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Abstract: Summer is a critical period for fishery production. Pond water has high temperature and
low saturated dissolved oxygen, while aquatic organisms have vigorous metabolism and high
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oxygen consumption, which often leads to oxygen deficiency and economic losses. Dissolved
oxygen monitoring equipment is limited by pond water quality, making it difficult to ensure
monitoring accuracy. Research on meteorological prediction models for dissolved oxygen in
summer aquaculture water can offer references for regulating dissolved oxygen, warning of
fishpond suffocation risks, integrating intelligent oxygenation systems, and improving fish pond
water quality monitoring accuracy. Based on in - situ monitored dissolved oxygen and water
temperature data in different layers of freshwater fish ponds and observed meteorological data
from meteorological monitoring stations in Jianghan Plain, the spatio-temporal variation of layer
dissolved oxygen in summer was analyzed. A real-time prediction model for dissolved oxygen
based on meteorological factors was established using the RF- SVR method and compared with
other models. The results showed that the variation characteristics of dissolved oxygen in different
layers were obvious in sunny and hot weather in summer, that is the dissolved oxygen content
started to rise from about 07:00 or 08:00, decreased vertically with water depth, peaked, between
17:00 and 20:00, then began to decrease and approaching gradually, with“the lowest, level, from
03:00 to 08:00. Under severe cooling and low-light conditions, pond dissolved oxygen rapidly
dropped below 2 mg+L "* and maintained a low-oxygen environment. Partial’depefdence analysis
indicated that summer solar radiation exposure, sea - level, presSure, and maximum temperature
are the main limiting factors for dissolved oxygen changeswin aquaculture ponds and have a
significant lag effect. The MAE, NSE, R* and RMSE of meteorological prediction model for

dissolved oxygen content based on RF-SVR were 0.50 mgeL'', 063, 0.77 and 0.66 mgeL™

respectively, showing better simulation accUracy and.error than the other seven models and being
more suitable for summer dissolved oxygen prediction.

Key words: Clear and hot weather/with high temperatures, dissolved oxygen content, fishpond
suffocation, Jianghan Plain, RF-SVR
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W4 (dissolVedOxygen) +&FrHE /KR &K N EESH (Xiaoetal, 2019; Zhuet
al, 2010), H &S RA KA A L BTS20 B K (Lipizer et al, 2014; Rahman et al,
2020; Caojetal, 20200, 27K/ F=5H A LLAEAF MM FEFRFE RSB (Liuetal, 2014).
BOKFRE MFNE NS, KR 15°C LA BT IEE & &gz, FEES R, KT 10T
MHEAARBARESWFE AR KT FirIX — % 4-10 H/KiRFSELE 15°CRL L, & B R
IHRIKFEF A ATANG, 728 A R T EA K, SR, 0F, BAKP. R, KRR,
WAREBMERIR GRmESE, 2020, & HIMKEEEZIE FRKIEEEAN L FEU LS
IKAESFARIEZ BIETINR), IR G E RE TR . TR ERARAR I T BUK
iR R (kT A, 2022; MSMESE, 2022, R EESE, 2023; PEEE, 2024),
X IKAZS R GEANIR K FRFE YA BS™ B2 o 5 2= M B /K AR R A 2 R BUK IR B,
I 7-8 H I B AR WA IR K FRFE Y T BT i A2 0 ) O E H Ao

