Climate Change Research Letters S {ZZ LT PR, 2023, 12(3), 493-501 Hans Y
Published Online May 2023 in Hans. https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2023.123051

AR SKAEETN RN —B XS
ath

R B, i, T
HENKSLSR, R RE

;|

ks H . 20234F4A12H; FHBEM: 20234FsA15H; &4 HM: 20234F5422H

H E

NBAEDSG1 R FEK I RAAMDZZAR B B S R AE N B KT H B — Bk, MASEMXEEERSIR
FRRH2017429 A 2202048 A SEFK MM F L, X LT 7 X B FHT R SR N EMA SN B K
. BIAGREN: 1) XEMFTSIERTEN R K K R AMR, HDSG1IREKIER
o DB H KRS EDZZ4T 5B S G/ 2) EPERKBERUT, XHHHREIRN
BRI B K B NEEA B, (HRKREERCRR, BKER/NFES#G 3) XFAHES
S EIN AR T K DR 25 A R R R, B TSR R EA R, DSG1REK
FACHXT T DZZAR B S R E R IR 8] R R, 0T MK T 4R A0 45 R e i 58 R S v
XA

DSG1EIfE/KIEAN, DZZARIBFHR R, BKE, ZEHESH

Comparison and Analysis of the Consistency
of Two New Meteorological Rainfall
Observation Instruments

Yong Zhao, Lifeng Chen, Yu Wang

Zaozhuang Meteorological Bureau, Zaozhuang Shandong

Received: Apr. 12", 2023; accepted: May 15", 2023; published: May 22", 2023
Abstract
In order to verify the consistency of DSG1 precipitation phenomenon instrument and DZZ4 auto-
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matic weather station in measuring precipitation, the precipitation observation data of Zaozhuang
National Meteorological Observatory in southern Shandong from September 2017 to August 2020
were used to compare and analyze the differences between the two new meteorological precipita-
tion observation instruments in measuring precipitation. The results show that: 1) The precipita-
tion time observed by the two new meteorological rainfall observation instruments is basically
the same, but the minute, hour and daily precipitation of the DSG1 precipitation phenomenon in-
strument is smaller than that of the DZZ4 automatic weather station; 2) At moderate precipitation
intensity and below, the precipitation observed by the two new meteorological rainfall observa-
tion instruments is basically the same, but when the precipitation intensity is large, the precipita-
tion is different and scattered; 3) The two new meteorological rainfall observation instruments
have a relatively good performance in the ground precipitation observation business. Due to the
different measuring principles of the instruments, the DSG1 precipitation phenomenon instru-
ment has higher time and spatial resolution than the DZZ4 automatic weather station, and records
the beginning and end of precipitation earlier and more accurately.
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1. 5|15

FEKEL GRS AR IAEE . o AETn . RAr . LlBM L E RN EES R R, EFM
TSR IINY 55 I FEAR A 2 —[1]. BEERMERRMIRRE, P SMNRAE R 3R 5 23 4b,
Wi 22 A ok B T e R R L IR UL L R R BT B R AR I R ORI A B, LR R A
Joss-Waldvogel ’%1E4%[2]. #EE OTT Parsivel R HE A [3] St~ 2RI RN 5 % A [4]FH 16 B 7K Ak
VIR AR AN [5], IX A AN REM I e /K B . B K R P AN R i (R 5 W a3 AT DA 5 B /K o
TR/ B A AN A0 S OU B . A0 I R e I B K T T PR RE SR 5 A AR [6].
INEE[T]S 28] WBATIO SRE[L0155:4r AIXTLE T LNM %4, HSC-PS32 B Al Parsivel 25 0t v i i
S HHF R R T I FEKSR I 2 5, Ao bk, IR OGRS B2 R R 0 I R K B A
PEEAR—B, AHTEAS R 10 B K ot R 94 7K 5 P 3 BRI A A 22 301

