
JOURNAL OF RESEARCH of the National Bureau of Standards-D. Radio Propagation 
Vol. 66D, No.5, September- October 1962 

A Comparative Study of the Correlation of Seasonal and 
Diurnal Cycles of Transhorizon Radio Transmission 

r Loss and Surface Refractivity 

B. R. Bean I, 1. Fehlhaber 2, and J. GrosskopP 

(Received April 12, 1962) 

Corrolat ions between t he surface refract ivity, lV" and transhorizo n recordings of VHF 
radio transmiss ion loss a re examin ed for 34 U .S. and 9 German rad io paths. Th e largest 
co rrelations a re found to be assoc iated with t he seasonal cycle of nighttime recordings a nd 
d iurn al cycles during t he summer mon t hs. The a nnu al cycles may be represe nted by a single 
regression coeffi cient of - 0.18 db/N , fo r e it her night or day. The regress ion coeffi cien ts for 
t he d iurnal cycles l ie betweon - 0.2 alld - 1.1 db/knl and vary with d istance and seaso n, 
being greatest bet wee n 175 a nd 200 k ilometers and in the winLer months. A promising 
method of e;;timat ing the within-month dist1'ibution of houdy median transmission loss is 
suggested by combi ning th e seaso nal a nd diurnal correlatio n analysis. It is ind icated t hat 
iV, provides as usefu l a pred iction of diurnal a nd seaso nal var ia tions of month ly median 
values of transmiss ion loss as radio measurements made over the actual radio path in 
previous years. 

1. Introduction 

R adio physicists have long sough t a dependabl e 
relationship between recorded transborizo n trans­
mission loss and atmospheric properties. The sur­
face value of the radio r efractivity at mid path, N s, 

has received much sLudy. Pickard and Stetson 
[1950a, b] noted a sLrong eorrclation between 
monthly median values o[ both variables. Bean 
[1956] found that this correlation deLerioraLed with 
decreasing: averaging Li me, being abo ut 0.9 for 
monthly averages, 0.7 for 5-day averages and 0.5 [or 
daily averages . Further studies have shown a high 
degree or: correspondence b etween hour-to-hour varia­
tions of transmission loss and median scale weather 
even ts [Moler and Arvola, 1956; Moler and Holden , 
1960]. To date the practical application of radio 
meteorological correlation has been to predict the 
path-to-path, or geographical variation of long-term 
transmission loss. The present study is directed 
towards estimating the variation of hourly median 
transmission loss over individual paths. 

All of the above climatic studies are concerned 
with correlation of annual cycles as this paper will 
also be. However , the correlation of diurnal cycles 
will also be investigated with a view towards estimat­
ing the within-month variation of transmission loss. 
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2. Radio and Meteorological Data 
Hourly median transmissio n loss values were 

examin ed for Lhe 34 differen t U.S. and 9 German 
staLions listed in appen dix l. 1n ge neral the claLa 
for each propagation paLh ar e reco rded for at least 
2 y1' aud a minimum of 8 hr per day. :Monthly 
median values of transmission loss, L b , wer e prepared 
[or each hour of the broadcast day for each mOllth . 

Both seasonal and diurnal Lrends were imm ediately 
apparent in th ese monLhly med ians. Figure 1 gives 
examples of these t rends [or two sLa lions, , VCSl­
FM, path number 11 (Columbus, Ind iana- Urb ana, 
Ill. ) and KIXL- FM, path number 3 (Dallas-
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FIG URE 1. Examples of seasonal and diumal cycles of monthly 
median transmission loss . 
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Austin, Tex.). A consistent pattern was found on 
all such data plots. The seasonal cycle for the 
nighttime and early morning hours is much more 
pronounced than for the midafternoon hours. Mid­
afternoon, however, appears to have more nearly 
uniform propagation conditions throughout the year. 
It appears quite significant that the diurnal cycles 
are so similar year-to-year rather than month-to­
month within the same year. This last observation 
dominates the analysis of this paper. First, cor­
relation of monthly median diurnal and seasonal 
cycles will be derived. Second, the statistics of 
these correlations will be analyzed, trends deduced 
and, third, these trends will then be applied to the 
analysis of hour-to-hour variation of transmission 
loss within the month. 

