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Digital twin-based operational information management and

application for soil and water conservation

Zhao Yongjun
(Monitoring Center of Soil and Water Conservation, Ministry of Water Resources, Beijing 100053, China)

Abstract: [ Objective] A practical path for building a nationally unified, efficient, and secure smart soil and water
conservation system was explored, and the construction tasks of digital China and the smart water conservancy
were implemented, in order to provide a basis for advancing the digital and intelligent development of soil and
water conservation practices. [ Methods] The evolution of informatization in soil and water conservation and its
existing foundation were systematically reviewed, and the key challenges currently hindering the development of
new quality productive forces in information management and application were analyzed and summarized. These
challenges included insufficient integration of information systems, low levels of intelligent applications, poor data
sharing mechanisms, weak infrastructure, and an incomplete data resource system. [ Results] Based on the top-
level design of smart water conservancy, a comprehensive framework was constructed, integrating: @O a
technical, data, network, and security architecture based on the Internet of Things (IoT) perception networks,

data platform, model platforms, and knowledge platforms; @ demonstration applications across eight operational
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directions, including the digital portal for soil and water conservation, integrated visualization of soil and water
conservation, forecasting and early warning of soil erosion conditions, risk early warning of human-induced soil
erosion, intelligent management of comprehensive soil erosion control, refined management of planning
implementation process, creation of demonstration projects for soil and water conservation, and public services;
@ full-process digital twin-based operational information management and application solutions for soil and water
conservation supervision, encompassing data collection, convergence and governance, intelligent analysis,
visualization, and decision-making support. [Conclusion] Under new historical conditions and technological
context, and in line with management needs, smart soil and water conservation inevitably evolves toward refined,
personalized, practical, and intelligent development in statistics and decision-making. It forms an open and
coordinated ecosystem characterized by ‘demand co-consultation, technology co-research, and scenario co-
construction’ , effectively enhancing the value of soil and water conservation data assets and driving modernization
through informatization.

Keywords: informatization of soil and water conservation; smart water conservancy; big data; digital twin
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Fig.1 Overall approach for construction of soil and water conservation operational system in smart water conservancy system

2.1 BIRZEH

TEPRRCT AR HE R M T B3, # S o i | i
BHA R K LR R RGAELL . AR AR B A
Jit o A EER P DR R KM A B KA
7o U M S22 e W A A AR R O 4% 2 A 1R R R
LAl B 5 o 2 BRIl R U g B A2 i
SR TTAL B R YA UA A R R TG R AR
B 5 F0 IR BT AR 55 o & T 1] K )
WU BEALAY B g g B e, S B
PEA R A SR B R R R B R A
55 N o ARFERE BT IR E BE Ak B R i 55 2=
S5 ZRR 52 A 1 BRI TR M R S R K Bl f) oK R R R
PEICBRIA B R BE 0 Hr L AU 55 A5 T RE Y BT AR R
S, S K i 2R IR D TR B N R K R 3 R X
W T K U AR 2R A TR R AT B WA b 3 4
TRV B DU 90, 8 (3t 0 5 A B O S it A R DA
S UIAE , SCRFK DR F T A R 2 DR SRR Ry 00 L
I A, B8 2 R R AR 2 e R R N, ) R LA
WL R R SR R R ROR T R BB R
IR R R EF T R RE A E AR K LR RS
B REVE T K LR R R K R
56 BRI RE 0 B R TE B R BT A AR
B eI & A 2 UL IR 55 T BE

22 FHARZEH

V-5 ok R )Z BR B BT, 6 5 AR
Bl R AR AL )2 B A Ak B ZE L S )R DL K
R SRR o Horh B A i b 12 e B A7 A B
P8 e =2 R0 B0 G MRS B 2H B o A B OIS A 1 L il
b R EE TR VR AR E R R IR SR 5
B 0 % ERR S HR)E L LB T P AE R PC
Ui 1 58— A H L GE G — R KR B R G5l
550 o R T ARE RN ARk AR R B 3 A A B R X Ad
RS 09 B SR AT IR BEAZ 4R 5 40 L 48 8 K AR R
5 B A PR AR 5 A R AR B
J3HE A Y B 6 5 B i, B AT RE AR | it
Hk 2%,
2.3 BEZEW