B A S GIARAY55 48 5 S R R T [ B A Y 55, FR i S5 [11] [12]5% 2 P A5 1) B /K IR
GACNEA T AT 7RSS, 45 R R, FEaKI SAOW I B K B G B AE B £ 35 K T 90%,
ST FF S G A TR — B R T 92%, Befig il R R RS EsRk. BT KI G A O A4
ES GGl S S, A0 L AE SRR % o) 2 K E0 G 6 v e 1 R P S, A AR RE[13] H s [14]
JA IR [15]4 18 % DSG1 Y. DSG4 A1\ DSG5 A 55 37K I S AW M A5 5 N TR INEHE T G 73 15 H
R B AT BRI IR R, DB K R RIS 5N TS A B, AHIC T 0 BEKTF UG I ]
AN ST F] 5 N TG A AR, 75 B3R AT 58 A (0 R e 1R A R R A SR AL

NEGIE DSGL B /K I GAH DZZ4 B F B Gk e & B K 5 T — 3, ARSC4it T 2017 45 9
H % 2021 4 8 H £ 5 X A [ S8 GO0 I st 1% 7 R B <0 R I S U A2 i B K k), DL DZZ4
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MAZI RN EFKENSI, ot 7 DSGL BB /KB R AN B K TT I HIPERE, 455 KIS
ACHE TR AL 55 7 (K 3R e AR 2%

2. (UERSHIE
2.1. ML AR

DSG1 BFF/KILGACH DZZ4 B H GRS BN TR o2k R =A1 78 BTt il A= 7= 1 /K B 3
A3 . DSGL AU B 7K I GAX I T I0' s 22 ook J5 3 1) B AR 1 AR R RV AR I AR (n ] 1), ok
FETHIFA N 180 mm x 30 mm, [ /KR 25 BR R 2 (AT, O BRI BARSE B O (5 5 3 55 Sk
BNk (R RE R B, AT VSRR KIS [a] L Bk AR LIS 46 248, ik AW K R AR . DSGL
RUEKILG AT 32 /N RBE I TE A 32 /N BE B TE B KR T, R RBEVE A 0.2~25.0 mm, F 38
FEEH N 0.2~20.0 m-s™, SEAE A BE I 7]y 60 s.

DZz4 R B G ARYEZET AN S SL-1 BYRHF M 2 1HEL DSCL AYRR 8 A MY & 16 PRk gk A7l
o SL-1 BUEHF AR E TR I SR 55 b i F I R KA, FE AR LRk, 04
Wb PRI CPEGH AT AR A, T AN E PR . BRAR K & KRR . DSCL BUAR
H U R RS 2 P RE B TR 2 AOK I N B K BRI T A&, HAMEmAGEE RS . W
FeHHIKE, PTUANES . WREMIKESE MK, 8t — e Py pEoK a8 LA R T 5 K s
[E. RFREKEFIFELEN A, B U R AR E N 29708 0.1 mm,

e 1-BOERAES; 2-NERT; 3-BU6HR; 4-BeEss
Figure 1. Schematic diagram of the operation of the precipitation phenomenon instrument

B 1 BEARKNITEREE

2.2. WMHHE

AR SR 6 T H XA [ Z S NG 2017 41 9 H &8 2020 4F 8 A MIRF/KEERL, DL DZZ4 B A A
G WL KU A v, PEAHXT LA DSGL BY R /KIS AX AN DZZ4 B A B R SAE B K &= /)
IR E . HREKERNZER . XTSRS H KR, 2 BT GOm0 55 50 (1 B 7K & k1 53
FRAEEAT X 73 (W55 1),

DSG1 B FF/K I G AE B & H — A S0k, Byt —2kadsk, SKRHE K RIBENISCd %7 S
N, B—2id3k 5124 Byte, 4E 32 N REEVEREIFI 32 Nl FETE ], 10 B M S50 32 x 32 = 1024
AN, ROV R FH S 52 5 Bl 43 ) e /N B KRS 32 NS5, DZZ4 B S St - B oK E50E 2 3 3L
fF, Boeh—4&ids, RAAEKABENSCE RSN, 08 &AW 2R ACKH A id3%.
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Table 1. Standard for dividing hourly precipitation and daily precipitation
2 1. NEIEIK 250 H K EXI S ARE

NS R NG ZWALE
JINES B 7K B (mim) 0.1~2.4 2.5~8.0 8.1~16.0 >16.1
H Bk & (mm) 0.1~9.9 10.0~24.9 25.0~49.9 >50.0

2.3. IHEAZEEHIREGE

H PR I SASCR) AR R EAG 0, BRI TN min) P E S O A 22 [ ) R 7ORE TR A, PR A
HmR, O R KR, RIA T

32

R, :{Z;n(Di)Df}/MOO ()

