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Calculation on Horizontal Distance of Doppler Radar Beam

Yi Xueting , Zou Haibo

Meteorological Disaster Emergency Warning Center of Jiangxi. Nanchang 330096, China

Abstract: Based on the spherical coordinate system, triangle cosine theorem and atmospheric refraction. with the consideration
of the influence of earth curvature and atmospheric refraction, the formula of radar beam horizontal distance was derived. In ad-
dition, this paper also comparatively analyzed several calculation formulas of radar beam horizontal distance. The results indi-
cate that: in the standard atmosphere, the difference between the true horizontal distance and the slope distance of radar beam
is more than 2. 5 km at high elevation angle (slope distance is larger) , and reaches 3. 5 km between their maximum distances;
the difference between the distances calculated by surface plane approximation formula and the true horizontal distance is more
than 0.5 km at low elevation angle (the distance calculated by surface plane approximation formula is larger); the difference
between the distance calculated by surface spherical approximation formula and the true horizontal distance is less than 0.5 km
at low elevation angle (the true horizontal distance is larger). Result also show that the influence of atmospheric refraction on e-
lectromagnetic wave propagation over Nanchang is the greatest in summer, while the smallest in winter. Furthermore, the cor-
rection relationships between standard atmosphere and the equivalent earth’s radius as well as earth curvature for all seasons in
Nanchang are provided in this paper.
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Fig. 1 Diagrammatic sketch of radar detec-

tion for surface plane approximation
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Fig. 3 Diagrammatic sketch of radar detec-

tion with the consideration of the in-

fluence of earth curvature and atmos-

pheric refraction

2 R

PImg BB — R 2 8 KA F R o6, B A
R VCP 21 CHP R KRR 20 L i 28— ik
HH 9 DA B A, 735K 0.5°,1.45°, 2.4,
3.35°.4.3°.6.0°.9.9°.14. 6°F119. 5° . FE & FE y
1 ke CRIVJR] — 30 S A9 SRAFE AR 2R, AR 49 — Uk i 75 ) 1]
21°5 6 min,

dn (h

AR T R K —— T

km ! HARA K (O AT RS B AR U ER AR R,
=8 500 km . R,, fl 4 R, fR A (2)— G Rl 3}
AA AN [RIARD S [] kB Ak 5 8 6 B A 7K P R L I
AR UE AT 2 IR AT I 5 el 7 R P b 2 3K T
AT S KT BE B L 30 R A o R AT 1 A RIOK T
e D', ¥ D, SHEEBERMERE GEN
D) R I M 3R 7 T 3 R 55 A K SF BE R GiE h
D o) R R Bk T R B R K CFEE S e DO
HEATRE HE A4 s LR DT 2% B 07 26 5815 31 19 7K F- iR
BIAE R

~4X107°




VES I 213 PN B & S o N R 7S

39

AN TR = ] — AL T 20 km
B DLE L SO E AR T 20 km S LI B
KB AEE ., B rmE H iitaXy.

. R*
H =h + Rsinf + R,
FIA QO KEOHE B AP AT 20 km = B A~
M RRHE . DiRg B 28 803k b 6], 8 ik i i 4R
EEE h 95 mLHIERFAE R, HU6 370 km, # 12
F A = (10D 7E S5 R & B 20 km 514 F 15
S MMATMERARE., HE1TUEH. KR
it 25 {0 AR A 15 hm  E DN, S A AR SR 0. 5B B R
BHIE N 452 km AP £ 19. 5°IF e KAHE A 59 km,
295 0.5 MMM 10% .,

(10)

F1 HMEZLHFIEARFEMMAT KRR

Table 1 Maximum slant distance at different elevation
angles of Doppler radar in Nanchang
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Fig. 4 The difference between equivalent horizontal

distance and slant distance of radar beam at

different elevation angles (D, — D,)
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beam at different elevation angles (D', — D)
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Fig. 6 The difference between equivalent horizontal

distance and spherical approximation dis-

tance of radar beam at different elevation an-

gles (D', —D,)
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# 8420134 7 H 13 H 12.2'48" B B &Hik
14. 5 A By [0k . rp ] 9 A8 7K S B B 2 FH 45 8K
HFERPEES R, (7 441 kD) UE R. BEICA X (2)—



VES I 213 PN B & S o N R 7S

41

28.7°N

28.5

28.3

lll5.9 I 11I6.1 I 11(;).3

8 201347 H 13 H 12:2'48"' B B £ &8 & &
14. 540 F R DU B 7 3 Ik RS A R

Fig. 8 Radar reflectivity of Nanchang Doppler radar
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on July 13, 2013
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Table 3  Seasonal variation of equivalent earth radius in

Nanchang and its difference with the equivalent

earth radius in standard atmosphere (the former

minus the latter; unit:km)
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