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Abstract: Forest management is the critical pathway for improving forest quality. Existing management
models are constrained by the complexity of forest types and long growth cycles, resulting in coarse
management practices, difficulties in implementing operational plans, low levels of intelligence, and high
trial-and-error costs. These limitations hinder the realization of precise forest management objectives. To
address these challenges, this paper first analyzes the transformation demands of forest management and
decision-making from experience-based approaches to data- and intelligence-driven paradigms and

elaborates the construction mechanism of forest digital twins, which transform forestlands into decision-
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making laboratories. On this basis, a digital-twin-driven framework for precise forest management and
decision-making was proposed, encompassing key modules such as intelligent data perception and updating,
stand structure analysis, forest growth modeling and intelligent simulation, intelligent formulation and
optimization of management plans, precise operation execution, and intelligent evaluation and feedback of
management performance. Using the Shanghai Forest of Saihanba Mechanized Forest Farm, Hebei Province
of northern China as an empirical case, the paper systematically demonstrates the complete implementation
pathway from digital twin construction, stand growth simulation, and stand structure analysis to forest
management optimization. Finally, it discusses the opportunities and challenges facing this framework. The
multiple strategic opportunities were created by “Digital China” strategy providing strategic leadership,
biodiversity conservation and carbon neutrality goals driving initiatives, the demand for precise forest
quality enhancement together with Al empowerment. However, critical technological bottlenecks remain to
be addressed, including the integration and updating of multi-source heterogeneous data, efficient large-scale
twin modeling, interpretable multi-objective optimization decision-making, and precise virtual-real
interactive linkage. To this end, this paper outlines its future evolution toward deep integration with
multimodal large models, embodied intelligence, generative artificial intelligence and the metaverse, aiming
to promote precision, efficiency and intelligence in forest management and to empower the high-quality
development of forestry and grassland sector.

Key words: digital twin; precise forest management; stand structure analysis; forest growth simulation;

intelligent decision-making; multimodal large model; embodied AI; Saihanba
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Tab. 1 Forest scene 3D model construction technology and its application scenarios
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Tab.2 Mechanistic models of forest management digital twin
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Tab.3 Application strategies of artificial intelligence models under different forest management scenarios
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10 B[

PR N PN

L %47 %

SR UNEE S s A

a A 2

o d Kk Tk
B 7 FEFEHNMIS Mg S AR A R 5

[ [ ax | ases | oo |

Fig. 7 Digital twin system of Shanghai Memorial Forest in Saihanba Mechanical Forest Farm

i, I RE SN SR AR MRS 1) DhRE S T By I AR I 2
FRAE, NARMA RS M S5 I0fe. 28 B L
AR E R T AR S ER, BRI R
SCHE . FEFUE AR RGP TN BRI 18]
“REM— " BT HE BRI () 8).
42 MO EREY

B e R GRS I R YRS A Y 5 TR ST
M, SEIL T MR S AR TR 2 R RERL .

" MEMgEES

mkeiEns || emea BRAENS

NS RN 1

i, Y

K8 Hrbrs Ty

ARG T KM AR SR oK, TR,
O G R SRS A B, 0 R AR A e IR S OG
SRS BT ST, SR EA K P
SRS

RGN AR = E R, G55 MR LA
W2 K, KBRS S Is AT 54K
AR . R TR = R Bl 2, T A
ANFISEH A ARAR T S48 1 it R AROR

i .

Fig. 8 Digital twin scenarios in digital forest sample plots



P11

SRR S H A A KB AR AE LS DR BB, SRR R 5 M TR T 11

ghpm N 5 A K, B E T I MRR A K
A . RGN T R G- K558 B
B, A LIRS A H AR SRR, A AR TS
EMEZ R SRR EZ R R, LI ARARAE KT
FE A 22 A AS HE AR . I 5] N SR AR S AT
PSR, 22 50 AT 2 DAl 1350 4K 2l R 7 AR
AR C(E 9).,
43 MO EHEBENTT

Bopas e KRG UL R KON, RS
GriR AU IR 2 H) S5 W T Bk 3R O R, 456 451
R 2278 TR 0K 43 2% T 5 4] S ol 1 43 A O i
PR T AR 2 B 45 K 1) 22 R0 & o0 BT A Y o S8
ARG E] FRIRE B SRR ORI R, $2
WMARZ A E. &2 0 2% RS RERE S KR, B
B MR A KT 3 Ak e T B 0 2 WAL RS
AN HMEER . REWRIT AN TERE, el
FEMR G ROEE B R RO IE 70 AR BOR L R
JEAR, SRR MAETE G o6 R A KT ) SRR 25 MR
B REHE 5T . 38T RN (1 45 F) 52 J
PE AR, 5 5 0 PR 7076 2 (B A% S TRASHRE 0 A
i E A Z T RE 5, WML E S8R
SR BERF AR (] 10D 6
44 HNIBELE

