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Abstract

Rapid assessment of human casualties in earthquake disasters is
crucial to earthquake emergency response. Accurately understanding the
casualties after an earthquake and guiding the emergency rescue work
through scientific assessment is of great significance in reducing
economic losses and minimizing casualties caused by untimely rescue.
Mainland China is located between the Pacific Rim Seismic Belt and the
Eurasian Seismic Belt, where seismic disasters occur frequently, and there
are many factors affecting the casualties of seismic disasters, such as
earthquake magnitude, geographic environment, and population density.
These factors directly affect the results of earthquake casualties, such as:
the earthquake magnitude is directly related to the degree of seismic
hazard; the higher population density of the region may lead to serious
casualties; and secondary disasters of earthquakes may also aggravate
casualties. In view of the above considerations, this paper makes use of
the earthquake disaster loss assessment data from 1950 to 2022 in
mainland China, uses the random forest algorithm to select the factors
affecting earthquake casualties for modeling, and establishes a rapid
assessment model of earthquake disaster casualties based on the Stacking
integrated learning algorithm, which provides technical support for the
earthquake emergency response command and decision-making of the
governments at all levels and the emergency management departments.
The model helps to deploy rescue resources in time after an earthquake
and minimize disaster losses. The main work is as follows:

1. Selection of seismic data. Collect basic data such as historical
destructive earthquake intensity maps, deaths, and population of the
affected areas in mainland China, and organize them as needed to obtain
the area of the seismic zone and population density in different intensity
zones of the earthquakes, as well as to screen the accuracy of the data.

2. select the factors affecting earthquake casualties based on
Random Forest, Classification and Regression Tree, Gradient Boosting
Decision Tree, and Adaptive Boosting algorithms, evaluate the

performance of each algorithm based on cross-validation when selecting
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the algorithms, and identify the factors affecting earthquake casualties
based on the analysis of the importance of the features, and select the
most relevant features.

3. Destructive earthquakes occurring between 1950 and 2022 are
selected, the number of earthquake fatalities is logarithmically processed,
and the data are expanded to 2,000 using GAN, and the factors selected
according to the importance analysis are substituted into the Lasso
Multiple Linear Regression, SVR, XGBoost, RF, and LightGBM models
for training, respectively, and the lattice search algorithm is used to
Determine the parameter values. The above models were used to predict
the number of earthquake deaths, and the RMSE, MAE, and MAPE
values of each model were analyzed, and it was found that LightGBM
had the best prediction effect, and Lasso multiple linear regression model
was the worst. The Stacking integrated model is constructed based on the
above model, and the outputs of multiple base learners are used as inputs
to make the final prediction through another model (meta-learner), and
according to the evaluation index, it is concluded that
LightGBM-Stacking prediction is the most accurate and the best.

4. In order to analyze the evaluation effect of the
LightGBM-Stacking model, randomly selected validation earthquakes
were used. Taking into full consideration the differential impacts of
earthquakes on different regions, the Chinese mainland is divided into
three regions: northwest, southwest and east, and the samples are
classified according to the seismic intensity. To increase the diversity of
the samples, the samples are expanded by using the GAN, and the results
of the model are analyzed and compared with other methods of assessing
the casualties, so as to validate the performance and accuracy of the
model. The innovation of this method is to consider the special situation
of earthquakes in different regions, and to improve the robustness and
generalization ability of the model through careful regional division and
sample classification, as well as the application of GAN networks.

Keywords: Earthquake; Casualties; Stacking Ensemble Learning
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B2 S AR, (HZRAIE AT 2 B 2 50 | s A B ) iR T A 2L
FiT LA TE) 5 FH b 7 i
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FERAR IR T, AR AR B R MU — R B 1 A R R A
FRTRI 45 2K R A BRI AR AT LA B — RN R AR e 8 o AR R 1) H Ao
/MU PR S FUSEREA [ 22 5, P10 48 EIE A ROB X 7 i o AL pleds 145
5K R B0 H 48 SR B B R IR S7UE, RV JORE AR A8 i 3 3 ) 1) 9 L SERE AR T
M A AR ) H AR T LLR R Y-

minmax ( , )= - (y[logDX)]+ _ (y[log (1 —D(G(2)))] (2.1)

Arpe AURA A, AAERHGE, ACRREA, RN, @
Y NCEIPiie CO)REEFEARR AT, () 2REHLER S )7 A

IR A A2 B BT AR s AR ) 28R S8 1 %G, ) A i i B KAk )
AR ORI = B SRR

max (, )= - (HllogDX)] + - (,[log(1 —D(G(2)))] (2.2)

B, AR s il f A AR AR RO R MR R IR = E O

iR e
min (., ) - (,llog( —DG@))] 2.3)

FEA R PTM 2% BIIGREERE o, 3 A B R LAR, 2 s A Tl 25 0
BT, JF &G M. XA R L, A AR EIE e R
SIREAS, AT 075 45 e DA HE Bt [X 7 FLSCREAS S5 2R AR A 2 8] (22 57« R
REFR, A A B0 T i/ ME AR R BB ASETH O I FEAS I LS, i S s 8K
AR R R E LSRN B R0 HRBE FT o TE I i T2 Hh R R DR B35 A= e R S 2
ISR T AR S R 1 AL S U 28547 B Bl A T SRR

2.3 THMEFE

2.3.1 BEHLFRH

BENLARAR S —Fh 3T Bagging (Bootstrap Aggregating) WIS ik, 1HE
G 2 AP BEAT TN AN 328 o B TR S EE T BE AL IR AT AE e 3R 2
A T P T BT 1 A5 U U B A RS R 25 SRS

BEALARARAERFAE 126 U7 T 2 46 DT AP I
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(1) >R H Bootstrap HAl1HF AR SR AAKE A T ] ATl FRCHCHE #4038 22 4
AR

(2) MENFFIEFRBEHLIE m NMFIE 4, 2, 75 m DMRRHEHIE SR
FERFAE ] T 70 B0 5, MG TR SN &S0 32, B BX AR BENE 1A R s 70 2K el
Jip A & .

(3) 38T m B SR AR AT R S B oy R R

RPAIE G P A 2 0 R AIE B AR AT HE P I R, R R E VR VR4 ) VIM
TR, W IRBE NI RRME S BIMRCR, BRES T PEE N AR
T PRIFEA

()=1- _ °? (2.4)

A FORTT A BRI, FHE TR M E R T AT

G TRECR I E:

= - - 2.5)
A M BREOR BRI AN $REL
K AT RRAE A B V20V — A AL B

= (2.6)

AL AR AR A 38 o AL e oA L R A )1 R, £ A5 A 228 6 T v il > 17 448 2 14
SO, LRI DM AT, SINBENLIEA ZAEE, AT B 2 g i 41
o R, AEREILARAAE I SRt BRI B 12 AL fE

2.3.2 XGBoost

XGBoost (Extreme Gradient Boosting) & — b FEH& T 53k, JET W
g ], WEIE NGRS RERIZ D R TR T 6E 71 B F IS,
TR S P RN ZRIF A I AT — SRR P AR 1B 22 o g BT AT DR SR (R 00 25 2R
BEAT IR GRS, AR ARt IR R A PERER I (35355 R B0l D (A2 )

PRAE, 152 BRI 45 R B,
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XGBoost {5 F 45 5% B8 Kl P 70 2Ll 4925 R B0 S B AE AT LR AL T 6f
TR, 353K pR O] PASE SOA

Obj= _, C. )+ _,00) (2.7)

Q)= +5 Il I2 2.8)

Rt REANE, RS IAPARESE,  REROTNE, Ok

BUREYL, FTHRBINIME S ESE L SR,  RRONEE, RS BN,
QOB TENMLIT, I TR 5 4

=, O) (2.9)

={O= O -, ) (2.10)
b AUR CART WIEEH,  ZRFWI T RGOy
iy, AEASER BRI RS, AR, B RIS AR .

