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Evaluation and Analysis of the Coverage Rat‘o | Weather Radar

BAI Shuicheng® GAO Shan'  LIU Chang' REN Danyalag: L13@f*  CAO Meit
ZHANG Yingmei®  FAN Tingli
1 Xi'an Meteorological Obgervation Center, Xi‘an 710014

Abstract: The research proposed a method to te the radar detection coverage with a
point on the surfaGe, and used the terrain elevation data to

simulation of the negative elevation angle
inimum observation elevation angle of the three

82.7% and 32.1% at 1km, respectively. On this basis, a method used the average
annual rainfa and population datas were suggested to calculate the priority of radar
coverage in blind and counties in Shaanxi province. The findings of this study provide a
theoretical and technical support for the construction of weather radar in the blind area of radar
coverage in the future.
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B AR A [P RS ) I 7 o 3 M ) 5 T A M AT 0y i A T R
B (WR3CSE, 20205 75 4%, 20205 4%\ #KSE, 2020; EHESE, 2020; HHK4%, 2021).
BRGSO e R A A %2 3597 oK. R T AN @IS, G
DR AR [ 95 i 55, SN R TE RN T X, 32 T 5 B 9 T A2 ORI A P AR [ 95 558 B ) R <
R OIK B RN O™ R OB R . R R R AT AR Ol AOR AR IRk Bk L E )
(QX/T100—2009), FI| FH FL8 oy ik 7 o VIS 16l P PO MR A R BScHie 222 1 T A U e Ay LA e A
EJ5 Tkm. R 3km. ik 6km SRR LA, ATDURBFHIODEAS BRI ERIGE ST, A 2 5
FROIR S AR BB R DAl IR LR AN BE ). RRESE (1999) MNgKkH: 545 (2001)
[ T IR TR S AR v R AN i PR SR BN 59, 0 B AR (20000 FRH TR
BRI B, IR TR B E MW = (2003) FIFHHE(E B R4
(GIS) FRINEHILBEIHAE S “ 2 B RAE BRI I BT A7 HIRC A
7B Hb v SRR 22 ) Bt R T A 5 S R v LA 2 3l R T S S R v R I Sk
Bk DU F f) 3 A AR AT B R AT

IR, B — R AR ISR N AT TR T, 0 55

i L Ve - TR

TRBOMERE da 125 3 MEETRbr. £4HISE (2014) W Fr AR T
T DX TR AR R A A 96 1 45 SR PTSE I, E 20 AT QL5 MEH K5 0CJ=

VKB X 78 5 e J1. ARPHE (2018) Fik & (2020) eI H mREoE o 4 R
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FETTJE T 7820 20 #5945 (Klazura and Imy, 1993; National Research Council,

KRS (2021) SHESER
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1995; Madd 2002; Hardegree etal, 2003),
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TIA 3 X P BRI B 1A 178 55 A6 RN v Lk TR Ok S A I RE g, THE T BT RSy
EFEREE SR, 45 E (X)) i 30 4£ (1991-2020 4E) 4 FHIBEME. 2018
fF GDP fH M N, 25 T FRISHNE B

1 BTt
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2



78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

95

96

97

98

99

100

101
102
103

Hig b, WIATRNEAEN, ERAFEMPET, AT HEWNMA 02482 55%6.52
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ZLRN 74 20.0% MJ5fiff 0.0< ik 0.5 A1 A T Y 0.0F, Xf 0.0 K 1A 4k,
TR ST IA RO IR A SR, A S AN STCTEE 0.0 R IR RIRIE], A S22 W
(8% i, R N 1km, QR AL T 0.0 T8 Sk S 2R A AT IR B 0K S WL #7122 B], AT AR
TRIE], FWCEGEME . fln A &, RN km, &R AR
W 20.094 4k, RUCVEBARME] . BE S TR AL AL, BN 20,09 s K, IRZ M2
F km TEVEBEARIE], TR T ISR E XSGR EAA, T A SO TR

— i, BHEAEW IR ARG B N RERE 98 S R B Lem (1) 243
s (D, (2). (3) s

h) @

B, Sy I Rp Al DX AR R v P A o A 7 i ) T

EREL N NBCRIAE SRR E RN S, HON

B NOARF PG X IS A A Kt
B P EA BRSO, WOV &, h o by AR SR AL E B TR IR R
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Fig.1 Ground object occlusion simulatio
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LR, Hh R AR R & £ R AAE 3~Tkm, AR EHRUE S A B R (QPED, 2 ) £ 0.5km
m R ERA R . wE 2 fos, EAFEE QIARME LT, PE 2 R i d AU A i
HRH, MR 0.0S PA s WL fis R TR £EPA i 205 9 PC AFTRE BEH A
TEE X, D sk e B ik RE s 1] FED #M%%, R MBS,
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* 1 BEFHTEREEMBEXFEMESTEEFE