FEARARIE RS 0N 77 T, AR B2 K. ARIEBNE Z MR Z M (Huan et al,
2017), EAIRLME. KA. S8R A . AR ES4F T (Xiao et al, 2017; Chen and Liu, 2014;
Poulson and Sullivan, 2010), #ELAR fajFLGETHIT ARG HETTIN 4 AT 78 3 ML G4 1t St
T (REL%%, 20155 XURENZE, 2012) FIPLEES ik CGRAFS, 20205 EEFIX)
EAfr, 2016; MEANFI BB, 2022; BROEXAE, 2020) FFREEETMN, 152 DK R
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FFROVTIM A T, EDU Y R BETRIE T SR, AR BUI Rk 23 A WA R A T i Fle A i
RE R4, 2018). PRIL, JRREET U <R A 22K 1 2 i S S S T 7t
XS IR FRTERT RILK Lk i FREFRTE S 1 BEE B B Bk Sl B . AT FEdth B T
DOV IR FE b AT iR S SISt SR BE LR MR —SZ i) & [ 757 (RF-SVR)
T R 2R K R i W B R RN AR AT 7T, DU ¥ S 12 iz i XUz B 42 4R (1 225 1K
&, R F S SR R SR BOR S

1 MRS
1.1 HERXER

WA YR A7 TYLDCF R, A IR T R, SRR E . R, K%
W E T, AWIEE KRR AR, 8 577X, AN “HMZ K= 48”7
ZFR. 2023 fEPLIATI B FRAE AL 5.35 /7 hm?, JhIEFRIE & 32.6 ., M4 B4EE 4
B () Bz, W XA Tt KR, il 1 3R AR 4 2hm?, EkiA.8m,
RO K2R, W 22 35 = 4 3kw M I 4L, H 2 13:00—15¢00.00:00—07:00
TGRS, AR B AL IS . il 2 St 1 /KCHEE Y Skm? FRAEE AR 0.2hm?,
SERIKIE 1.5m, EFREMONSEY, TN THA. FEE FEBEAN T FEARTE, AR
— AR R

1.2 {UBFNEHE

2022 4F, 2024 B ZELEV TR WA 32 FREIB S T /KA AR AS 2 SR AL a5,
Horpth 1 BRI B 2022 42 7 H 6—13«E], b 2 v 2024 48 H 15—31 H, HELE
WA KA R v A KIS, WAy 10min/ %\ TR B2 97K 30cm. 60cm. 120cm.
M A NI F B A SR A RO 514 771 1Q Sensor 73 )2 E/KIR IS AL, A #54m B 1E
A IE R IR EAT R E, hIE 1 A (s 1 AL 20m

AR 2022 4F 7 B,.5713,H 202404 8 H 14—31 HLWIT KW . B0
B FI L BRI PR 6 A~ S Gt T RGOk (3 NS5 SR BEAK S KU, R
JE KEE AEXRHREE, 58 AU WP RAIESE 17 MR R E R R DL R H P A
M B AR FRACEME B 2022 7£7 H 6—13 H. 2024 4F 8 A 14—31 HEIX. HE .
FPN . FAvE, TS AT SR S PH S S U0 5 2% /N I A B 2 S A R o S R s i
AEGE R EEARE G, BHETFERR.

1.3 FHiEMBIRLIE
BF 5K ) P A B LARAR [ L 02 Bl SCHRpm L. 2 X IiESE. M RIES
(V4.22) ] rpart. ipred. randomForest. glmnet. e1071 5&F% 760 58 BAR A #4) 22 o

LR E N R R E R IRE Cr (AR mgeL™) THER AR (HBMEE, 2022) 4R
Cr = 4778/(T + 32.36) (1)

A TORSEIIKIR CRAL: T,

1.4 {REGET
BT AR T K R 120em KR IZIHA SRR R, XM RHRE R
I /NN B ER DU T BN R PR ST 303k 19 MR By AR R, A RAE:
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PR REARER RICRE AR AR SMEXHRE . AKRE. AR &
AR RIRAE PR R &2 3h K. 2min SEFXGE . 10min SFEXGE . KX
VL R RGE . B RGE . RAE AR R . BRI . R R R S AR
I RN, R B T YREE AT 1hy $RET 2h. $EET 3h AR BN B E, RI3L 19X 4=76
MR GFEMA T YATRIR. 28T 1hy $20T 2h. 3287 3h B EZERE T3 5088 my my.
my ms, b m AR GRE 7.

