
What is VOACAP Trying to
Tell Me?

A Presentation to
The Yankee Clipper Contest Club

Feb. 1, 2003
Milford, CT

by Dean Straw, N6BV
Senior Assistant Technical Editor, ARRL



VOACAP
• VOACAP has been under development by the
US government for more than three solar cycles.
• VOACAP is recognized as being an accurate
propagation-prediction program.
•VOACAP produces reams of output data and
forces the user to make information from it!
There is a big difference between data and
information.



VOACAP
You must give VOACAP a number of
parameters before it can do a propagation
prediction.

The most important selections are the
Method and the Antennas used.



VOACAP Inputs
Method Month, SSN

Tx & Rx QTHs

Freq.

Tx & Rx Antennas

System



VOACAP Methods

• There are 30 “Methods” in VOACAP.
• Most are not useful to the contester.

• I use Method 25 (All Modes) and Method
30 (short-long path smoothing) most often.

• Method 30 gets rid of anomalies between
7,000 to 10,000 km (what IONCAP calls
“short” and “long” paths).



VOACAP Methods

All modes table

S/L path smoothing



VOACAP Method 25 Output

Elev. angle
Mode

Signal power, dBW
SNR, in 1 Hz BW

Mode probability

All modes for one
frequency, for each
hour -- the output
file is huge!



Sample VOACAP Method 25 Output

Two 7.2-MHz modes:
2.F2 at 7.06° and 3.F2 at
16.30° takeoff angles.

The signal power at the
receiver is   -81.86 dBW
and -83.99 dBW -- very
close, so fading can easily
occur.



Sample VOACAP Method 25 Output
Let’s drill down and look more closely at
the information around 1200 UTC, East-
Coast sunrise on 15 meters.

Here’s how to convert from dBW to dBµV:

dBµV = 137 + dBW
Now, 34 dBµV = S9
So, -103 dBW = S9, and -93 dBW = S9+10.



Edited VOACAP Method 25 Output

S9+4 S7, Pedersen
wave

VOACAP’s
choice of Most
Reliable Mode
(MRM) = 56% of
days in the month

Elevation Angle



Edited VOACAP Method 25 Output

12 UTC: Pedersen wave on 2.F2 is
weaker

13 UTC: 1 mode only, no Pedersen

14 UTC: 3 modes;
Pedersen on 3.F2

15 UTC: 3 modes;
Pedersen on 3.F2

16 UTC: 3 modes;
Pedersen on 3.F2

17 UTC: 1 mode only, no Pedersen



VOACAPAntenna Selection

• To see a propagation prediction without
bias due to antenna type or height, I
usually choose “isotropic” Tx and Rx
antennas, but with +10 dBi gain to
simulate real-world gains.

• The resulting gain shows in the TGAIN
and RGAIN lines in the output printout.



VOACAP Method 30 Output

MUF

Summary of all frequencies for each hour



VOACAP Graph Output

This looks pretty, but it doesn’t really give that
much useful information for contest planning!



VOACAP Output Information

 I use two types of information from
CAPMAN/VOACAP:

• Elevation angle statistics

• Signal-strength predictions



Elevation-Angle Statistics
• About ten years ago I started a detailed study
at ARRL HQ on the range of elevation angles
needed for communication between various
QTHs around the world.

• I used the VOACAP program, along with
some proprietary software, to create some
huge databases. From these, elevation I
generated statistics for 150+ QTHs around the
world.



Elevation-Angle Statistics
A tiny portion of the raw database from
Boston to the world.



Elevation-Angle Statistics
• The resulting elevation-angle files are on
the CD-ROM in The ARRL Antenna Book.
They contain statistical averages over the
entire 11-year solar cycle -- for all months
of the year and for all hours of the day.

• These statistical files are used by the YT
and HFTA terrain-assessment programs.



Sample Table, Boston to Europe
Boston, Massachusetts to Europe
Elev      80m    40m    30m    20m    17m    15m    12m    10m
 1        4.1    9.6    4.6    1.7    2.1    4.4    5.5    7.2
 2        0.8    2.3    7.2    1.4    2.8    2.8    3.7    5.3
 3        0.3    0.7    4.3    3.1    2.4    2.2    4.4    7.9
 4        0.5    4.1    8.7   11.6   12.2    9.4    8.1    3.9
 5        4.6    4.8    7.5   12.7   14.3   13.1    9.2   11.2
 6        7.1    8.9    5.5    9.2    9.6   12.2    9.2    7.2
 7        8.5    6.9    7.2    4.6    7.9    7.4   10.0    5.9
 8        5.1    7.0    5.4    3.2    5.9    7.4    4.8    6.6
 9        3.3    5.6    3.2    3.1    2.1    3.9    8.1    9.2
10        1.0    4.0    7.9    6.3    5.1    3.7   11.1    6.6
11        1.9    3.8    9.7   10.2    7.2    5.4    3.7    7.9
12        5.6    3.4    4.8    8.5    6.9    7.4    4.8    6.6
13       11.0    3.0    2.4    4.1    5.9    4.6    3.3    2.6
14        7.6    4.8    2.0    2.7    3.8    3.9    6.3    5.9
15        5.3    7.9    2.0    1.5    2.4    1.7    1.5    2.0
16        2.8    6.4    3.8    2.9    1.5    1.3    2.6    2.6
17        5.0    3.4    4.5    3.1    1.0    1.5    0.0    0.0
18        4.2    2.0    3.1    3.1    2.0    2.2    1.8    1.3
19        5.7    1.4    1.4    2.3    1.3    0.7    0.0    0.0
20        6.6    1.4    1.2    1.8    1.1    1.3    0.7    0.0
21        4.4    1.4    0.5    0.8    0.7    0.7    0.4    0.0
22        2.3    2.4    1.0    1.1    0.6    1.3    0.7    0.0
23        1.3    1.8    0.1    0.3    0.1    0.0    0.0    0.0
24        0.6    1.0    0.5    0.5    0.4    0.7    0.0    0.0
25        0.3    0.8    0.3    0.1    0.4    0.0    0.0    0.0
26        0.0    0.5    0.7    0.2    0.1    0.4    0.0    0.0
27        0.1    0.1    0.1    0.2    0.1    0.2    0.0    0.0
28        0.0    0.3    0.1    0.2    0.0    0.2    0.0    0.0
29        0.1    0.0    0.2    0.0    0.0    0.0    0.0    0.0
30        0.0    0.1    0.0    0.0    0.0    0.0    0.0    0.0



