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What started off with simple questions has evolved into a set 0
useful and enlightening findings and tools.

In this presentation we will recap the beginnings and the
changes that have led to a more complex project.

The single big boost to the project is the collaboration of
multiple team members
— WS5ISP, Graham Mclntire

— An engineer with in-depth experience of back-end server functionality.
Owns a WISP with multiple microwave back haul systems.

NS5PYK, Joe Jureka

— Senior Meteorologist, National Weather Service, Lubbock, Texas

K6ML, Mike Lavelle

— Retired engineer (Sun Microsystems)
— 122 GHz dx world record holder
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 What mechanism in the atmosphere enables long over-the-
horizon contacts at 47 Ghz. These are not LOS paths.

« First, ask for an analysis of one confirmed two-way contact
(successful link closure).

« Evaluate the answer (duct based on various factors / Skew-T)

« Additional confirmed contacts (100+ km) added at 24 and 47
GHz

« Build a predictive tool using everything we know, up until now,
and use real time inputs.

« The result: a surface based (ASOS) model with 7 scoring
elements with calibration from actual contacts (4).

R N e
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Weight Algo Unified
Factor (%) Description (Graham)
Grams of water vapor per cubic meter of air (g/m?. More moisture = Fiips at 10 GHz
Absolute better refractivity for ducting at 24/47 GHz; scored against rho

Humidity 26%  thresholds by frequency.
Surface wind speed in mph. Calm winds allow nocturnalinversions  Qverweighted,

to build undisturbed. Strong winds create turbulent mixing that drop to 8%
Wind-Calm 18%  destroys duct layers.
Sky - Cloud cover condition (Clear/Few/Scattered/Broken/Overcast). Clear
Radiative skies allow the ground to radiate heat at night, building the surface
Cooling 15% inversion that drives ducting.

Position relative to local sunrise. Pre-dawn through ~90 min post-

sunrise is the peak inversion window. Afternoon convective mixing
Timeof Day 14%  scores lowest.

Temperature minus dewpoint (F). Larger spread = drier air aloft =

T/Td more stable layering. Scored differently by frequency - higher bands

Depression  11% need drier air.

Calendar month proxy for long-term moisture regime. Nov-Feb

scores highest (cold, dry, strong inversions). July-Aug scores lowest

Season 9%  (Gulf moisture, weak inversions).
Barometric pressure trend (rising/falling/steady). Rising pressure
Pressure - indicates post-frontal subsidence and stable air. Falling pressure

Subsidence 7%  signals approaching instability.




First map of results

» Selectable ASOS station
 Composite score of 7 factors

24 & 41 GHz PROP-CRAST
NORTH TEXAS MICROWRVE SOCIETY

WWW.NTMS.ORG
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Min dN/dH gradient — requires knowing temperature and
dewpoint at every pressure level from surface to 200 hPa, not
just at ground level. 200 hPa=top of troposhere

* Inversion layers — require seeing where temperature
increases with altitude, invisible from surface obs alone

* Duct layers (M-profile) — require computing modified
refractivity at each level and finding where it decreases with
height

 BL Depth — requires seeing where the potential temperature
profile departs from the surface value

« Lifted Index and K-Index — require 850/700/500 hPa
temperature and dewpoint simultaneously

R N s
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Atmosphere Layers (Approximate Heights)

| Layer | Pressure | Height Above Ground | Color Code | Description |

I I I | | |

| Surface | 1000 hPa | 0 km (0 miles) | || Green | Where we live, breathe, and walk. |

| Lower Atmosphere | 850-500 hPa | 1-5 km (0.6-3 miles) | l Blue | Where most clouds and weather happen. |
| Mid Atmosphere | 500-300 hPa | 5-9 km (3-5.5 miles) | | | Yellow | Around airplane cruising altitude. |
| Upper Atmosphere | 200 hPa | ~12 km (7 miles) | 8 Red | Very thin air, near the top of the troposphere. |

* Looking up from bottom of swimming pool — light is refracted.
* RF in atmosphere does same thing = refractivity index.
« Refractive index of air isn't the same at every altitude.

 When dN/dH exceeds -157 per km, we have ducting (at some
altitude)

 The more negative this number, the stronger the duct.

WWW.NTMS.ORG



Mm-Wave Link Budget Analyzer
Input two grids, nominal station data

EM130CE8IL EM22FMIBNK

» ANALYZE PATH

EM130CEBIL - EM22FM1EN

WWW.NTMS.ORG

North
Texas

NTM
~ S

Microwave

Society

Predicts closure %
Skew-T plots now on panel
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Prop-Analyzer
« Input historical information

PROP-ANALYZER

10
WWW.NTMS.ORG
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« The original seven scoring factors are a surface weather
model. They answer the question: "Based on what's happening
at the surface right now, how favorable do conditions look?"

 The derived propagation parameters from the addition of
Skew-T sounding — either an actual radiosonde balloon launch
(Observed mode) or the GFS model forecast (Forecast mode).
answer a different question: "What is the actual vertical
Structure of the atmosphere doing right now, and is a duct
physically present?”

N N e
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« Skew-T from IEM RAOB (observed soundings).

— Temperature and dewpoint profiles from real radiosonde balloon launches
at 00Z and 12Z.

— only showed current or recent conditions, only at the nearest radiosonde
station and only twice a day.
« GFS forecast soundings from open-meteo.com.

— Gave us the OBSERVED/FORECAST toggle you see in the panel header,
with forecast hours of +0, +6, +12, +24, and +48 hours.

FORECAST | NOW (amalysis] w

NOW [analysis)
+bh

+12h

+24h

+4Ah

— Moving to prediction (K6ML method with Windy.com)
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We need to observe app predictions and real time data versus
actual conditions experienced through contact attempts.

— Are beacon reports from microwave ops aligned with propagation tools?

— Areport from Keith WB5ZDP: 4-6-26 “10 & 24 GHz beacons are +20 dB
versus nominal’.