A, R FER A min) N HIFKE, B8 mm. n(D)FE~ t i T8 (1 min) B O A REETE
S R (i) B AR B, Dy R A RO VG S5 44 (i) B /K R 35 ELAR

BN, AR R EAMEEH SRKERRANRIEL, FEARR FEABRK. BEBZ, FK
B BB KHIRAG I B AR 6 mm PR AZIE[L6], /Nl 6 mm (1 B AR F A AR N A
Hr e, RO BT R AR EART 6 mm BIMEAKK T 1A [F5 & A R e & B H AR (EAR)
FERME R Z, RIEAR(Q), FEKILG OO FE K & LS bR K S B R AR R, PRI A SO e 4y #r
Y 9 5 80 T B /KO AR 5

3. DIREE4R
3.1. ehpEKE

Xt 2017 4 9 H % 2020 4 8 H & Fg i [X & [H Z A G W vk DSGL /KIS ACA DZZ4 T H 3R
GG B K BT LM (0 22 2), BB R AP K BN 0.1 mm Sk 15,321 4, K

LA P K B ME N 0.060 mm, 3522 {H H—0.040 mm, Z{H H 7 LB N—40.01%. 7r8PBE/KEN
0.2 mm BA_E s an N AN R .

Table 2. Comparison table of minute precipitation between precipitation phenomenon instrument and automatic meteoro-
logical station

2. Bk BB B TS RIS K EN R

ESRIAIARE o m on) BRBUBESEERES  gyosen o sepo i o0

(mm) (mm)
0.1 15321 0.060 —-0.040 —40.01%
0.2 2925 0.111 —-0.089 —44.29%
0.3 1032 0.195 -0.105 —34.88%
0.4 587 0.285 -0.115 —28.66%
0.5 370 0.381 -0.119 -23.78%
0.6 262 0.483 -0.117 -19.51%
0.7 158 0.623 -0.077 -11.04%
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Continued
0.8 117 0.661 —-0.139 —17.40%
0.9 97 0.817 —-0.083 -9.21%
1 71 0.899 —-0.101 -10.13%
1.1 44 1.015 —0.085 —7.70%
1.2 42 1.069 -0.131 —10.94%
1.3 36 1.203 —-0.097 —71.47%
1.4 35 1.193 —0.207 —14.82%
1.5 14 1.215 —0.285 —19.00%
1.6 10 1.621 0.021 1.31%
1.7 11 1.567 -0.133 —7.81%
1.8 12 1.574 —0.226 -12.57%
1.9 6 2.046 0.146 7.68%
2.0 5 2.117 0.117 5.87%
2.1 10 1.65 -0.45 —21.45%
2.2 5 1.914 —0.286 -13.01%
2.3 2 2.299 —-0.001 —0.04%
2.4 2 2.563 0.163 6.79%
2.6 1 3.617 1.017 39.12%
2.7 3 2.21 -0.49 -18.14%
2.8 1 2.174 —0.626 —22.36%
45%
259 —— ZEHE S HIHE
(]
= 25%
m 15%
B 5%
JEEY
R 5%
E-IS%
Y -25%
-35%
-45%

01 04 07 1 13 16 19 22 26
B R e KR (mm)

Figure 2. Mean percentage difference in minute precipitation between precipitation instrument and automatic weather station

2. Bk UMB SRS HEKEEETILLIE

M DSG1 FE/KBLZRACF DZZ4 Y H s Gk 4y e B K & 28 F 4 L BE B R E (W& 2), 438K
HAE 0.2~0.7 mm i, FEKILGANS H s Gk 40 B K & 2 (8] 3 5 7K o B 10 0 22 PR i A8 /s 7E
0.8~1.4 mm Z[al, Wi# Z{H [ 4 LIE M LRARA KR, FEARFFAE-10%/L4; E 1.5~2.8 mm 2 [a], Ffi
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FO e KBRS, P ZEE B o L E th &R BOR

M DSG1 BY[FIK I GAFN DZZ4 Y B 3 S Gk o B K = R A (WA 3), BEKILGA K &
H B Gl K E RN, (A RELIEARDE, X REL 0.89. A8 fF/KELE 0.1~1.3 mm Z[a], FF/KIL
FACK E SRR oK ELEVEMSSIER W &5 7E L4 mm LLL, BEE BB K SR, W08
IK LR MEAE S A i 22 o

N
(2]
T

y=1.0124x - 0.1115
R?=0.8931

g
o

= =
o (O}
T T

B K R A 3 B B K & Cnm)
o

...........................