One Picture = 1000 Words



Propagation Predictions
YCCC members are familiar with the
predictions I provide for the major DX
contests (CQWW Phone, CW and ARRL
DX Phone, CW).

These show tables of predictions, one page
per band. Each page shows predictions for
40 CQ Zones, for 24 hours.

These are computed for undisturbed
ionospheric conditions.



Sample Propagation Prediction



Propagation Predictions

Scaling signal levels for different size
stations:
• Subtract 2 S units for a dipole instead of a Yagi

• Subtract 3 S units for a dipole at 50’ instead of a Yagi
at 100’

• Subtract 1 S unit for a dipole at 50’ rather than a dipole
at 100’

• Subtract 3 S units for 100 W rather than 1500 W



Propagation Predictions



Propagation Predictions

For example: W1 to Zone 22, VU2
On 15 meters, VU2 uses 100 W to a 50’ high
dipole instead of 1500 W to 100’ high 4-ele.
Yagi.

At 14 UTC, base prediction is for S9 signal.
Signal = S9 - 3 (50’ dipole) - 3 (100 W) = S3

At 15 UTC, base prediction is for S7 signal.
Signal = S7 - 3 (50’ dipole) - 3 (100 W) = S1



The Importance of Low
Angles for DX

• And just in case you didn’t know it, low
takeoff angles are very important for DX
work!

• Even on the low bands.



The Importance of Low
Angles for DX, 80 Meters



The Importance of Low
Angles for DX, 40 Meters



Domestic QSOs

What about short-range communications on
80 and 40 meters -- say, for the ARRL
Sweepstakes or for Field Day?



Higher Angles for 80-Meter
Domestic Work

A 100’ 80-m Dipole is excellent for Field Day



Higher Angles for 40-Meter
Domestic Work

A 50’ 40-m Dipole is a Killer for Field Day!



A Takeoff-Angle Quiz
A station in London has a 22-foot high, 15-
meter dipole in his garden. (This puts his
antenna about a halfwave above ground.)
What is the takeoff angle?
a. 5°

b. 10°

c. 15°

d. 30°



A Takeoff-Angle Quiz

30° = TOA for
a halfwave
over flat
ground



A Propagation Quiz
A station in London is running 100 W to a
halfwave high, 15-meter dipole in his
garden. What mode & elevation angle to
Boston is he using at 16 UTC in February,
during a high part of the solar cycle?
a. 2F2 mode at 5°

b. 3F2 mode at 15°

c. 4F2 mode at 28°



The Ionosphere Controls

22’
Dipole
gain

Strongest
Mode,
weak as it
is



The Ionosphere is Boss!

“You should always remember that it is the ionosphere
that controls the elevation angles, not the transmitting
antenna. The elevation response of a particular antenna
only determines how strong or weak a signal is, at
whatever angle (or angles) the ionosphere is supporting
at that particular instant, for that propagation path and
for that frequency.”

This is on page 23-25, in The ARRL Antenna Book,
19th Edition.



Some Useful Propagation URLs
160-meter propagation information:
http://solar.spacew.com/www/160pred.html

Planetary kp indices:
http://www.sel.noaa.gov/ftpmenu/plots/2002_plots/kp.html

General propagation information:
http://dx.qsl.net/propagation/index.html

Solar cycle information:
http://www.sec.noaa.gov/SolarCycle/

Effective sunspot number:
http://www.nwra-az.com/spawx/ssne24.html



Some Useful Propagation URLs
160-meter propagation information:
http://solar.spacew.com/www/160pred.html



Some Useful Propagation URLs
Planetary kp indices:
http://www.sel.noaa.gov/ftpmenu/plots/2002_plots/kp.html



Some Useful Propagation URLs
Solar cycle information:
http://www.sec.noaa.gov/SolarCycle/



Some Useful Propagation URLs
Effective sunspot number:
http://www.nwra-az.com/spawx/ssne24.html


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

