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THE NATIONAL BUREAU OF STANDARDS 7

The National Bureau of Standards is a principal focal point in the Federal Government for assuring

maximum application of the physical and engineering sciences to the advancement of technology in ,
industry and commerce. Its responsibilities include development and maintenance of the national stand-

ards of measurement, and the provisions of means for making measurements consistent with those

standards; determination of physical constants and properties of materials; development of methods

- for testing materials, mechanisms, and structures, and making such tests as may be necessary, particu-

larly for government agencies; cooperation in the establishment of standard practices for incorpora-

tion in codes and specications; advisory service to government agencies on scientic and technical

problems; invention and development of devices to serve special needs of the Government; assistance

to industry, business, and consumers in the development and acceptance of commercial standards and

simplied trade practice recommendations; administration of programs in cooperation with United

States business groups and standards organizations for the development of international standards of

practice; and maintenance of a clearinghouse for the collection and dissemination of scientific, tech-

nical, and engineering information. The scope of the Bureau’s activities is suggested in the following

listing of its four Institutes and their organizational units.

Institute for Basic Standards. Electricity. Metrology. Heat. Radiation Physics. Mechanics. Ap-

plied Mathematics. Atomic Physics. Physical Chemistry. Laboratory Astrophysics.* Radio Stand-

ards Laboratory: Radio Standards Physics; Radio Standards Engineering.** Oice of Standard Rei-

erence Data. '
-

Institute for Materials Research. Analytical Chemistry. Polymers. Metallurgy. Inorganic Mate-

rials. Reactor Radiations. Cryogenics?“ Oice of Standard Reference Materials.

Central Radio Propagation Laboratory.“ Ionosphere Research and Propagation. Troposphere

and Space Telecommunications. Radio Systems. Upper Atmosphere and Space Physics. .

1|

Institute for Applied Technology. Textiles and Apparel Technology Center. Building Research.

Industrial Equipment. Information Technology. Performance Test Development. Instrumentation.

- Transport Systems. Ofce of Technical Services. Oice of Weights and Measures. Oice of Engineer-

ing Standards. Oliice of Industrial Services.

"‘ NBS Group, Joint Institute for Laboratory Astrophysics at the University of Colorado.

** Located at-Boulder, Colorado. z
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COMPARATIVE STUDY OF SQLAR INDICES FOR

IONOSPHERIC PREDICTIONS

Sanford C. Gladden

‘ Several indices of solar activity were compared
in order to determine their relative advantages for use
in long term median ionospheric predictions. The results
showed that the 2800 Mc/s solar radio noise power flux,
the Zurich relative sunspot number, and the IF2 iono-

‘ spheric index of solar activity were highly correlated.
Sunspot area was also examined. Conclusions of previous

- studies using more limited amounts of data were compared
- with these results. Data for the period 1947-1963 were

used. Using F2-layer hourly monthly median critical
frequency data for six vertical incidence sounding

' stations, well distributed in latitude, no significant
difference was found in correlations with the 2800 Mc/s
solar radio noise flux, the Zurich relative sunspot
number and the IF2 ionospheric index of solar activity.
Comparisons between the 2800 Mc/s solar noise flux with

‘ series of measurements at other frequencies indicate a

quantitative relationship between the flux at 2800 Mc/s
and that at any other frequency, and any carefully
corrected series of observations in the l,000—l0,000 Mc/s
range can be used to estimate the 2800 Mc/s values.

r

4

Introduction 4

In the study of ionospheric phenomena, it is desirable to have
some index of solar activity which is directly related to the varia-
tions of the ionosphere over the solar cycle. The usual index employed
has been the Zurich relative sunspot number. Although this index is
not ideal for the purpose, it is simply obtained, and values are avail-
able for several solar cycles.

J:

Long term ionospheric radio propagation predictions are based on
the well established correlation between ionospheric parameters and

* solar activity. The purpose of this investigation is to determine
whether one of the newer indices of solar activity that have become

available in recent years may be superior to the Zurich relative sun-
spot number for use in long term median ionospheric predictions; The

correlations between various solar indices are investigated, as well
as the correlation between monthly median F2-layer critical frequencies
and the same solar indices. The most promising of the newer solar
indices seem to_be observations of solar radio noise power flux and
the IF2 index of solar activity based on observations of foF2, and were
chosen for this study. Sunspot area was also examined.

I
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Terminology

Rz - Zurich final relative sunspot number.

¢ - Solar radio power flux as measured at Ottawa and Traverse,
Canada,at 2800 Mc/s (10.7 cm) in watts/m2/cycle/second
bandwidth x l0'22 in two polarizations.

lF2 - Ionospheric F2 index of Minnis and Bazzard

A - Monthly mean sunspot area corrected for foreshortening, ~

in millionths of the area of the sun's visible disc, as
determined at the Greenwich Observatory.

‘ r - Correlation coefficient.

RMS dev. - Root-mean-square deviation of values from the
computed curve.

(RZM) - l2~month smoothed mean of Rz.

(Q) - 12-month smoothed mean of ¢.

(IFZM) - l2-month smoothed mean of IF2.

(Ram) - Monthly mean of Rz.

(Gm) - Monthly mean of ¢.

(Rzd) - Daily value of Rz.

(¢d) - Daily value of ¢.

1. INTERCOMPARISON OF SOLAR INDICES
1

1.1 INDICES OF SOLAR ACTIVITY

l.la The Zurich relative sunspot number (Rz). ~

The relative sunspot number is defined as

Rz = K (l0g + s) ' (1)

where g is the number of sunspot groups and 5 is the total number of
distinct spots. The scale factor § originally used by R. Wolf of the
Swiss Federal Observatory at Zurich was 1.0 but since 1936, 0.60 has
been used there. The value of § at other observatories depends on the

' ‘ ' ' "'» ' '-:-.= i::rv1W!N_W,I,k=1.aq;-spas-was-~w<.._,qv-aw:=u..,.<_==i-,it.. -_--1;‘.-w.-1~>~=s.=,'-was_..'r...,.-~w»=-_..._........$ew"_,~.w,*% ¢ 



3

, observing instrument, average seeing conditions and the observer, and

is intended to effect conversion to the scale originated by Wolf. The

?_ final Zurich sunspot number is derived from observations at a number

"d‘"v§ of observatories in addition to Zurich. According to Kiepenheuer (1953)
A the probable error of a single reduced sunspot number is about 15%, and

that for monthly or rotational means is between 3% and 5%.

_The Zurich sunspot number provides the longest continuous series
of any solar index available, about 19 solar cycles, or more than 200

years. Although it is rather arbitrary and artificial, it has proved
' extremely useful as an index of solar activity in a wide variety of

geophysical applications. While 19 solar cycles are a relatively small ‘

and inadequate statistical sample, the series of sunspot numbers at
' present provides the best available statistical basis for predicting

future solar activity.

. l.lb. Solar radio power flux as measured at Ottawa (¢).

Solar radio power flux (¢) has been measured on a regular basis
' since February 1947 at Ottawa, Canada (since 1962 at Traverse, Canada)

at 2800 Mc/s (10.7 cm). Covington (1948, 1951, 1954) has described
’ the experimental procedure, and Medd and Covington (1958) and Covington
s (1959) have discussed the accuracy of the observations. Considerations

" of antenna pattern, solar elevation, stability of equipment calibration,
etc., must be carefully accounted for if the data are to be used as a

. reliable index of solar activity. It appears that the individual obser-
vations have a probable error of 2% to 3%. The flux is measured in
watts/m2/cycle/sec/bandwidth x l0'22, in two polarizations.

A major advantage of ¢ as an index of solar activity is that it is
an independently measurable physical quantity. Also, measurements can
be made on cloudy days when sunspot observations are not possible.
Measurements can be made continuously when the sun is above the horizon.
In principle, measurements can be made anywhere, and a suitable world
net could provide continuous observation of the sun. Extreme care is
required, however, to insure accurate corrected measurements and there-

’ fore these observations must be performed by competent technical and

. scientific personnel at carefully selected low noise sites.

' Daily values of ¢ have been published in the IAU Quarterly Bulletin
on Solar Activity, starting with February 1947, and both daily and
monthly mean values have appeared in the CRPL-F series, Part B, Solar-
Geophysical Data, since December 1956. A number of other series of-
observations by various other laboratories, on different frequencies,
are also available for shorter time periods.

“ ~ .~—i;¢.._,.»_-,..__ ,,,___,_,_, __p__ .,......,, _._T ,_,._ it,-r.n¢v<'$*"'l\
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In the paper by Medd and Covington (1958), attention is directed
to the need for corrections to the published values of daily flux (and

hence to the monthly mean values) prior to July 1955. The corrected
values were obtained from Covington (private comunication) and these

data have been used in this work, rather than the previously published
values.

l.lc. Ionospheric index of solar activity (IF2).
K

Minnis and Bazzard (1959, 1960) and Bazzard (1960) defined an

ionospheric index of solar activity, IF2, that depends on an assumed ‘
linear relationship between monthly mean critical frequency, (foF2m)

and monthly mean sunspot number, (Rzm), -

' » (f0F2m) = am + bm (Rzm) (2)

' Equation (2) holds for any time of the day at any given location.
' Given a series of observations of (foF2m) and the corresponding values

of (Rzm), the values of the constants am and bm can be determined by

conventional least squares methods.

- Having determined am and bm, we may write equation (2) as

R‘ = [(foF2m) - am] / bm (3)

where R‘ is now an ionospheric index of solar activity determined by

(foF2m).

The value of (IF2), the ionospheric index of solar activity for a

given month, is defined as the median of R’, determined from equation
(3) for about ten ionosphere stations from local noon values of (foF2m)

for that month. The Radio Research Station, Slough, England, publishes
monthly values of (IF2).

Since IF2 is based on the noon monthly median foF2 reported by a

- group of about ten representative ionosphere stations, some delay may

be expected in collecting the required data after the end of each month. ‘
Also, the continuity of IF2 depends on the continuing operation of the
selected set of long established ionosphere stations.

There is evidence of a substantial departure from linearity of the
relationship between foF2 and Rz at high solar activity, described by

Bennington (1952, 1958) and Ostrow and Dutton (1959). foF2 increases
more slowly with sunspot number for values greater than 100 than for
values less than 100. Therefore, the IF2 scale is relatively compressed

at high solar activity compared to the scale of ¢ and Rz. '

T" "~‘E'£5"“"°m“r w:wr~-<§;?..=_~==-I;  » -»-.—~--.>~-V -- ">1-v—~':P"‘$1~4< _-,_.-.._~.-=.= .;._.-_ ,._. 7 . i _ ,
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l 1.2 PREVIOUS INTERCOMPARISONS OF SOLAR INDICES

, A number of intercomparisons of solar indices have been made

_§; using relatively short time intervals, only a few of which included
i numerical determinations of the correlation between indices. Most

- previously published comparisons were made on a graphical basis.

Denisse (1949), using daily values-for the period March-October
l947;~compared the Ottawa flux, ¢, with sunspot number, integrated
sunspot area (corrected for foreshortening) and a daily index based on

' the area of individual sunspots and their respective maximum magnetic
_fields. He obtained correlation coefficients of 0.53, 0.76, and 0.87,
respectively. Uncorrected values of ¢ were used. Similar values were

' obtained for a second period, October 1947-December 1948.

Waldmeier and Muller (1950), using uncorrected daily values of
Ottawa flux and the Zurich sunspot numbers for 1947 and 1948, fitted
a linear equation to the data, with correlation coefficients of 0.73
and 0.82, respectively. Waldmeier (1955) extended the work to cover
the period 1947-1953, but did not give correlation coefficients for
the extended set of data.

)

Covington and Medd (1954), using daily values of flux and sunspot
area (corrected for foreshortening) for the period 1947-1953, fitted
a linear equation to the data, with a correlation coefficient of 0.85.
Covington and Harvey (1960), using daily values of flux and sunspot
area for the period May-November 1952 obtained results similar to those

5 of Covington and Medd.

Tandberg-Hanssen (1955) compared daily values of flux at various
frequencies with sunspot area for the period January 1950-July 1951.
Using graphical methods, he obtained a linear relation between the
uncorrected Ottawa 2800 Mc/s flux and sunspot area.

- 'Ward and Shapiro (1962) stated that the correlation between radio
noise at 2800 Mc/s and the Greenwich sunspot area is almost unity, but

v . . .did not present the data on which this was based.

Das Gupta and Basu (1962) using daily values of sunspot number
' and flux at various frequencies for the period July 1957-December 1958, ’

published graphical comparisons which indicated good correlation.

Kundu and Denisse (1958) and Kundu (1963) graphically compared
the E layer index (IE) with 10.7 cm flux, monthly Zurich sunspot number
and IF2, but gave no correlation coefficients. The graphs indicated

' good correlation.

