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Figure 1 Identification and mapping of grassland vegetation
formations on the Qinghai-Tibetan Plateau

1.3 FIERREEELM

BT R . 2R R DL N T R 2
SEAL, WRFLIIBATE R T ek e Jir B A A R 1 2 [
B, Fgd T T L DR R R B, R
HT CERE R F AR R (11 5000000 ) UL
ZFAR LA 500000 17 IR IT F5 k ie Jir B bR
(P23 Bk Fey, LR HE 65 FE B I REUE R, & H
T 8 e S A o T 3 SRS P v 2 R B
Bl etz —M8, 5 e m ML, BrEee
TR IR B A2 (B FRaA R ) FIA 1T BR T RosiE
PRTITARASA AL, FriE b AR T SRS 40 2 ) 43
s, AMTUFEEXIRE FRA FR R R
BRI AT ATIRE o L FLARAFAE o X SRR N J5 ST f A BkAr
WAL T A FEERE T L RAE SR R R 4t
THIERETR] .

DL AL A R N T, BF 7T A — B R T
40 R T 7 v e Hh A A 1 3 AR I S R SR Bl L

DA LR NS L, s — 7 R R I 2R
R, FHEH AR T7E, RIS e R A
B oAk RAEE E8CHERR A T RELL. K
Hh, e FE ) AR A ) B 50% $E T 2 69%
BN BN B R R R 2 1 S ER, R
IFi) e 1 A % 1 2 8] 29 A7 Y B R R A T A ()2 B T el
AR, IK S B HS DX S S M R SR A

HIE TR JG, BRI AR 8 T2 (a4 R i
Ho BN — S G B ESE ORE, E
A IAT RN b o WF T BAIE R B, e )
Pk 53 R e e SR R IR R B AR s B —
vk, DRKs AN X IAE 25 2R G L3R 58 AR I E
PR YL —WB, K B BT R R 1 7S AR AR R
NEREASNEARAGE T mEAS RGNS TR A
TOHT A .

5 GRS, A [ A A 2 B AR R I 22
Fo THMFIRERM, SRAANFEIE S 2 500 7
R R AR S RGP R R, (HAF X
AR AR RGN 3 T IS HI A R4,
BT Rk B AT RIS S, LA BAE— 20 1
o N T e iV 3 e I P B 7 3 P 155 W
KA A TT R 2 B SR R, T4 €
) A A JU) T R [ N 52 B RO N RIS B R

N T PR LR R, A FUEIBAE S A K
HE AN B S0 DL SR R A A R TR, X
B g SR T IRAIE . D WFR SR, HE RS
RGN R EA S Ama L], A
2[R SR TR AR R KIS DA R A
BRGETREEE 2 MAFEF IR, mi e bt
S L 5 ISR T R A TR R AT, B BIRAE— 2D
BRI R AL AR

R, FEASMBIH, AR AN — 102 [ i) ]
BRI E  IX 4 R R A SR 5 A A T R AT 1)
HEILREE . BT T FE MR B 2 R o A R
D AR B 3 BRI AE S A RE, AT A
T DI B A AN AN S R AU A . B,
FEABNTE R T MNEFAMA R . A2 YRR A
ey e 380 DX R P R I A A T R, TR T BT — AR
T e SR A A R R . IR BIAMRR T —



JEstiy, % . 32 1) AATL N [R] ) A 2 2 e R A 7 i v o 7 e B L e T R B 2 BT A B L 515

Tl (AR A ) B e AR i 2k, BN IR SR A L R (K0
WA MU SR T 58 B 51 A

2 AU EAEZSZFRNRE P AL 4

AR = A 3 J2 BT B[] B A 2 2
PP B2 R A XA AT/
ARG, PR AN R BRI . =&
MBI . T 5 BUHLA AN 4K R IT o

2.1 SEAERRERMIRES

R R AR RO R B2, E e R B
FFAR A — AN BOR I, TN IR R AR
et FriE AR AR, IFAEQER BT IO R
RECHARMERZ R, HHEENE, H RS FE
M Z MR AR, 7 BRI R
JuH

MR EF, g 2 | T A S A i s .
IR, 4BE SRS e BT AR T 250 77 km? 75
SR, ARG A AW ST VA B R PR A T T
AR SR M SR R AR ZE, A0
PASR At 58 SR 2 TR B R A TB BIEER
RENS SEILAVE BRI, Ak BRI AES YR
X R R N LR REH AL B R AR 2
KAMIGEST, (HBRZ IS G A A 52 0 A AR
EBERENRES . BE L, kR X 55
[ I 95 B AR N XSO I A R e T B = AN ST
B AR — A RHRE IS AT SE -

