N I

2026 £ £ 71% 5 16 H#: 3614 ~ 3624

¢ (rhIEREE ) Ae Ak

SCIENCE CHINA PRESS
CrossMark

& click for updates

WLIRA TR TR MRk RS TR AR PR 5 ekt e

x| A 5%
KR AFHIR RS RF 222 B, RKHE 300072

E-mail: liucongqiang@tju.edu.cn

1 515 Wl 211 ah ¥ s

R TR SR

YESrBr B B AU, < AR R R WA sh e
HZALR P T MTENIC, W AR S HER R
G5 [ i 5 R PE RS S R iR, e RAE g | A 2R
Bk . 154 R, SR IERR SR A S, IR
SEREREEEAE, T i Bk R G A 2R A AL S A i
FEEEN, IR, B AR “f7 2 R
FENLE AT FEX B U | SRR A IR AT R T, AK
BUA AN R B R R 8 WL R < RGN IR T, ]I
HER RGP ARG THLBAR AT E R S BOTRE A, TR
KRB = 2R, ARl il B2 5536 PR
HERON PR AR A Ay LS. HIRES ) ST S 12,
A TXE LA RO S ST 25 ) R GEVED .

A I P BRI IR BRIk -1 v ook, 78
REX bR A A S B R G FE LI, TR R BRAE 72 i
P i P A W HE A 1) 5 XU BBl K, R LA
TR S SRR Z o C R A il 48T, 7EN
KU T, HERRGARLAE R PR R, X —ih
FEAR PR S A PE BRI AR E LA L. o, —A %R
[ B P o) ROBE AR T, WA TR A2 SR R AR e . il
BEZAHRLA K RA 2 BF AR Z H 2, S PR
i JE T HBER FR G rf R LR I S A T e Ak e 114 SC B[] 77
1, MNIFER W LR T Ve R B 11 9L 5 el 1P 2208
RESRMEAT ST AR e . Rz b, X IERE 2fE
BBCTE I 2R G5 AL BORAS BRIT N AT A A, HZ=alhE
B AU A SRR R B 2 . SO A, fElRZ
RGNS 2R, BT AT e
B, TEAEXERLUN S S 2 BB S 5Kk, 2R
BAETUYIAE L. fn, LLEGN 3225 H AR R MBGE AR, 7k
JE DX n] BRI K B R 2 4 . MR AR 7 DL S R e
P T R AE 2 HAR G sE G O B, EIX TR F,

S|

DB xrrrnnzsns
Pk, PEAEREL. £EMH
HUEE LB MR EL LS
. BTELFEANERLE, vE
THEE R L L REEK,
PEMEEL . PEMELLR P
HEA%Lst FENFRENR
WAk B Rk R GR LT,

AU AT Y S CHESR R Sy B A, X LUA RS X Rk
HALII R GE U, IIARIE 5 2 S B AS I TR 2 B 3T
WAT.

TEMCHE R, AW EIEAME— > ZEEHT AL
AE MG L E . HAIGEE 2O s B R 5t
VAR () R B O I, RS R/ N R S ) Y Bh i
o7 P2, AR R — R B TR FLME L BUA 5 SR
X — IR AL A 0 B 5 T — YR A E A 5UBR AT
WA A A B Bk R GE e B mlie SN Bl &, Fela)
R FERRA N TE AR A R AT T MR R G LR
. RSEX — A O EMN, B2 IR AT 2R ER
R T — TR TRMIR R TR, HROET,
TE B TR AR TRE BRZY AN, X m B 94T
S-PARABREHATA TR AT HEA g
PP LG RGBT, e AT R BT B i 2 4 s
()P, 515 NJESCTAE 1] 50 el Ry H S B A e A

A fE sl AT R AR AR A B L 1) TR SEBR, iR
—IREM R BT R R AR B AR ). 2T, S
FEHIFRGUCIUE T MR ARG TR HARHERL. %2R
TRRERH S BARLEESE G RENTNR, RHRL
Bhef . BT O, Rl E SInEE R ER S, BEE
B 1] 52 2% R GTIR T BT RS S R, TS RERE (L

