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Why does Sporadic-E Propagation
Continue to be Very Important

on 6 Meters During the
Solar Maximum Years?

Unless there’s an unexpected major upsurge in solar cycle 
25 sunspot activity (solar flux more than 200 almost every 
day) then reliable transatlantic F2 propagation in not likely

Only the southern tier of the lower 48 US states has 
occasional direct access to F2 trans-equatorial propagation 
(TEP) without an additional ionospheric hop

Almost everyone in the lower 48 US states needs an 
additional ionospheric hop

- usually a sporadic-E (Es) hop
- only rarely an F2 hop



6 Meter Sporadic-E (Es) Propagation
to/from the Lower 48 US States        

Es propagation in this presentation focuses exclusively on      
6 meter Es propagation to/from the lower 48 US states
- southern Canada Es is similar but not as frequent or reliable

Southern hemisphere mid-latitude 6 meter Es propagation       
is very similar in almost all respects 

- it has some unique characteristics not covered in this
presentation

Two other forms of 6 meter Es propagation also have unique 
characteristics not covered in this presentation
- equatorial-E propagation occurs every day within about
600 miles of magnetic dip equator

- auroral Es (auroral-E) occurs mostly during severe
geomagnetic storms

- auroral Es is NOT the same as auroral backscatter



Well below the Es MUF:  800 to 1200 km

Near or at the Es MUF: 1200 to 2000 km
Above the Es MUF:       2000 to 15,000+ km

Receiv
er

Sporadic-E Patch Sporadic-E Patch 

Well below
the Es MUF

Above the 
MUF

Maryland

Just above 
the Es MUF

Europe, Asia, Hawaii
4000 to 15,000+ km

Irregularly spaced, irregularly shaped, small, localized Es patches

Newfoundland
2000 km

Chordal hop
well above
the Es MUF

At or near 
the Es MUF

Elevation angle
almost always

below 8º

50 ft high
Yagi

Chordal hop       
well above
the Es MUF

V Mid-Latitude Es Propagation

Maine 
800 km



Propagation via a Single Es Patch
By far the most common Es propagation

Receiver

Below and at the MUF for reflection from one Es ionization patch
- Es patches are about 100-115 km (60-70 miles) above the Earth
- 50 km north-south patch width but usually much less
- 500 km east-west patch length but usually much less

Usually about 1500 to 2000 km (1000 to 1200 miles)

Occasionally about 800 to 2400 km (500 to 1500 miles)

Near or at
the Es MUF

Well below
the Es MUF

Maryland

Elevation angle 
almost always

below 8º

50 ft high
Yagi

A few MHz 
above the 
Es MUF

Many MHz  
above the 
Es MUF

Georgia
1000 km

Cuba
2000 km



Usually about 2800 to 4000 km (1600-2400 miles)
Sometimes as short as 2200 km (1400 miles)

Almost every day from early June through mid-July

Receiv
er

Sporadic-E Patch Sporadic-E Patch 

Lossy
intermediate 

ground reflection

Maryland
California
4000 km

Elevation angle
usually below 5º

50 ft high
Yagi Kansas

2000 km

Just below
or at          

the Es MUF

Two localized, irregularly spaced, irregularly shaped Es patches
50 km north-south patch width but usually much less 
500 km east-west patch length but usually much less

Simple Double Hop Es Propagation



Es ionization patches are frequently capable of efficient above-the-MUF 
partial reflection at higher frequencies than reflections returning to Earth

Partial reflections may propagate between two or more Es ionization 
patches via chordal hops with no lossy intermediate ground reflections 

Receiver

Few or no
lossy intermediate 
ground reflections

Above-the-MUF Partial Reflections
via Chordal Hops between Es Patches
2200 km (1400 miles) to 15,000+ km (9000+ miles)

Occurs frequently from early June to mid-July

Europe
North Africa

Mid-East
Hawaii
Japan

Elevation angle
usually below 5º

Maryland

Multiple localized, irregularly spaced, irregularly shaped Es patches

50 ft high
Yagi

One or more above the MUF 

chordal hop(s)



High temperature ablation ionizes the daily influx of many tons
of metallic meteoroid dust. Vertical wind shears between east/
west semidiurnal winds concentrate ions into dense patches.
Coloumb forces move electrons toward positive charged ions.
Lorenz forces concentrate electrons and ions into dense Es patches.