R RHE R, T SR A P 2R 1 R A% Lk
fOFARR B — RN ER A, TR B ASF
WA R Z IR TR I R 5 5K o F T3 TR ) 1) AN
K& U AT, T AT AR R
RAFIARIE R P[] — S TR IR AR —E Xk,
G PRI IR R A2 % R L3 B RFAE . Klein!' T4
B AR TR A AT AT VR T S AR IS ) RN A% ¢
FRHLF R R R R WX —HARE, el
AR R HIEA RS Y BB MATH
RE= 1A RHMEIRAHIB IG5 R, T2 R AR 10 ALK 5
TRREAR . W TR fOF RS B A 5

xR, WIFAE N TR REROR RN 75, 1M
& “UNMRTERAS R R I A A 5 2 X —BLSERt
S, X A S A A A A 1] B 4
g, A JE T AR RR SR 7% Bl A
BARHAHR RN F — B TSR 2

i, UFHEZ N ERS Y, HFARWREIIL T
HAER SR R T . Klein S5 TR X 5 T %
RIS ER AR AFRTER. g SRR
RHRIGER — BT e T, (B ORRAARNI ST, J53
MSEAN F AR Z A AR AR AR S SN E . (£
BT, AR BIFSIIEEIRIREESR, TIEES
BT, SERHAFITERETR, AFRFIRIE R HTE
PRFFEE A TR R I R LR . R
BERPTEARAF AR R SR B, TR HEAREADR
T AR Gt R —— o Rk R A RS
FET ATHRE R Z Wb, MBI I 2R (1 2 304
GENT BIRLAER, OB AR ST H AR R B
Ky AR PR AU S5 2R, A 207 AR SR
WU 1) A 25 5 ) L3 i) PO S —— 22 I AR et A 16 Y
RPN A S Z R BIP22 5 06F [X 7 A% (1 2L
P N LR R ML AHE R0 FAR R LR T 58
JEE ST ANHENT,  Hf 4 R TR B 0] B A A A B A Y
M CUARRERGAE . BF AN R BRASTT . i
THMEA R BRAERY Z B 2 ARt R G, H
B, ARZERLZIFARR R T, TR T RN
FIRAZ e 5L AL L R

FH HF B A (b 2R TT) ikl itk
—BiE, BRI KA AR SRR B
FNE AR S FHA BRI B A AR S F R iX —HE L 47
s AR A RRA G AR =R BRI P
Seafiz b ARFRMEIRIER, BEKS GIS M
fREA, AN THAERME R AR 5E DA
T1o ZFIFARF BB, MRS M BHER T K
b4 . FRIRERIEA ST Bl v Ee Rk
SEMEUESE, TR (2 3k B8 5 2l 2 [ &R

I, W AR AR, 79 B R A %
HER B2 SOFAE T FIRHER 7SS B
AN LR RE=HT795, TAET 5= 2B ) Se B
TR FIR B R IR FE RS & S 0 ). 5 o




516 LREEFSL——B5 A RIS rh i) THE, 18(4): 511-522(2026)

K&, IXFRE I AR R AEAEW FORAR P (R
FRFE NG RAERE), TR AR A B — A3
oy FFAVE I ARG 4R TR 2 2] H b, 38
R TR TR A ST R N A R, TR X 2% I £
TH AN T AR . IR AR A Bt
TRIRREL G A L, A2 RRAE DURBUR AR &
R, IR RIFIR A 63 61

2.2 Mode2 XEMMARTEN: BEMRBLASHE
b2 paN: 0k

5 FRE AR S BANMERE T AR AR B A 7
BEE, BPREZ S —ANERZEE: AR
F LA Ry o0y B 2R R A 7 7 RS 7E Rk
BT T ORI . MRL 2R ST AL S R Rk I
77 RV KE, X IR LE T2 R
FE L R T 52 oin AER AR

20 1H22 90 4E X, Gibbons ZE1IZE &R 18T
FEY R, BEE AL IR} ) A M AN
YT S SN R IR N 2 oy SR e A S E 4
P A S R RS . X —HEZ T, Mode I
T HS FH AR LA L R4 P 30y 32 B2 4B T )
WA, T 7T i JUE R TR E B R R
B, IR E SR RN R, BOR VR 3
BB FEAT VFILA], HARA B AR 2 HESh F R F1R K
R KBRS, DAL G R NE, TR
B A TR R R, flin “HE
RS PR AR 2R N B B
U] M S VR S5 407, AR T I S . O S
RO MG AIE IR S e o SR AT T RO sl R A 8 T
SRR, HARA G R CERHE S
FHg i 87 (2, AL R, Mode 2 5 304k
S F 3 — Ff 7 S A B8 P R R (1 SR 4 4 SR,
FEIX —1EFE e, 7 il AR A AR T B — 22 R
S, T AR AR LA R AR 55 [ e B SE ) A 2 R
AR DRHE RN S . BRI RN L kS
5o a4 A th R X PR A S R RS, TR
SR B P 3 1 254 . FRALSUB N “ 2R
W B AR )R- RE, RTE S IR A
I R, ) A AU [ S R R R