ARG LV BRIR A NG E BT, R BRZ 5
WHEAE, IR A AR 7. HH R, &
BSOFHES HbrThae, S 2 508 BRI, SCalbk
R SRR BRI E o FAAREE RN

EENCELDEEEI- W

sl ] JEZe AL

M RBHFRBSIIFIE
Wi

HIRBINHTIEENR

AR H TR S

LSRN

_____

K

BEm  §Ecm
EKA 1440 2800
EKE

EEMEEMBZTERR

Bk

#Em  BEcm
4Kl 1440 28.00
£KE 2036 3598

[ s |

B9 e b Sopkoor AR K BN A AN
Fig.9 Stand growth dynamic simulation in digital twin scenarios
FEUER K 53T, AR A TR Y A, 78
R E KIS 1 5HEBIRS DIRE. L6 FH &
AR A SR e F R R BV Z S ESRE N,
R AENZ B TT 5, BACRAR (BB FME.
RGBS 22 8 T N S A B 5 AR SRR AR,
(7] A2 S AR o3 G A AR A, BN T AR G5 R Hh A
1) B A AI LA, AR5 RS TSR TR L 3

RS | FotoM

L ETI .

HRERES

10 Fr 22 A3 sk di ki o i

Fig. 10 Stand structure analysis in digital twin scenarios



12 b ® Mok K % %R

47 %

RER ARSI (E 1D,
5 TET—R: B, IR G E Rk
51 #H &
511 “BF P B E L EMNE

(e [ 2 e B A A JR K )45 1R R T 2 s vt
BF R SR 1A 4 R R ) B AR A S, RO
R B v s P A% O 2E RS 43, ROl ) By
A RAGE AL T BRAG 77 (R BOR SCRF R FE AR B . 7E4E
AOCIHE W H AR TR 4040 38 DL R B B R A
REWH, ExRZEmsmiE U Eras A, N TR aeA
KB SRR PR RE M, (R E T2
BRI E A N R . B ET R
BEAESN T “TRAF M — Ak W 00 00 4 S Rtk 430 e 1)
B, SEELT X AR SR A 7 AL Sk R Bh A MR .
Ak, =it B G RO R B o0 R N i =
s ab FRER AL T B D) SR, AHAS M R ARG B I AR AR
Bor A AR RN . TS =T, ML
BREARNIZ A, Reff SCIILRE SCBIURT 7 LB TR
AL R AR B S A8 R G, IE A HEshARLIE
HIAAL, SEI “LLARER” B AT .
512 “|a” BArAeddh SHEBRE R

AR B Bl M B R e, L[k 5 TS
Thie H 28 i N SR AR I B B S R R E$R
X H bR E, SRR R T R S s ER
D5 SR 2B BT A N TR RE R TR X AR R 45 4 2
K et 2% B K AR AT RS FE R, T SEE M R

EENAENSETERS

BimhiiRE =

e

[ smxe |

= SEERN

A B DX IR I it B 40 JE Al B, DI D RE VA
PEHL B A B S . RN, RARAES KRG MIRIL AR
D15 HM Gy G50 AR FER GUFI )P 2 RR B DI RE G,
BARMRTR B PR T A e 5 AR S R G S A%
WAL, A BT S EUT E ROR A0L S R
Ak

G AR B 5 W i A UK IR T R RS S R
HE TR, 8 Y) T EE S 2 A T RS
BE RIS R LSRRI BT HFEES S
TRAE B G HAR, AT sZI s oA BEVE S5 54
SR A 1) S B B 5 AL, P AN [ 8 7 i e ko
AW 2 R 5 0 A P AT PR S T o TE BRI B4 R X
R AN -2 N O AT & I EZ A TS
S DX S AR P P B S B M, EAE S RS AT
T Ak 9 T T e 1, C BN AR AR TR A AR
A28 A AR I B B ), T T B b T R
AW FEVE LR 5 E R R R BB FE R R
513 AMAsHERGEE R

AT, “WIREIRA R 5 BT G 2 HIZ)
AR B UE IR THIOAZ O IR K o R R AR bR 2 U
MERFREIG K, (BRI BR E, AR
BIRAG G5 0 1 AL S TR R IEA B 55 ] AR AR 5%
o BEERNREE BAR N By k" m “FEdRst”
BRI, S AR AR R BRI S RS SR T CL
&2 2. — 7, SRk R IREUR KAES RS
BAGEESNBIE 7, I RREE DAL E R E A
SR R RGRE B, B DAES AL R R e 54