2.3.3 LightGBM

LightGBM (Light Gradient Boosting Machine) J&— /M ERTHES, £ Ak
PSR A B O ST B TP 3% AR M 1| B — 2R ) e S 8 e A
PEREOL, BERIT R, LightGBM fEVIZRE FErgI N T — S aIB I H R, 25
T NGRIE FE R R o LightGBM i FHBABE SR TH 5735, B0 fie MES SR IR 3K
FE B e, R R R ORI T 1R 25 s TR 2R SRR, AT LA P 28 SO
PR AR, T TR R SR

(1) JIR R34 )7 18 250 K B 5

(. (D=5 = = (N (2.11)

LightGBM fif FH 22 T 1 9592 =1 5% , 33 336 01 0 2 7 W 30 WA 305 152k R B
25, PEPRRENS /MR R B AE A S ) 5, RS S AR, sk
FR A3 P A7 PR B8 P R T 74 A T

(2) HHHE

18 L 7 K3 AUURN o B BE PRI B g e 8 PR A 80 40 B — R 51 f 9
R, RN FR AR 9 — A, SRR T LUK (B 20 R B R ) 77 1, b i S

12
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(3) Leaf-wise 2E K 5H%

SR TR SR, 3 R PR RE S S KA 2t R 7 BEAT 2B . A BT REAIR
PEIREE /N LA 1 KU

(4) RFEHEZE

SINFHESRSE RS, @i B 30 R IAH L R KRR EAT R IR e — ik, I
DRFIES AL RS, 2 s I R B

BRI S, LightGBM [R5 5% 11 255k P A AE AR Hicdis b i) o b
SR TIZ A, FC R (1 I SR R A A5 7E SR 82 FH r e A% S PR 0 2 S A
A, [ EEE R E TR AR AL T AN ORI LA, PRIURAE Tk SR R A
FRRTRZEHR,

2.3.4 Lasso @3

LASSO (Least Absolute Shrinkage and Selection Operator) J&— 3k T2k k [A]
HREMTTE, R FRMTRE R B A A ik . B PEAR R R BRI I LT IR
AT, A4 BR R BN L HE AR AT T, ROREEN H AR S A 3 50 1R
fiE, MM SEBURFAEE B RIAR B E M, LASSO B H bn 23R B — M/ Mb 5 2k o6 3
FOIE NI, PSR AR R 8. m] DU SR AR DL A A4 ) RSk S B

{Zi =1( - 0T )2+ =1| |} (2.12)

A RFEARYE, 2 IMEANESHME,  RREHE, 2% A4
FAEMRE, 25 TRERNE MHEE,  RIENWSE, H T PERA R
ORI TE D 4 T ) 2L

A AR A SRS (A bR T BvEEUR BE T ) KA B ARAL iRl R, AT LA
BB BB, AET REOW RO HARAR & B B0 RRHE, RO M
W LASSO HRAE I 50 B A4S AE  LASSO S 3 A0 4 e 30 SR A e D0 B8 28 011 [ st
S48 2 BR R IE A T, 7RIS 458 . TR T A0 A0 Kb T e A A0 5 7 v LA B
B R ANME -
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2.3.5 X FEEEYT

SCHFFEIERET (SVR) & —FpkF3CfF R EAL (SVMD MR k. 5154
IR A b, SVR Gl S KA 5 A 1 e s B0 R Sk s DE 1ml A R 2,
M EE B M AR B AR 1 5% A A0 S W (B 2o SRR R LIE F 120 A ml A ) 7L, 3@
T U R B 20 B T B S A, AEmDH AR, SVR it
T EMEH R A EIE . 5 SVM 2L, SVR 4 A% ek ks it M 46
RFAE 2 TR B S 8)—A m 4ERF AR S 8], AT SE S s AL B AR 2R O 2R o P A% R 2
WL Z2UA. SERE (RBF ) 4.

FENLACAE IR SVR ) H A $ 8] — A e /MUY A % B2 RTIR 22 1) (] U B
/LU N S M R S PSS s A EA I VE I3k O P S EA L PN SR s = N A Xt
AR it A2 B 22 T8 11187

min 2l 12+ + ) 2.13)

AN

{ - ()= =+
e ()+ - + (2.14)
=0 =1,..

e RREHRBEIRE RS, ()2 A% R R H ks I 21 e 4E 7 1]
RmETL, M RRATARE, MR RESEARE,  RIENMSHE, ‘i
FOEE SR

SVR it i KA Gt N B8 e SRR AL Bl A R 2. 5 N — e
5t A B SO VF— SO R AETA RN, FORACBEME FE AU HE o S KA I N B
P R ACE SR LA R, P A R B B AR R &R, I R O ) AR
B AL IRNH PR B . SVR FEADBR AR 2R M ¢ Z8 R0 7 5 (B ISy R I b L 1) 1 e

2.3.6 ERREE

B EIE S — P A% 5 2] J5 i, I 2 A 22 A LRSI 1 TR 45 SRR e
IRETRIVERE, B RELVEE H AT UL N Bagging 574, Boosting 572 A Stacking
R = R B,

Boosting FRAFETHE L, EIERIIGEZ A5 8, IR A TRINSS R,
UK — M RS B 4 FR 4 BB Y . Boosting S i 1 Sz A2 1 48 )| 208 A (Y B AT
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5925 I SRR, BRI TR GE /7. fER—401%4KH, Boosting i I
A IE 2 AR AR 7 RIREAS, AR — R0k AU A B O T 43 A R (W E
A, B MR 22 o BT 2] 38— P Is RS E— AN 3 A 1R
RRIR, Jir DIZSE %25 S 38 B A2 IFAT YN ZRIT o TR DA on 4 1 T (456 A 58
AL, Frll Boosting (IR E L Bagging 4T, X157 22 BRI 5 2] 4% 70 L SEAK 1)
PUE . Bagging /& —FhEE R 3] 5%, RN SR A6 SRR REAT A BRI (R BE LR A,
MRS AL 555 2 98, T8I a7 S R P38 55 07 sV & T 45 5 . FEHFAT
UIGRZ ML 5525 ST 2 R oy, BRS39S 2 F B BERFE I R8s SR kAT
gk, PRG0S 2] B RTINS kAT G, 198 R A MR RUAE AL . 3@ Ik KA A
A7, Bagging v DARRRAE AL 7 22, 32 m 0N (0 e MRz AL RE 100 (i
AR 77 R A 9% I BT SE R, s, P, W FoaRnE, @il
2 AL 0 77 2 B 2 I RO bR 45 s T [0 i) A, sl P S AR 1 7 XA
B A TIN5 5

fEFEE b, Stacking #H X} T Bagging F1 Boosting H — &L #4 . Bagging
Boosting Hik i 44 2 A SRR AL ) TN 45 KA v B, (R AT E S
FH RS AR (¥ T 45 AT BT BB, A2 T, Stacking #4422 —A>
WA, RN 2 A5 ) 3TN S5 R, X Af Stacking REM6 58 R G Hh4H & %
ANFERBERY (TN B 77 - Stacking S 2 p E AR A S5 H R AT T . 7558 — 2,
EAFEE S BRI GRAE AN ) BT X AR VI SRS AT IS N S50 E5E
J7, TG 2] A R 2 S A I T 45 SR AR I N, AT B A T

Stacking VA M) — BB BRI

(D B BRAR N GREE 73 AR AR . I GREE TR ZRBEAK 1 Stacking
B SIREAY, A P R IR Y

(2) A2 ) BB TN R AR AT MO 2 S RN TI0 , K Jh 2 ) SR AE I 246
E R AR T I NARAE, TR — AT I ZREE RN B3 ) o (AR
X HEAE ST SR AT T, KX ST 25 RAE A F AR, i o Sl B AT R 2%
T o

T R, AR IR TIAE R, NG — Ao I8, o I8 T Ll
FEARFIHLER 27 S, AR A SRR B LA . YRt s 2 de i) A7 ik
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5 AR SR, F RS IR R AU S 4. N LA L,
JRFE A S BRAE VN RN, SR BT A8 X UEVA: 0 e B W B SE B A L 1 3
Spy, BUHC L AERIREE, RTFIERNGEIHTIG, EE K, £33
LA R S B (B R AR A #TE R AR AL, H HSEUAE AR

IR B T R — B SR AT T, 15 21 B 2% B TN 25

HARK Stacking FVESKLBLE R W PR, X ©& ) 70 i RS A AR [k
REAE, A P58 XEARESNAER Sy, —BELS, RERTR T 4
VR INGREE , I 1 A AR ZAE . 724 5 AR I SR RIS
UEAE, [R5 3[R — B S BRI SHICE , K S A H S 00 B 1 [R])—
U3 ST & B O6F E (R S6r IR AR HEAT TN, K 5 ZH B0IE 4R (0 T 45 SR PF 4 AE — S 2 Rk
HrHIZRAE, KR —MHASE, 5 FhAS R 28000 B R A — 8 X 13 3 5 HINE,
W5 HTTMME A, 15205 Rz A AR AR E R TME . sl —=2h =
AN 2 AR TR 5 A8 IR AIEYE, £E R IRSE ISR Bl R E B IR,
SR 3 AFIIIZREE, 3 HMNKLSE, R0 AKX 3 HIIZEM 3 il
EIF, BB IINZREANNNIRSE, BRI 4 TRk 0 3 £ Keimea 1l
SREEFNIMNAEE 73 I F 158 — )2 o B il 2, ROAT A5 2028 — 2B AL, P EAY)
SHEIIE G, TN B2,