B SR AR & PR (variable importance measures, VIM) HEAT X FH)E 7%,
I FH BEHLARAA (B A 5E SIS IE % 22 70 i i o v S P A A s L R 3=, 2R 40 A 4
FRERVERNE 732 (RAEEDE ., BB EIA. W& EIH. Lasso BIED 1 4 PR RIE T E (%
SHEENA SCFFREREE SRR R BEHLARARIENED, @R TR T K SRR K
PRI S B TS 2R, AR B B M DY 40 S T D] 5 v s A B o0 R R BT L R AR 1 i i 2k e
FHE TR FHEF 72 (increase of node purity) M AmAKE AT (B A Bk £, 2022;
ZMBFESE, 2016) BT, BJEHFIH 028 XIS UE PPl TR AR AL 5 1R BE VP (ERG e Mhy, FFIE X
WA AR AT I A E IR o AT B ALE A . W& 1RIVHEE 6 A Bl ) A Hhas T T 1,
SRR i SO R R TG SO0 AR P AERME, SRR 2 [ )A R AR ) 2 P

F 1. BHEBWEKEERSE T

Tab. 1 The basic principle and references, of each‘model

LTS 24 TR FEA i HEHR
ot 2 /N — 3 — i, SRR LB YR R
W oHR /N AR AR —FhosodE, SR B DO iR 2 LN, 2023)

45 T T 5 T 5 (ARG 2
&R T 4R o, I 5N IE AL G T T Se AR S kA .

Lasso [A]1)H . b (Friedman etal, 2010)
AR S R Bzt AT B FHA Ak e
AR 2 K5 DA 22 5 i o 2 A S5 O 6 SR AT 4R

BRI EIA (FEIF4E, 2018)
B K E REA RISk SRR B AR R DR SREK 20 v

I A T AR B A B 1 1 L AT ] R fpa

SRR
;gﬂ B AT, B IR A 2 ST 5 RIS, 2004)
.
S A ﬁ g \QE El\‘ﬁ l:;;\ NN
sy BRI, S AL R S e 2008)

Hm M S AN A KR ST R — 20 JH R 1R 20 TR AR

T8I E BB ARG EE AR H B A LI DG A AR 23

BEHLARARIEIY, GRS, | IF R IE AR AR T B Lk A B4, DAY 2 4E

A TP B, BIEPATIRRUR L, Sl 2 A
PSR 7y SR B [ AR A R SRS B A 4 2R

(WigEZE, 2021)

1.5 KB REITlHEAR

I 4 FEARR PP AIPERE: T IIZEXIRZE (MAED . ZUHH AR B30 (NSED. HGE
FH(RD FBHRZE (RMSE) G HNEAIERRE, 2022) o MAE RREEFTA FEARIIREA R
ZEMLERHE R IME, RMSE St 1 AUME 5 SR O f R R, XN AR BEIE 0, R
ARG IS RE R s . R RAEBEL AR ), HUEEEE 1 R A RE e,
NSE J&) i il I Ge it P 4R bn . —, FUE#E 1 FoR BRI & 563, ERMa AR .
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2.1 SREFES

M 2022 47 H 6—13 H AR KPR SFARERZCHHBNRE (B 1la) , PR
JRATE 30~35°C, I UIRATE 34~41°C, MARHMEEE RN 7 A 7 HAMKZAE 20Miem? L I,
2024 4F 8 [ 15—26 H F¥/SIRAE 29.4~33.9°C, f i LI AE 34.7~39.3°C (K 1b) , MEES
B4R B R HB /P 7E 17.3~24.4 Miem ™, 8 H 27 HEESEIFMA N4, 28 H AR R AR
B Z AR, 20000 25.8°C R 27.7°C, S FR ST EGR BAUA 7.3 MIem?. 8 F 29—31 HA AT,
30 HAF U PSR IFIFF 2 30°C UL L, 4R SRR 7 17.1~20.9M)em ™ 2 [A] . ML BE 7 25
M HEIR . S, BRIR . B FKSEARRIRASRA, MR gs KR mlfe 7 H 7 B (FK
&= 0.4mm) 18 H 19 H (fF/K&E 1.6mm) .

