
Communications 
Research 
Centre 

MEASUREMENTS OF VHF/UHF RADIO PROPAGATION 
IN A MARITIME TEMPERATE CLIMATE 

by 

J.H. Whitteker 

TK 
5102.5 
C673e 
#1380 

anada 	 Gouvernement du Canada 
, mmunications Ministère des Communications 

CRC REPORT NO. 1380 

OTTAWA, MARCH 1985 

Canae 
IC 



Industry Canada 
Library - Queen  

AOU
UG 

T 2 7 2012 A  

Industrie Canada 
Bibliothèque - Queen 

COMMUNICATIONS RESEARCH CENTRE 

DEPARTMENT OF COMMUNICATIONS 
CANADA 

MEASUREMENTS OF VHFIUHF RADIO PROPAGATION 
IN A MARITIME TEMPERATE CLIMATE 

by 

J.H. Whitteker 

(Radar and Communications Technology Branch) 

--------- 

CONItgeMIONS 
UMW+ 

CRC REPORT NO. 1380 

CAUTION 
This information is furnished with the express understanding that: 

Proprietary and patent rights will be protected. 

March 1985 

OTTAWA 



e/DcP 

c 



TABLE OF CONTENTS 

ABSTRACT 	  1 

1. INTRODUCTION 	  1 
1.1 Motivation and Related Work 	  1 
1.2 Site Selection  	1 
1.3 Propagation Paths 	  3 

2. EQUIPMENT FOR FtECENING AND RECORDING 	  4 

2.1 Receiving Equipment 	  4 
2.2 Data Recording 	  5 
2.3 Calibration  	5 

3. DATA ANALYSIS 	  0 
3.1 Path Loss 	  6 
3.2 Effective Radiated Power 	  6 
3.3 Hourly Distributions  	6 
3.4 Diurnal Variation 	  7 
3.5 Distribution for All Hours of the Day 	  7 

4. LONG-TERivI MEDIAN PATH LOSS 	  7 
4.1 Measured Path Loss 	  7 
4.2 Predicted Median Path Loss 	  8 

5. VARIATION OF SIGNAL — TIME SERIES 	  
5.1 Time Series of Hourly Medians 	  9 

5.2 Autocorrelation of Time Series 	  9 

5.3 One-Year Plots of Daily Medians 	  

6. CUMULATIVÉ DISTRIBUTIONS OF RECENED POWER 	  22 

6.1 Distribution Plots 	  22 
6.2 Comparison with Other Measurements 	  23 

7. ANNUAL VARIATION 	  27 

7.1 Observations 	  27 

7.2 Model of Results 	  27 

7.2.1 Time Factor 	  27 

7.2.2 Distance Factor — Overldid and Mixed Paths 	  28 
7.2.3 Model of Annual Variation — Overland and Mixed Paths 
7.2.4 Model of Annual Variation — .0versea Paths 
7.2.5 Other Measurementi 	  

COMMUNICATIONS CANADA 
rt c 

AV.  Pg ises 

LIBRAITI 	131131.10INUUE 

29 
29 
29 



8. DIURNAL VARIATION 	  29 

8.1 Observations 	  29 

8.1.1 Plots of Diurnal Variation 	  29 

8.1.2 Numerical Summary of Diurnal Variation 	  33 

8.2 Model of Diurnal Variation 	  34 

8.2.1 Time Factor — Overland and Mixed Paths 	  34 

3.2.2 Distance Factor — Overland and Mixed Paths 	  34 

8.2.3 Model of Diurnal Variation — Overland and Mixed Paths 	  34 

8.2.4 Model of Diurnal Variation — Oversea Paths 	  35 

8.2.5 Other Measurements 	  35 

9. CONCLUSIONS 	  36 

10. ACKNOWLEDGEMENTS 	  36 

11. REFERENCES 	  37 

APPENDIX A - Mean Carrier Amplitude 	  38 

APPENDDC B - Post-mortem Measurements of Field Strength 	  40 

iv 



1 

MEASUREMENTS OF VHF/UHF RADIO PROPAGATION 
IN A MARITIME TEMPERATE CLIMATE 

by 

J.H. Whitteker 

ABSTRACT 

The signal strength from five television transmitters was monitored for 
two years at a site near Yarmouth, Nova Scotia. The path lengths ranged 
from 92 to 384 km, and the frequencies from 67 to 543 MHz. Two of the 
paths were overland, one path (with two transmitters) was mixed, and one 
path was over sea. The long-term median signal levels can be approximated by 
standard path-loss predictions if foliage attenuation 2.8 taken into account. The 
long-term statistical distribution of signal levels is in accord with the curves 
of NBS Technical Note 101, except that oversea UHF received power levels 
exceeded 10% of the time were found to be 10 to 20 dB higher than in the 
curves. The range of the seasonal variation of the monthly median signal 
level was found to be from 5 to 16 dB, with the greatest variation on the long 
oversea path. The range of the diurnal variation of the hourly median signal 
was found to be from zero to 7 dB, with the greatest variation in the summer 
and the most prominent variation on the shortest path. Signals were strongest 
in summer and in early morning. 

1. INTRODUCTION 
1.1 MOTIVATION AND RELATED WORK 

The signal strength received over a path longer than about 50 km varies with time because of 
changes in the refractive index of the atmosphere. The statistics of these variations are known in a 
general way for several global climatic types (1-6). However, predictions for a particular region can be 
made with confidence only if measurements have been made in that region. An earlier CRC Report (7) 
describes measurements made in the Great Lakes region of North America. The present report gives 
results obt:ained during two years of monitoring several television signals at a site near Yarmouth, Nova 
Scotia. The data were provided by Technical University of Nova Scotia, and its report (8) describes the 
data collection and gives preliminary results, including reproductions of selected chart records. 

Other measurements have recently been made in the Atlantic provinces. A report by St. Mary's 
University (9) gives results for paths from Sable Island to mainland Nova Scotia. Measurements across 
Trinity Bay in Newfoundland were done by Memorial University, but as of the tune of writing, no results 
have been published. The work done by all three universties was performed under contract to the 
Department of Communications. 

1.2 SITE SELECTION 

A monitoring site was estabilished at a microwave relay station near the village of Hebron, 7 km NE 
of Yarmouth, Nova Scotia. The site was chosen by representives of both CRC and Technical University 
of Nova Scotia, who made test measurements at candidate sites. The Hebron site proved to be one from 
which several distant television transmitters could be monitored without co-channel interference. The 
microwave relay station is operated by the Maritime Telegraph and Telephone Company (MT&T). The 
receiving antennas were mounted on the microwave tower, and an MT&T technician took care of the 
recording equipment. 
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Figure 1. The locations of the receiving site (Hebron) and of the television transmitters. 