I Il il il AT =
- I%3 Il Il iiF I3 ﬁ ;
% s i ez I i o o
= . N A - : pre gl

I%3 Wi Il Il Il & i
F g ]| ][N ]I 5

M= N N N N N =l EE s :EE

aﬂ”ﬁtm %ﬁ:ﬂﬂ ﬁ:ﬂﬂ ﬁ:ﬂﬂ ﬁrﬂﬂ ﬁrﬂﬂ — FT rm“ﬁﬁ;k E ey
Kl 2.1  Stacking £ 2F > AR K
2.4 EEEY HedR

FESEBRIEEN T2 AET (R SR AN PPy rbr, 388 5 FI0INELAT S B (A [ — B
b, BOR AR ) A, R AR S S R AT R R N
SETZ VA R, b N L@ Y HL 2 0 R] (3 bR o /N IR AR 2t R R AR 1
MR 2 5 B, R PRNME AT SE PR TR (R — B 2 b, AT DU S 3 AT

16



VL EAp N U e VAT BT Stacking FER > HLR N FAE T IS AT 7T

FCBE, SRR 0 b 72 5 2 A T 2 5 Ak T S BTG L, A7 B TR m B 45 R
T FH S B AT RIS B o MR N SRR T8 I ST AT, K T A SE BB T
fER—HE L b, GBI T4/ RE N AT HAE (G B, AR A (0 F &5 S 5
IR AN AER o

BTGt w i dabs, W7 =N T B ML s N T A ) B e AR
FHiRiEZE (RMSE). “FHIZSHRZE (MAE) FISFH480 55 iR % (MAPE),
TX LEHE R A FH AUt AR 1) TR0 AR

F 2.1 P HRER

Jebr T
B RiR % RMSE /1 R
SIS 4 15 72 MAE 1 -
SRR 4 bR 2 MAPE L ‘;|

Heph RHAYE, ZLWHRWNE, SEATNME, ZWNERTHE.
RMSE 2 WL INME 5 TRNAE 2 18] 22 5 (4975 B9~ T- 2B P 7R, RMSE 800y, Y
TINVE RER S . MAE 2 UL {8 55 TRONMEL 22 18] 22 53 RO 8 XHE -T2, MAE 1 & 1
MR ZE B RN, X W AEANBUR, MAPE BB, 0= RIS 7Y () v ot 28
o
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3 | ABh R R E BRRIE R AL TR

3.1 HE KR

ARSCREFRAH FE SR AT ZIE I, BB AR B S A\ ] (1 1950-20184F 1 [5]
K B W3R PE b 72 48 A H 3¢ (Mainland China Composite Damaging Earthquake
Catalog, MCCDE-CAT) 441, Jf- B3 v [E] K [ifi i 5 9 35 452 2 V1 G 449V |y 52 7% 151
, ANFRER . RARFIE. RENZ, BRI E . RIRRE . S5 ZE X AURISE T
NHEER, B KRB E N AT P . RN R BB R AR R
H R VIR J DL B R v, AR SCIE N 1950-20224F 11700 HH 2B VIS K FE DA
R E BT A . N CHE A FEMCCDE-CATIR 375 32 5\ VA0S AN 1A
HARLO, N FUHS B ok B 58 G I [E 5K sk 38 % (https://landscan.ornl.gov),
A E 73RN km

3.2 HiEALE

CA IR BE A7 L — L R ATy, e A AR SRR, A
AR 5 A FRIRRIE T, & FEOhA BRE B R, AT R 3
BUE B ARG a4 Bl 2, B ORE R A B P A — Bt A bl s AR R
RIREE . ANBAEHEEY B, AN — W WA R, Dy AR iR, RTEL
A A S TR R VSN IRAE BdlE B DR 0 — BUE AT IEm s BORZE
IR R, AR REM B BRI T, SR ESHEARZ MR, £REE
b B A ) A, E R R GURA RHE SR R A R R ) R . Ak
PRAGEA B, R A RE R BIASRI A RS R S8, T ARAR RGTIAS— 2L
X EUEM IR, EBEHIEN, SRR ARIR RS, BE BT 0 B AL
PR, DABERIRZEDY.,
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3.2.1 REKELIE

FR A TR ESE, SSBOHRAMERTE. EAABBEER, 2RI
KRR AECHE BT 0, AT AR 3 (E B AR VA R IR MR AR - - 20t R 2 ik
RIS R Z R ZFE, EAEI A Hb ORI & E R AR HHE VI B v 2 tH s A
SERMITE DL B N BB R R ol fe R AR SRR H T BOEIERAG e %
b R H RS . ALFD IR

(D RRERRAE, HRHEE TR AL RO RIS
FEAEBRRAE, I excel HAR B BEMFAE AT BRI DL o

(2) XFFokRHIEEE, BT T AT EDF AT R B, DRI 78
B o T HEABGE R, B R ETCR R B, FEORIEECE X B R i
SEMREC/INNE BT DLGE % LR A BR

3.2.2 FREAE

b A 1) S B T SR AR AR R A PR R, AT U B e s
BrEs BRAEAHECRA A G Y2 SECRE AN L. BB RINT

(1) AP EHRR 6 W bR Bl AR 7E S 8 B A & 2 IE

(2) T = & MO RIEH R EEE, XZb R 2 BT R EAL, T8
HREBIESTHEE.

323 H/RAEWL

Ko kB R R Arcgis P9 E I B AL T B AHS 20 (FUEEIED il
REERMIIE, HREAR B WA S A 78 1 1) . 28 L
FETNEL. R ZUE . BHRSEL, HBEIEIE 7B ERRG, i
J BT B 1 B R OURG JE B, RS IE 115 BN B8 = Beb o @ I Hh R A
HEFEANTR] 1 B0 P A 460 B AH R B AR AR R T, W BB EE AT B L o ORI 1) 5
P BN o DA Ao b = 2 R I s B R (A) R A7 B, a4 7 g i) ik
ATHO PR PG YR, OSSO 2R B AT S A B B R AT BN . SRR BRA
W B 2 26 P hRic i, B (E R AWM (https:/jingweidu.bmex.com) 48R FIfF
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B RIS CEEanAs . 00T JERRAE) JRRfE EA R ERARRR, X L
M oz ] AT B O o 1 o0 ) RS T IR EE R AT 20, 2L
{7 B PR 2 AR TR 25K 70 B R /N T IR ZE 3R, DR AN [R U DX 52 sk N
AN SZ G TEIAR , A5 YT 7331 RO 20 B R oy R B Je R Bt o A ik — 2D A
WHAEE RS (GIS) ACHERYEHER ERJZE M5, AR {E FH AL br 2
gt ELIRS WA (RS L o AR 2R 48 12 R 7 b B AL bR SR GE AN R AR AR R S8 K
Oy, AEHEARPR R G, HoE ORI T A SR Te 3R Kbk i A HLAH SR 1
M BB 5 B RIS HE T PR 590 SRS R IO BRAMER (AR DL K 5 2 e 5 1
BoH s, XKUY FRREHERICIRAT AT L AR AR . 35 T BRI O F
AEsESRECA T, MR —DNERK =4I, TR g AL, A
b PRI A 5 75 2RI AU i i e o 2 2 A e A 1) R LUK A i SR AN 8
fori b, BN, S AER AR DB ER TR, BRERAA IR J LAy 1 32 22
HPRIE AR AR R = M2 LS HER, AREF AR CRER R R TE T 4]
MK EAR: WA O B PIR S AR, I8N TRE A W2 A
BRAR i TR BE B SRR b, I8 T AMERAR AR XS T 58 58 A BRARAE TR b B i 2 A2
J& o X = EEOL R PR IR ER AR (0 B ER A R (R B AR RS . 3 L3t
e AR R VitE'e NI YAt e ZIIE SR e 2
FEMBERALBR R G0, M R AL 3 A5 B 22 AN BERR IR, IX L ARAR R T LK
P REf EE R RAE B AT DU O B A% G i) 5 0 A 3o 21T 1 SE2 o 14 00 8 A 1
PR AR, 250K BR T AL s e ORI AR AR o BUVARNR R SR IX AL A 2
PRVERT, I A e A Y B A AR AR BN AR AR s T Tl B R B S . A
GIS 1, HUPRAAKR 2R GEAI B AL bR 2R GEAAAE A8, Xk 2 [ 23 AT ] ] ] & O B
o £ ArcGIS S i, F AT DIRIE SR RE GG I A0 hs R Gt Tt
AT AN R ARG, DA DR A B vE B PR AT T AL RAOR o SRR AR R (A
Wi R H T 30 B0 RE T 1, A2 WS M BR AR i 387~ i b 0y SORRS 2 | %
AR SBRIEEEE R RS AR, W DMEHL SRR b DR M S A BE A
ARG, B JRAA I B fE — P E RIS, B IR o OrF5 B A ) DX 38 T AR
EL3), SBRILBOUAE AR BRI, b 2R AA i B A AR g 1) BT
ReH A, EIEH KRR LS.
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AR Ja A Y S R FLA B RAB A s FUZ X AR, R BT 3 A 22 4
K, SBRIEEEAA RN A W 22K, R KA M B R S AR R, FERs
BOR L P A 3 B XSO 5 RERS A DR 1050 3t I A X T AR LA
M BRI (1) ST AR DRofr— 20, SO AEARHE L 28 ML AT [ PR R, (H
W& I AR HEA LR, JRARATT A A 280 £E Arcgis o, BRIA IR 2R AFH Hr
B WAL BRB R A S AR, IRz R e 2y 95 1, Wbritk
L AN 15 L 65 &, 1y [ B ) R SR 2R AL T AR 2R 105 J2, SRR HES
2o mNAbE 25 FEANALS: 47 i, oY h e RAbRHEL 2 i — e
XAk BT R AR WS T AR B, BARS B T -