Table 1 Blind s adius at the top and coverage radius of a single radar in the ideal conditions
B (km) BIEEX R km) B H XA ) E A (km?)
0.5 1.4 92.2 26700.0
1 2.7 130.3 53315.3
2 5.5 184.4 106729.7
3 8.2 225.8 159964.9
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Fig.2 Blind area and coverage radius of the weather radar in the ideal conditions
22 BRA KRB B RS BEBERES
Bevh A [E L AR 20.56 J5-F 07 o B, @ v SRAR AN A ST H i i
Fit 201290 4>, A RARERAGTIARZ) 1.02 175 2~ Bl MRIEASCER
JH3aE by 23 FRFr— AR IE AR 15 B 7 AR AN o T A%
250km uﬁ x &E;“c niifﬂ:uﬂHé %H 75km uﬁ %X?Eéé ke

00:2%, K AL 31.3%, FHESEL N
Gt 12 vh, 5k 52.2%, {RAEELEL 7 U, Gl
8 i CCIZRHTI/N, 1 B B vl K 1144 4t T RS
TR AR I 0 78 75 Y [ s i A, (4 1km

63.9%, mETLL 4 Uk,
30.4%. K4 ikbE
IR B A ™ i
2km. 3km = EE

®2 RARBLEMNH—RXSBELESRE
Table 2 The c\ age capability of new-generation weather radar of the Shaanxi and surrounding provinces

1km 2km 3km
4 £ o SRk SRk
Bt Bt BH | SHeEEGm) | EER

(km) (km) (km)
[z 97.3% 90.9 78.4% 115.4 67.2% 151.1 65.7% 182.9
Y 2% 63.2% 73.3 70.2% 109.2 75.9% 160.6 76.5% 197.4
itk 92.7% 88.8 101.1% 131.0 104.8% 188.7 100.2% 226.0
M 47.8% 63.8 40.6% 83.0 36.7% 111.7 36.9% 137.2
2 27.2% 48.1 26.8% 67.5 28.5% 98.4 31.3% 126.3
e 57.9% 70.2 52.3% 94.3 52.6% 133.7 56.6% 169.8
[kt 27.7% 48,5 24.2% 64.1 26.5% 94.9 30.7% 125.1
I 89.3% 87.1 81.8% 117.8 80.1% 165.0 78.4% 199.8
8 67.6% 75.8 68.7% 108.0 71.8% 156.2 72.3% 191.9
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o J5 1.6% 11.7 9.3% 39.8 41.1% 118.3 62.5% 178.4

(04} 22.6% 439 35.4% 776 52.6% 133.7 63.2% 179.4

PNt 49.0% 64.6 76.7% 114.2 97.5% 182.0 99.9% 225.6
ik 2.0% 131 4.7% 283 18.6% 79.4 36.2% 135.8

FiM 42.6% 60.2 57.9% 99.2 66.2% 150.0 69.1% 187.6

.58 0.6% 7.0 3.3% 23.8 24.9% 92.0 48.7% 157.6

Il 3 49.2% 64.7 42.7% 85.2 43.2% 121.1 46.6% 154.1

EP S 32.9% 529 34.4% 76.5 38.1% 113.8 42.7% 1475
=00k | 38.8% 575 43.8% 86.2 53.1% 134.4 59.3% 173.8