REES | GO

EE

RN
B
EERERA
), i
EIRE
3.5 0
HREE

& EMBEE

11 B SRMR L E

Fig. 11 Precise forest management in digital twin scenarios



P11

TG S B AR AR SRS AR MO RS BIARART L SCRER R 5 TR 13

BMBHREF L O RIREME R, H— 7, 54
AR B 1 0 07 v DARE AR A B S HR AR N, A
DR KA B S 2 R i, SBEEH
it J5 T S BRAR A, ToiF LI TR it o R b )
IR IEAE

FEREHE 5CF, AR SRS HE S A AN 77 e
ARZH L2 R G 58 ae0 i, BHREAS
A LR e Y, B RSN . Eid
MEIET TR “RERIE FIRRE SR T2
RS, RSN X I AN [F) 2R AR bR 1 B R S
HEAT RE A0 20 5 2y X2 W, RO 2 Rk AR K S AR
ADUIRERFER RBR AT, MM SEBLZE R4l K HEAL Y
SERIRAG S o R T SR .
514 AIAFERIRF) 0 R Z TR RRILERE

N TR REH A K 1EAE B B ARG S 1A
R, RS E R, FTARRBRIRE S ], 2
ARBA, AN TR RS — AN TR A
PIRFEE R, MRAE ARG E N “GIGIRB)” 7] “Hdf
BREIRB)” IRZIAR . N TR BB 5] AU AR
VGRS AL SE B ET K S 1) D7 SE AL, B
fitg AR A IR 5 2278 A B R G B AT . AR ST
] 518 SC4ERE B, N T e seil T 3R Rk 53
AW, HHRMRAES RFEE T NS N 7 323
BREN I BRIL B8 T, AR o3 &5 4 1) 3 2 e i A 22
REEEA Mt 7 HARSCH¥ . 15 21, AT
HREREME B AT MR N BETE S5 5 ARSI R A Y
HIARKR R, R I 5 B DY REE AL
B AL AL . FE SR E T, N TR Re 58 1 A 3R
77 320, A HHL A SR 5 s AR R Re ), SRR AR
AR RGN I, S R IR KA, B4
PEAG AR FEIRGL, 5 37 18 ) 32 BERRAR A, X 43
HAR 548 %AF T I RRMRAE KO B FAl A5 2R A
R, B RIRE B R,
52 HARBRE
521 % REIEAHIFRE LA

PR AR WAL AE T BRIk Bh” . H A,
RV B SR IR A4 TR RE R, TE ML HifEoEH
i PIER AL B As DL R N TR 2 4%, G SeH 4 70 =[]
Gy R IR L SGIERHIE A B A% X EARAE B3
ZE 5o AAT SEIA [R) ROBE L RS RTORE FE 50 E 19 H 3)
e 18 SO 55 Aot S A5 i, By 380 il & 11 S B Pk
e BLAL, BT ARG A U R AR EBOR B A%
A, RIRA N R 5 Z BT, 38R SRS
AR [ 50 i 7
522 RIAEZRMI T EAKME

PR RORUBE a0 A (1) AR AR B 7 20 A At ST

MELE 54 SERMEZEERM. R0, FARES
RAMEBEE RS E TR, HHMEWTRE
Kikik. MR EHZER. ZEEBE ML,
PN SR 7/ o NS N RS B = S VYT T S A TETR 2 W N
TEAS A FRHIE B 7 A BAEH o« X0 3
Oy WA W] T B S DA S B R RS B T R
BIR o KRR AR A AP0 J il = 4 2 1) B
T KSR S A RS IO 1) S AR B, X v AR
J3 WA R AR AN o3 A0 A AR R IE B K 7T
H A, 238 H T B AR A SHFE I B 2R 2R s
HEZE 5 bR e A AR, BRI T 5 X 3 5 R A
BIER 53 =,
523 AL AR RER

BMAET RGN ELE., G E
FkE2G, HAK, o G RIS L2
R, 2T H . RESHTN TR R ELAE 7 2K
W5 S50k 507 T R IR 5, (EAE AR S L) 2
G BT A 2 i@ B R T T B A E .
ARMEE AT EH BRI 25 a5 ES
M55 AN AE, 3 75~ 2R 22 RE PR AR 4 5 S A B
2R, X N TR R AL AT ke At 54k
Re i3 T R R . REH IR S
PO B A o9 o N 5 A s X T 5 T
B BN, (RSl iR it B v S
FEAT B IPEAT AT LIRS
524 BERSDLHFERILL

MBI RTER NG E 5P 7R
b S FH AT THT I S5 B e 455 P A 42 o PR Bk A, A5 282
Mgt B DL EHAR S RIS B S R ha s
BBt o R RAEAE ML X R R SRR &8
7 BN E AR VA SR IR, B RS s
VEMVFE 4 2 [AIAFLE “I5 BINS” DL, H]4) T HER pL
FH AT AEE S AT AEYE . AN, ARl HE S H oA
N O3 i = 6 5T AR BT RGN ERAE L YRS SRR
77, ME LAY B R AL R e e &R
53 LiESREE
53.1 HBEH eIz E oF T RAEA