TABLE 1 

Station Coordinates 

Azimuth 	Antenna 
Station 	 Location 	 Rx—>Tx 	Tx—>Rx 	Height 
Caledonia 	440  20' 26" N 65° 6' 34" W 	570 	238° 	295 m 
Middleton 	450  4' 38" N 64° 49' 2" W 	37 0 	218° 	323 m 
Saint John 4 	450  28' 39" N 66° 14' 2' W 	356° 	176° 	487 m 
Saint John 9 	450  28' 39" N 	66° 14' 2' W 	356° 	176° 	517 m 
Biddeford 	430  25' 0" N 70° 48' 9" W 	264° 	80° 	368 m 
Hebron 	430  53' 46" N 66° 4' 34" W 	 57, 60 m 

(above sea level) 

TABLE 2 

Transmission Paths 

	

Path 	Effective 	 TV 	 Carrier 
Tx Name 	Length 	Distance 	Surface Channel 	 Frequency, 

Caledonia 	92 km 	91 km land 	 6+ 	 83.260 MHz 
Middleton 	165 km 	186 km land 	 8- 	 181.240 MHz 
Saint John 4 	176 km 	121 km mixed 	4 + 	 67.260 MHz 
Saint John 9 	176 km 	137 km mixed 	9+ 	 187.260 MHz 
Biddeford 	384 km 	366 km sea 	 26- 	 543.240 MHz 
Note: Under 'TV Channel', the + or — indicates the sign of a 10 kHz frequency offset. 
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1500m 

SAINT JOHN 

Figure 2. Profiles of the the four transmission paths, all drawn to the same scale. Four-thirds earth 
curvature is included. The asterisks at the end points indicate the antenna positions. The high point 
on the Saint John-Hebron path is Digby Neck, a peninsula on the north-west coast of Nova Scotia. The 
ultimate height of the obstruction on the Biddeford path is 2168 m. 

1.3 PROPAGATION PATHS 

The propagation paths are shown in Figures 1 and 2, and relevant parameters are given in Tables 
1 and 2. There are various path lengths, frequencies, and land-water combinations. In this report, 
transmitters are always listed in order of increasing path length, and, for the Saint John path, in order 
of increasing frequency. 'Effective Distance(d e ), a parameter defined in references 1,2, and 6, may be 
used to order data on the variability of received power. It combines, in a rough and arbitrary way, the 
effect of distance, antenna heights (or horizon distances) and frequency. In terms of effective distance, 
the Middleton path is longer than the Saint John path. 
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Figure 3. The arrangement of the receiving antennas on the tower at Hebron. 

TABLE 3 

Video Carrier Power, Gains and Losses 

	

Max 	 Max ERP 	Average 	Rx 	Rx 

	

Name Channel ERP 	to Hebron 	EIRP 	Gain 	Loss 	C 

	

(kW) 	(kW) 	(dBk) 	(dBk) 	(dBi) 	(dB) 	(dB) 
Caledonia 	6 	100 	100 	20.0 	17.3 	10.2 	2.0 	85.5 
Middleton 	8 	42.4 	23.2 	13.7 	11.0 	12.7 	3.0 	80.7 
Saint John 	4 	100 	40.0 	16.0 	13.3 	10.2 	1.8 	81.7 
Saint John 	9 	325 	98.3 	19.9 	17.2 	12.7 	3.0 	86.9 
Biddeford 	26 	692 	542 	27.3 	24.6 	14.2 	4.9 	93.9 

Note: In going from 'Max ERP to Hebron' to 'Average EIRP', 
2.2 dB have been added and 4.9 dB have been subtracted. 

2. EQUIPMENT FOR RECEIVING AND RECORDING 
2.1 RECEIVING EQUIPMENT 

Yagi antennas (Delhi J series) were used for all channels, mounted on the tower as shown in Figure 
3. The number of antenna elements was 5 (channels 4 and 6), 10 (channels 8 and 9), or 15 (channel 
26). The antenna gains are listed in Table 3 under `Rx Gain'. Each antenna was connected to a receiver 
with 30 metres of CAC-6 75-ohm cable. The corresponding cable transmission losses are listed in Table 
3 under `Rx Loss'. 

A separate fixed-frequency receiver was used for each channel, set at the video carrier frequency. 
In these receivers, built at CRC, frequency and bandwidth (15 kHz) are controlled by an 8-pole crystal 
filter. The dynamic range is 60 dB, with an approximately logarithmic response. 
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Figure 4. Calibration curves for the 67.26 MHz receiver used for the Saint John (channel 4) path, and the 
83.26 MHz receiver used for the Caledonia (channel 6) path. The curves were derived from calibrations 
made after the experiment, while the points are calibrations made in the field in March 1981. 

2.2 DATA RECORDING 

The AGC voltage levels of the receivers were sampled by a microprocessor-based data logger devel-
oped at CRC, which operates in the following way: Each channel is sampled 10 times per second. The 
data logger records each sample by incrementing the contents of one of 128 'bins', according to the voltage 
of that sample. At the end of five minutes, the contents of the bins, which represent the distribution of 
signal levels for that five minutes, are sent to a tape recorder. In this way, the signal level can be sampled 
rapidly without requiring much magnetic tape. Tape cartridges were changed once per week. 

For visual inspection, AGO voltage levels were also recorded on chart paper. 

2.3 CALIBRATION 

The data logger permits calibration of the receivers at any time by means of a signal generator. This 
was done at approximately weekly intervals when cartridge tapes were changed. Calibrations were also 
marked on the chart paper. In addition, all of the receivers were calibrated in the laboratory after the 
end of the monitoring period. 

Figure 4 shows the laboratory post-mortem calibrations (or rather a close polynomial fit to these 
calibrations) for two of the receivers, and calibrations made by a CRC technician in the field early in 
the monitoring period. This comparison, and mass plots of the other calibrations, indicate that there 
was no appreciable drift during the course of the monitoring. Because of this apparent stability, and 
because some of the calibrations made in the field were erratic, only the post-mortem calibrations were 
used in the data analysis. (During two visits by CRC technicians, some receiver attenuator settings were 
changed. These changes were recorded, and taken into account in the comparisons mentioned above.) 
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3. DATA ANALYSIS 
3.1 PATH LOSS 

The effect of a propagation path on received power is usually expressed as 'basic transmission loss' 
or 'path loss'. This quantity may be found [Hall (2), p.11] from 

Lb(dB) = EIRP(dBm) — Pr  (dBm) + Gr (dBi) — L, (dB) 	 (1) 

where Lb is the basic transmission loss (between isotropic antennas) in decibels, EIRP is the effective 
isotropic radiated power of the transmitter in dBm, Pr  is the power entering the receiver, also in dBm, G,. 
is the gain of the receiving antenna (in dB relative to an isotropic antenna), and L, is the loss due to the 
cable connecting the antenna to the receiver. Since all of the terms on the right-hand side of equation (1) 
are constant except for P,.,  it is convenient to add them together, and since transmitter power is usually 
measured in kilowatts, it is convenient to add to this sum the 60 dB required to convert from dBk to 
dBm. Then 

Lb (d13) 	C — (dBm) 	 (2) 

where 

C = EIRP(dBk) + 60 + C r (dBi) — L,. (dB)  

Values for these quantities are given in Table 3. Later in this report, the symbol L will be used with 
other subscripts or no subscript to indicate various percentiles or averages, but it will always refer to the 
basic transmission loss defined above. 