PBERCAARR R Asia_North Albers. WGS_China
51 Albers

False Easting: 0.0

False Northing: 0.0

Central Meridian: 105.0

Standard Parallel 1:  25.0
Standard Parallel 2:  47.0
Latitude Of Origin: 0.0
AN Meter
He T R A BR R GETE 20 BE AR IR 26 BE BRI SR, R 1556 (1 b PRI 7E e 40 B8 3 [X
S BURARANTE AL (i, AN TS0 S RADRA RN B . i858
(R85 R B T b B 45 AR DA B 98 DX A R
NGRS i AR PR 2R, ARSC LA 2010 4F 4 F] 14 H5 R 7.1 it
RN, THEAZHE S ZURE X AR, R SRS (World Mercator) J&—
PR, 8% AT BoR Bk e . @B AR RS (UTMD 2
— R, T B R R . AN E O

3.1 AFABEZAR FR R ZE T AR

FURE VI VII VI IX

WGS 1984 World Mercator/ 2 28990.57 6598.04 2039.69 243.12
WGS 1984 UTM Zone 47N/ 2 20338.31 4618.08 1427.23 170.37
Asia_North Albers WGS_China 2 20337.61 4617.92 1427.18 170.36
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20104 H 14 HHF B EM 71 E R P A TI6 3318 . KE96.6 4,
WGS_1984 UTM_Zone 47NAAFR R IAGFEIEE (FRED NI6SE-102F%, HhR&LL
ZJEN9ORE, ARG BMIAE, BRI A R AR R R R S E
FH R A) S5 R AR AR KA B AR 22 50K, NG THRR XA, T8 A A
6] 82 RACBOUAE AR M A X FF Z AN R o wlr 50%, AT B, b i 5
WREAN R . NG5, AR BRGSOk 5= X A

B 2 R B A5 3 B0 v [ K b 7= 20 R PSR s R A A [ e X PR 5 B2 2 A
ME 3.1 A LR, MR IR 2 (8] 110 2 A A B R A MRS AE . 6 At ]
RE I IR AR T N ORI 9 35 8 B (R LRI 28 G T

BENEHE

0 500 1,000 km C.? / 5

3.1 1950-2022  [E KEE 2
B ZEETEEEE R REHRRS RS (https://'www.webmap.cn) <& EEIEHIE, KETLE
B

4 WRARFETHMER

4.1 R A GIFE T F ik
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b2 L ER R A e iz 3l SRR I HARBLR, R R 2R M T RO R IR,

HE s L 58 R T T T S B e AR R 2 TR (AR XS IE B, M AR A AR AR
R RINAIL . PRI N EENUR AL 1] 55 o JX SRR/ 3th 752 7 5
FEH A R A, XS T 1 AR S M A AR L R 9 T A P SR A K
L3

[54],

ol

R R G P ORA B R B o L N B bt , B4R 1 bR R A i e 2R
o REAEMR, RMRAERBIGH IR BB, R AR L th k&
FI R WRRAER RO TR IEME T w2 EE, LRI R
IR /N LR 32 i B b 2R S5 A0 3 2 AR (R R 8 DA K S U A st 7 o ) SR L, AN
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(4) BOUEIEBERIRFAE . {3 28 SCIGAIF SR 90 TIE I RRAE 4R 2 15 it 7 A 20 1k
e, S FERHESRA & IR BB AN G .

RPAE SR IR v ST A A R L R IR T o AEREALAR AR, RRAEE 2
M3 S I WS 1) 70 S AR AR Sl R b Sk B

SRR SR REAT BdE T AL, 8] Anaconda Navigator %04 (1 jupyter #4351
57 RF. CART. GBDT Al AdaBoost 4, 7£ Jupyter Notebook H1i#4T Z-score
FRUEAL R Z248 ] Python 1Y scikit-learn %, i%JFE#2 ML | StandardScaler TiAb 3 75
SKIEAT AR A b

== (4.1)
. RoRFIESH,  ARESERTFAME, RRR RS,
RanA— W E BFIRES 2L

P HE 126 3N 25 HOH B 5 AR SE B ) U B S UG D HEAT , BLas o2 2 Bk
scikit-learn FEH KZHBINSH, BOASHAEWZ W)@ RES IR (it R 4F RO TERE,
OB RER R SRR EE . AT S HOR I, ezl BASE, R)a
MR AR AR LGRS b BRI HEAT P, A 152 SRR SF H R TS AN A S B 5 1
PEfE, 38 X AE R LA GridSearchCV B RandomizedSearchCV K528 . *f T
AdaBoost M1 GBDT 5L T AW T M ZE M S HERSHOMER 4% (5570
KD 4. n_estimator NRFM I, learning rate N5 ], ARSCIRFH
MR R E N 50, ¥ FREEN 0.5, Bl I HE NS HHeRIE A ss 5 > 4
WZH, HrIGRNSHEERSHME KB, £ scikit-learn JE o,
DecisionTreeClassifier /& FH [ 3£l 7 1 &% , 51> TR S 1 B KR BEER A None,
Subsample RN EE MR I ZREEAS BT KAE L, B DY 0.8 7] DL G id U145 , alpha
Z ¥ A A7 GradientBoostingRegressor 7, KN 0.9 FEil 452K bR K. FEHLAR
PRk S E W E Y 100, n_jobs W B A-1 Rl H A /T ) CPU b
max_features ¥ & 4 None K~ & T A RHIL, criterion 719w (k) 70 brife, i
F gini &%k,
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R4 DR ) HIR NS HUE

Random Forest CART GBDT AdaBoost
n_estimators = 100 max_depth =10 n_estimators = 100 estimator= trees classifier
n_jobs =-1 max_features = None subsample = 0.8 algorithm=SAMME.R
max_features = None n_estimators = 100 learning rate = 0.5 learning rate = 0.5
criterion = gini criterion = gini alpha=0.9 number of estimators = 50

i e PR B SR, A SCIRUE I SRR A, SR FH 4 A8 UG IR R4 4K
1 80% 7 AYNZRER, 20% A MNALR, BEALLERI 53 B [m I SR A AT 4R (1 4 -
BEATPEAt . AdaBoost M1 GBDT #ft & 5 T I B R RT [a) /) A S0k, 7EJR B 1A
— eIl b, EE B X A . AdaBoost ML IERYIZTIE S 4, A
—RH R ARLE, AT AR R R REATE T — AR E 2 0. AR
B9 ST HIACRAT, B & 95 77 I 8 R BLUUE - GBDT thilid is X
RG34, B B RMET —5I5RZE, T8 B S AR
Z, BEBREIR IS, AdaBoost 52 R AEIE AR SRAT BE S OALE, BT
AR P R — 2

CART & — Mk e 508, BENLARA R Z AR ER K, GBDT. AdaBoost
WL G 2 AN 59 S AR AR oI 4, BARDURh R E R B T A 1 T
2, AR TAR B AIIGRTT S0 — L8O A X ), CART Ry — B 2 > 4%,
S RT B — B I RE Jy, BEHLARARGIN T RENLYE, 8RR s AL AL
MEREAFAE TR I, TSGR (A1 2 %, A B T3 s R Rz A T e
GBDT. AdaBoost il i #4857 > i) 77 2UAE 4 i o7 2] Sk S0 R, RENS B0 4 ik
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PO A BT S W . 13K 4.2 s, BENLARARISF 3RS £ 0.825, LE CART
%I 0.784. GBDT ] 0.803 F1 AdaBoost B 0.798 F iy, R AHAEAL MR
¥ b, BENURMRRIUE L, BEHLARMRE — ot KIS S 75, B A& %
AN RFRRIE FAS B VR BE . BENLARMRE I R i, BAB @I FRIREEE, Ui b
WU T A B SR ARFAE I A B R 705, BT ATERRAE A 60 72 o 1 FH BE AL
PR LI HURFAE .