MR 5 7K A O R B S OC B AT R A AR A AR
0 A7 it SR A0 22 B 1R 4 Sy B AR B 1 L OC R AR
i AR OC ZR RV P IR 25 4 AL B A4 L R TR
GAEAE I T R o X b 2 N A B v P R Y A A
R, S BT K R ORRRAE B BT B T A B g —
A7 fit A B, X A1t 8 — B Al A LR A D )
%5 o FEIK R — i B JE Al b, #5200k £ A3 W |
(IR & LT ) Q) | E AR O [ T €1
JE A A PR O BN L R T L WD R A



513

A K A R T T AR R B K AR R 55 15 B B A5 119

) Rl 1 Ol 55 JE P LA TRVRRAE B R AR AE L OC R AR
fiE, 38 28 98 F TR & RSB & A OB AL T3 45
F LMK PR R RO 5 R s I R AR S5 . AL
] & R4 GO Y A BB T SGE T AP
FAE 7 20, 6 45 20l 55 508 5 A5 B o i BoiE 2t
E B S A, B B I K R R B 55
R4V, 5 E R & RSEZ ARSI
Z AT RO A e
24 MK

V-5 W 2% 38 3 ARG K F B 55 I B AT R R0 2% Bk
LT IEE 5 e L | A SR Y N ki e i
LR AR K R R F DAL P 26 B 55 4T L2 4]
S AT B O U U B LAY AR T A K
Rl T M HEAT . A5 B W2 X 43 S XAk 2
Bt R 55 14 IR 55 25 2% v X R K R B 45 Ah I A X 38
TE A DX 38k 22 1] 358 I 18] 6 1 45 A0 R 55 %o A 4 43t R
55 W M 55 25 28 vh IX 22 [R]ifE AT % A P B
25 REREW

WA b A N R 3R R B % A ik ) (fE B "4
HOR W 245 2 42 S5 AR AP I AR BOR ) S OCESR P &
S5 ORAE PR B A e e X, e S5 R = G AT i
XF K A DR A B A AT 43 28 43 G B R U AN AE A
AL B9 2% B . R U B L i ST = ST IR
T RO L) EBGAR B R B R + b
A BEIR 1 4 5L b b B A OB EHE R E % Rk
SM4 il % FEAi , Ui 18] 55 U 28 A UE CA= U1 + 3 24
AR 5 % T H G (L) WY - 4= b A e b B R
JE K SCWE I E 5% 55 AR e TR IR A B S it - B
I, ST B I 2 GE BE R G T R g (L) 55
PR BCE L T RBAC A58 80 523 A (5 Ak A BR 3 24 43
B, 38 B AR B B O 5 48 B it CRCRRD 1 B[R]
R ME B L2 FHRY =R CFR=YOBR,

3 ks H

Ml 55 1 ] Z 8 LB IS Al B R 5 AU - &
Sy Bl DA #5055 B A S5 A S INT | LR T
KGRl 55 8 B ALK F Ry B s, ELAEK LR R
F1 K PR RRLE A LR K 3 SR R T AR
K A e RUBS: B K R R A iR B R A B LS
Jiti 2ok B A K H AR R IE A A S AR S5
ATy m AT R I R H . B AT, 84l
55 05 1) o 2 TF & 58 i, I 2025 4R iR R & i AT .
31 KETREBHFIIRA

K ERFERCFE TP W R P K R
FEAAE B Mk 55 AR B 4R ORGSR R K RS 48— B

Py IR F2 48 52 B0 WG 7 18] o R AR S TP 08 AR 6 R
i DA I 7 IS ) S = = S A A B
TR A AR B  AH OC BRSO L2 T s ol 55 0
TEL NN G B
32 KEERBEENE