22 Y8 5 B 1R 43 B A B S 2 T ) AR AR
BARGBIIEHE AT 48 5 0 2= KR HESL, DLseHl
SCAS, TR HITHT 3ol pit A0 BK D) o JR 8 55 2 D 9 1)
mER A W S A ST R ESE. @5 A
PR B2 IR B, AT AR AR AOULI £ 5 o | 3l
W AE (1 DG BeAsE 2 B2 ) R, IR N2 9 A
KRAEK. Bl 22N BEVRIEE ST 2 [0 RS
HRFR, IR g B A B DX B 1 R S e o
78 RAR I 68 B I 28 9 2 DI SR A s (R A, g



14 D O NI

47 %

S LE KIS 7 08 AL 5 R Tt 050 P il B R bR s
. 5k = R I R S AR K B A AT AR AR, AT SR
MM E AR 2] “HERRE” ESEMS . 46
B o) RHIE I R 5 2 RESIE SO 5T, B R
H s AR 7 A KB B e 2 45 A8 Ak, DA K
DAL s R SE A, IR I 25 S it 5 R SR
PR, 58 BRI X 35 AL 5 R SR ST . i
B ERAZ IR 5 I R B 456 AT A IR RS
il B A A I — 2 5 e R B T — A )
WTHESE, TO RO B E HEIR 5 4, SRR A B A
AR B BRAE FA B AR A IR S ) R R B S 2 T
B ERMGESL, 7S H ] R e S .
532 ARAMECF AR AT AL

B R RO ABE 208 A A Ay 3 (1 2 R M 5 AR DR
AR 2R AR I 2R B IE AN U B 1) “R e A=
& #5745 . 3T NeRF. Gaussian Splatting %5 f
AR, WRHNEIREAR . =4 s PR LR
s iR HEEHEXE . @il 2,
S5F 5 G5 ) () SRR AR, R A AR A B DN ) 17
AR SR S AT EME N = 4E R R . S
A ZEAMR A KB 5 IR FE A U A, m] 7E FR AR
bV S A S NG R E 170 7 N N o N N7 =R < N O =
P AL S 2 E AR TR 3L, SRR E I H IR R
P e g B A RO R DL R AR AR R JE s
FE BB BEAR AU, o PRod B SR AN BB AME i U
TSN HEREE 5, 588 HREGE, %
AR IR BN 28 T7 F 01 5 S5 i AR A I & R
ARG HEB AN N RBE SRS ZR A" ) “ZRAE R K
B Re A B (AR
533 AT RBER 5T F A G RS

BAT MR 58 72 iR RIR R G, 98
A &R EeEA. B S 5 st me 1 AR &
RefR R G AT KRB AT FE1E X Z T A AR A
2 RS BUR R FN IR, T8 2 B T A\
TR IRE S L E BB 728 AR M $2 g nT 58 1E
AT L B AR A IR, R T AR R A B 5 SR ) T A
WIAE S S . 8B TR s H—
SG—RAL” BIPAER o AT M KB AR 4 R AR SR | £
BN BRI AR 588 Hin T &, v
A2 RGN O AR S5 0 5 AR A ThEE TR I, JEH
g5 St B AT BE A, FERRIC G 2 0F
W2 5 AR S IV 2 (R SEI Bh A& P 1, HESh AR A E
M “EIGE” A ‘A BRSO R o ATk
KRB (118 PR e 7 5 50728 AR AR 1) i S s T e
J1Vr R G, R O RRARE B R Re Al RS AT +F
SO G

534 AHfath AR E

[H] [ ARARE S B e — A B W7k M, 48 ST
“BHRRe + VIR H + ZRUR MPITHR R . 175
M, FE LA TN HLEENEH SR R
2 OB FEHL ISR . FRORRE AR AR R 3 X80k
BTG 78 sBR AR X K AR5 5 REFL B R AR
H It 2 A% 2% A5 SLAMsimultaneous localization
and mapping)-5 5 — i v — 5 T B A, B ORAE B %
WTFHE R R E BT . 48 m, DURHLEE D&
& RFER, FTE TR IR S 2 RS B GEE X
AL ERVETF 3 MRt =4 D, BL“Br WAL TR 16
AT ERMREEEIES, BERRFELRESIE
B HAT G . ARERAREENZe 550, &
IAAL BRIz ] RS S5 2 4 DX B AR MEA R 5 57
R4k, AR, JFE . BRI 3 ST AE 9 14
Il R 2%, HEBNARAR G S TR 2 2UE .. WALV
fili v APPA 21 AR A P Sk 7 3

