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The aim of this study was to quantitatively investigate
the effects of atmospheric refractivity on the
low-altitude propagation environment of shipborne
radars using Korea Meteorological Administration
radiosonde observations. Instead of the conventional
0-1 km boundary layer, a radar-adjacent layer of
20-200 m was analyzed to estimate the refractivity
gradient, effective Earth radius factor (k-factor), and
geometric line-of-sight (LOS) variation. The results
show that normal refraction was the dominant
propagation condition, and summer exhibited
increased super-refraction and ducting, accompanied
by higher k-factors and extended LOS distances.
Furthermore, noticeable differences were observed
between the conventional boundary-layer analysis and
the radar-adjacent layer analysis, indicating that the
conventional approach does not fully represent the
propagation environment experienced by low-altitude
shipborne radars.

CH7| =24 = (Atmospheric Refractivity),
24| @ 20| (Radiosonde),

Zut Mok (Radio Wave Propagation),
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Table 1. Classification criteria of atmospheric re-
fractivity conditions based on the modified refractivity
gradient

Atmospheric Condition dM/dh (M-unit/km)

Ducting <0
Super-refraction 0~79
Normal 79 ~157
Sub-refraction >157
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Table 2. Analysis conditions used in this study

Parameter Value Unit

Observation station Deokjeokbuk-ri -

KNST

Table 3. Overall statistical summary of low-altitude at-
mospheric refractivity and LOS variation

Parameter Value

Number of valid profiles 2103

Analysis period 2023-2025 year
Mean M-gradient (M-unit/km) 100.0744269

Observation time 00, 12 uTcC

Standard deviation of M-gradient

Analysis altitude (general) 0-1 km (M-unit/km) 39.48238388
Analysis altitude (shipborne radar) 20-200 m Mean k-factor 1.687689288
Maximum profile altitude 30 km Standard deviation of k-factor 0.961596944
Maximum analysis altitude 3 km Mean LOS change (%) 9.861145781
Radar height 20 m Standard deviation of LOS change (%) 24.25886241
Target height 100 m LOS increase occurrence (%) 55.92203898
Standard effective Earth radius kea/3 ~ LOS decrease occurrence (%) 44.07796102
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Fig. 1. Mean vertical profiles of refractivity, modified re—
fractivity, and modified refractivity gradient

Duct occurrence (%) 3.328578222

Super-refraction occurrence (%) 16.83309558

Normal-refraction occurrence (%) 78.93485497

Sub-refraction occurrence (%) 0.903471232
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Fig. 2. Monthly variation of low-altitude refractivity
characteristics and geometric LOS
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Fig. 3. Seasonal variation of low-altitude refractivity
characteristics and geometric LOS
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Table 4. Seasonal statistical summary of the radar-ad-
jacent layer

Summer Autumn Winter

Category Spring

Mean
M-gradient ~ 95.0519  79.8263  108.1034  117.8914
(M-unit/km)
Mean 1.8536 2.0064 1.5527 1.3691
k—factor

MeanlOS = 45189 187445 61763  0.8709
change (%)

Duct (%) 35315 857142  1.1299 0
Super (%)  22.8624  27.6190  13.1826  3.14341
Normal (%)  72.8624  63.4285  83.2391  96.8565

Sub (%) 07434  0.3809  2.44821 0
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Fig. 4. Daily variation of M—gradient, k—-factor, and geo-
metric LOS in the radar—-adjacent layer
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