3624, doi: 10.1360/CSB-2025-5910

SUTRGA: XIS, 147 2 TR HR R G0 TR R S SRR, FlaFilf, 2026, 71: 3614-3624
Liu C-Q. Toward planetary engineering: discipline building and practice pathways for Earth system engineering (in Chinese). Chin Sci Bull, 2026, 71: 3614—

© 2026 (PIEFRFE) Akt

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2025-5910&domain=pdf&date_stamp=2026-5-27
emailto:liucongqiang@tju.edu.cn
https://doi.org/10.1360/CSB-2025-5910
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2025-5910

I, HIER RS TR AP AT B TR G |2 R R R G
figg 5 BN TR - Bt T (RIH IR S B RO KR) 5k
PRSI (RFHTRLH B S FRAESY). L8 — S AR, S
BEDAE T S5 G MO DS S e SR, t 2
ERERY RN, TEHE— PR OGP AR, ) im ARt |
PR | XA 2ER)Z TH/RIE, HRRH R AR B A ik
SCER AR, LMY A At S B li RE [e) 2 S8 i Y
SO R PR I S Y~ BRI S 1T 3l 5 R

2 SRR E

21 BebEX

Mo Bk 2R S8 T R S48 B A S fie 1 56 [ PR )22 X Bra-
den R. Allenby T21HZL #0411 FEH I A, 24
AR EIRE A BTSRRI S AR RS
RIREZR, el At s DIRER RIS, 0w BERR S 09 [ 9%
RTINS, X AR R G e u ET,
WEEECR (i . A, BAF)IEIRE R, Wy ME AR
PIRRAFEHERSGE. B ORI A E 52 R
gy, TR A] RERERAR TR RS R SR AT
B AT v SR A XU, 5 S A

HoBR A GE T AR 7E R I5 5 JE MR . FREAR KR
SRR R P A RIR R RIS A, HAErPIE
BEHIFBAMBN R G AT, ETEPREN 24
B B RGER AT R BR 22 58 TR G2 R
BOFIBESY, A SCHE T R HBR R T T RE 2, RGTMKIFN
FEEIX DB S AR B AE LR | A RHEE | BT5ET7 ik
FIAAFFRE, I AT E S MR RS TR
— TR R G (L BK [ IR RG2S S A M5
X, HuSRENTES R R AT AR B
Bt TS E BT BOS ORI R RS AT

RIRRIE, AZEP eI R RGO MERE . BT Sl
SRS SR AR

22 FERHBETE

Mo ERZRGE T AR A 1“2 B A T LU AR DU AT 1 AT
ik,

HIORA AT, MERRG TR TR — 5
Bl AR AR A ARIER . MR R GE TR 10 A JRAK
R R A TR [FER . aRe S A
SCIE B E ORISR & S IR QTR F20RIMAR, XRhsEX
IFARfT B BB SAAIRDHE, R EBEHER . W5
[ 5 77 ik A SR ATl AN R AR B, [RISes
[ B5 A BN F S, T BB 25 & PR BEHEZ NI A 8.

HWR, R mMRIZ ER DO T 5 TR E ) B2 R
fif. MERRGE TRZ LRSI RGN AT L, K

HEZRE ., ZEAZBIARLMRS, TEN2RM BT
ARG BB R A B A, R — I T, WP
AR R T i BRI T, TR A EA
PSR T EIR RECRARAT o, HESERTT . B R AR E At
BT, TR R,

P, B AL e R R A TR S ).
HRET AR Bl N o AL Gk, sk RS
TR ) AWt - 5 A% O i T AR R
TEX—id B b, BN RIFA IR T LR 7S 5 2 B
12 i 1 T AR B R IR A0 T B S 058 p AN A i 22
XA ) LA A SRR 2 S R ] A R 45 B SR %5

e, HEHENE I HIER RS TR E T A 2000
PSR P PHERT TS S R PN R I ) (R,
UL AT AR AN AR R R 2l B b, W fR T
A TRETH AT BT SR A AR B 2R R . X —
PEESRIEISIEBOR AT AT PRI TR, SO . SR RCLL
LA ARPREN, 3 G DA I CR aJmy B A it 40 3 Bk
ARG AL

2.3 ERRLSH SR

TR R R D, MR RS TR =S AT A R R
SRR, ST .