0.0 0.5 1.0 1.5 2.0 2.5
B3Rl e K& (mm)
Figure 3. Precipitation phenomenon instrument and automatic weather station minute precipitation chart
3. KBS B s SRk 5 bk 2 [E

o
o

PLEXT A4 T DZZ4 B A B S R IR KRS, DSGL ALK I GA S HAE 8 K B ZE R
22 B 7K I A B 7K T B 2R Gl TERE K I (e 3), B /K I GAX o3 B Bk S4B 651 A, M N
0.455 mm, HZ TG BB K EEE N 21,179 4>, BRI R K EHUR S5 B 3 AR 7 B K
AR AU L0 3%, 150 B 9 2 000 281 o 7K ) I T A AR [
Table 3. Comparison table of minute precipitation between precipitation phenomenon instrument and automatic meteoro-

logical station (non null)

3. KB F B [ RuEAEEE) 2k EXEE R

BAREMoEKEHE BRI EAERE B A
(mm) ™) (%)

651 0.455 21179 3.07%

FEARBLERAX 7 B FR K B EE ()

3.2. IZNEIREIKE

¥ DSGL BUE/KILGAUFN DZZ4 AL H 3/ Gk 5 b B 7K B2 R /DN ) (o) B R0 N PR K &,
T RN K BRI bR (e 1)IEAT X LT

M DSG1 B [E/KBL R AR DZZ4 B H 5))/S Gl /INSF R K S0t LR B (04 4):

/INFN B (0.1~2.4 mm), [ Bl G/ /K I AE 2 0.601 mm, B 7K I G A /N B K S 454E 2 0.358
mm, “FHZ{E N-0.243 mm, ZE{H H 5 ELEI{E N-30.59%.

R 58 B (2.5~8.0 mm), [ S G/ N R K 5B A 4.205 mm, KIS AN /K R I{E N 2.744
mm, “FHEIZEEAN-1.461 mm, ZE{H 4 HLEI{E N—-36.08%.

K 38E(8.1~16.0 mm), HBN T Rub/NEFFEKEIE )Y 11.436 mm, FEKILR DN FE K EBME N
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7.847 mm, “FYIZEE A-3.589 mm, ZAH E 4 HLIIME A-31.71%.
T 5RIE(16.1 mm A UL L), HahR Gl K ESE N 24.968 mm, BEKILRACNE K EE
S 17.684 mm, “FHZE{E A-7.284 mm, ZEE 4 LI N—-29.22% .

Table 4. Comparison table of hourly precipitation between precipitation phenomenon instrument and automatic meteorolog-
ical station

4. BOKIIRF B S RGN EFEK XL

EFsiat b FEK B AX
NEF K BRI ARE(MM) DETREKEREAY)  PSEREKESE MK M  EEBSEBE%)
(mm) (mm)
/NF(0.1~2.4) 1548 0.601 0.358 ~30.59%
1 (2.5~8.0) 244 4.205 2.744 ~36.08%
K (8.1~16.0) 75 11.436 7.847 -31.71%
R (>16.1) 44 24.968 17.684 ~29.22%
55 -
~ 50 _ °
Eus -
40 y = 0.8364x - 1.1656
§ 35 R2= 0.9407
230
< 25
X120
%B
A 10
# 5
O 1 1 1 1 1 1 1 1 1 1 1 1 1 J

0 5 10 15 20 25 30 35 40 45 50 55
H 3G/ KR (mm)

Figure 4. Precipitation phenomenon instrument and automatic weather station hourly precipitation chart

B 4. BRKBKMMB SR/ NEEKERE

M DSG1 REEKILGACHT DZZ4 R H 3/ TG i/ K& R (W14 4), FKBLR AN PR R L
BRI KR, (HELVEAS, MRAZ 094, DN FEKEAKRNRELT, BRI
SONT B B RN K B LM G I & RN LA b, BEE /DN K BRI, P /N R
KB MR RIS A i 22

3.3. HigEKkE

¥ DSGL BRI GAUFN DZZ4 AL 3 G0k o b B K B3RS S hndE H R fa 20 H Rk &,
P8 H FEK BRI FRitE (2 1R AT X 404

M DSG1 A /KL RAXAN DZZ4 R H B 5k H Bk & R E (W4 5):

/NN (0.1~9.9 mm), F 31 Gk H /K EIME A 2.574 mm, BRI A H oK &HE A 1.636 mm,
PYEAEN-0.938 mm, ZEAH H 4 HLIE N -14.10%.