BEXT 5 PR AR BT, i A N Y i AL
. MHPBERRGG, R SR f @t
AE L 1 85 4 A PR, AR 4 T 1 R 3% R0 T 4F 6 T
T AR B N 25 1 i A B A EDE AR B . W0 16 oL
(R o o o= LN B e B2 LN B 21 NP
WAlE FHEENE . RYE R K5
it 2 v A7 A 1 A ] B B AR G AR R 4R RS ok L OB URR
GROE I FAE . YR AR T R — (R B, ST
20 1) Ml hE R RO SR B DU B A AR
HEAT A A, W R AR B T A BRI S AR 4 B
AT R o I E Y X Bk s I H 8 Gk B AR AT
R L =S PN D 3 o= X 7 ) 1T SO T W R
TH B RS
33 KEBmERRAETBME

T A A ) o SRR A R K R R B A R
I K2 % 2y 3 F+ SR AT A B 8, i 485 0 0l 1) 4 3 L A
0 VLV RN = VI < = B T s B i <
K A 2 W e A M R X A
SR T o A e I oty R A AR B I B G AR D T 4R
LU C/TRIIE SN &R AN L I € R T
AUIRETHI, WG B2 E 244l LA gt 4
Pt AT Sl O B A R RE B S TR . 7K
3 B A WA B, X BiHE A B AR S5 R R (B IR
fil Pk BORUTHAE Gt oA RUR A R B i 58
¥ T4 A5 BE A TR TE 9, B B R e X 0K 3 K B
AL B AE WU A XK R AR SR AT
) S T ST RE o TR A Wl o A AR H A 45
SR CH CEOWI G2 AT B R A BT R ST
ol A B KR AT AR T RE . BT T B AR AR
BBE 45 AR HORE 35 AR Dl v W0 AR A L e D
T 3R FRUAR 00 8 A FRCHE L R i R Vg VD 4 ok
W P N o S AN R =B 1 R I AN 200
A DXl 3 B K U R A O 9 e A 4R
P TR R K A U R EROHE o W DT A D AR B
TR 5% 4 [ AN (R4 7 1B DX B o s DXk 3 e R O 3 g
PR 4 A A 47 BUIX K 8 A X 8K+ 3 2R & e
B R0 TR P ) e b N = - L 1L e
T TR U AR A A
34 AAKETHRERXETE

B BRI A 7 i B i 5 A R K - ]



120 pi s U E SR

46 %

FRAE B N R K 0 e KURS: T K - R FEE H
B ONNKETRAT N FEI R XA - ik
T K A A R 4 AR A B B oE £ o A Ak 5 T
GNP EE T B S AT T B
s e NN LT 7 e DS R W Y e = 1
HE 25 T 1 52 A D0 o 10 JR Rl O UK, S
IR BE AL 3 7 3B AT A DR 2 BRI , N R B Bh B
B RE i PR IR BE LRk L BE A B T & A Ab Il
& A G oy R ThRe TR A b sh k4 k&
JE L B M TR . R N R K I IR T
B, & N R 7K A i 2R XU T A5 A, S 3 X 35
N oK B e KU RO, B A I H O K TR R
W6 PEAR , B 5B A A 7K A XU T S5 T R S
B4 5 S IR o TR ARG B L KU [
BEEAT PR 3% 5 B2 AR IR GZ AR H BRSO S X
TR ST B WA
35 KEIREAEEEETHERE

2 S P BERG A0 LA B A M 302 4 R TR
K H AR TR e A A ST RE Bk
AN BT B AR VPG SOE I ST RE . fE R A
JEL Y013 A PR b X T AR BT R A R
S i 57 LRI ARG A 50 U S WE AT A S5 HEAT TR, B 4
HEAH AL — T H — R R R I RE i 2
HAEBRBHE EAGEITSH NG RTh6e, Bk
[7) R 48 43 A bR T SR S AR RIS PR AN S RE . X
o R sl L 6P ECHE R 3R B Bk 4R
1 5 WA i 45 T AT FH 90, 3 1 I S it R R 48 A B
F4) R A2 A ) I BB L BT 1 WA A A R A A i
SEAE B R B I RE . BTG BRI T B A
TR K U E A T DX YA B X A S
B TR R B D g, 76 /N i dsk — gk B w0
PLRE L R il A Ry B R AN B R ES A B AR T
e FE A T RSB DI Re A /N SR
JEE R, X v BB S 1 it A R R AR R A B RN
U gR o B A HEAT SRl B B R A, SRR D i
Bl B A MY . B 0P 5 17 5 Re 4 B AR B
o B R K AR SR A TR B A BB R X S it
SUTR HE A 0 M B S AT PR AN L 8§ o R K
FoK HORFEE S TR E AR, I K R
MWL R B KA LR AR RICAE T R
A7 GBS T T /N SR B R RGHE AT PEA
3.6 MXIEHETRIEHEEE