6 Hib5REZ

B AR R ARG S B B B R TR
BT O BORSR o AT R EARR, e T
THY 1) B E DR 5 I I AR 22 8 My 2R A HE SR S
VAR o BT AR =47 57 A ) L, MR Ay 3
R EERCR Kt EZ AR A, =R T
EHTARRE AREHREES T HO LA
82 3 5 BT 58 X ARMR AN LGS A AT T 4
IR ARG HE 20 o £ K R 2R AT A
DRHCEE TS T, A R R B A B e O, 1A
T ARME T AR LB S Y B SR S R
WU, IF 52 1 e SR & SR S S BRSO 56
RTH T BRMEC TR RS AER AR REN 5 5
Tt 7 T BER R ZE R A, AR, gy
SR ) 28 T S S ORGSR R B
T 3E A R LR 3 5 ) SR B BOR Bt A 5 v Hh S
T 58 o VAZE SN I 1% i 20 S MBS 7 2R A &
G, R T ARMECT AR R SR T AR
BB S 2 PSR A T BE I R AR SEELE AR

H AT, K2 A UKl (0 AR MOR HE 288t 3 B
PIRE 25 i B, Tl i 22 PRl Rt 4 2 5Kk
JENLE . ARk, H it — PR RS 2RISR
R H B R RE L AR RGN TR RE LT 3 1 S %
AR R Er s SRR B 722 A5 3 S v R A
BT 5 P R O0A B B 37 57 i DA K SR
25 R A R ARSI, A B RMEE W
RFEIENKZ BN T7 5 HEB AR E A B A S e KT
O REAL I it



113 TG S B AR AR SRS AR MO RS BIARART L SCRER R 5 TR 15
& £ x o (12] Frig, MRS, X0, &l B ATE A5 454 = 4 T AL

(1]

(2]

(31

(4]

(5]

(6]

(71

(8]

(91

[10]

[11]

KA, WHIR, KW, 5. RWTTE N KRS RIS
HARWEF (1], LMol K544, 2019, 41(5): 1-18.

Zhang H R, Lei X D, Zhang C Y, et al. Research on theory and
technology of forest quality evaluation and precision
improvement[J]. Journal of Beijing Forestry University, 2019,
41(5): 1-18.

Tao F, Xiao B, Qi Q, et al. Digital twin modeling[J]. Journal of
Manufacturing Systems, 2022, 64: 372—-389.

TR YE, SR, BRAPRE, & MREAT AV OB A B B S
IS [J]. Mok RE2, 2025, 61(7): 170-181.

Tan J W, Zhang H Q, Guo M L, et al. Construction ideas and
application prospects of large models in forestry and grassland
industry[J]. Scientia Silvae Sinicae, 2025, 61(7): 170—181.

| MO A B JUR) . AR R G 4 T - LY/T 3427—2025
[S]. Ab3t: Bl bRitE AR A, 2025.

National Forestry and Grassland Administration. Guidelines for
forest management strategie planning: LY/T 3427-2025 [S].
Beijing: China Standards Press, 2025.

KA, WHAR, ZRH. hEHRMNE B2 RS R E (1]
MolkFLE, 2020, 56(9): 130-142.

Zhang H R, Lei X D, Li F R. Research progress and prospects of
forest management science in China[J]. Scientia Silvae Sinicae,
2020, 56(9): 130—142.

WL, BioC B, MR, 5. 2 IR A E T7 S8 ] S B4
AR I B REWA [I]. 0 d Mol B K 544K, 2019, 39(8):
1-9.

Xie Y S, Lu Y C, Lei X D, et al. Research on key technology and
auxiliary design system for multi-functional forest management
plan[J]. Journal of Central South University of Forestry &
Technology, 2019, 39(8): 1-9.

Dong L, Bettinger P, Liu Z. Maximizing the canopy openness for
replanted Korean pine seedlings under secondary forests in
northeast China[J]. Computers and Electronics in Agriculture,
2022, 202: 107421.

WK, KPS, BRBUE, 4. 2 B E KA T HOR 4 RS R
FH ], #Rolk B2, 2025, 61(10): 15-25.

Lei K X, Zhang H Q, Qiu H Q, et al. Construction and application
of smart national park technology system[J]. Scientia Silvae
Sinicae, 2025, 61(10): 15-25.

Qiu H Q, Zhang H Q, Lei K X, et al. Forest digital twin: a new
tool for forest management practices based on spatio-temporal
data, 3D simulation engine, and intelligent interactive environment
[J]. Computers and Electronics in Agriculture, 2023, 215: 108416.
W, RIS, 28, 5. BT EOLE S RBRIRN S EURE S
By AR (0], DEAEMREBE AR, 2024, 39(2): 1-12.