~- ‘-="""'"' ' '~ *““-="**'-4"-'~'~"<-—~=-*=-'P;"~="—~~--*‘-'""*~'=~-aw»



1.3 INTERCOMPARISON OF SUNSPOT NUMBER, SOLAR NOISE FLUX AND IF2.

In the past, statistical intercomparisons between various solar
indices have been made with relatively short time runs of data. In
this study, use of the computer facility at the Boulder Laboratories
of the National Bureau of Standards made it possible to include all
available data in the work. Since this work is concerned primarily
with relatively long time period relationships, the larger available
sample size was advantageous.

Data used were :' ‘

a. Final daily and monthly mean Zurich relative sunspot numbers (Rz)
for January 1947 through December 1962. '

b. Corrected daily and monthly mean values of Ottawa flux (Q) for
February 1947 through May 1963.

c. Monthly values of IF2 reported by the Radio Research Station,
Slough, for January 1947 through May 1963.

d. Monthly mean values of sunspot area corrected for foreshortening (A),
as reported by Greenwich Observatory for January through December 1957.

e. 12-month smoothed means of the Zurich relative sunspot number for
January 1947 through December 1962. Also 12-month smoothed means for
¢ and IF2.

The following correlations were made:

l. 12-month smoothed means of ¢ and Rz, IF2 and ¢, IF2 and Rz.

2. Monthly mean values of Q and R2, IF2 and ¢, IF2 and Rz.

3. Daily values of ¢ and Rz. (Since IF2 is a monthly number only; the
effects of disturbances, etc., do not permit a reliable daily IF2.)

'

1

4. Monthly mean values of ¢ and A, IF2 and A, Rz and A.

All the correlations were first made using all the data available.~ '
Then, with the exception of the correlations with sunspot area, the
data were divided into three groups and correlations were made separately
for decreasing and increasing phases of the one and one-half solar cycles
covered (decreasing May 1947-April 1954; increasing April 1954-March
1958; decreasing March 1958 to the date of the latest available data).

For all pairs of indices, several different functions were tried --
linear, semi-logarithmic, logarithmic, squared values of Y and/or X,

and polynomials of first, second and third degree. Polynomials of

1 "~' -,.~,».r——'<#»~.=y--W,-.w-~ ":'»'='>'1-Y'.*'-"““-*~:’~"-""" »~—K-P--<>=?=..T.,=-7......._:‘»»q».—=~s-..-M-~=-~~-~~ P“'““-'*"~ ‘*“‘=“= 
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higher than second degree did not give significantly better fit to

the data in any case.

Among other results, the correlation coefficient and the root-
mean-square deviation of the dependent variable from the computed

1 relation were calculated for each function tested. In each case the

best correlation, defined as the one giving the highest correlation
coefficient and the smallest RMS deviation, was selected for tabulation
(seeqTab1es l.l through 1.3). The correlation coefficient was rounded

off to the nearest hundredth.
5

Table 1.4 is a tabulation of the results of all correlations made

between monthly values of IF2 and ¢, as an example of the variety of
~ functional relationships tried.

1.3a 12-month smoothed means of ¢ and Rz, IF2 and ¢, IF2 and Rz.

A linear correlation was obtained between the 12-month smoothed

means of ¢ and Rz. Using all data, the relation was

(¢M) = 0.91 (RZM) + 58.3 (4)

for the regression of (¢M) on (RZM). The correlation coefficient is
1.00 and the deviation of (¢M) is 4.6.

A second degree equation represented the relation between the

12-month smoothed means of IF2 and ¢, of the form (for all data) of

(IFZM) = 2.61 (¢M) - 5.0 X 1o'3 (¢M)2 - 161.5 . (5)

for the regression of (IFZM) on (¢M). Here the correlation coefficient
is 1.00 and the deviation of IF2 is 6.9.

A second degree relationship was also found between the 12-month

smoothed means of IF2 and Rz, with the form (for all data used) of

' (IFZM) = 1.55 (RZM) - 2.7 X 10-3 (Rqu)2 -17.00 (6)

for the regression of IF2 on Rz. The correlation coefficient is 1.00

' and the deviation of IF2 is 0.7. In all such equations quoted below,
the regression is on the variable on the right.

Table 1.1 lists the pertinent results for the intercomparisons of
the 12-month smoothed mean relationships for all data and for the
separate rising and declining parts of the one and one-half solar
cycles. Figure 1.1 presents a graphical comparison between the 12-

month smoothed means of IF2, ¢, and Rz. It is to be noted that the

variations in (¢M) follow almost precisely those in (RzM). Figures~ .

1.2a-1.2d,_1.3a-1.3d,and 1.4a-1.4d are mass plots of the data, with

%wwqg m¢=—»--v¢w.<,-~mvr»=:u-'.1-<<w-n>-1--=—r~-v=-»—=--wr-e~;~r.?;.<y -,—'-_-.-:-=-1?’-e-vr¥~,;-e _,» - —<- "'Q'-\-'1-<_-v""'3’*_"‘“" ~ . ‘- am," 15'" 5*-7'7



5 with correlation coefficient of 0.99 and deviation of (Qm) of 7.1.
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the curves of the appropriate equations superimposed.

The relationships'for the separate declining and rising phases of

the solar cycle do not appear to differ significantly from the relation-

ship for the entire period. The IF2-Rz relationship exhibits a smaller

RMS deviation than those for the other two pair, which is not surprising

when we consider the derivation of IF2.
‘.

Correlations of different solar indices using l2-month smoothed

means apparently have not been previously made, probably because rela-

tively short runs of data were used in previous studies. It was there

fore not possible to compare these results with those of other workers.

‘ l.3b. Monthly mean values of Q) and Rz, IF2 and (6, IF2 and Rz.

A linear correlation was obtained between the monthly mean values

of Q and R2: Using all data, the form of the relation was

(¢m) = 0.91 (Rzm) + 58.8 (7)

with a correlation coefficient of 0.98 and deviation of (¢m) of 11.4

Linear relationships were also found for the correlation between

monthly means of ¢ and Rz for the separate rising and declining portions

of the solar cycle. For May 1947 to April 1954, the equation was

(¢m) = 0.87 (Rzm) + 59.1 (8)

with correlation coefficient of 0.98 and deviation of (m) of 9.9.

For April 1954 to March 1958, the equation was

(¢HQ = 0.88 (Rzm) + 63.0 (9)

with correlation coefficient of 0.99 and deviation of (¢m) of 9.2.

For March 1958 to December 1962, the equation was

T
(pm) = 0.96 (Rzm) + 54.2 (10) ~

Figures 1.5a and l.5d show mass plots of the data with the appro-

‘ priate equations superimposed.

A second_degree equation represented the relation between monthly

values of IF2 and Q. Using all data, the equation was

IF2 = 2.12 (pm) - 5.4 X 1o'3<¢m)2 - 167.1 <11)

with correlation coefficient of 0.97 and deviation IF2 of 6.6.

was...-.,._-.¢~----,,--~=..-,--.-<--=<.---K-..,,.=.,'-ax-»-1,-.-»-~-s»-r-s-r--m~<~§'h=.w%P!5!vsX.;+1:n§*'-T;?!!~:~=-~-»s~~+-N;-"v-“vsT
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Minnis and Bazzard (1959), using monthly values of IF2 and ¢ for
the period 1948-1957, which included a declining part of solar cycle 18

and a rising part of cycle 19, obtained the relation,

IF2 = 2.34 <¢m) - 4.5 X 1o'3(¢m)2 - 142, (12)

1 No correlation coefficient was given by the authors. Equation (11)
differs significantly from equation (12), particularly for higher
values of ¢. For the period May 1947-April 1954 (the declining part
of cycle 18) we found .

IF2 = 3.07 (¢m) - 6.6 X 1o'3(¢m>2 - 186.2 (13)

t with correlation coefficient of 0.96 and deviation of IF2 of 8.6.

For the period April 1954-March 1958 (the rising part of cycle 19),
we found

IF2 = 2.45 (¢m) - 4.4 X 1o‘3(¢m)2 - 156.3 (14)

with correlation coefficient of 0.99 and deviation of IF2 of 17.7.
t .

H Equation (l2),given by Minnis and Bazzard, and those presented
here, (ll), (13), and (14), are superposed on the mass plots of data,
figures 1.6a, l.6b, and 1.6c. It should be noted that the values
obtained from (12) are too low for values of Q above about 150, while
those obtained from equations (ll), (13), and (14) fit the data better.
The differences are greater than the RMS deviation at high solar activ-
ity. The Minnis and Bazzard curve was omitted from figure l.6d, for
the period March 1958 to May 1963, because they did not use these data.
The equation for this period was

IF2 = 2.43 (¢m) - 4.7 X 1o'3(¢m)2 - 150.7 (15)

with correlation coefficient of 0.98 and deviation of IF2 of 7.5.

“ A second degree correlation was also obtained between monthly
values of IF2 and Rz. Using all data, we obtained the relation

- IF2 = 1.64 (Rzm) - 3.3 X lO'3(Rzm)2 - 17.98 (16)

with a correlation coefficient of 0.95 and deviation of IF2 of 0.95.
Similar relations for the declining and rising portions of the solar
cycle are listed in table 1.2. Mass plots of (IF2m) against (Rzm) are
presented in figures 1.7a to l.7d, with appropriate curves superimposed.

Similar comparisons of monthly values of ¢, IF2, and Rz made by
- others, for example by Waldmeier (1955) and Minnis and Bazzard (1959),

are in good agreement with our results. ' '
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1.3c Daily values of 0 and Rz.

A linear correlation was obtained between daily values of ¢ and

' Rz. Using all data, we obtained the relation,

(05) = 0.84 (Rzd) + 65.1 (17)

with correlation coefficient of 0.95 and deviation of (¢d) of 32.6.

Table 1.3 lists the numerical results for all data, and for the .
separate declining and rising parts of the solar cycles.

Waldmeier and Muller (1950), using uncorrected daily values of
0 and Rz for 1947 and 1948, found a linear relation of the form f

(¢d) = 193.9 + 1.33 (Rzd) (18)
5

. and a second degree equation of the form,

(¢d) = 259.2 + 0.44 (Rzd) + 0.0027 (19)

with correlation coefficients of 0.73 and 0.82 respectively. These do
not agree with those presented here using all data, or using data for
the declining part of cycle 18,

(¢d) = 0.81 (Rzd) + 64.8 t (20)

with correlation coefficient of 0.95 and deviation of (¢d) of 35.1.
The difference is probably due to the use by Waldmeier and Muller of
uncorrected values of 0 and the relatively short run of data.

Covington and Medd (1954) determined the correlation coefficient
- between daily values of 0 and Rz for the period 1947-1953, and obtained

a correlation coefficient of 0.85. They also found the correlation
coefficient for each of the seven years taken separately to lie between
0.76 and 0.95. ,

Graphical comparisons were made of daily values of 0 and Rz by
Covington (1948) for the period February-September 1947, and by
Waldmeier and Muller (1oc.cit.) for 1948. Nicolet (1963) made a
number of graphical comparisons of 0 and Rz, using 27-day averages.

It seems likely that the correlation coefficients in our results
are appreciably higher than previous results because we used corrected
values of 0, as well as longer runs of data that would tend to obscure
poorer correlation in short time periods.

Y
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l.3d Comparison of solar indices with sunspot area.

' Tandberg-Hanssen (1955), using daily values of ¢ and A for the

' ‘ period January 1950-July 1951, obtained the relation,

A

<¢d> = 70 + 0.025 A (21)

but gave no correlation coefficient. He also used the published
uncorrected values of ¢. ‘ '

' Allen (1957) correlated solar flux at 2800, 1200, and 600 Mc/s

with sunspot numbers, sunspot areas, and faculae areas for the period
1947-1954. The correlations were made between the departures of data

‘ from smoothed means. Data used were for the period l947-1954. He

used the uncorrected values of 2800 Mc/s flux. Although primarily
concerned with separating the variation with phase of solar activity
of radiation from the quiet sun from the slowly varying component,

his results also show good correlation of ¢ and R.