Anticipate a “truck roll”. What triggers to watch for.
— GFS predictions

— Stable weather patterns that lead to 24 & 48 hour repeating propagation
factors

MAD was rained out 4-4-26 but tool predictions for 4-6-26 and
4-7-26 looked favorable. Time to coordinate with partners.
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April 7" 8 am — a 129 km contact at 24 GHz occurred with strong signals
FOSECAST | Pl - Foxe bareh T © RerResH

ER-AIR SOUNDING SKEW-T LODG-P
0 ED d 2:887 - 62 km fr

Fi — Fort Worth TX P, DERIVED PROPAGATION PARAMETERS
Valid: 2026-84-87T12:00Z
384 /km

25.8
-15

7.7 mm

97 m AGL

98m

INVERSION LAYERS
] 1698;

DUCT LAYERS (M-PROFILE)
8-17m (&_BM-u)

o, Q

SOUNDING INTERPRETATION - 24 GHz
1 duct layer identified in M-profile — 8-17m AGL. Low surface duct — favors 24/k7 GHz contacts up to 288+ km. Temperature

s - inversion at @m AGL (+3 B°C). Surface-based inversion — prime ducting structure. Super-refractive layer at 9m AGL

S i o

(dN/dh=-384/km) . Ducting highly probable

TENPERATURE (°C) — SKEMED

BSERVED F FWD - Fort Worth TX U REFRESH

UPPER-ATR SOUNDING SKEW-T LDBE-P
0BSE ° d: 2826-84-11T88:88Z - 62 km from path mid

i id
FWD — Fort Worth TX : H-PROFILE DERIVED PROPAGATION PARAMETERS
Valid: 2626-84-11T0@:867
MIN ON/DH GRADIENT -236 /km
SUPER-REFRACTIVE @ 4262m AGL
LIFTED INDEX 16.7
/ dry - excellent ducting conditions

35

High convective potential
PRECIPITABLE WATER 33.4 mm
BL DEPTH 1998 m AGL
Deep BL

INVERSION LAYERS

5268-452%m

PRESSURE (wb;

‘
! DUCT LAYERS (M-PROFILE)
e 1770-1888m -u), 5248-5275m (2.1M-u)
z
{
\ SOUNDING INTERPRETATION 24 GHz
Y 2 duct layers identified in M-profile — 1778-18@8m AGL. Elevated duct - signal may couple into
925 / : LAl < layer for extended range. Temperature inversion at 4248m AGL (+3.8°C). Elevated inversion — potential
1000 / y . / : = for wave duct above. Super-refractive layer at 4262m AGL (dN/dh=-236/km). Ducting highly probable. 15
78° 68° sa® 40° 38° 20° 10° e° 1e° 20° 3e° 40°%
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« March 1, 2026 — Algo 1 and 3 apps created.
 March 14 — NTMS in-person meeting presentation (Part 1)
 March 28 — W5ISP, Graham joins.

» April 7 — First successful contacts based on Algo 1 model
predictions.

* April 11 = NTMS Zoom meeting presentation (Part 2)

— Following the meeting, Graham added:
» User submitted contact data, one-at-a-time or csv/ADIF file import.
» Upper Air Soundings (RAOB)
* HRRR Model Data
* |EMRE Gridded Hourly Weather
* SRTM Terrain Elevation Data
» Commercial Link Validation Data
» Solar Indices

 May 2 — confirmed prop predictions, nominal +24 Ghz, better later I
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« Algo2 — 58,282 ARRL Contest QSOs (2019-2024) Six years
of microwave contest contacts cross-referenced with actual
weather conditions at time of contact. Largest empirical mm-
wave propagation dataset assembled for amateur radio.

 Algo3 — 18,540 Commercial Link Measurements Graham's
own WISP backhaul links at 11, 24, and 68 GHz — continuous
24/7 signal monitoring. Fixed paths, known geometry, real-time
calibration data.

R N e
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 Live Scoring Data

« Coverage: CONUS grid at 0.125° resolution

« Update cadence: hourly (HRRR-based via PropagationGridWorker) +
10-minute ASOS adjustments (AsosAdjustmentWorker)

« Per grid point: composite score (0-100), 9 individual factor scores,
valid_time

« Bands scored: all configured bands (902 MHz, 1296 MHz, 2304 MHz,
3456 MHz, 5760 MHz, 10, 24, 47, 68, 75, 122, 134, 241 GHz)

« Retention: 2 most recent valid_times kept, older data pruned
automatically

WWW.NTMS.ORG
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Land on the maps page

- — . NTHMS
Propagation Propagation

- : ol Excellent (80-100) Prediction
3 Mao

Good (65-79)

Marginal (50-64) |

! e Poor (33-49) | Grid squares
|

: . |
47 GHz — Est. range: 36-43 mi (49-70 km) | @ Negligible (0-32) | Weather radar
(o el
33.000°N, 95.756°W — 2026-05-68 12:00 UTC al “ Path Calculator

Rain I 100 (i f 2
Humidity ] 52 ok
PUAT = )
Season T 55
Refractivity 7]
Pressure Jsa=rearaare| 70
18
5
96
08

47 GHz

61/100 MARGINAL x

Beacons
Weather Map

Submit a Contact

Contact Training Data
Td Depression

Sky Cover

Wind e

Time of Day [N

Contact Map

Scoring Algorithm

About

Rain: No rain — no path attenuation WEPO

Humidity: Moderate humidity — some
absorption

Settings

Log out
PMAT: Moderate PWAT
st Arlingtor rell
Season: Transitional season Data from 12:60 UTC - now
Refractivity: Moderate gradient — &0 toldata - et nee
enhanced refraction

14h ago
Prassure: Low pressure — frontal

boundaries favor ducting

Td Depression: Tight depression —
moisture increasing absorption
Sky Cover: Overcast — clouds prevent
inversion formation

® Wind: Calm winds — inversions preserved
Time of Day: Sunrise window — peak

inversion strength

> Steady

+4h +5h 46h +Th +8h 411h | +12h | +13h | +18h | +15h | +16h  +18h
15:00 || 16:60 || 17:00 || 18:00 | 19:00 || 20:00 || 21:00 23:00 || 00:00 || 01:00 || 62:60 || 03:00 || 04:00 | 06:00

Bhtributors, Radar © Environment and Climate Change Canada

WWW.NTMS.ORG
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Propagation

o o

Grid squares

Veather radar

Path Caleutater

* Rafa: Mo rain — no path attemuation

* Refractivity: Moderate gradient
enhancsd refraction

Propagation

e o . AP — st = B
ey 1 ]

ng dustroys inversices o

Poor (1349 Grid squares

® ) Weather radar

4

estaar Mg

4

- am am

—
Contact Training Oata

Scaring Mgerithe

P —
amtaity: igh bumidity ~ ignifh -
n ot this froquancy sotines
. igh AT - sigmificant sbssrption g e
& this Fraancy iz | =3
* Sosaens Trassitismat sessen T
* Retractivity: Roderats gradiant R :

nhanced refraction

* Prossurs: Low pressure - frontal

n winds - inversiens preserved
Time of Day: Afternosn - convective
wixing destroys inversions

