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Abstract

Based on the daily precipitation data of 5 representative stations in Guangxi Province from April
to June 2000 to 2020, a logistic regression-radial basis function neural network method (LR-RBF)
is established to prediction precipitation during the pre-rainy season. From the results observed,
the LR-RBF method has a good effect on modeling precipitation during the pre-rainy season in
Guangxi Province. For instance, the R value between observed precipitation and predicted precipi-
tation is higher than 0.91, showing a high correlation. Compared with the radial basis function
neural network (RBF), from the prediction accuracy, MAE decreased by 45.9%, and the reduction of
RMSE is 35.71%, especially at Hezhou station. Compared with the stepwise regression, the in-
crease of R value is 13.09%. Meanwhile, the decrease of MAE is 26.91%, and the decrease of RMSE
is 23.10%. The results show that the prediction ability of the LR-RBF method has been significant-
ly improved, which provides a reference for flood control in Guangxi Province during the pre-
rainy season.
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PR T R 2R KGR X, R K S iR Rl X 2 — o FA T (4~6 ) FfK B4 4 A
SR 40%~50%, R B 4R T H B0 50% 0L F . BTV PE VIR K I AR N B, R vt
R E R B R S0 B BK TR, a5 BT R Ik e S ik 22, AR L N E (1] [2] [3]-

H A B E K R 2 N =205 Goib e, BUEBERAEE ST A & . BUEBE LA T
REMEAR I IR T B /K IR S BENLA, ERIME RS, EE TR ZE .. Mg @i vk SRR AR
fai e, JF HE ERICR R [4]. BB MK ES BB AR 2, Bl BUE 5] A o 4 2% (6]
3 50| SR FH S5 AT B0 VA 7 32 R i e /> — 3R [ Uy vk g S e /K 2 TSR, ot A Rz v TS Pl 28R .
U G S [ T T A8 T 1 LR AR 5G40 A e 7. 3 L 2R 3 3R = P K B 5 PR A 2R, TR i o RO o 45 [8] 2k
T A [ A T AR TR K, R EA AP RIE R T AR S TR A ) o X BT VAR R S R B K S TR
PR 7~ 5] B A 1D R BROR 2R (SR M AR 2R ME), (HUR BRI R 2%, HIRRMIRT =48 5k, Fikfes
BTG RCRR IR R, TR B SI NBR G 72k it

MMz I EA BHL H5 2] JERMERU SR b iz A T RS R [9] [10]. HrARm
Hefh 22 [ 2% (radial basis function neural network, % RBF)E LTS8, 22 P, 732568 Ji5. T
DK B = S5, B2 TR BGRR[0 o PR AE[11] ZERISE[12)6 RBF #4
WL AT TN PR K &, 55 BP M AT X b, FETUINRG B B3 T BP #4484k i 2% [13].
2V [14] 503 RBF, @37 PCA-RBF Tl il K&, I SEBORIBEAT R LE, TR BE S e 7K COESE
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T BN B /K IN [B] e FUBEAT TR0, A X 0 A ok SR B K I 18] Fe 31 rR A AR AR 2 JoBe /K AE, B FE/K
A0, R AR .. HLEX G IREK, BT K ET . ASCE R T 2B R
(logistic regression, fifRk LR)AKAEMEREIAL, X3 ToREKHAAREKH, FRAREKHHA RBF #H£ M
2%, BALARRT - 42 R F A2 2% (logistic regression-radial basis function neural network, fi#j#% LR-RBF)
JUVEE H B KRR, 5 i) RBF MM 4%, 25 A5 L7 % E .