Using monthly mean values of sunspot area corrected for foreshort—

ening (A) for the period January 1947 through December 1957, as meas-

ured at the Greenwich Observatory, we made correlations between the

three solar indices and A. The relations were generally linear and

‘ correlation coefficients were well above 0.90. Since these results
, were in general agreement with previous work, and since the sunspot

area did not seem to offer any advantages over the other three indices
considered, further work with sunspot area as an index of solar activ-
ity for ionospheric work was abandoned.

v

2. SOLAR RADIO POWER FLUX AT DIFFERENT FREQUENCIES.

Solar radio noise power flux measurements are considered one of
’ the best indices of solar activity for many solar-geophysical applica-

tions, including ionospheric variations, since this is a direct meas—

urement of an actual physical quantity. Also, observations can be

made on cloudy days as well as clear days. However, the precise meas-

urement of the received solar radio noise power flux at a given fre-
quency is subject to all the difficulties of making absolute radio

' 1 power flux measurements of low intensity signals. Extreme care must

be taken to choose a low noise site and to assure continued stability
of the entire receiving system, including antennas and circuits, to
make appropriate corrections for the receiving antenna radiation
pattern and solar elevation, etc. At any given location, observations
can only be made while the sun is above the horizon, but, in principle,
it should be possible to combine measurements at different locations
around the earth into a continuous series of observations covering
all 24 hours of the day.

""" -'*1?va-mw-.\.->¢>~-= _;iv,;- Z a~.; na~“,v~3é-- vw~w»--~r—~‘- -.- V?-'T\,7'!"?’*?'»"'.‘@ Q"! -.=,--T,»=—|'<='~ <>, ._ .. c ... v__.._., ~= ..-,- -- -::;.--.—.-.---~=.-_a1=-;’I1 _J_§§ 



"SAM;

v

'1

J

5 . Sevcfgl laboratories in various countries have been making regu-

ii

1

‘§| no '

l cnrefull

i est

?

-‘+¥e'-'—*,-6;zu»»‘c=n-'»->;Lc::--.-...-‘>'=~.>:e.=_-

1

Q
1

12

Int Observations of solar radio noise at different frequencies, for a

varying number of years, and a more complete world network is being
nblishvd for continuous and coordinated measurements. Until a

. tld network is operational and well established, it seems best to
.uBe the s¢ries of Ottawa measurements on 2800 Mc/s for reference
bccausc 1; is the longest as well as one of the most consistent and

y corrected series available.

. The graphical comparison of daily values for the period July-
Dccember 1957, made by Tanaka and Kakinuma (1958), was the only example ‘
of previous intercomparison of solar radio power flux at different fre-
quencies found by the author in the literature.

It has been established that monthly average solar radio power
flux at different frequencies observed at different locations are well
correlated. In order to determine the practical feasibility of con-
verting the various series of observations to the scale of the Ottawa
2800 Mc/s observations, all available series of observations in the
frequency range of 1,000 to 10,000 Mc/s were compared with the Ottawa
2800 Mc/s series. For this purpose, the monthly means of solar radio

.power flux on frequencies other than 2800 Mc/s were computed from the
daily values published in the IAU Quarterly Bulletin on Solar Activity.

In each case, an equation of the form

was obtained, where 02800 is the Ottawa 2800 Mc/s monthly mean flux,
¢f is the monthly mean flux at frequency f Mc/s, and A and B are
constants. In most cases the correlation coefficient, r, was high.
It is believed that the lower correlations probably indicate relatively
poorer quality data. Also, the sets of data with lower correlations
generally had fewer days of observation per month. The results are
summarized in Table 2.1, and the coefficients A and B are plotted
against frequency in Figures 2.1 and 2.2.

Although expressions for the frequency dependence of the para-
meters A and B can be derived, the small number of cases and the rela-
tively large scatter of the values would make such expressions of '
dubious practical value. It may be concluded, however, that each
series can be reliably converted to the Ottawa 2800 Mc/s scale by use
of the appropriate expression, and that any new set of observations
should also be convertible after a few months of observations become
available to establish the relationship. For this purpose, stable
systematic errors in measurement or correction of observed data are‘
not important. '

‘~~r=pz;3:.')r'\.v:q;9. '
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Progress is constantly being made in the field of standardizing
solar radio noise power flux observations and in expanding the world
network of observations. The Ottawa 2800 Mc/s observations now provide
a good index of solar activity which can be used for ionospheric predic-
tions. The expanding world network will provide insurance for continu-

. ity of the index in case of accident at Ottawa. Also, it is possible
to establish new observing stations at any desired location for prompt
information on current solar activity. These observations can be made
on cloudy days, when poor visibility would prevent observation of sun-
spots. Since recording is continuous, a future possibility may be

> automatic digitalizing of the data.

, 3. foF2 VARIATIONS COMPARED WITH DIFFERENT SOLAR INDICES.

3.1 PREVIOUS WORK

Smith, Gilliland and Kirby (1938) first demonstrated the variation
of foF2 and other ionospheric characteristics with solar activity.
Phillips (1947) made use of an assumed linear relationship between
12-month smoothed means of foF2 and Rz, using noon and midnight values
of foF2 for Washington, D. C., Huancayo, Peru, and Watheroo, Western
Australia, as examples. She suggested the use of ionospheric critical
frequencies as a measure of solar activity and presented nomograms to
derive an "ionospheric sunspot number" from foF2. This was a forerunner
of the present IF2 index. '

Bennington (1952) compared l2-month running means of foF2 and Rz,
using data from Slough, England; Washington, D. C.; Canberra, Australia;
and Christchurch, New Zealand. He fitted two straight lines to each
set of data, one for values of Rz less than 100 and another for Rz
greater than 100. In a later paper (1958) he discussed the apparent
saturation effect in the F2 ionization occurring for values of Rz and
above 100.

Ostrow and PoKempner (1952) discussed the differences between the
w linear relation between foF2 and sunspot nuber for different sunspot

' cycles. A linear fit was made between monthly median noon and midnight
values of foF2 and monthly mean sunspot number for Washington and

. Watheroo, with different lines found for different solar cycles. The
departure from linearity for values of Rz above l0O is apparent in
their graphs.

Ostrow and Dutton (1959) showed that a second degree relationship
between foF2 and Rz was superior to the linear relationship in most
cases. They also suggested that the linear relationship could be
improved if it was assumed that all values of Rz greater than l5O were
taken as equal to 150. This suggestion was adopted for use in CRPL . .

ionospheric predictions during the high part of solar cycle 19 in order
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to compensate, in part, for the decrease in slope observed at high
solar activity.

3.2 COMPARISON OF THE RELATIONSHIP BETWEEN foF2 AND ¢, Rz AND IF2.

We have established that the three indices of solar activity
under consideration, ¢, Rz, and IF2, are highly correlated, and that
therefore, it should be possible to use them interchangeably over
periods pf half a solar cycle or longer. ln order to determine whether
any of the three indices might be appreciably better for ionospheric
predictions and correlations, the variations of foF2 observed at a 4

number of locations were compared with each of the three indices of
solar activity. '

Monthly median values of foF2 for each hour of the day and each
month of the year were used and compared with monthly and 12-month
smoothed means of each of the three indices of solar activity. Correl-
ation coefficients, RMS deviations, and the regression equations of
monthly median foF2 on the solar index were calculated in each case
for the linear, second and third degree expressions. In general, the
second degree equation gave a somewhat higher correlation coefficient
and a somewhat lower RMS deviation than the linear, and the third
degree relationship was not significantly better than the second.

The ionosphere stations were chosen to be representative of
auroral zone, high, medium and low latitudes. All available data for
the period 1947-1963 were used from Tromso, Norway; Fairbanks, Alaska;
Washington, D. C.; Maui, Hawaii; Huancayo, Peru; and Christchurch, New
Zealand. ~

A typical example, presented in figures 3.1 through 3.3, shows
that the second degree equation fits the data for Rz and ¢ but an
excellent linear relation holds between median foF2 and IF2.

The results of the comparisons for the six stations are summarized
in tables 3.1 through 3.12. Averages of the correlation coefficient
and RMS deviation for all 24 hours of each month are tabulated for the 0

linear and second degree relationship, for monthly and l2-month
smoothed means of the three solar indices. It is obvious from these
tables that there is very little difference, on the average, between .
the relationships using monthly mean or l2-month smoothed means. Also,
the difference between the three different solar indices are probably
not significant. Since the noon foF2 data from Washington, Huancayo
and Christchurch are used to derive the IF2 index, it is not surprising
that the IF2 relationships show slightly better correlation coefficients
and RMS deviations; but even these are probably not significantly better
than the others.

. ~_ _, ,_-,1‘...-,.-_ -_--2--v1'v*q-vs-.-.ws-.~~<r~:t5,'-1:/t'§!v'-vT=?@=1(3r ?'#1,3_yn- .--~- -v.—:=.—=:;.—-1l..'~.-_> -5, r .—»-'<,~';--~—--.4 ._1r~ ~,,-?"=3.—_¢*-~
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In addition, the individual hourly values of correlation coef-
ficients and RMS deviations are tabulated for each of the stations for
the months March, June, September, and December, chosen to represent
the four seasons.‘ These values are presented in tables 3.13 through
3.60. They confirm the general conclusion that the difference between
three indices are probably not significant. They also show that sig-
nificant diurnal, seasonal, and geographical variations in the relation-
ships with a given solar index exist. Also, the improvement of the
second degree over the first degree relationship of foF2 with ¢ or Rz
tends to be more marked for certain hours and seasons, and insignifi-

- cant for others for a given location.

The relationships are very similar whether twelve month smoothed
_ - means or monthly means of the solar indices are used. For relatively

long term predictions, the smoothed mean is easier to predict, and is
the best estimate now available for the monthly number.

CONCLUSIONS

l. Since the three solar indices, ¢, Rz, and IF2, are highly
correlated with each other, and give essentially the same correlations
with ionospheric variations, the decision on which to use for iono-
spheric predictions should be based on considerations of operational
convenience and real time availability of current data. It should be
noted that this has been established for relatively long time periods,
of the order of half a solar cycle or more. The situation for short
time periods requires further investigation.

2. The Zurich sunspot number series is the only one of the
three solar activity indices long enough to provide anything approaching
an adequate statistical basis for prediction. However, assuming the
high correlation between Rz, ¢,and IF2 to hold for earlier years, the
series of ¢ and IF2 can be extended to the period covered by Rz by
using the relations presented in this report.

“ 3. Since IF2 is based on monthly median noon foF2 from a number
of ionosphere stations, daily values of IF2 are not available to
observe current trends of activity. There is some delay after the

. end of each month before TF2 becomes available, because of the time '

needed to collect the required noon median foF2 data at the Radio
Research Station, Slough, from about ten ionosphere stations. There-
fore, although IF2 tends to provide slightly better correlations with
foF2 than ¢ or Rz, it is not suitable when day-to-day revisions of
expected solar activity from current trends are required.

4. Observations of sunspot number at any given location are
dependent on visual seeing conditions during the day. Solar radio
noise observations are not affected by cloud cover. Daily values of
both can be readily available to keep track of current trends, but

s;-— ._:-.---.-»~.. <_ \?7_'>"V?>»< <4;-v_1;-'4'L~,Y I‘."‘\"?F7"7‘5"?'\'!"T"""""<v~-»'-'5'i-r¢_FWI*‘I~'q!1"‘""' -- .»-,. ____
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observations from two or more, well separated observatories are advis-
able, particularly if current monitoring is desired, to assure continu-
ity of observations.

' * 5. Either sunspot number, IF2, or solar radio noise observations
~ are suitable for use in long term predictions of average ionospheric

characteristics. Current CRPL ionospheric prediction methods make use
of the Zurich sunspot number. Since at this time, neither IF2 or ¢
seem to offer any marked advantages, we conclude that Zurich sunspot
number should continue to be used, in order to avoid the rather exten-
sive amount of work required to modify the prediction system for another '
index of solar activity. If current and future work establish that

= another solar index is definitely superior to Rz for purposes of short
time predictions and disturbance forecasting, it may then become desir- '

.. able to use the same index for the basic long-term ionosphere predic-
tions.

'

. 6. These conclusions apply primarily to the use of the solar
indices in long term ionospheric predictions. Considerably more
research is required to develop the information needed to use solar-
indices in quantitative, short time ionospheric predictions.
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TABLE 1.3 ,
DAILY VALUES

Ottawa Flux (¢) and Zurich Sunspot Number (Rz)

- Period No. of Correl. RMS Equation
values Coeff.4 dev. .

»‘\

6% Feb.47-Dec.62 5165 0.95 32.6 (¢d) = 0.84 (Rzd) + 65.1

€ May 47-Apr.54 2064 0.95 35.1 (¢d> = o.s1 (Rzd) + 64.8

P Apr.54-Mar.58 1367 0.97 28.6 (¢d> = 0.83 (Rzd) + 67.9

3 Mar.58-Dec.62 1736 0.96 23.3 (¢d) = o.s6 (Rzd) + 65.7
l\>

. H '

I

Y‘

D
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TABLE 1 4

MONTHLY VALUES IF2, (D

Comparisons of all Correlations

Period Correl . RMS Equation
Coef f . dev .