3.2 EFFECTIVE RADIATED POWER 

The effective radiated power and antenna patterns for the transmitters used in this study were 
obtained from the regulatory branch of DOC, except for the U.S. station, for which this information was 
obtained from the FCC. 

There are several corrections to be considered: (a) The effective radiated power (ERP) as quoted by 
the regulatory agencies is the power radiated by a half-wave dipole; the EIRP is 2.2 dB greater. (b) Some 
of the transmitting antennas are not omnidirectional. If the path in question is not at the maximum 
of the horizontal pattern, the effective radiated power is reduced from the quoted value. (c) Ail of the 
transmitting antennas have a vertical pattern with a pronounced maximum near the horizontal. For the 
paths studied here, the horizon was close to the maximum of the vertical pattern (within 1 dB), and no 
correction was made. (d) The power quoted by the regulatory agencies is the peak power, emitted only 
during the synchronizing pulse. The average carrier power was estimated from prescribed and observed 
modulation patterns, as described in Appendix A. It was estimated to be 4.9 dB below the peak power. 

As described in Appendix B, the ERP of three of the transmitters was verified by measurements. 

3.3 HOURLY DISTRIBUTIONS 

The data from two years of monitoring, transferred to 9-track (800 BPI) magnetic tape, occupy 
twenty-two reels of tape. To make the data more manageable, the five-minute distributions were combined 
to form one-hour distributions, each containing 36000 samples (ideally, for no data interruptions). The 
boundaries of the one-hour intervals are at integral hours, e.g. on any day there is a distribution for the 
time interval 1200 to 1300 Atlantic Standard  'ii hic. Al  this stage, tue  calibrations were applied, and the 

hourly distributions of AGC level were converted to corresponding hourly distributions of signal level in 
dBin. These hourly distributions were used as the basis for all subsequent analysis. 

( 3 ) 



Name Channel 	Path 
Path Loss (dB) 

90% 50% 	10% 
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3.4 DIURNAL VARIATION 

For each month during the period of observation, a distribution for each hour of the day was found 
by combining the distributions for that hour obtained on all the days of the month. For an ideal month 
of uninterupted data collection, each such distribution contains 30 X 36000 --- 1.08 million samples. For 
each month, a diurnal plot was made of the medians, and also of the 10% and 90% signal levels. Later, 
distributions from the same month for different years were combined. Still later, after inspection, months 
with similar diurnal variations were grouped into seasons, and the resulting plots are the ones shown 
later in this report. 

3.5 DISTRIBUTION FOR ALL HOURS OF THE DAY 

In combining hourly distributions (for an individual day or for many days) in order to obtain the 
distribution for all hours, a difficulty arises: Some of the television transmitters do not operate twenty-
four hours per day. A transmitter might be silent between midnight and 0800, for example. Since there 
is a systematic diurnal variation, simply combining all the available data would give a result that does 
not represent the whole day. 

Diurnal data gaps were filled in the following way: If the distribution for any hour contained fewer 
that 0.4 times the maximum number of samples in the set of 24 distributions, that hour was considered 
a `bad' hour. A diurnal sine wave was fitted to the median received power levels of the 'good' hours. 
A new distribution for each `bad' hour was synthesized by shifting the distributions from the nearest 
two 'good' hours so that their medians matched the sine-wave at the <bad' hour, and then finding a 
time-weighted average of these distributions. This synthesized distribution was added to any distribution 
already present in the 'bad' hour. 

With the diurnal gaps filled in, the analysis can proceed to find monthly, seasonal, and long-term 
distributions, and annual variations. In any combination of distributions from different hours of the day 
or from different months of the year, the component distributions were first multiplied by suitable factors 
so that, before addition, they all had equal populations. 

4. LONG-TERM MEDIAN PATH LOSS 

4.1 MEASURED PATH LOSS 

The measured values of long-term median path loss are displayed in Table 4, along with the long-term 
90% and 10% path losses relative to the median. The q percentile is the path loss that represents the 
received power exceeded q% of the time. In other words, the path loss is less than the given value value 
g% of the time. Sometimes the long-term median of hourly medians is quoted instead of the long-term 
median of sampled signal levels. These medians were also found for the Hebron data, and were found to 
be within 1 dB of the values shown in Table 4. 

TABLE 4 

Long-Term Path Loss 

Caledonia 	6 	land 	82 km 	I 5.6 	151 	—6.0 
Middleton 	R 	land 	165 k in 	I 7.9 	196 	---- I 3.R 

Saint John 	1 	mixed 	176 km 	-I 7.2 	163 	—12.0 

Saint John 	9 	mixed 	176 km 	I 7. 5 	181 	—14.7 
Biddeford 	26 	sea 	384 km 	+10.3 	195 	—33.9 



error 
(dB) 

—1 
0 

—6 
—8 
+3 

error 
(dB) 

—9 
—22 
—10 
—22 
+3 

with trees 
distant + near 

(dB) 	 (dB) 
146(146,170) + 4 = 150 
185(186,192) +11 --- 196 
153(155,160) + 4 = 157 
165(166,183) +11 = 176 
198(222,198) + 0 = 198 

Name 

Caledonia 6 
Middleton 8 
Saint John 4 
Saint John 9 
Biddeford 26 

without 
trees 

(dB) 
142(142,168) 
174(177,179) 
153(155,158) 
162(164,167) 
198(222,198) 

8 

4.2 PREDICTED MEDIAN PATII LOSS 

Predictions are displayed in Table 5. The calculations were done with a computer program described 
by Palmer (10), using a topographic data base described by Whitteker (11). For each path, a path loss 
was calculated for both the diffraction mode of propagation (10) and the tropospheric scatter mode (1). 
The combined path loss is dominated by the mode with the lesser loss. As shown by Table 5, the 
diffraction mode dominates on the shortest path, the scatter mode dominates on the longest path, and 
the two modes are of comparable strength on the other paths. 

TABLE 5 

Predicted Median Path Losses 

Note: Each `rinn(nnn,nnn)' signifies 'combined loss (diffraction,scatter)'. 

Since the heights of the antennas at the Hebron site were comparable with the heights of nearby trees, 
foliage attenuation must be considered. Otherwise the path loss is underestimated by about 20 dB for 
the paths that terminate on the two lowest antennas (see Figure 3). Because the measured transmission 
loss on these two paths was so much higher than at first predicted, the author made measurements of 
the ERP of the transmitters, and of the field at Digby Neck due to the transmitters at Saint John across 
the Bay of Fundy. The results are described in Appendix B. Briefly, it was found that the transmitters 
were emitting at the powers that had been assumed, and that the intensity arriving at Digby Neck was 
as calculated. Therefore the excess attenuation was due to some aspect of the land portion of the paths, 
most likely the trees surrounding the receiving site. 