MIX— WAL, T e S B R A R PR |
AR IR Mode 2 BT #8235 0. HA 50
R IFIESEA N AR EIR A, T AN SE T B
R e R ] 2 A R RUJRE X 38 S 30, v R A o 4L
XA ) A B BEPE S A 25 2 vh BOAELAE 23 SRR I A S
] G, P8 R SEOULIN R 77 MR = A AT e T DA &
NLEREMEBIE A RE Sy, PIURINE T8 —2 8}
. WIS — S RHHL, T2 FE S8
BAGHR; EEFR. BEEFMN TR AH
BN E—MEEFAESE, LES S5 E. &
HERIE, RN —TFUEE B A B 0 S 1 5
e b AR AN AR 38 0T 9 1) EE R, (R
B IR SS TSRS EXAREE . EE TR
LK A BRAR PRI AL A DLSE 5 5K o 1X 1E /2 Gibbons 45"
Frs i ) RnVRAE R S B gl A 7 () SRR T
DRI, 5 90 e o B M R e A R R R s A TR 1 AR
W ZERL N 23 ) ) R [ () 362

bR, B 5 0 S 2 w) DU B Jim
Gray & Hi 1 “ 2B Uy o AHELf# . %18 Jim Gray
XFRERE T B R 23, BHEE R R R KA
P17 SRR RE . ISR AR AN B S
BRI SN SLI RN AR I F 5, Bl it 4
SR ARV HEE AR AR TH R R A
HYLBIE & R Gt o 2P0, fEgbERL B, 2B 1Y
¥ T F R A IR — P T KB 5 v B R T Rt
R, HAZ ORI T80 Bl % & A 50 Hr il
S HT RS 3 A 2 ) 0Y, g iR A B R
Pl 2 i LA B T 1 25 DU SRR . B FE LB I 5
NLEREEA, BET 37 HANEIMEERS. KE
Z VRN R LSS R MR AR R AE R, A AN
Yepg A TGN T HTRE /G RM, @i XX
SRR AT RS HT, WHICEAS DAE XEOR R
TE R T 28 725 (B0 A% R S H P SR AR A s . foilt, ey €L
o EEAR A . AN R A B 2R 2 (R A R 1 4 A R
W, #RE Sk BB 7t T ARBE ST AR 2 AT
CLEFE H P ER R,

X — R GG AR FO R R T SR fEVE
Z A WAER I, BERE AT e IR H B R,
BT SLIR N LASGHIE . TAEA R, 5 HERL A



JEstiy, % . 32 1) AL MR ) A 2 2 e A i e o 7 e B AL R R R bl s A RERE L 517

KIS R AR A S N TR RS B
BRI R R A T REeAR Ak, ST 51 A0 RO
] Bl —— Rt A 2 KA X AR 7 X AR TR TR
AR IR, &2 i AKTEENIKEN ? ANFERPHRER N
LA RN ? fE, ESEHER. KW
N0 S BEBIF T 03X 2 1) R AT — 20 B R A BRALE
PRIk, SO pr AR B FFAE « BB TR 1) - Ho bl 6
IEEAR " e gtEsde, Tt —Fh Bl A P e - 2
RN BB R A 28 DU 2O F 3o CEE R
filRE, MRS T HER SEREHE L WK R .
He Bzl - FR AR SR Al PR I (R Bl 22 R B R
I FR

LRORAE, TR IR A R AR P BT S
AR —IEARBOR R, EAREL I R4 4405 3(
ARBT A . — I, Har A g 2B
Mode 2 7 $i ik (0 17 2 3 [ M1ES 22 BRI RFAE s 53—
JrTr s FEREEA R IR AT 58 DY 3 o i K
Yo B A RFE . 7 2R 1052, Mode 2 A157 Y
T AR AR R 1 IG5 SRR R BT
R, EPYE SR AR B K PR R G e A ] — A
WL R T Bk . AR GIR I SR T SO i
PRI 1. Mode 2 1) 8- [ 9 5 24 BB A S 43 17
LTI, 5 DUYE A B SR B A A BT R R T
BORBRAE, TAFRISCL A, ER N ORED A
BB R SR A 7= s 5

2.3 AHUBEIFRAE R B

FERTR R, —AMEAE PR ]2 -
N B RETCSEAE FIRA P th BT A f 2 B i
BEEAPGR TS BRI RSN T
REZ 3L IR AR R ?

Gl sih, BORT R R E R BIDIRE -
WY T NS A RE S, B
TR T R, NI T HR AR . fE
REAFHLY, TREMRER 7O FRCeR, HARAE
MR AR, TR ERETIREM.