Feb.47-May 63 0.79 3.4 '\/IFZ = 0.07 (¢m) — 2.25

0.s9 30.0 112 = 0.003 (¢m)2 + 19.2

0.94 21.8 112 = 1.02 (¢m)2 - 54-6

0.96 18.2 IF2 = 25.1 ~/(_¢m) - 202.2

- 0.97 15.8 IF2 = 140.1 ln (¢m) - 630.1

0.97 6.6 112 = 2.72 <0m) - 5.4 X 10'3 <¢m) - 1

0.91 4931.5 (IF2)2 = 0.50 (0m)2 - 1349.2

0.94 4155.1 (IF2)2 = 190.8 <0m) - 14,e4s.0

0.01 0.73 ln 112 = 0.017 (wm) + 1.54

0.88 ' 0.60 1n IF2 + 2.57 ln (0) 8.4-6III

' I
0 1
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TABLE 2. 1

Results of Correlations of Observation of Solar Radio Noise Flux
Observations on Different Frequencies with Ottawa 2800 Mc/s Observations
Using the Relationship 02899 = A ¢f + B.

Frequency Oc/s) Looation A Q 5 RMS dev.

1,000 Nagoya +1.80 +5 .0 0.98 1.3

' 1,200 ' Sydney +3.77 -38.0 0.77 27.4

1,420 Sydney -0.15 +225.1 0.78 1.2

1 500 Berlin +0.94 +56.0 0.66 37.69

2,000 Nagoya +1.30 +7.6 0.99 0.6 '

2 800 Ottawa +1.00 0.0 1.005

3,000 Tokyo +0.80 +8.0 0.94 16.9

3,750 Nagoya . +1.12 -25.9 0.99 3.8

9,400 Nagoya +1.53 -285.7 - 0.94 11.9

9,500 Tokyo +1.17 -286.6 0.97 8.2

,_  .++n+~+,'+~<~ .._ _.~.~..-,—~++.,+~_.-'—~+~~.~',...__+.~» 1,M-~s-11-.~'»»=.~—--:
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TABLE 3.1

Tromso Median foF2, 12-month Smoothed Means ¢, Rz, IF2

_r

¢ Linear 0 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

. Coeff dev. Coeff dev. Coeff dev. Coeff dev Coeff dev. Coeff dev.

Jan. 0.95 0.47 0.96 0.41 ' 0.94 0.52 0.95 0.44 0.92 0.62 0.95 0.41

Feb. 0.92 0.54 0.96 0.43 0.93 0.53 0.95 0.45_ 0.93' 0.50 0.95 0.46
r~

Mar. 0.93 0.55 0.97 0.39 0.93 0.54 8 0.97 0.42 0.95 0.45 0.96 0.41

Apr. 0.95 0.46 0.98 0.32 0.95 0.44 0.97 0.35 0.97 0.36 0.97 0.34

May 0.90 0.47 0.91 0.36 0.91 0.45 0.94 0.36 0.92 0.40 0.96 0.37

June 0.85 0.48 0.92 0.37 0.85 0.47 0.91 0.38 0.86 0.44 0.90 0.38

July 0.96 0.26 0.98 0.18 0.97 0.24 0.99 0.17 0.97 0.21 0.98 0.17

Aug. 0.89 0.50 0.95 0.37 0.89 0.50 0.95 0.38 0.93 0.42 0.94 0.38

Sept. 0.92 0.48 0.94 0.43 0.93 0.47 0.94 0.43 0.94 0.41 0.95 0.40

Oct. 0.96 0.59 0.97 - 0.56 0.94 0.57 0.94 0.54 0.93 0.65 0.94 0.55

Nov. 0.92 0.61 0.95 0.55 0.92 0.61 0.95 0.53 0.90 0.71 0.94 0.58

5 Dec. 0.95 0.46 0.95 0.44 0.92 0.49 0.93 0.45 0.93 0.59' 0.95 0.48

MEAN 0.93 0.49 0.95 0.40 0.92 0.48 0.95 0.41 0.93 0.48 0.95 0.41

I 1 J 1 J
‘

1
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TABLE 3.2

Tromso Median foF2, Monthly Values ¢, Rz, IF2 ’

0 Linear ¢ 2nd Degree Rz Linear _Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean MeanCorr. RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMSCoeff dev. Coeff dev._ Coeff dev. Coeff dev. Coeff dev. Coeff dev.
Jan. 0.94 0.47 0.95 0.45 0.95 0.48 0.98 0.46 0.95 0.48 0.97 0.35
Feb. 0.93 0.56 0.95 0.49 0.91 0.63 0.93 0.57 0.94 0.47 0.95 0.45
Mar. 0.91 0.61 0.98 0.33 0.95 0.51 0.97 0.38 0.96 0.43 0.97 0.39
Apr. 0.95 0.44 0.98 0.32 0.88 0.65 0.91 0.65 0.97 0.34 0.98 0.32
May 0.89 0.49 0.92 0.42 0.92 0.43 0.93 0.40 0.93 0.38 0.94 0.35
June 0.91 0.30 0.95 0.26 0.96 0.24 0.97 0.21 0.85 0.41

A 0.90 0.37
July 0.96 0.25 0.99 0.17 0.96 0.26 0.98 0.19 0.98 0.16 0.99 0.14
Aug. 0.97 0.29 0.99 0.19 0.99 0.28 0.98 0.23 0.94 0.42 0.94 0.38
Sept. 0.93 0.47 0.96 0.38 0.94 0.44 0.96 0.38 0.96 0.36 0.96 0.34
Oct. 0.94 0.70 0.95 0.53 0.91 0.75 0.95 0.56 0.94 0.58 0.95 0.51
Nov. 0.93 0.67 0.93 0.63 0.91 0.69 0.92 0.66 0.90 0.66 0.95 0.51
Dec. 0.93 0.39 0.93 0.37 0.93 0.43 0.93 0.40 0.91 0.58 0.93 0.46
MEAN 0,93 0.47 0.96 0.38 0.93 0.48 0.95 0.42 0.94 0.44 0.95 0.38
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TABLE 3.3

Fairbanks Median foF2, 12-month Smoothed Means ¢, Rz, IF2

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean 7 Mean Mean

Corr. RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

Jan. 0.91 0.44 0.94 0.39 0.89 0.51 0.92 0.44 0.85 0.60 0.90 0.47

Feb. 0.82 0.63 0.85 0.54 0.80 0.68 0.83 0.62 0.81 0.62 0.82 0.61

Mar. 0.82 0.72 0.92 0.49 0.90 0.56 0.92 0.50 0.89 0.52 0.90 0.51

Apr. 0.88 0.56 0.92 0.47 0.91 0.50 0.92 0.45 0.91 0.47 0.91 0.46 2:

May 0.85 0.44 0.87 0.41 0.88 ‘0.41 0.89 0.39 0.87 0.40 0.87 0.39

June 0.80 0.44 0.89 0.34 0.84 0.39 0.90 0.33 0.85 0.35 0.88 0.32

July 0.86 0.40 "0.94 0.29 0.89 I 0.37 0.94 0.29 0.91 0.32 0.93 0.28

Aug. 0.94 0.30 0.97 0.23 0.95 0.27 0.97 0.22 0.96 0.23 0.96 0.22

Sept. 0.91 0.50 0.93 0.45 0.91 0.49 0.92 0.46 0.92 0.44 0.92 0.43

Nov. 0.91 0.60 0.91 0.59 0.90 0.63 0.91 0.60 0.89 0.67 0.92 0.56

Dec. 0.89 0.54 0.92 0.50 0.88 0.55 0.91 0.50 0.84 0.61 0.89 0.53

MEAN 0.88 0.49 0.92‘ 0.44 0.89 0.49 0.91 0.45 0.88 0.49 0.90 0.44

1 ; ’



\.)r. ~

u..4'4.\.\~—.~£

;<
-v

4‘
_.v

'1

1'

1

~_-#.-'.._>

H
.<

E

_.:.-1......

-1

,3

Q-<-_-1'-.;\~.4.<_—.-,=.¢......'%1»><

Q

‘I

A

=1

g
1

-4|

\ .

1".

' n

| _\
I 8

TABLE 3.4

Fairbanks Median foF2, Monthly Values ¢, Rz, IF2 ’
¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
Corr. RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

Coeff dev. Coeff dev. Coeff dev. Coeff dev. 6Coeff dev. Coeff dev.

Jan. 0.90 0.53 0.92 0.47 0.90 0.55 0.92 0.48 0.87 0.51 0.92 0.38

Feb. 0.80 0.62 0.83 0.57 0.80 0.70 0.82 0.67 0.84 0.52 0.85 0.52

Mar. 0.86 0.68 0.93 0.45 0.87 0.61 0.91 0.50 0.92 0.46 0.92 0.46

Apr. 0.91 0.50 0.94 0.41 . 0.88 0.56 0.88 0.55 0.95 0.39 0.96 0.34

May 0.84 0.46 0.86 0.44 0.873 0.42 0.87 0.42 0.90 0.35 8 0.91 0.34

June 0.80 0.44 0.86 0.37 0.85 0.38 » 0.89 0.34 0.88 0.32 0.90 0.30

July 0.89 0.38 0.94 0.30 0.90 0.36 0.93 0.30 0.94 0.27 ' 0.94 0.26

Aug. 0.93 0.33 0.97 0.24 0.94. 0.32 0.96 0.27 0.97 0.22 " 0.97 0.21

Sept. 0.90 0.52 0.95 0.41 0.92 0.47 0.95 0.40 0.94 0.39 0.95 0.37

Oct. 0.94 0.50 0.96 0.44 0.93 0.57 0.94 0.52 0.93 0.53 0.94 0.47

Nov. 0.91 0.69 0.92 0.65 0.89 0.75 0.90 0.72 0.91 0.57 0.93 0.47

Dec. 0.90 0.55 0.93 0.48 0.90 0.56 0.92 0.49 0.84 0.59 0.89 0.49

MEAN 0.88 0.52 0.92 0.44 0.89 0.52 0.91 0.47 0.91 0.43 0.92 0.38
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TABLE 3.5

Washington, Median foF2, 12-month Smoothed Means ¢, Rz, IF2

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
,¢

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

Y
Jan. 0.98 0.38 0.99 0.31 0.97 0.43 0.99 0.35 0.91 0.57 0.98 0.42

Feb. 0.98 0.46 0.98 0.41 0.97 0.52 0.97 0.50 0.96 -0.57 0.97 0.51

Mar. 0.88 1.02 0.97 0.57 0.97 0.60 0.98 0.54 0.98 0.50 0.98 0.49

Apr. 0.94 0.68 0.97 0.49 0.95 0.63 0.97 0.53 0.97 0.49 0.97 0.48 Q

May 0.93 0.48 0.96 0.35 0.95 0.51 0.95 0.42 0.96 0.42 0.95 0.40

June 0.81 0.69 0.88 0.55 0.84 0.62 0.89 0.52 0.85 0.56 0.87 0.52

July 0.92 0.40 0.98 0.23 0.94 0.35 0.98 0.21 0.96 0.26 0.98 0.20

Aug. 0.95 0.37 0.97 0.30 0.97 0.37 0.97 0.31 0.97 0.30 0.97 0.28

Sept. 0.96 0.54 0.97 0.45 0.96 0.53 0.97 0.48 0.97 0.40 0.98 0.38

0ct. 0.97 0.51 '0.98 0.46 0.98 0.49 0.98 0.43 0.97 0.48 0.98 0.40

Nov. 0.97 0.53 0.98 0.46 0.97 0.54 0.98 0.49 0.96 0.52 0.98 0.41

Dec. 0.96 0.50 0.98 0.38 0.95 0.50 0.98 0.40 0.94 0.50 0.97 0.41

MEAN 0.94. 0.55 0.97 0.41 0.95 0.51 0.97 0.43 0.95 0.46 0.96 0.41

, I I I 7
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TABLE 3 6

‘ Washington, Median foF2, Monthly Values 0, Rz, IF2 .