IR RGBS R IR R G TR 2858 T AT BB A
IR, HER R GRS i s BB IES . AR kA
FARIRA NS 3 5 A IR B 2 A R EAR AL 1),
TR T B HIER R GEAT BB A L. HiBR R G T AR A AR
WCEER 1, HE— 20 A TN PR X SE R AR A 52 2%
AR R GUHY TR BT TGN T I A BT 22, 1
FORT A WRb AR, ARAERG T SN TR, R T
FH TREM R BISCRES,  BU TRR A A o SE
R T %E. MWHUR RGBS BIMER R G TR, SC T
il M ER R GUANMMTIE AT B AR LY AT T RS W 5 A 25
L, FEDIRE LI B FR G PR 2 R GE R0 (1 RIR—A T 3 1E
i fEZ. (RIS, HER R GE T AR SC R Bt ER RGP B, 5
B EAk, TR PR

WEETRE . EAR TS TR AR R R 5L T
AL TR HOR TR TR, X TRE T REET
PRIV, A KALEE . SR Y, R T
PR BB AR AR R 2. HIBR R L TR AN I
B sy, TR R bR R G AT Er R AL
@, ST RS TG XU AT 2R ik shak
BLSHAEAUS, KA GREMITR, A TR R e
SRS ERS ee y

e SRR TR R R O A B A U
AR, AW R R G T — AR e
T, HERRGE TRAPRE— D @ Z0 . o Wi

3615



M4 Z LB 20206FE68 F71E L16H

FHEWE. ERARBARITTRE TH S . &5 BRI
BB RGN SN BaTSEH], AMOCERARAR G
AT, SR EANE A g AR A M ERLE XS 2 AL
DABACHATE NP, S22 Sl b R R 8 T AR A I 5 4 Pl
i IR LR S BB T B R R ST IR T 254k

2.4 BalARRE: “ NFE el b A u

MWATE L&, 3k R TR 2= R AR IR T 500 4 R 8,
WA RER AR LMAME, RN At ik —Jam
RGPEIIN, BIE NS T IR B A M ER R G000 fb o B 0 S5
T, W HLUR . BORGHIEE, 51t E SRS
RGEMEINL A, AESEEM AR, 0 Bis
T IWHER R GOREH AT B R AR N T ISR,
SE b ARE R NI ER A BN AR R B
Bt

B2, X2 RERI SO . e
R FERRFE W, AWLAEA LR, SRl AL E
A AIATSEHESE, LA AT AR BIN R G —
By, KGR MR R RS 1), DAY B — [
PR X, 5% 10 LA R Gefa il 5 00 o B AR i B K1
RN, WMERE X ERHIEME T (value neu-
trality) 4% AR BREFE ] BB M (B 171 3 (value-laden), e
FLOIE X AR RARBRBAE A R AT AN S AN 7T 43 )
20 R ST

25 BMENL: R SRR RREOR R AR DR
¥R

BT iR eBAR, MER ARG TR E AR R K
) e 5 A BR BRAAR 28 v A AR PR AR LA P ) G B B
AU A EF AR R B S SRR R, T A B
HAEHIZEAR . TR | IRHSHEEFZAZm, SN
XTI EE S B RGNV E T

TENFZ I, HER R G TR A RIS B,
A R SR ) A R A HOR RS BIE 5 ATk, 1T
WA RBLF Sl Z MR FAR N B, O R AR AE L |
W Z R R AR S MR R GG LR B — HL T4
IIMTHESE, BRGNS B B SR R R, FEROAR
JEH, EREAAHR IR EIT I, Bk RGN T A
R AR AT A L, S EARTEA R A
SR PR F B AHH, 51 FIEABE AL [ 281 2l
P, BRI AR DME BE RS, (R A
WEIER S THIRRG LA, ERH)Z 0, HEkRS TR
PR —Ph Bk B, N R AR HAIHER R4
TREREOR, RHHRFER . ZIRGIME STHEHEILH B
B, AR R LLEZON LR Ga . (e 8 H
JE I, iZeARRE R AR T E SR B A R TR,

3616

S EE NI — L RE ), B EHE RGBS
SR IR X RE S B GTIN .