R, 75 B e JL o R A % R 2 ) S 51 o
N LA BTN DR Q2 i TR, £
FR BRI R T MR R E IR AR RIAE R,

TR R SR R D5 B MBS RS
Bh, WEZIIFAFAERR N R R &R
B IS TARFRIR, MASERIRWICIE A shi
JURIKRRE . N TR R E AR ] IEAE T — 3
BRI AR o JE I 2 ST M T A R S R SRR ALE 2 (7]
fx R R AR, N LR RER S X R EIRIE 5
AT B DI, AR AR 0 SRR R RENE A X IR
PR, I, N TR BRI AR ok
7 RSP Mt EIFA R B,
WA E AT 1A i E SCMBLS M BET), T2
A2 25 5 FER BE 0 15 38 JEOUL I B4 2 ST v SR IR
ORI 2 S5 R B A XIOREE A e
T1o ZFRT AVERHEBE T A R g A A
“TR®R” 5 “BMRw” =0, KAREHEM
X — TR B AR AE S

AN TR REFFAR AR 2 28 1. B
F) 2 W) Jm3 R3S A AR5 AIE AN i L4 4 FOR} 2 £ 181
WA ESRAF RIS R Ja, R FEES AL
BEVTTUBR . I BORE DAL SERR AT FEUESR X
XA AT R RIRAE . X R, AN LR ReRE
B 50 R PR AR B2 e, (X Nt ak
B RAR CRIREA AT R, IR EAT IR
HE AT TS R A R 35 62 5 5 I DL 1 2%

HEERE, NTEBESUR 7 ARA M RIS1T
oo FEAEGUERFRIUR, FRAE T PR
& H 17— T% AR B —TT e L i s 6 — B e AR 5
AR, BEIRAPUERT TR, e R A
AR BT, HE EEREGIEMIR I TIRE . EA SR
Blrp, FRA SRR R I AFRHE: ASE RS
SR IR TOT GNP RAEE,  BEIK AR Ge i 24 A X 4
BRI E e, N 8 Rk — 0 I SeHdis th il =
A R BLg, JF b A8 AR [ . Bl
Ja, AT L ) AT AR NI, Rt
PR R 2 AT BRIk R rh . HIZATIZAEA
ROV “HIg-Hn” SRR, M2 “HL-
s N TR - BL-Be S5t Rt 2.

MR ARG, ZEBIER T — R EA
B AN FIRAE I RR A 15 B B R AR
R AN T, T2 — AT AN F S RE ) P i



518 LREHHFL——B5F R rh i) LHE, 18(4): 511-522(2026)

MARRAE R AR N DR RE 05T A B s B G R AN
PR ERL, WFTEE W 5T e . BB A A
LEERfERe. —HEIFASHSHIRAE R, e
B SRR IR E -

DRI, 7R e Do e AP 2% el 2 A S 81 Pl o
1, FEAR N TR B LRSI TR BAR, T —Ff
LA R Ay 1) DARS 2 BLRTR S 9 BERl . DA
TR Py b B A% O HLR] . DA IR B R By F 2
Rk AANLE R DA3E AT 05 s B AR A P 5
FEIX 1, BEERT AR B — R A B
kI, MRIOVER AR, WS 58 B RS
FREEEEN. 3R S P R IR .

3 e ANIERMREFERXEFS5ER

T e S AR R R B ) SR s TN
S 5AEEFARE K —FMEE A, O
IARE S A AR AR U7 U B E AR .
HERIE, HR R A R 26 IR EA T
AEZ HAESFIMRA P RIGLRE] . EHER, AT
BS54RS0 T R EZ BT I DLAE 2y )
R A2 R AN, AR ) 2 5 i M T DL % ik
T A PR Z AT U SR, X R
NERE N T BE R AT A N I B ST
S, WAEMNRE A A AT DL7E AR RE A
INUAfE R AR S, 12 A ROS AT BA R E AT 3,
HAE MAFAE— gL 5. Bt A EAEH E H AN
P SR, B o W LR PR AT I FH 251

(1 AHUB R R AR 7 X g PR R v o A df
Hafio HERTALERE “BEF” HERA
[, AZEHI PN TR R AR AT IT a6 R IR 26
W&, MREZAKNESHERRPEMZ .
3.7 IAFE R E HE ARG TIIZRREA, i ft
T RNEASHERY. K52, NTHERERE
BRI E AT, RAESYROLTW T KE
KT e HARE IR A TR . i Roh = s BT Ae
AFHEA IR R, N TR RERRLRE X LARAS AT
FENZRIERL . BRI, AMLPR R AR A P B F R H 95
feguii B (I E LN, S Al A B 2O S o

N mp m
ar 5% o

itz

BRI

(2) ZBLHA RUE Z B AR IR . R
BTN SRR T RMBIRERA, (AR
AR R S RGE R, AR X FAT R R
FHER FERDARGEM . RiR X0 SRR &
X ARG ZE BRI Ed, A
RIIGREE R . 52, BB ARIRE R
TR VLA, TR AR — R B SR T R I oL
®iko