Video demo

WWW.NTMS.ORG
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Propagation
Prediction
Map

18:48 UuTC >

« Enter the two grid locations, frequency and
station parameters

Click Calculate Path (can take full minute)

47 GHz

Grid squares

Weather radar

Path Calculator
EME

Beacons

Path Calculator

Analyze microwave propagation between two points

Source C or grid) Band TX Power (dBm)

EM12IL74FN | © My Lecation | | EM3130C6BIL 20 GHz 33

TX Height (ft) TX Gain (dBi) RX Height (ft) RX Gain (dBi)

6 ue 39 ue

Calculate Path

WWW.NTMS.ORG
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« A zoomable map is displayed
« Scroll down

. Vs, 2 EM13QCB8IL
A\, / Denton E

L
‘ N \.\ . \\l Frisco ’
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Corsicana

WWW.NTMS.ORG
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Real time metrics are displayed

Link Summary - 2
Distance Bearing Terrain Propagation HRRR Data
59 mi (94 km) ue.7° BLOCKED 9 / 9 points

Loss Budget - 24 GHz Power Budget

FSPL (free-space) 159.5 d TX Power 33.0 dém
Gaseous (0a+H20) 5.8 d TX Ant Gain u8.8 dei
Diffraction loss 91.8 d Feed Loss (x2) -2.8 de

TOTAL PATH LOSS 256.3 dB EIRP 71.8 dEém
Path Loss (w/FF) -256.3 dB
RX Ant Gain ug .0 dei

RX Power =145.3 dEm
Sensitivity (CW) -141.0 dém

Path Weather Avg

pagation Factors 24 GHz

Temperature Dewmpoint Time of Day

69.3°F 66.U°F Rain

Pressure
Abs Humidity

16.3 g/l'l'l 3 Refractivity

PWAT
PWAT

mb 27.2 mm Sky Cover

. . wind
BL Depth Refrac Gradient

196.9 m -97.1 N/km Season

T-Td Depression 18

Humidity [}

23

WWW.NTimo.vonu
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Real time metrics are displayed

Atmospheric Profile Valid 2626-85-89 12:80 UTC 9 path samples

Point Lat, Lon Temp Dewpt Press PWAT dN/dh
Source 32.5, -97.3 19.8°C 17.4°C 984.1 mb . 26.8 mm . -63.1
13% 32. : 19.8°C 17.4°C 984.1 mb . 26.8 mm . -63.1
25% 32. : 26.4°C 18.5°C 988.5 mb . 26.7 mm

38% 32. : 21.2°C 19.6°C 994.5 mb . 27.8 mm

Midpoint 32. : 21.2°C 19.6°C 994.5 mb . 27.8 mm

63% 32. : 21.4°C 268.2°C 993.4 mb . 28.2 mm

T5% 33. - 21.3°C 19.8°C 987.6 mb E 27.6 mm

88% 33. - 21.3°C 19.8°C 987.6 E 27.6 mm

Destination 33. . 28.1°C 19.7°C 988.6 27.7 mm

Midpeint vertical profile

18-Hour Propagation Forecast 24 + Steady

Best: at 23:88 UTC Worst: 659 at 81:88 UTC

24

WWW.N I MS.ORG
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Real time metrics are displayed

EME Calculator

Earth-Moon-Earth path loss, link budget, and real-time Moon az / el for HTHS
antenna aiming. Moon position updates every 18 seconds; refresh to force an Drupagatiun
immediate recompute.

.. 18:48 UTC >
Prediction

Map

Station (callsign, grid, or "lat, lon")

[[ KMSPO| ]l 4T GHz

Band (MHz) TX power (dBm) Antenna gain (dBi) —— .
1296 MHz = 30 (® ) Grid squares

Detection BW (Hz) System noise Tsys (K) (® | Weather radar

1ee 158 Calculate

Path Calculator

Antenna aim 2026-85-84 11:48:38Z Link budget (Earth » Moon » EME
Earth

Station KMSPO ) Beacons

Lat / lon 32.8604, -97.196 TX power 50.0 dBm (168.8 W)

Azimuth 223 .au° Antenna gain +30.8 dBi Weather Map

Elevation 14.81° = EIRP 80.0 dBm (168.28 ki)

Submit a Contact
Slant range 485,566 km

Earth-Moon geometry (not to scale) T e Gl o

Shaded

Contact Training Data

ounce foot

Moon reflection

Contact Map

= Round-trip path loss 272.1 dB . .

. Scoring Algorithm
Received power -162.1 dBm

Noise floor -156.9 dBm About

Doppler (self-echo) -59 Hz

SNR below noise

Round-trip path loss = 2 x fr
ding minus the Moon's effe
ttering gain 18-log(im o / A ith
= p m-R*poon. Albedo p v
865 at VHF, = 8.88 at
ing above U8 GHz). Cab’
and polarisation losses are

25




Locations are plotted on map

Beacons

Microwave beacons tracked by NTMS.

8

Phoenix
LosAngeles

Frequency (MHz) ¢ Call 2 Grid ¢ EIRP (mW) <
432.38 WS5HN/B EM13kfUSqb 8ee
9083.85 WS5HN/B EM13kfUSqb
1,296.375 W5HN/B EM13kfUSqb
24,192.3 AASC/B EM13s£89

5,760.364 W5HN/B EM13kfUSqb

10,368.368 WS5HN/B EM13kfUSqb

Beacons

+ Submit Beacon

Ottawa
@

Taronto

New York:

®
Washington

United States

4

== | eaflet | ©@ OpenStreetMap confributors

Height AGL (ft) ¢ Heying ir ¢ Actions

280

280

280

75

280

280

On/OfFF Details

On/OfFF Details

On/OFF Details

On/OfFF Details

On/OFF Details

FSK Details

North
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NTMS
Propagation
Prediction
Map

18:48 UTC >

47 GHz

II | Grid squares

(® ) Weather radar

Path Calculator

EME

Beacons

Weather Map

Submit a Comtact
Contact Training Data

Contact Map

Scoring Algorithm

About
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Beacons + Submit Beacon

Microwave beacons tracked by NTHMS.

