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Abstract

Using the precipitation data from 6 meteorological stations in Dunhuang, Jiuquan, Minqin, Yuz-
hong, Xifeng and Minxian in Gansu Province from 2004 to 2007, the difference characteristics be-
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tween automatic and manual observations were analyzed. Based on BP neural network, a correc-
tion model for automatic precipitation observation was established. Studies have shown that the
standard deviation between the automatically observed precipitation and the manually observed
precipitation is 0.254 mm. The average of automatic observation is 0.033 mm (2.24%) larger than
that of manual observation. 76% of the difference in daily precipitation between automatic ob-
servation and manual observation is within £10%, and at the same time, the measurement differ-
ence of daily precipitation close to 11% of the samples is more than +20%. For samples with rela-
tively large daily rainfall differences, the daily rainfall is relatively small. After the correction us-
ing the BP neural network model, the fitting difference of automatically observed daily precipita-
tion is 0.05 to 0.52 mm, the average relative error is 0.5% to 8.2%, the average relative root mean
square error is 0.10 to 0.70 mm, and the correlation coefficient is 0.75 to 0.99.
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Table 1. Detailed information of the 6 stations

F 16 MR ANEAIFR

[X 3k 5 G B 2 MR CK) XK
52418 HE 94°41'E 40°09'N 1139.0 TRKX
52533 R 98°29'E 39°46'N 1477.2 FRIX
52681 ) 103°05'E 38°38'N 1367.5 FRIX
52983 T 104°09'E 35°52'N 1874.4 FFEIX
53923 g 107°38'E 35°44'N 1421.0 FFEIX
56093 IR E 104°01'E 34°26'N 2315.0 IRIEX
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Table 2. Hourly precipitation bias of the 6 stations from 2004 to 2007
3 2.6 /N 2004 F~2007 FEZRET K E XL EE

H 315 A T U KR e F 0 B

B xof L FIME Pl ZE

Ra=Ry Ra> R, Ra<R,
g 248 0.0181 0.1202 44.76% 33.47% 21.77%
THR 401 0.0097 0.2984 40.15% 34.16% 25.69%
) 575 0.0045 0.2473 37.57% 31.13% 31.30%
Hiveh 1203 0.0443 0.1962 33.83% 44.06% 22.11%
i 3 1366 0.0852 0.3328 36.90% 44.29% 18.81%
7850 1697 0.0004 0.2137 38.01% 32.65% 29.35%
Hit 5490 0.033 0.254 37.23% 38.03% 37.23%
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Figure 1. Scatter of the difference between the manual observation and automatic observation of the hourly precipitation of
the 6 stations with the intensity of the manual observation
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IR 6 Nk 5490 AMEEAS )53 I Kolmogorov-Smirnov k46, @il p /M T 0.05, %8 6
ANEEVLIREATZI ZE AT R LS. B2 8 6 ANk E 305 N T ZE8E AR, AT LA B g 22
AELAORIR 704 i 85 LEZS 0 A i 2, A B B Omg i 2k, B[R — R A AS R A2 BT B 305 A TR
BN HOULIN , AMXAFAE S [ K B 23 [B) 3 A AN i SRR R AR 22, RIS A A7 AE 2 T B AR IR AN R B RG22

50 45

IS
&
a
& S

=3

S

[

]
o L ZE M AR T 43 L (%)

N (I
G

e |l
W 1s il

R \ ]
® 10 !

5 J'I { 5

[, 0

R PR A I x K .
0333027242118 1513050603 0 03 06 09 12 15 1821 24 27 3.0 33 -33-3.0-27-24-21-1.8-1.5-1.2-0.9-0.6-03 0 0306 0.9 1.21.51.82.1242.7 3.03.33.6

it b 22 4E (mm) Xof b 2 4# (mm)
(a) Buye (b) R

5

DOI: 10.12677/ccrl.2020.95047 428 SR AR


https://doi.org/10.12677/ccrl.2020.95047

M, PR

X LU (AR E 43 (%)

“w

0 54-3.12.822.52.3:1.901.6-1.3.1.0°0.7:0.4:0.1 0.3 0.5 0 11 1.4 1.7 2.0 2.3 2.6 2.9 33 3.5

o b 22 4E (mm)
(c) R#
40
—_ 35
X
_35 30
E 25
§ 20
ﬁ 15 1
=y
-&,—(. 10
5
0-3'.4-‘3.1-2.8»2_5-2'_2-1,9-1_6-1_3-1_0-0A7»0_4I-0_1 02 1;?5 08 1.0 1417 2.0 23 2.6 29 32 35 38
Xt 2 {f (mm)
(e) VHIE

a
S

w
&

S L ZE(H SR 4 E(%)

w
=3

N
G

)
S

@

°

©

| 1 .
-3.3-3.0-2.7-24-21-1.8-1.5-1.2-0.9-0.6-0.3 0 0.3 0.6 0.9 12 1.5 1.8 2.1 2.4 2.7 3.0 33

it L 2248 (mm)
(d) fa

0

40

35+

30+

25 L

ot G2 A SRR E 43 H (%)

54 { I

0. S i, =L e
-3.3-3.0-2.7-2.4-2.1-1.8 -1.5-1.2-0.9-0.6-0.3 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3

i b 24 (mm)
(f) IRE:

Figure 2. Frequency distribution of hourly precipitation bias between manual and automatic observations of 6 stations
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xF 6 Ak S 5 N TR H BEK B2 AT T 48R 3), WTLLEH, BRIFEATH 22%
7 B S REA N T N TR, 78% AR AR T N TR AE: 76% 1) H 315 N TN H KR 2 {E

7E 10%LAA, 3T 11%IFEAS I & 22 fE 7 20% LA .