Zi L, MERARG TR SR AL A B L RE S
[FIBCRERIRA: ™ . BORQUHT . IR S AA R, 3]
TECNEM RS 4 | AR S BRI, SR AU AT Bk
IIFEES

3 BeLmiiik

3.1 SEEERREABLR A

M Bk R G TR 2 R AR R 2 i — AN ELOCHE . DR
HAMYHENS LR . X S EH ARG . RS
WS HIEARERR T, AR RAT R REER T, &%
TS SEEA T B R LRSS, IR ZIE R A — 3k
H 5 —HEHEZE.

TR A SNN S ¥ Hi8 (Theory of Planetary System
Cognition and Steering) 2Bk R4t TR AR AR L. %7
YOG B AZ O T R N o] 6 WA 6 2% SR N2 T 1001 S5 I i 42
T, PR BEUFHINHIR RGBT . SRR
N ERMERR G R AL, X — BRI R A2t
2PN R W B S RE R )M E R S L 2K S 77,
R G4 s 5 M ek A P AN b R Ab 220 B 22 8] A XLl A A
HRBHLH. TEHIEHELRT, KBRS ARG 5
FE SRS UUN, W RS AT EE R PR RE
A TR G R g R S, DL A HE RS 2 A 2R
R AR AR A AR 22 MG R AR B A E AR
SRl RIS AR TS HO FEEIe T R, IHMRITsEHE
4 IR R G 5 5 (R A B A LA B

ATHFEEE RGBT 5 TR ST B R H I g ]
FREEME H AR AL 0y T 9 TR S i) FR e et I # 7 vk
PSS, BRIk R LRRFHOR I R OH R/, &
HISRE TARTE, TWAERSXSRERITERSEZ I
T AR, P T SR WA A Bh SR A 3
FRELIR BOCHEAE R R GRS (B BN . K IRTRFR A 2
FEME SRS H B N EIMEN A - BAR- AR E & RS #
Tk b, ISR S ME G A A AL i — 2P A
JEE ARG AT, BT R B B 55 % R
o R SRR G IR . BE RS Hud Y, IR
Histtfg it . AiEMN 5 ABE TR ISR, X
BORE FEMERTE . K. BV EEFYEFRENIRE
BE.

172 RER S H T HIS N oS Bk R 5 T R4 3R
LT B R REHES IR 2P, 2R R TATRERE T
BTG RNEE, RIS ST, JEHEAEN R 45k
ERITRIRBEMTE T, FORA S ATRES IR HT AL 3
Ay BCIE SRS, TZERIS RO B R E TR 5



PUE | HORTPAG . BB RO aa AT I LK S A8 9 45
PTG R AT IR IR R, BAARSCEAS: s KU HR
(N = AR AL 53k A0 A BE A S B B3 ] B B2 A5 AL
i, WIS AR AT B A2 FE N R AR AT AR B E P 5T
1, DR REAEZITCE SRR AL RIRI A R
Bl DARESRARSCORR I R EIE S S b Bk, % 8ie
SO T BER A MRA B . RBRIRETE | SUER R AL
BRI R B A5 U BB I T E .

B, X RBESHEHAR NS, R RE LA
HAE: ATR RGNS RS B e L e A T
RERBILA A7, ISt RGOS TR S NS R AR nfay
K AR N AT ST 567, ifT 2 )R B S S B ST
bbb e A Y el S CINTITE i Wt 7V 8 E I i S U R A T
L = HBEMER, R RS TR AR TR . T
FetE AL S M R AR RN AE— B, W HIBR R SE TR
R B E WS P SR

3.2 Sl HORSGHE TR PN

FE EIR = REE AR SRR, Bk R T RF A SEi
B T AN IR DGR 40, o T4 AR A e
SEREERMY S, AR R S PR T — A shAS R AT
FHIMLG, TR ISR Xk At PR G 52 2 7088,
321 FHEH— AERL4IFIAE