e —— HimhlnpmE —— FEE

FEE

1 @ — o

c

8
1(MJ-m®)

c
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S AE IR
Jab ittt

T T T T T T T T T T T T T T T T
7H6H TATH 7H8M 7H8I THA0H  7HAML TH12A  TH130 8H150 8H17H 8H18H 8H21H 8H23F 8H25H 8H2TH 8H29F 8A31H
Hin Hin

B 1. AT AREIAR (2)2022 F£ 7 B 6—13 H, (b2025 £ 8 A 15—31 HRER A ARESIRES
Fig.1 Temperature and global horizontallirradiance (a) from % July to 13 July 2022; (b) from 15 August to 31
August 2025 in Datonghu farm of Honghu

2.2 REENTHMIHE

2022 4 7 H 6713, HIth¥E 1 A [l R FEIE & % 30em MIFVE A =22 (B 2a) Al LA
RIR, WE RGERR K A0 v A B BB BT R AR . 07:00—08:00 732 A B UG
T, 7E 17:00—20:00 5 (Bl R85 2 IR B T B, &2 R U B2k, 03:00—08:00
S EVEEEILT 2 mgeL?, AR E KR B, T E 40 B, R 30cm. 60cm. 120cm ¥
AT I, 13:00—18:00 & Z A EE A AR, FE (30cm) P HARIE K, +
T2 (60cm\ 120cm) B4k g HATIE /N, 5] — 6] % 2 v A B AL A 25 4B AE 1~7 mgeL ™.
T b RV A R A 797-13.9 mgeL ™, ZHUN B 9 mg-L, i M AT K 3~10h; H1)Z(60cm) -
T2 (120cm) 7E 17:00—19:00 EFEAE, 42519 6~10 mg-L. 3~7 mg-L™", KT EE.
22:00—08:00 % 2 A BRI L), 1F0.2~8.7 mg-L™ Z [

2024 4 8 A 15—31 Hithdfi 2 70 B S R EARRHE Sithdf 1 28400, WA AN [ (1) A2 B
FUNBUE I (27-28 HD IR ZER RS, B /KIEE A E 2B (F 2b),
15—26 H WFFEEME AR R A, KIREA BN RS . HHABN AR : 20:00—08:00 %
R AR TR BUEBONEEE, WAEEAE 0.3~5.5mgeL™; 2 BEE A BHAR S8 hn A it
P A I FUEER, &RV S T A6 A S 0 B [ B R P MG s e S, o R E
RFE, 14:00—18:00 L F|IEME (6.1~13.5mgeL™): 15 & 2 VAR B IZW T M Ham 45t B
o 27—28 HHBLE (FREEREXL 8°C), HERKEUKNIE R, &2 MinEEZE TR/
YEFRAE 2mgeL™ LAF o 29 HJE IR AR FHER S T, i BRI AR TT & 7~14 mgeL™.

FEESRRILT (b 2 e IS D 02:00—07:00 %2 AR T 2mgeL”, TREHEAER
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LRI BT 2mgeL?, AMKIAE I EE. Deborah (1996) I AHIESEEAILT 2 mg/L #2535k
REHARMIET, WhIE 2 FFH= 0D E NTHRANS T AR, HRFEREA S
KAE.
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=550
Fig.2 Dissolved oxygen monitoring in different depth below water surface (a) fromy7 July to 13 July 2022 in pond
1; (b) from 15 August to 31 August,2025%n,pond 2 in Datonghu farm'of Honghu