RE 40.8% 58.9 66.8% 106.5 76.7% 161.5 74.6% 194.9

& 55.1% 68.4 73.2% 1115 84.9%

I 40.6% 58.8 50.0% 921 62.9%

Pl 88.5% 86.7 97.6% 128.8 92.7%

KK 73.4% 79.0 70.4% 109.3 70.0%

T 48.2% 59.7 52.6% 90.0 59.4%
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LA AR 0. sqm %ﬂﬁm
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K3 mikEmm (a) FEE, (b) F%E, (o) #iRE
Fig 3 The Radar masking angle of (a) Guyuan, (b) Wuzhai, (c) Shennongjia
SKIARLEE (2013) 48 H 1 L B A b 7400 A LI 1 J B A FAREACD # SR P 2 o 5%
M) P 25 e AR DA (0 R 3R LR AR TS T L 6 . MRl 2855 . B0 b FR A e IR £
i, 7 a5 I ABOR . (HERARMABAR, FIaeiE AR G, B R Pa E f &k
HNAMA . a4, AOFRA SRR T LEEEARAANARELT, RN A EOR
T 1km ARG B 5 N TLEERIAMMA TION-012 -0.92 -1L.3F, PR T 1km
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v A A N B R RERTR, CYEEIA R R0 0, SRR 1km s 7 o6 A
N 1785.0m°, LR 23.8km. BEE A AR, 7 mAUREIK, IR B X R
WIS o 24T TR TR T U A 9-0.9° T, SR RS Lkm w3 J3 78 o5 1 AR ik 1) e K1 116629.9m7,
SRR 192.7km, HFEEFEABIENHES ., s, TREEHSEX. 40 MHgk
SRR, SRR A I O W 7 2 I REET /N, 4 T IA R R FEN-1.3 ), B fT X
1km FEE X EARN K. NHEE G, HERERRMANER FHEN-09NEE,
PER AR A o~-0.4< R FIAMLITiE 5 X e FiA R MR 5, HDkRIK
RN BEA-1.3S B R O o8-0.8 IZ IR ERERI T 5%, [l JE AN pf R 2R 1A L B
B [X S /NI 3 SR A oA £ B R-0.42 0.8 I DA B4R AT T AN, WSRO TR IS AR
SEAITH, AT R AT b T i 5 7 25 AN R, B R AT R, AN [ Bk R AR AT £ AR
I8 1 M T AT B AT

120x10°
100 -
E 80
-7
= 60— /
= 40+
"
20 - -
I T 1 I
20 <15 -0 05 00 N

ol Tt (%)

4 HIRFIEAFRMA 1R i 278 i 1 AR
Fig 4 Coverage area of Wuzhai/rTka height\un@er different lower edge of elevation
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Fig 5 1km altitude coverage of Wuzhai radar elevation angle bottom edge at (a) -0.15 (b) -0.95 (¢) -1.3°
4 BRVUAEFr5E e R AT o O

AR T BTG BRI U 23 T AR U O BT 4 R i 0 2 SV
FE SRR A SR VE I RS L, ST BRIYSE AR — SRR IR E S H, F-mgz Tl
RIS I, SR T EE . T E A R VO R e RIS R AR . iR 3 TR
il BRIUBEA 0.5km mELH—ARAUHIE —HEE RN 48.6%, “HAHEFN 2.3%. K
HimEEm, —EE RN T EHE RN, Akm &, PIE IS E] 100%.
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Table 3 Coverage rate of new-generation weather radar of Shaanxi province

BE (km) —EEE (%) —EEE (%)
05 48.6 23
1 80.0 189
2 98.7 745
3 99.9 97.1
4 100 100

6 (a-d) MK IIBETEH— R KT IE 0.5km. 1km. 2km 75 57 26 56 ARG N 7 3 3 X I
BYEIAIG 1km S 78 S H . B 6a A, £E 0.5km &, BRIG IR —EE R e, At
AR PRORI S 22 T A 7 o VO R BRI, (HIRDNERIAD, HUIEOK, B FE A, il BRRE IR
ML, HREATFERELX, EX™E, BiaRBAm. HE6eb vk, lkm mE—EHE
BERKIEEE IR, A7 X AT F A A PRI A A X, 1km

BFERMRAE 2232 X, AR I 6c AI%, 2km @ —E AT
BAFIP . R RIS, PUEMIR, WP, ST

g, —HEBGEFRME, B%T‘JXEP\ ZRE. TR B
mE, —EAMCECLRPAeER. K ed xEéijJD/j@‘ ) | /&Eﬁ%ﬁ Y=
1km = E SR O L 6 b Fld FTLLE 2], =6 AN T RBHAL R AN
TEZFEERINE X L5, #n 3 *‘BX&&F‘%F 1km| = —FH A 55 % 80.0%042 /5
FI| 82.7%, —H 7 75 3 H 18.9%4¢ 3 32. 1%@5&*1&1’%%5 H TR IB R .

Tné:&% (a) 0.5km, (b) 1km, (¢) 2km, (d) N3 ¥ X WEEEE 1km BH
(e h—EES, SO _HED
eneration weather radar of Shaanxi at (a) 0.5km, (b) 1km, (c>2km , (d) adding