¢ Linear 0 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean 4 Mean Mean Mean Mean Mean Mean Mean Mean

Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS ‘

Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

Jan. 0.96 0.59 0.97 0.46 0.96 0.54 0.97 0.43 0.96 0.39 0.99 0.25

Feb. 0.96 0.54 0.97 0.50 0.94 0.70 0.94 0.66 0.98 0.31 0.99 0.24

Mar. 0.95 0.65 0.99 0.33 0.97 0.48 0.99 0.36 0.99 0.29 0.99 0.25

Apr. 0.95 0.58 0.98 0.43 0.89 0.85 _0.89 0.85 0.94 0.66 0.97 0.43 33

May 0.92 0.51 0.93 0.48 0.93 0.47 0.94 0.45 0.96 0.32 0.97 0.30

June 0.82 0.66 0.88 0.54 0.87 0.57 0.89 0.51 0.91 0.44 0.93 0.40

July '0.93 0.37 0.97 0.24 0.93 0.35 0.96 0.26 0.97 0.22 0.98 0.18

Aug. 0.94 0.38 0.96 0.30 0.93 0.38 0.95 0.35 0.97 0.24 0.98 0.22

Sept. 0.95 0.55 0.98 0.32 0.96 0.49 0.97 0.38 0.99 0.26 0.99 0.23

Oct. 0.96 0.56 0.99 0.29 0.96 0.60 0.98 0.37 . 0.98 0.34 0.99 0.25

Nov. 0.95 0.64 0.97.’ 0.48 0.95 0.68 0.96 0.58 0.97 0.36 0.99 '0.27 -

Dec. 0.95 0.60 0.97 0.38 0.95 0.59 0.97 0.41 0.94 0.41 0.96 0.35

MEAN 0.94 0.55 0.96 0.40 0.94 0.56 0.96 0.47 0.96 0.35 0.98 0.28

IA
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TABLE 3.7

Maui, Median foF2, 12-month Smoothed Means ¢, Rz, IF2

¢ Linear 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear 1F2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
Corr RMS ' Corr RMS Corr ms Corr ms Corr RMS Corr ms
Coeff‘ dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

, .

Jan. 0.95 0.70 0.97 0.57 0.92 0.83 0.95 0.70 0.90 0.88 0.93 0.74

Feb. 0.95 0.76 0.97 0.64 0.92 0.85 0.94 0.77 0.90 0.90 0.93 0.81

Mar. 0.88 1.13 0.95 0.75 0.96 0.72 0.97 0.61 0.95 0.72 0.96 0.63

Apr. 0.93 0.83 0.97 0.59 0.95 0.73 0.98 0.58 0.96 0.62 0.98 0.56

May 0.91 0.69 0.96 0.50 0.96 0.62 0.96 0.50 0.95 0.53 0.96 0.49

June 0.88 0.60 0.95 0.41 0.91 0.52 0.96 0.37 0.93 0.42 0.95 0.36

July 0.89 0.62 0.95 0.39 0.92 0.57 0.95 0.37 0.93 0.45 0.95 0.36

Aug. 0.93 0.60 0.95 0.52 0.94 0.58 0.95 0.51 0.94 0.54 0.95 0.52

Sept. 0.93 0.79 0.96 0.65 0.93 0.82 0.95 0.71 0.95 0.66 0.96 0.61

Oct. 0.95 0.80 0.98 0.59 0.95 0.76 0.98 0.60 0.95 0.70 0.98 0.56

Nov. 0.94 0.78 0.98 0.60 0.94 0.78 0.98 0.60 0.94 0.73 0.97 0.58

Dec. 0.93 0.77 0.97 0.58 0.93 _ 0.79 0.96 0.62 0.92 0.79 0.95 0.65

MEAN 0.92 0.76 0.96 0.57 0.94 0.71 0.96 0.58 0.94 0.66 0.96 0.57

V ) v v



I

>

1

i

;

1.

*1

.-.5.1-.-

.s

<1

Z

.1;

5‘

\

3
\ a

4

'7

3
.
.

-

2!

\

i
H

-

. ' .

_- ;‘ ,. .~.-|‘,~-vi... *-ii» I |. Ill .i'=i'|‘.“"I-ii1==i“|’i.|i“i».<i‘i-'-E‘H~'i'i»‘-=i»* %' ‘-iii 0'E‘»..|m‘|>a~ili » », i.H=»ii _:.., ~ u" . ‘ "Y ' ~ “'"1" . ‘Y '- ' ‘ 91, .. -.-

I l 5 ‘

TABLE 3.8

Maui Median foF2, Monthly Values Q; Rz,gIF2 ’
0 Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
Corr RMS Corr RMS Corr RMS Corr RMS Corr VRM5 Corr RMS
Coeff dev. Coeff dev. Coeff dev. Coeff dev. ~ Coeff dev. Coeff dev.

Jan. 0.92 0.91 0.95 0.72 0.90 0.95 0.94 0.79 0.93 0.80 0.96 0.66

Feb. 0.92 0.91 0.93 0.84 0.89 1.03 0.90 0.99 0.90 0.73 0.96 0.60

Mar. 0.94 0.82 0.98 0.56 0.95 0.72 V0.97 0.58 0.97 0.59 0.98 0.45
6:

Apr. 0.94 0.83 0.98 0.57 0.91 0.99 V0.92 0.96 0.97 0.79 0.99 0.48 P‘

May 0.92 0.67 0.97 0.58 0.93 0.63 0.95 0.57 0.97 0.40 0.98 0.38

June 0.88 0.62 0.94 0.48 0.92 0.51 0.95 0.42 0.95 0.33 0.96 0.30

July I 0.92 0.55 0.96 0.39 0.92 0.53 0.95 0.42 0.95 0.40 ' 0.96 0.32

Aug. 0.89 0.63 0.96 0.52 0.93 0.62 0.95 0.56 0.96 0.45 ‘ 0.97 0.44

Sept. 0.91‘ 0.91 0.96 0.61 0.92 0.84 0.95 0.69 0.96 0.56 0.97 0.48

Oct. 0.93 .82 0.98 0.51 0.94 4 0.81 0.98 0.52 0.96 0.66 0.97 0.54

Nov. 0.93 0.88 0.98 0.58 0.92 - 0.96 0.96 0.72 0.95 0.60 0.97 0.48

Dec. 0.91 0.93 0.96 0.62 0.91 0.90 0.96 0.63 0.92 0.76 0.95 0.63

MEAN 0.92 0.79 0.96 0.58 0.92 0.79 0.95 0.65 u 0.95 0.59 0.97 0.48 ~
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TABLE 3.9

Huancayo Median foF2, 12—Month Smoothed Means ¢, Rz, IF2

¢ Linear 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean

Corr _RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

1 Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

Jan. 0.92 0.70 0.97 0.49 0.93 0.65 0.97 0.50 0.94 0.54» 0.96 0.49

Feb. 0.91 0.67 0.94 0.53 0.82 0.86 0.83 0.80 0.78 0.85 0.80 0.82

Mar. 0.80 0.94 0.91 0.60 0.86 0.71 0.93 0.56 0.87 0.64 0.91 0.58 -

Apr. 0.84 0.74 0.93 0.55 0.87 0.66 0.94 0.50 0.88 0.58 0.91 0.53 g

May 0.94 0.57 0.98 0.39 0.96 0.47 0.98 0.36 0.96 0.45 0.97 0.41

June 0.91 0.56 0.96 0.39 0.93 0.51 0.97 0.37 0.95 0.41 0.96 0.37

July 0.89 0.59 0.93 0.48 0.93 0.49 0.97 0.36 0.93 0.44 0.94 0.41

Aug. 0.91 0.55 0.96 0.40 0.92 0.54 0.97 0.39 0.93 0.45 0.95 0.41

Sept. 0.91 0.54 0.96 0.41 0.92 0.53 0.95 0.42 0.94 0.41 0.94 0.40

Oct. 0.81 0.73 0.94 0.47 0.83 0.69 0.94 0.49 0.85 0.57 0.91 0.49 '

Nov. 0.81 0.76 0.93 0.49 0.83 0.72 0.92 0.51 0.87 0.58 0.94 0.46

. 0.89 0.80 0.97 0.47 0.90 0.75 0.97 0.48 0.93 0.56 0.96 0.44

NEMN 0.88 0.68 0.95 - 0.47 0.89 0.63 0.95 0.48 0.90 0.54 0.93 0.42

; .

1 1
' ‘
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TABLE 3.10

Huancayo Median foF2, Monthly Values ¢, Rz, IF2

1’

..-‘.;.s..‘

.

:1...

Z

2

@......>.;..»...‘_a..-.n:....u41m-=s~a's-;.'a...............a.-..-......;..;_.......\

5

| »*

Q Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear 4 IF2 2nd Degree

MeanA Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean

Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

Jan. 0.88 0.86 0.97 0.49 0.88 0.86 0.96 0.52 40.96 0.52 0.98 0.41

Feb. 0.74 1.02 0.81 0.90 0.75 0.99 0.78 0.94 0.78 0.88 0.82 0.82

Mar, 0.83 0.78 0.93 0.52 0.86 0.70 0.93 0.54 0.92 0.53 0.93 0.51

Apr.- 0.90 0.62 0.94 0.48 0.88 0.66 0.91 0.61 0.88 0.70 0.94 0.49

May 0.93 0.64 0.97 0.48 0.95 0.53 0.97 0.44 0.97 0.43 0.98 0.40 g

June 0.92 0.56 0.96 0.44 0.94 0.49 0.97 0.40 0.96 0.37 0.97 0.34

July 0.93 0.50 0.96 0.43 0.92 0.52 0.94 0.47 0.94 0.40 0.95 0.40

Aug. 0.92 0.51 0.97 0.37 0.94 0.47 0.97 0.37 0.95 0.37 0.97 0.32

Sept. 0.88 0.63 0.96 0.39 0.91 0.52 0.96 0.36 0.94 0.36 0.95 0.36

0¢t. 0.76 0.85 0.93 0.46 0.78 0.82 0.94 0.44 ' 0.80 0.54 0.89 0.47

Nov. 0.79 0.81 0.93 0.46 0.80 0.81 0.93 0.49 0.80 0.54 0.93 0.39

Dec. 0.85 0.95 0.96 0.49 0.86 0.92 0.97 0.47 0.92 0.51 3 0.96 0.43

MEAN 0.86 0.73 0.94 0.49 0.87 0.69 0.94 0.50 - 0.90 0.51 0.94 0.45
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. TABLE 3.11

Christchurch Median foF2, 12-month Smoothed Means ¢, Rz, IF2 _

. ¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean ' ‘Mean MeanCorr. RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS-Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

Jan. 0.92 0.46 0.98 0.27 0.93 0.46 0.97 0.32 0.95 0.35 0.97 0.31

Feb. 0.91 0.55 0.97 0.36 0.93 0.52 0.96 0.39
~ 0.94 0.42 0.95 0.39

Mar. 0.82 0.90 0.85 0.72 0.89 0.73 0.89 0.70 0.95 0.53 0.95 0.51
Apr. 0.95 0.71 0.97 0.54 0.96 0.61 0.97 0.52 0.97 0.48 0.98 0.47

1

May 0.96 0.59 0.96 0.53 0.96 0.57 0.96 0.55 0.96 0.54 0.97 0.50

June 0.94 0.48 0.95 0.44 0.87 0.77 0.88 0.76 0.87 0.79 0.88 0.76
July 0.95 0.45 0.96 0.40 0.94 0.50 0.94 0.49 0.94 0.49 0.94 0.49

Aug. 0.96 0.48 0.97 0.44 0.95 0.53 0.96 0.51 0.96 0.49 0.96 0.48

Sept. 0.94 0.72 0.96 0.60 0.93 0.76 0.95 0.67 0.92 0.57 0.96 0.56
Oct. 0.95 0.55 0.97 0.43 0.95 0.54 0.97 0.45 0.97 0.44 0.97 0.42

Nov. 0.93 0.47 0.97 0.35 0.91 0.43 0.97 0.32 0.97 0.33 0.98 0.31

Dec. 0.83 0.63 0.94 0.38 0.84 0.60 0.93 0.40 0.87 0.50 0.92 0.40

MEAN 0.92 0.58 0.95 0.46 0.92 0.59 0.95 0.51 0.94 0.49 D 0.95 0.47

1 J
v t--.
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Jan.
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Apr.
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June

July
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TABLE 3.12

Christchurch Median foF2, Monthly Values 0, Rz, IF2 ,

0 Linear 0 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

‘Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS ' Corr RMS

Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff. dev.