Pilot Point

AA5C/B
24,192.3 MHz
Grid EM13sf89
Keying: On/Off

Sanger

| Celina
|
7
A |
|
| b
\ rosper
\Denton | ol
Ay McKinney.
] princeton
b je €I e Farmersvill
Cobinth Lewisuije - Litde Elm Eatrulew armersville. |

SV / ~Greenvillejm .|
% A — /7 >

\
. Highland > Allen /

Villagé The Colony..« ]
\ ~ i / ‘b
R e Dl S / P ! .
Lewisville i | Brker == | eaflet | ©® OpenStreetMap contributors

Frequency (MHz) ¢ Call ¢ Grid ¢ EIRP (mW) ¢ Height AGL (ft) ¢ Keying ¢ S Actions
47,088.36 W5HN/B EM12i156Fi 1,000 55 Q65C-60 Ye Details

47,088.001 KF6KVG CM97b1l59jt 500 35 FM Voice Y Details

24,192.3 AASC/B EM13s£89 500 75 On/0ff Yes Details

24,192 N6NU/B CM97b159jt 35 On/0ff Details

10,369.025 K6MG CM97b159jt On/0ff Details
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After clicking ‘view detail’
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AA5C/B

24,192.3 MHz - EM13sf89

AA5C/B

24,192.3 MHz - EM13sf89

458 Anna
+ 424 TXT78
478
- A7
478,
47A Sherman it
\
A6 ! ‘/ I \‘
45 Melissa ? <A1l L
AA5C/B - 24,192.3 MHz
46 —_
45 AASCIB - 24,192.3 MHz
47 Denton
428 O
478
428
424 b
17
McKinney
294
i Princeton
35 Farmersvilla Show estimated current coverage
Fairview S US 380
288 FM 36 Band 24 GHz - EIRP 17.0 dBm - Atm loss 0.64 dB/km
v

Beacon grid score 58 at 2826-85-16 80:80 UTC - 2375 cells rendered
Show estimated current coverage Excellent (2 -100 dBm) Good (2 -115 dBm) @@ Marginal (= -125 dBm) Weak CW (= -135 dBm)

Dataction (2 -145 dBm)
FREQUENCY CALLSIGN KEYING ON THE AIR

24,192.3 MHz AASC/B On/Off = FREQUENCY CALLSIGN KEYING ON THE AIR
LONGITUDE 24,192.3 MHz AASC/B On/Off Yes
-96.U26505 GRID LATITUDE LONGITUDE EIRP

GRID LATITUDE
EM13sf89 33.246179

HEIGHT AGL BEARING
75 ft Omni

Submitted by WHISP

WYWWIW TIES GGG

EM13s£89

HEIGHT AGL
75 ft

Submitted by WSISP

33.246179

BEARING
Omni

-96.426505

50 mW
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Clicking “Plot path to beacon”
brings up the Path Calculator

Path Calculator

Analyze microwave propagation between two points

Source Destination ( n or GET TX Power (dBm)

eml3njl2mv | © My Location | | EM13c£B9 24 GHz 20.0

TX Height (ft) TX Gain (dBi) RX Height (ft) RX Gain (dBi)

75 17.0 5 ue

Calculate Path




Beacons

The Path analysis window

opens with all the detail

" EM13NJ12MV / Van Alstyne

Pilot Point

? °-

! anna

Celina S

e 5
Yl Méllsa | EM13SF89
[ > / / @
\ Prosper
\Denton 17 s
ST McKinney,
/ { { Princeton
\. | !
5 Little £lm ! i leve Farmersville
Corinth = Je s Frisco F;!IIVILV: -
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Scroll down for more detalil

Loss Budg - 24 GHz
FSPL (free-space)
Gaseous (0a:+H:0)

Diffraction loss

TOTAL PATH LOSS

Path wWeather Avg

Temperature Dewpoint

67.5°F 65.3°F

Abs Humidity

15.8 g/m?

Pressure PWAT

983.2 mb 28.7 mm

BL Depth Refrac Gradient

161.0 m —-89.8 N/km

Beacons

Power Budget

TX Power

TX Ant Gain
Feed Loss (x2)

EIRP
Path Loss (w/FF)
RX Ant Gain

RX Power
Sensitivity (CW)

Topagation Factors -
Rain

Pressure

Time of Day
Refractivity

PWAT

Sky Cover

Wind

Season

T-Td Depression

Humidity

North
Texas

NTMS

Microwave

A
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17.0 dei
-2.80 de

35.0 dem
-204.1 de
ug.e d

=169.1 dBm
-141.0 dem
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HRRR data and prediction
graph at bottom of panel

Atmospheric Profile v

Point Lat, Lon Temp Dewpt Press PWAT dN/dh

9 path samples

Source 33.4, . 1%.7°C 19.2°C 986.9 mb 25.7 mm . -4
13% 33.4, 1%.7°C 19.2°C 986.9 mb 25.7 mm
25% 33. . 19.6°C 19.8°C 983.2 mb 25.6 mm
38% 33. . 19.6°C 19.8°C 983.2 mb 25.6 mm
Midpoint 33. . 19. 17.7°C 586.3 mb 27.3 mm
63% 33. . 19. 17.9°C 587.6 mb 31.7 mm
T5% 33. . 19. 18.8°C 588.7 mb 32.3 mm
BB% 33. . 19. 18. 988.T mb 32.3 mm

Destination 33. 4 28. 18. 998.6 mb 32.6 mm

Midpoint vertical profile

17-Hour Propagation Forecast 24 GHz + Steady

Best: at ee:ee uTc Worst: at 18:88 UTC

WYWWIW TIES GGG

32
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To understand the historical reception of the beacon, |
entered it as a contact!

Contacts

82,094 total - sort or search by callsign, grid, or mode.