The calculation 'with trees' takes trees into account in two ways: For trees more distant than 250 m 
from the receiving site, the height of the land is increased by 10 to 20 metres, depending on frequency. 
(Trees look more opaque at higher frequencies (13).) For most paths, this has little effect, but toward 
Middleton, where the terrain rises gradually to a hill 7 km distant, the extra attenuation amounts to 
11 dB. Nearby trees may be regarded as clutter (10,13). The size and shape of the clearing at Hebron 
was estimated from an aerial photograph, and the height of the trees estimated from local photographs. 
Typically the trees (mostly coniferous) were estimated to be 80 m distant and 12 m high. Table 5 shows 

the result. The agreement between calculation and observation is adequate, given that detailed path-
loss predictions for irregular terrain have an rms error about 6 dB (10), and that estimates of foliage 

attenuation are subject to much larger errors. 
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5. VARIATION OF SIGNAL — TIME SERIES 
5.1 TIME SERIES OF HOURLY MEDIANS 

Plots of time series of hourly median values of path loss are shown in Figures 5 to 11. These particular 
months provide an approximately uniform coverage of the seasons, while avoiding the worst data gaps. 
The data shown in these figures are in their least processed form in this report. 

The time-series plots will not be discussed in detail, but the reader may obtain from them a general 
impression of how signal strength varies. Some examples: There is an obvious diurnal variation some of 
the time, e.g. Middleton, March; Caledonia, July. Often there is a correlation between the variations of 
the signal on different channels, e.g. during the first half of April 1981. It might be possible to relate 
such events to meteorological changes, but this has not been attempted in this study. In summer, the 
variations on the long over-ocean path from Biddeford sometimes exceed the dynamic range (60 dB) of 
the receiver. 

5.2 AUTOCORRELATION OF TIME SERIES 

Figures 12 and 13 show the autocorrelation of hourly medians for two of the months displayed in 
the time-series plots. They show that the autocorrelation drops to 0.5 in a period of from 3 to 9 hours, 
depending on channel and season. In other words, individual excursions of received power do not usually 
last more than a few hours. Beyond that time, some of the curves, notably the one for Caledonia, display 
a positive day-to-day correlation. 

5.3 ONE-YEAR PLOTS OF DAILY MEDIANS 

Figures 14 and 15 show the general behaviour of the signal level over the whole period of observation. 
Parts of 1981 and 1983 have been put together on one plot. The gaps in data show where equipment 
malfunctions occurred, usually involving the recording equipment rather than the receivers. Daily me-
dians for individual days were found by the method described in section 3.5. If, on a given day, the 
transmitter was off for more than 12 hours, no point was plotted for that day. During parts of the year 
and particularly in summer, Biddeford, an educational station, broadca.st for more than 12 hours per day 
only on weekends, a schedule that results in a sparse plot during such periods. In these one-year plots, 
the annual variations that are the subject of further analysis are already evident. 
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Figure 5. Hourly median values of path loss for January 1982. For each path, the monthly median is 
represented by a horizontal line; its value is given on the left. Path loss increases downward; received 
power increases upward. 
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—10 

198 

+ 10 

H
O

U
RL

Y
 M

E
D

IA
N

 P
A

TH
 L

O
S

S
 (d

B)
  

—1  

16 

+ 1  

— 1  

18 

+ 1  

— 1  

19 

+1  

10 15 
DAYS 

20 25 30 

— 10 

150 

+ 10 

III 	1 	1 	r -r 	1- 1 	1 	11 	1- 	1 	r 	1 	1 	t 	1 	r 	r 	11 	111 	1 	III 	_ 
_ 

U 	
CALEDONIA 	 . 

« I 	 $ \ I 

	

lifettV J\iiket-I  V —irt...-...... 	tif  -.devisi. 	 , 	 4-1  .-4 L 	J . 

_ 
i 

MIDDLETON 

1ii 	I 	i 	 1 	 1 	

_ 

.. 

	

Y! ri,nri 	! 	 r, I. g 	V 	 ' 	1 	MI 1 

— 	 .-- 

11\ 	

SAINT JOHN 4 	 . 
.., 

_ 
i 	 . 	à 

V _ 	 _ 

	

SAINT JOHN 9 	 _ 

Il 	 illim 	la  

Iry 	yr t 	l 	r • III 'I 	r r 	1 	. 

_ 

	

BIDDEFORD 	 - 

4 

t .  1 
	 _ 

• 

_ 

1 
- 

IIIIIIIIIII 	I 	I 	I 	II 	i 	II 	t 	I 	IIIIIIII 	1 

12 

Figure 7. Hourly median values of path loss for April 1981. For each path, the monthly median is 
represented by a horizontal line; ils  value is given on the left. Path loss increases dotunward; received 
power increases upward. 
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Figure 8. Hourly median values of path loss for June 1981. For each path, the monthly median is 
represented by a horizontal line; its value is given on the left. Path loss increases downward; received 
power increases upward. 



14 

III 	II 	11 	111111111111 

CALEDONIA i 
I 

j , 	 iL.ii  Ill 	y • 	re 1 	. 	Ji m 	 , 	 

MIDDLETON 

11  k\f/ 	ill\e/v‘idlii  
, , SAINT JOHN 

1 

, 	k 	1 	, r 	s 	 - 

SAINT JOHN 9 

	i 

	

j Lkç 	1'1 	Y 	
li 	 

BIDDEFORD 
, 

1 - 
1 

_ ii 	t 	it  

- 10 
155 

+ 10 

- 10 

19 
+ 10 

Cr) 
 

- 10  
0 _J 

160 
1-- 
‹ 10 0_ + 

o 
w — 

18 
+ 1 0 

- 1  
18 

+ 1  

5 10 15 
DAYS 

30 25 20 

F'igure 9. IIourly median values of path loss for July 1981. For each path, the monthly median is 
represented by a horizontal line; its value is given on the left. Path loss increases downward; received 
power increases upward. 



SAINT JOHN 4 

I 	1 	1 	1 	1 	1 	I 	T 1 	11- 11- 1111T111111111 

- 10 g 
192 

157 

+ 10 

o

0 

-c3

+10  

- 

>- 
-J  175 

o 
rr 

+10  

111 

à 	1111 \eV'à,  

BIDDEFORD 

L, 

5 	 10 	 15 	 20 	 25 
DAYS 

L_L  1 1 1  
30 

— 

CALEDONIA 

MIDDLETON 

_10  11 

185 

+ 10 - 

- 10 

153 

+  10H  

Figure 10. Hourly median values of path loss for September 1981. For each path, the monthly median 
is represented by a horizontal line; its value is give n  on the left. Path loss increases downward; received 
power increases upward. 