HH Y R (10.0~24.9 mm), B 33 Gk H B /K #3548 15.555 mm, BRI G A H B K #3548 10.155
mm, P ZEEA-5.4 mm, ZA{E 5 HIE N-34.21%.
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KRN 3%(25.0~49.9 mm), H 3R ol H K B IIME Y 33.029 mm, FE/KILRACH FK B IME N 22.167
mm, P52 H 4-10.862 mm, ZAH 4 L3 {E H-31.18%.

FNHAZ(50.0 mm LA L), EEIREHBKEE 85.381 mm, BEAKIGACH K ELIE
57.912 mm, “FHIZ(E N-27.469 mm, ZAH 2 HIHME A-32.17%.

Table 5. Comparison table of daily precipitation between precipitation phenomenon instrument and automatic meteorologi-
cal station

= 5. BkIIRIFI BT S KA Bk EXTtbaR

B SR W HEKE MK H KR

T AN
B KBRS RE(mm) HREKEREN) #318(mm) 48 (mm) ZEH ) HIYME (%)
/NFH(0.1~9.9) 215 2574 1636 ~14.10%
{17 (10.0~24.9) 48 15,555 10.155 ~34.21%
K (25.0~49.9) 24 33.029 22.167 ~31.18%
SERI(250.0) 21 85.381 57.912 ~32.17%
iyl
L
o | y= 0.648x +0.132
2 0 R?=0.949
¥
m
X
&
]5
%
¥

19, 1 1 1 1

%glﬁBE(l)F&g?( 70 80 90 100

Figure 5. Precipitation phenomenon instrument and automatic weather station daily precipitation chart

E 5. BKASMMBHSKREHEKEER

iy
0 10 20,30
B3R

M DSG1 KM GAXAN DZZ4 B B TR uh H B K EERE (W 5), FKILRACH BEKE L E 3)
Gk H K E RN, (HREEMMEX, HXREL 095, HREKEAETHBELLT, KIS ES)
RGN K AR PEAOR HEY 5; AERR9RE DL L, BESE H KB, P /N K R 2 A
RIS Wi o

4. GRS

ASGeit 7 2017 45 9 H & 2020 4 8 J1 & R Hh X A E KGN DSGL BLUFE KL RACH DZZ4
B S Gk AR BRGNS I B K B R, PRI L AT T BROKBILGCR E Bl R Rk
SRR E. IR RROKEMHBKENZS, BRI F4iR:

1) M DSG1 B /K I GAXHN DZZ4 Y F 3SRl o B Bk R, B /K I GACR B 3l Gl Wil
T B 7 R TN S AR R[], (E A7 B 5 AU 0 P o8¢ 7K it i) b 9 80 25 5 3 UL 0 F g K e 1) i 22 249 3% 76 4 o

2) M DSG1 BFE/KILG AR DZZ4 B H 8GR /- Bk S MR K E & H K EX RS, B
KL GA L B B Gk /K & /N, X 5 A7 5 RS (17101 7045 I S5 10 Je AR — B AE T S5 TR BB JL LT,
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B K BLRACHT H B R i B K L MR R LW &, (ELRE 3 B /K o B G KA Pk B b, i Fak &
LR LA RIS A (i 22

3) M DSG1 MFE/KIMREAX S DZZ4 B H B RuERT KRG, B KL GAAE TR R B AN 55 h

AELRRIFIRI, BT XA RS G B R A, RIS B3 e A
e PRI ) B 22 T G0 % 3R B 7R T S AR 35 AR 2211 35 £ B 57 B VA Af

E&WH
2R SR SRt T H R G SR TR A 2 B B KA I R R BIEAE (95 - 2019sdgxm16) .
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