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Summary of work performed under this contract. 

I. Data collected on 147.950 and 431.950 MHz on a continuous 
basis, for all of 1984. 

2. Replaced the damaged antennas on 147.950 and 147.995 MHz. 

3. Analyzed the data for 147.950 and 431.950 MHz for the year 
1984 	to 	obtain monthly averages of path-loss and 	time- 
distribution behaviour. 

4. Analyzed the data for the two frequencies mentioned in #3 
above, for the year 1984, to obtain monthly averages of diurnal 
variations in path-loss. 

5. Obtained surface meteorological data (temperature, air pressure, 
vapour pressure, and frequency of southerly winds) for all of 1984, 
as well as low-level temperature-inversion data for the last 6 
months of 1984, and compared this data with seasonal variations 
in the path-loss. 

6. Analyzed the data for the two frequencies mentioned in #3 ql, above, for the years 1983 and 1984, to obtain monthly averages 
of the number of hours per day associated with 'enhanced' 
propagation. 

7. On Sable Island, installed a crossed yagi antenna on 4310 
MHz, and replaced the damaged crossed yagi on 147.850 MHz. 
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PREFACE 

This Report gives an updated account of the path-loss 

statistics obtained from observations in the VHF and UHF 

bands on the Sable-to-Halifax and the Sable-to-Seaview 

paths. This Report supersedes earlier reports originating 

from Saint Mary's University(SMU) on this subject, and 

consists not only of observations made by SMU, but also 

soie observations made by Maritime Tel and Tel (MTT) in 

their study of the Sable-to-Canso Straits path. 

In general, the Report contains data obtained over the 

past four years, both for each year individually and in 

combination. In particular, the Report presents rather more 

detailed path-loss statistics as obtained in 1984 and 

presents some preliminary surface meteorological(SURFMET) 

data for purposes of discerning possible correlations 

between propagation on VHF and UHF and the available 

SURFMET data on the Sable-to-Halifax path. 

A brief summary of the methods and , definitions used in 

this Report is given in Chapter 1. Chapter 2 contains 

relatively detailed data (mainly in the form of graphs) 

from the Sable-to-Halifax (147.950 MHz) path up to the end 

of 1984, including some data for the Sable-to-Seaview 

(147.995 MHZ) path (studied up to the end of 1983). Data 

for the Sable-to-Halifax path on 431.950 MHz, studied up to 

the end of 1984, is found in Chapter 3. Chapter 4 contains 

some preliminary SURFMET dàta as well as temperature 

inversion data pertaining to the path to illustrate 

correlation, on a seasonal time-scale, between path-loss 

and SURFMET behaviour. Chapter 5 presents some 

miscellaneous results on diversity experiments (mainly 

consisting of data obtained by MTT); some Preliminary data 
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on differential attenuation between vertical and horizontal 

components on the Sable-to-Halifax path, and some 

preliminary data pertaining to 1296 MHz. Chapter 6 provides 

a summary of the data presented in the foregoing chapters. •  

The Appendices contain a variety of supporting data and 

related information. 

•Acknowledgement:  The author gratefully acknowledges 

permission from  MIT  to include some of their data in this 

Report. This data will be so identified as it appears in 

the Report. The author also wishes to thank Dr. J. H. 

Whitteker for permission to use some path-loss calculations 

and graphs produced at C.R.C. 
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1. Introduction 

This Report is the fifth in a series pertaining to VHF 

and UHF path-loss measurements made by Saint Mary 's  

University (SMU) for the Communications Research Centre 

(CI) of the Department of Communications (DOC). There are 

two paths studied in this project: one, from Sable Island, 

Nova Scotia to the Canso Straits area of Nova Scotia; the 

other, from Sable Island to Halifax, Nova Scotia. This 

latter path was the only one studied during the current 

term. A general view of the Canadian East coast, showing 

the relative position of Sable Island, is given in Figure 

1-1. A more detailed view of the area, showing the location 

of the sites mentioned in this Report, is given in Figure 

1-2. A photograph of the antenna system on Sable Island is 

found in Figure 1-3. 

Appropriate path-loss data in the VHF and UHF parts of 

the spectrum for a long salt-water path are of interest in 

the construction of propagation models for this kind of 

path. These models are required for the determination of 

interference and service range of maritime and off-shore 

stations using VHF and UHF communications links. 

VHF and UHF path-loss measurements were carried out by 

operating and monitoring appropriate transmitters on Sable 

Island, and corresponding receivers and recorders on 

mainland Nova Scotia. The data was in both analog and 

digital form, and was obtained on a continuous basis. 

The objective of this most recent Report is to report on 

the data obtained over the past year and to combine this 

data with the observations made on the two paths over the 



past several years. This also includes a reappraisal (as 

mentioned in the previous Report) of the entire set of 

data. On the basis of this reappraisal, it was found 

necessary to discount some of the Parlier data. 

This Report, therefore, pertains to two full years (1983 

and 1984) of reliable data for 431.950 MHz, and just over 

three full years (consisting of 1983 and 1984 in their 

entirety, and portions of 1981 and 1982 ) for 147.950 MHz. 

The data for 147.995 MHz is carried over from the previous 

Report for purposes of convenience, and is found in an 

Appendix to the present Report. 

o 

INTRO1 
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Figure 1-2:Novà ScOtia off- 

shore area, showing locations of 

sites mentioned in this Report. 
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2. Path-loss definitions. 

A. Expected path-loss:  This quantity is calculated on the 

basis of NBS-101, Chap.9, where it is called a "long-term 

median basic transmission loss due to forward scatter" and 

is reproduced here for convenience (less two terms which 

are considered to be insignificant): 

path-loss(db) = 30 log f - 20 log d +F(9d) + Ho  

where 

f is the frequency in MHz, 

d is the sea-level arc distance in kilometers, 

F(ed) is the attenuation factor, 

and 

Hois is the frequency-gain function. 

This quantity is taken to be identical with the long-term 

power fading value associated with a 50% probability that 

the ordinate is exceeded:as defined in Chapter 10 of 

NBS-101; the long-term power fading for the 1% and 10% 

probability levels were also calculated on the basis of 

this chapter. 

B. Observed path-loss:  This quantity is calculated from the 

observed signal-strength data and the appropriate system 

parameters, using the relationship: 

Path -loss(db)= P(TX)-P(RX)-G(TX)-G(RX)+L(RX)+L(TX), 

where 

P(TX) is the the transmitter output, 

P(RX) is the power level at the receiver input, 

G(TX) and G(RX) are the isotropic antenna gains at the 

transmitter and receiver respectively, 

and 



L(TX) and L(RX) are the line losses at the transmitter and 

receiver respectively. 

All these quantities are in db. 

For Data up to the end of 1983 

TWo sets of path-loss determinations were made, one of 

them corresponding to a daily average (24 hours) of the 

signal level, and the other corresponding to a daily 

timedistribution of the signal level«, 7- 

In the first set, the signal level was determined'évery 

two hours from the chart-recording, and then the daily 

average was calculated on the basis of the expression: 

1 

V =1.v,_/12 	(uV), 

en=0 
where V2n is the average signal hour for the 2n-th hour. 

These daily averages then provided the basis for 

calculating a monthly average (using only every other day 

of the month). The monthly averages, in turn, provided the 

basis for calculating an annual average. An example of the 

monthly averages is given in Figure 2-1. 

In the second set, every other day of the month was 

analysed to determine the percent-time spent above a given 

signal level. In most cases, four such signal levels were 

drawn on the chart, and a determination was made for each 

level. This produced a daily time-distribution of - observed 

signal-level, in terms of "percent time spent above the 

ordinate". A monthly time-distribution was then obtained by 

combining all the time-distributions for the month (usually 

15 per month); the year's  tin-distribution  was obtained in 

a similar manner. An example of a year's time-distribution 

is given in Figure 2-6. 

The yearly time-distributions provided not only a median 
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value of the path-loss for the year (defined as the 

path-loss at the 50% point), but also an average value for 

the path-loss. This average value was obtained by means of 

a graphical integration of the time-distribution curves, 

utilizing the path-loss value at the mid-point of each 10%- 

interval. The final value of the average path-loss was 

obtained by averaging the values obtained by the two sets. 

For data since January  1,1984  

Signal levels were monitdred, as of the indicated date, 

not only on strip-chart recordings, but also on a 6-bit 

digital data-logger system, which sampled data every 10 

seconds and printed an average at the end each hour. In 

addition, this system calculated an average at the end of 

the day (24-hours) and printed the result. The data thus 

obtained consisted not only of the hourly(and daily) 

averages of signal level, but also of hourly (and daily) 

averages of the time-distribution. 

System Response-time  

The response-time of the chart-recorders is estimated to 

be in the order of 1 second, whereas the estimated 

response-time of the A/D converter in the data-logger is 

approximately 0.1 seconds. 

PATHLOSS 

• 
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Figure 1-3:  View (looking slightly east of north) of the antenna 

structure on Sable Island. 

Key to antenna identification: 

1. Crossed yagi; 147.850 MHz. 

2. Horizontal yagi; 147.930 MHz. 

3. Crossed yagi; 431.820 MHz. 

4. Slanted yagi; 147.950 MHz. 

5. 2.3 meter reflector (horizontal pol.); 431.950 MHz. 

6. 1.2 meter reflector (slanted pol.); 1296 MHz. 

7. 2.3 meter reflector (slanted  po.); 431.900 MHz. 

8. Horizontal yagi; 147.950 MHz. 

9. Slanted yagi; 224.830 MHz. 

Note:'Slanted' denotes the plane of the linearly polarized antenna being 

slanted at 45
o 

relative to the horizon (see Appendix F). • 
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Chapter 2: VHF path-loss data: Sable-to-Halifax (147.950 

MHz)and Sable-to-Seaview (147.995). 

Introduction 

Note: Figures 2-1 to 2-12(incl.) pertain to 147.950 MHz. 

Figure 2-1: Monthly variations in path-loss for 1981 

to 1984 combined. 

2-6:Time-distribution data for 1981 

It 

2-11: Monthly and annual averages of diurnal 

variations in path-loss, 1984. 

