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Abstract

The Normalized Difference Vegetation Index (NDVI), a core indicator of vegetation growth, is crucial
for dynamicrice yield prediction and precision agricultural decision-making. However, current rice
NDVI prediction faces challenges: insufficient climate factor coupling, limited model capability in
capturing temporal features, and weak regional adaptability, as traditional models either depend
on limited meteorological variables or overlook NDVI’s temporal structure and multi-factor syner-
gies, failing to meet high-precision demands. To solve these problems, this study developed an NDVI
prediction model integrating STL time series decomposition and Bidirectional Long Short-Term
Memory (BILSTM) network, focusing on five major rice-producing cities in Heilongjiang Province
(Harbin, Qiqgihar, Jixi, Jiamusi, Suihua) and using daily NDVI and meteorological data from 1983 to
2022. The STL method first decomposed NDVI sequences into trend, seasonal, and residual compo-
nents to clarify their multi-scale correlations with meteorological factors; an integrated “STL de-
composition-BiLSTM prediction” framework was then constructed to fuse multi-scale climate indi-
cators with NDVI layered features, forming a multi-variable input model. Results showed that the
STL-BiLSTM model achieved superior accuracy, with the coefficient of determination (R2) between
predicted and observed NDVI values = 0.994 in all five cities, significantly outperforming compari-
son models. Moreover, meteorological factors exhibited scale-differentiated correlations with NDVI
components: temperature primarily drove seasonal component fluctuations, while precipitation
dominated trend component evolution, verifying the rationality of the multi-scale coupling mecha-
nism. This study innovates by establishing a precise coupling mechanism between climate factors
and STL layered features, building an integrated framework for time series decomposition and bi-
directional temporal modeling, and optimizing multi-source meteorological data input modes. It
provides a new paradigm for high-precision rice NDVI prediction and valuable references for NDVI-
based rice yield prediction and food security guarantee.

Keywords

Normalized Difference Vegetation Index (NDVI), STL Time Series Decomposition, Bidirectional
Long Short-Term Memory Network (BiLSTM), Time Series Prediction

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l

H— b2 SRR B WDV AR E 5 AR A S RGBS O abr, CF 2N
TABHLORA . W AR E R L= B T T R S . Tk, FERE B AR R R S
WLB 27 S S G % JE , NDVI R IR AR . RS AT A shAS TR T AW AL, A& RG]
FRa s B 5 AV RS e e SRt T oGk S 4

E 4 NDVI B 7t AA 3R S AR T BT R SE X SO A% 0, TR S PR i b B . 22 DR 7 R B AT
FOR B 2 ST R0 BT 7 TS (o et B« R AL TR E, D’Ercole £5(2024) 113/ 4571 & SEVIRI £ H NDVI $i4E 4,
I EBRBER LT MODIS & Hidii; Hamouda %5(2024) [2]454 NDVI 5 148 i 5 32 S &Y el 5 RE
WET7K 50%; Dibaba %(2025) [3]i# 1T Landsat £45 457~ AR FUEE R A LE] o IRBIHLEIB FE 4,
Yang 25(2024) [41EF 0 A0 I WE 42 v 70 A5 X (AKC),  IF SZ 7 s s (XN 3636 NDVI £ SEH
BLES 5% 218008, Khan %5(2024) [5]PA3E E FKTMNBEFEIX, FEREEMHZ 25 (DNN)SEEAL, GESE 1D 4

ik

DOI: 10.12677/5a.2025.1412363 266 it 5 R


https://doi.org/10.12677/sa.2025.1412363
http://creativecommons.org/licenses/by/4.0/

Je

FRAZ N 4 (1D-CNN)ERLFRIIAS FE 5 {1 ;  Fathollahi 25(2024) [6]F%E 4Bk R EE NDVI FRIELAS, 363F T
TREE 242 S 76 4Bk NDVI I 28 5 o (1038 ;- Diniz 5£(2025) [71R FE B vGunefAhit =, & B TiDE B
T HEER AR B AT SC I 100% 73 R UERAZE, AR EUA )R8 B 7 AR AT BR A