2. WX R #iE

RAEARFEIOFA B . HIERFAE . FRAKSSTARASAE, A SR EL 7 REM S, . BOME . RIS, F k.
A6k 5 Nk AR ) PEARER S, 250k s I A I S S AR LA 1, BT 3L 2000~2020 4E T HIH(4~6
F)iZEHBEKBHE, DA ST SAETEEBEYE, W90 LR-RBF /K TR AR (3% F 1 . b B 2000~2018
FERCHE RIS R, 2019~2020 EEHEAE AR TR T

Table 1. The basic conditions and climate types of the stations in Guangxi Province

1 FESEANEREIMSER
Ko g BRECE)  AECN)  fkEEm) BOKBEEEmm) PR (mm)

57957 FERRIE 110.18 25.19 164.4 135 11.16989
59065 TR 3k 111.3 24.25 148.7 249.4 12.67521
59242 P = 109.14 23.45 84.9 243.6 17.66798
59211 Tt 106.36 23.54 173.5 123.8 11.78008
59644 Jeitgak 109.08 21.27 12.8 138.1 13.00815

3. ARFAZ*
3.1. ZEEASE

AR A e — M B0 7 BT A [18], ) 2 T & A 2Rl U HE — Kl b . A JERR K T
AT LLE e — Bk o SR NI A R K OR AR AR, G At R K AR R e 1) R TR R 4 SR AR
bR, A ITCFEKIN 7 TR &5 SR [19] o Ui PR X6 B A R AR 2R PRS2, 1T 322 8 (] V= ) 0 A5 2R XoF 33X 28 e it )
TR AR B4 [20] 0 R P M) FH 322 4 [ U 3l ST Kk OR AR AR

T4 ] H K R AR T R A O :

1
Tliet

y 1)

Horpry Fomi@ iR RH AR A IERAE, y KT TRIRBIME 0.5, FRonBiRAIWA B KA L, Bk
KEA . Horbrz 2 RIS, £RA:
2=0"X=a+ X + X, +o X, )
Hr, o NEEL pNERRBIARE, x NrEIER.
¥ (2)= A1) AT 15

ea+/31x1+/;’2x2 +o+ B Xn

©)

Y = e A e

ERAR, REIZHE AR R TSR y IE N [0, 11X TR, 4y (EREELT 1 BB K R AR 1
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RBEFRMOR. Kk, 2y <050, HHaidn 0 1y 2050, Mhgiion 1, Hrb, 0 FxTlKH, 1%
TR H o AT, A EAR R VAR (K HEAT B, ARERETHE y (OBERE T e A B R mT RERE o

3.2. BEEMHZML

& ) FE A 22 IR 28— Fh AR 2R M R A I A 2 4%, T 1990 4E4X i1 Moondy #11 Darken #2 i . RBF
AW B BN, SRR, ELIEH A BP R ML B 10°~10% %11] [12] [13].

RBF #2 fH 2% & —Fh B = R IR S5 AT i T I 2k 4 4, B R B NN E . S B T
Z(E 1.

WAR RE R 2

Figure 1. RBF neural network topology structure
1. RBF #Z WM& HhMNEHE

OISR T TR U, . DR, A EEAIE, bk
. HNR S & B A, MRS R L A, 13 RBE M2 A TR S
SErb B ORI, R REOY RS, AR AR A2 AR T AR
x-cf

R (x)=exp =123k (4)

o
Fo, X ORMONAUR AR UE. JUE. HIRBREE C) W | MREREIOL: X -C | it &
TR X SHEELC) MIEE: o JIER T R K RS E S
ARA L.

3.3. LR-RBF fiiRisEs

I EH — 52K 5 RBF M MWL &, KR KERE R4 A Bk H B Ao K B ¥diE
FH A BEKEHRARN RBF #2025 R AT B /K BT, AT 7. LR-RBF TR A [22] 0 R U F -

1) DAMbIH AR . A ROE . AR EAE 50 K8 hR, @SB RIAMEACR AR, B KEL
AR NI IREKFA K, FERA FEK F AR N RBF #1428 W 25 [ 7K Tl 7Y ;

2) BRI A KU AR A BRI T S — A 3

3) I TR EE RS R, BT K IE R RIERREOE R oL, AR R E 2 A
T HEBAUE F i/ — ik BB
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4) HENEBIIE R 2 ER B BOE R BR S R M2 nOn Ik, ot SN - PR s B — 4L R,
By B P B2 K