2-12: 	" 	II 	II 	average hours 

per day associated with enhanced propagation 

for 1983 and 1984. 

2-13: Summary of monthly averages of path-loss at 

147.950 and 147.995 MHz. 

2-14: Summary of time-distribution data for 147.950 

and 147.995 MHz. 
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Introduction 

Monthly path-loss averages 

The monthly variations in path-loss for the mid-point of 

each month are given for each year (1981 to 1984) in 

Figures 2-1, 2-2, 2-3, and 2-4 respectively. No data is 

available for the first three months of 1981 and for April, 

May, and November of 1982. The average of the data for the 

four years is shown in Figure 2-5, and includes an 

empirically determined best-fit sinusoid. It is quite 

apparent that there is a seasonal variation in the 

path-loss. 

Annual  titre-distribution 

The time-distribution of the path-loss for each year is 

given in Figures 2-6, 2-7, 2-8, and 2-9 respectively. The 

average of the data for the four years is shown in Figure 

2-10. The observed time-distribution agrees fairly well 

with the expected time-distribution (as calculated on the 

basis of NBS-101). 

Monthly and  annual diurnal variations 

Monthly averages of diurnal (24-hour day) variations in 

path-loss for 1984 are shown in Figures 2-11a to 2-11f. The 

year's average is shown in Figure 2-11g. On the basis that 

February and August appear to be associated with maximum 

and minimum path-loss respectively, the monthly averages 

for these two months, averaged over the available ye,Irs, 

are shown in Figure 2-11h. Although the diurnal variation 

in path-loss varies noticeably from month to month, and 

although there appears to be some tendency in the data 

towards a minimum path-loss sometime in the late afternoon 

(see Figure 2-11g for the annual average), the scatter in 

the data is such that any conclusion on this point is 



probablygmemature, at least in terms of the year's 

average. 

The data for the extremum months (Figure 2-11h), however, 

does appear  th  indicate some structure in diurnal path-loss 

behaviour. In particular, the behaviour for the month of 

August contains an expected path-loss minimum towards the 

late afternoon (presumably temperature-related), but also 

contains an unexpected path-loss minimum in the early 

morning. The behaviour for the month of February contains a 

similar path-loss minimum towards the late afternoon, as 

well as some indication of a minimum in the early morning, 

but there is also a path-loss minimum around noon. On the 

other hand, it could be plausibly claimed that the scatter 

in the data is such that the diurnal path-loss behaviour, 

averaged over the y-ar,  probably Contains no structure 

larger than something in the order of 10db. 

Enhanced Propagation 

Monthly averages for 1983-4 (combined) of the number of 

hours per day associated with enhanced propagation (see 

Figure 2-12d for a sample chart-recording illustrating this 

kind of event) are given in Figures 2-12a to 2-12c. There 

is a marked seasonal variation in this behaviour, and it 

correlates fairly well with the seasonal variations in some 

of the SURFMET data (see Chapter 4). 

CHAP2 
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Figure 2-1: Monthly variations in path-loss at 147.950 MHz 

for 1981. Data is not available for the months of January 

to March, inclusive. The figure includes the average and 

median values of "e:cpected" path-loss, calculated on the 

basis of NHS-101. Average and median values of "observed" 

path-loss for the year were not calculated. 

, 

I 	I 
- 	

147.950 MHz 

•
Sable/Halifax 	_ 
319 km  : 1981 

NBS -10 	 NS-1o1  
median 180db 	.av i ge:173db 

, 	 . 
...n 	.n• eon ...• 	••••• .n• •n•••• 

-- 	 ._ 

• 



tn 	. 	. 	 g e. 

p.2-4 

Figure 2-2:  Monthly variations in path-loss at 147.950 MHz 

for 1982. Data is not available for the months of April, 

May, and November. The figure includes the average and 

median values of "expected" path-loss, calculated on the 

basis of NBS-101. Average and median values of "observed" 

path-loss for the year were not calculated. 

120' 

130 

140 

150 

160 

m  170 
t .  
0 

8 
,e 180 

190 

200 

1 	I. 
• . 	 • 

	

. 	 147.950 MHz 

	

 	Sable/Halifax_ 

• ' 	319 km:1982 

•	  

i 	. 	

. 	

• 

NHS-101 
/Median:180db . 	_ 

- 	. 1 . • n . «mom 	im.... .••• 1... 	 rm.. .n g • ....• 

. 	...., 
_.....--, 	. 	NBS —

e:17

101 	.........11ffliMMUL.411111m.mt  

. 	 . 	
‘aveg3db 	• 

• 

	

/e 	  

. 	
. 

. 	. 

Note: The arrows indicate that the path-loss is . tuallli smaller, 

. but the amount is not known. This uncertainty is due to 

saturation éffects in some of the-early data. 



I.. 1  
147.950 MHz 
Sable/Halifax 

• 	319 km :1983 

Observed 
average:170db 	

"lean 

- 	-- 	111114111111111111111 	s101 	...-- 
- "III Ir 	r 	• 	 avecre:173db 

i 
 	Observed 	NBS-101 

median:178db 	median:180db 

140 

150 

200 

120r 

130 

.160 

170 

o 

4  180 
4 

190 

ta, o  
tn a 7g1  r.4 

o  
8 

p.2-5 

Figure 2-3:  Monthly variations in path-loss at 147.950 MHz 

for 1983. The figure includes the average and median values 

of "expected" path-loss, calculated on the basis of 

NES-101, as well as the "observed" values of path-loss. 

Note: The arrows indicate that the path-loss is actually smaller, 

but the amount is not known. This uncertainty is due to 

saturation effects in some of the early data. 
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Figure 2-4:  Monthly variations in path-loss at 147.950 MHz 

for 1984. The figure includes the average and 'median values 

of the "expected" path-loss, calculated on the basis of 

NBS-101, as well as the "observed" path-loss. 
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• 
• Figure 2-5:14onthly variations in path-loss at 147.950 MHz. 

This figure displays the correlation between the monthly 

average (averaged over four yPArs) and an empirically 

determined best-fit sinusoid, designated as Y(D), where Y 

represents the path-loss for a given day-number D. It is 

noted that there is agreement between the data points and 

the sinusoid to within a few db. . 

Note- The arrows in some data points indicate that the path-loss is 
actually smaller, but the amount is not known. This uncertainty is due 
to saturation effects in some of the earlier data. 

Y(D) = 170 I- 8cos (27T (D-44)Y365] , where  0D 365, and D is the 
number  of the day In the year. The observed data is assumed to pertain 
to the mid-point of each month. For the purposes of this graph, each 
month has 365/12 days. 

• 
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Figure 2-6: Time-distribution of data at 147.950 MHz 

obtained during 1981. Data is not available from January to 

March inclusive. The median values differ by approximately 

5 db, which is considered to be insignificant. The average 

expected value of path-loss is included for purposes of 

comparison. An average value for the observed path-aoss was 

not calculated due to the incompleteness of the data.  

I ai 

- tt) 
- tri 
- 0 

x 
P 

CO 
1-+ 

M  

co 



• 
• 1 n 	 I " • • 

1.T 

•T: 

Legend 

• Observed: 1982 (9 months) 

0 NBS-101 

- i - ;••1• 	 ; 	 7: 1 	- -; • I 
rt-t 
rtt-r 

#1i 

- 
i-r 	itritrr-71-  ri-t-r 

• 

Pi 

I-0 

Ui  
O 

co 

g. 
CD 

o 

1-4  

P.) 
X 

5 	10 	20 . 	30405000 70 	,tm 
Percentage oe time ordinate exceeded 

90 	95 	98 	99  99.8 99.9 99.99 

11:2n 
• 

tO 

120 

140 

rt" 150 

Cn 

160 

170 

180 

190 

Figure 2-7:  Time,distribution of data at 1 47.950 MHz 

obtained during 1982. Data ith not available for April, May, 

and November. The median values appear to be Mentical. The 

average of the expected path-loss is included for purposes 
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Figure 2-8: Time-distribution of data at 147.950 MHz 

obtained during 1983. Data was available for the entire 
1 	- 

year in this case. The median values differ 'by 

approximately 1 db; again, an insignificant difference.,1  The 

averages of the expected and observed values of path-loss 

are included for purposes of camparison. 
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Figure 2-9:  Time-distribution of data at 147.950 MHz 

obtained during 1984.  Data  was available for the en-

tire year. The observed and predicted (NBS -101) values 

differ by approximately 3 db; this difference is taken 

to be insignificant. The averages of the predicted and 

observed values of path-loss are included for purposes 

of comparison. 
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Figure 2-10  Time-distribution of data at 147.950 MHz 

obtainedlover the period 1981 to 1984 and averaged over 

these four years. The median values appear to be identical 

in this case. The averages of the expected and observed 

values of path-loss are included for purposes of 

comparison. Yearly values are also shown. 
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:Figure 2-12: Sable-to-Halifax  

147.950 MHz 
1983 

Month  

Figure 2-12a:Monthly averages of 

hours per day associated with en-

hanced propagation, for 1983. 

'Figure 2-12b  :Monthly averages of 

hours per day associated with en-

hanced propagation, for 1984. 

Figure'2-q.2c:Monthly  averages of 

hours per day associated with en-

hanced propagation, averaged over 

1983 and 1984. 
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• 
Figure_2=12d:  Example of!enhanced'_propagation. This particular_specimen 

' was selected for its unambiguous structure. Usually, the transitions are 

' not as abrupt. This recording obtained on September 23, 1983, on 431.950 

1 MHz. The duration of enhanced propagation is approximately 2.5 hours, and 

began at approximately 9:45 AM, local time. 
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Figure 2-13  

Monthly variations in path-loss  on VHF (147.95 and 147.995 MHz) 
p.2-16 

Or147.950 MHz: Sable to Halifax; 1981-4 

0 147.995 " 	" 	" Seaview; 1981-3 

Frequency 	Median values 	Average values  

NBS-101 	Obs'd 	NBS-101 	Obs'd 

147.950 	180 	180 ' 	173 ' 	168 

147.995 	170 	175 	162 	164 

Note: The arrows indicate that the path-loss is actually smaller, but 
- 

the amount is not known. This uncertainty is due to saturation effects 

in some of the earlier data. 
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Chapter 3:UHF path-loss data: Sable-to-Halifax(431.950 MHz) 

Introduction 

Figure 3 -r:Monthly variations in path-loss for 1983. 