15 



—10 

164 

+ 10 

—10 

188 

+ 10 

10 

H
O

U
R

LY
 M

E
DI

A
N

 PA
T

H
 L

O
S

S
 (d

B)
  

f - 

1111II1 11 111-111111111111111111 

—10 

151 

+ 10 

CALEDONIA 	 A 

z 4k  

—10 

188 

+ 10 

SAINT JOHN 9 

11-1,41 erY\  Ivesup \#M1\M 

BIDDEFORD 

— 10 

194 

+ 10 

) J 	J I1111111111111 	/11111111i 	 t 
5 	 10 	 15 	 20 	 25 	 30 

DAYS 

Figure 11. Hourly median values of path loss for November 1982. For each path, the monthly median 
is represented by a horizontal line; its value is given on the left. Path loss increases downward; received 
power increases upward. 



- — - — CALEDONIA 
	  MIDDLETON 
	 SAINT JOHN 4 
	 SAINT JOHN 9 	

BIDDEFORD 

.8 

7- 

.6 - 

O• .5-  

.4 - 
cc 
O 3 - 
0 • 

/ • \‘‘ 
•• • 	Ss\ 

.> 

,/ 	 • 

41  50  .2 

0 

.1 -1 
\ 

f •\. 

• . 

17 

A
U

TO
C

O
R

R
E

LA
TI

O
N

 

0 

1 	1 	1 	1 	1 	1 	1 	 1 
6 	12 	18 	1 	6 	12 	18 	2 	6 	12 	18 	3 

TIME LAG (DAYS, HOURS) 

.3 
0 

Figure 12. Autocorrelation function of hourly median values of path loss (or of received power) for all five 
propagation paths during March 1982. The curves are derived from the data displayed in Figure 6. 

- 	— CALEDONIA 
	 . MIDDLETON 
	 SAINT JOHN 4 
	 SAINT JOHN 9 
— 	BIDDEFORD 

\ 

el 

	

\'‘--- 	 •••• 	'‘ 

	

\ \ 	."\ 	/ ,,•••n ••• 	 . 	\ 
\ 	 \ \' • • • . 	 / 	n 

% \ 	‘ e 	_ 	\, 	•••• .•• 	, \ 	- • 	y 	• 	••••./ 	 \ 

Y/
_, 	, 	 ---, 

/ 	 -'ç.-  '4-n"',/ / 	'-' C'' -ii4r-.. 	 ,- 
'.-._..-•-•, / 

	

\ 	/ 
/ 	

, 	/ `--------' 	\-• 	-`•n •• 	•••• • • 
\ / 

%._,../ 	
\ 	/ \\• 

	

•••••.. 	\.:- 

. 	 . 

—. 1  
6 	12 	18 	1 	6 	12 	18 	2 	6 	12 	1 .8 

TIME LAG (DAYS, HOURS) 

Figure 13. Autocorrelation function of hourly median values of path loss (or of received power) for all Jive 
propagation paths during July 1981. The curves are derived from the data displayed in Figure 9. 
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6. CUMULATIVE DISTRIBUTIONS OF RECEIVED POWER 
6.1 DISTRIBUTION PLOTS 

Figures 16 to 18 show the cumulative distribution of received power for each channel monitored. The 

long-term distribution is shown as well as the distributions for summer and winter. Plotted this way, 

log-normal distributions would be straight lines. Some of the distributions are approximately log-normal, 

but most are more complex. 

In addition to the distribution ba,sed on a 0.1 s sampling interval, the long-term distribution of hourly 

medians is displayed. This distribution is given for comparison with the data plotted by Rice et al.(1), 

which are in terms of hourly medians. In almost all cases, the distribution of hourly medians is slightly 

narrower than the distribution of the signal level itself. The exception is Biddeford. On that path, for 

small percentages of the time, there tends to be a strong steady signal with occasional deep fades. 
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6.2 COMPARISON WITH OTHER MEASUREMENTS 

The measurements reported here are only a few of many that have been made in various parts of 

the world at similar frequencies and distances. Figures 19 to 21 show how these results fit into summary 

plots from Rice et al.(1) for propagation in a maritime temperate climate. As defined by Rice et al.(1) 
and by CCIR (5), an oversea path is one in which the horizons of both antennas are on the sea; a path 
with either horizon on land is counted as an overland path. All the percentiles shown in these diagrams 
are from distributions of hourly medians (the thin solid lines in Figures 16 to 18). 

Figure 19. The variability of receiued signal strength (maritime temperate climate overland) in the fre-
quency range 40-100 MHz, adapted from Figure 10.23 of Reference 1. The curves and the small plotted 
symbols are from the original diagram. The large symbols are from the distributions given in this report. 
Percentiles are represented as follows: 10%, 90% — 0; 1%, 99% — X; 0.1%, 99.9% 
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Since the data plotted by Rice et al. are from Britain, it is not obvious that results from the eastern 
coast of Canada should agree with them. Nevertheless, for VHF overland, it seems that the agreement is 
quite good, although the power received at Hebron for small percentages of time may be a little greater. 
(The Hebron data fit the curves for a continental temperate climate about as well. The continental and 
maritime overland curves are not very different for de  <200 km.) 

Measurements at VHF on oversea paths from Sable Island (9) are also concordant with Rice et al 
(1). However, there is no such agreement at UHF. On the Biddeford oversea path, the 10 percentile 
signal level exceeds that in Rice et al. by about 20 dB. (Because of receiver saturation, the 1% and 0.1% 
levels are not available from the Hebron data.) On the UHF link from Sable Island to Halifax, the 10 
percentile level is also higher than the Rice et al. value, but only by 10 dB. 
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Figure 20. The variability of received signal strength (maritime temperate climate overland) in the fre-
quency range 150-250 MHz, adapted from Figure 10.25 of Reference 1. The curves and the small plotted 
symbols are from the original diagram. The large symbols are from the distributions given in this report. 
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Since the measured distributions agree for the most part with the curves of Rice et al.(1), no new 
model is proposed here. In the case of UHF oversea transmission, however, those concerned with inter-
ference should be aware that the received power exceeded 10% of the time may be 10 to 20 dB greater 
than indicated by the Rice et al. curves. 
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Figure 21. The variability of received signal strength (maritime temperate climate oversea) in the frequency 
range 450-1000 MHz, adapted from Figure 10.28 of Reference I. The curves and the small plotted symbols 
are from the original diagram. The large symbols are from the distributions given in this report, except 
for the one labelled 'Sable Island', which is from Reference 9. 
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7. ANNUAL VARIATION 
7.1 OBSERVATIONS 

Percentiles from the monthly distributions are plotted together in Figure 22. The curves that have 
been fitted to the points are given by 

L a  =--  Ta  + Acos[(td - Id)/58] 	 (4) 

where La  is the basic path loss at td days from the beginning of the year, L a  is its annual mean value, A 
is the amplitude of the annual variation, and îd is the time of year (in days) of maximum path loss. 