3.4. &H&MA13
B A U F A SEARL R R FH A O 2 38 A 56 R B IR A B TE B 35 7 L H AR & [23], BRI GIN B2

&, RGNy e E R ERE, RPN RN ERNTRE, EAEENTERAN
MITREFGIER, B ABEIZA T2 TR, B R ERLK, ik A 2R R
RNERE, FRE L7 FETRE. R

Y=o+ X+ BoXy ++ BiX, 5)
Hrp, y RoRATER KR, x ATERE T SRR R KGE. EXNRE, BONERIIREL B,
SIENEES @

3.5. N IEHR

PRHUHE R B R, R4 %% % (mean absolutely error, MAE). 752 1# 2 (root mean square error,
RMSE)ENARISEAN F5FR[3] [24] [25]. i MAE F1 RMSE BT 0, 2 B Fi{E 5 Sl {5 i 225 i
ANy REEEET 1, R TUNMEANSSIE A SR g, AR T 58 Bk T o

4. BRI
4.1. RBF 14 /4% &7k Tl 45 5R

H B0 RBF M2 W 2% L PR, XPEERR . B SREE. T, Abiess MR ST
T K BEAT B4R, HX 2000~2018 4F /KB /E N iIlZhEE, 2019~2020 4FERE/KHHEAE 9IS, Irfs
TG R E G RN E 2 Fros, Al B PR SRR I 2 ProR. SREE 2 S5 2 WAL A
i P K FNAEL AN R IIELAR OGP B, R BN 0.86, ARy P (il /K T AL AH SR Ve B 55, R
65 0.81. MAE M1 RMSE i & 78 5 5B 2 18] 4 22, 1 Ceasnt B 7 UM i AU N 22 18] 3% 22
MAE 5/, 2y 3.93, Bk K FUINAE AW INAE 2 18] (3% 22 RMSE #ie/y, 04 7.310 T b i st B /K 0
R I AE 2 18] (3% 2 MAE, RMSE #2K, X 51652 & MEEEFRmA 5, %5 it #
T HIFEI AN 1

R B

RMSE =7.3788 RMSE =7.3146
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Figure 2. Comparison between the predicted value and the measured value of RBF Neural Network
2. RBF #1424 FUNIMEL S STMME X EE

Table 2. The precipitation forecast evaluations of RBF, LR-RBF, stepwise regression during the pre-rainy season in Guangxi
Province
Fz 2. RBF &£/ 4%, LR-RBF #&MLE. Z S EIYAT 7 ai A EARE K FUR T

. LR-RBF RBF 1144 & A
R MAE RMSE R MAE RMSE R MAE RMSE
R FE 0.95 2.77 5.61 0.82 4.38 7.38 0.84 3.79 7.11
BN 0.93 1.92 4.80 0.82 4.20 7.31 0.89 2.30 6.31
NI 0.95 2.37 6.15 0.86 5.03 8.70 0.90 3.16 7.19
Jbifgsk 0.91 4.25 9.01 0.82 5.57 9.50 0.86 4.72 9.24
[EREh 0.92 2.40 5.44 0.81 3.93 7.41 0.87 3.17 6.74

4.2. LR-RBF #1424 bEKFMLE R

A LR-RBF F50M ) 74 AR BRI, s Al L a4 R 3 Fos, Al i
BRRPEN SRR INR 2 P 25674 2. B 3 AKX T RAE, SRIESSSEEMS R {HAFY 0.95, FE/KTM
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Figure 3. Comparison between the predicted value and the measured value of LR-RBF method
& 3. LR-RBF FUM{E S5 Seil{E X EE
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ShA P 3 RIS 4w N, PR R I 2% 1) IO - SE DB B B, R W] RBF 148 X 45 o) B /K T
BORET . BRI S, T LR-RBF /K OIS Y55 B Al R 428 ) S b 22 IR 8 AL RO B AT, R A2 R
Ik, H RMSE 5K R 4.80, K/ 34.34%. 11 PR PR 28 ot A b v il /K Tl 8 R B 22, X 5 ki1
HPEA BA K, JbilgREKE 26 NGERREEW, [ E N E R TR EREAEN.