0.87 0.59 0.97 0.31 0.86 0.61 0.97 0.33 0.96 0.35 0.98 0.27

0.90 0.61 0.95 0.45 0.90 0.60 0.94 0.50 0.94 0.43 0.96 0.36

0.86 0.80 0.92 0.60 0.90 0.70 0.92 0.60- 0.97 0.40 0.97 0.38

0.95 0.71 0.97 0.55 0.92 0.86 0.92 0.85 0.91 0.64 0.97 " 0.47

0.94 0.66 0.95 0.65 0.94. 0.65 0.95 0.64 0.96 0.52 0.97 0.42

0.89 0.74 0.90 0.71 0.87 0.74 0.88 0.72 0.85 0.82 0.86 0.78

0.97 0.36 0.98 0.35 0.96 0.45 0.96 . 0.43 0.95 0.41 0.96 0.37

0.97 0.43 0.98 0.39 0.97 0.44 0.97 0.43 0.97 0.40 0.97 0.37

0.92 0.78 0.98 0.46 0.93 0.75 0.96 0.60 0.98 0.42 0.98 0.39

Oct. 0.93 0.64 0.98 0.37 0.92 0.66 0.97 0.45 0.97 0.38 0.98 0.33

Nov. 0.91 0.53 0.96 0.35 0.91 0.52 0.96 0.37 0.97 0.29 _0.98 0.25

Dec. 0.78 ' 0.70 0.94 0.38 0.79 0.69 0.93 0.40 0.89 0.44 0.92 0.37

1

<

MEAN 0.91 0.63 0.96 0.46 0.91 0.64 0.94 0.53 0.94 0.46 0.96 0.40
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1 ¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

TABLE 3.15

June — Tromso Median foF2, 12-month Smoothed Means ¢, Rz, IF2

; Hour Corr. RMS Corr. RMS Corr. RMS Corr. RMS Corr. RMS ,’Corr. RMS

fr LST ' Coeff dev. Coeff dev. Coeff dev. Coeff. dev. Coeff dev. Coeff dev.
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TABLE 3.16

June - Tromso Median foF2, Monthly Values ¢, Rz, IF2

¢ Linear - ¢ 2nd Degree R2 Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree té

Hour Corr' RMS Corr RMS Corr RMS Corr EMS Corr RMS Corr RMS
LST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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¢ Linear 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
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_TABLE 3.18

September — Tromso Median foF2, Monthly Values ¢, Rz, IF2

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree

Hour Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

LST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

M“_

NNNMHHHHHHHHHHOOOOOOOOOO

u.>:\>|-o\o0o\:o~u1-I-\u.>|\>»-yo\ooo\1o\u14-\u>l\>1-=0

OOOOOOOOOOOOOOOOOOOOOOOO

\o\o\ooo\o\o\o\ooo\o\o\o\o\o\o\o\o\o\o\o\o\o\1oo

Ou1r\v6\r-*|\vu1a\>\ou1o\u1u1o\0\4-*4-\o\\1\|Qo00O

OOOOOOOOOOOOOOOOOOOOOOOO

-l>r\>wo\-I-\-I-\u>u1\|u1-l>u1Ln4>~|>4-\4-\ww|\:u14>u14-\

\|oou14>\|oooooou.>oo\1-1»-o\u1\ou=c\|\>\1|—=\o<.~>o0

OOOOOOOOOOOOOOOOOOOOOOOO

\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\oo0\o

wv1-l-\Oo\4-\\1v1w\|\|o\\|\|\1o\o\00€n\o-l-\4>u1w

OOOOOOOOOOOOOOOOOOOOOOOO

4>t\>|\>u1ua-l>l\>4>&n-l>4>4>4-\wwu:wz\>r\>:-1c.o4>-l>w

OOO\O-8-*4-\wO<>o\\O|\>r-=u1O\oo<>oou1oo\s\|\oo-I-\O

OOOOOOOOOOOOOOOOOOOOOOOO

\O\O\0O0\O\o¢>\D0O\O\o\O\OkO\O\O\O\O\0\O\OOOOOO0

|\>\14-\\|r\v|\>o\|\>\ou1o-u1o\\1\|u=4>\:oooo|\>\o»—-4-\

O0OOOOOOOOOOOOO0.000C>OOOO

-$>r\>wo\-l-\4-\wu1\1u\4>-l>J>4>4-\-i>-!>w|\>r\>4>u1-I-\4>

r—*uoo|—*-I>o0\1\|r\>a-=o\\o00r—-oo\-I-\wo\'..o\nr-xo-I-\

OOOOOOOOOOOOOOOOOOOOOOOO

\o\o\ooo\o\o\o\o\o\o\o\o\c\o\o\o\o\o\o\o\o\o\o\o

4-\\|o\\ou1c.o\|4-\roc\o\o\o\.\|\1o\o\\|0o\oo\wOo\

OOOOOOOOOOOOOOOOOOOOOOOO

w:\>|\>u1l.o1~uau1o\~l-\-l-\J~\-I-\wuauawz\>r~:r-Lo-$>u:|\>

U1LoLO\\lU1l\)k-*4-\\l-I-\\JL.o00O0\O\l00l\>U1L0|\7\ll\J

OOOOOOOOOOOOOOOOOOOOOOO_O

\o\o\o\o\o\o\o\o\o\o\o\oxou>\o\o\o\o\o\o\o\o0ooo

|-ls--um-\o\4-\00\|u|0o\|\1\|‘\|\|\|000o00\:-I-\:\>r—=\o

OOOOOOOOOOOOOOOOOOOOOOOO

4>u>|\:u1~4>r\>w-I>w-l>-I>wL»L.ou>r\>i\:r\:-\>b4r~4>w

u1\|00O\0Or--woo-I-\Oc>u\oo0~O\|(.o\1o\O-l>\o\|

OOOOOOOOO~OOOOOOOOOOOOOOO

\o\o\o\o\o\o\o\o\o\o\o\o.\ou>\o\o\o\o\o<>\o\o00\o

:-uouu-o-u\\o00u1o0\|\|0o\|\|c0oo\oooo0-I-\|\n-=0

OOOOOOOOOOOOOOOOOOOOOOOO

gwwmmwmwbmwwwwwmmwwmwbbw

4-\\lO\DO\1-'OU1\O00\lU1G\uJO0Ln\0b.><J\U1-I-\\OO\

Iv



%M899999999999999999998

l...-..

t‘MCCOOOOOOOOOOOOOOOOOOOOOXXX

0

O
0

m
nhZrf

__m_Z9
1mRCC

3_
2

E1
NL

358773004891000l4l835WR“MW5AAlA5A33lJ5jJJ£A5iJA

nMfarf93l853677999887l4l844

S
me

Oe_4/48862973986007/452412

HHUSWJAAJ/&5_J£313_A5(_Nfm°O_A5234

emd
_D

OOOOOOOOOOOOOOOOOOOOO

rdf
enrf93285368799998_/230859

_mZuw899999999999999999998

'.......'-‘.‘........

MW_0_CCOOOOOOOOOOOOOOOOOOOOOXXX

e
D

__55987309/___9998799528l8

MSW54424542313/4566845234

..'........".-...'..

mmdOOOOOOOOOOOOOOOOOOOOOif
Lrf932853687999887130845

‘Qua899999999999999999998

.-..........‘-..'....

CC_OOOOOO0OOOOOOOOOOOOOOxxX

~r_
UT

OS0123456789012°J4567890123

HLOOOOOOOOOOl_|_ll11l1l12222

__‘__>A__

1}.‘,'I'.4'\t)v}1<l‘A4“'J“~l|-"‘_“v“‘>__J|_11___“au_‘t~!§___§\‘1"I‘g-‘1‘'
_ I_Y)‘&_"Na_‘Mag‘_I)‘V_‘__'

_



_mEM

___

W

W0
Mr

Mam“

MCC

‘

M
a

V
Zrf

YAre
O1

'
3n

O

M70454648l030707352909

2Sv444244312234355934144TF.....'-......-....'..

_m%dOOOOOOOOOOOOOOOOOOOOO

n_

nif
aLrf243855799999998064904ire999999999999999999998..‘.‘._d0°

_%_%CCOOOOOOOOOOOOOOOOOOOOOXXX

O

Me
Oe.890lO3050282645/___49969rrSv43424431212323/'__733l34Tgme.........I

_ ed
D _O0OOOOOOOOOOOO0OOOOOO

rdf
enrf154966899099099465924

bZre999999999099099999998

‘......'....-.0°
_E_0_CCOOOOO0OOOlOOlO0OO00O0xxx

_
MW}M

W

8924443609l3756549901

Sv434244312133234833145

.."..".'_..-......

n OOOOOOOOOOOOOOOOOOOOO

.1f
Lf1549557999990992659l3

e999999999999099999998

¢oo_.....''....‘'.--...'
OOOOOOO0OOOOlO0OOO0O0xx

I __r
u

o01234567890123/4567890123

HLO00OOO0OOOlllll1l1112222>

‘"Fl‘ii{I'DIi:_.l|_'_3‘“J‘‘EI‘u",“__‘“Hm9_”‘H?‘_\4‘H_]_‘_‘;ll‘!‘"“_U‘|z§gH1‘l"_‘y"m Hm



M
S

mM
_nZrf

1mMm“

2“PMCC.
31

H2__%F.827704/___70002906523285468

_m“SW_Jrm_J/Hrmjahqw/HASPJS_J5ArmQw8om5A°_NA

TnmumdOOOOOOOOOOOOOOOOOOOOOOOO

ai
1Lf

drf523856933422205750039927

W“haw788888899999999999988898

..‘.'.’..’..."..‘..'...

S CCOOOOOOOOOOOOOOOOOOOOOOOO

hm

Mere_9553453l3394652031548836M“SW465465433333455557674334

_FemdOOOOOOOOOOOOOOOOOOOOOOOO

WD
_

df
hnrf895935955557546763492237mZMMW778888899999999999989998

...'...‘...........'.-..

W‘¢_CCOOOOOOOOOOOOOOOOOOOOOOOO

.650492422422l3236989274O

“MSW578677555566788889997556

.'.....‘.'..‘...‘.......

Amv@dOOOOOOOOOOOOOOOOOOOOOOOOif
Lrf1l55332777588690075801l8

¢_mM_776777888888888998878887

.....‘....'.....-..'....

CC_OOOOOOOOOOOOOOOOOOOOOOOO

r_

uT‘
OSO123456789Ol23456789Ol23

HLOOOOOOO0OO1lll1ll1l12222

ix‘
_u_“\iiy‘)_g_§_, ‘\J\__'_€_J§_j_v3/1;:1.“‘|‘|_l:v_‘N"‘Mmjléyahh_‘_i$_u_mv_HT_1‘!<‘$jJ|q‘_



‘

2
2.

3O
EM

L,M2
FrSvTO

F_e
n

miaLfirf
dZre678877889999989999989998eR00......'..'.‘...‘....'...

MCCOOOOOOOOOOOOOOOOOOOOOOOO

M
rn

ae
be.490444352962244020386737HMLOSW555465433233444556553224.....‘

__kOOOOOOOOOOOOOOOOOOOOOOOO

_df
nrf948926046767667765635678hZre788888999999999999999A998

CO0.....‘‘..
'a¢CCOOOOOOOOOOOOOOOOOOOOOOOO

tM

.5l943346l643809727031905

rSv565576555456797790096445

.ae...........‘.

mmdOOOOOOOOOOOOOOOOOIIOOOOO

.1f
Lrf82236O44910853O2944O6614

"...-...".‘...'....-'.

CCOOOOOOOOOOOOOOOOOOOOOOOO

I
uonO1234567890l234567890123

HLOO0OOOOOOOl1ll11ll1l2222

% ]‘q‘a!_J3qX3i__“5;‘1:i‘II’’v;>I1__“j_1‘,_§l_

‘I)_ 4)V‘I_‘V>V _ __'!_'4£v__”"v\_\N:



, . V .. >~' ‘~~ ' "* . ' ;»\--~~‘ -- »~'».~.,¥...... »- ,1. ';.....,~~ ,_.-. 17,. _...:4 _ . _..

TABLE 3.23 . .

June — Fairbanks Median foF2, 12-month Smoothed Means 0, Rz, IF2 ‘

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear ‘f IF2 2nd Degree

Hour _Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

LSI Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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TABLE 3.24

June - Fairbanks Median foF2, Monthly Values, ¢ Rz, IF2

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
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Hour Corr RMS Corr RMS Corr RMS Corr’ RMS Corr RMS Corr RMS

LST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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' TABLE 3.26 I

September - Fairbanks Median foF2, Monthly Values ¢, Rz, IF2

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
Hoar Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

LST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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TABLE 3 . 28 ,

December — Fairbanks, Median foF2, Monthly Values ¢ Rz, IF2 "

§ 0 Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
E Hour Corr RMS Corr RMS Corr RMS Corr RMS Corr HMS Corr RMS

1 LST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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TABLE 3.30

March — Washington Median foF2, Monthly Values ¢, Rz, IF2

‘ ¢ Linear , ¢ 2nd Degree R2 Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
Hour Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS
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TABLE 3.36

December - Washington Median foF2, Monthly Values ¢, Rz, IF2
e .0

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd DegreeHour Corr RMS Corr RMS Corr RMS Corr RMS Corr‘ RMS Corr RMSLST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Qoeff dev. Coeff dev.
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TABLE 3.37

March — Maui Median foF2, 12-Month Smoothed Means ¢, Rz, IF2
»

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear’ IF2 2nd DegreeHour Corr RMS Corr HMS Corr RMS Corr RMS Corr RMS Corr RMSLST Coeff dev. Cceff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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TABLE 3.39

June - Maui Median foF2, 12-month Smoothed Means ¢, Rz, IF2

¢ Linear Q 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear*’ IF2 2nd Degree
Hour Corr RMS Corr RMS Corr RMS Corr HMS Corr RMS Corr RMS
LST Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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TABLE 3.55

June - Christchurch Median foF2, 12-month Smoothed Means ¢, Rz, IF2

Q Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear ,’IF2 2nd Degree

Hour Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

LST Coeff dev. ' Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.
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TABLE 3.56

June - Christchurch Median foF2, Monthly Values ¢, Rz, IF2

¢ Linear ¢ 2nd Degree Rz Linear Rz 2nd Degree IF2 Linear IF2 2nd Degree
Hour Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS Corr RMS

-LST - Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev. Coeff dev.