P AU AR IR B W S R R T N0
PP, HIEAR H AR AR MK R G R, A
RO B A A KU, RS BRR, RAUR
FIZEWIAE TS — BB TORE mAL ., ATHhat Bl fis
P — A B R I B AR A (o B e s S . He o KAk
2223260 [ A5 RS PR S | R G DR . W A A
KB TS Pk, e ™A IR B S (E BEAE 4 2
FR, XA A S PR A T B AR T R SR Bl 5
TEEE, RGN HAE R RTEEE T W RE ™A i e SR
B R AR TS <2 1R KU, R i 5 g 2 e
PG IR AR YRS, SR, SR 54
ARG TR MR H AR ) . RS TR OLH R
RETR LR 24 ) S 5 41, I AR B TR A IHE R F)
;:Hﬁjjz%[w,w]'
322 FHRZ: AAZRGBEEEAIE

TR T X B RS R s i
RS S DhRE, RO EFREASLANE T AR R G RaE v PR
IR 3B i) 8 AL G AR A HE SR, S i ek
AR RS A0E T, B I A S B B R S R
B, M SEBRADSE R R TAE AR TR B R T RS
HRAE, MR TE—E R EIRRHETACRE S . 2D
ZREVE . RSO SHE KRS 2 IR R A RS (NIRAK
MARGE R IR LR & TR ) W, MISESE R tpd K

B SRR ARG RS, LIERT5 YL S fa H R OB 55 40l
WAk R B 5 0 T A T B A B4 32 40088, 18 I 1) S Pk R A 3
anfara] SR A AR RS R G R SS 3G AN (E, ARSI BT
ERYBETE; AR IS TR T IR e R A R K AR A
PR30 FEdge RSB, % TRV R Se B H AR
FEHRGERE, WS- AR RS Ue kT, e
M B T AR R AL A Az AR AR A JR W I e
323 FHE=Z: H2-BARBZAENIHE

2T TN O R T 5 Tk R G b Wy R
Rt M RN, H EARTEFHES S aT L2t
FEN FMAAE SR, SHEREY . HERILARIRSE
PN SRS, BEERARES . PTEAR A =N
AR R BT A S Bl i ) R T S R R AAR T EE,
TR LA BRI AT A SR 54, ST AR BETE
FLEE A, FRE, STRETR . JK . S IE
At TE BT T, AR D e Y [ B B AR Ak
A, AIEN AKS AR R A R R ARRE, e
PR EIE RERE RS A X 0000 AU ) T e A T
S WA i Aty 2t AT S R ol <2 HE BT TR IS 4 2 g 5 ol
BB, IR BRSSO IE I e T 25T S8R T A
Ve SRR BE R HE Y BN, ot R A A 54 R 2
FEAE TR R, RO B SR TR R E 8 R &Lk
AN ez —.
324 FHRWN: HEREASEEEEMNTE

T B SRR T2 S A H BRI
AR R, VRIS S S AN & 5 OOk Bl it X
— HR T E R B — R PR ek RGBA, o A ARTR
Fitt oA BREE KRE LIRS, FE, 7%
25— R —H— LI R 2 5 e A, FTME BN T R ik
et ST EE R AL, (2R RGUR T e RS S gy
FLERAIRZS, T 1 R R R R e ek, T
BRI B R R A B R, AT R
PE . XUV S5 . % AU I RO PR AR B
TR RSB S, AR e Ak S e
S PRE 2 [ US4, LA B 28 2Rkt = Sy fdi PR
W5 2 (A BRI, 2 T4 A AR = A TR 74
PROLILREE R TR 5 WL SR, SR 2R, ik, 1
S ARNG shp LR 2 A
325 FHEA: ATE TR S BELIT

TR R AR T AT B R 10005 Sl il e A B A HE |
IR GBI, DAAE T R Rl P 4P M S AT i i
N EIEEERE BRmE, HAT SRR E AR
HE AR B XU A IS (TSI R, 50 I DX 8 [ 52 P ) )
FRZTZEY . HPORHESY; TREIFRL e oh e Al
FIBOR TH, WnfiC IR | WAV SpLH A Sk
RIS S R 7 WM T AL R PR 5