] A F SR AR BRI T SR S DG BE X E, U EE NDVI AR it 5 AR HAGE S .+ TEZR55(2024)
[8]# & MODIS/GIMMS NDVI i 5 T #h 78 55 5, N IXK A o 0 S 7 ik br 4k VDCALC HEZE.
TESAFR 1 SRS TR B SR A T THT, 305 55(2023) [9)6T X B 2 )2 £ 48 & LSTM 4,
S PETHTIOIAS B 2RI (2024) [10] PATEIE R JFOAR LI, B BE HLAR MRS B B R AR 2, e
0L EH A A (R B A 15 S o TENLAR 5 SIS B SOt SRS AE TN 7 T, MRS (2023) [11]2E TR R s A
BiLSTM A8, UF SR B 2% ST 7R R Ak Folpaes Bl A (1098 775 XIHES5(2024) [12]42H STL-BILSTM VA4,
AU DAL 5N FE NDVIAE T AS 2 00 0] 380 s 51 55(2025) [13]flE CMIP6 A5 H s 513 = L],
% BILSTM + Attention £, A i R A A SN A TR AR vk . BT S, [ AMI = 5 X 3 A Hr
SRRz A, B IR LGRS SRR G, R Y R T X o M S R R

HAl, /KRG~ BN RAZAE B RIRYE . A Gu BRI PRAR &, 387V U 8 e ek
B IR SR, BN H S X R S e 8 S N TR RIS SOOI o e S T AR
A, MECLSCHERE A R SR

AHFFLHESE NDVI Tl 5t FAUEE RS R HMEA L . BRI ERE IR BR S X 381 FH 28R R 5%
WA, SREHAES R R BN Z RS RIERS S STL 20 JZHRFE MRS R A L, A B i 1a) R AR
AR VLS NDVI #asA o Ji A 22 100, Fil N DX SS90 J5 RO, SR A% 42 17 B0 B AR = — /R M 2 “STL
SrfE-BILSTM Tl ” — A0 BEH, %F STL 43 i) IR 8 i o0 5 UM D5 - 0T I PP ARe e i, 5t 22 VR 480
MBS 7 R 512015 BAREL = RE X Z n UM AL AY, % H s Al Sl & B K 290
A NDVI T 2 Jeiii N, $EF- TR B 454 2 A IXIRAE,  DAIE S804 A X 30 1 R P AR -
HIE RS 5 1% X 30T R

2. MMERZE
2.1. AREXE

R AR R EOKARE A R, Hadiifa &b LB 50%, 7 EFRE 2 ains G
o “IRREA” SR . AWT TSI 2022 SE/KAEME AR AR, SRR SR AT AL RIS ZRIET o 57
FEMAIRTT S AT XS TG T ANk T VR AR ST X SR X e X A7 T [ AR AR, B TR AR,
VUZEor W], &F9er%, RN 2 XU E R EAE KR B A BN, THEE 5 AZ 9
TR, A R (0 5 AR R DL SR 2 24 4 R KR 7 7 2R K5

2.2. BIESRIERACTE

2.2.1. HIEKIE

SR BRRIE T BRILA GBI PO E RGO, SRR RITER/RIE. FHFRAR G
P R, A HANKFERZ X 1983~2022 £E (1132 H AR M 1K B0 .

NDVI ZH R 5 T 70 A6 Tl K 2 B 76 2 04 A2 2548 R M ) 5 R4 2 s i s S5 B 7 (1) 22 0 R BN
(2024) 56 T3 [ [E Z g AR AUE B R (NOAA )Y SR EL A 1E Sk (CDR) TR I 98 i SR [ 14] « Hidle i BB oy 4=
FTi2 HIH— AR S OND VD ER , 1 R B A5 B A LIRSS T & R A I S GS(2024)0650
51 2024 A TR =T EUX K Shp HidE, XN BRIV AN N RIS E#EAT 1SR I Eb B, 15
BT W RMIEH H— AR A

DOI: 10.12677/sa.2025.1412363 267 gt 5N A


https://doi.org/10.12677/sa.2025.1412363

JEI

2.2.2. BiEAIE

% IR bR NDVI ZEATAH I 7387 o 8 U =l SR PIRR . BRKE . AR
R 7E RS R R RE TR bR, {5 ] Spearman 2527 A 0% R AN S EERFRHHT A E T, &
R =AM e R bR, Bl R . ARSI KR

W, BT MG IR K& NDVI 53R SER = 5 — &G, [R5 1) 8 551
B B B P R A S AR R 2R R SR R 2 . R, O T R ARG NDVI TR AL, S
FORBEHER AT IH— b3, HEAMARFREE A LT AR H[15]:

3 = X Xumin

xmax_xmin
P X FYEAESELE I BRI, x,, ABEREERE A /N, X 9 IH— e e I8, HBUE
YL N[0, 1]. HJa, T ERHRARIEEAT 7 W (A g0 S AP . ASHIF FEad 5 DY 73 ridoxs e o AEBEAT A0 2, B
i B GH) FE EAEHVEAE B, CT NS R L R AR T iA4%.