Receiver

Semidiurnal westerly tidal winds reach peak amplitude from 
June to mid-July about 10 km above the easterly winds

Wind shears

Wind shears Thin dense 
Es patch of ions

and electrons in
the wind shear 

velocity null

researchgate.net/publication/227207773_A_Tutorial_Review_on_Sporadic_E_Layers

Semidiurnal easterly tidal winds reach peak amplitude from June to mid-July
at about 100-110 km altitude

Atmospheric tidal variability
- Minutes to hours to days
- 8,12, 24 and 48 hours
- up to a week

Early June to mid-July peak

Semidiurnal tides

Atmospheric gravity waves

Planetary waves

Travelling ionospheric

disturbances

Electrons moved 
toward ions by

Coloumb forces

Why is Mid-Latitude Es Very Different?

Es patches
Electrons & ions 
concentrated by 
Lorentz forces

BB B

Semidiurnal tides

Atmospheric gravity waves

Planetary waves

Travelling ionospheric

disturbances
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Local solar time at the Es ionization patch
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12 hour variability of June-July Es occurrence rate is caused by the 
downward drift of semidiurnal tidal winds towards the D region.

Es is most frequent from 7 a.m to 1 p.m. local solar time at the patch
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Observed Semidiurnal Variability of
June-July Es Patch Occurrence Rate

at 50º to 55º North Latitude
Morning Es patches
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Es becomes
less and less

frequent
after mid-July
and vanishes 

almost
completely by 
mid-August



Increased Meteor Count at Northern Latitudes

from Mid-May to Mid-August Correlates to  

Increased Es Vertical Incidence Critical Frequency
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Local solar time in the E region
241812 6

Morning
Es peak

Evening
Es peak

0

In the thin E region, heavy metallic ions
recombine much more slowly than lighter
atmospheric gas ions and persist for many
hours to a day or more after the dawn peak
micrometeoroid influx and the morning Es peak

Dawn
micrometeorite

peak influx

Facing away from the meteor peak 

influx near sunset in the E region

The optimum time for meteor scatter

from ionized meteor trails in the E region

is from about 4 to 8 a.m. local solar time in the E region 

when sunrise faces the incoming meteor influx



Easily Observable Basic Characteristics 
of Mid-Latitude 6 Meter Es Propagation

Spotlight propagation  ~ 50 to 300 mile east-west width
~ 50 mile north-south width

MUFs >50 MHz MUFs every day in June and July
-- but not everywhere and every day

4000 to 15,000+ km   Many days from early June to mid-July
propagation - a few days in late May and early August

- a few days in late December/early January

Azimuth to DX target  True great circle azimuth, rarely skewed

Preferred antenna 3 to 6 (or more) element horizontal Yagi

Preferred polarization  Horizontal polarization is strongly preferred

Optimum heights         50 to 60 feet (70 feet only for DX)

Compromise height 25 feet: only about 3 dB worse at 1000 km
can be degraded by about 6 dB worse beyond 2000 km
dense housing and compared to optimum 50 foot height
dense forests within 1500 feet



Easily Observable Extreme Variability 
of Mid-Latitude Es Patch

Occurrence Rates and Locations
Seasonal Every day during June and July
variability of - but not everywhere and every day
Es occurrence        Many days during late May and early August
rate Some days in December, January and April

Uncommon in February (+/-) and September (+/-)

Daily occurrence    Dawn until 2 a.m. local solar time at the Es patch

Daily maximum 7 a.m. to 1 p.m. local solar time at the Es patch 
occurrence rate June-July peak rate is from 9 a.m. to noon

Short term variability Es varies from seconds to minutes to hours

South to north drift  Es drifts south to north along magnetic field lines

East/West extent    Es patches form along east-west zonal winds

Es patch locations   Es locations vary in seconds to minutes to hours 

Day-to-day variability  Extreme Es occurrence and location variability

Morning-to-evening Extreme Es occurrence and location variability



6 Meter F2 Propagation
-- Its Not What You Think It Is --

Reliable transatlantic and transpacific F2 propagation
is not likely unless there’s an unexpected
major upsurge in solar cycle 25 sunspot activity
- the solar flux index must exceed 200 almost every day 

Es will continue to support frequent propagation to Europe,  
north Africa, the Mideast and Asia from early June to mid-July

F2 trans-equatorial propagation (TEP) and TEP-related
F2 propagation became much more frequent in 2022 and 2023

- caused by increased solar cycle 25 sunspot activity

TEP will continue to occur frequently through at least 2026
- TEP occurs sporadically and not every day, very similar to Es
- north-south TEP to the southern cone of South America
- less frequent east-west oblique-TEP to the south Pacific
- occasional TEP-related propagation to equatorial Africa



www.nasa.gov/msfcsolar

Type equation here.