(3 NIHEREBAA G BAAHENE. Haitds
W RAAAE 2 RN TR RETT %, AR AR AR
. SHOEMIN GG L ZES, WTRESBUNFELS
RO, RIELE AR FIBOE AT, ARSIE M T RE.
TR S AN () 4% SR AR AR A . (R, AL
BRED T RIFAEME— 25, T — P TR e A Y
B F AT IR L . SUERIN, Rt 45
RAAE WA A FFEEE AT E . T2 e
R, A A TR AR A, i AR 2 X
SE MRS, R, N TR Re 4 R AR 5 EE
AT IO DL R S B U EEAT AR 56 A 12
1Eo XFAEZFAVICM T, T AR RIE X Al A
SEME, FERILIARL AR R, 3R ARKAT T
SR TH X ) B )

4G BRI BRI LAE W, AL E R A AR
HEARRAEEGME, HERIEAT RT3 T A%
2 OB FETUR AR ZERA BN AR B IR R A7) 2K
REZR, 8N T8 BE 73 BT BE % B S W O W 7E X B e
TFs QG A KR R RN Ee s, ey
R ES R IR W TN R T R B
NA R AR RIE, AEER M. WAL
PRI Re M Z M Re s @ K. WA 7EIX S 264 A
#FIHLT, NLEREARREIES 5MIRAE T,
A R et B — s L E R A 3 R i . Rt
ABUG R FIR A e BAT @1 5. AR
PR, LSRG AR E L AR AL
LR X A AR BT TS5 A0, 38 LA B WA O
FOXF Gy REEAR R BTN HoHhs LL R B (1 it Rk
BEST, DRI 2 R SRR T ek 7T . A, X
TEARHEZE M AFEE . B R AL B B T S



JEstiy, % . 32 1) AATL DN [R) ) A 2 2 e U A 7 i v o 7 ey B AL e A R B b B A R AR L 519

DA AR ORI, N TR RE BRI TR
B TRAEH], (HARL BT TR S AUA S 51 i s RN
B R R R A = B

HIBERT I, AR E SOFAE TIEBI T8 g
A DL 3 B AR A A AR, TAE TR 1R E 5%
TR, BAg . B 5 R R R GL A SOk B p A o<
o AR HEL ) VRS A R e N R e RE
HHACE S, TR QT EAN R 22 5T 3L N
AN FEIBLA] TR R ILAE S5 R R
CAPA I FavAs I ER VIR T

4 g

ARSC AT ek B R AR AR BRI D ],
B ERRTRAE A R T N TREBES 5 MES
FRTFOT AR . FEERWT.

(D ZEFHER T “FHRRREARS” XA
R FITRENLE] . CA RS BT TS 2 5 i 2 R
LM, RS RO DSEAN 2. A
FOIRH, A S AR I AR 7] 5 € A as R Ai R
PIs AR, TR IE FEARRTE . AR, A
LRV AEITT, FREHIRA N TR 1.
ANE AR RRAS B2 I RS AR, TR AR AR A
WHBSEBL T #FE ) 53 REL . X K BUNELRES
FRFIREE G RO T BRI, X Klein
“5 SERME R E A F AR BRI X
i K2 06 P A JE

() NTEREAERAFIRA A, BT
Ho MEEAR, TR A RIR SR AR A
FHRRT AVREHTIRFERA “TRR” 5 “HRid”
MI=0re AZRGIRGE BB — AR EARES: A
TRBERISERRER], RAEAESPF A RN SRR R
i RUNIIEE/awal 1= avai ol K:i0):7 - [ O ¥ N e
EHA R REIR R B S BB RS
BHE R EUE LREST, AR HhAT IR 2 4B L
Ho B NTHEBEEN “RRPN7, HBIT EMEmhih
TR AN R AT 12 .

(3) ARRBIEBL TN “Biiksl” 2 “ X HEIK

)7 RERA B AR R . AR G AT AL DA IR K
AR, AR “ER-I-IRIE” KR4, Mode 2
e B ORI AL LR T RS A T, 5
Oyt dR T B SRR R BB &S, EpE
ARGHEZ 0 K DX - PR A KA R T £ [R]—
Rt R T . ARBIR M 7 X — R B AR
X NLEBENEE P A R SES, A2
B e AT MLE R S5 DR R R R o 3R Bt e T 1
— BRI " XSS, D BR AR A S TR
AR A S E IR AR IR AL TR 2 BT HESE

(4 AW RIFRAE P Bz AT B B i
FZAF e ASCAERHRE ] 1 = TEAHT 5 plsh
MR AR 5 7 RAE SR . KA 580K AR X )
i BT RATRAT R AR o XA 52
H, BEAXT AR B ARHADT I KRR,
W IZAR A A AU E PR DA SR O T R HRAE 1Y
SRS