e A T G 4 [ K A R 45 BT S it 1 1 45 B
R, B0 S i 1 O 1 2 SR, o) S 1 1O 2 AT
Sy AT, S BRI E AR AT 55 09 8 808 B4 AT fE Ak

IR, o 3 EL YU AR R B A R0 A X TR A A
FELAE , SCHEER 3 05 VEAl B0 0 52 A% AT 55 43 L 3
SRR A B S R A R A T AERCR s A
Bl A A S B B 2 R IR AN 48 AR E AT IR 43, OF X 4
FE] A% 0 VEAR 45 S UEAT 48 R A0 Hr o BT B R Bk 4R
5 U3 [F] R0 40 457 PR e, B9 2 [A) B0 L e 1 8Os L X
R R SRR Al B Y L A R SCHE 5 R U O
K9 ST OB R B AR 5 AT 55 & i 2K A
— K & b U S A AR A B TR Y D ()R ) A
(o =1 I T o TN L1 o M= 317 o VT
Hoxb s [V BCHE SR ATn T b 2R A B, SE R
FFIIRE
37 KEIREFREEIE

FF R Kt A5 R ) I B B R R, S
MemBRE RIS, fTEH RS H I B, TR 442
B2 DR R VA S S U | )
B TEVE L A B B, 3 406 A0 E 1k O 28 AT S it
SR VEAL 5 B % SR AT N UL TH DT 5, $e L 4] b B
VLS R AAT Y B 7RO B B, S LS Bk
B BN S T RE X & B0 In) A HE AT 2 A
XoF B o R R IK BRI O #E AT B ER VA 4 B T R 3
AL B 1V B B, 25 o A HRAE O, R
AL B o3 B 2 52 A5 TF R B g Ak o A, e A7 90 25 3T
15 HET & R PE ALY TR S8 5 78 Ja B e 3 B Bt il
H AL FE B AL R TR, Mt S ek 8
80 AR AL s 8 B, I AR A AT OC BRI
PEAG A B o S35 TAE . S8l B K AR R )
AR A R AE B AL B R A R
3.8 #HEAKRSE

TEAE 2 20 AR IR 55 A, 32 8 4 AR 3R v R A 9
£33 N 1 I i o 7 i N 1 el V1 B 7
T K b DR R S () A A ) K b OR R T X Bl A
VK 3 A Bl A i A R I H K R B R
Tt A B A 1) K R R RS B A AR T fE
I 5 PR B R A 5 R | PR E A K PR AR DG
B R BE 2 R B A A 2 20 AR At A RN & A
Ik 55 D fiE

4 5w
S B 2 A K R TR B 3, 3 T 4 R K -
BELEMAS, BRAELRGBEA 5 e

B TR RO B UG B RO 3L A e e
I G R 8 Y5 B A 6 0 T R, A A K AR
FERG, V5 R 5 ZHOR B BT, 1 o 25 Al 3t
JZ B SR A AL i V2 B A b B L SR



513

A K A R T T AR R B K AR R 55 15 B B A5 121

DA B2 U SR SCHE 2 S B XK AR H5 15 B BLOF 6
A EE Ge— A7 RS B, X Ah 5241 48— 110 B 4l A0 15
RS V7 1R I 55 o Ak 55 80 7 T, R GRS B T K
TORFFECT T Ok BRI A LA K R AR B
TR TUE N R oK A R AR PUE K R SR AR
PR RE S B S it Gk PR RS A0 A B K IR R R e A
HE AT AR S5 AF 8 AN 5 R B £ B, O SR K
A R AR B0 R T N DR oK O KU P K
LR 25 B RE AR B U Ml 002 4 R TRVAE B Y
T, B U S A ORI St S8R T A A T RE
SCRE T K B AR AR BR 22 g 3R 32 T K AR5l
55 8 R ALK, O T A A SO B R A 2
Tr R SR T A ) A