2.3 AEETNEEGE

N B AR S LA b oxo v S R R TR Y 0 A7 TS, KR TEK AR N2 120em VR BEIA
HENENTIRA 5, IFH BRI AEFEAT SangeL LA b 53 W AR E N RE A, B ML
FE 70%1E NUIZRREEAS, A 30% I FE A, i@t R 155 randomForest F2 7417 i 41 fE AR
AAB R R VFAG [ 22 BB A B R e ) BE SRR, 15 R A R AR A (K, R 1Y | AR B 0 F
TR )i 22 RE AR S, B R o 45 SRR TG S B T AR AR R 22 5 B KT 3 M4
TN Esv por ton 11 A ERMNAES N 12.4. 12.2 A1 12 (R 2)5 RN tes tin e, %%
AR T N EEERA AL ARG 9 IR B T A AR AESAAE 10 DL, BT ROKPH S 4R
AR, WSS A U KIS e E TR A AR RS T, IR A
RN E AR

TR AR AL A 5 Rl K] T B A B0 i randomForest F2 /578 rfev B EUIAE, KA+
A IR R 2 M AR I SR T, 38 I GRER S8 IR 5 AR B R e 5 iR =40 G ith
4 (E3), K 40~60 NMIRE TG KR EA, 2 EEMEH PG EERT 50 N TRE 73T
RF-SVR i Sl i e

2. BEMIFS (VIM BT 9 MR RESRENETF
Tab.2 Variable importance measures (VIM) of the top9 factors affecting dissolved oxygen

ZE4A OB TR ER LA
E3 PERT 3h SRR IR 124
s TN O AR 12.2
) FEHT 2h SR 12.0
tes FEHT 3h AR 11.7
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Fig.3 Dissolved oxygen prediction model factor quantity and error curve

MBI 9 AN G B 5 i St OB QR K T (18 4), TS E S 3h TR A5
SR IR (E5) B “BIRL” MR OSER , AL Fdhe FE EEIC \oow e m™ B, LRI AR SR T
HAER . (RhE AR BT E00Wem i, IR RUK AR YA DA &L Ak
AR, WA A I B AR R LR, A s K- i A P ik
W, KA B E R AN g S S R B TR VA R AR THE TR RN . WP T RUE psn K
EE p S EEABE L LA R, R FAER, KRS AL, HEESED
JERIEASR, TGRS p EHEHR, p MK, WEEBE: ROBIK. to. e t5UR
KT HHERRAER, 32°CLU N SRAETLTWRLENRR, 33~37CZHEIEMK, =T
37°C AT, NIRRT 2 30°C)s, TR TR W AL _EF 25, BRSSP
FIPRE, AU E N E I TR, (R AR RS € (X 18] 5 i A S IE A R BOTE ] R R
i AR EE— P T, M ERCRE S, WRAR T SBORA BRI, R e a2 SR T
HIRER LR BARZ AL AR .



Es / (MJ-m?) ps / hpa te ! °C

9975 10000 10025  1005.0 30 35 40

ty 1 °C e; / hpa

U (mg- L

9025 995.0 9975 10000 10025 24 25 27 28 27 30 3 3% 39

26
RAET

I iEARBMNSINETME L, BRA 95%EEXE.
E 4. ZFEEMITSMUIIE 9 WSKEFSHREAEENRKBXRE
Fig.4 Partial dependence plots between top9 meteorological, factors by VIM and dissolved oxygen in ponds

2.4 REETURBLLE

W07 1 17 50 A G il R 7 WO S /K A4 120em I A 2 R 4, B ML RS
70%1E RINZREE, FETAREHA. Lasso! VL BENLARAKRBIASE 7 Fho7ia v 2 R s A
TRIAEAY, ol 4% 30% FABMERAURS BE, #+5 RF-SVR BASHEAT R REXT L (3R 3). S5 59K,
RF-SVR HIFf B 2R ARET A 45 Bl MAE F1 RMSE {E#% /), MAE 43 %]4 0.50. 0.54 mgeL™,
RMSE 218 0,66 mgel"", 2 WM RS FIUNINE 5 SEPREL IR 22 /s BEFLARMR BT AT RF-SVR A5 7 (1
NSE 4, ¥I9 0.63; Z&: [FJAREALAN RE-SVR 19 RZ ¢k, 23909 0.91 A1 0.77. 454 bikiE
RIPEBE VPN R bR RF-SVR BLAUN B ZR IR E K ARV A A ROR I Wz, BBYZRA Tt
PERE AR -