CRE R, T R R R R PR e ) S 491 e
JeoR i, IR AT AR RN, R —
AL 2% Rl RN 1] ARIR AT Py il & 9% 0oL
il DL Bl R O ) - BB R AL AR, DA
AHUE R iz 47 77 s R R A P A . HAZ DL
i, JCHAR N T RENE 9 RITR A 0 5E S A UK 5]
Mo RRAE, o T RN TR REARAE ST AT R
(1 5 T BAT 2 30 2 I S

KR FEBAFAE—ERIR . FRREGITTIEBA B TIR
NIEZRARAEF TN DL, (i (e Heph A 27
SIS 15 0L 75 2 S0 LERTIn DI 36 . Bk, A
SO MFIRAE P I R LA FR T 04T, X N TR RS
TS AN R 1 1 A —— G A R g AN A R ]
SRR FIWT . Bl SR A A BT 5 AR S R AR AT
B I ORI —— DU T HIP E . RORHETTR]
MULT T Rt —2 P2 RO, Rz
FEAFGURAE R 5RF VA, —REER Y
AR T, R N TR RS SRRE T
FUR IR Z NS 2 = fe B @ AL A AR 252
FIRA P MR R M, I N TR RS 7T
FREE TR AL S 9 RGN A B S



520

LR e —— B SR ) TFE, 18(4): 511-522(2026)

RPN

(1]

(2]

[3]

(4]

(5]
(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]
[19]

[20]
[21]

[22]
[23]

TR . E AR B R e N RIS E R B 1000000) 38 B 5 [M]. 65T 5 H R AL, 2007.

Zhang X S. Vegetation and Its Geographical Pattern in China: Description of People'S Republic of China (PRC) Vegetation Map (1 :
1000000)[M]. Beijing: Geological Publishing House, 2007.

o R A e o R P20 AR PR 2 . TP IR PRI AR T 1000000) M. bt o R HiARAEL, 2001.

Editorial Committee of Vegetation Map of China, Chinese Academy of Sciences. Vegetation atlas of China (1 : 1000000) [M]. Beijing:
Science Press, 2001.

fe2fds . e NRSEA E R I M. 268 bt s AL, 1982,

Hou X Y. Vegetation Map of People'S Republic of China (PRC)[M]. 2nd ed. Beijing: SinoMaps Press, 1982.

Wang Y F, Xue K, Hu R H, et al. Vegetation structural shift tells environmental changes on the Tibetan Plateau over 40 years[J]. Science
Bulletin, 2023, 68(17): 1928-1937.

Piao S L, Ciais P, Huang Y, et al. The impacts of climate change on water resources and agriculture in China[J]. Nature, 2010, 467(7311): 43-51.
Chen H, Zhu Q A, Peng C H, et al. The impacts of climate change and human activities on biogeochemical cycles on the Qinghai-Tibetan
Plateau[J]. Global Change Biology, 2013, 19(10): 2940-2955.

EHaSFE, T o, A 5 sl R AR R (1 T 500000)BEH M. dbat: RE2E AL, 2025.

Wang Y F, Yu G R, Fu B J. Map of Grassland Vegetation Formations on the Qinghai-Tibetan Plateau (1 : 500000). Description[M].
Beijing: Science Press, 2025.

De Maeyer P. A cartographic milestone: the release of the first 1 : 500000 grassland vegetation map of the Qinghai-Tibetan Plateau[J].
Journal of Plant Ecology, 2025, 18(5): rtaf102.

Kattenborn T, Leitloff J, Schiefer F, et al. Review on Convolutional Neural Networks (CNN) in vegetation remote sensing[J]. ISPRS
Journal of Photogrammetry and Remote Sensing, 2021, 173: 24-49.

Ma L, Liu Y, Zhang X L, et al. Deep learning in remote sensing applications: A meta-analysis and review[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2019, 152: 166-177.

Yuan Q Q, Shen H F, Li T W, et al. Deep learning in environmental remote sensing: Achievements and challenges[J]. Remote Sensing of
Environment, 2020, 241: 111716.

Abadi M, Barham P, Chen J M, et al. TensorFlow: A system for large-scale machine learning[C]//USENIX Symposium on Operating
Systems Design and Implementation, 2016

AR, FRORA, SKIT, &5 . TR A SR A S R SRR A HT 0], BRI, 2020, 65(22): 2406-2418.

Chen H, Ju P J, Zhang J, et al. Attribution analyses of changes in Alpine grasslands on the Qinghai-Tibetan Plateau[J]. Chinese Science
Bulletin, 2020, 65(22): 2406-2418.

HEYL, SROE, FIRRAE, 45 TR I e IR T SR IR SN T [0]. BRI, 2019, 64(27): 2915-2927.