-+ Submit Contact

CONTACTS BY MONTH

o Export

Station 1 & Grid 1 ¢ Station 2 Grid 2 & Band Distance i Qs0 (UTC) & Added (UTC) 2 Private

KM5PO EM13NJ12MV  AASC/B EM13SF89TE  24eee 29 mi (47 km) i 2826-02-88 20: 2026-05-089 10:49

KM5PO EMI3NJ12MV  AASC EM13SE 2ueee 29 mi (47 km) i 2826-02-88 20: 2026-05-09 149

KM5PO EM13NJ12MV EM13QCe8IL  24eee 25 mi (4@ i 2826-02-88 20: 2026-05-09 149

EM13NJ12MV EM13QC68IL 1eeee mi (48 i 2026-82-88 g 2026-85-89

EM13NJ12MV EM13SE leeae mi (47 km) i 2026-82-88 g 2026-85-89

EM13NJ12MV  WBSZSP EM13SA leeae mi (58 i 2026-82-88 g 2026-85-89

KMSPO EM13NJ12MV  WBSZSP EM13SA 2ugae Cw 36 mi (58 km) Partial 2026-82-88 20:18 2026-85-89 18:49

33
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Scored “GOOD” but not a great set of conditions

Propagation Analysis

Path is terrain-obstructed at 2.6 mi (4.2 km) from KM5PO. Path is obstructed with
9U.7 dB diffraction loss. Contact may have been enabled by knife-edge diffraction
or tropospheric scatter.

Refractivity gradient: -61 N-units/km (normal).

Boundary layer depth: 481 m.

Factor Score Weight Contribution Notes
Rain 108/188 1% .5
Humidity 67/188 15%

Pressure 78/188 12%

PUAT 68/188 13%

Refractivity 55/188 13%

Season 84/188 T

T-Td Depression 96/188 -3

Sky Cover 58/188 5%

Wind 58/188 5%

Time of Day 18/188 5%

Composite

Propagation Mechanism

Tropescatter

No duct, no meaningful rain inside the common volume — default tropospheric
forward scatter.

Common volume: 465036 km* Max reflectivity: 51.7 dBZ Heavy rain pixels: 2

Radar coverage: 4%

Terrain Profile

BLOCKED 65 samples Max elev: 258.8 m Min clearance: -77.0 m

Diffraction: 94.7 dB
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Select metric on right-hand panel

NTHS
Lapse Rate Weather Map  13:35 utc )
0°Ckm =
4°C/km RFACE
6.5 °Clkm Temperature  Td Depression

8°Clkm Humidity PHWAT HTHS

10 °Ck Refractivity N-Gradient .
L4 " — Propagation
Prediction

Map

16:48 UTC

T es8semb Td @ 850mb
T @ 7eémb Td @ 76émb
Lapse Rate

Mid Lapse 850-700 4T GHz

Inversion Inv. Base

. e ® ) Grid sgquares
Duct Strength

TR e Larse aTe (® ) Weather radar

Temperature decrease per km
from surface to 760mb. Low
rates (< 5 °C/km) mean stable

air that preserves
inversions. High rates (> 8) Path Calculator
mean convective mixing that
destroys them.

EME

Grid squares
an Jose ) @ ) Weather radar Beacons

+ % Propagation Map
m E m Path Calculator Hﬂther Hap

EME

Submit a Contact

Tijuar Beacons

Submit a Contact

Contact Training Data

Contact Training Data

Contact Map

Contact Map

Scoring Algorithm
About

Scoring Algorithm

KM5PO

I E Settings

The Bahamas Log out

About

Now +1h +2h +4n +6h +7h +8h +9h +16h  +#11h  +12h +13h +18h  +15h  +16h
11:00 [ECHTINSER-) 15:00 16:00  17:00  18:00  19:00  20:00  21:00  22:00  23:00  00:00  €1:60  €2:60  €3:00

Santa Clara

== Leaflet | © OpenStreetMap contributors

Video demo
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Click on the map to get location
metrics on left panel

Weather Details KirkSville Press ESC fo dlose NTHS
- Weather Map  11:31 utc >
. 375°W Saintjoseph Hanilbal Ducting v
® Temperature 12.2 °c (54 °F) None
e —  Encs| [Exts | [Ens) (Enes | — R -
Rel. Humidity 108% Manhattan Leavenworth-} 4 Liberty| Humidity  PWAT
Topeka 7y
Sfc Pressure 981.5 mb £, vy < Refractivity N-Gradient
rer =i ‘ OFalion
Refractivity 337.5 N Olathe | \warrenshurger+—Sedialla Jefrersd e 13 BL Height
— e | Dnse|  Enos [Ents i o
BL Height &2 m Epgony @ m Bellpville T @85mb Td @ 850mb
PUAT -4 mm T @70eab Td @ 708mb
T @ 856mb .1 °C Garden Dodge . p Lapsa Rata
. : -armington
Td @ 85emb 7 oc i i Wichita ing Carbondale Mid Lapse 856-700
"o mon v o o s = E3 B e
Td @ 7eemb .3 °C 5 Cape Girard
f ape Girardeau \ Dt R
Lapse Rate 4.5 °C/km Springfield Paducah Ducting
Lapse 8503700 8.2 °C/km ’;&‘5' i
Inversion +5.8 °C 8ranson
UM whether a trapping lay
Tnv. Base 216 n AL 3 w00 | ENs (Enss Evis (sodiried refractivity
% Roge: asing with height) was
Duct: illwater £
ing stillwate = Fayeltevfie e in the profile
Duct Base Green = duct present, signals
h Muskogee Jonesboro, can travel far beyond line of
Duct Strengtl u :
o Oklahoma Sikk
ity =
g Eo sl Grid squares
i >
marie. RusselRN ¢or oy Memphis Weather radar
Colervile
Ada Propagation Map
Laviton Path Calculator
&= Entd) Eas o
ol e Pine luft Tupelo A
ichi
T Submit a Contact
e Contact Training Data
Texarfana g Collmbus . .
McKinne; El Dorado e Scoring Algorithm
Denton’a dihney o
Lewisville® Plano About
Dallas. /
Hobbs p” o [
FortWorth ] 3 g
m Monrde [ WMississipo! v " KH5PO
(gl vz fewez U i =2 T
Abil £ g ettings
v Carisbad] biiene Hine iore . Jacksar 0
= g = § 910 . Log out
+3h  +4h  +5h +12h  +13h  +18h  +15h  +16h & & - ad
13:00 14:06 15:00 16:00 17:00 18:00 19:00 20:00 22:00 23:00 00:00 o1:08 e2:00 e3:00 o L

e
Az thiran — — = | aaflet | © OnenS Radar® and Climata Chanae Canada
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Winnipég

Québec
; Oxian Montréal 3
Saint Paul ’ Nichigon A
Boise Toronto,
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Boston
Salt Lake
City Lincoln 5
Denver Jndian
AWePKT S 1
S { Cincinnati
San jose o
Fresno
Las Vegas.
Albuquerque Memphis Charlof
Los Angeles Atlanta v
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uana . pexicali Tocson " wooa! B
Ciudad Judrez
Austin
Houston NewiOrieans) Jac ville
Antonio ( S
Nuevo Laredo ¢
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J n Miami, Nassau
Saltillo ©
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Durango  México  ciudad Victoria S
Mazatlén La Habana
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Submit a Contact

Submit Contact

Help us build a better propagation model

Every contact matters

Qur propagation model improves with real-werld data. Each verified contact

you submit is matched against atmospheric conditions at the time of your NTHMS

contact, helping us calibrate predictions for all amateur bands from 58 MHz .
Propagation

and up. The more contacts we have, the better our forecasts get for

everyone. Prediction

Map

l8:48 UTC >

Your contact will be available on the shortly after submission, 47 GHz
with terrain analysis, atmospheric data, and propagation scoring added
automatically.