Using standard statistical techniques, the correla­
tion of seasonal cycles of monthly median trans­
mission loss with monthly average values of the 
surface refractivity, N S) were derived. At first 
sight these correlations had no discernible pattern. 
It seemed advisable to examine these correlation 
coefficients in terms of some pertinent measure of 
propagation characteristics. The standard devia­
tion of the measured transmission losses, s(L b), was 
used as such a measure. The correlation coefficients 
of seasonal and diurnal cycles are shown on figures 
2 to 5. The average correlation coefficient was 
estimated through the use of Fisher's z [Snedecor, 
1946] applied within small intervals of S(L b) ' 
Prior to the analysis it was decided to give no weight 
to the correlations associated with S(L b) < 2 db since 
this represents the opinion of the International 
Consultative Committee for Radio (CCIR) [1959a] 
as to the order of magnitude of the error of measure­
men t of L b. One reaches several conclusions from 
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FIGURE 2. Correlation coefficients of seasonal cycles of N. and 
Lb: midday (1 200, 1400, 1600) versus the standard deviation 
of Lb. 
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figures 2 to 5. The correlation coefficients appear to 
scatter to the point of insignificance within the region 
S(L b) < 2 db. Of course the correlation coefficients I 

are systematically greater the more s(L b) exceeds 
2 db. It follows, then, that the largest correlation 
coefficients are found with the most pronounced 
cycles of transmission loss; i.e., the seasonal cycle 
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FIGURE 3. Correlation of coefficients of seasonal cycles of N . 
and Lb: night (2000, 2200, 2400) verSl,S the standard devia­
tion of L b. 
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I of nighttime recordings and t he summer time 
diurna,l cycles. 

For practical applications one wishes to deter­
mine the regression coeffi cient, b, in the Jeast­
squares derived regression lin e 

The regression coeffi cient gives the sensitivity of L b 
to a unit change in N s• The intercept, a, is a 
function of path characteristics such as antenna 
heights, distance, and terrain. For practical appli­
cations the intercept is best obtained from available 
prediction processes such as those of Rice, Longley, 

> and Norton [1959]. The regression coefficients for 
the seasonal cycles seemed sufficiently independent 
of propagation path characteristics that a simple 
average of - 0.18 db per unit change in N s was 
adopted, figure 6, by neglecting the values associated 
with s(L b) <2 db. 

The regression coefficients associated with the 
diurnal cycle, however, appear to be better described 
in terms of distfln ce and time of year. The diurnal 
regression coefficients for s(L b) > 2 db were plotted 
versus distance for each month of the year. A 
curve through the data points was determined 
visually. The scatter of points about the resultant 
curves was comparable to that of figure 6. A com-

i parison of the individual monthly curves revealed 
that several months could be combined so that only 
three curves are needed: winter (December- February) , 
spring (March- May), summer-fall (June- November)_ 

These curves are shown on figure 7. The peak of 
the summer-fall curves are near 200 km as compared 
to 175 Jan for the winter-time curves in keeping 
with the general extension of the radio horizon in 
the warmer months. [See for example the CCrR 
curves of t::..N/km, [1959b].] Although the summer 
peak is lower than the winter peale the observed 
diurnal range of N s is greater in the summer with 
resultant greater range of L b. 
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3. Within-Month Variation of Hourly Median 

Lb 
The above observations suggest a basis for de­

veloping a method for estimating the within month 
variation of L b that might perhaps be eventually 
useful in practical prediction processes. 