Table 6 displays the values for A and Id. 'Effective Distance' is introduced in section 1.3 and used in 
section 5.2. The 90% and 50% curves for Caledonia would ordinarily be specified by a positive amplitude 
and phase different by 180°. Instead, in order to preserve the approximate equality of all the phases in 
the table, the amplitudes are given as negative. 

TABLE 6 

Annual Variation 

Mean 
Ta  - Lit 

(dB) 

0.7 
0.0 

-0.6 
-1.4 
-2.5 

Effective 
Distance 

de  
(km) 

Cal 	91 
Mid 	186 
St4 	121 
St9 	137 
Bid 	366 

90% 
Mean Amp. Phase 

ra -Lit A 	îd 
(dB) (dB) (days) 

- 1.3 -3.1 	38 
- 0.9 	2.3 	31 
- 0.7 	1.8 	16 
- 0.2 	0.5 	-4 
-0.8 	2.4 	45  

	

50% 	 10% 

	

Amp. 	Phase 	Mean 	Amp. 	Phase 

	

A 	id 	L a Lit 	A 	îd 

	

(dB) 	(days) 	(dB) 	(dB) 	(days) 

	

-2.7 	38 	-0.2 	1.4 	-7 

	

5.0 	30 	1.5 	7.3 	32 

	

4.4 	22 	0.6 	6.3 	27 

	

4.4 	27 	2.3 	8.3 	23 

	

8.3 	31 	3.8 	23.6 	13 

Note: L a  is given relative to Li t , the long-term percentile. 

7.2 MODEL OF RESULTS 

This section provides formulas that summarize the observed annual variation. These formulas are 
simple, and approximate the data only roughly, since the small number of propagations paths in the 
study does not warrant a more elaborate representation. 

7.2.1 Time Factor 

From Table 6, we may see that the phase constants for annual variation fall in or near the first month 
of the year; the average is 20 days. Therefore an annual cyclic factor may be constructed as: 

c a (m) = cos[(m - 1)7r/6] 

where m is the month of the year. 

( 5 ) 
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Figure 23. The amplitude of the annual variation of received power as a function of effective distance, 
for overland and mixed paths. The points are obtained from Table 6. The percentiles 10, 50, 90 are 
represented by circles, asterisks, squares, respectively. The curves represent the function f i  (equation 6) 
multiplied by 8, 5, and 2 dB. 

7.2.2 Distance Factor — Overland and Mixed Paths 

From the data of this study alone, the dependence on path length can only be guessed at. Since the 
observed amplitude of the 50% annual variation increases with increasing effective distance de , and since 
de  is used by References 1,2, and 6, it seems reasonable to use the same parameter here. Figure 111.32 
of Rice et al.(1) suggests that in a continental temperate climate at least, the amplitude of the annual 
variation increases to about de  =  200 km, and is approximately constant beyond that. For the overland 
and mixed paths, the data of Table 6 are also consistent with this sort of behaviour, apart from the 
Caledonia path, which displays a negative annual variation for 90% and 50%. A path-length dependence 
that  lits  the observed amplitudes fairly well for overland and mixed paths is: 

f i (d e ) = 1— exp[—(d e /120) 4 ] 	 (6) 

This function is illustrated in Figure 23, along with the data. 

Function f l  accommodates the negative amplitudes at 91 km only in having a small positive value 

at that distance. It is not known whether the negative annual variation is characteristic of propagation 
over that distance, or whether it is due to some unsuspected peculiar feature of the Caledonia path, e.g. 
variable attenuation by deciduous trees. 

Boithias (reference 3, p.190) suggests that the annual variation is reduced on paths that are very 
long compared to 250 km, but this behaviour is not modelled here. 
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7.2.3 Model of Annual Variation — Overland and Mixed Paths 

For the overland or mixed paths, the path loss in decibels for month m and percent time q =  10, 50, 
or 90 may then be approximated as: 

• (m, 10) = L(10) 	(de) [ 2  + 8c 6  (m)] 

• (m, 50) = L(50) + (de ) [ 0 + 5c a  (m)] 

• (m, 90) = L(90) + (d,)[ — 1 + 2c a (m)] 

where L(q) is the long-term q percentile path loss. For q ----- 10 and 90, the mean of the annual variation 
is different from the long-term path loss. This difference arises from the fact that some of the variance 
in the long-term distribution has been removed by specifying a particular time of year. 

7.2.4 Model of Annual Variation — Oversea Paths 

For oversea paths, we have only the data from one path and the results from Sable Island (9). The 
Sable Island results are for paths of 207 and 292 km at 148 MHz, and 292 km at 432 MHz. The annual 
variations of path loss for these paths have the same phase (within one month) as the Biddeford-Hebron 
path, and the amplitude is similar. A precise comparison cannot be made because the Sable Island 
variation was found in terms of monthly means rather than percentiles. The equations for modelling the 
annual variation of oversea paths then become 

• (m, 10) =  L(10) + (de )[ 4+24ca  (m)] 

• (m, 50) 	L(50) + (de  ) [ —2+ 8c 6  (m)] 

• (m, 90) = L(90) + (de )[ —I+ 2c 0  (m)] 

although for oversea paths, there is no observational basis for choosing the same path-length factor fi 
that was used for overland and mixed paths. 

7.2.5 Other Measurements 

Other reports [e.g. Boithias and Battesti (4)] agree that in temperate climates, received power is a 
minimum during the coldest months and a maximum during the warmest months. The phase may be 
reversed in desert or tropical climates. The annual range of monthly medians on the longer overland 

and mixed Hebron paths was found to be about 10 dB. For comparison, Rice et al (reference 1, Figure 

111.32) suggest 4 dB between half-year averages, Boithias (3) suggests 15 dB at 250 km, Boithias and 

Battesti (4) display ranges from 10 to 30 dB, and Palmer (reference 7, Table 7.1) suggests about 10 dB. 

8. DIURNAL VARIATION 

8.1 OBSERVATIONS 

8.1.1 Plots of Diurnal Variation 

Figures 24 to 28 show the diurnal variations obtained from the combined distributions for the periods 
indicated in the captions. The diurnal variation is more pronounced in summer than in winter, and 
appears to be most pronounced for the shortest path. The 10% curves vary most, the median curves only 
a little, and the 90% hardly at all. 