3617



M4 Z LB 20206FE68 F71E L16H

EPLR, LUMERES [E 5 AF 5 MR . 2SR i A% O A
FETUME A 2 2 AR N SRR BUARTE R, B BRI EL
A (SAEIERE, I REFLEI AL & oAt
SEATEII AN AN, A5 2800 SIS AR AR5
FEMZTR AT A0, TR SCAZBTHR 4 A5~ U AR 2R A 552
PR B AN TR e R S

HEARZE R B, 33 TR ] BB S — S HAT N
HMNZE Y SL RO R 258 1Rk R 505 B S B TR
R IRBESER, AR SRR S, URRS 52T
e, AEBRGEE G il TR U S BRI R G H
TR R B EEAT B A ] AT R T ARG E S BRI
DU A2 A 5 PR AR E = KIS M BHEVEH]
T, X —ZZ OSSNt = A PR 2
PERXF ().

4 ﬁﬁ%ﬁ?ﬁ’e—'ﬁ%ﬁ%%&: NG W 24 Bk
RA

4.1 BYRWISETTER: —A 22K ENHER

BTWIERGA G BAT R B IR, WH9E HARPY ik 1
HIME S HEEOR, HIBR RS TR E LA PR — 2 R 22
PR, AR KRR RN AR TR
SRS AR R SR T e AR, R R IFAR AN —
W2 Tk L, THRLZJRRE | Rl O AL,
TR GE AT R S oc s, PRI S R A RO
VAL ERITTEAT S ER.

(1) Bz RGEEL, FESECF 2R 02 B
NHER ARG TR LR A, NE ARG5S B
SCH PRAIERN S . WP S I A TR R RE RS e T 5 AT
2 S ESEARE A HER R G, Lm0 A
R FRZ MBI AR, RS, N THEEESHL
et R EEM T SEAAL . R ESH UM LR A
e, TR TH % SRS AN E 1k 0 A A RCR Sl T Je k.
B R — P EE AR, RZLRIEHGEREE ., S
BRI R 2 RIRSE B R RGBT R IZE 6
BRI O D RE AL X 1 s e A U PR 23 A . o R R T Al B A2
T SRR, LA SOREE TR T30 58 B UG, B4 B S Al

(2) HPIEJZ: BB TR SRS, T2 R
KR AT 28 R AN TR AT S 7 SR G, R
AT ST s Bt . ek b, Bt
Bhor 18 W R < R GEAR M - R A RO T R R R,
HEGE RGBT 0k, WK BN E RGUT RS
FPEBETH 507 Z k. ST ) Rt st P e s B AN
L G I R R A X — R A R
RETESRTT . ol b X R R A S g 5, RSN
B BORTER . k- SH X IR S SHAR S TR

3618

msRmE | ARG A
THTHE | SREATE SSRATE RBENTE
BORIE C wmmmEesEm |
=
. T I ——
IR — | Sgwme @ STmsonme @ eEETE

1 =R S TR TR AYSCR. Hrp, TORT4usldt
IR I — B AR <S2ER IR 2 R B SR TR A D IRRE R,
AL B R =R IR AT R, GRS ECRRTE
AR SRR, EATE = IR SO AR ] 1 AR 4R S
T, BRI < A i 2 2 R

Figure 1 The relationship between the three core theoretical pillars
and the five key sub-domains. The five sub-domains collectively form a
dynamic “concentric sphere of practice”: information and Simulation
Engineering constitute the inner enabling layer; the three engineering
domains of Climate, Ecology, and Metabolism form the primary action
layer; and Governance and Policy Design serves as the outer layer of
normative guidance and safeguard. Operating within the overarching
framework of the three core theoretical pillars, these layers
synergistically address the complex challenges of the Anthropocene
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Figure 2 The three-layer nested framework research methodology of
Earth systems engineering: the governance demands of the top layer
shape the design direction of experiments in the middle layer; practical
data from the middle layer are fed back to the core layer for model
calibration and optimization; and the simulation and prediction results
from the core layer provide a basis for decision-making in the top layer,