R 42 DURHER R 2] SR e

Algorithm Random Forest CART GBDT AdaBoost

Mean accuracy 0.825 0.784 0.803 0.798
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il 2 EE PRI BEALARAR 2N R T R TR R AR, TR RR R
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AR AR, SR I RERE, P OB AR iz AR e

PG LRIERA R AR AL B AR LR . R 2% mdERI BRI, Toik e S AL & [A)
MR, BENUARAG E Rk S E R R R, 225 RERF R 22 18] AR LA AL
PESR AR, DRIULRENS SEUF AL B AR LR . RSN kB A Bde o X2 BEHLARAR AL
e, FIAEPPANARPAE B FE kIS B 4 T 2% FE A R 45 44 (H AR AE IR AFAE AR
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R R — AN R BRI, YRHMEZ FAEEAH DGR, B B HOY . 78
RN T B R 2 A AE R SRAR G, G5 BTAR, I RA Al E IR A
TENEI NS H . & AN B IX 7S 2 S EHE 2 1N RAETF =452k,
PRI A % B R — AN EES A R XAV AEZ 5 4 20, 1B iR X T AR
REREE T2 (0 Hh X 57 30 5B S AR R o ARYE SR VPN 45 L, A B DA A
BEE B TUA R RN, Bk BB N N O35 FEAE X T AR AR N S5

31



VL EAp N U e VAT BT Stacking FER > HLR N FAE T IS AT 7T

5 BT Stacking SERF SRR A ST ITERE

5.1 HiEidiE

KR 1 0 B AR SR PR RE AN S L AN R RE A 2 AL RE S, B 1 5 2 Tl
SN R AR HUR B AT 2 AR M AR 3ok A i AR AR, 2 N T EAL
PG ARG 5 A B AU o 108 3% 1 FH B0 10 e 1) 3 S DR R AE B A BRI L T
B R 1) A

ARICAHEH GAN WL HEATE N ABET ) 117 AR AT S g, Hiks
kBT

A AR R HE A

MINZE: 4 DNHREIG, KNS 45T

FBUZ= 1 64 NMFRZETT, fH Tanh BUE R

[l 2: 128 MZ T, f8TH Tanh WHOE 4K

B E: 6 MZ IO A U B I 4ERE, {3 Tanh WO& M4

FA A8 AR

BN 6 AN TUNT AR B i R0 B SO e 4

fasl)Z 1: 128 ML IT, ff ] LeakyReLU 0% PREL;

Uz 2: 64 ML, fHH] LeakyReLU ¥ BRI 4L

B E: 1AM, A Sigmoid HUE BRIEL

i FH o038 SRR A 2 2R A0 AR GRS I B R iR 8, R Adam HRAKES, %22
4 0.0001, IR IHEE N 10000,

H 51 B SRR S AT

e E =2 B R LS R X THIAR LIARYNE
YiE 6.5157 8.3684 77.3807 4769.3070 3084
JRunE s
AR R 0.6121 0.7753 2.0092 3.0896 23.4353
YIE 6.5561 8.3760 50.5863 4206.8237 4618
SR g
AR 2R 0.7110 0.5411 2.7652 2.3257 20.4667
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MR 5.1 AR, BRAGEE 4R 5 G sm Bs SR 5 DR AR OV BRI, 1B T N B8y
(E AR ZZBOR 3 B PO AR T N AR BAORE EROK, DR 265 R AE R B R o AR TN
HOEAT R EOACTE, T3 s A AR A AR R AL IR AR B S /S, R 5
BN T HE R T, A AT LA S S S S R e P AR 2 M RS AL

5.2 FREUEEL

(1) Lasso %tk [El1g

Lasso % 7G4 5] VA1 ¥ 25 508 1 38 i 58 SCHRHIE AN X %48 R 41T I % . Lasso
EE%igﬁﬁmmmuﬁmﬁm%ﬁ%&ioﬁmwﬁﬁﬁﬁ%ﬁJJﬁm
AL2 IEM, 17 Lasso [ VAR L1 IEM . PAF 2% Lasso 2 2k A2
) —or BR:

OWREMBFESHINE. EHE— R EIENEIESE, 8 N— DB
BIF4h, %413 155[0.0001, 0.001, 0.01, 0.1, 1, 10].

@ A XIAE . R 10 H738 XA, B INZGEFE SN 10 N TH. B5
XA ofl, R 9 A TEATIIS, BT TR TRIESS . AR
HE 10 K, FIGER—DMAFERRUEE .

@i HEREfE bR . X TR oE, W IE TR iR % .

@iEF AN S E. @I P SR IE 45 FE R PR RE TR br /M R fE

B 28I R R XIIEM S AR, 153 Lasso £ o4 RIHE ENL 2
o E 9 0.01,

(2) SVR 7

SCHE I [ VAR (10 2 B0 B KA ek O £ S e BN S B0 % AE SVR
t, R R ARSI Sigmoid B\ AR AR R HURN 2 T % . 0T SR
AR, WSROI, TR SR ARG

DA 2 SRR 1] 5 1] U5 2 B0 2D 3R

O RE LS. ZMEAZE R T LM 0L, Sigmoid #%1& T4 lith 4
I 2 , 42 ) ik bR B0 FH T RPN T 2 (A 0, 2 RIS T A B R R R R
Xof 10 RR AR R R AR A, A SO FRAR ) B R %
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Q@SHRE. FIx R E, HERSEUE gamma M C, gamma 4%
A2 e ik R BOZ B BE /N gamma ] TR TR PR A ) ik bR 5O AR XT3
IR SFD T, gamma {EHBOK P EHRUE AR R R BU%, (RIDFAER K. C £1E
WS, BRI IR F L. CHEB/NFEHREN D ER S, B
KRG, CHEHBRKERNRENFZLBIR, FHdME.

MR (A RAETRE NS E BT A SR, KBV
REm LIS HA S -

@A XIGAE . A 10 I8 Ik, CLVHSRASHERE, Piibd S,
TR PR RLZ A I B S S i

REAE SR AEAE TS T RE T I8 2 — A AT RERI S BUIUE . (8 SR A B
THEAMBERZH DN, RARINSHEEMEN FEYIR:

5.2 SVR #H S

ZH TR (E TR A AE
gamma [0.1,0.2, 0.3, 0.4, 0.5] 0.2
C [1,5, 10, 100] 10

(3) XGBoost 7

XGBoost ZH5r H=F KA. BHSH. booster ZHLK % >] HinS 4L,
3B FHZ 50 booster Z 85 I TER T 2 v BAR BT 735, % > B bR S 40l
25, booster 24 ISR TR T 9557 ) SRR, BE AT DA A BE T4 o Y
I ] PR MR R R 55 2] 35

BATSE, AENSHCERE—HT R IUE, (ERAY S 407 (] h AT
B R, DIRBIRRES B S, Mt mBmirkae, [RIFEEH 22 X5
TEVE RSB TR Re, @ P A S8R, BERT RASskb 77 78 SCAT DAk b i
N
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%53 XGBoost fEAI %

ZH YL 15308 18 51 % RILE
n_estimators WA [100, 200, 300, 400, 500] 200
max_depth W IR B R [4,5,6,7, 8] 6

min_child_weight T 0 /MR [1,2,3,4,5] 2
gamma 9 o E N BHE [0,0.1,0.1,0.3, 0.4] 0
subsample TR LA [0.5,0.6,0.7,0.8,0.9, 1] 1

colsample_bytree B (RS AE R AE L A3 [0.5,0.6,0.7,0.8,0.9, 1] 0.8
reg_alpha L1 ENfk 5%k [0,0.2,0.4,0.6,0.8] 0.2
reg_lambda L2 IEMItk R5L [0.2,0.4,0.6,0.8,1] 1
learning_rate IR [0.1,0.3,0.4,0.5] 0.3

(4) RF A

FEAS P BE LR EAT B2 B > TN I, A7 — L8 S SRR kAT AL . &
BRI EE (n_estimators) FHEFERM )5 RIRE (max_depth) #4172
BOREE . N0k 8O T DR m B RE, (HE S G, FREIR IR A B T
By 1 00 o G AT IR SR & B, AT LBV TT IR 2, B
AR, WEEMMERE. SR E L 5.4 Ps.