II | Grid squares

Sl (e (® ) Weather radar

Path Calculator
EME
Beacons
Weather Map

ific as | ble with grid a ara £ . .

Antenna heights are optio t pro te n—c is. Submit a Contact

Mode ime (uTC, 24h) Comtact Train
Optional

Comtact Map
Scoring Algorithm

About

isible to me and admini:

T, Submit Contact

North
Texas

|—NTMS

Microwave

Society
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Your contact will be available on the shortly after submission,
with terrain analysis, atmospheric data, and propagation scoring added

automatically.

Your contact will be available on the shortly after submission,

with terrain analysis, atmospheric data, and propagation scoring added
. Upload ADIF
automatically.

Upload an ADIF (.adi / .adif) file exported from your logging program.
Upload C5V » Required fields: CALL, STATION_CALLSIGN (or OPERATOR), GRIDSQUARE,
MY_GRIDSQUARE, QSO_DATE, TIME_ON, and FREQ or BAND
+ Contacts on amateur bands from 50 MHz and up will be imported

Upload a CSV file with multiple contacts. Columns: + HF contacts (below 58 MHz) are silently skipped

. . . . 3 + Frequencies are fuzzy-matched to the nearest amateur band
stationl, statien2, gridl, grid2, band, mede, gso_timestamp, notes

+ Timestamps in most formats accepted (e.g. 2024-86-15T14:38:00Z, 6/15/2024
2:38 PM, 2024-86-15 14:38). All times assumed UTC.

+ Operator commentary from NOTES is carried over (falling back to COMMENT)

* Grid squares should be as detailed as possible (8 characters preferred, Mode handling
e EMlQRF}ST) ADIF modes are normalized to the six modes we track. SUBMODE takes
+« Band in MHz (e.g. 10866, 24808) precedence when present (e.g. MODE=MFSK, SUBMODE=FT8 imports as FT8).
+ Mode is optional — omit the mode column entirely (6 columns total) or ADIF value Stored as
leave its value blank. oW / pai o
+ Notes is optionmal — free-form operator commentary up to 2000 characters. SSB / USB / LSB / DSB 5SB
Leave the cell blank to store NULL. FM / NBEM / WEM .
FT8 (or MFSK+SUBMODE=FT8) FT8
FT4 Cor MFSK+SUBMODE=FTY4) FT4
065 Cor MFSK+SUBMODE=Q65) 065
CSV File anything else (blank — row still imports)
Choose File No file chosen
. L. L. ADIF File
Private — only visible to me and administrators
Choose File Ne file chosen
l‘ uploa_d Contacts Private — only visible to me and administrators

T, Upload Contacts

WYWWIW TIES GGG



station2
WB5ZSP
WB5ZSP
AALC
AALC
WHLUA
WHLUA
AALC/B

Typical CSV file to upload

gridl

EM13NJ12MV
EM13NJ12MV
EM13NJ12MV
EM13NJ12MV
EM13NJ12MV
EM13NJ12MV
EM13NJ12MV

grid2
EM13SA
EM13SA
EM13SE
EM13SE
EM13QCE8IL
EM13QCE8IL
EM13SF89TB

band mode

10000 CwW
24000 Cw
10000 CwW
24000 Cw
10000 CwW
24000 Cw
24000 Cw

gso_timestamp

2026-02-08T20:18:00Z
2026-02-08T20:18:00Z
2026-02-08T20:25:00Z
2026-02-08T20:28:00Z
2026-02-08T20:25:00Z
2026-02-08T20:28:00Z
2026-02-08T20:28:00Z

North
Texas

|—NTMS

Microwave

Society

This is entered as a beacon receiption
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Contacts + submit Contact NTMS
82,085 total - sort or search by callsign, grid, or mode. P ti
Topagation
pagat 18:48 UTC >
Prediction
Q 18 & Export Hap
. . . . . . . 47 GHz -
Station 1 Grid 1 £ Station 2 Grid 2 o Band £ Mode £ Distance Enriched QS0 (UTC) £ Added (UTC) = Private £
KMSPO EM12ILTUFN  WSLUA EM13QC68IL 5760 CW 58 mi (94 km) 2026-65-02 20:06 2026-85-63 12:30 Grid squares
KMSPO EM12ILTUFN  AASC EM13SE5S5VI 57680 CW 68 mi (110 km) 2026-85-02 20:09  2026-85-83 12:30 Weather radar
KMSPO EMI2ILTUFN  WSLUA EM13QC68IL 2880 CW 58 mi (94 km) 2026-85-62 20:18  2026-85-63 12:30
Path Calculator
KM5PO EM11CS85IK  AASC EM13SE5S5VI 18860 CW 127 mi (204 km) 2026-85-82 16:37 2026-85-83 12:30 EME
KMSPO EM11CSB5IK  AASC EM13SE55VI 5760 CW 127 mi (204 km) 2026-85-02 16:50 2026-85-83 12:30  Tp—
KM5PO EM12ILTUFN  AASAM EM13SGU2SR 16880 CW 72 mi (116 km) 2026-85-82 20:62  2026-85-83 12:38 Weather Map
KMSPO EML2ILTUFN  AASC EM13SE5S5VI 16000 CW 68 mi (110 km) 2026-85-62 19:58  2026-85-83 12:30 Submit a Comtact
. Contact Training Data
KMSPO EM11CSB5IK  WSLUA EM13QC68IL 5768 CW 117 mi (188 km) 2026-65-02 16:U8  2026-85-63 12:30
Contact Map
KMSPO EM12ILTUFN  WASWCP EM12J088PN 10600 CW 11 mi (18 km) 2026-85-02 19:58 2026-85-83 12:30
Scoring Algorithm
KMSPO EMB2WL37UE  WSLUA EM13QC68IL 5768 CW 98 mi (158 km) 2026-85-82 12:55 2026-85-63 12:30
About
Page 1 i 2 »

