Ground wave range approximations
As frequency increases, ground waves die faster. It is determined by the type of surface (ground, soil, salinity, rough or smooth sea) and the maximum attenuation with which reliable radio communication can be maintained.
_______________________________________________________________________
Here are practical approximate formulas used in radio engineering to estimate the maximum reliable ground-wave range in km for MF and HF bands (roughly 0.2–30 MHz), where ground-wave propagation dominates. 
Basic Engineering Approximation (Most Commonly Used)For typical soil (conductivity σ ≈ 5–30 mS/m, like average farmland or dry ground):
d ≈ √(Ptx) × (90 / √f) km,
where:
· d = range in km
· Ptx = transmitter power in watts (ERP – effective radiated power)
· f = frequency in MHz
This rule-of-thumb already assumes you need a certain minimum field strength for reliable reception (typically 0.1–0.5 mV/m for analog voice, or about 40–50 dBµV/m, which corresponds to an SNR of ≈10–20 dB with a typical receiver).


More Accurate Formula Including SNR and Ground Type A widely accepted semi-empirical formula derived from the work of the ITU, FCC ground-wave curves, and practical amateur/marine/coastal station experience is:
d (km) ≈ [ 140 × √Ptx × (1/√f) × √(σrel) ] / √Lsnr
where:
· Ptx = transmitter power in watts
· f = frequency in MHz
· σrel= relative conductivity compared to seawater
· Seawater (σ ≈ 5000 mS/m) → σrel = 1
· Good soil/wet ground → σrel ≈ 0.2–0.4
· Average land → σrel ≈ 0.1
· Poor/dry/rocky soil → σrel ≈ 0.02–0.05
· Lsnr = extra loss factor for desired SNR and service quality
· Standard broadcast quality (high SNR, ~40 dB) → Lsnr ≈ 1
· Reliable voice communication (SNR ≈ 10–15 dB) → Lsnr ≈ 0.5–0.7
· Marginal but usable (SNR ≈ 6–10 dB, CW/data) → Lsnr ≈ 0.3–0.4
Simplified Practical Versions Most Operators Use
1. Over seawater (best case)
d ≈ 300 × √Ptx / √f km (for good voice quality)
2. Over average land
d ≈ 100 × √Ptx / √f km
3. Over poor/dry land
d ≈ 50 × √Ptx / √f km
Quick Examples (1 kW = 1000 W transmitter)
	Frequency
	Power
	Sea (km)
	Good land (km)
	Poor land (km)

	2 MHz
	1000 W
	≈ 670
	≈ 220
	≈ 110

	5 MHz
	1000 W
	≈ 420
	≈ 140
	≈ 70

	10 MHz
	1000 W
	≈ 300
	≈ 100
	≈ 50

	2 MHz
	100 W
	≈ 210
	≈ 70
	≈ 35

	10 MHz
	100 W
	≈ 95
	≈ 32
	≈ 16



Even More Detailed (ITU-R P.368-9 Style Approximation) if you really want to include SNR explicitly: 
E = 90 × √Ptx × (1/d) × e(-a×d) × √(1/f) (approximate field in µV/m)
where a = numerical distance parameter depending on ground constants.
But in practice engineers use graphs or the simplified inverse-square-root laws above.
Bottom Line – Recommended Simple Formula for Most Purposes For reliable communication (decent voice or digital modes) over average terrain:
Range (km) ≈ 100 × √(Ptx in watts) / √(f in MHz)
For seawater multiply by 2.5–3.
For very poor ground divide by 2.
This matches real-world experience of coastal stations and medium-wave broadcast coverage extremely well in the 1–30 MHz range.