Hu Y F, Zhang H Q, An F, et al. Hevea brasiliensis property
retrieval and construction of digital twin based on laser scanning
data[J]. Journal of Northwest Forestry University, 2024, 39(2):
1-12.

BT, SRS, XUV, 55, MR =4k B A T AR S AR
EERH [1]. MRl EE, 2025, 61(6): 1-12.

Cui ZY, Zhang H Q, Liu Y, et al. Progress and applications of 3D
modeling and visualization simulation technology for trees[J].

Scientia Silvae Sinicae, 2025, 61(6): 1-12.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

i [J]. Mok BRE, 2014, 50(12): 73-78.

Bai J, Zhang H Q, Liu M. Three-dimensional visual simulation of
sympodial branching trees morphological architecture[J]. Scientia
Silvae Sinicae, 2014, 50(12): 73—78.

e, PR, X, S BT A S AR ECT IS S8R I
FAR (3], KA K 524K, 2014, 42(4): 109-114.

Gao S Z, Zhang H Q, Liu M, et al. Morphological parameters
extraction of tree branches based on point cloud[J]. Journal of
Northeast Forestry University, 2014, 42(4): 109—-114.

XS5ik, SRR, ARk, S5 HET = 4R R PR SR A AR o 45 4 1 B
FRLERAE AR [7]. Mk RLAEST, 2016, 29(6): 890-895.

Deng Q, Zhang H Q, Li Y L, et al. Visualization simulation
technique of stand structure adjustment based on 3D virtual
environment[J]. Forest Research, 2016, 29(6): 890—895.

XU G, SRPRIE, X, S5 BE T b T oL R EOE R SR 5 kL
SEMIZ A ZhIREL [J]. RlLRLEE, 2016, 52(3): 121-128.

Liu J P, Zhang H Q, Liu M, et al. Automatic extraction of
individual tree branch structure parameters from terrestrial laser
scanning data[J]. Scientia Silvae Sinicae, 2016, 52(3): 121-128.
FERET, BRME, R, S5 AR BRARE K AT R G it
5zl [J]. Mol BHERF AT, 2012, 25(2): 207-211.

Lu K N, Zhang H Q, Liu M, et al. Design and implementation of
individual tree growth visualization system of Cunninghamia
lanceolata[J]. Forest Research, 2012, 25(2): 207-211.

SR, MG, KR, . R T A R S5 A AR A K AT
PRALARAL [7]. ARALRL 25T, 2018, 31(4): 150-157.

Ma Z Y, Zhang H Q, Li Y L, et al. Visual simulation of Chinese
fir crown growth based on spatial structure[J]. Forest Research,
2018, 31(4): 150-157.

Li W, Hu X, Su Y, et al. A new method for voxel-based
modelling of three-dimensional forest scenes with integration of
terrestrial and airborne LiDAR data[J]. Methods in Ecology and
Evolution, 2024, 15(3): 569—582.

Hu K, Ying W, Pan Y, et al. High-fidelity 3D reconstruction of
plants using neural radiance fields[J]. Computers and Electronics
in Agriculture, 2024, 220: 108848.

REERES, Z800HE, SRR, 55, 56 T B M0 TR 5 B B ) R RASE
WU A EL 37 9 X B0 2R A @A (D). v R R, 2024, 50(3):
1025-1033.

Xue S K, Qin W P, Zhang D X, et al. Digital twin modeling for
grid-connected large-scale doubly fed wind farms based on model-
data hybrid drive[J]. High Voltage Engineering, 2024, 50(3):
1025-1033.

i, VNI, FERTAR, S 0T B AR AR SO R i s 4
W, g &5 ®E [JOL). HiBk (5 B R 2 % )k, 2025 [2025—
11-01]. DOI: 10.12082/dqxxkx.2025.250247.

Tang L, Xu X F, Cheng Y S, et al. A new paradigm for
constructing urban digital twin data volume: omni-domain,
dynamic and intelligent [J/OL]. Journal of Geo-Information
Science, 2025 [2025-11-01]. DOIL: 10.12082/dqxxkx.2025.250247.
[%:AF 22, Klaus von Gadow, BENIZ. Z&PERLR . AE40LIR JORE A%
FVETERS AR N AR O] KRS 278 v 1) R AN LR AL [T]. Mol 2,
2004, 40(3): 80—87.