MIHEH BTN F St &RE, A MEAGET T 0.05 BEMHKTE F ALK
(Foos=1.414), 23R ALZMERIIA (0.41). RF-SVR (1.20). Z&[EIH (1.36), R[EIJHT L%k
PUESA R, AT LLACHIX 3 FalA B 5 SEBRIE BLRE &

3. 8 MRS EFUNER M EEITME
Fig.3 Performance for eight dissolved oxygen prediction models

TR MAE/ (mgeL™) RMSE/ (mgeL™) R NSE
PRI 0.69 0.90 0.91 0.32
B E A 0.68 0.87 0.75 0.36
[ESEIpE! 0.71 0.88 0.24 0.34
Lasso [ 0.60 0.77 0.62 0.50
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PLEEM A1 0.82 1.02 0.62 0.12

P2 mEA 0.60 0.73 0.42 0.55
BEHLARARE] S 0.54 0.66 0.49 0.63
RF-SVR 0.50 0.66 0.77 0.63

MBI BRI S R E (B 5) , sRMEIE . 0 B A B HE A y=x &
2 R IUARXI PR A, SR WIRE R TR 5 S P E R 220K, DS [m] YA AR s 70 Ai e 0 HCHL
U A, WA BRI T A 3 moeL ™ Bh L REABHDUE AR, 17 & 1.5 mgeL™ LA
REAEME . BERHERDE L BENLARMK RN E R 6 Mo A EE Ry ¥ S A fE y=x
B, AHLANE R K R i, BRERERIA L Lasso [BIHL BEHLARARENE . 20
[B]J. RF-SVR &% 5 R RUKHE midty y=x ELARNCEL, R REAY FIUINAE P 5 i g (E KPR 0 AT
%t 3.5 mgeL™ LA RS A /), HTECZ S RE-SVR T 45 5 BT 3 S NGEVE RIS
F13mgeL ™t X JA), BREGVEEVABIRISN, Hogr 7 AL AN ) P T PR IR . etk
1M 5, RF-SVR AU EE f AR i SRR AR X TR y=x B AT ) 58, TR AR
AR Ay, DR BT, EMNIE J RF-SVR 7£ 5 2577 FE /K A4 1 S8 TN 75 THRRY S B A 2R <

BAEEEI el

A RRIE 1 (mg - L)
O 2SN W e OO S2NWE O O S NWEREO O SN WE O

q 50 7 3 3 A 5
AR [ (mg- L)

o
(8]
W

E 5 8MAEEMNRETESINE

Fig.5 Forecast values and actual values of eight dissolved oxygen prediction models

2.5 BEREMRERMS T

NT PG RF-SVR IS TR ARLAS E VR, R SR UG WL B A Bt SR R AT 3752 XIRAEE
BIEREFEARENLA 705 10 67, BRECHL O I F R, FF 1 Aol aRpe A, THELIR A
IR MAE. NSE. R®. RMSE fi. MIEREVPANEAIEN (R 4), 2 XIIEH, B
R AR KA (0.971) 4, HARIEHFALIERESI A K EARA L REVP A (B RSCR B A . 3PPk
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TEPR 77 Z4E 0.006~0.024 mg?L? 2 [f], 2857 REAE 0.12~0.247 ZWA&4L, RHIZHEMAH
—EREM.
4. TR XIAIE RF-SVR A S S TR R M4 BE
Tab.4 Ten fold cross validation of RF-SVR model performance

Be MAE/(mgeL™) NSE F RUSE/ (mgeL™)