%54 RF BAEISH

ZH Ui ik E 5% AR
n_estimators W A4 [100, 200, 300, 400, 500] 200
max_depth W 1) B KRS [5, 10, 15, 20] 15

(5) LightGBM #5#

LightGBM H1— L85 [ 1 D S 50T 5 Bh B i i 2 IR M e 2 AL i T R B
AR X AN S0 1 T67 AR AN A £ L«

BATSEORMR T, ik — A 2 Ve L, i WA 2R 4 /N
HRREMSHA L, BRANSHOERFEZ IGER, ARRBIBRNSHAE .
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# 5.5 LightGBM iR %

ZH YL (TR IERTIES RAE
num_leaves M7 B4 [10, 20, 30, 40, 50] 50
max_depth W IR B RV [1,3,5,7,9] 5

min_child_samples T R N A [10, 20, 30, 40, 50] 10
subsample TR LA [0.5,0.6,0.7,0.8,0.9, 1] 0.8
colsample_bytree B (R RSAE SR A Ll A [0.5,0.6,0.7,0.8,0.9, 1] 0.6
reg_alpha L1 4 5% [0,0.2,0.4, 0.6, 0.8] 0.8
reg_lambda L2 IEMItk R5L [0.2,0.4,0.6,0.8,1] 0.4
learning_rate R [0.1,0.3, 0.4, 0.5] 0.1

(6) FEHERAIRSLE

A GAN R 28 2 B 2000 28 EAT 00, X6 BT N ik AT X B ik 2,
BN R NHEE. RX, S E ST NEIR e, 80% [ 4 H
TIIZR, 20%H FIate {3 2% T S S 40 AR BEAT 00, A A 0
ZORMIPEAN PR AR NS EE IR 5.6 Fw .

# 5.6 AR

R RMSE MAE MAPE
Lasso 0.305 0.242 34912
SVR 0.214 0.165 17.389
RF 0.209 0.148 15.378
XGBoost 0.175 0.135 13.934
LightGBM 0.169 0.121 13.335

H# 5.6 AI AN, lId EEEEY IR ARbR, X TN, Lasso [Hl
U AR AR R B 22 1Y), RMSE 84 0.305, i BT i% 8 55 Lasso [\ JAREALAR
KiEAs SCRFIARE [ RR RMSE {8 0.214, IR 92 1L fg
Z=[E]; RF. XGBoost fll LightGBM £ %57% RMSE A& 16 B T 68 71 R 4F &5
/MM, LightGBM. XGBoost fll RF iX =AM [ T A8 1 o vz, 2z

HLRE AT B i) =
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5.3 Stacking SEREF I A B

TE R P AT @A, {37 s — 2= ) SR T RE S Bz A RE 22, THEBAA
JEFBIR /N o Stacking FEALE —FIAT RN LE A 2 I HELE, BB & 2 MR &
BERIPERE, Stacking BIAVLES T AR EIAILSS, o T BAARTISCR, 4R
F 2 G T A R, AN TR 2 R SOb IR R R, Bk, R
Stacking 5 7 > AR

(1) bR AR HE HEAT G A R — AL S5 TR A PR

(2) BRSO . 55— 2357495 1% 5 RF . LightBGM. XGBoost.
SVR. 5 il R — AN S 3 E oAy, 3@ i A% 48 R AN 28 XRIF I 3%
R HESH

(3) Stacking HE R FE . K I ZREHE 73 5 80% H T Zrft 4, 20%H
TP PERE o X REAN > FE 2808 F 4T 28 SCERAE 7 VAT I 5, B4 28
ROVTOM S BEPHEEAE — D, PR B IO &5 AR R 5 2 A MR A AR
i TR AE AU 25 Stacking B2 FHESE A )58 )2 0% ) 8% .

(4) KA f A\ IR A 15 3 Stacking HTRINNZE R .

SMIEISEPIE S gl kS

f# Fi§ Python 3.8.4 Al Tensorflow-gpu 2.0 4.

XA FERRL S HORAT IR, R R IR IR R S 4L

5.4 XHZIER Stacking SERLIEEY

B 1o B AR R AR A, T — R BRI RE I T iR A R R A Al 5 Stacking
e AR R U7 IR, BT S R R AN [RI R A R4 2 5] 45 BEAT R &5 - Stacking
SEHEAS S AR S P 22 A SRS R A SR 3R AT TN, R Jm e 2 2R 11y 1 0o
&IF, AT, R o A g TN SR

Stacking FIEMIAE D AW EIR. H— R R DI BA N, FAHARR
il FH A ok B IR in Bt g« 56 — R oo R M ZR 80 R IR T 58— 2 Th AR A%
R ISR I R 34T 4 S SCIRUEAS B HU Kt , X F-IhaEis, oot i
B N\ B ST SR 2 A SR HEAT TS 2S5 A, SR 5 BRI+ BB 1 1
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HRE . XA 2 2 IR S5 MIAE Stacking S35 A 5 78 70 s FH AN JE AR
e, DT Hit v B A T 44 R

Nt — AR TR REANZ AL RE ST, AN T Gl b 3 i B SR A 25
MALIIRRL . Gl Id {3 Stacking FVEN B — IR AT R R G, E—TVRE T
LightGBM. XGBoost. RF. SVR #l Lasso iX F1/ME R F 2 . MR VR4l 15
PREGECEL, X MR T B I8, Lasso PITRINACR e Z2, 5 HARAE AL AR
FERK, HIAER S R AL . X T Stacking 503%, @ H Rk H— A%
PN O, PR A SO Y% A LightGBM. XGBoost. RF F1 SVR iX P4
R b () — AME N O R I =/ME AR, 430544 LightGBM-Stacking .
XGBoost- Stacking. RF-Stacking 1 SVR-Stacking 1 PUA4N X J2 15 5 gl & ) 5 00 45
i

fi s R
, v . . ’
l RF ’ ‘ SVR ‘ l LightGBM ‘ ‘ Lasso ‘ ‘ XGBoost ‘

L RY N 2 A 2 S Ak ‘

'

[ A S B 1 B A Ty R J

'

‘ W T Stacking MR ] I HLRE A DY BE T FL 5L 1Y

:

BRI EZT

THEA

K| 5.1 Stacking AR K
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5.4.1 XX 9

R A R 2t 3 1 25 9 A2 AT 4t 52 37 0 A0 22 S A 1 o A0 T DA AT I R 5 AR
AR RS, RN ST R 25 e st . N0 R
BRI R, AEMRIE T VRS IR T, R 3t DXl 7 9 AN R (4 DX 48y BT BE 4
Bt oy A b 5 2 BRI RS PR 2R XS SRS

SEMIHL R N AR T VPG B R SRR AN R XS 1, BN IR R AR SCHK, 2
MFRIET BN ZOR Bk 2 FE R, B AR R R AAME AN AR . Bilin i
XA B R SRR R AIEER RS B2 SRS,
A BRI R T ARAE R N G0 TR DR 3R R A R R A R i R
R FVRFEREATREA R 23 o BUAE EIRI ARG T T 700 — bR T D s s S 1Y
G EEE AT N USE TS 5 1%, 207 iE Mt 5 R A b R A, iy
e vy 3 A RSP NAYIA AP St i & €/ R i BURZ A e WIS <
SLHUARRR, TR SRS N AT 2RISR AR AN mIE Ay PR o b
FAtGEvH @A 5 o i 2 W= P A R SRR ) s X B R R IR —, T
B e A b e ) DX T s B o ) X, R ke Jel) 703t X RT RAASE IR 7 B A A e 42

MRIEN VL ShEAET . ERIRA S DL, R b B KR ) 20 D v B CRr s
g HoR. B, &) U, =, P R ST )FIORR AR
REG) =X, Pk X RIS SIS, AL B ARSI AL,
IR A, RERMEFEROR, DA HAT B v (R e KRSz o 4 R b X R 2 e A
BRI, A DY 1 AT ) VR DX R e 3 R 3, 7 R X A B A B S Bt
RIGR G KA RE L, A, B A

5.4.2 IE D

FEH RN AT PSR A i, TR R R R B e AR R
P, LRSS @AR 2 GRS B TR R 3 BOTINRS TR, A A A I 3 e +%
R R XA DV AR NS, 8 MR A R R X RSB TR R 347 2
&4
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5.7 1950-2022 5 H [E KBl AN [F] 24 B AU T ARHAE