W0, KPR AN 75 SRS Gt BT E - BB RIAM R . 73T RBF #1480 W 25 A
. LR-RBF FE/K TSRS | 320 [l P e ) v d8 bR, 4R a056 2. JFE Y RBF #12 /%% . LR-RBF.
A [ A B3l 5 K TR 5 B SEAEL AP A AR ZE i 6] 4. 45555 2 I 4 AT, LR-RBF /K T A5
RITRIAE J1E RBF #4845 1 804 (2 2t -, ELARSR I FLTINRS 5 5 RBF #1122 M 26 MAE {H f KUk
/bR 54.29%, i RMSE fE i K/ 34.34%, Rl vt . MxHRZEWA &R, KRz
Dk sk BRI, Wb T 10.26%. 1T S K T K B R B T 0.91, RIS ARG, KR
FEE ARt R SR S 3 P K FRNEL RN S R ELIA 3 0.95. 53& B [RIIAAH EL, LR-RBF ) R {E =4 K 13.09%,
MAE % J#/> 26.91%, RMSE &% /> 23.10%.

2l —*— B | |
—o— EHHENE
20| ESEA |

10-

) ‘\/\

6..

¥z WM EH e A6
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Figure 4. The relative errors of prediction of precipitation using RBF, LR-RBF, Stepwise regression
& 4. RBF #£ZM%4, LR-RBF, &L EIAPEKFNAIFERTIRE

4.4. HEBIFE KT P& AR EL 534

FHERT RBF &M%, LR-RBF #IE M4, &5 RIALERE K TR R, PR AgE—TF =
JTEAE K TN B R N2 30 =7V AE R K T v #1520 2 N, (H R AR 73 2R 11 Bk &
b 0 [HIRZ I, Xt RBF 148 W 2% [ TN 5 B et i A5 [ A R 2 55 ik F S5 #7252 1 LR-RBF
LSl LR X Bk E, 1A FKER RBF MZSHHT KT, Bbr 32 - 1l ge

Table 3. The applicability analysis of RBF, LR-RBF, stepwise regression in precipitation prediction
% 3. RBF #£M %%, LR-RBF. B3 7K TN AYIE A MExTEE

Trik: P s
RBF #Z i 2% gy, WCSIOE T, TSR B El O (B, SEMATRINRS FEANSAT I L

THERRE/K O B, IS TR, KK ERIRIET 2, 2 JB RS L 2 R T
TRRIRS L 5 e RERIRE L, T B D RAR LI o

LR-RBF #i£2 /%
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DUH TR AR A XUR S AR AR N T R 7, @S T LR-RBF 1) P4 A AR K 750
B JE AR RBF ME M4, &0 B A TRIRGE RAEXT L, S0 UF2H G A A ik

Xf 2019~2020 4 4~6 H VAR, SR T IO, S5 SRR LT LR-RBF (1) P A AU K Tt
FEIE B E LT RBF P W2 D (Bl A TR 45 J o FLrb, Rt 60 Sk 5 il A 7 SO A R SEz 0 52 300 v P&
FHOR, RAEMSEVER KIAF] 0.95. HrilH, AHXS T RBF #HZ R THINSE 5, 50 PN sl B /K TS J3 42
AR, MAE {H K> 54.29%, 1 RMSE B 5 K/ A 34.34%. TR 2R €3k 7K Tt AH % % 22
PRI EE, WO T 10.26%. AHXTIED RN R, Xk uk oK kS B4 oA 2, MAE
KU/ 26.91%, RMSE 2 KJ/b 23.10%.

AR LR-RBF T B /K, F5 8 —f) RBF #1£4E M AL I GE T R (E X b, 38R 41 A 45 75 T
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