I\Jl\1l\)I\)l-‘I-‘I--')~‘r-‘I-‘I-‘I-‘l—'r~'ODOOOOOOOO

<.or\:>|—-O\0oo\1o~u1-Pr\>r-'O\o0o\1o\u14-\u->r\>1--0

OOOOOOOOOOOOOOOOOOOOOOOO

\|\1oooo\o\o\o\o\o\o\o\o\0\o\oooo\o0\o\o\o0oo0\|

o\o\r\>0\0wo\\|\|c\\|\1o\o-u1-I-\u.>0|\>r-r-xooov-I

I-‘I-‘I-‘I-‘OCCQCCDOCQCOQE-"@O(DoCDQI-'

or-'00\ooo\:u1u1\1o\o\o\o\o\\|o\:wwro'wu>|—=

C0\lU1l\JO0LU1\O\Ol\>O0|—'00\O-i-\\lO\U1t\J4-\\O-I-\\lO\

OOOOOOOOIDOOOOOOOOOOOOOOO

II0IOI00IuI0InII0n0IIuIO
\:\1oooo\o\o\o\o\o\o\o\o\o\o\oooo\oo\o\o\o\o\o\|

\|\|r\>\|ou:o\\1\1\1\|\1\1c\o\o\w|-r\>»-1-004-\

1-1|-lH\-lOOOOOOOOOOOO:—'OOOC>OOt-—'

0|-=OO\ooo\|u:u\<r~o\u1o\o\u1\1o\|wt.or\>\§.ow>—=

-I-\U1UJr-1\lkU1\O00\1t\J\OL-I-\O\l\JkL.0I\>bJ\DUJ-3-\I\>

OOOOOOOOOOOOOOOOOOOOOOOO

\|\|\|oo00\o\o\o\o\o~xo\o\o\o\ooou1\|\ooo\o\oo0c\

Or-'\||\:\|»--I-\\|\1\|oooooooo\|u1\1u1r—1\on-=o\|u1

Y-‘P-‘i—'l-'l'-'CDOOCDOOC)QOCDOI-"OOOCOOP-4

n-*r\>w—=r--r-=\oo0cnu1c\u:u\J>4>-l>\|r-=oou><.or\>ww|\>

\J\1O‘\U1t~7CT-(X>L~J-l>!—‘L.0-l>03\O00UIl-‘U3-l>\l\OL.0G>L|1

OOOOOOOOOOOOOOOOOOOOOOOO

\|\|\|oo00\o\o\o\o\o\o\o\0\o\oo0u1\x~.o\o\o\o\oo-

NI\>\|¢.o\|r-*4-\\|\1\|O<>000000\|u1OOo\r\>i~JLul\Jr-‘\|

1-‘)--‘i-‘D-'I—'CDOO(DOQCDCDQC)Ol-'OQOCDC)O|-"

r-=l\>|—=|—*r—-\oooc\u|o\\nu14~\4-\4-\\|»—=oou>uo|\>wua|\>

~¥>0\Ln<.»aOu1u1|\>4-\r—*wwOO\o\zu\:—=|-\r-*»—'\|OMLo

OOOOOOOOOOOOOOOOOOOOOOOO

o\o\\|\|o0oooo\o\o\o\o\o\o\o\oo0u1\|\o\o\o\ooou1

4-\U1I—'\lOU1\O-I-\kJ100\|U1\|\l00O\(»>l\>L»>r—*I\7O\I\O

D-‘I-‘I-‘I-‘7—*I'-'1'-‘Q@Q@C)©C)@Q!—‘@CC>©O©l-4

Mw|\>l\>r\>r—=1-*o0\|u1u1\:o\u1J>\1r-*00u>u>:\>wLouJ

OOmO0O0\O-F-\uJLnt\Ju>\O-I-\u>Oi—'|\>\1\Or—'~l-\\O-I-\\OO\

OOOOOOOOOOOOOOOOOOOOOOOO

o\o\\|\|oo00\o\o\o\o\o\o\o\o\ooou1\|\o\o\o\o\0o\

U1c\r-=O0r-\0\O-8-\u1O000o\00o000o\4>wJ-\4-\|\>l\>OO

Hr-'v—*r-*|—*r-=1-—*OOOOOOOOOx-IOOOOOO

r~JLot\>r\\t\>v—*O\|o\u1u1o\u14>(,o\1r—-O0x\>r\:t~Ju-Jun

\|\:o\o\\|:--\|oo00owo\»-=O0<>r-'o\o0\1\o00o-I-\

6L

1.34



_
I‘

>)m
_

2
1Zrf

Zn?”7,
5HRCC.

3O
Ef

Ln_826071292806605299269623M%5%6767665578O9897879976656

Me
n

h______f
cLrf322lll9ll223434337023464“LZXX999999899999999998999999

qmRCCOOOOOOOOOOOOOOOOOOOOOOOO

t
Hre_5953055159/48585982510033

8%dOOOOOOOOOOOOOOOOOOOOOOOO

_MI
edf

bnrf6453332353/45767763576676

mZre999999999999999999999999

eO0W¢CC00000000000000O_O0OOOOO00

e
S_

.603726l71329l5l636837/|__22

S%676665S57898887779876656

wdOOOOOOOOOOOOOOOOOOOOOOOO

enf
irf423222022334_D45447l33464

_0_CCOOOOOOOOOOOOOOOOOOOOOOOO

‘Wr
uT

____OSOl23456789Ol23456789Ol23

HL00O0OOOO00lllllll1l12222

M

6
_|_§%q*¢

_I___‘v“5 “‘

vi‘j_g_____%‘¥%_‘iiia‘_A“‘Jq___“_'_?’_m_E___5_wi_3a_“{§§>&5ikM>g‘v‘UJNr__'_____“_‘wj_¢__3_FE>J“qv%§3u %_§§g@



_

8
5.

3O
Ef

Ln_Qm
T_%“Md

Me
nhif

CLrf42212279121342/4348134464

_w_ZMMW999999889999999998999999

¢RCCOOOOOOOOOOOOOOOOOOOOOOOO

t
S_

_.1

re_41097252017/4911723914735

SmdOOOOOOOOOOOOOOOOOOOOOOOO

__Mr
edf

bnrf877666236557888885799998mZum999999999999999999999999

‘__m____¢CCOOOOOOOOOO0_OOOOO0OOO0OO0

é_
S

_73481598385847213/____600623

£%dOOOOOOOOOO1OOOOOOlOOOO0O

e_nf
irf3l3l237882123l3l259l3464

Lre999999888999999998899999

O0__‘_______________._____

¢CCOOOOOOOOOOOOOOOOOOOOOOOO

M
OH0123456789Ol23456789Ol23

HLOOO0OOOOOO1lllllll112222



}

L

Am
2

1
9

5LRCC

3F

_

_Omf
MMSW

Mm
1f

hLrf8911217403/45789765203005RZvmw889998778888888888887868

‘WuRCCOOOOOOOOOOOOOOOOOOOOOOOO

Ct
S

.1e.162/I_‘OO6197_/3679888177397

CEmdOOOOOOOOOOOOOOOOOOOOOOOO

4‘_M

rdf
enrf788867540ll3556777565505

wk‘_¢CCOOOOOOOOOOOOOOOOOOOOOOOO

e
D

‘28l960776633772579l0l688

S655446676666555555666606V
e

M“MdOOOOOOOOOOOOOOOOOOOOOOIO

enf
‘lrf6790ll740244778644l9l884

¢CCOOOOOOOOOOOOOOOOOOOOOOOO

r_

uT
OS01234567890123/|__567890l23

HLOOO0OOOO0Ollll1l1ll12222

_§%“‘a_1Jg'i4I-_!II_.“"“"“|“‘___$‘l““l\”“1]>;1___‘]>_1‘5k"{HUHJ_‘_V;‘_i]_1“%n_|_J__‘“‘“‘_N_‘:J”_w"k_.“”%%Qqwmgqw__E



__

N

O
6

S

'2
3F

OWf
%m

MMif
hL

CrZ
rf2345764l591l34420963748O

v.U_%888887777788888887776758

MRCCOOOOOOOOOOOVOOOOOOOOOOOOO

c_

’t
S

_le_689/|__872944/|__8093l5030/|_‘OlOr322224554443322223333/+94

h

_D
nrdf

enrf577879761224778876552335

.
_m_IOC'.Q..II-I..I.IIIIOIO>iSm

rm,“
L8&G

hHf_1
MLTGiO0

I

C ¢CCOOOOOOOOOOOOOOOOOOOOOOOO

‘e r

D_

973166ll3300540468986205

6666567877776666666667l7

OOO0OOO0OOO0OOOOO0OOO01O

_rf123576/40/+790233l88515379

888887777778888877776757

¢CCOOOOOOOOOOOOOOOOOOOOOOOO

u
OW“01234567890123/4567890123

HLOOOOOOOO0011llll11112222

A

wt



‘Y4-\,<__,__..

:4

-_>».',,.L.;._.......

.az=.i1~L~=~*—=~+'ii-4'-1+~

OWZ

-1'51:‘-5-.-5'-':..;,-1:4“-“;__1A=n'id:

Y

ZHLNOW¢_-IONVBWoznuoows

I

COMPARISON OF I2 MONTH SMOOTH MEANS
OF IF2,<1>, AND RZ (I947-I962)

ZHGNV

‘.'g">‘-‘iI --I<5‘-,-,3as~,.,;,95r.

n

I I

_
\ I

._.
/ "\ ‘/ “‘\ —~ I00

I. \ ’  

IF2 I

.__. "-’ / /MAXIMM ' \ I ___

\ //. 'U \ \
I ~ / A AA » \ I I

\ /\..\ / -/ I\'\ \
|'MARf‘Hl958 . -

1*.‘ L \
Ii
I,_/*'~._I.\./N ‘ I “" Fl /"‘"" .\ \ ' l ‘

‘- - \ OTTAWA FLUX I -

MAXIMUM V \' \\ M ) ' I /I I I.\ \\
MAY 1941 ""’\ ' ' '

zoo \ I\\\\__, //" I \ \\I \_I I §_ S__S/W;/, \, \_L I

- __.- ' S\ ,: Z ' \'
-~\..‘\. ZURICH SUN;’;):§ __.’ _, .\\ NUMBER (RZI

Y

'\_
I \ '\

MINIMU
APRIL I9

\_%‘I \

_ ‘~\,/  \._

-————"rEAR——-

I Figure I.I

Y O

0 I ‘w-~I/"
I94? I948 I949 I I950 I95I I952 I953 I954 I955 I956 I957 I958 I959 I960 I96I I962 I965

_‘_.'-_-L1 ~ - --»~»~-»~=_.J, ..__. _A_-,.9.’----I-1.-M-V---M»---»»@~%u~»»-»5=:Lm&»u ¢~4&@~,, ,;_,f’?’“‘,~" -:|._-H- ' . '- . "5,»‘;£|'.-._»ug;5,-
I.“my-‘“"i .9], vi‘ I |

II
'

\_
S7

2:11=10NVEINGHHLOOWSHLN



_

_

“‘‘H
,s

o
‘M

?

__

M

M
_

_

L ‘

‘M

U
M

_

M
_

%0
m

o

M
M

_, L

W

A
v

as

,_

_.1
‘

‘'‘m_‘___n
M

1‘

V
__

__
__

A
_g_g

MmN
_,

“E
C

;
__

NO



A
v

5°
,

3°‘_
\

_\
W

’;

3

W\ a_V
_ GgsoG

o

IN

30
:;

__
NU



4A

8°
‘

_

E

_

G
01

‘

soQ
_

Q
‘_

V

0:3
\

_8Q

3

In
c;

__
N

O



_ ‘
V

"

/
I

_v
;\_/

,§

‘
A

v

8
M_

vg_8_g
WxN

'1

_8

_g

la
c;__
NQ

_



\~
/

‘

__
\~

_I
_

‘
W

_

H
m

37
‘U

om

‘b
w

i

Q '

'_
I¢_‘ U

__3_g_
IN

w
as

“
__

uO



k

U
?