The value of the intercept in (1) could be obtained 
by a variety of existing prediction methods, but for 
the purpose of this demonstration it will be assumed 
to be identically the observed February monthly 
median value of L b for the hour 1400 for each radio 
path. The value of L b at 1400 for any other month 
is then 

L b (Ali • 1400) = - 0. 18 [Ns(A1i, 1400) (2) 

.1 

- N s(Feb. , 1400)]+ a 

(1:::; i:::;1 2) 
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where the notation }'1i indicates the month of the 
year. To obtain the value of Lb at any hour, hj, 
within any month one evaluates 

L b (lvli ,hj ) = Lb(llfi , 1400) + 
- bAN3Ul1i,hj) - N sUJif;, 1400)] (3) 

(l:::;j :::;24) 

where bj is the appropriate value of the regression 
coefficient obtained hom figure 7. Equation (3) 
allows one to estimate the monthly median value of 
L b for any given hour of the day and month of the 
year. Equation (3) may also be used to estimate 
the within-month variation of individual hourly 
median Lb by assuming that this variation is due to 
the superposition of the individual daily diurnal 
cycles of L b. For any given path and month the 
regression coefficients in (3) are constant and one 
need only determine the desired range o[ within­
month variation of N ., insert th is into eq (3) and 
then obt .. lin an estimate or the expected within­
month variation of L b. Thus, [or example, the 
insertion of the 10 to 90 percent within-month range 
of N s into (3) y ields an estimate of the 10 to 90 per­
cent within-month range oJ L b. Examples of this 
procedure are given on figures 8 and 9 Jor the same 
two radio paths whose annual and diurnal cycles 
were shown in figure 1. The predicted median 
within-mon th level oJ L b appears to follow that of 
the observed data. The predicted 10 to 90 percen t 
ranges of L b are larger than the observed ranges for 
KIXL- FM and smaller than those of WHKC- FM. 
This is actually encouraging since one would wish 
a prediction process to bracket the observed values 
when applied to individual examples. Five U.S. 
radio paths were selected as a quantitative measure 
oJ the agreement between . observed and predicted 
10 to 90 percent ranges. These paths (numbers 3, 
7,9, 16, and 23 oJ appendix 1) cover a wide range of 
climate and radio propagation path conditions. 
The predicted 10 to 90 percent ranges were calculated 
in two separate ways. First, the smoothed r egres­
sion coefficients, cRlled bsm, hereafter, were obtained , 
from figure 7 and used in conjunction with published 
long-term distributions of N " [Bean , Horn , and 
Ozanich, 1960) and, secondly, the observed regression 
coefficients for each path were used with tIle actual 
N distributions for each month of radi.o record . 
The results are shown on figure 10 . Both methods 
of prediction agree within 5 db at the 50 percent I 

level but the total range is noticeably smaller from 
the b sm and long-term N s combination. On e 
surmises that this is due, perhaps, to tbe similarity , 
of space averaging of N conditions by the radio 
waves traversing the entire radio path and the time 
averaging of the increased meteorological record 
used in the long-term distributions of N. Similar 
arguments may be applied to bsm . The nine German 
paths also h eld the same conclusion. These data 
are shown for both the 50 to 90 percen t range and 
the 10 to 50 percent range on figures 11 and 12. , 

From the above one concludes the correlation of 
Lb and N s: 
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(1) increases with increasing variation of Lb or N s; 

(2) is greater for seasonal cycles of the nighttime 
values of the variables than for the midday values; 

(3) is greater for t be diurnal cycles during the 
summer months than [01' those in the winter months. 

Further, conclusions (1) - (3) indicate promise for a 
method of estin1ating the within-month variation of 
hourly median field strengths. 

Although these conclusions are for a limited 
sample, one would expect those pertaining to the 
correlation coefficients to be generally observed. 
The development of a prediction method analogous 
to the above must carefully account for the complex 
sensitivity of Lb to changes in N s• This could 
include a consideration of season, climatic region, 
distance, and frequency. 

One can perhaps see in the above analysis the roots 
of the controversy [Misme, 1960] over the utility of 
N s as a field strength predictor. IC an experimenter 
had available transmission loss data for only the 
afternoon hours, he would conclude that the practical 
utility or the correlation is indeed suspect. The 
same would be true if his radio data were obtained 
in an area where the variation or Lb was character­
istically close to measurement error. This is ap­
parently the case for western Europe since the 
German data on figures 2 to 5 tend Lo lie within the 
estimated measurement error. 