Xue K, Zhang B, Zhou S T, et al. Soil microbial communities in Alpine grasslands on the Tibetan Plateau and their influencing factors[J].
Chinese Science Bulletin, 2019, 64(27): 2915-2927.

Klein J A, Harte J, Zhao X Q. Experimental warming causes large and rapid species loss, dampened by simulated grazing, on the Tibetan
Plateau[J]. Ecology Letters, 2004, 7(12): 1170-1179.

Klein J T. Interdisciplinarity: History, Theory, and Practice[M]. Detroit: Wayne State University Press, 1990.

Editor-in-Chief R F. The Oxford Handbook of Interdisciplinarity[M]. Oxford: Oxford University Press, 2010.

National Academy of Sciences. Facilitating Interdisciplinary Research[R]. Washington, DC: The National Academies Press, 2005.

Gibbons M. The New Production of Knowledge: The Dynamics of Science and Research in Contemporary SocietiesfM]. London: Sage
Pub., 1994.

Stewart T, Kristin T. The Fourth Paradigm: Data-Intensive Scientific Discovery[M]. Tony H, edited. Redmond: Microsoft Research, 2009.
Wadoux A M J C, Minasny B, McBratney A B. Machine learning for digital soil mapping: Applications, challenges and suggested solutions
[J]. Earth-Science Reviews, 2020, 210: 103359.

Spillias S, Trebilco R, Adams M P, et al. The future of artificial intelligence in ecosystem modeling[J]. BioScience, 2026, 76(1): 57-70.
Pollock L J, Kitzes J, Beery S, et al. Harnessing artificial intelligence to fill global shortfalls in biodiversity knowledge[J]. Nature Reviews



Jestiy, % . 32 1) AATL N [R) R A 2 2 R R A i e o 7 e L B A A R B R S A R A B L 521

Biodiversity, 2025, 1(3): 166-182.

[24] Hernandez Medina R, Kutuzova S, Nielsen K N, et al. Machine learning and deep learning applications in microbiome research[J]. ISME

Communications, 2022, 2: 98.

Toward a New Paradigm of Human-Al Collaborative Ecological
Knowledge Production: An Interdisciplinary Methodological
Perspective on Mapping Grassland Vegetation Formations on the
Qinghai-Tibetan Plateau

GU Pan', CUI Xiaoyong*’, HU Ronghai**, WANG Dazhou®*

1. University of Chinese Academy of Sciences, Beijing 101408, China;
2. College of Life Sciences, University of Chinese Academy of Sciences, Beijing 101408, China;
3. National Field Observation and Research Station (Beijing Yanshan) for Earth Critical Zone, Beijing 101408, China;

4. College of Resource and Environment Sciences, University of Chinese Academy of Sciences, Beijing 101408, China;

5. School of Humanities, University of Chinese Academy of Sciences, Beijing 101408, China

Highlights

Graphical Abstract

Knowledge integration  occurs
within Al models rather than
between disciplines.

Artificial intelligence functions as a
knowledge  intermediary  in
ecological research.

Scientific discovery follows a dual-

loop path of data-driven
discovery and  theory-driven
explanation.

Human-Al collaborative
knowledge  production  has
identifiable applicability
boundaries.

(" Toward a New Paradigm of Human-AI Collaborative Ecological Knowledge )
Production: An Interdisciplinary Methodological Perspective on Mapping
Grassland Vegetation Formations on the Qinghai-Tibetan Plateau
Ase )
= = Q mapping ginghai-tibetan plateau grassland vegetation formations g]’ 2 gi
% I\

- 22 an interdisciplinary collaboration across ecology, remote sensing, and A

core findings 7

3z
[ knowledge integration occurs within |
| Al models rather than between disciplines

‘ /\/. Al functions as a knowledge
intermediary in ecological research

knowledge production loop
3 intelligent|

(1) (2]
!EJ theory ""’[ data }'—" it analysn

e
/7 AN \ =
“.. /7, | scientific discovery follows a dual-loop
= | 7w = R path of data-driven discovery and
e the ory \ > 0 pattem ~ theory-driven explanation
{idy feedbick| v S| 2Qdiscovery { o8, | HumamAl colldoraine knowldge
M | i
from theory-data-intelligent analysis-pattern discovery to renewed theory | poundancs B
/ - N 7 3 Vs e =
theoretical lens core mechanism boundary conditions
,/ - e \ @ ecologica stayed P
inside the model y .\
@ sample labeling and varijable selection \ W
| carried domain knowledge into Al analysis NG /
inferdisciplina Mode 2 fou(th (o0) Al d diat ther th mature theoretical  high-quality conlinu\oII; human
resear ( acted as a mediator rather than a N
\ o L ) \paladlgm» ‘\i;,‘ replacement for researchers frameworks data interpretation
\ ik I J
- - o o o/ A
key message e AN
Human-Al collaboration supports a dual path of data discovering patterns and theory explaining mechanisms ’—’;7:‘";3’;:,»_" )

