12-12-52
2-17-53

to 12-30-52
4- 9-53

2400 to 2400 iz -

358 - 633. 4 2-27-53 to 3-10-53 2400 to 2400 11 -

370 89 79. 5 2- 1-54
8-17-54

to 2-14-54
8-29-54

2400 to 2400 14 13

372 128 113. 2- 1-54
8-16-54

to 2-14-54
8-29-54

2400 to 2400 11 14

374 111 155. 8 2- 1-54
8-16-54

to 2-14-54
8-29-54

2400 to 2400 14 14

376 134 364. 7 8-16-54 to 8-29-54 2400 to 2400 - 14

382 - 227. 1 8-23-54 to 8-29-54 2400 to 2400 - 7

385 - 359. 8 8-25-54 to 8-28-54 2400 to 2400 - 4

389 - 151. 8-25-54 to 8-28-54 2400 to 2400 - 4

390 - 75. 8- 6-52
2-20-53
2-15-54

to 8-10-52
2-27-53
3- 2-54

2400 to 2400 24 5

392 - 109. 4 8- 7-52
2-25-53
2-15-54

to 8-13-52
2-27-53
3- 2-54

2400 to 2400 19 7

394 - 151. 8- 6-52
2-20-53
2-16-54

to 8-13-52
2-27-53
3- 2-54

2400 to 2400 22 8

396 - 359. 8 8- 5-52
2-22-53

to 8-13-52
2-25-53

2400 to 2400 4 9

398 - 628. 8 8- 7-52 to 8-13-52 2400 to 2400 8 7

400 - 988. 1 8- 8-52
2-22-53

to 8-12-52
2-27-53

2400 to 2400 4 5

404 - 628. 8 2-20-53 to 2-27-53 2400 to 2400 8 -

416 - 381.6 8-18-52 to 8-20-52 2400 to 2400 - 3

418 - 650. 3 8-14-52 to 8-20-52 2400 to 2400 - 7

420 - 1010. 8 8-14-52 to 8-20-52 2400 to 2400 - 7

425 - 243. 8 8-19-52 to 8-23-52 2400 to 2400 - 5

429 _ 381. 6 8-17-54 to 8-23-54 2400 to 2400 _ 5



Table IV (Continued)

•37-

NBS
Path Fig.

km

Period of Recording Number of Days

No. No. Date 3 Hour s Winter Summer

450 123 138. 6 11-16-49 to 3-12-50 2400 to 2400 59 -

451 - 158. 10-27-49 to 11- 3-49 2400 to 2400 3 5

452 116 215.6 4-14-50 to 5-28-50 2400 to 2400 11 14

453 117 215.6 3-23-51 to 12-15-51 2400 to 2400 26 86

454 118 215.6 3-20-51 to 12-10-51 2400 to 2400 28 83

457 73, 74 215. 6 1-18-52 to 5-19-53 2400 to 2400 86 79

458 125 215.6 1-25-52
6-14-52
1-20-53

to 2- 2-52
6-25-52
5-20-53

2400 to 2400 47 16

459 75, 76 215.6 1-14-52

2-28-53

to 11- 2-52

5-22-52

2400 to 2400 56 53

460 - 215.6

461 125 215.6

6- 9-52 to 6-28-52

1-14
4-17

•52 to 3-29-52
.53 5-23-53

2400 to 2400

2400 to 2400 55

15

10

462 119 215.6 5-12-52 to 5-23-53 2400 to 2400 37 84





PART I

(Figures 1 through 86)

Cumulative distributions - winter and summer - of paths for

which two or more complete years of recording are available.
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Figure I
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Figure 2
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0.1 0.2 0.5 I 2 5 10 20 30 40 50 60 70

PERCENT OF TIME

Figure 4

90 95 98 99 99.8 99.9



NBS PATH 332
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NBS PATH 332
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NBS PATH 200
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NBS PATH 6
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Figure 9
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Figure 10
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NBS PATH 41
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NBS PATH 254
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Figure 13



NBS PATH 254

SUMMER
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Figure 14
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Figure 15
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Figure 16
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PART II

(Figures 87 through 121)

Cumulative distributions - winter and summer - of paths for

which more than one season of recording is available.
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NBS PATH 51
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PART III

(Figures 122 through 135)

Cumulative distributions - winter or summer - of paths for

which only one season of recording is available.
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NBS PATH 15
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NBS PATH 316
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Curves for Predicting Long-Term Variability

y(p, 0) for Winter and Summer

(Figures 136 and 137)

Readings from these graphs are the basis for all prediction curves

appearing on the cululative distributions.
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