5 g B

T 0 1 s 2 PE IR B 3 R T L TR AR AR
FOAR K PR 55 15 5 A B A5 10 - i
SUF R SRR I — R e R b |
O JF R SRS R R R B SR A T R R
O ER BB, Al 55 KR OR AT S8 |
S0 AR R A DT T R T

C1) o5 B 40 AR T B el s, o kB — A R
W45 BB AR A Rl 5 0 e B K R R A S A 2
Tlt B2t A 5, o R s K T — M A BT I 4
A IR AR T B B0 25 SR AR A T BRI
RS N A% K

(2) FF8E5E 35 LAY i 17K 3t 2 A6 70 7
i35 Q5 B RE A BEF B 9 TH 4, 8 o X ORI R
L NVTAND N S o 7 O A N SR TR (B2 LY s ]
14 552 B 98 {91 5 0 2R A T 45 R 3 2 X, B 0K
DR AR R0 S A A K A R A RS T

(3) Bl At & 2% I [ by i i oR 3Ly, ORI
WF, Gy el " B b IR) A2 2 At a5 2 4, R
e 5B HECH I 4R TR K R R RO S
IFAE I B TP AN BB B 2, o E K R R BT AR AR
T s v

5 % 3Lk (References)

(1] Z5BH, UL, 8 4%, 45 R )4 i kORI st ise [ 7], K
F & A5, 2021,21(9) : 32-36.
Cai Yang, Cheng Jianguo, Zeng Yan, et al. Vigorously
promote the construction of smart water conservancy [J].
Water Resources Development Research, 2021, 21(9) :
32-36.

[2]

[4]

[5]

[7]

[9]

FIfE BAE,2023(3):1-7.

Cai Yang. Key points and difficulties to be grasped in the

development of digital twin water conservancy [J].

Water Resources Informatization, 2023(3):1-7.

7 P o T TR D R S SR LN s i = IR
T E KR, 2025(22) :4-10.

Mo Mo. Overall approach and key measures of soil and

water conservation in the 15th Five-Year Plan period
[J]. China Water Resources, 2025(22) :4-10.

XKD, L, EATE, %5 B AR R iR SR B[],

AL 4], 2018,39(11) 1 1-10.

Liu Datong, Guo Kai, Wang Benkuan, et al. Summary

and perspective survey on digital twin technology [J].

Chinese Journal of Scientific Instrument, 2018,39(11):
1-10.

IR A By v [l 38 0 A S 0k A R N T S B

FlT]. e e 5 908, 2024,45(3) : 109-116.

Zheng Binrui. The real challenges, strategic connotations

and pathways to achieving a digital China [J]. The

Theory and Practice of Finance and Economics, 2024,45
(3):109-116.

B N T AR kS b E 2Tl AL B e 2

SEECATH 1], 2545, 2025(11) : 47-56.

Luo Xiong. “Al + 7 drives Chinese-style industrial mod-

ernization: Theoretical logic and model innovation [J].

Economist, 2025(11):47-56.

Hazeleger W, Aerts J P M, Bauer P, et al. Digital twins

of the Earth with and for humans [J]. Communications

Earth & Environment, 2024,5:463.

LR G S te b SR S R A A E R 7752 0 AR MRV NIENE S

11,2024 ,55(2) : 245-251.

Xie Mingxia. Connotation and application scenarios of

digital twin water conservancy [J]. Yangtze River, 2024,

55(2):245-251.

IKFN AR AR FF ] K 2 PR AR B AL 2 B IR B B A SR

HeLT]. KR, 2004(4) :49-51.

Department of soil and water conservation, Ministry of

Resources. Present situations of introducing water and

soil conservation information system and main consider-

ations [ J]. China Water Resources, 2004(4):49-51.
WEREZ RATIHIH K L ARFR 1 FLS K £ O
W5 45 B AL TARELT]. h KA, 201112 :67-69.
Guo Suoyan. Further push forward the implementation
of new Water and Soil Conservation Law and promote
the monitoring and informationization work of water and
soil conservation [J]. China Water Resources, 2011
(12):67-69.