2.3. ARGZE

2.3.1.STL &%

STL (Seasonal-Trend decomposition using Loess)/& — 58 K Wi (8] 751 0 i 735 [16], 1002 LB
SRR IIA (B A AR g~ T B

STL B ¥ By 8] 7 B a6 R VAR B Y, =T, + S, + R)), o BRI (T, ) R WA (1K B8 0
) ZETTVERCON (S, B A AT BB (W ] FE . ZRRERUAE) s FRZERLIM( R, VAR BEALIE: P B R 0 1E

IbAh, # R AaEE AFEE TR BOE ), T e AT 0 SR A O IR B AT S i, B Sk
AR 1 Frs o

------------------------ {ﬁzﬁm: S Y, — T(k)]» WM TS = 0

|

B2 TIEAE o RN T R AIET

(3 O myfmatys . af COHD

Tt A AN = N b
LOESS 1 P2, iUJE #-4E /% 1 AN I £, %g%ug&‘f@ﬁr&s T}J?’}‘n e fﬂ
MEAFRIRSE N (N + 2 X ny) K] z i ﬂ/j’N H,]EL T(A»ﬂ L(k+17 Eﬂzﬁ

5 - EWS NLRREIS , R ]
Jr 41 CHY; it IS R ngg WY

(S BB Hng

G 73 A
o T Xj o oS O e T RN
Sy AT LOESS i fd, £33 FUTER v, — ¢ S0 _ plert) s

T, Tk TS 5

J

S, = s, = G
R,=Y,-5,-T,

Figure 1. STL method technology roadmap
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Table 1. Parameter sensitivity analysis
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Figure 4. STL decomposition results of five cities in Heilongjiang Province
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Figure 5. Relationship between climate variables and STL components in five cities in Heilongjiang Province

s BERISAHSBRTES STL RO XEE

FKEINGSEAEEINT . HAINZR K (epochs) =50, ik K/ Nbatch size)=32. il FFHIREAE &%,
KA BNE 1, B8 30 RONEAE 1, BN S KB 25 30 K NDVI KSR SEEWE. Wl K 1
RKHEINDVL, AR HES TR R 2 7 LT ER.

3) BRSNS Dk G K T 5 5 5G] PP BRI PR, AN T A AR FE B T BRI 4y
B NNGESRAEE. BRI, SR RGT R, IgESKIEELG N 8:2.
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7 NDVI TN A 2 J5, 8% 75 B B g 7 s B T kG FE b AT VA o AR F0 AR AL ) 1% 22 VA0 48
FrA ¥577 1% 7 (Mean Square Error, MSE), 3377 #R 1% 7 (Root Mean Square Error, RMSE), “F-$4 4%} 1% % (Mean
Absolute Error, MAE) PL K %€ 2 % R? (Coefficient of Determination).

34.2. EERBETFMN
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Figure 6. Comparison of the predicted results and actual results of the STL-BiLSTM model
6. STL-BIiLSTM REFUMLER 5 SLFREE R T LLE

3.4.3. BRI

N 7K STL-BILSTM AR %Y 5 HAWAE R ME e E AT 5T EL, X NDVI 8547 ARIMA. LSTM FRE A
##, SRJEXT STL 2 f# )5 11 NDVI Hi A\ 2] LSTM #4## STL-LSTM #8 . 5 — /M & &SRR &S
M KRS NDVIHIN LSTM FFHE T . — A POANKT LS B, @i sl R ane 2 fios.