3 X-band raddrs at 1km altitude ( Light green is single coverage, dark green is double coverage )

5 BRIGHEE A A IAANE #I

5 ARRAEIBMEL, X BEBORUHEEBARAE . RICK, SRR, (2 X BBk
h*ﬁﬂﬁﬁc%‘ﬂ’] A 7» 2, MR BRI AR XN, BERS AT AR TH RN RUBE 9 RS
FHIRE T TR RO IE RN E X, & H SN e X BBOR U 1K AT
%I\a HHXEZH, WTHEAEEIEERMIES, F&EMREIRR I
KA IE LR BRI ARG — R UL SRFEACOR URR B AR N L ER
SPFER TR, ERAEEN DR AN 5 ROEMIX I FEI 5. BT A SR H P
R, DB MM . GDP. A& IRk E & X W FIA %% .
FARfE : 0 1km s BRI X BT B R, GDP. A LR BT
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H4, BB =DHEA TSN, SUEs N, R gllm. K 4 2RIETEE GDP
FINOEE (2018) K 1991-2020 F- Pl EH 4, THEH M tkm &EEH X E X HEH
SRR H, &M

N SO NI b NN R R st T R A

x4 BAEREAN L AESEESEXEEEHERER

Table 4 Radar blind compensation priority of blind areas and counties covered at 1 km of Shaanxi

SR B4 GDP 4 AOH4 FEHEWEHS SEHA
1 P 45 26 30 101
2 S 57 50 2 109
3 I 11 33 67 111
4 AR 1 20 95 116
5 Bz 52 51 20 123
6 B 73 59 1 133
7 A 6 53 93
8 picsvl 15 4
9 345 80 65 168
10 e 85 78 168
11 MK 79 77 174
12 RE 48 89 174
13 Tk 91 93 191
14 BAP 96 96 195
15 St 37 90 208
16 B 98 ﬁ\ 16 212
17 KH 93 95 25 213
18 =0l
6 4t
AR T H
(i, Tt
g
¢H) NG 23 FRATE ISV IE B ERCEARAE 0.5km = B 737 N
48.2%. 59.7 1km 5 23 5 A 52.6%- 90.0km, 2km = 73 i A 59.4%. 138.9km, 3km

=53 63 1km.

(2) A T mE T IA SRR GE 77, R KA FIREENLILTH, 525 R A A0
D, AN TR] vy L 75 9 S AR AP £ SRR 8 JE) 220 M 7 33047 B 0 o A

(3) THHE T BRVGEE N A = R AR — B SR EE G5 0.5km &E)
WA 48.6%. 2.3%, 1km =JE 05009 80.0%. 18.9%, 2km /&4 HIA 98.7%. 74.5%, 3km
EFEY N 99.9%. 97.1%, 4km EiFEIA 100%. 4 BRPE =E8 X BRI E R EAENK
i, 1km = B — L7 a5 S0 U E T 5 R R T2 82.7%. 32.1%;

(4) B-H T ULENRAL, KIEFE TN E. GDP MA D&, HHEAESZEXE
W X EBRRAERRER S, Feihe THRIEHEN 1 ARREFAEGE X EEEEH
KRS



243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

SE AR

FIKEL, mih, SR, 55, 2021, RAEHIBEIAREEBERERM]. <eRe, (DM, f507]). BaiSC, Gao S, Fan T L,
et al, 2021. Algorithm optimization for weather radar range chart[J]. J Meteor Sci, (Accepted, to be published) (in Chinese). ([
BT M BBk, RIESHAR, B

MR, KDL, WK, 1999, FHIAEH A EEHIEAR] A4, 25(11): 47-49. Deng Z, Liu W W, Huang M J, 1999. Drawing
radar chart with Iso-beam height[J]. Meteor Mon, 25(11): 47-49 (in Chinese).

AFFIT, A, JIE, 48, 2020, 1R 3 OKFRI ISR 22 2 A BIRURFIE S AR 20 W [9]. U4, 46(2): 179-188. Diao X G, Liu C,
Wan M B, et al, 2020. Analysis on cloudstreet echo characteristics and effects during three severe rainfall events in Shandong
province[J]. Meteor Mon, 46(2): 179-188 (in Chinese).

R, W, BN, &, 2020, R IR 2R RO E A U AL AT [T]. RS, 46(12): 1543-1554. Guan L, Dai J H,
Zhao Y M, et al, 2020. Radar climatology analysis of warm season afternoon convective storm over Shanghai[J]. Meteor Mon,

46(12): 1543-1554 (in Chinese).

SR, MR, KB, 4F, 2019 FF SRTM Hdfa (R T EH ISR it F[I]. R, 45(6): 871 , Xie X L,
Zheng W, et al, 2019. Research on weather radar environment detection based on SRTM elevati 45(6):
871-876 (in Chinese).