V

.4O
__

.
M $

U_g_
_v

8_g
‘

_g

M

/

(

_o
°_

“W
M

W

’

_
I

xv

3

30
:;

__
wU

4



__
\_

Z

I_
_

G

W
\,

E

X

A

__

_

_

M
K

Q

V
‘g

1

»

E

3

Q

I

‘g
o_

3so
3A

39
:0

__
uO



3

K
n,

_

W

__
'

xu
V

so

v
.

H
Q

6‘
SI

_'
¢‘

M

“

M

_

M
_

L
I

m
_

M

W
W

M
W

W

'2
;

S_g_
g

’2

“E
C

;5Q

_
‘_

‘_
_J

‘_
|\

‘}1
1]

1‘
zU

34
’1

¢J
q‘

_&
)J

§v
J‘‘

‘_
"H

A
J‘

4_
H

_l
_‘

\\_
_"

“‘*
|‘L

m
“’@

J"
“jJ

‘,w
1_

,h
3‘

%
33

w
‘%

qv
‘>

J



\

\

~

_
8‘ _8

_§

H
3

‘_‘'\l‘
I

O

_g
_V

‘

30
:8in

‘1
w

__
%

'4



W

H

4 ’

_“N

m
um

I
w

a

J

x

\_
‘

‘

_8

3

O

A
'2

;
3_8Q

I

_H
_o

__
__

m
__

AU

’|>
u_

_|
"7

_w
ru

]‘
‘N

3
m

i‘M
@

J‘
m

U
1W

na
I;J

i§
__

m
w

%
w

“w
g1

*“



_

'

_Q

‘

W

IQ

8

__gso

_"
a_

__
_‘

o
__

b
O

K
g

n‘
§y11_]‘_‘\

“<
_K

IA
‘

v|
Jh

_k
‘“m

f§
j1

H
11

‘&
%

E
%

4
i"_

_‘
Ll

1_
_J

h(
_‘

h‘
w

J‘
_

E
V1



_~

_ v

_

J

_

%

V
W

I
M

W 1
A

E
_

A
M

Q
M

*
M

1

_g
W

H
m_

w
eM

O
H

P
!

&gayg_8_g
_H

_O
__

__
__

w
__

bQ

m
_

‘‘‘il
‘_

v‘
|"

»§A
li

~
_§

J“
‘1

|”
‘

qy
4 

a_
11

>
__

' l
n‘

m
1_

>
V

1J
M

E
y

‘>
__

‘_
_r

_j
_:

_
“n

"lM
1J

1K
§§

%
§a

_A
_*

\h
dv

N
__\_,"~'_
_H

A
|lH

““
_

\_
‘g

A
__

g_
__

__
‘v

Q
vH

‘_
__

M
d

:1I
__

__|__
__I‘II



M._f0
H3

°.
A

4.
go'

b

_

A
v

“

_u
°

‘A

M
_

“
r0

_.
‘

‘ ‘
_l

_v‘_
I

6J“Y’
H

Wu
s

m
i

,1

0

$6g_8
mN

30
:;

__
w

o

‘___
_

,’>
.'_

__
_"

A
_i

§_
i'u

n§
““

_r
i_

g_
J3

‘?
g_



_

t

‘

_

_

'

_
A

_.
6‘

Q
’so_

W
_x. .

‘

__vg_g_g
_
_:

_"
_©

c_
O

__
M

_U

£1ix
‘?I31

:
\J

}‘:
|

__'
v‘

¥§
'a

p‘
“m

H
nM

 ‘H
1

Ii.



l

N

WN
8

Q

’‘
as

so

"__
’

H.
(8

.

'
_

2;g_8
mN

L&
_H

_6
__

__
¢

__
wO

W
M

A
u ‘

A
W

M

W
W

W J
3__

§_
\“

;1‘J
U

S
N

‘)i
‘‘,

‘>
"’_

_“
#"

aH
£"

‘N
Q

__
“q

“'£
_,

_“
l;n

‘_
um

f_
1_

dd
lM

qW
?g

$M
%

W
:!j

1u
;H

__
__

H
ai

da
!_

%
§_

_h
‘n

_~
ra

_1
‘)§

"H
@

§w
gi

M
_$

_)
%

m
hv

‘v
m

v|
_“

‘_
‘_

'_
!‘m

__
_3

’_
"“

“W
3A

‘$
jM

"q
‘"T

¥4
J_

N
m

a



N

I

HN
8H

NA
v

,
.

y
.

_g

I
_

OO
soJ.G

.Q.
'8

_ f
_

S__
_V3_g_g

5

_q
_9

_$
__

wQ

‘
a

_/__
>\_,R‘___44_‘|_

J_
‘_

__
_n

__
§‘

\_
M

*i
‘‘H

)!
A

%
R

/li
v‘

__
‘
I

A
-4

_d
k‘

:~_
k

__
"_

J_
“



M
‘_

_H
_“

N

N
_8

A

I

I

9lg

8.

___
v..

O

_v_v
_"

_H_
w

_' ’_w_\ .,

O
,&

_O
O

‘_
‘A

_I
_

0

\ \M
M

8_8_gN8

JI
T

W
Q

M
>

1
_gg

ag
vq

‘
'_

__
"3

§
_H

1_V
“

I
A

v
_

_u
5_

_$
__

g

_A_I1
4,

_IH
1:4H_t

_I‘
i %

\&
%

4_
'|q

J_
__

 ?
§_

1‘
_J

__
!4

_$
'w

““
‘

_§
%

A
:“

a



_j

uH3
‘_

M_3
%

1
?

W
e

M

P
_

W

_

L

‘

_g

g
x

P
M\

llI

w‘
_

7

\O
T

_
lg_

l

S_8soMg

N
__

__
_‘

ja
m

“
‘_

‘W
“$

_,
1_

w
‘_

l_
A

,
WlhH¢H)§

1g
w

‘"m
M

Q
‘<

gt
_*

w
F

vM
J"

'5
4“

‘_
W

J‘
1_

‘H
“

‘d
is‘‘I

_H
_€

_m
__

mU

\
‘
3‘

;
’___

_
'_I‘__IA_

‘4
>

__
H

(_
T



__

*H
3

€

M.
W

q

g

\ .
Q °‘

\%

C

'8
3_8_g

_"
_n

__
__

_0
__

m
O



__ ik_g_
_

_I
¢

M..
D...

M

M°
W

_

M

kH
3

W
mj

““ .

__
_8so_g26

_8
7

88

30
:8

__
2_

__
_

I
_

_
1



*

Q

M

N

OI v
C

O
C

O

ICOOG

I
_~

\”
éO

“‘

\

6

A
é

__
"N8°

L.
A_m

o
é

% 69__“
_

M
‘

.

|gI
_vS_g2

E

_"
__

u_
_a

so

1‘5%4i__q1‘
llv

l‘
Q

é“
_4

)"
'_

j:_
_1

5_
ég

¥q
5L

_‘_
__

__
_“

d_
'_.

R_
_4

“J4
/L1

q_
1a

r_
““‘

__
__

AA
_J

M%
m“

X‘
“i1

JJ
_‘

_$
‘

‘1
1M:5E
’



H

>Q

_~

4
F OO O

E
N.'‘a

M3°

_g

_

_m
N

u
C

O
G

m
o”

.. .
O

O O O

O
w:

isN
‘

g8_8G
o

5

_"
8c

8
__

|_
_U

I‘1Y‘J,
‘

__'0I:J‘
N

':1
A

 ‘J
"

_i
w

)J
na

?&
%

_‘
_w

&
‘§



‘
v_

‘
__

"N

_

0°

.
_

v

~
__
O

‘

Q

_

OI
O

O

'3
QS

_

>

so_
1Y
‘xN

“E
C

;
:0

'“n‘~‘l-"‘_“f§m



‘

F‘
__

H
~

Q

_g

_g
7

°

“Isa
O

9

g_

I I
O

"

I‘3,
_Vg_g__g

_N
N

In
ca3n_

*
2“

W
M

v_
§

_
_



v

\
__

o
X

.

2“

>

__
u

A
;

°
X

_

lg
Z_~M__Q

x_o
u

_S
o\

m

_H
_O

__
_;

N
__



5:.

.4-1'»-i\;-B1.~.1.1.;=='_-..-.;~.-.,....¢-<1-‘uu-~._;>=..;..,..».‘‘._

1
1

'3

Q/.34.
~;.;a_.-¢.._.n:'-..“',~.4};a.-»‘.....9'--=,~,

E
‘J

{Y

.1]

3
\\

$1‘

8

'1

§=,=_i¢.$_v‘*I.v...~j=_'»zaei5=‘s4.-<"*.'@=-

=1

.....,...-

' ' » ‘ "

"“"'£¥'\!>.~z:\mn; -

FREQUENCY VARlAT\ON OF COEFFlC\-ENT B \N EQUAT\ON q528O0= /.\¢f+s

VALUES FROM TABLE 2.\

soo ~~
1* 1* ‘

‘

j 1 F 1* F *1

X
{L

WL J

1*’ T "L xi‘

T
\"' - 4 \‘

.

\

mo ‘A

~+ »~ L 1‘
‘

»

1* — 1‘ + ~»*

X
P‘

B o wjj
X ii #43 +" *‘— ~ *

1

O

x x

_\Qo ‘L ‘L ~ +* 1L
\

~ \‘

4* \
4-=‘— '11

-zoo + F + ‘

*‘ 1‘

1‘ *
*‘ jy

\

‘

\

* \

,_ _ L L V J. -

L ‘

7\__ _,
7 L V —

soo
A

o \ 2 s 4 s s 1 a 9 10

X \O3‘Mc/sv

Figure 2.2

J r

( I

, .._._ yrs». 1..~ .?w_Mv_:\_>‘,, .4‘ I . -H, .», »
- .- . . - ‘ »

? _,, . » m.(,_. Y.
,_ . ._ . .. _ ,

, _

- 1' -.». 1;-__y»* ‘I/'\I‘|,‘l? »- ~ ‘A.-/v‘;;.w_. . ,

M1,....Q.nR&1,:-.¢>w¢.Q.--..1;.;,__,,,_;_;_;ju___ E; Y_‘;_,_.
.. .1 M ..~ ».....Am..¢..A&.;<,.un:né._-,; . W‘

¢



J\

‘

M
MW(,2

NI?
O5

T_O
GlNX

I8
Hgm%_

¢
WO

4
1 .

O
p

__

2
F

Of
4

‘Y‘

87|65

Z__m_U_>Z*o____N

_gigs‘4,\&i'J___,¢1__~'\‘_wu"_"da_‘u\g‘4"‘“_‘_>‘‘_K‘”___A&AjBaIa_1q;~1%wa3§QaEé‘v'_§_‘‘hHAj§_\<1_-"1‘__’_z:__‘_‘___‘____:“_‘}_';_u‘_G1‘Y ‘



:1

1.;-»;~.»~<.-___._...---‘..__.._.

4

Q

i\V(]3W

-,

J

iymwwkmm - ~ I ~- Y -

-
-

2

-_

W/-\SHINGTON,(JUNE I947-I963), I200 LST

f0F2=O.22 RZ—4.4xlO'5 R22 +4.10 X -

\

%)<//
1  X;/Xx X

X /
/§

\

/ xX

p

I
H

D
X A X

N t

5 X

\;<'

><\

4
'50 0 50 I00 I50 200 250 300

MONTHLY MEAN R2

Figure 3.2

Q
A y

Q .r

’ -' ~ ~ ~
-1'~<=~,:-e.-.‘=,¢':+." '~:=“-“"-»*:¢; if '

" ' *"' - ' '" w< » ~ -'..».:L\.--1":-.»;.



i
»

:4

'-.._..4..--'...r..

3.

,

,1:

5

I ‘

4

w

3WNVO

7;

5

x
A
/

4
,

1 ‘S0 0 50 I00 I50 200 250 300

, »-.» -- ,.~. ‘-.~1---~=.-,~,;_.‘ ¥') ‘,1 . -, , \ . ._

-I @
‘ Q

5"

4»

WASHINGTON (JUNE I947-I963) I200 LST

foF2=0.|3 IF2+4.95 /
‘

‘

x

X?!

X

%"//.
/>2‘

I 5 X V‘ <...>

§%

MONTHLY MEAN IF2

Figure 3.3

wvdi.

i

~0

\F
F,‘

:1

i.‘9.

I‘

UL

w*