forming a relatively complete research-action cycle with mutual
feedback
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Toward planetary engineering: discipline building and practice
pathways for Earth system engineering
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Confronting the global environmental crisis of the Anthropocene—characterized by climate change and biodiversity loss—the traditional
“mitigation-adaptation” governance paradigm exhibits inherent limitations: temporal misalignment, linear thinking constraints, and
systemic perspective deficiencies. Given the Earth system’s high coupling and nonlinearity, localized measures prove inadequate for
planetary-scale challenges. Humanity must transition to proactive shaping through Earth system engineering, employing systematic
diagnostics and management of complex planetary systems to drive civilization’s transformation toward security, justice, and resilience.
This paper systematically proposes and validates the framework, theoretical system, and practical pathways of this discipline for the first
time, advancing its institutional development to provide comprehensive solutions for addressing Anthropocene challenges.

The article first elucidates the historical inevitability of establishing Earth System Engineering as a discipline, positioning it as a
systematic response to the fundamental challenges of the Anthropocene. In defining its essence and positioning, the discipline adopts a
socio-ecological-technological composite system as its research focus, emphasizing four core attributes: interdisciplinary integration,
systems thinking, design-based interventions, and normative values. It further clarifies the distinctions and connections between Earth
System Engineering and Earth system science, traditional engineering disciplines, and the narrow definition of “geoengineering.” The
discipline is positioned as a strategic hub supporting national and global sustainable development. Regarding its core knowledge
framework, three theoretical pillars are proposed: Planetary System Cognition and Regulation Theory, Sustainable System Design and
Engineering Implementation Theory, and Planetary-Scale Governance and Ethical Responsibility Theory. Building upon this foundation,
the article establishes a collaborative action network comprising five practical subfields: Climate System Guidance Engineering,
Ecosystem Restoration and Enhancement Engineering, Socio-Technical Metabolic System Reconstruction Engineering, Earth System
Information and Simulation Engineering, and Planetary Engineering Governance and Policy Design.

At the methodological level, a multi-layered nested integrated research framework was constructed, comprising the core layer of
system modeling and digital twins, the intermediate layer of interdisciplinary design science and transformation experiments, and the top
layer of technology evaluation and adaptive governance research. The practical approach adheres to the principle of prudence and
gradualism, designing a three-stage ladder path from “regional comprehensive solution demonstration zones” to “cross-regional/national
strategic projects and knowledge network expansion,” ultimately leading to “the formation of global public goods management and
governance mechanisms.” The article also traces the evolution of the discipline and proposes a near-, medium-, and long-term
development roadmap. Finally, it emphasizes the paradigm shift in talent cultivation for the “planetary generation” and the necessity of
global collaboration networks, while exploring the strategic role China can play in this process.

Earth systems engineering constitutes a strategic intellectual and capability response to the challenges of the Anthropocene,
representing a profound revolution from cognitive foundations to practical paradigms. By integrating systems science, engineering
design, and governance ethics, this discipline is dedicated to the conscious, reflective, and responsible design and adaptive management
of socio-ecological-technological composite systems under planetary boundaries. Its development not only involves the integration of
technical solutions but also signifies humanity’s transition from being a “passive passenger” to a “responsible steward” and “co-
evolutionary partner” within the Earth system.

The study establishes a framework to address systemic cognitive deficits, breaking down disciplinary barriers to foster unified
understanding with cognitive integration value. Technologically, it drives engineering technology toward systemic synergy and negative
emissions, guiding adaptive infrastructure transformation. In governance innovation, it provides multi-level institutional frameworks and
design principles for managing planetary-scale intervention technologies, offering pivotal capabilities for national development and
global governance to enhance resilience with strategic significance. Educational reform focuses on cultivating talents with systemic
thinking and planetary responsibility. As a civilization-oriented approach, it provides intellectual weapons and practical guidelines for
humanity to proactively shape its path, achieving co-evolution for the future.

Earth system engineering, planetary engineering, anthropocene, planetary boundary, interdisciplinary paradigm,
adaptive governance
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