SR, KB, RISRIR, 4%, 2020, FET SRTM RATHIKG B SHARE D IN]. <R, 46(2) . eng W, LiuZ Q, et

al, 2020. Error analysis on the assessment algorithm of clearance environment of weather
278-282 (in Chinese).
TG, WRAE, KRBT %, 2021 EAMIE T C IR BH A e B KA T EE]. =i 89-702. Li Q, Qi Y C, Zhu Z W,
et al, 2021. Quantitative precipitation estimation algorithm for C-band radar situat omplex topographical regions[J]. Acta
Meteor Sin, 79(4): 689-702 (in Chinese).
WL, KRS, BESE, %, 2020, RIFEGREERAR S R SUE R AL AT [I]. %R, 46(1): 63-72. Lin W, Zhang S S, Luo C

R, et al, 2020. Observational analysis of different intensity sever c@nvactive clouds by S-band dual-polarization radar[J]. Meteor

Mon, 46(1): 63-72 (in Chinese).

http://tjj.shagnXi.gov.cn/Upload/2020/pro/3sxtjnj/zk/indexce.htm (in Chinese).

FER, T, W, 2018. =ML S8R HEEMRMIKE WESEGEI]. AR, 29(3): 270-281. Shi B L, Wang H Y,
Liu L P, 20183C capacity of hail detection for Yunnan Doppler Weather Radar Network[J]. J Appl Meteor Sci, 29(3):
270-281 (in Chinese).

TIER, Bl Mg, 4, 2000, 28R SEEMHAEN ZE WA PEOR[]. FIHSREK, 11(4): 440-447. Wan Y F, Yang H
P, Xiao Y J, et al, 2000. An objective method for analyzing the horizon of doppler weather radar stations[J]. Quart J Appl Meteor,
11(4): 440-447 (in Chinese).

FELH, XIBE, TR, 2014, WAL L X B —ARR A HEBRER T[], BIRAE, 33(6): 1737-1747. Wang H Y, Liu LP, He L P,
2014. Beam blockage studies of doppler weather radar in mountainous region of Zhejiang[J]. Plateau Meteor, 33(6): 1737-1747 (in
Chinese).

FLLHE, XIFEF, 2015, B —HORA T KB A FR X0 2 e PG [0]. miR4L, 34(6): 1772-1784. Wang H Y, Liu L P, 2015.
Assessment of CINRAD regional coverage for quantitative precipitation estimation[J]. Plateau Meteor, 34(6): 1772-1784 (in
Chinese).

FHEAR, M, #EME, &, 2010, 3T SRTM B i) ob BB — AR U A o AR E £ VP A 0], R S IR AL, 16(4):

10



287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

459-468. Wang S D, PEI C, Guo Z M, et al, 2011. Evaluations on Chinese next generation radars coverage and terrain blockage
based on SRTM data[J]. Clim Environ Res, 16(4): 459-468 (in Chinese).

M, TIE, EEM, 5 2021 FET S BHBCH —AURE G A T BRI TEREN]. RE, 47(8): 919-931. Xiao Y J,
Wang J, Wang Z B, et al, 2021. A downburst nowcasting method based on observations of S-Band new generation weather radar[J].
Meteor Mon, 47(8): 919-931 (in Chinese).

)\, B, ARET 4, 45, 2020, C i BUm L R UH B AR K R BT HIUEE I HIHT[I]. L%, 46(8): 1113-1121. Xu B L, Yang W J,
Xu S, et al, 2020. Preliminary analysis of the ability of C-Band mountaintop radars to detecting forest fires[J]. Meteor Mon, 46(8):
1113-1121 (in Chinese).

Mrhor, kI, FERHLR, 55, 2009, £ HIR S IS A MR X ]. BIA G4k, 20(1): 47-65. Yang H P, Zhang
P Y, Cheng M H, et al, 2009. The Valid Mosaic Data Region of the CINRAD network[J]. J Appl Meteor Sci, 20(1): 47-55 (in
Chinese).

KRB, AERE, BEA, 2001 FEKREM] dba: KGR 125-127. Zhang P C, Du B Y, Dal

P, 2001. Radar
Meteorology[M]. Beijing: China Meteorological Press: 125-127 (in Chinese).
TR, W, mET, 4, 2013, Hi—RRATHEGUNMARNEE T[], AEEHE, 41(1): 15-19. Zha Y, et al,

radars in Shenzhen[J]. Acta Meteor Sin, 79(5): 786-803 (in Chinese).
BEI 4, Wiz, 2003, HEE R RS(GISFER— R EH kit +h i R[],

X, Shi C X, et al, 2018. Analysis of effecti
44(11): 1434-1444 (in Chinese).

Maddox R A, ZhangW, Gourley J J, et al, 2002. Weather radar coverage over the contiguous United States[J]. Wea Forecasting, 17(4):
927-934.

National Research Counci

5. Assessment of NEXRAD Coverage and Associated Weather Services[M]. Washington DC: The

National Academies Press: 8-33.

11