Figure 29 shows the distributions of received power levels at the extremes of the diurnal variation. It 
is another way of looking at the data represented in Figure 24. The distributions show that at noon, the 
signal is steady, increasing very little above the 90% level, while in the early morning, signal enhancements 
are more frequent. Typically, the diurnal variation of the 90% level is small. 
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(8)  
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Figure 2.4. Diurnal variation of path loss for Caledonia. The solid lines are for winter (December-
February), and the broken lines are for summer (June-August). Data from both years have been combined. 
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Figure 25. Diurnal variation of path loss for Middleton. The solid lines are for winter (December-
February), and the broken lines are for summer (June-August). Data from both years have been combined. 
Dolled lines indicate interpolated data (see section 3.5). 
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Figure 26. Diurnal variation of path loss for Saint John (channel 4). The solid lines are for winter 
(December-February), and the broken lines are for summer (June-August). Data from both years have 
been combined. Dotted lines indicate interpolated data (see section 3.5). 
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of path loss for Saint John (channel 9). The solid lines are for winter 
broken lines are for summer (June-August). Data from both years have 
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Figure 28. Diurnal variation of path loss for Biddeford. The solid lines are for winter (December-
February), and the broken lines are for summer (June-August). Data from both years have been combined. 
Dotted lines indicate interpolated data (see section 3.5). The 10% summer curve is affected by receiver 
saturation. 



33 

n  

	

ALL  HOU RS 	%.' n - 	0 00 -- 
-- 	 -.. 

-______[ - 	 n 

	

n 	 --.N. 

	

1200 	--- -.... 	 n -.. 	 ...... „ - 	 
- --.------.----- ---- 

 

	

— — 	--  	
— 

n 
n ,‘ 	'`,  

r 
\ N  n 	N,n.:  

. 	 5 	1 	2 	5 	10 	20 	30 	40 50 60 	70 	80 	90 	95 	98 	99 99.5 	99.1 

40 

30 

o 
2 20 

O  

co 	10  

O 

o 
0 

LTJ 
— 1 0 

cc 

-20 

-30 

PERCENTAGE OF TIME POWER EXCEEDED 

Figure 29. The distribution of received power for the Caledonia path in summer. The three curves 
represent the distributions for all hours, for the interval 0500 to 0700, and for the interval 1100 to 1800. 
Refer to Figure 24 for the diurnal variation at 10%, 50%, and 90%. 

8.1.2 Numerical Summary of Diurnal Variation 

To reduce the data on diurnal variations to a reasonable number of parameters, some curve fitting 

is required. For analytical convenience, diurnal variations are represented as sine waves, even though 

the observed changes between high and low signal levels are typically more abrupt than that For any 

particular month of the year, then, the path loss Ld at hour th is assumed to be 

La =-"- rd + D cos[(t h  —th  )ir/121 	 (9) 

where, for that month, rd is the diurnal mean, D is the amplitude of diurnal variation, and 1h is the 
hour of maximum path loss. 

Equation 9 was fitted to the diurnal variation for each month. The mean values La were not found 
to differ significantly from the monthly percentiles: most of the annual mean differences amounted to less 

than 0.5 dB. Therefore rd is not tabulated. For the 90% level, the diurnal variation is small, and only 
its annual mean amplitude is given. For the other percentiles, the diurnal phase 't‘h  does not vary much 
during the year; its annual mean values are given in Table  7. 
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However, the amplitude D does vary significantly, and its variation may be represented by an equation 
analogous to equation 4: 

D ----- D + Bcos[(td - rid)/58) 	 (10) 

where U, B and rd  are constants, displayed in Table 7. 

TABLE 7 

Diurnal Variation 

	

Mean Amplitude 	Annual Variation of Amplitude Mean Phase 
D 	 B 	'i'd 	B 	ti 	th 	th  

	

90% 50% 10% 	50% 50% 	10% 10% 50% 10% 

	

(dB) (dB) (dB) 	(dB) (days) 	(dB) (days) 	(hours) 

Cal 	0.6 	1.8 	3.9 	1.6 	14 	3.2 	16 	13.5 	14.2 
Mid 	0.8 	1.1 	3.3 	0.5 	15 	1.1 	29 	10.1 	14.5 
St4 	0.8 	1.2 	2.4 	0.8 	-3 	1.2 	24 	15.1 	14.9 
St9 	0.9 	1.8 	4.3 	1.6 	27 	1.2 	11 	12.8 	14.5 
Bid 	0.6 	2.2 	5.6 	1.5 	6 	3.2 	-80* 	9.6 	9.7 

* The 10% curve is distorted by receiver saturation in summer; 
a phase of 8 days (the 50% value) may be more nearly correct. 

8.2 MODEL OF DIURNAL VARIATION 

8.2.1 Time Factor - Overland and Mixed Paths 

From Table 7, we see that the diurnal phase constant for overland and mixed paths is about 14 
hours. A diurnal cyclic factor may then be defined as: 

Cd(th ) = cos[(th - 14)7r/12] 	 (11) 

Table 7 also shows that the phase 1d  of the annual variation of diurnal amplitude is about the same as 
the phase 'id  of the annual variation. Therefore the same cyclic factor c a (m) will be used. 

8.2.2 Distance Factor - Overland and Mixed Paths 

According to Rice et al.(1, section III 7.1), the range of the diurnal variation reaches a maximum just 
beyond the horizon, at least for continental temperate climates. Similarly, in the results reported here, 
the greatest diurnal variation occurs on the shortest path. A distance factor that fits the summer-time 
diurnal amplitudes fairly well is 

f2 (de ) = (de /100) 3  exp [3(1 - de /100)] 	 (12) 

This function is illustrated in Figure 30, along with the data. 

8.2.3 Model of Diurnal Variation - Overland and Mixed F'aths 

For overland or mixed paths, the path loss for month m at hour th may be approximated as: 

L2(th, Ill, 10) ----- 	(m, 10) + f2(de)14 - 3.0c a  (rn)lcd(th) 
1,2 (t h ,m, 50) =  L1  (m, 50) + (de)  [2-  1.5c. (m)led(th) 	 (13) 

L2 (t h , rn, 90) ----  L 1  (m,  90) + f2 (de) - 0 .5ca(rn)lect(th) 

As mentioned in section 8.1.2, the diurnal mean was not found to be significantly different from the 
percentile for the month. 
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Figure 30. The annual maximum amplitude of the diurnal variation of received power as a function of 
effective distance, for overland and ?nixed paths. The points are obtained from Table 7. The percentiles 
10, 50, 90 are represented by circles, asterisks, squares, respectively. The curves represent the function 
f2 (equation 12) multiplied by 7, 3.5, and I dB. 

8.2.4 Model of Diurnal Variation — Oversea Paths 

For oversea paths, we have only the data from one path and the results from Sable Island (9). At 
VHF, the Sable Island results show no diurnal variation. At UHF, both Sable Island and Biddeford show 

diurnal variations during the summer only. Unfortunately, the phases do not agree. Furthermore, within 

each data set there seems to be a lack of consistency from month to month. The main variation seems to 

be random rather than diurnal. The best course may be to ignore the diurnal variation on oversea paths, 

at least until more data become available. 