20

Solar Cycle 25 Smoothed Sunspot Number Forecast

NASA Marshall Space Flight Center – 9 May 2023



Type equation here.

21
www.nasa.gov/msfcsolar

SFI must exceed 200 for transatlantic F2200
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Solar Cycle 25 Solar Flux Index Forecast

NASA Marshall Space Flight Center – 9 May 2023



Months  After Solar Minimum
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Solar Cycles 24 and 25 Sunspot Activity Increased
Much More Slowly Than Stronger Cycles 17 to 23



6 Meter F2
Trans-Equatorial Propagation (TEP)

to/from the Lower 48 US States        
TEP propagation in this presentation focuses exclusively
on propagation to/from the lower 48 US states

TEP propagation much above the F2 MUF occurs sporadically
- similar to the sporadic minutes-to-hours behavior of Es

Es hops linking southern Canada to TEP are not as reliable
as in most of the lower 48 US states

TEP propagation to/from the Caribbean is greatly enhanced
- its unique characteristics are not covered in this presentation

TEP propagation to/from Europe and Japan is similar in most 
respects to TEP to/from the lower 48 US states
- its unique characteristics are not covered in this presentation
- southern Europe does not require an Es hop to link into TEP
- southern Japan does not require an Es hop to link into TEP



One of the Most Useful Articles About
F2 Trans-Equatorial Propagation

http://www.oh3ac.fi/QEX-2016-11.pdf



15°
N

Western
Brazil 25Venezuela

15°
S

25°
S

6 Meter Trans-Equatorial Propagation (TEP)
via the F2 Equatorial Ionization Crests

The longest duration and most frequent TEP usually occurs during March
- shorter duration and less frequent during April, May and October

Occurs most frequently from 1500 to 1900 local solar time at the crests

Longest duration and most frequent propagation is between locations
2000 to 2400 miles north and south of the magnetic dip equator

Stations in the 48 states need an additional Es or F2 hop to link to TEP

F2 Equatorial
Ionization

Crest

F2 Equatorial
Ionization

Crest

Plasma Fountain

E-Region 
Equatorial
Electrojet

Haiti Bolivia Argentina/Chile

25ºN 15ºN 15ºS 25ºS



Neutral winds in the E region start at sunrise and continue until sunset

- under the strong influence of extremely variable atmospheric tides

with longitudinal and time variability (minutes, hours, days to many days) 

- sets up an electric field that forms the Daytime Dynamo Current System

The daytime enhanced electric field in the E region together with Earth’s 

horizontal magnetic field perpendicular to the magnetic dip equator causes

upward drift of electrons and ions in the E region at about 70 MPH creating:

- negative electric charge at the top of the E region, and

- positive electric charge at the bottom of the E region

- similar to formation of negative/positive charge in thunderstorm clouds

The opposing E region electric charges produce strong west-to-east    

electric current flow within about 150 miles of the magnetic dip equator         

in the E region at 100-110 km altitude called the Equatorial Electrojet

E Region Equatorial Electrojet Peak Current 
Density is from 1100 to 1300 Local Solar Time

Everywhere on the Magnetic Dip Equator 



Magnetic Dip Equator

ZP PY

CX

VP8

LU
CE

South American
TEP Zone

Additional Es or F2 hop 
needed to/from most
of the lower 48 states

Caribbean
TEP Zone

Southern
F2 Equatorial

Ionization Crest

Northern
F2 Equatorial

Ionization Crest

F2 Trans-Equatorial Propagation to/from 
the Southern Cone of South America



Caribbean 
Enhanced F2

Propagation Zone

Equatorial
Enhanced F2

Propagation Zone

Magnetic Dip Equator

Additional Es or F2 hop 
needed to/from most
of the lower 48 states

Northern
F2 Equatorial

Ionization Crest

OA
HC PY

PZ

CP

ZP

F2 Propagation to/from
the Equatorial Region of South America

is Enhanced by the Northern Ionization Crest 



W3LPL 6 Meter Oblique-TEP QSO with 3D2AG

Northern
F2 Equatorial

Ionization Crest

Southern
F2 Equatorial

Ionization Crest



W3LPL 6 Meter Enhanced F2 QSO with D2UY 

Northern
F2 Equatorial

Ionization Crest

Southern
F2 Equatorial

Ionization Crest



https://pskreporter.info/pskmap.html

Nowcasting using PSK Reporter
20 Meters    Worldwide PSK heard in North America      2200Z



6 Meter TEP without Es Hops

32
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