One is encouraged in this view by the climatic 
behavior or N s. Since these correlatio ns are presum­
ably due to refractive effects, one would expect the 
correlation coeffi cients to be systematically greaLer 
the greater the range of N s. The annual range of 
monthly mcan values of" N s is 10 to 15 N units for 
western Europe and 50 N units for Lhe easLern 
United States [Bean and Horn, 1959] . The small 
ran ge of mont hly meitn values in western Europe 
arises from the steady onshore flow of maritime air 
throughout the year while the large range of the 
eastern U.S. arises from the frequent intrusion of 
such diverse air masses as polar air in the winter and 
tropical air in the summer. 

One may surmise that the marked distance 
dependence of regression coefficient is not independ­
ent of propagation mechanism. For example, it is 
commonly observed that the greatest range of 
VHF radio fields is observed beyond the radio horizon 
in the region where diffracted and scattered radio 
field strengths are of about equal magnitude. This 
is also a region where increased radio field strengths 
are frequently associated with low-level super­
refractive layers and elevated reflecting layers. It 
is not unreasonable to associate the relatively large 
values of b with a combination of sensitivi ty of 
diffracted field strengths to refractive changes plus 
occasional strong superrefraction. IV ell beyond the 
horizon, however, scattering is assumed to be the 
predominant cause of weak fields, and, since this 
mode of propagation is r elatively constant in mean 
level, one assumes that the r elatively low value of 
b is due to the insensitivity of this mechanism to 
refraction changes. 
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4 . Analysis of Results 

The conclusions reached a,bove are dep endent 
upon the choice of statistical model. Although 
both variables are subject to observational errors, 
the standard regression analysis used assumes that 
the independent variable, N ., is known exactly and 
that only the dependent variable, L b , is in error. 
In practice this assumption assigns any error in 
N s to L h• vVe shall examine this assumption. 

The rms error in Ns due to errors in meteorological 
measurements, s(Ns)m, may be evaluated from the 
expression 

{ (oN ,)2 (ON )2 (ON )2}~'2 s(Ns)m= 7)tf.l.7 + C5ef.l.e + opD.P (4) 

by assuming that there is no correlation between 
the various errors of measurement. For normal 
conditions (T = 15 °0, RH= 60 %, P = 1013 mb) 
s (N,) In is about 1 N unit. There is an additional 
error in the mean arising from serial correlation of 
successive observations of N s . The errol' in the long 
term mean value of N , is estimated from the expression 

s(N) = s(Ns) , ./i (5 ) 

where s(Ns) indicates the error of the mean and 
s(N,) the standard deviation of the p individual 
values used to determine N,. The effective number 
of independent observations (free of serial correla­
tion) is j. 

The value of j is determined by examination of 
the serial correlation within the data. Examination 
of the data indicates it to be approximately described 
by 

The errors of observation of Lb are unknown and 
could easily be smaller than the arbitrary value of 
2 db of standard error adopted here. Fortunately , 
however, practical applicat ions require the r egression 
coefficient, 

covariance (L o,N ,) 
s2(N,) , 

which is independent of errors in L b and thus is not 
affected by the arbitrary choice of a value of s2(L b) . 

TABLE I.- Effect of serial correlation u pon the e1"ror in the long 
term mean values of N, 

(All data for M ay 1200 local time) 

8(&.) 
{8' (N .) m+,, (N ·)} IOO% Station , (N .) r, 

(N tmits) 8' (N.) 
r=O r =Tl 

---- --. -
Percent 

Washington, D .C .... . .. 19.1 0. 54 1. 30 2. 4 1.8 
Denver, Colorado •...... 14. 1 . 40 0.96 1. 46 1.6 
Tatoosh Is., Wash ..... .. 5.9 . 38 . 40 0.62 3. 9 
Saa Diego, Cali!.. •.. .... 9, 7 . 56 . 66 1. 24 2. i 

Note: Assuming that 82 (lV.) m= l lV unit and r =Tl . 