Chen B W, von Gadow K, Hui G Y. The application and


https://doi.org/10.1016/j.jmsy.2022.06.015
https://doi.org/10.1016/j.jmsy.2022.06.015
https://doi.org/10.1016/j.compag.2022.107421
https://doi.org/10.1016/j.compag.2023.108416
https://doi.org/10.1111/2041-210X.14290
https://doi.org/10.1111/2041-210X.14290
https://doi.org/10.1016/j.compag.2024.108848
https://doi.org/10.1016/j.compag.2024.108848

16

Sl Ay

L SNAEPN

i

47 %

¥k

23]

[24]

[25]

[26]

[27]

28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

comparison of linear programming, simulated annealing and
genetic algorithm in the sustainable management of
Cunninghamia lanceolata plantations[J]. Scientia Silvae Sinicae,
2004, 40(3): 80—-87.

VLR, MsE iR, M, 55, 28 TRBLR K RIE R 2 H AR
B ENA AL [7]. Mol RBHERT A, 2020, 33(3): 99-106.
Shen K, Yang T D, Zhang H Q, et al. Dynamic visualization
simulation of multi-objective stand management based on
simulated annealing algorithm[J]. Forest Research, 2020, 33(3):
99-106.

KSR, RE, ERET, & T IARSIERS H IR ML EAE
WEBHUBEE [J]. ARl BRERFS, 2021, 34(5): 95-103.

Zhu N F, Zhang H Q, Cui Z Y, et al. Research on forest
management operation simulation based on body motion
interaction[J]. Forest Research, 2021, 34(5): 95-103.

Jiang X, Jiang M, Gou Y, et al. Forestry digital twin with machine
learning in Landsat 7 data[J]. Frontiers in Plant Science, 2022, 13:
916900.

Tagarakis A C, Benos L, Kyriakarakos G, et al. Digital twins in
agriculture and forestry: a review[J]. Sensors, 2024, 24(10): 3117.
T, RO, A7, & TR R A p R T B R
iR [1]. RGN HEER, 2024, 36(6): 1493—1508.

Wang H J, Lin J Q, Zou X J, et al. Construction of a virtual
interactive system for orchards based on digital twin[J]. Journal of
System Simulation, 2024, 36(6): 1493—1508.

Buonocore L, Yates J, Valentini R. A proposal for a forest digital
twin framework and its perspectives[J]. Forests, 2022, 13(4): 498.
ERE. JE T I 4 AR AR TE il B R SRR SR [D]. AR -
AR AR PR, 2008.

Wang X. Genetic algorithm in forest harvest adjustment
application as well as software research [D]. Fuzhou: Fujian
Agriculture and Forestry University, 2008.

KA. F T ANN IR E R BT 5T [D]. Kvb: g
FRE£Bz, 2001.

Deng L B. Study on forest management decision-making models
based on artificial neural network [D]. Changsha: Central South
University of Forestry & Technology, 2001.

Zhao X B, Fei F. Data collection method based on data perception
and positioning technology in the context of artificial intelligence
and the internet of things[J]. International Journal of Advanced
Computer Science and Applications, 2024, 15(8): 1108.

Morais R, Silva N, Mendes J, et al. mySense: a comprehensive
data management environment to improve precision agriculture
practices[J]. Computers and Electronics in Agriculture, 2019, 162:
882-894.

Singh R, Gehlot A, Akram S V, et al. Forest 4.0: digitalization of
forest using the internet of things (IoT)[J]. Journal of King Saud
University, Computer and Information Sciences, 2022, 34(8):
5587-5601.

Hui G Y, Zhang G G, Zhao Z H, et al. Methods of forest structure
research: a review[J]. Current Forestry Reports, 2019, 5(3):
142-154.

Qiu H Q, Zhang H Q, Lei K X, et al. A novel method for forest
spatial structure heterogeneity evaluation of plantation utilizing

point-wise vector network and neighborhood index[J]. Computers

[36]

(37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

and Electronics in Agriculture, 2025, 229: 109774.

Qiu H Q, Zhang H Q, Lei K X, et al. A new tree-level multi-
objective  forest harvest model (MO-PSO): integrating
neighborhood indices and PSO algorithm to improve the
optimization effect of spatial structure[J]. Forests, 2023, 14(3):
441.

Sheng Q, Dong L B, Liu Z G. Multi-objective optimization of
forest structure for broadleaf mixed forest under different CMIP5
scenarios[J]. Ecological Indicators, 2024, 166: 112397.

Hu X T, Zhang H Q, Yang G B, et al. Visual simulation research
on growth polymorphism of Chinese fir stand based on different
comprehensive grade models of spatial structure parameters[J].
Forests, 2023, 14(3): 617.

Tang L Y, Peng X M, Chen C C, et al. Three-dimensional forest
growth simulation in virtual geographic environments[J]. Earth
Science Informatics, 2019, 12(1): 31-41.

Perttunen J, Siev R, Nikinmaa E, et al. LIGNUM: a tree model
based on simple structural units[J]. Annals of Botany, 1996,
77(1): 1-11.