Table 2. Comparison of error indicators

7 2. REMIERRXILE

ki MSE RMSE MAE R?
AR STL-BiLSTM 0.000305 0.0172346 0.014085 0.99512
ARIMA 0.4147912 0.5434178 0.4756666 —5.4958
LSTM 0.000569 0.0315134 0.0580878 0.90778
STL-LSTM 0.0000898 0.0292992 0.0236402 0.92858
ZILAR-LSTM 0.000414 0.0106528 0.017884 0.95822
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PR PR 2 B OR, AWFRCFTHE Y STL-BILSTM EAAYAE NDVI FiiAE 55 Hh e Bl 5. 25 1 T HoAth A
R, HIHIRZE A 0.000305, ¥HHMRIRZEN 0.0172, FRIZNHEZEN 0.0141, BPNFTERAIF RN, F£
BH PN 5 3 S 1) B A s 2 AT 30 O 22 83 /) s 8 RE0A 0.9951, #5231, i@ /& T LSTM (0.9078). STL-
LSTM (0.9286)F12 765 %-LSTM (0.9582), % LSTM 7% NDVI I 48 55 () vl fit B 3271 8.73 N E 4
M, B 99.51% ) NDVI I 548 5, M54t ARIMA B P RBUN-5.4958, RIMZE. X—45HiE
52, STL ZM#xt NDVI I I 45 M 4L $2 B S BILSTM X XU i AR d i 3Rk 45 &, A RaRTH T 1
kS SFaEME, "R T STL-BiLSTM 7E NDVI i [ /5 41 F) o i3 R S5 12 o

KT FAAFIZ: WAL 48 57 S BERY (1 I 25 B840 R S 5k 3 Bz, Ak, ARIMA B2 0d %
H, XA EEN S p. BEITFEIM S ¢ 7E[0, 1, 2, 3IRSEE R, Kl AIC H/Mb I e & E, A
PRERAE Hp A HE D1 R (stepwise) KT /N AIC IS HA G X ZE I E d 7E[0, 1, 2]FE I &R, K
W% ADF K596 5085 T Aa vk i 45 Fmf e fpe 248 IEAME 75 BRI A i 2 S AAE R, DAk 58 i
RUHE S H I 1

Table 3. Model structure and parameter adjustment information table

3. REZHMRIFSEESE

FRRL A FR i NAEE W £ = 2 WthdErs S EORILTT %
T (30, 6) BiLSTM(32) — Dropout — BiLSTM(32) — Dropout — !
STL-BiLSTM ’ Dense(16) — Dropout — Dense(1)
LSTM(32) — Dropout — LSTM(32) — Dropout —
LSTM (30, 1) Dense(16) — Dropout — Dense(1) ! M2 + K3
A SIRAIE
STL-LSTM (30.3) LSTM(32) — Dropout — LSTM(32) — Dropout — | B

Dense(16) — Dropout — Dense(1)

LSTM(32) — Dropout — LSTM(32) — Dropout —

gy
£ILAR-LST™ (30, 4) Dense(16) — Dropout — Dense(1)

£ BILSTM #1 LSTM XKL 2 I AL S HOA M, AP IEN AR 58841 GE, Dropout %
7£[0.1,0.2,0.3,0.5] X [A]48 2%, &% STL-BILSTM. LSTM. STL-LSTM. S %-LSTM ik 0.2; Nkt
WS AT NOR e, P2 ZHEE( L, 2, 3] fE . o fESRIESE R 2k i /)y, LSTM HLoTHAE(16, 32, 64,
128156l A 343 HR 325 A Pl 2t e M 5 WCSOR B, 2% ) %24£[0.1,0.01, 0.001, 0.0001] 1 — ik £ 0.001;
4T Adam AL 38 B & HIE N 7 o) 2 BSR4, 7E[Adam, RMSprop, SGD]H ik £ Adam. &%
AP SHOHBETFAF BB S RS, W BARSE R T REE iR,

Table 4. Hyperparameter setting table
F4. BESHRER

HZH STL-BiLSTM LSTM STL-LSTM KR-LSTM
BFAE K 30 30 30 30
LSTM H.04¢ 32 32 32 32
Fege 2 5T 16 16 16 16
Dropout % 0.2 0.2 0.2 0.2

S 0.001 0.001 0.001 0.001

1NN 32 32 32 32
/Y e 50 50 50 50
TSRS O 10 10 10 10
2 > R R LT O 5 5 5 5
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Figure 7. SHAP-based analysis of model input feature importance
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