41
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KMSPO

/
W5LUA

21 GH 74 3 Flag as Invalid (%) open in Path Calculator ¢ Back to Contacts
z -

w -
2026-05-
02 20:18
uTcC

? Suggest an edit

VA a4 WS5LUA
/ Denton g N
7 Frisco

\
<ville] A
lew:sgul F‘-~-»~Pénn s

DAY

Wi T VN .
\\{: ! AL Garland_=—
\e1a Jhe -~
75

N
, FortWorth == 03"35“ o

\

) KM5PO £

QEIB/

24 GHz - CW - 59 mi (94 km) - EM12IL74FN > EM13QC68IL
KM5PO » WSLUA Az: 040.7° El: -0.36°

WSLUA > KMSPO Az: 221.6° El: -0.27°
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Propagation Mechanism

Troposcatter

No duct, no meaningful rain inside the common volume — default tropospheric
forward scatter.

Common volume: 427427 km* Max reflectivity: 33.0 dBZ Heavy-rain pixels: @

Radar coverage: 8%

Propagation Analysis Terrain Profile

Path is terrain-obstructed at 2.3 mi (3.7 km) from KM5P0. Path is obstructed with
95.9 dB diffraction loss. Contact may have been enabled by knife-edge diffraction

. BLOCHED 65 samples Max elev: 261.8 m Min clearance: -99.5 m
or tropoespheric scatter.

Refractivit dient: -41 N-units/ki 1). o - .
SRS TR Lhtasth units/lm (noreal) Diffraction: 95.9 dB 2 Fresnel hits

Boundary layer depth: 2177 m.

Factor Score Weight Contribution Notes

Rain 186/168 21% 21.5 None

PWAT 80/1688 13% B 14.2 mm (absorption) .
Soundings
Humidity 65/188 15% o 6.4 g/m* (harmful at this band)

Pressure 78/188 12% B 992.4 mb (low)

Refractivity ug/1e8 13% R dN/dh = -41 (normal)

T-Td Depression 96/188 1.

Season 47/188 T 5 May (winter peak band) Solar Conditions
Sky Cover 58/188 5% R -

SFI: 158.7 Sunspot #: 142 Ap: 6 HKp: 2.3, 1.3, 6.7, 1.7, 1.3, 1.8, 1.3, 2.7

Wind 58/1688 5% . =

Time of Day 18/188 5% B Solar hour ~14 (afternoon)

Composite 69/160 [ Goop |

43
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Atmospheric Profile

((vRRR (3 km) ] 32.5°, -97.3° 20:00 UTC HPBL: 2176.6 m PWAT: 14.7 mm
N: 362.8 dN/dh: -U48.7

IEMRE Gridded Reanalysis

h — uTC
Temp: 53.2°F Dewpoint: U48.7°F Sky Cover: 34.8% Wind: 2.1 kts Precip:
Soil Temp: 61.U°F

Surface Observations

Station Time Dempt Wind Pres (mb)
DALLAS/LOVE FIELD 14:53 48.8 3868° @ 4.8 kis 1821.7
DALLAS/LOVE FIELD 15:53 42.8 B 326 @ 4.8 kts 1821.8
DALLAS/LOVE FIELD 16:53 u3.8 . 7° @ 6.8 kts 1621.9
DALLAS/LOVE FIELD 17:53 278" @ 4.8 kts 1821.3

DALLAS/LOVE FIELD 18:53 5 = 5 338° @ 7.8 kts 1828.4

Data Sources

HRRR Model
3 path profiles

13 pressure levels each

Valid: 2026-85-82 28:88
uTc

Grid: 32.48, -97.27

Surface Observations

5 stations

14:53 — 18:53 UTC

Elevation Profile

257 samples along path

59 mi (94 km) path
distance

Source: SRTM l-arcsecond

@ duct layers detected

Soundings (RAOB)

8 profiles

Terrain Analysis

65 profile samples
Verdict: BLOCKED
Max elevation: 261 m

Diffraction: 95.9 dB

Solar Indices
S5FI: 158.7
S55N: 142

Ap: 6
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Contact Map

60,264 contacts

NTMS
Propagat
Predictio
Map

Filter
DATE RANGE (UTC)

mn/dd/ygy »

18:48 UTC

mn/dd/y§yy

E
L

47 GHz

CRACRARER

Grid squares

Weather radar

GHz
GHz

GHz
GHz
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Propagation Map
Path Calculator
soncone Weather Map
Contacts

Submit a Contact

Submit a Contact

s Contact Training Data

Log out

Contact Map

Scoring Algorithm

About
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Contact Map

68264 contacts

Contact Map

68268 contacts

DATE RANGE (UTC)

mm/dd /yiiry + mm/dd /vy [ mmfddf;fﬁyﬁi o/ dd A

Apply dates
May 2026 ~
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Graham

De'teon

Comanche

Goldthwaite

~Dublin

Contact Map
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X Sanger | ANha
\ ¥ / Celina |2/
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/ .
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Contact Map

18 contacts

DATE RANGE (UTC)

05/02/2626 » ©5/62/2626

Apply dates Clear

Bands ALl None
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3
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5.8

GHz
GHz
GHz
GHz

=~ 10 GHz

Canton™

24 GHz
GHz

75 GHz
122 GHz
134 GHz
142 GHz
145 GHz
241 GHz
288 GHz
322 GHz
403 GHz
411 GHz

Athens.