Abstract: Artificial intelligence (Al) is increasingly transforming ecological research by enabling large-scale environmental

observation, complex data analysis, and automated pattern recognition. Although numerous studies have demonstrated the

technical advantages of Al in vegetation mapping, biodiversity monitoring, and ecological modeling, considerably less attention

has been paid to how Al reshapes the organization and generation of scientific knowledge. Existing discussions primarily focus

on algorithmic performance or ecological applications, while the underlying knowledge production process remains insufficiently
understood. Using the development of the 1 : 500000 Vegetation Formation Map of Grasslands on the Qinghai-Tibetan Plateau
as a representative case, this study investigates how ecological theory, remote sensing observations, and Al are integrated

throughout the research process. Rather than evaluating Al as merely a computational tool, this paper aims to explain its role in
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interdisciplinary ecological research and to clarify how human researchers and intelligent systems jointly contribute to scientific
knowledge generation.

This study adopts a qualitative case study approach combining technical process analysis with science and technology studies.
The complete workflow of vegetation mapping was reconstructed, including field investigation, vegetation classification, remote
sensing data acquisition, deep learning-based classification, vegetation map production, ecological interpretation, and scientific
validation. The analysis focuses on how ecological knowledge is embedded into Al-assisted mapping through vegetation
classification systems, sample labeling, variable selection, and model construction. Theoretical interpretation draws upon
interdisciplinary research theory, Mode 2 knowledge organization, and the Fourth Paradigm of data-intensive scientific discovery.
Rather than treating these theories as alternative explanations, they are employed to analyze different dimensions of the research
process, namely interdisciplinary capability integration, changes in research organization, data-driven scientific discovery, and the
emergence of Human-Al collaborative knowledge production.

The case demonstrates that the production of the Qinghai-Tibetan Plateau vegetation formation map represents more than a
technological achievement in ecological mapping. First, the mapping task exceeded the capability of any individual discipline
because it simultaneously required ecological classification knowledge, regional-scale remote sensing observations, and Al-based
high-dimensional data analysis. These heterogeneous capabilities were integrated into a unified research framework to
accomplish regional vegetation mapping. Second, the study reveals a distinctive mechanism of in-model knowledge integration.
Ecological knowledge was not only involved in defining research questions and interpreting final results, but was continuously
embedded into the AI workflow through vegetation classification systems, sample labeling, feature selection, and model
constraints. Consequently, ecological expertise became part of the computational learning process rather than remaining external
to it. This finding provides a concrete explanation of how interdisciplinary knowledge integration can occur within Al-supported
scientific research. Third, Al functioned neither as a simple analytical tool nor as an autonomous scientific agent. Instead, it
served as a knowledge intermediary connecting ecological theory with remotely sensed observations. By learning the
correspondence between field survey data and multi-source environmental variables, the AT model extended localized ecological
knowledge to regional spatial scales, enabling the identification of vegetation formations across the entire Qinghai-Tibetan
Plateau. However, Al-generated spatial patterns did not automatically become scientific conclusions. They required subsequent
ecological interpretation, comparison with historical vegetation maps, long-term observations, warming experiments, and
ecological process studies before meaningful scientific explanations could be established. Finally, the case exhibits a dual-loop
pathway of scientific discovery. Unlike the conventional hypothesis-driven paradigm, in which theories generate hypotheses
subsequently verified by observations, important scientific findings in this study first emerged from Al-assisted analysis of
massive ecological datasets. Newly identified vegetation changes subsequently stimulated ecological explanation and causal
investigation. Data-driven pattern discovery generated new scientific questions, whereas theory-driven interpretation established
ecological mechanisms, together forming a dual-loop pathway of scientific discovery.

This study argues that Al is reshaping ecological research not by replacing scientists but by reorganizing the relationships
among theory, observations, and computation. The Qinghai-Tibetan Plateau vegetation mapping project illustrates a new mode of
Human-Al collaborative knowledge production characterized by interdisciplinary capability integration, in-model knowledge
integration, Al functioning as a knowledge intermediary, and a dual-loop pathway linking data-driven discovery with theory-
driven explanation. At the same time, this collaborative mode depends upon several essential conditions, including mature
theoretical frameworks, high-quality observational datasets, and continuous human interpretation. Its significance therefore lies
not in demonstrating that Al can replace scientific reasoning, but in revealing how intelligent systems can become integral
participants in scientific knowledge generation while maintaining the indispensable role of human expertise. These findings
contribute to a deeper understanding of methodological transformation in ecological research and provide a conceptual
framework for analyzing Al-enabled scientific knowledge production in other data-intensive disciplines.

Keywords: Qinghai-Tibetan Plateau; grassland vegetation formation map; deep learning; Human-Al collaboration; Fourth
Research Paradigm; Mode 2 knowledge production