Mérian P, Lebourgeois F. Size-mediated climate-growth
relationships in temperate forests: a multi-species analysis[J].
Forest Ecology and Management, 2011, 261(8): 1382—1391.

Du S Q, Tang S J, Wang W X, et al. Tree-GPT: modular large
language model expert system for forest remote sensing image
understanding and interactive analysis[J]. The International
Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2023, XLVIII-1-W2-2023: 1729-1736.
HOAK, L, BAE, A5 B R R R BUIR 5 R B (1], B ML
REEZER (B REERR), 2022, 46(6): 83-95.

Cao L, Zhou K, Shen X, et al. The status and prospects of smart
forestry[J]. Journal of Nanjing Forestry University (Natural
Sciences), 2022, 46(6): 83—95.

TR, TARAR. BTG RN BUR RS UES T [1]. [ 24k,
2017(8): 13-15.

Zhang H R, Lei X D. Forest managers and precision improvement
of forest quality[J]. Land Greening, 2017(8): 13—15.

XKEE, MRE, RS, 4. B R Tl bLds N BESHESE. K
BEARLRFITE (1], KGR, 2025, 37(7): 1723-1752.
Liu Y K, Yang K, Tuo B B, et al. Digital twinned industrial robot:
conceptual framework, key technologies, and case study[J].
Journal of System Simulation, 2025, 37(7): 1723—-1752.

TR, = PGH, KA, ST 2R R R I B T AR A A
Tk A B 2538 [7]. #3115 He 3R, 2023, 38(8): 2168-2182.
Zhang Y W, Gao H R, Zhang D S, et al. A review of multi-agent-
based digital twins and its application in industry[J]. Control and
Decision, 2023, 38(8): 2168-2182.

fbE, P, TAEL, 5 KA E IR RGN BT S
SEHL 0], RO R, 2007, 5(6): 144-148.

Shi X Y, Li J P, Wang C L, et al. Design and realization of the
simulation system for forest management decision[J]. Journal of
Central South University of Forestry & Technology, 2007, 5(6):
144-148.

(Wit X 4
TR L REH)


https://doi.org/10.3390/s24103117
https://doi.org/10.3390/f13040498
https://doi.org/10.1016/j.compag.2019.05.028
https://doi.org/10.1016/j.jksuci.2021.02.009
https://doi.org/10.1016/j.jksuci.2021.02.009
https://doi.org/10.1007/s40725-019-00090-7
https://doi.org/10.1016/j.compag.2024.109774
https://doi.org/10.1016/j.compag.2024.109774
https://doi.org/10.3390/f14030441
https://doi.org/10.1016/j.ecolind.2024.112397
https://doi.org/10.3390/f14030617
https://doi.org/10.1007/s12145-018-0356-4
https://doi.org/10.1007/s12145-018-0356-4
https://doi.org/10.1006/anbo.1996.0001
https://doi.org/10.1016/j.foreco.2011.01.019

	1 森林经营决策的转型诉求：从粗放经验到数字智能
	2 森林数字孪生体构建机理：把“林地”变成“决策实验室”
	2.1 森林数字孪生体的构建
	2.1.1 三维建模
	2.1.2 三维场景优化

	2.2 数据驱动的森林数字孪生体
	2.2.1 数据动态更新
	2.2.2 数据驱动下模型修正
	2.2.3 误差分析与阈值设定

	2.3 模型驱动的森林数字孪生体
	2.4 数智驱动的森林经营数字孪生体

	3 数字孪生驱动的智慧经营决策体系与关键技术
	3.1 数据智能感知与更新
	3.2 森林结构智能分析优化
	3.3 森林生长建模与智能模拟
	3.4 森林经营方案智能编制与优选
	3.5 森林经营措施精准实施
	3.6 森林经营成效智能评估与决策反馈

	4 典型应用示范：数据—模型—知识—决策闭环的落地检验
	4.1 数字样地构建
	4.2 林分生长模拟
	4.3 林分结构智能分析
	4.4 森林精准经营

	5 迈向下一代：机遇、挑战与实施策略
	5.1 机　遇
	5.1.1 “数字中国”战略发展机遇
	5.1.2 “双碳”目标和生物多样性需求
	5.1.3 森林质量精准提升的迫切需求
	5.1.4 人工智能驱动的森林经营智能化发展

	5.2 技术挑战
	5.2.1 多源数据自动获取与更新
	5.2.2 大规模森林数字孪生体构建
	5.2.3 森林多目标优化与智能决策
	5.2.4 虚实联动与智能交互

	5.3 实施策略
	5.3.1 数据智能挖掘与时空大模型
	5.3.2 森林数字孪生体的智能化生成
	5.3.3 行业大模型与数字孪生的融合
	5.3.4 具身智能与多模态交互


	6 结论与展望
	参考文献