" 1984. 

" " 1983 and 

1984 combined. 

" 	3:4:Time-distribution for 1983. 

" 	3-5: " 	" 1984. 

" • 3:6: " 	" 1983 and 1984 combined. 

" 3-7: Monthly and annual averages of diurnal 

variations for 1983-4. 

" 3-8: 	n 	u 	n 	of average hours 

per day associated with enhanced propagation, 

1983-4. 
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Introduction  

Monthly path-loss averages 

The monthly variations in path-loss for the mid-point of 

each month are given for 1983 and 1984 in Figures 3-1 and 

3-2. An empirically determined best-fit sinusoid is fitted 

to the data and shown in Figure 3-3. The data displays a 

marked seasonal variation. 

Annual time-distribution 

The time-distribution of the observed path-loss is shown 

in Figure 3-4 and 3-5, and compared with the expected 

time-distribution (based on NBS-101). The average values of 

the observed and expected path-loss are included in the 

graphs to facilitate comparison. The average over 1983-4 is 

shown in Figure 3-6. The data in Figure 3-6 suggests that 

the median value of the observed time-distribution of the 

path-loss is approximately 5 db less than the expected. 

This difference is, however, taken to be insignificant in 

view of the experimental uncertainties and the scatter in 

the data. 

Monthly and annual diurnal variations 

Monthly averages of diurnal (24-hour day) variations in 

path-loss for 1984 are given in Figures 3-7a to 3-7f. The 

year's average is given in Figure 3-7g. The monthly 

averages for the extremum months (February and August) are 

given in Figure 3-7h, and include data from both 1983 and 

1984. Although the diurnal variation in path-loss varies 

noticeably from month to month, and although there appears 

to be  saxe  tendency in the data towards a minimum path-loss 

sometime in the late afternoon (see Figure 3-7g for the 

annual average), the scatter in the data is such that any 

conclusion on this point is probably premature, at leaàt in 



• terms of the year's average. 

Enhanced  Propagation  

Monthly averages for 1983 and 1984 of the number of 

hours per day associated with enhanced propagation (see 

Figure 2-12d for a sample chart-recording illustrating this 

kind of event) are given in Figures 3-8a and 3-8b. The 

average over 1983-4 combined is given in Figure 3-8c. There 

is a marked seasonal variation in this behaviour, and it 

correlates fairly well with the seasonal variations in so ie 

of the SURFMET data (see Chapter 5). 
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Figure 3-1:  Monthly variations in path-loss at 431.950 MHz 

for 1983. The figure includes the average and median values 

of the "expected" path-loss, calculated on the basis of 

NBS-101, as well as the "observed" path-loss. 

Note: The The arrows indicate that the path-loss is actually smaller, but 

the amount is not known. This uncertainty is due to saturation 

effects in some of . the early data. 
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Figure 3-2:  Monthly variations in path-loss at 431.950 MHz 

for 1984. The figure includes the average and median values 

of the "expected" path-loss, calculated on the basis of 

NBS-101, as well as the "observed" path-loss. 
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Figure 3.-3:  Monthly variations in path-loss at 431.950 MHz. 

This figure displays the correlation between the monthly 

averages (1983-4) and an empirically determined best-fit 

sinusoid, designated Y(D), where Y represents the path-loss 

for a given day-number D. It is noted that the data points 

agreë with the sinusoid to within a few db. 

Observed average 	 (D) 1983-4: 167 db 	Mg mt.%  
1111111111111111 

median:186 db 111111 	MI 	Observed wil 	si- -- Illma 	_ ___ __ 	NBS-101 
10l-101 	avege: 183 db median: 192 db 

.C1 
0 

b 

Note:  The arrows in some of the data points indicate that the path-loss is 

actually smaller, but the amount is not known. This uncertainty is due to 

saturation effects in some of the earlier data. 

Y(D) = 172 13cos [2=-44)/365'3 , where 05D±365, and D is the number 

of the day in the year. The observed data is assumed to pertain to the 

mid-point of each month. For the purposes of this graph, each month has 

365/12 days. 
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Figure 3-4:  Time-distribution Of the path-loss data on 431.950 

MHz, for 1983 only. Average values (for the year)are included 

to facilitate comparison. 
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Figure 3-5 •  : Time-distribution of the path-loss data on 431.950 

'MHz, for 1984 -only.  Average values (for the year) are included to 

facilitate comparison. 
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Figure 3-8:  Sable to Halifax  431.950 MHz 
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Chapter 4:Path-loss compared with surface meteorological effects. o  
Introduction 

This chapter contains an initial study of those surface 

meteorological (SURFMET) effects or conditions which are 

thought to be most plausibly related (f rom the point of view 

of physics) to propagation of VHF and UHF radiation on the 

Sable Island to mainland Nova Scotia path, as well as some 

preliminary low-altitude radio-sonde data for Sable Island. 

For the purposes of this initial study, the SURFMET data 

considered to be most appropriate was pressure, temperature, 

vapour pressure, and wind conditions (in particular, southerly 

winds). The first three 'surface' quantities appear to require 

no explanation; the last one, however, might be unexpected. 

The relevance of southerly winds is based on the observation 

over the long term that southerly wdnds are associated with 

temperature inversions, which in turn are thought to be 

strongly related to propagation. Since long-term radio-sonde 

data regarding temperature inversions along the 

Sable-to-Halifax path was not available for this study (aside 

from some preliminary data given below), then the data 

describing the statistics of southerly winds appears to be a 

useful substitute. It should be mentioned that the only 

upper-air station in the Sable Island-mainland Nova Scotia area  

is on Sable Island. Hence, even if long-term  radio-sonde data 

for relatively low altitudes had been available, there would 

still remain the need to extrapolate this data for application 

to the propagation path. 

SURFMET data>,---- e\° 	' 
(&-iillieraverages of surface air-pressure, surface 

temperature, surface vapour-pressure, and frequency of 

southerly winds, as observed at the three relevant stations 

(Sable Island, Shearwater, and Eddy Point) are given in Figures 
4-1 to 4-4. For the  rposes of this Report, the monthly 

averages of pressure, temperature, and vapour-pressure are 



taken to be virtually identical at the three stations for each 

of the four years studied. However, the monthly averages of 

southerly wdnds are taken to indicate a significant difference 

between stations. In particular, the frequency of southerly 

winds (and therefore temperature inversions?) is taken to be 

significantly larger on Sable Island, and this is not 

unexpected. Figure 4-5 displays the monthly averages of the 

four quantities averaged over the period 1981 to 1984. 

Figures 4-6 to 4-10 show 'path' averages of the quantities 

mentioned above, for each year from 1981 to 1984, along with 

available path-loss data on VHF and UHF, on the Sable to 

Halifax path. In this Report, 'path' average refers to the mean 

value of a quantity. For example, the 'path' average of 

sea-level pressure on the Sable to Halifax (Shearwater) path is 

found by taking the mean of the sea-level pressure data for 

both Sable Island and Halifax. This procedure is thought to 

yield a more representative value of the sea-level pressure for 

the path, and appears to be justified by the relative 

similarity in sea-level pressure at the individual stations, as 

shown in Figures 4-1 to 4-5 above. 

A comparison of monthly averages of all the data (SURMET and 

path-loss), averaged over 1981-4, as given in Figure 4-10, 

suggests that there is a clear correlation between seasonal 

variations in temperature, vapour preSsure and southerly wind 

frequency, with extrema in mid-winter and mid-summer. The 

correlation, however, between air-pressure and path-loss 

appears to be smaller, inasmuch as the seasonal variation in 

air-pressure appears to be relatively small. However, taking 

account of the fine-structure in both the air-pressure and 

path-loss data, there does appear to be some correlation on a 

monthly basis. 

Temperature-Inversion Effects  

Figure 4-11 contains some preliminary data on temperature 

inversions; data for the last 6 months only of 1984 was available. 

There appears to be a maximum inversion activity in the middle of 

the summer, and this maximum coincides with path-loss minima. 



I-
t ,

  a
z
n

6T
1  

Sea Level Pressure (1981) 
— Eddy Point 

— Sable Island 

— Shearwater 

20 

15H 

10H 

5 

o 

0 

—5 -I 

102.5 

102.0 

101.5 

C  
Q- 

101.0 

100.5 

Temperature (1981) 
— Eddy Point 

— Sable Island 

— Shearwater 

100.0 

2.0 70 

60 

>, 50 

cr 40 

LL  

3 30 

o 
a) 

CL 
20 

10  

0 

Winds from South Quadrant (1981) 

r 

1.5 

Q- 1.0 
_st 

.5 

0 

• • • 

—10 1 	r 	r 	r 	-el- 	1 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec r  Jan Fer b M rar Apr r Mar y Jur n Jur l Aur g Ser p Orct Nov y Dec 

— Eddy Point 

— Sable Island 

— Shearwater 

Vapour Pressure (1981)  
— Eddy Point 

— Sable Island 

— Shearwater 

h:7 

e. 
LI 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



Vapour Pressure (1982) 
	 Eddy Point 

— Sable Island 

	 Shear-water 

'71 

70 

60 

50 
o 

D 
e- 40  - 
a) 

•E 30 - 
re 
o 

CL  20 

Winds from South Quadrant (1982) 
— Eddy Point 

— Sable Island 

Sheorwater 

2.0 

1.5 

o 
Q_ 1.0  

.5 

• • • 
Temperature (1982) Sea Level Pressure (1982) 

o o_ 

20 

15 

1 0 H 

co 

71 	5.j 

o 1 

0 

—5 H 

— Eddy Point 

— Sable Island 

Shearvdater 

102.5 

102.0 H 

101.5 

101.0 H 

100.5 H 

— Eddy Point 

— Sable Island 

— Sheorwater 

-
t;
,
 
a
a
n
S
i
d
  

—10 100.0 
I  Jan Feb M Iar Apr r May y Juu n Juu  I Aul  g Sep OctI  ct No v Dec u 	t  Jan Feb Mar 	r MC 	r 	r 	g  MayJun Jul Au g Se 	I 	' Sep Oct No v Dec 

10H 

0 0 -V -1- 11- 11 1 1 1 1 1 	I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
T1 	il l 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



Temperature (1983) Sea Level Pressure (1983) 
102.5 

102.0 H 

101.5 H 

a 
Q- 

101.0 H 

100.5 H 

— Eddy Point 

— Sable Island 

	 Shearwater 

— Eddy Point 

--- Sable Island 

— Sheorwater 

li 
(o 
e. 