Table 3. The relative difference percentage and frequency of daily precipitation

3. ARk ERNEET DRI

—-10% <r<

5%<r< 10% <r<

& i rs-20% R Srs PlS Bh<rs0  0<rss% oot s r>20%
o A 4 2 9 43 0 0 2 5
BB 6.15% 3.08% 13.85% 66.15% 0.00% 0.00% 3.08% 7.69%
o A 9 7 3 57 14 4 2 7
R B 8.74% 6.80% 2.91% 55.34% 13.59% 3.88% 1.94% 6.80%
ROA 10 9 8 65 17 8 3 12
L/ 7.58% 6.82% 6.06% 49.24% 12.88% 6.06% 2.27% 9.09%
WA 16 18 50 114 5 5 6 9
B 7.17% 8.07% 22.42% 51.12% 2.24% 2.24% 2.69% 4.04%
m A 20 41 34 68 19 4 4 5
i g 10.26% 21.03% 17.44% 34.87% 9.74% 2.05% 2.05% 2.56%
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Continued
A 20 12 26 120 61 30 12 9
£ B 6o0% 4.14% 8.97% 41.38% 21.03% 10.34% 4.14% 3.10%
A A 67 93 119 505 93 46 29 56
it g 6.6% 9.2% 11.8% 50.1% 9.2% 4.6% 2.9% 5.6%

(A) is the frequency of the relative difference of daily precipitation, and (B) is the percentage of the difference frequency.
(A) N EBEKEAR ZEMHK, (B) N LIRZMEMKINE 5.

3 04 6 Nl F 3 5 N TR 22 (8 5 H FER R R EOR R, 1008 U H FK S NME £/ 0.1 mm,
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Figure 3. Scatter of the difference between the manual observation and automatic observation of the daily precipitation of
the 6 stations with the intensity of the manual observation
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3.3. BP #&MLE{T IEAREY

I I Bk A TS B S0 R S ST BP MRS T IEHIA . S HUR I Yok
A PAT UL 1] 20042006 45 5~ 1 4 M ACULI HEkE, 3 LL 2007 400 VR Ay s B A BURAT IF
MR . % B AT A SR PRAT TEA TR 51, TR R 0t 50 i
AEF GRS, HF 4 T, i E S E R 5 A TRIMER R, WA R 5 0
P RO 22 , 28 64T TE RO 400 5 ORI AT 22 (XS B AR, KB MK L84 %54 0.05-0.52
mm, TSN, FAl & A N TR 2, AT IEACRYIE.

Table 4. Comparison of original difference and fitted difference

4. REESHEMEIEGEEXL

H F&7K & (mm)

=

&% J 72
HUE 0.05 0.09
R 0.52 0.04
545 0.01 0.02
fir 0.28 0.35
U 0.24 0.62
[lRE 0.16 0.10

T RGP HIAT S BP MR T IE N T EE R RS B, 3@ P AR G 1R 22 (RE) s P30 AE XS 35 7 AR
ZE(RMSE)RIAH % RE(RY)IX 3 MPAE S HOR E BT IEEAN T H Shill B HEmffE . mE 5 TE
H, H KRR ESS R IGREA AR SE R R® 4E 0.75~0.99 2 [H], “FHIMXIH 5 HR%E % RMSE fE
0.1~0.9 Z ], “FHIAHFRZE RE A 1.4%~14.1%. BP #Z /L& 1T IE4E B 5 B S0 55k} AR S FL R i
U, R MARSCRE R, BT Kbk H B /KRR IEBALAMRE 0.90 LA L. RMSE A3 7T
TE AL B 5 B 3 S EHE 2 18] A B HORE B RN BRI R, A R b A LA 453l 1K) RMSE M ZEAN K, 2K
RN R, B RIRa e e R AT i R MR T . RE SO 73T IEAE AR 1 3000 0042 P 4 25 2
FERAN, e RENE 2 At S i 2 SR B ERA P, A s RE B, BEARTE 20%LL T, RERN, K
B .

Table 5. Daily precipitation assessment based on BP neural network revised model
52 5. AFEKE BP MEMEIT EREHTAIaHR

[SETLE I
Al
R? RMSE RE

HE 0.99 0.30 0.016
R 0.78 4.19 0.030
5N 1.00 0.16 0.186
T e 0.75 22.46 0.434
P 1.00 0.80 0.005
I EL 0.99 0.68 0.082
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Figure 4. Comparison of automatically observed daily precipitation and daily precipitation fitted by the revised model
4. AKEB8HWNS BP HIEEXTEE
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I G B 7K & O 8L 77 51, 58T PR RO I R} 0 ZEAE BRI AR Ak H ARG DL B AT o A, TRIRT
N TSI — R G MESE P 5, FEXTLE 2 BT 5 AR RE R SRl b, R BP &ML,
SE TN TSR ZRF AT IERAY, FEXIT IERCR AT b, SRR R 45k

(1) SubrEREAIA, N T TE K, H B A BRI TR, BB BRI 2 G376 G R4
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