Although the brief analysis above justifies the 
statistical treatment used in this study one is left 
with the question of the relative utility of N. as a 
predictor. A simple test was devised to shed light 
on this question. Those radio paths for which more 
than 1 yr of observations were available were broken 
into two parts (a) the first year of observation and (b) 
all subsequent years. The monthly mean values of 
L b from the first year were then correlated with the 
data of subsequent years. Monthly mean values of 
N s were also correlated with the radio data from the 
subsequent years. As before, correlations were per­
formed on both seasonal and diurnal variations. Tbe 
results of this comparison, shown in table 2, clearly 

rk=(r)\ k= l, 2,3, . . . ,p, (6) T ABLE 2. Utility of N . and L b as p1'edictors of variations 
of Lb 

where rk is the serial correlation coefficient for the 
lag k . By assuming that 

the effective number of independent observations 
may be estinmted as [Brooks and Carruthers, 1953] 

. 1 -7'1 

J= p 1+7'1 (7) 

where p is the total number of observed values of N ,. 
Even when so accounting for the effect of serial cor­
relation upon the error of the mean it is seen from 
table 1 that this standard error will be less than 2.5 
N units . The important statistic, 

s2 (N,)m+ s2(Ns) 10001 
s2(N s) / 0, 

is also listed in table 1 and is seen to be no more 
than 4 percent which is taken to be sufficiently small 
as to warran t the adoption of regression analysis for 
t he present study. 

N umber of data sets 

Diurnal Seasonal 
variations variations 

Case I : Residual error of prediction of L b versus L b 
le88 thaa L b versus N , ... .. . . ....... . . . ... . ... . ...... 1 16 16 

Case II: Residual error of predictiOll of L b \'ersus N . I 
le88 than Lb versus L b . .... ............ _ .......... " ' , 18 26 

Note: L b data restricted to those cases where 8( L b)2': 2 db. 

indicate that N 8 appears to be as useful a predictor of 
diurnal and seasonal variations of monthly median 
values of Lb as radio measurements made over the actual 
radio path. This last observation, although derived 
from limited observations, has far-reacbmg impli­
cations for the communications engineer should it be 
found to be universally true. 

The authors express their appreciation to Mr. 0. M . 
Miller for his careful collation of the data used in this 
study and tireless verification of seemingly spuriou 
data. 
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5. Appendix 1. Radio and Meteorological Data 

Itadio station and pa th 

1. h:DI,A- FM Pittsburgh -H udson , Ohio ___ _ 
~ . KFOR· F.\1 Lin coln·Grand Island __ _____ __ _ 
a. KIXL-F 1 D allas-Austin ____ __ ______ . ___ _ _ 
4_ KL'rI Long\'iew-Austin __ . __ . . __ _ . ________ _ 

5. KPRC- l ' M Houston-Austin __ . _____ ______ _ _ 
6_ KWKR· FM Shre\·eport·A usl ill ___ ________ _ 
7_ KXOK- FJ\l St. Louis-Urbana ____ • _____ ___ _ 
8_ KXYZ- FM Houstou-Austin __ . ________ ___ _ 
9. WCAC- F?\l Anderson , S.C.·PowderSpgs., 

Ga_ 
10_ W COlr-F.\{ Columbus-Hudson , Ohio ____ •. 
11. W CSI- F 1 Columbus, Ind .-Urbana, IlL __ _ 
12_ WEST- FM Easton-Staie College __ ___ • __ __ _ 
13. WEVD- PM N .Y. City-Millis, Mass ____ _ _ 
14 . WRDJ~FM Olean · St. Collegc _____ _ . ___ ___ _ 
15. WIlKe- FM Columbus, Ohio-Hudson, 

Ohio. 
16. WHKC- FM Columbus·Hudson, Ohio ____ _ 
17. WHKC- FJ\I Columb us-Hudson, Ohio ____ _ 
18. WH OO- FM Ft. L a uderdalc ____ _____ ______ _ 
19. WIP- Fi\l Phil adclphia-Lam cl, :'I l d __ ____ _ 
20. WJA S- F'\ l Pittsbu rgh-State College __ . ____ _ 
21, WJR- FM D etroit-Hudson __ _______________ _ 
22. W l\ IBI- F'\1 Chieago-Urbana _____________ _ 
23. W'J'IC- F ,\ 1. Ha rtford-M illis _____________ _ 
24. KP RC- 'rV ] iOlis toll -AuSLin __ __ _________ _ 
Z5. \\' AFM - TV B il' min gham- Po\\'der Spgs ___ ._ 