[1-'W.  

20 

15 

10 

vi 
= 
Ti 5 
79" 
C.) 

0 

–5 H 

>, "1t.) 
C 
w 
0- 40 -n 

co 
L  

Là- 

C.  30 - 
co 
c) 
L. 
in 
a. 

20 - 

10H 

0 

— Eddy Point 

— Sable  Island 

—  Shearwater 

2.0 

1.5 1 

0..°  1.0 

.5 H 

0 

Vapour Pressure (1983)  
— Eddy  Point 

— Sable  Island  

— Sheorwater 

Fa 

,b. 
1 

u-i 

Winds from South Quadrant (1983) 
70 

60 H 

• • • 

10 100.0 1 1 I 1 I 	 I 	 I I 	 I I I 	 1 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec I  Jan Feb Me 	I 	I 	I  w Ap r May Ju n Ju I Au'  g Sep OIct NO 	l  N/ De c 

r-----r r  --1 I 	 1 I 1 	 r 	r 1 	1 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-1- II I I I I I I I I I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



Sea Level Pressure (1984) 
— Eddy Point 

— Sable Island 

— Shearwater 

102.5-i  

100.5 H 

II I I I I I I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

100.0 

17
-f

,  
a
J

n
5

-r
d

  

102.0 H 

101.5 -1 

o- 

101.0  . 

— Eddy Point 

— Sable Island 

- Shearwater 

20 

15H 

10H 

z 
5 - 

o 

–5 H 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

— Eddy Point 

— Sable Island 

— Sheanvater 

2.5 -I 

2.0 

1.5 H 

D  

1.0 H 

.5 H 

— Eddy Point 

— Sable Island 

— Shearwater 

(3) 

70 -1 

60 

>. 50-  
(.) 

0- 40  - 
a) 

I...- 

4E 30  - 

L. 

0- 
20  - 

10 - 

0 

• • • 

– 10  

Temperature (1984) 

Winds from South Quadrant (1984) Vapour Pressure (1984) 

o  "T"- 	1 -1 	I 	I 	T 	T 	T 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
II I I I I I I I I I 

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



G
-t

,  
a
z
n

5
-r
j  

100.5 

— Eddy Point 

-- Sable Island 

— Shearwater 

102.5  

102.0 

101.5 

Q- 

101.0 

Sea Level Pressure (1981 — 1984) 
— Eddy Point 

— Sable Island 

- Shearwater 

Temperature (1981 — 1984) 

• 
20 

15 

10 - 

Te 5 

0 

—5 H 

100. 0 

2.0 -1 

1.5 H 

n..C1  1.0 -1 

.5 H 

70 

60 H 

50 - 
C.) 

D - 40 

L. 
La. 

->C' 30 - 
o 
o 
L. 

n_ 20 j 

10 - 

• • 

—10 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec I  Jan Feb Nor ApI r May  JuI n JuI  I Au' g Sep OctI 	NoI v Dec 

Winds from South Quadrant (1981 — 1984) 
— Eddy Point 

— Sable Island 

- Shearwater 

Vapour Pressure (1981 — 1984)  
— Eddy  Point 

— Sable Island 

— Shearwater 

-4 

0 0 --V— 	I 	I 	I 	I 	I 1 1 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



•••• 

9
-

p  
a
a

n
bT

a 
 

O 
r-i 

4.) 

pi 

160 

17 

18 

190 

cc  
cl) 

 0 

160 

170 

20 

15 

10  

fT) 

10  

Sea Level Pressure 
1 	I 	I 

$ 147.95 MHz 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Vapour Pressure 
2.5 

2.0 

1.s 

o. 
o 
le- 1.0 

180 
Ici  
• 

Winds frora South Quadrant 
70 

60 
•  147.95 MHz 

>• 50 

7 
a- 40  

Li 

"eC-  30 

20 

10  

NMI 

ce 
O 

4-) 

160 

170 

180 

190 

• • • 
Sable Island to Shearwater (1981) 

CHALIFA.X)_, 

Temperature 

• 147.95 MHz 
cn 102.0 
0 

n—n 

tri 
101.5 

7 

a. 
- 

Si 1 01 .0 

100.5 
180 

100.0  190 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- -(170 

160 

102.5 

le 147.95 MHz 

190 OE) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov Dec 



• • • 
Temperature 

• 147.95 mHz 

•	  ...--- 	N. 

e 	. \ _ 	 ____ 	-\ ------- ----- - ., 
/ 	 . 

/ 	 -... 	  

/ 
/ 

,R 

i 

• 147 .95 MHz 

I 	- 	
. 

, . 	N 
..,.• 	N• 

N. 

N. 
N 

N 
/ 	 N  

/ 

-ri 	imp 

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Sea Level  Pressure  

10 
Jail Feb  Kir  Apr May Jun Jul Aug Sep Oct Nov Dec 

0 

1 

190 

60 

170 

180 

20 

15 

10 

To 5 
113 

0 

5 

102.5 

102.0 

12 101.5 

n. 

1'101.0 

100.5 
180 " 

190 	100.0 

(12 
L/1 

0 
ri 

4.) 

160 

170 

70 

60 

50 

D.• 40  

La. 

• 30 
0 
1. 
0 

CL 20 

10 

0 

2.5 

co 
rn  
0 

.0 
4-3 

160 

170 

180 

2.0 

12 1.5 

O-
D. 
0 
:57 1.0 

.5 

190 0 

0 
ri 

-P 
[1:) 

160 

170 

180 Fo 

t.D 

190 

Sable Island t,o Shearwater (1982) 
_(HALIFAx)._, 	_ , 	_ 	. 

Winds from South Quadrant 
1 	1 	1 	1 

— • 147.95 MHz 	  

/ 	
\ 	

n 

/ 	 -.... 

I 	/ / 
Feb M-ar Apr May Jun Jul Aug Sep Oct Nov Dec 

Vapour Pressure 

1 	t .  

.147.95 MHz 

.• 
..._.4i 	...- 	\ .... 	\ 

'ED 
\ 

/ 	 \ 
/ 	 N 

i 

Jcin Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 



15 

10  

VI 5 

o 

102.0 

2. 101.5 

o 
o 
ry  101.0 

100.5 

70 

'180 

o 
rl 

.e 4-) 

.60 

0 

ni 
,C 

60 

'Ii  

70 

co 

co 
80 

Winds from South Quadrant 

• 431.95 	" 

0 1147.95 M 	1  Hz 

. 	4 11b, 	 
Wilil 11,011inr 
"Ii"
1111111111 MUNI 

Jan Feb Liar  Ar May Jun Jul Aug Sep Oct Nov Dec 

Vapour Pressure 

L il 	1 	I 
• 147.95 MHz 

• 431.95 	" 

_ 

/ 

.

•  

/ 
/ 

• 
. 

s. 	/ 

Jan Feb Mar Jr May Jun Jul Aug Sep Oct Nov Dire 

- 
@ 

to 
0 

.0 
4-3  
ni 

160 

170 

180 
mcs 

190 cl--; 

70 

60 

> 50 

o 
cr 40 

C 30 
V  

s- 
o 

CL 20 

10 

o 

(4) 
(4) 
0 

I-1 

4-3 

 P4 

160 

2:5 

2.0 

22 1.5 

rà 
o 
o. o 

.o 

.5 

170 

180 

190 

• • Î. 

1 	1 	1 	1 

Sable Island to Shearwater (1983) 
(HALIFAX) _ _ _ 	. 	 . 

Temperature 	 Sea 
20 	 102.5 1 	1 

5 

10  

• 147.95 MHz 

•
_ 

431.95 	" 

/ 
. 	-/- 	- 	.\ 

/ 
4
/ 

, 	
- •  - •, 	 n 

II  

 1 	

16.. 
Jan Feb Mar 	May Jun Jul Aug Sep Oct Nov  

Sea Level Pressure 

• 147.95 MHz.  
__ 	 . 	• 

ell*  

	

. 	‘
•/ 	_ 

Jo - -al 	
\
• 

 

\ 

et

/  
\ 

.... 
/ 	

.... 
--.. 	 sle 

-ii 

— 190 	100.0 	 — --. 	 I 90 me, 
Dec 	 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

) ; 



• • 

10 

7, 5 

C.) 

0 

102.5 

102.0 
0 

,C 

(d 
P4. e 101.5 

C3 

160 ô 
a. 
o 

rbé 101.0 

170 

100.5 
180 

190 100.0 

to 

0 

P4 

60 

70 
r-
te 
z 
(D 

180 

190 

2.5 

2.0 

0 

.!1.5  
4-1 
cd 	U 
al 	0•1 

160 
5- 1.0 

170 

.5 

180 

1 	1 	I 	
.._ 

• 147.95 MHz 

• 431.95 	" 	' 

31,11r\-.  