DU \ VI VI VII IX X XI
BHRTRER 14 153 127 82 27 5 3
BT RER 3 35 48 62 25 5 3

wAET/A 13 22 45 371 2698 15621 242000
&/NET/A 1 1 1 1 1 94 3300
FHETE/A 1 1 2 19 356 4366 104842
FET-REUA 16 94 253 1536 9618 26197 314527

AR = v ZURE L FET ANEAF 2 1950 4F 2 2022 R 1) 411 A E N AL T2
FENATRHE (3R 5.7). W3 5.7 ot iE N RAET: F ERAAEVIIEEX KU L,
VIIFE X LR PFE T NBON T 2 N, B 2R VILEE A R 5 3% 82 3], i 5%
hZUREAIX X XURREGISE 35 4, 767 X HEAl 1 iR 414 7 A VI EE F1 K T
VI,

5.5 JHRRERBINTEL

b — P BE R R E b, R Stacking A ST BVE N AE R AE L TR
RO HE A BT DY s — A AT T XOE A A A T AR A AL, e
LightGBM-Stacking(JE %! &y XGBoost. RF Al SVR, JCHi# N LightGBM).
XGBoost-Stacking(3£ 1 % 4 LightGBM. RF 1 SVR, Jti%% A XGBoost). RF-
Stacking( % f% %! Jy LightGBM . XGBoost fil SVR, 7T f& % Jy RF) Ll K
SVR-Stacking(FAH % A LightGBM. XGBoost I RF, oAy SVR). A/N 5[]
F£48 Fl RMSE.MAE 1 MAPE X =M PFA B AR S A RS 72 A 4 B ) 7 4 g
2 KR DY A R AR DR T A R R A AR ) DY A B — A )R AT L
152, 39 AR HH TP R S P TR ASE Y, b 7 Dy B B BRAAF A SCAA) S ) e AR AL 4
BEAT VBT o
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# 5.8 SVR-Stacking BT LN B8

PR bR RMSE MAE MAPE

SVR 0.214 0.165 17.389

RF-SVR 0.211 0.144 16.115
XGBoost-SVR 0.209 0.138 16.012
LightGBM-SVR 0.204 0.133 15.224

RF- XGBoost-LightGBM-SVR 0.197 0.128 14.595

#* 5.9 RF-Stacking 4@l PEAN 48 b5

GRAEELD RMSE MAE MAPE

RF 0.209 0.148 15.378

SVR-RF 0.203 0.139 14.773
XGBoost-RF 0.196 0.141 14.784
LightGBM-RF 0.186 0.135 14.654

SVR- XGBoost-LightGBM-RF 0.180 0.104 13.061

#* 5.10 XGBoost-Stacking JH & PEAN F8 AR

RAEELER RMSE MAE MAPE

XGBoost 0.175 0.135 13.934

RF- XGBoost 0.174 0.133 13.908
SVR-XGBoost 0.174 0.128 13.871
LightGBM- XGBoost 0.172 0.117 13.584

RF- LightGBM-SVR-XGBoost 0.167 0.112 12.125
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# 5.11 LightGBM-Stacking Vi El I 7 pEAR 45 bR

i RMSE MAE MAPE

LightGBM 0.169 0.121 13.335
RF-LightGBM 0.153 0.119 12.861
SVR-LightGBM 0.150 0.118 12.335
XGBoost-LightGBM 0.149 0.112 12.098
RF-SVR-XGBoost- LightGBM 0.144 0.109 11.916

X6 B b T U 5 3 AT 6 it AR O e et T R — A AL P TR M i, H2
WAEIAN, G0 Light GBM H— 5 18Y [] Fi0il 4 §& /5 T SVR-Stacking filt &A%Y [ 4
RE, JREIATRER SVR X W BONEUR, & T/ N0, e &, )
B FEAT RG PR PR TR T 14 e (1) — Fh 7325, (B4R B 45 A —E 2 Ak
[1]o ARSCHIFE e =N @& RF-Stacking. XGBoost-Stacking Al LightGBM
-Stacking TR REAH EE B — ALY SR BiAF 2] 1 3R T1, 3K YA RS o i) T e+
J¥ 4 LightGBM-Stacking. XGBoost-Stacking. RF -Stacking. SVR-Stacking, i
MR R AL 12 LightGBM-Stacking @l &4, H RMSE {4 0.144, MAE 16N
0.109, MAPE {H74 11.916.

5.6 TGRS

F R 1) LightGBM-Stacking FL% B T-HufE N ABETVEAL, BEAYH N iR
2. BIXIHA. N, S NFET NE. A A b DXORIAS [F) 2 PR AR 4
W, LIy XA FURE AL, ARAESERTRI A 2L RE 5G], 442 8: 1: 1 RIS IIEREE.
MR EFNIAELE, ZIRUEEAN A T AL 855 21 € XHISRIESE, 12 me AR Y
THE, BUEPEAS IR T AR . (A GAN LRIl ZREE S 7R 2 2000 2%, %6
UE AR B B LS 7 545 JE R T 38 512 of, bR B R Al 5 S 5 S PR
BUHEAT AFO R4, AT RIS (1) 1 fie S S0 AR B8 12 HA 20 #
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o | 1 I 1 1 1

N1 N2 N3 N4 N5 N6 S1 S§2 s3 S4 S5 S6 E1 E2
=

5.2 Stacking 15 H F 25 S 5 L SAE % B

AR Stacking FERUE 2T, EFO AN R XIS B AR N ) Bt 2 8. FERE L.
7 A AR S HBIX 43 I BEALIE 7 6 4> (N1-N8). 6 4~ (S1-S12) 12 4~ (E1-E2)
FEARH T N GAETT, JF 5 HSHE#AT U, 48R3k 5.5 MK 5.2 o |
K52 AT%, NI, S4. S5 FME 5 HSHMEAHZEK. NI ZHONL R, iz
AL T P 10 55 24 43, T AEAR AR AE UL 6 350 43 V50 A TR R I B) I A AR 2,
A AR AL TN T Bl RN . S4B AR HR, S8BT ALmME
W, XA AT 2 A, HEE SR IR BOR, R K E
2R, WL ATFFEEER, MR R L T SBORI RE 5 k7K 9 35 0] H 7 5 3 N 515
TRAMARE R, W — B S0 X R N BB T BT i
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#5.12  Stacking fR 7Y &5 R

o EH B EXmH UNEEI: FET: T Ko
L R g k) k) A% ®
I=8 1952-10-08 IR~ 5.5 112.95 83.85 58 38 Y
1990-10-20 HiFk#H 6.1 31.56 17.78 4 5 Y

[t 1995-07-22 Hlik& 58 64.08 20.01 12 5 N
Ela 2015-07-03 HraEE L 6.5 1091.98 13.35 3 5 Y
1>8 1985-08-23 Wi Zth 7.1 556.52 13.01 67 63 Y
2003-02-24 @A 6.8  2342.19 77.76 268 237 Y

I1=8 1981-01-24 PYJIIEF 6.9 6.60 24.68 126 108 Y
1995-07-12 =@+t 7.3 227.22 10.14 11 4 N

. 2008-10-06 FHIR4KE 6.6 309.93 4.91 10 12 Y
" 2012-09-07 =EEHKE 5.7 270.74 121.59 81 61 Y
[>8 1970-01-05 m=FgiddE 7.7 628.86 313.58 15621 10612 Y
1973-02-06 VUJIIIPEE 7.6 1301.43 12.95 2199 2584 Y

R 1974-04-22 TLIEH 5.5 6.16 165.09 8 12 N
#h / 1998-01-10 #dbikdt 6.2 114.88 110.75 49 38 Y

Fsazr, YAREHRT A S WIELR —BER, NFRR_ENER—
BER, FARIH RO, “/” ARFEARXS 2R 50 X 34T 7= T 2RI 21,
FEVUALHBIX, 250 R 1) LR AU T NS Pk 45 SR AE R — BE 2, T 1995 4E 1
NKE 5.8 BB FIMAE A 5 N, SERRSET- AE 12 N, FERMTVIEX FZ
SEVEA G AR BOE R 5 AFET:, SEETME .

FE TR Y o 22 A8 AR O R 2 v Fbn e, AR $E AR R 22 2 2t 2015
SRR L 6.5 MR, TMEY 5N, SERRFETI AN 3 N, THERAHNR ZE
9 66.67%, HAESEPRRE G POE VAL, X ANRZE I AN M N 2 A A A R
VIBT I, T2 R B AR 1R 22 2 R e I AR ZE U, R T DAAER, A
JrETEE, MR 0-9 X NECE A=A

6=¥X100% (5.1)

Rof: SRAMMIRE,  FoRFNME,  FoR .