1 0. 380 0. 766 0. 640 0. 532

2 0. 458 0. 747 0. 467 0.638

3 0. 606 0. 648 0. 508 0. 786

4 0. 398 0. 758 0. 643 0. 544

5 0.610 0. 517 0.971 0. 863

6 0.516 0. 675 0. 559 0. 664

7 0. 400 0. 647 0. 562 0. 545

8 0. 556 0.574 0. 703 0. 691

9 0. 434 0. 694 0. 732 0. 546

10 0. 524 0. 708 0. 455 0.,705
FiZ (mg’sL™®) 0. 007 0. 006 0. 024 0.013
BRAK 0.176 0. 120 0. 247 0.174

MR 28 N BRI BHHT BRI AR RS X G0 AL SBVE R . VLI
SEE L AR, EBAED) MR EEE, FIFH 2024 4F 8 H 15310 B AR B E N H IR
X BH R S B AT I S AR, 5 R8I T K (R A 3 v S B PR AEL AT X b o 25 3R
RSP TLBCT R 50 AR BN I RN B Y FE E 0.1~3.4mgeL ™ 2 18] (&1 6) , Hif
LN 1.3 mgeL™, 49 5930 T K R A 37 130 S0 L R ¥ SR B TR AELAE 0.4~2.8 mgeL™,
HALBCA 1.37 mgeL™, WA T 17 K Rl AR 37l 0 7 e v A SR TR AR 1.3~1.7 mgeL ™,
AL ECA 1.5 mgeL™, St ke IRz vl HE 2 B, 1L T X AR R ol I R B TR
1877 724 %19 0.616. 0.002. 0.451£0.268, 0.526 mg™sL?, 755 Z %k 0.527. 0.029. 0.470.
0.384.0.430, 111 k31 117 K Rl A It R PR SE SRR U7 224 0.336 mg®= L2, 48 53 R %A 0.421

(EIERRS) o AL RF-SVR ¥ 4 i TR AR B 7RG 4 T 43 X 3 A e i I 1, (HAE SR VG 7
AR TR B2 S5, X AT e 5 5 M KT R i A A [ A G

/ mg-L"

AL LT

HeRih s

KW '-ﬂw‘um'H glﬂ*r-ﬂ;i EF ST
iR

B HtEEIXEHATRERAAEETNEHELKE
Fig.6 Box plot of predicted dissolved oxygen levels in various districts of Hubei Province and Datonghu farm in
Honghu.
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(D) SRR FRIEK A ELE AL, TERR A, RBOUK FRHE a2 B AET; CHas
H,S. NH; ZEIR R YR E B CFEATZ, 2004), XP/KF=F85E M r=AmEER . Nl
T, ERE KA K. BFKiEE, ARSI, KIEEEER, BEEEE Bt
(Zeng et al, 2010); BAM R IKARIAN S 2 BHAS i i S0 B A0 4, JE R B E B 4 T2 s (5K
ek, 2015), WIEFAG R RN EK AR A FBUKRGE, B35 544 90% (M
JIU55E, 1999) . AHFFUIH I VLA IR 2 2= AN F) R AR FE MR S AL S IS R I, IR
A R K AR B B K G I T 2 [, 7 R IR R 2 /E 5~9 mgeL™, b EE WA ELE
Bt A i A SRRGE ETF, R4 17:00—20:00 75 FIEAE 7.7~13.9 mgeL ™, B M A AU R
W P REBEEERCEEET. FERHN, EFGAE; RREAEER. BEET
B, #ar BN KRG & R IR E TR SR R S AR EBUEBON L, 03:00—09:00 fiKT 2
mgeL™, V2 A R, AR S E KA. FTRE R, 2024 4F 8 F 27—28
H B PR SE R RS, I 5 R R A YRR 2 mge Lt DU FIRIASCIRAS, AT IR S
FOMITEAIREAS . FEE R ST RIE AR IS, XS ET AW (7K 3EE, 20020 K INE 2= 2R
P2 S BN A R IE 25— B