\ / 

i 	1 	( 	i  
• 147.95 MHz 

	

—1431.95 	" 	  

I 	\ 	 \ 
\ 	 \ 	  

/ \ 	
n 	\ 

'le\ 	
/ / 	\  

I. 	\ 	/  
__• 

A 

(31 	 I 	L 	 190 	0 

170 

180 

190 

70 

60 

50 

3 
cr 40  

C 30 
o 

20 

10 

Vapour Pressure Winds from South Quadrant 

co 

0 

-P 
ni 
P4 

160 

Sable Island to Shearwater (1984) 
_ 	_ 	. 	(HALIFAX) 

20 

15 

10 

5 

Temperature 

III 	i 

• 147.95 MHz 
_ 

• 431.95 	" 	
- 

, 

	

, 	\ 	• 

	

/ 	 / \ 

•
\ 	/ 	\ 	/ 

	

- - - - 	L- - 	\ 	/ 	• 	.1! , 
_::-•-- 	- 	, "  	- 	---- 

e 

1711\  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Sea Level Pressure 
1 	I 	i 

• 147.95 MHz 

	

---- III 431.95 	" 

/ 
\ 	 • 

/ 	 \ 

/ 	\ 
/ 

/6\ 	/ 	\\ / •  

\ 
• 

à 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Jan  Feb  Mar  Apr  May  Jun Jut Aug Sep Oct Nov Dec Jan Feb Mar.  Apr May Jun Jul Aug Sep Oct Nov Dec 



• 
Temperature Sea Level Pressure 

r 	1 	r 

• 147.95 MHz 

_ 	• 	. 
III i431.95 	" 

	

/ 	N / 

	

/11 	/ 	
... 	  

\ 	/ 
... 

I 	i 	1 

• 147.95 MHz 

	

R431.95 	" 

	

4111 	 .m41. Iv  '--1,.. 

, 	.11,/ 	 . 

	

, , 	 \ 
4
/ 	\ 

 

20 

15 

10 

7-à • 5 

C.) 

o 

5 

10 

102.5 

P
a
th

-
lo

s
s
  

(d
b

) 

102.0 

In. 101.5 
D 

160 
o 

101.0 

170 

100.5 
180 

190 	100.0 

„ 

o 
• 

a • 

160 

170 

180 

190 

•2i 

111 

 fi 

o 

Winds from South Quadrant 
L. 	1 	r 

• 147.95 MHz 

II1431.95 	" 

/qie 'n 

/  

Vapour Pressure 

1111 
• 147.95 MHz 

	

-- III 431.95 	" 	  

0.  

AI 
\ 
\ 

–14\ 

/ 7\ 

/ 	\ 

9 	\ i‘ 	 

9 

70 

60 

50 

cr 40 
co 
&- 

La. 

.6O-  30 

- 

• 20 

10 

o 

2.5 

2.0 

160 

170 

180 

190 

o — re  1.0 

.5 

0 

4.) 

P4 

160 

170 

180 
Pc, 

190 m 

P
a
h
t-

lo
s

s 

in  1.5 

o 

(3. 

Sable Island to Shearwater (1981 — 1984) 
(HALIFAX) 	

- — 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



Figure 4-11:Occurence of low-level inversions with Altitude and 

Lapse rate. In Figure 4-11a, for example, the observed 

inversions during July are distributed in the following manner: 

approximately 55% of the inversions are based at the surface; 

approximatley 17% are based between the surface and 150 meters; 

and same 7% are based between 150 and 300 meters. Inversions 

based above 300 meters were not considered in this particular 

study on the assumption that the propagation at the Sable 

Island end of the path is affected only by those atmospheric 

conditions which are within the first 300 meters. Figures 4-11b 

to 4-11d indicate the distributions for successively larger 

lapse rates. 
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1. Diversity Behaviour 

Figure 5-1: Summary of results on VHF and UHF 

2. Polarization effects 

3. Preliminary path-loss data on 1296 MHz 
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1.Diversity observations. 

Soma  preliminary "diversity" experiments, involving 

frequency and space separation, were conducted by SMU and 

reported earlier (Appendices C, E, G, and I, of the Report 

for 1981-2). These were short-term observations (lasting 

about 1 hour each), conducted May 8, June 19, September 9, 

and December 8, of 1981. On the basis of thèse 

observations, it was concluded (in that Report) that a 

multi-channel receiver system, in a diversity 

configuration, should show a marked decrease in channel 

outages associated with fast-fading. 

However, much more extensive observations were made by 

MTT on diversity configurations involving six different 

links in various combinations. The observations were 

conducted continuously during the first four months of 

1983. The results of these observations are shown in Figure 

5-1 (reproduced, with permission, from MTT's Report ESP 

82-01). It is clear from the MTT data that the observed 

long-term improvements associated with diversity '  

configurations are rather small--in the order of 1% in most 

instances. 

The difference between the two sets of observations (MTT 

and SMU) is substantial. Although a seasonal factor might 

be adduced to account for the difference, it is pointed 

out, on the one hand, that SMU's Observations on DeceMber 

8, 1981 (which lasted for 51  minutes)  indicated that of the 

8.6 minutes (total) during which the signal at Seaview was 

below 0.2 uV, the signal at Arichat was simultaneously 

below this level for only 1.1 minutes (total) of this time, 

representing approximately 13% of the total 'outage' time. 

If a perfectly efficient diversity system had .been in 

place, then 87% of the 8.6 minutes could have been supplied 

by Arichat, thus reducing the overall outage from 8.6 to 



saxe  1.1 minutes, representing a decrease  in  outage 

(associated with fast-fading) during • the  51 minutes frcm 

17% to some 2.2 %. 

On the other hand, the SMU observations represent 

short-term behaviour, whereas those by MTT represent the 

long-term. Hence, for the purposes of this Report, which 

pertains mainly to long-term effects, it would appear that 

the observations made by MTT represent the dominant 

phenomenon. 
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Figure 5-1:  Summary of results from diversity observations 

obtained by MTT. 

(from MTT Report #ESP 82-01) 
(reproduced with permission) 

TABLE 2  

DIVERSITY .IMPROVED AVAILABILITIES  

( for  0.2 uV received signal) • 

Arichat VHF #1 
with Seaview 
VHF #1 

94.13% 88.98% 91.08% 97.12% 

Arichat VHF #1 
with Seaview 
VHF #2 

94.30% 88.36% 91.11% 97.31% 

(al Arichat VHF #1 
1111, 	with Seaview 

VHF #3 

Arichat VHF #1 
with Seaview 
UHF #1 

94.38% 88.83% 92.96% 97.43% 

Arichat VHF #1 
with Arichat 
UHF #1 

94.03% 88.66% 90.90% 96.93% 

Arichat VHF #1 
with Canso 
VHF #1 

94.74% 88.72% 92.38% 97.80% 

Arichat VHF #1 
with Canso 
UHF #1 

95.25% 88.91% 92.00% 57.54% 

Arichat VHF#1: 142.605 MHz(vertical) 	Canso VHF#1: 142.605 MHz(vertical) 
Seaview VHF#1:•142.605 MHz( '" 	Seaview UHF#1:419.2125 MHz( " 	) 
Seaview VHF#2: 143.395 MHz( 	" 	Arichat UHF#1:419.2125 MHz( " 	) 

• Seaview VHF#3: 147.995 MHz(horizontal) 	Canso UHF#1: 419.2125 MHz ( " 	) 

Note: the terms in parentheses refer to polarization. 
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• 

2. Polarization effects.  

Some preliminary observations have been made over the 

past year and a half on a possible difference in path-loss 

for vertically'polarized and horizontally polarized 

radiation. To separate this effect from other --possibly 

larger--effects, several antennas were installed on Sable 

Island which were slanted at 45 degrees in such a way that 

the radiated power would have equal vertical and horizontal 

components. In this experimental configuration, any 

polarization-dependent propagation would appear as an 

apparent rotation of the plane of polarization at the 

receiving terminal. 

In particular, if the analyzing antenna (and this was 

the case) is adjusted for a null in the receiver (this 

procedure is convenient when the signal is rather weak and 

fading rapidly), then the apparent angle of rotation is 

readily measured. For purposes of preliminary observations, 

the equipment was capable of an experimental uncertainty of 

no iore than 2 degrees, which is equivalent to a relative 

change in power of approximately 0.2 db. The frequencies 

associated with these observations are: 147.930 (formerly 

147.900), 224.950, 431.950, and 1296 14Hz. 

On the basis of only several observations at each of the 

frequencies, it appears that there is no significant 

differential path-loss associated with vertical and 

horizonal components of the radiation, at both 147.930 and 

224.950 MHz. However, the data is not considered to be 

sufficiently complete to arrive at a firm conclusion. 

•Given the experimental uncertainties associated with this 

project (estimated to be approximately 3 db) and given the 

uncertainty associated with the scatter in the path-loss 

data (assumed to be in the order of 10 db), it is apparent 

• 
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that the effect being discussed here is a relatively minor 

one, and would quite probably not be detected in any 

long-term observations of path-loss. 

• 



• 

3. Preliminary data for 1296 MHz. 

Semiquantitative observations have been made over the 

past two years of the signal-level from the 1296 MHz beacon 

on Sable Island. The bulk of these observations were made 

by Mr. Elmer Naugler (VE100), of Halifax, whose 

observations extend mainly from June 30, 1983 to January 2, 

1984. 

In general, it was cbserved that the beacon could be 

heard during the summer rather frequently, but only rarely 

during the winter, agreeing with the seasonal dependence of 

the path-loss observed at the other frequencies associated 

with this Report. A tentative estimate of the path-loss 

yields the value 182 db, which appears to agree with a 

forward-scattering model for the propagation—This estimate 

pertains to the mid-summer value; presumably, the•

mid-winter value wold be at least 20 db larger than this. 

The data for this frequency is quite preliminary. 
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Chapter 6: Summary 

Introduction 

Monthly Averages of Path-loss  

The monthly averages of VHF and UHF path-loss, averaged 

over the indicated number of years, for 147.950, 147.995, 

and 431.950 MHz, are displayed as graphs in Figure 6-1. The 

graphs show both observed and expected median values for 

the path-loss. The observed data shows that the form of the 

seasonal variation in path-loss is similar for the two 

paths, with a constant difference of several db. In the VHF 

part of the spectrum, although the agreement between 

observed and expected median values is closer at 147.950 

MHz (Sable to Halifax) than at 147.995 MHz (Sable to 

Seaview), the difference in both cases is taken to be 

insignificant, and leads to the conclusion that the 

long-term median values of path-loss on both paths are in 

agreement with the calculations based on NBS-101. Data 

obtained by MTT for the first four months of 1983 is also 

shown in Figure 6-1, and is seen to be in virtual agreement 

with the other data. 