26. WBKB- TV Ch icago-Urbana ___ . ___ . _____ _ 
27. W E N It- TV Cllieago-Urba na __ .___ _ ___ _ 
28. W F AA· 'l' V D allas-Austin _. ______________ _ 
29. \\' GN- '1'V- 1 C hieago-U rbamL . . _____ __ _ 
30. W GN- 'l'V- 2 C hicago-Urbana __ . __________ _ 
31. \l' GN- 1'V- 3 C hicago-Urba na __ . __ _______ __ 
32. W GN- 'l'V- 4 Cllicago-Urba na ___ __ __ _____ _ 
33. W XYZ- TV DetrOit-Hudson, Ohio _________ _ 
34 . CheyeJllle j\ l. oll 11 la in Summit-Garden City __ 

35. Flensburg-NoJ'deroey . ___ ____ __ _______ _____ _ 
36. \VroLha lll, Ellg.-Kre reld, Ocrmany ________ _ 
37. Croyd on, Eng.·Darmstadt. __ . ______ _ ___ _ 
38. B aden-Badcll-D armstadL __ ____ _ _____ _ 
39. B aden-Baden-D armstad L ___ . _________ _ 
40. B aden-Baden-D armslaclL __ _ 
41. Bielstein -D a rmslad L __ ___ _____ _ 
42. Feldberg- Dar mstaclL __ ___ -- ·---- 1 
43_ IIochblall~n - l) armstadt _ _ _ :--::-::: 

Meteorological s tation (" .) I Frequency 

Pi itsburgh ___________ _____ _____ _____ 
N orth P latte-Des Moines. __ ____ ___ _ 
San An tonjo_. __ __________ __ ______ __ 
San Antonio (2), Little Rock (1) ____ 

San Antonio_ • __ _________ __ ___ ______ 
Austin. ____ ____ _____ ___ _____________ 
J oliet· Colum bia._. _. __ ____ __ __ ____ _ ._ 
San Antonio _ • • ____ ____ ____ ______ .. _. 
Atlanta_. _. _______ ___ . __ _____ _______ 

Jo~l~~-'l5inc~;;L;~_::: ::: :::::: :::::: : 1 

Pi ttsburgl'--_ . _______ ___ ______ _ .. ___ 
Bos toll __ ______ ._ . _____ . _____ __ . _____ 
Pi ttsburgh ____ . ________ • ____ . _______ 
Toledo . . . .. . ... _. ___ . _______ .. ______ 

Toledo ... ____ ___ _______ _____________ 
T oledo ____ __ . ___ __________ . _. _____ __ 
'l'am pa-~li amL _________ ___ __________ 
Washin gton, D .C ___________________ 
Pi Ltsburgh ____ ._ . ___________________ 
T oledo _______ _________ 

-------------J 01 iet. _. ____________ --- --- --Boston __ . _ . . ______ 
Sa n Antonio _______ ~ -----I 

AOan la ___ __ __ ._. __ 

Joliet. • . __ ____ ________ -------JolieL . . .. _._ •• ______ 
San Antonio ___ _______ :=:======_ 
J 01 ieL. _. __ . . _. _. _____________ ----J olict. .• ___ ___ . _________ --Joliet.. ____ ______ __ ______ ::::::: 
Jol iet __ . ________ . ___ ________ _ . _ _ :_ 
'I'oledo. __ . ______ __ __ ____ . __________ 
Dodge City-D enver. ________________ 

German Stations 

ll elgola nd ____ ____ . ____ . ________ _ 
~uaken brucck -- -----.- ___ _ J rl(~r ___ ________ __ _____________ , __ 
I .. achen _ _ ___ __ _ _ __ _ _ _ _ __ _ _ _ _ __ _ 
Lachen .. __ .__________ _ __ 
Lac hen .. ___ _____ . ___ _____ _ 
Frankfort am niain ____ ___ _ 
F rankfort a m J\I ain_ ________ __ 
F rankfort am nis in-F eldberg . __ 