(2) SZHFIAIEMLARIE T 50 RS /MU BL K. Ve 4R A PRBEA Sr % =) #hit
(Cherkassky and Mulier, 1999; g B35 7 JE Je flyb4i-22 4, 2004), XTAELRETLA iz
e RESEAR, B AR W28 B N SRttt #6032 FRET B T (AR ] 555, "2002) . fif
JER GIRRAESE, 2011), AOVEER (ZRFISE, 2018)) g8, ABETT AL T BEALARAR--3L
R EIE v, @ E KR 120em REHAETHREN, OS5 H T+ 5inAE
RIS 2, KIIAVE B SZ E3v psv to FEMATR, R 5 VO NG A A St 4 TS A 4
AR, P BT EEIE N, t, SIEE ERBUHERX R RERZ 3
NITHPEAR R T NER T8 KRR evlg R t S5 ARE T, VR A, X5
BLES 25 2] “ BARRIAL” Hp SR 0%, LA o R 7 7 N ) B SO REVE 2 BR [ /. (M
etal, 2020), JaHKiEE SHAP_(SHapley:Additive exRlanhation) 25 ] gt 7 VL H T AR AY [ ] figd
BEPE GRUB MR, 2025). (Bbaky, 2N RZE R MR, ARSI RT3 T
Fil 50 AR ZE DN, TR T ARSS R S g (ElRg) AU p 5P AR p KR
& e 58 URFE ty IR t SR E TR &5 RYF T REFEMK, SERRME RF-SVR A
i, DIBRILER M IR A RS P N IRL MAE 14K, RF-SVR AR 7Y B A% G A 70 faT v
{HERT: T TR IR e R A e 1t 37 b TR0 R

(3) B I mr 758 /R S 8, 1o 22450 FH 38 S50t 2 38 0 sicAs BANHR 15230 “ 30
filk ” E A T B A B R PE 26 A58 2R AR 25 T 1t s I o S O Sk A i 245 5 A 5 17 52 il 540 U
PT35S B2 T B 2= A S TR A M . B VU2 TR B G . AR AT
PVR R EZNFERE T, T RF-SVR ik B /KRB A ETHRAER, 508 [R5
7 Phin A B TR AN AT AU ERE X L . MSZ AR IR R B, RF-SVR BAYKS BE SR ZE
T AR 7 PR, PN RE A, AT G I M K T e v AR T, SR B v I
R % S SRR AR 2K HE , R R H B A R R IRAEROR SR, BRI 1 /K5 il
SR SOEYE AR, 38 TR AR — RS AR BE A SR T =, SR AT R K 7RG
PR SR TUE MRS, SRMEFRTE ) RBCR T KB IR KA $5EMEREA . 2t Ik Ho % 1
ST S PR s e, R R A SRR SRR AU R, LIS At sy
G IRPR A A KR EERZ AR B RN THE R, AT 7 1
AR AL, SChRTTINRG B K IR . SR % S A T 25, FIKIIA
ABFF IS BB AL,
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(1) BZHEHER KA 07:00—08:00 b 7 2R & 2 LA, 17:00—20:00 1A
B 5 P A6 T B B &% 2R A BB WL, 03:00—08:00 70 2R A EIE H AR HRFEA
B KRR I B AR )k, DL 13:00—18:00 2 5 NI s ARIRIE ER RS T, i
YR EIRGE T A 2mgeL ™ LT FE4E R A SRS .

(2) X 2 PN AY 52 m s K IET 3 AN ARBITN E; GRAT sh s aiieED | ps G
SPHIAED Yt GRAT 2h SR, 17 RAEEARE 3008 12.4, 12.2, 12, W] WLUKPHE4R
SRR WP IAER S S R A2 B R I A A R I R R H 7, R A B
SR S RN

(3) FETHENLARM—FF B RH 7 (RF-SVR) 5 25 97 FE it 3V Sl B/ R T A
R, MAE. NSE. R’. RMSE 4%y 0.50mgeL™. 0.63. 0.77. 0.66mgeL™, H4bUkS B J7 5 2 5
T IHoAh 7 B AY,  RERSIUT M AR 55 T B = IR A v I v S T
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