Time-distribution Data 

Time-distribution data, averaged dver the indicated 

number of years for VHF and UHF, is shown in Figure 6-2, 

and is compared with time-distribution behaviour based on 

NBS-101. For all frequencies, the best-fit line through the 

data-points is taken to be in agreement with the expected 

values, leading to the conclusion that the long-term median 

value of the path-loss on.these two paths and at these 

frequencies is consistent with a forward-scattering model 

for the propagation. 

Moreover, given that the NBS-101 model being used here 

does not distinguish among polarizations (vertical, 

horizontal, circular), and given that the data obtained by 



SMU (using horizontal polarization) and the data obtained 

by  MIT  (using vertical polarization) are both taken to be 

in agreement with the NBS-101, then it is concluded that 

there is no significant (i.e. not larger than several db) 

sensitivity to polarization on these paths and at these 

frequencies. 

Diurnal Path-loss variations 

Diurnal (24-hour day) variations in path-loss are shown 

in Figure 6-3. The data represents the average of all 

available data from 1981 to 1984 inclusive. Given that the 

experimental uncertainty is probably 3 db at least, and 

given the relatively large scatter in the data (in the 

order of. 10 db at the least), the results suggest that 

there is no significant diurnal variation in the path-loss. 

However, the results for 147.95 MHz (Figure 6-3a) and 

431.95 MHz (Figure 6-3c) suggest that there is a tendency 

for the path-loss to be less towards the late afternoon, 

and that the amplitude of the diurnal variation is larger 

at 147.950 than at 431.950 MHz. 

Path-loss and Path-temperature 

The correlation between average monthly path-loss and 

average monthly path-temperature, suggesting a fairly 

linear relationahsip between the long-term average monthly 

path-loss and the long-term average monthly 

path-temperature, as well as indicating that the slope in 

each case is approximately 1 db per degree Celsius, is 

shown in Figure 6-4. 

Path-loss and SURFMET conditions  

Although this particular aspect of the study is rather 

provisional, inspection cf the SURFMET data in Chapter 4 

and comparison with seasonal variations in path-loss, etc. 

for both VEF and UHF (see Chapters 2 and 3) suggests that 



• 

• 

there is a plausible correlation between seasonal 

variations in path-loss and seasonal variations in surface 

temperature and vapour pressure, and a somewhat less 

plausible correlation with sea-level pressure and southerly 

winds. 

Path-loss and 'enhanced' propagation 

The concept of 'enhanced' propagation is not a 

well-defined quantity in this study, but it appears to 

indicate at least a semi-quantitative correlation with 

unusually low values of path-loss as observed on a seasonal 

basis, as is seen in Figure 6-5. The maximum, around July, 

in the number of hours per day associated with 'enhanced' 

propagation coincides rather plausibly with maxima in 

seasonal path-loss behaviour and the associated SURFMET 

conditions. 

Path-loss and Temperature-Inversion Effects  

On the basis of some preliminary data on temperature-inversions 

based within the first 300 meters from the surface (data pertains to 

Sable Island), as shown in Figure 4-11, there appears to be a clear 

coincidence between the maximum in the relative number of inversions 

within the specified altitude range and the minimum in the path-loss; 

both extrema occur in the middle of the summer. 

• 



Figure 6-1:  Monthly variations in path-loss, averaged over 

the available data for the period from January 1, 1981 to 

December 31, 1984, for the VHF and UHF links studied by 

SMU. The variations display a marked seasonal dependence, 

with the maximum path-loss occuring around mdd-February  and  

the minimum around mid-August. The experimental uncertainty 

in all the data given in this Report is thought to be in 

the order of 3 db; short-Éerm fluctuations are frequently 

in the order of 20 to 30 db and more. 

The signal level, associated with some of the early 

data, was high enough to drive the recording system off 

scale (constituting a saturation effect in the data), and 

arrows are used in the figures to indicate that the 

path-loss is actually smaller, but the amount by which it 

is smaller is not known. 

SMU's 147.995 MHz receiver was monitored by MTT in the 

course of their study of the path-loss between Sable Island 

and the Canso Straits area; this data is shown for the 

months of January to April of 1983 (the duration of the MTT 

study). 

FIG6X1 
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_ 

Freguéncy 	Median values 	Average values  

NBS-101 	Obs'd 	NBS-101 	Obs'd 

147.950 	180 	180 	173 	168 

147.995 	170 	175 	162 	164  

431.950 	192 	186 	183 	167 

Note: The arrows indicate that the path-loss is actually smaller, but 

the amount is not known. This uncertainÈy is due to saturation effects 

in some of the earlier data. 

• 
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Figure 6-2:  Time-diitiibution plots of the two VHF 

(147.950 and 147.995 MHz) and the one UHF (431.950 

MHz) paths studied by SMU, shown here combined to 

facilitate comparison. 
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• Conclusions 

.1n general, it is concluded that: 

1. The long-term median path-loss for the paths and 

frequencies discussed in this Report are predicted by the 
1 

forward-scattering model in NBS-101 to within a few db. 

2. The monthly variations in the path-loss display the 

exPected seasonal dependence (i.e. maximum path-loss in 

mid-winter and minimum in mid-summer). 

3. Differential path-loss (i.e. dependence of ,path-loss on 

polarization) appears to be no larger than 1 db or so for 

both VHF and UHF. 

4. Prospects for long-term improvements based on diversity 

configurations, involving two-element frequency and/or 

space diversity schemes, appear to be quite negligible. 

5. The year's average (1984) of the monthly averages of 

diurnal variations probably indicate that these variations 

are no larger than several db, although there is some 

indication of a path-loss minimum on both VHF and UHF 

towards the late afternoon. 

6. There appears to be a demonstrated correlation between 

seasonal variations in surface temperature, surface vapour 

pressure, southerly winds, as well as low-lying temperature 

inversions. 

7. There appears to be a correlation between the monthly 

averages of hours-per-day associated with 'enhanced ' 

propagation and the seasonal variations in path-loss as 

well as of the SURFMET (including low-level 

temperature-inversions) conditions. 
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Figure A-1:  Print-out of calculations pertaining 

to the Sable -t,)-mainland paths on 148  MHz, for 
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Figure A-5: Printout of calculations per-

taining to the Sable-to-mainland paths on P.A-5  

148 MHz, for the indicated system-parameters.(from C.R.C.) 

*LAT: 

*LAT: 
.00000 LONG: 	.00000 
.00000  LONG: 	.00000 

DISPLAY: *BOTH* 
PLOT DEV:*TEK * 
H/D PLOT:*NO * 
DIAGNOST:*NO * 

MONTH: 0 HnUR: 0 

RX 3,r13 DB 
.0  DB NOISE FIG 

• EDIT LONC148 
EDIT BOD HERE 
*TY 

1.000 TX:*SABLE 
2.000 RX:*MAINLAND 
3.000 
4.000 COVERAGE:*RADL* 
9.000 PREDICT: *SIG * 
6.000 METHOD: *DETL* 

7.000 PROFILE: *USER* 
8 .000 PATH: *TERR* 

9.000 

• 

10.000 VARIABLES: 	FIRST 	LAST INCREMENT 
11.000 AZIMUTH 	.000 	.000 	.000 
12.000 DISTANCE 	20.000 319,Q00  05 .000 

13.000 FREMENCY 	148.0 	148.0 	148.0 
14.000 TX ANTENNA 20.00 =15T5  z2,g1 
15.000 RX ANTENNA 	77.00 	77.00 	77.00  above sea-lever 

16.000 

17.000 POLARIZATION:*H* 
18.000 TIME SIGNAL EXCEEDED: 50.000 7.  
19.000 

20.000 POWER: 	15.00 WATTS 
21.000 LINE LOSS: 	TX 4 7  DB 
-)2.000 RX: 	BANDWIDTH 	.000 KHZ 
27..000 
24.000 *K* FACTOR: 	1.333 

25 .000 nROUND:*SEA * 	COND 	5.000 	PERM 80.000 

-:e6.000 
27.000 	 TX 
28.000 CLUTTER: 	*NONE * 
29.000  LOS  TO CLUTTER 	1000.0 
30.000 HT ABOVE ANT 	.0 
31.000 DEPTH ALONG LOS 	.0 

32.000 EXT ACROSS LOS 	.0 	.0 
33.000 

34. 000  USER-SPErIFIED CrINTnURS; 	 NUMBER: 0 

36.000 RX ANTENNA GAIN: 	11.2 dbi 
37.000 TX ANTENNA AZIMUTH/GAIN(DB); 	NUMBER: 1 

38.000 	. 0 11.2 dbi 
.....gummormmem. 

"::c). 000 
40.000 INTERDECILE HEIGHT RANGE (METRES): 	.0 

41.000 SITE ELEVATIONS: 	TX-1000.0 	RX-1000.0 

42.000 TERRAIN PROFILE, DIST/ELEV: 

43.000 	.00 	.0 

43.100 	5 .00 	.0 

43.300 10.00 	. 1 
44.000 31:0.00 	.0 

45.000 	 END OF FILE 
46.000 NOTE: THE 'LINE LOSSES ARE MADE UP OF 3 DB FOR THE ASSUMED 
47.000 50 7.  ANTENNA EFFICIENCY, PLUS AN ASSUMED LINE LOSS FOR 160 FT 
48.000 OF 1/2" HELIAY AT SABLE AND 1 00 FT OF THE 'EAME ON THE MAINLAND. 
EOF hit  3f ter- 48.000 

RX 

**NONE * 	* * 
1000.0 

.0 

.0 
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Figure A- 7:  Printout of calculations pertaining 

to the Sable to mainland path on 431.950 MHz, for 

the indicated system-parameters.. (from C.R.C.) 