MR AR X R 22 o sCrt ST 15 PR AL H X P 3 A 12 22 8 23%, 1 e HB X S35 4H
XFIRZEN 28%, ZRFBHLIX AN 1R 72 36%, 1E VU R M X VP4l 45 R, A7
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TN A FET NHCS S B PE T N B ) R R 22 W Bl i v o 2 22 i DRI T P R X 3
JiAtiE Bk HAll X A2, R A AE I AR AT PR KRB AR AR T, e A AN
TR, IR FEBUSNOIIR] TN DT REEE, AR AR A RO R A0 T A KL
I R RETE 7325 18 BT LLAAP KU R R AU RE R AH S, AR KRR BT IX, EARH=
AN A Hoam B — AR, (H AR A g N RAE T R IR
PR, FEARARYIZRIACRYEA AL, TR S 2 X AE AR S 157 00 T W RE R AR 1
RFJEHR, RO 7R 350 1 DX PR Ail 1R 22 B

F£ 513 BALRZER

Ay PG X iR 2 R 7 R b X R 22 RIBHIX R 2 2
GB/T 30352-2013 71 87 89
X4z AT 55 61 65
BP #4 M 4% 38 43 45
PCA-ELM 31 35 42
LightGBM-Stacking 23 28 36

% 8 BRI ML X M FE AR R], AR SO AR HEAT 4007, 4 Rk 5.13
FiR. Horp, HEREN S (GB/T30352-2013) H[EHE R, &
T EE RV ) KM R T 1) A L PP A 5 X AR AL e o A 5 0 e
VAT, BRI, IS TR SR R AN B A Z AT N BB T R R A
BP #Z M 4% F1 PCA-ELM 1E N N THIE MR, ATCLRRERE kR, &2
it R N IR E T, ARt LightGBM-Stacking ~F- ¥ AH X 1% 2 i
/N 29%, % W] Light GBM-Stacking 48 Bt % ~J B 78 Ab B 4R 2 M K ) 50 2L 35

T ZE5 AT A e, ETRN R N AT, LightGBM-Stacking £ 4b HE
FELEME SR % 1) EAHE T ARG THE RPN W 25 R IUE AR, R N iR
2, AHECT A BT A BRI, SRR B 1S 5 AR R R R . AKX & A
ROARKINEI FIHERRZEFRBR, FIARR S THEIR KRR EAR T e mi g
B BRI, X LA AT REAE ARG BE b R AR AR, B RN BE ) T
V. Gtz ae AR, ARG, HMELUE R R AL 5 RANEEE S
JE R E AR BP A N 28 FERT R S0 AR LA, ABLAE OSBRI 45 77 TH
PIAEAE—E SRR, DRI 4 SR R I adh T AR R 2% ST AL

45



VL EAp N U e VAT BT Stacking FER > HLR N FAE T IS AT 7T

Stacking £ AR M R 72 R /N2 KN Stacking 1E N —FhEE 2= > 5k, @it
MG 2 MBI 25 R m AR RE, REZRE S B L AR IR 2 R,
SR IR AE T A AR B AR A &, PTG 2 MR, R 7 9T 4
) BRI AN R 7 1, #2398 dE R AAC R, 456 T2 M ERNER. A5
G HEAR L, SRR ) A AT SR S, — B AR, R R
WG, TG B LAY

FEFLEAE LY, R 22 i, HAESERR R AT & rI 32 1. IX5Rif 1
RERIFARMEFIEIN S HIME—IriE, AR, SRERK AL
AR AF R FIEEIE LGS T AT Re R I €, e — L5 M= . 18
SRR SR FE 7 1A, LR G ST AR R L . TR . TR, &
BEVESERIZR o AR RO G B ARG A 2, SRR ZER R
DIANTR] o BRI, TP A ST 1 e I IS4 ] 22 S AN [RI B 4 988 o AN [R] B IS B A0 2% A5
FEHE N RAET R b, BB RPE T A ERZE e, 75 2 ORASE Y A % 72 491
NHARRERS R I B o FEHR N AL TPl Hh B S S TR E A — MR
IFIT AR B, Ry xS TA0 T N R R B S, A O R 22 ok Al B 0 AN 2 f
e, Regfeft— e B BE PG TH it se AR A Rtk .

AEFE AR N SAAET XM AR LA B A Il R, AL > A N BE R AL 1%
G I G DA e iR N AR T JE B 2R G A, AR N S AE T 5 i K]
50 TR A I 2 G 3R/ 15 B U AE A PR
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EX Ay N T = YA T Stacking £ il ST LR N RAE T VAR B 5T
6 &5t

AR I S S RN SUBE T B 52 e TR 3R VP A 777 DA S A I A R B
2, WELS A FER ARV o« 35 B A AA GBI 7 . BB = E, R RRRENLARAK
CART. GBDT #11 AdaBoost -l N B AE T (1 REMA K 38, 5 280 i B W LAR PR B4R
DB RN R E TR PR R I e A R . BEALARAR VAR B b R S 1 A
filh, 0T RBE TS PR 3% 10 B B R AT VAL, SR SRR L IR T
NS H. VYT GAN BHATHUEIG 58, FFUT R —BORTR, X AL uE
BRI . 58 TS s SR I B LB 7 %, 0 R 2 LightGBM-Stacking
XGBoost- Stacking. RF-Stacking F1 SVR-Stacking 31X JYA X JZ #5574 il & ) 75 A
A, ARYEEA AR UL RE B R 12 LightGBM-Stacking A&, FENLBRILTE
151 56 I A2 1) T AR

6.1 &51¢

IS BN L MBI B AR SRS 55 2N AR, SR 0 X3
BT AR M RARAE A AEAE VIR X A DA _E, 270 XKL B, g iR 2
&5 VIEE X ANVIEE X B _E, A5 L G SRR HE 3 S AN [ BN (TS B R
Stacking £l SRR, 37— P ARV E N BB TS OB . A
RSN FI R ZLEE M R, SR AR A, R JE N RSB  PRIE Al R 11
I RiRAT BA R 5

T HE R 2 2%, AFEHT . N DRI SEAE R 3R A e, R A0 T T 72
PEAHE V. NI b, AWEHRFREANT, Lob EHRE G WO SR
JR R A ¥ ZU R B Ju s SR DX AR, 3 Y Fl o > SR 2 i Hh e 2 o
RIARZEPESC &R, AT Stacking £EK 5 SRR . Sl RFALSR UM S BiAL, SEHER
PP IR SR N IS8T SRAR IR, AT HABARE A, 2R AR RN A
ToPAl o B A S s R BE AT HE I o PRI, AR R 5 A N S SE T P v
EA—ESHE I AARKNBT TR 1 A5 7%
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EX Ay N T = YA T Stacking £ il ST LR N RAE T VAR B 5T
6.2 1ig

AL FENEHEN T, DI & WA B A0 8 72 ey A A B 2 R
SCEEPE, e BRI, (FFH Stacking £E R I B ALREAT HURR N ABETIVRA
BIRE— B BT 7 PR i Pk B A HERA 1, (HAE B BORNS . S50
MU B S T5 T AR PRAFAE Bt i S () o Dy ik — D3R TH N RCR , Ja SR Tt N A
HRIE ISR LR LA 7 THI ) 1] i

(1) BRI A RFEALAANE DA SR TT

WA B AN BT LR R S, D DR 12 AR TR e DR Rk A e 14 3E
Ve, 2B 1 ) 2 ) B R AT S R 7E s IR IR EAT R A R A T S DAL 8
o [RINAT LS RGBT R K, AL S At i 25 PR R, SR i A
HERAIE -

(2) TUARER RS ST I fRy PR 1

JUE R A EHRN FAE TV T RS 7 ks, HRIRVER R Z k. K
SR BRIAIE T AT LA S i 8 2 ST S 5N A % SR S BN G 24
PASGE FER T SRR, RER R PR RE . LEAh, XA aE 31 1 R BR PR AT T
RANIEFE, S R MG B P 5 1Y) ¥ o

(3) RAERFBEILNBE— DT

RAER TR DN IARIIAE, #F2ZE— PIRATE T . AR PP I A
LRI AERFFEIA AT, BB R N ZE R R A R, I
FEAMIRAE R EIPHARCR . TR N ST SR s BER G 5 I8 2 AR,
PRIAE T — B0t e, KRS, @R AWER R, SRR,
AW R R O ON SR T TR A AE A AT T SEA:
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