8.2,5 Other Measurements 

There does not seem to be much information in the literature concerning diurnal variation. It is 

generally agreed that that the greatest signal levels occur in the morning and the smallest occur in the 
afternoon. The diurnal range of hourly medians on the shortest Hebron path was found to be about 7 
dB in summer. For comparison, Rice et al. (reference 1, Figure 111.32) suggest 4 dB between six-hour 

averages, Boithias (3) suggests up to 15 dB, Boithias and Battesti (4) suggest up to 10 dB in temperate 

climates, and Palmer (reference 7, Table 7.1) suggests 5 to 10 dB. 
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9. CONCLUSIONS 

The long-term median path losses predicted by standard methods agree with the measured values 
to within 10 dB if foliage attenuation is taken into account. 

The distribution of received power levels for overland or mixed paths in the Atlantic region of Canada 
agrees with the curves published by NBS. For oversea paths, there is similar agreement for VFIF, and for 
UHF for large percentages of time, but at UHF, the received power levels for small percentages of time 
exceed  th  published levels by 10 dB or more. 

The annual variation is summarized by equation 7 for overland and mixed paths, and by equation 8 
for oversea paths. The diurnal variation is summarized by equation 13 for overland and mixed paths, and 
is not modelled for oversea paths because of uncertainty about its behaviour. In all cases, the dependence 
on transmission path length is tentative. 
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APPENDEC A 

Mean Carrier Amplitude 

A narrow-band receiver tuned to the carrier frequency of an amplitude-modulated signal responds to 
the mean (time-average) amplitude. In effect, the frequency filter does a Fourier analysis of the incoming 
signal, and accepts only the Fourier component at the carrier frequency. The Fourier component at the 
carrier frequency is the mean carrier amplitude. 

A television transmitter emits its maximum authorized power only during the synchronizing pulses 
(Reference 14, definition 6.1.1). During the picture scan, the video carrier is modulated, as illustrated 
in Figure Al. The modulation follows a standard pattern between horizontal picture lines (illustrated), 
and for the twenty-one lines between frames (not illustrated). During picture transmission, the carrier 
amplitude must vary between two specified levels, labelled 0 and 100 IRE units. 

HORIZONTAL SYNC. 
MAXIMUM 
CARRIER 

- - - - 0 IRE 

fl 

I 
MI 	  PICTURE 	 14 
I 	 I 

I 	 --I- 	 1- 	 100 IRE 

I I 	 1 	ZERO 
CARRIER 

Figure Al. Video carrier amplitude during a horizontal scan, from Reference 14. With respect to the 
maximum carrier amplitude, the IRE scale is defined to be zero at 0.75 and one hundred at 0.125. 

In order to estimate typical carrier levels during picture transmission, the signals from the five Ottawa 
television stations were displayed, in turn, on a video waveform monitor. The average video amplitude 
Was estimated and recorded in each case.  This procedure continued for about two hours, with 52 samples, 
in order to survey a variety of program material. The extreme and average results are shown in Table 
Al. 

TABLE Al 

Examples of Video Signal Levels 

Picture 	IRE Units 	Mean Signal 
(dB below maximum) 

black 	7.5 	 2.7 
disco scene 	15 	 3.1 

average 	42 	 4.9 
cartoon 	65 	 6.7 
white 	100 	 10.6 

The average carrier amplitude was found in the following way: The carrier amplitude Ap  during 
picture transmission was found from 
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A,= 0.75 — IRE/160 	 (Al) 

where IRE is the carrier level in IRE units. Equation Al follows directly from the definition of IRE units. 
The mean carrier amplitude A, was found from 

0.20 + 0.754A, 	 (A2) 

The coefficients of equation A2 were found graphically. 

The average carrier amplitude estimated here is probably in error by less than 1 dB. Such an error 
will not contribute significantly to the error in estimating long-term path loss. The possibility remains 
that the statistics of variation are contaminated by hour-to-hour changes in program material. However, 
the effect of these changes is expected to be small. The extremes of observed picture level (a disco scene, 
a particular cartoon), differ from the mean by only 2 dB. Most variations are smaller than this, and not 
strongly correlated with season or hour of day. 
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APPENDLX B 
Post-mortem measurements of field strength 

In September 1984, field strengths were measured close to the Middleton and Saint John transmitters 
in order to verify that their ERP's were as had been assumed. Measurements were also made on a 
peninsula called Digby Neck, about 128 km from the Saint John transmitter, across the Bay of Fundy. In 
all cases, the measurements were made close to the great-circle path between the transmitter and Hebron. 
The receiving antennas were Yagis, mounted on a 3-metre mast. The measurements at Middleton and 
Saint John were all made at sites from which the transmitting tower was clearly visible. The results of 
these measurements are given in Table Bi. 

TABLE B1 

Results of ERP Measurements 

Location 	 Distance 	Path Loss in Excess 
from Tx 	of Free Space 

	

(km) 	 (dB) 

Saint John Channel 4 	Channel 9 
Westfield Golf Course 	 15.4 	 0 	 8 
Ingleside Heights 	 16.8 	-3 	 1 

Middleton 	Channel 8 
Vegetable Farm 	 8.5 	 5 
Campbell Meadows 	 10.3 	 9 
Hill above Torbrook Mines 	20.0 	 8 
Highway #10 	 27.5 	 6 

Of the two receiving sites at Saint John, the one at Ingleside Heights was close to ideal, with the 
terrain descending steeply in the direction of the transmitter, and with no obstructions. At the golf-course 
site, the terrain descended less steeply, and some foliage may have intruded into the first Fresnel zone. 
Foliage absorption increases with frequency. The results support the conclusion that the ERP of both 
channels was as assumed. 

Of the receiving sites at Middleton, none was quite as good as the better one at Saint John. The best 
ones were the vegetable farm and IIighway #10. The vegetable farm was completely clear of obstructions, 
but the flat  farmland may have supported reflections. The IIighway #10 site overlooked descending 
terrain, but it is possible that some distant foliage affected the result. The results suggest that the ERP 
in the direction of Hebron may be a few dB lower than assumed, but the evidence is not conclusive, and 
no change was made in the analysis. 
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The results of the Digby-Neck measurements are shown in Figure Bi,  along with the curves obtained 
from spherical diffraction calculations. The best receiving site was at Sandy Cove, where the antenna 
overlooked the sea from the top of a high cliff. From the other sites, the receiving antenna also had a clear 
view of the sea, except that at Culloden there were trees below the line of sight between the antenna and 
the ocean. Considering that at 128 km from the transmitter, some time variations due to atmospheric 
effects can be expected, the results indicate that the calculation gives the correct result over the Bay of 
Fundy. 

150-1 

I 
10 	 20 	 30 	 40 	 50 

HEIGHT OF RECEIVING ANTENNA ABOVE SEA LEVEL (m) 

Figure .B1. Path loss across the Bay of Fundy from Saint John to Digby Neck on September 11 and 12, 
1984. The  encircled numerals (channel numbers) indicate measured losses, while the curves show the 
results of spherical diffraction calculations. 
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