EDIT LONC 
EDIT B03.HERE 
*TY 1 p.A-7 

1.000  TX: *SABLE 	• 	*LAT: .00000 LONG: 	.00000 
2.000 RX:*MAINLAND 	*LAT: .00000 LONG: 	.00000 
3.000 
4.000 COVERAGE:*RADL* 	DISPLAY: *BOTH* 
5.000 PREDICT: *SIG * 	PLOT DEV:*TEK * 
6.000 METHOD: *DETL* 	H/D PLOT: *NO  * 
7.000 PROFILE: *USER* 	DIAGNOST:*NO * 
8.000 PATH: 	*TERR* 
9.000 
10.000 VARIABLES: 	FIRST 	LAST INCREMENT 
11.000 AZIMUTH 	.000 	.000 	.000 

12.000 DISTANCE 	20.000 21Î.J201 05.000 
13.000 FREQUENrY 	432 .0 	432.0 	L.132.n. 

14.000 TX ANTENNA 	30.00 	30.0ô 	30.00\ 
15.000 RX ANTENNA 	50.00 	50.00 	F10.00 above sea-level 

16.000 
17.000 POLARIZATION:*H* 
18.000 TIME SIGNAL EXCEEDED: 50.000% 	MONTH: 0 HOUR: 0 

19.000 
20.000 POWER: .2Q WATTS 
21.000 LINE LOSS: 	TX 5.6 DB 	RX 4.A DB 
22.000 RX: 	BANDWIDTH 	.000 KHZ 	.0 DB NOISE FIG 
23.000 
24.000 *K* FACTOR: 	1.333 	 • 

25.000 GROUND:*SEA * 	COND 	5.000 	PERM 80.000 

26.000 
27.000 	 TX 	RX 

28.000 CLUTTER: 	*NONE * 	* **NONE * 	* * 
29.000 LOS TO CLUTTER 	1000.0 	1000.0 

30.000 HT ABOVE ANT 	.0 	.0 

31.000 DEPTH ALONG LOS 	.0 	.0 

32.000 EXT ACROS!2; LOS 	.0 	.0 

33. 000 
34.000 USER-SPECIFIED CONTOUR, 	NUMBER: 0 

3F..000 

36.000 .RX. ANTENNA GAIN: 	22  dbi 

37.000 TX ANTENNA AZIMUTH/GAIN(DB); 	NUMBER: 1 

.0 -20.2 cibi 

40.000 INTERDECILE HEIGHT RANGE (METRES): 	.0 

41.000 SITE ELEVATION: 	•TX-1000.0 	RX-1000.0 

42.000 TERRAIN PROFILE, DIS1/ELEV: 

4'7:.000 	.0 1) 	.0 

43.100 	5.00 	.0 

4'3.00 	10.00 	.1 
44.000 3::0.00 	.0 

45.000 	 END OF FILE 
41:-..00() NOTE 	THE 'LINE LOSSES .  ARE MADE UP OF 3 DB FOR THE ASSUMED 
47.000 50 7.  ANTENNA EFFICIENCY, PLUS AN ASSUMED LINE LOSS FOR 1 40 FT 
48.000 OF 1/2" HELIAX AT SABLE AND 100 FT OF THE SAME ON THE  MAINLANE 

-P 	EOF hit after 48.000 
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p.A-11 

EDIT L0NC432 
*TY 

1.000  TX: *SABLE 	*LAT: .00000 LONG: 	.00000 
2.000 RX:*MAINLAND 	*LAT: .00000 LONG: 	.00000 
3.000 
4.000 COVERAGE:*RADL* 	DISPLAY: *BOTH* 
5.000 PREDICT: *SIG * 	PLOT DEV:*TEK * 
6.000 METHOD: *DETL* 	H/D PLOT:*NO * 
7.000 PROFILE: *USER* 	DIAGNOST:*NO * 
8.000 PATH: 	*TERR* 
9.000 
10.000 VARIABLES: 	FIRST 	LAST INCREMENT 
11.000 AZIMUTH 	.000 	.000 	.000 
12.000 DISTANCE 	20.000 319.000  05.000 
13.000 FREQUENCY 	432.0 	432.0 	432.0 
14.000 TX ANTENNA 	30.00 	30.00 	30.00_) above sea-level 
15.000 RX ANTENNA 	60.00 	60.00 	60.00 
16.000 
17.000 POLARIZATION:*H* 
18.000 TIME SIGNAL EXCEEDED: 50.000 7. 	MONTH: 0 HOUR: 0 
19.000 

20.000 POWER: 	10.00  WATTS 
21.000 LINE LOSS: 	TX 5.6 DB 	RX 4.6 DB 
22.000 RX: 	BANDWIDTH 	.000 KHZ 	-7U-DB NOISE FIG 
23.000 

24.000 *K*  FACTOR: 	1.333 
25.000 nROUND:*SEA * COND 	5.000 	PERM 80.000 

26.000 

27.000 	 TX 	RX 
28.000 CLUTTER: 	*NONE * 	* **NONE * 	* * 
29.000 LOS TO CLUTTER 	1000.0 	1000.0 
30.000 HT ABOVE ANT 	.0 	.0 
2;1.000 DEPTH ALONG LOS 	.0 	.0 
32.000 EXT ACROSS LOS 	.0 	.0 

:7-2.000 
34.000 USER-SPECIFIED CONTOURS; 	NUMBER: 0 
35. 000  
36.000 RX ANTENNA GAIN: 	18.0 dbi 
37.000 TX ANTENNA AZIMUTH/GAIN(DB); 	NUMBER: 1 
3R.000 	.0 18.0 dbi 

39.000 
40.000 INTERDECILE HEIGHT RANGE (METRES): 	.0 

41.000 SITE ELEVATIONS: 	TX-1000.0 	RX-1000.0 

42.000 TERRAIN PROFILE, DIST/ELEV: 

43.000 	.00 	.0 

43.100 	5.00 	.0 
43. 300 10.00 	.1 

44.000 330.00 	.0 

END OF FILE 
46.000 NOTE: THE 'LINE LOSSES' ARE MADE UP OF 	DB FOR THE ASSUMED 
47.000 50 7.  ANTENNA EFFICIENCY, PLUS AN ASSUMED LINE LOSS FOR 160 Fi 
48.000 OF 1/2" HELIAX nT SABLE AND 100 FT OF THE SAME ON THE MAINLAND. 11, 	* 	EOF hit after 48.000 

Figure A-11:  Printout of calculations pertaining 

to the Sable-to-mainland path on 431.950 MHz, for 

the indicated system-parameters. (from C.R.C.) 

•

' - "*"" 	 '"' 	 ' " 	 " 



1•11 

F
i
g
u
r
e
 A
-
1
1
,
 f
o
r
 a
 
5
0
%
  
p
r
o
b
a
b
i
l
i
t
y
 t
h
a
t
  
t
h
e
 o
r
d
i
n
a
t
e
 
i
s
 e
x
c
e
e
d
e
d

. 

:
I
  -
Id
  
a
z
n
 

0 
ct- 

0 

0 

0 

rt  
P. 
0 

(1) 

(t) 

CL 

5 

1-( 
cu 
5 

 ID 

ID 
rt 

P . 

n•n• 

- 

10 

3 
G 	:0 

A 

N 10 - 
 G 

kej  

10 E  

10 F 

1 	 1 	1 	1 	1 	 1 

t.PME: SABLE 	 RX NAME: MAINLAND (JIalifax) 

Px 1-, EIGHT: 	60.0 M above sea- 
level 

ant. 18 dbi. 
line: 4.6 dh 

TX  HEIGHT: 	30.0 M above sea-level 
10 W 	ant. 10 dhi 	FREO: 432 MHZ 

line: 5.6 dh 
SIGNAL ?: 50% TIME 

••••• 

- _- Free space 

	1 1 	1 	 1 	 1 	 1 	 1 	 1  

10 	20 	40 	60 	80 	100 	120 	140 	160 	180 	200 	220 	240 	260 	280 	300 	320 

DISTANCE 	(KM) 



Figure B- 1:  Coordinates, elevations, and great-circle distances 	p.B- 1 

pertaining to the various sites. (from C.R.C.) 

COORDINATES FOR SABLE ISLAND PROPAGATION PATHS 

Antenna site on Sable Island 

GeopraPhic 43 45 00 N 	60 Ô3 00 W 

UTM 	zone 21 	255.1 km E/ 4868.8 km N 

Elevation of 9round: 3 m? 5 m? 

Halifax SMU 

GeograPhic 44 27 50 N 	63 35 00 W 

UTM 	zone 20 	453.8 km El 4942.0 km N 

Elevation of ground: • 29 m 

Seaview 

Geographic 	45 41 00 N 	60 57 50 W 

UTM 	zone 20 	658.5 km E, . 5060.5 km N 
Elevaticin of ground: 62 m 

Arichat 

Geographic 	45 31 00 N 	61 00 50 W 

UTM 	zone 20 	655e C) km E, 5041.9 km N 
- Elevation of ground: 27 m 

Great-Circle paths, frûm coordinates given above: 

Azimuth 
from Sable 

-73 °  

o  

Halifax SMU 

Seavi,.?w 

Apichat 

Distance  

292 km 

207 km 
192 km 

from -  mainland 
104° 

 159° 
 156°  



Appendix C: Path-loss data from  MT for the Sable to  

Canso Straits area. 

Data, obtained by MTT during the first four months of 1983 

at VHF and UHF frequencies on the Sable to Canso Straits 

area is included here for purposes of reference. Their 

study included an independent measurement of path-loss 

using the SMU beacon on 147.995 MHz. 

• 
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Appendix D: Sable-to-Seaview (147.995 MHz). 

Introduction 

Figure D-1: Monthly variations in path-loss for 1981 

" 	D-2: 	" 	tU 	" 	" 	" 	" 1982 

" 	1)-3: 	II 	u 	u 	II 	u 1983 

" 	D-4: 	It 	
H 
	II 	" 	H 1981 

to 1983 combined. 

" 	1)-5: 	Ut 	" 	" 	" 	" 1981 

to 1983 fitted to a sinusoid. 