I 
I 

A[c/s 
92. 9 

102.9 
104.5 
105. 9 

102.9 
94.5 
93. 7 
96.5 

lOLl 

92. 3 
93.7 

107. 9 
107. 5 

95. 7 
98. 7 

98. 7 
98. 7 
96.5 
93. 3 
99. 7 
96. 3 
95.5 
£6.5 
59. 75 

21 5. 75 

71. 75 
179. 75 
185. 75 
191. 75 
19J. 75 
191. 5 
19 1. 75 
179. 75 
100.0 

93. 0 
93. 7 

191. 27 
G 25. 0 

400. 0 
400. 0 
90. 65 

9339. 5 
.516.0 

Distance 

km 
155. 6 
150. 0 
283. 1 
365.6 

237.8 
446. 4 
235. 8 
237. 8 
205_ 2 

195.0 
223. 7 
224. 2 
197.9 
146. 1 
201. 2 

20l. 0 
201. 2 
299. 0 
167. 5 
188. 4 
18l. 5 
202.8 
n 9. 9 
2'29 . (j 
196. 3 

203.7 
203.2 
281. 8 
204 . 4 
204 . 4 
20·1. 4 
20,1. 'I 
179. 9 
364 . 5 

187 
134 
608 
125. 0 
125. G 
125 .0 
227 . S 

42.0 
42 

--
1nr 

12. 2 
14. 6 
32. 4 
40.4 

21. 0 
47.4 
19. 3 
20. 6 
19.8 

20. 1 
20.9 
36. 7 
28. 1 
29.5 
19. 4 

19. 4 
19. 4 
~i. 4 
12. 0 
30. 4 
10. 'I 
16. 1 
16. 3 
18. 3 
22. 3 

16. 4 
16.4 
34. 6 
17. 0 
16.8 
16.5 
17.1 
10. 3 
30. 4 

13. 9 
38. 0 

28.0 

Broadcas t 
d a y 

----

0900-2300 
1500-0000 

24 hr 
0800- 2300 

0600-0000 
0500-0100 
0600-2000 
0700- 2300 
0600-0000 

0700-0100 
0600-2300 
0600-Q000 
0700-0000 
0600- 2300 
060O-Q100 

060O-QI00 
0()00-QI00 
0800-0000 
0900-Q000 
0700-Q100 
0700-0000 
onoo· 2200 
0400-Q000 
0700-0000 
l000-Q000 

0700-0000 
0900-0000 
1200-2300 
0900- 0100 
(,900-0100 
0900-0100 
0900-0100 
0700-0100 

24 hI' 

0600-2300 
Ol!oo- n oo 
1100-,300 

24 hI' 
2'1 hI' 
24 hI' 
'24 hr 
24 hI' 
2'1 Ill' 

I P eriod of 
record 

2- 52/6- 53. 
2- 51/7- 52. 
6-50/6- 53. 
6- 51/ 12- 52. 
6- 51/12- 52. 
5-49/6- 51. 
8- 51/&-53. 
7- 51/6-52. 
&-51/12- 52. 
4- 51/9-52. 

4-50/6-53. 
7- 50/6- 52_ 
7- 51/5-53. 
9-52/5- 53. 
5-51/4-53. 
ll- 50/1- 52 . 

5-50/6- 53_ 
5-50/6- 53. 
10- 52/7- 53. 
3- 51/10-52 . 
6- 51 /4-53. 
&-50/6-53 . 
7-50/&-52. 
7- 51 /7- 52. 
3- 51/&-53. 
2- 51/3- 51 ,~ 

7- 51/6 54 
5-51/5- 53. 
7- 51/&-5a. 
4- 51/6- 5a. 
7-51/6-53. 
7- 51/(;-5a. 
9-5 1/&-53. 
9-5 1!(i- 5J . 
5-50/&-,'i3. 
6, 7, 9, 10-.1 

1, 2, 3- 5:1. 

4- 54/1- 55. 
11 - 55/5-57. 
])- 57/9-58 . 
9-58/&-59. 
3-09/11 - 59_ 
3- 59/11- 59 _ 
7-57/9-58. 
10-58M- 59, 
6-"9/l 2-59. 
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