Propagation Map
Path Calculator
Beacons
Contacts
Submit a Contact

About

KM5PO
Settings

Loa out
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EM11ARB6XE

Excellent 210 dB
Good 3..16 dB

Marginal 6..3 dB

Drive radius

Home

58 mi from EM11ARG6XE

,, m CAN ES

Only use known good locations




Excellent 210 dB
Good 3..16 dB
Marginal 6..3 dB

Drive radius
GOOD LOCATIONS

EM@1lro27to
34 mi W of home

1772 ft

In development — Rover page
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EMO1sn75to

29 mi SW of home

EMO1rk21tx
40 mi SW of home

1772 ft

EMllav76ta

10 mi N of home

EM11ds74tt
18 mi E of home

988 ft




x;

Excellent 216 dB
Good 3..16 dB
Marginal 6..3 dB

Drive radius

EM@1ro27to

34 mi W of home

In development — Rover page

EM@1sn75to

29 mi SW of home

EM@1rk21tx

40 mi SW of home

EM@1ro27to

WSHN

Aim 41° (NE) -

AASAC
Aim 68° (E)

EMllav70ta EM11ds7utt

10 mi N of home 18 mi E of home

Aim 48° (NE) -

15.0 dB -
+ clearance +167

15.0 dB -

clearance +164 ft

15.8 dB -

clearance +177 ft

15.0 dB -
clearance +246 ft

North
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® OsSMm
® Topo
@ Satellite

Hillshade
Grid squares

W5LUA 15.8
Aim 47° (NE) - clearance +167 ft

15.8

Aim 41° (NE) - clearance +164 ft

AASC 15.8
Aim 48° (NE) - clearance +177 ft

T r 1772 £t

AASAC 15.8
Aim 68° (E) - clearance +246 ft
2 ¥ e 1526
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EM@1ro27to

WSLUA 1

Aim 47° (NE) - clearance +167

WSHN 1
Aim 41° (NE) - clearance +164

AASC 1
Aim 48° (NE) - clearance +177

AASAC 1
Aim 68° (E) - clearance +246
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< B73 KT 9 See more dates o < :

Priddy, Texas




North
Texas

NTMS

In development — Rover page A\

Society

Rover Locations (D) Map + Add location

Community-shared parking spots for portable rover ops.

New Llocation
Grid (Maidenhead) Status

EME1R027TO Good

Latitude Longitude

31.615017 -98.559896

Suggested by tool. Looks good. No gate on CR160 intersection as verified by Google Earth Pro streetview. Possible
cattle guard on windmill road.

Add Cancel

Location o Notes Added (UTC) Actions

EMB1wi5Tao EMB1WIS7A0 Suggested by tool but on private property
31.36493, —98.125 without road access.

2026-05-61

EMO1vk99tn

- i Evant roadside park. 1@ GHz. 236 km from WSLUA 2026-85-683
31.45651, —98.16823

m EMB1sn75to EM@1SN75TO Suggested by tool. Looks good as long as the 2026-05-61

31.56493, —98.43587 road to the windmills is not gated.
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Rover Locations Map

87 good locations — click a marker for details.

=:Edxt
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/"" . \l“;‘_ el - Little Elm | £ ' (e Eagmersvilie,
f& 7 Conr;g BT Frisco = :
TX 10/24/47 RX 24/47 RX10 TX 24/47
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- I rt

Options variable variable variable variable varijable variable i rzl']‘r)andom LgTﬂ?uiR?inge ID’(TT G:J[ m’dr'“sIe II:IQT G;’[ R?ﬁnge

- imi " - . thresh_al . low_line_a > U ine_a
Title: Bandlimi...Id Detector | yp: samp_rate 1D: vec_height | ID: thresh_val [ID: full_band_size ID: low_bound vec_bottom hal{ ID: up_bound_vec_bottom_hal| Import: time - "I'hr?zshJ i Bjund ITLPP; BJuund
CITE e value: 100k Value: 10k | Value: 10 Value: 8192k | Value: (low_line_adi}*(bel... | Value: (up line_ad])(bel Label: : Label:
Description: Use r..sub-band e e e ues fon e afl) O, (el e 30/ 080, Default Value: -10 | Default Value: 1.365{ Default Value: 2.73k
Output Language: Python Vvariable | variable Vvariable Vvariable Start: -200 Start: 1 Start: 1
Generate Options: QT GUI 1ID: below_zerd ID: fft_size ID: low_bound_vec_top_half ID: up_bound vec_top_half Stop: 100 Stop: 8.191k Stop: 8.191k

Value: -1k Value: 8.192k Value: (fft_size-low_line_... Value: (fft_size-up_line_a... Step: 1 Step: 1 Step: 1

Vector Source
Vector: (thresh_adj,)*full...
Tags: QT GUI Vector Sink
Repeat: Yes Name: Spectrum...an Thresheld
Vector Length: 8.192k Max Vector Size: 8.192k
Input Vector Length: 8.192k X-Axis Start Value: 0

Vector Source ‘Output Vector Length: 8.192k X-Axis Value: 1
Vector: low_bound_vec_boit... e b M'_euﬁ ZMQ PUB Sink
Tags: Vector Length: 8.192k
Repeat: Yes Address: tcp://127.0.0.1:5500

E1

Vector Length: 8.192k n| Timeout (msec): 100

Pass Tags: Yes
QT GUI Vector Sink Embedded Python Block ass fags: Yes
Vector source N : Filter Key:
Vector Size: 8.192k Vec_Len: 8.192k Connection: Bind
Vector: up_bound_vec_botto... X-Axis Start Value: 0 Peak_Detect_File: /t...s.data .
Tags:
Repeat: Yes
Vector Length: 8.132k

Log Power FFT
Sample Rate: 100k
FFT Size: 8.192k
Reference Scale: 2
Frame Rate: 30

Soapy HackRF Source
cmd| Sample Rate: 8M
Center Freq (Hz): 432M

Average: Off
Average Alpha: 1
FFT Shift: On
Add Const QT GUI Vector Sink
Constant: ((below_zero*10).. Name: Spectrum Inside the Box
Vector Length: 8.192k Vector Size: 8.192k
X-Axis Start Value: 0
QT GUI Range :&MLI:\:: Value: 1
1D: sig_freq
Label: Sig freq
Default Value: 1k
Start: 1 Python Snippet Variable
Stop: 2k Section of Flowgraph: Main - After Start ID: in_box_spec_len
Step: 1 Code Snippet: prin...el Value: 1.365k
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Obtain learnings of initial beacon monitoring systems.
We have the infrastructure, need the human power.
Consider the value add and if improvements are needed.

Explore other commercial microwave links as partners.
— Jim Moss, N9JIM has access to commercial systems in the Bay Area.

From learnings, build a low-cost system for those who want to
contribute. Need some volunteers.

This would consist of an SDR and SBC that would translate an IF radio
output to a signal strength measurement and pass the data to the
NTMS learning model via the ops internet connection.

This system would bring value back to wherever it is installed while at
the same time assist with calibrating the NTSM model. Think of an op
in the Midwest monitoring a beacon and feeding that data back to
NTMS and then gaining a benefit of prop prediction improvements in
his operating theatre.
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