" 	D-6:Time-distribution data for 1981 

" 	D-7:  ' 	UI 	" 	" 1982 

" 	D-8: " 	tU 	" 	" 1983 

" 	D-9: " 	II 	" 	" 1981 to 1983 

" 	D-10: Monthly variations compared with 

path-temperature for 1981 

" 	D-11: 	" 
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Ut D-14: Diurnal variations; 1982-3. 
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Appendix D: Sable-to-Seaview  (147.995 MHz) 

Introduction 

The monthly variations in path-loss for the mid-point of 

each month are given for each year (1981 to 1983) in 

Figures D-1, D-2, and D-3 respectively.  No  data is 

available for the first four months of 1981, and for June, 

July, and Septembe'r to December of 1982. The average for 

the data for the three years is shown in Figure D-4. An 

empirically determined best-fit sinusoid is fitted to the 

data and shown in Figure D-5. It is quite apparent that 

there is a seasonal variation in path-loss. 

The time-distribution of the path-loss for each year is 

given in Figures D-6, D-7, and D-8 respectively. The 

average of the data for the three yeArs is shown in Figure 

D-9. The observed time-distribution differs from the 

expected by approximately 5 db. 

The monthly variations in path-loss are compared with 

monthly variations in mean "path temperature" for each year  

in Figures D-10, D-11, and D-12 respectively. The average 

for the data is shown in Figure D-13. In this case, the 

surface temperatures pertain to Sable Island and to Eddy 

Point (Cànso Straits area). 

Where appropriate, data obtained by M.T.T. for the 

frequency under discussion is also included. This data was 

obtained only for the first four months of 1983. Time-

distribution data from MTT is found in Appendix C. 

Diurnal (24-hour day) variations in path-loss for the 

extremum months of the year (i.e., February and August) are 

averaged over two years for both February and August. The 



data indicates that, during February (at which time the 

path-loss is a maximum for the year), the variation over 

the 24-hour day is very small or even zero, although there 

appears to be a small decrease in path-loss at about 0200 

hours. This data is shown in Figure D-14. 
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Figurep -1: Monthly variations in path-loss at 147.995 MHz 

for 1981. Data is not available for the,months of January 

to April, inclusive. The figure includes the average and 

median values of "expected" path-loss, calculated on the 

basis of NBS-101. Average and median values of "observed" 

path-loss for the year were not calculated. 
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Note: The arrows indicate that the path-loss is adtually smaller, 

but the amount is not known. 
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Figure D-2:  Monthly variations in path-loss at 147.995 MHz 

for 1982. Data is not available for the months of June, 

July, and September to December, inclusive. The figure 

includes the average and median values of "expected" 

path-loss, calculated on the basis of NBS-101. Average and 

median values of "observed" path-loss for the year were not 

calculated. 
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Figure  D-3: Monthly variations in path-loss at 147.995 MHz 

for 1983. The figure includes the average and median values 

of "expected" path-loss, calculated on the basis of 

NBS-101, as well as the "observed" values of path-loss for 

the year. 

0 Observed by M.T.T. 

Note:The arrows indicate that the path-loss is actually smaller, 

but the amount is not known. 
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Figure D-4: Monthly variations in path-loss at 147.995 MHz. 

This figure includes the relevant system-parameters used in 

calculating the expected path-loss on the  basis of NBS-101. 

The line representing the observed average has an arrow 

associated with it to indicate the fact that the path-loss 

is somewhat smaller than indicated, but to an unknown 

extent. The data obtained by MTT (for Jan. to Apr., 1983) 

is also shown in this figure. 

O  Observed by M.T.T. 

M • 	k 
- Note: The arrows indicate that the path-loss Is açtually smaller, 

but the amoUnt is not known. 

System parameters:  TX: 15W ant.gain:11.2dbi line loss:4.3db 

3.8db 

TX antenna 20m above sea-level 	RX antenna 77m above sea-level 
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Figure P-5:  Monthly variations in path-loss at 147.995 MHz. 

This figure displays the correlation between the monthly 

average (averaged over three years) 'and an empirically 

determined best-fit sinusoid, designated as Y(D), where Y 

represents the path-loss for a given day-number D. It is 

noted that the data points agree with the sinusoid to 

within a few db. 

• 

Note: The arrows Indicate that the path-loss is actually smaller, 

but the amount is not known. 

The function Y(D) = 168 + 12cos[7(D-44)/365] , where 0 1É;D:5365, 

is an empirically determined fit to the data; D is the number of the 

day of the year. The observed data is assumed to pertain to the mid-

point of each month. For the purposes of this figure, each month has 

365/12 days. It is being assumed that the maximumpath-loss occurs in 
mid-February. 
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FigureD-10:  Monthly variations in path-loss at 147.995 MHz 

compared with monthly averages of "path temperature"; both 

pertain to 1981 only. 

Note: The arrows indicate that the path-loss is aCtually smaller, 

but the amount is not known. 
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Figure D-11:  Monthly variations in path-loss at 147.995 MHz 

compared with monthly averages of "path temperature"; both 

pertain to 1982 only. 
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Figure D-12:  Monthly variations in path-loss at 147.995 MHz 

compared with monthly averages of "path temperature"; both 

.pertain to 1983 only. 
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Figure D-13:  Monthly variations in path-loss at 147.995 

MHz, compared with monthly averages of "path temperature; 

both quantities are averaged over three years. It is noted 

that the correlation between the two quantities is such 

that the seasonal relationship between path-loss and "path 

temperature" is clear. 

0 Observed by M.T.T. 

Note: The arrows indicate that the path-loss  is  actually smaller, 

but the amount is not known. 
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Appendix E: Supplementary SURFMET data 

1. Sable Island  

Figures E-1 to E-:4: Monthly averages for each year from 

1981 to 1984. 

Figure E-5: Monthly averages, averaged over the period 

1981 to 1984. 

2. Sable Island to Eddy Point  (Canso Straits area) 

Figures E-6 to E-9: Monthly averages, for each year from 

1981 to 1984. 

Figure E-10: Monthly averages, averaged over the period 

from 1981 to 1984. 

Note:  Figures E-6 to E-10 represent 'path' averages, as 

11, 	
defined in Chapter 4. 
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Sable Island to Eddy Point (1982) 
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Sable Island to Eddy Point (1981 — 1984) 
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"Comparitive Fading Behaviour of Horizontally and Vertically 

Polarized VHF Waves Over a Long Ocean Path " 

Introduction 

The objective in this contract was to obtain some information 

pertaining to possible differential attenuation between the 

horizontal and vertical components of linearly polarized radiation 

in the VHF and UHF parts of the spectrum propagating from Sable 

Island to Halifax, in Nova Scotia. The surface path-length is 

approximately 300 km, and is almost entirely over salt-water (see 

map on page 3). 

The procedure in this study consisted of exciting linearly 

polarized antennas which were slanted at 45 degrees to the 

horizontal (see page 4) such that the radiated power, due to 

symmetry, would exactly divide into equal horizontal and vertical 

components. The slant cf the received linearly polarized radiation 

was then measured. Any differential attenuation would appear at the 

receiving end as a'shift in the slant-angle. 

The equipment and calibrating proc,edures were such that the 

maximum estimated uncertainty in the observed slant-angle is same 5 

degrees either side of the nominal or average value. This 

uncertainty takes into account the uncertainty associated with 

orienting the transmitting antenna at 45 degrees using a 

spirit-level, as well as the uncertainty associated with ceienting 

the analyzing antenna. Assuming a simple model for purposes of 

analysis (see page 5), an uncertainty of 5 degrees is equivalent to 

an uncertainty of approximately 0.8 db in the relative power levels 

in the two components. That is, any differential attenuation that 

is less than approximately 1 db would not be discernable in the 

data. 

The results given in this Report pertain to observations on the 

following frequencies: 147.93 (formerly 147.9), 224.9 , 431.9, and 

1296 MHz, and represent average values of several observations made 

during the period fram February, 1983 to the end of December, 1984. 
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This Report supersedes previous reports on this topic (see our 

Final Report for 1983) and is considered to be a more accurate 

appraisal of all the data obtained by this laboratory for the Sable 

Island to Halifax path. 

Results 

In general, it appears that the averaged values for each of the 

four frequencies (see page 6) could be interpreted as indicating 

that there is no differential attenuation at these frequencies over 

this particualar path; or, at most, that any such attenuation is 

less than approximately 1 db. It should be noted, however, that the 

results represent measurements requiring several minutes to 

complete, and therefore pertain to &time-scale in the order of 

several minutes. Hence, any differential attenuation on a shorter 

time-scale would have been smoothed out by the equivalent 

time-constant of the observational procedure, or would have been 

interpreted as noise. In fact, occasionally, while making 

observations, the shift in the tilt-angle would be rather 

definitely larger than the uncertainty over a time-interval of a 

few seconds; however, given the manual (rather than 

machine-controlled) method used to determine this angle, these 

fluctuations would be smoothed  out in the process of manually 

positioning the antenna to what was considered to be the 

equilibrium position. 
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Schematic view of antennas on tower on Sable Island as of 

December 18, 1984, showing orientation of tilts. 

(not to scale) 
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)431.95 MHz 

1296 MHz 

431.90 MHz 

The antennas are viewed head-on, 
from  the west. All antennas 
point towards. Halifax. 

147.95 MHz 

224.9.MHz 
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• Conversion graph:  dAe to cl)go 

416 = change in the plane of polarization 

• 

0 

' 0 	5 	10 	15 

• 419 (degrees) 

Sample calculatidn:AO  =15°  (6=40o  or 0=50o ) 

tan40
o 

= 0.839 ; corresponds to a .eifference cf 
0.76 db between components. 

(same result for 6 = 500 ) 

t 
plane of polarization at trans- 

mitter. 
O \ \ 

plane of polarization at receiver 
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p.F -6 

Averaged values of observed differential attenuation, disregarding 
possible significance associated with fluctuations. 

Frequency 	Average change 	Component under- 	Differential 	Uncer- 

(MHz) 	in the slant 	going additional 	attenuation 	tainty 
(degrees) 	attenuation 	(db) 	(db) 

147.93 	5 	vertical 	0.8 	1 

224 9 	2 	horizontal 	0.3 	1 

431.9 	2 	vertical 	0.3 	1 

1296 	1 	horizontal 	0.1 	1 

• 


