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SALREE ZERE R ENFIK S RIS, B2 CO-.
[FEFI A 72 I, SIF 5 GPPTEAR HL i b il
BT AR AR ZS R G0 v il R B RO OGP EAE Ry
SEAEBE AN 30 A5 1 S B AR B,
FE S E R AR AR T A8 A 4 5 AGRE O
WAL E g ROE R SR 0 CORfb T B RIZK
S BRI TR B, TR BOE & A BRAE 5 50 [ 45
Rz R",

RAE B A KB FREN TS 8UE T
T2 RRAE AR 3l K 22 (AAFEAE AN 2 - 3 2, 2R
R R e — AR R R e = 2R ET T
SIF 5 GPP I} 23 43 SR AE Ko /K PR ML () 22 G b
X s LV, K K Bl PR 19 0 B 245 B A A Ry
AH G B A 10T U J22 1, 22 T LA 2R MR e 0
HRON ; 5 Jm W PR G 5S4 KBS
T R 04 72 i eI sh ML %) 3 X FR P ke =
HEA AR

BT U, A 58 R 2 22 08 TR K il A
SIF B 4% F1 58 4 ph 57 F SIF ¥ # 7 GPP %3 , LA
2002—2024 4 4 BRI MR 9 A 55 X 4, R G0 o HT
T RO A A RS B9 e T B as i AR
SFAE B OCEE K AR B R R, S T AR R AR A
R R AR 3 oK IR 3 71 25 57 IR IR A AT
T I HEK A FAEAS R A A A i 34T 1 JE 2t
FRAE RO 5 AR X PR IR Sh L 5 AR A
AR ARTS S N AEBOG A 5 0k R A 3 R e AL
FIRFE I, S 58 38 A BRI IG ER A AL RN A 4k S A AR
A X SR s B LR AR B

1 HBESTE

1.1 EERIRE KA TR

1.1.1 BRIBEEMERELK(SIF)EE

AW R K 200 A RA HOGE S0t
2 R 9HG A BREE 4 LHSIF (Version v2)"'*, %%k
s B2 I 0] 5 B O 1995 4F 5 2024 4F , 23 M) 43 Ry
0.05°, I [E] 23 HE R R H o 1 B0 1 e A RO
(LUE )% 1] pé JURE AR 78 F R 50 A1 R 4R (CDF ) DL
71, % GOME . SCIAMACHY . GOME-2 #1 OCO-2
205 TR SIF LI BCHE TEAT T 4% 1R i 28—
RS IE , DLZS Gk 1) B4R S AL IE 1) GOME-2A SIF
A A RO R TR B A il 2 IR AL R A
] i 22 SRR T 49% LA b, H 5 2 ERZ A0 Y

B L b THT SLF 52 W0 BSCH 96 I M v B A I A — Bk
(FH K R R>0.60) , fE A 4 I [A] RUJEE T 42 BRAE 1%
AN THAL PR S o H g 0 A BRI
.
1.1.2 #EBHREFTT1(GPP)HiE

P B B R 7 0 B R 42 Bk TRAX GPP
(Version v2) B8 4E , 25 [0 79 HE% 0 0.05° , B 1] 43 B
KON A ]S TE 2001 4F & 2024 4EY . %5
i 4 L T AR Y 2= - B g3 i (RSTL) 5 K 4 1)
E1Z M 2% (LSTM) AH 45 A I T A TR B 2% > HE 42 4y
A TERRE TR D7 I, A A B TR R KRN
TIFIZKIRE 2552 80805 , KL NDVILEVI .NDWI,
NIRv ,LAI il fPAR 4 3% B &8 B 509 , I ml & T NO-
AA CT2022 5 CAMS J il ) K< CO- R AL dis ™ -
% GPP P S AE N Zk LA R A i F v ok 2 3]
A0 SIF Fe 56155 1 28 ST, BB A5 A ikt fo 5 &
S5 1 AR AL 3 A b B V5 B8 S - 350 978 2
WCUE KRS o 7R 508 Bk I, 3 T 4 Bk 1 R 2% (n
FLUXNET 45 ) (1) 16 i AH 5C 35 3l 25022 S8 ik W%
7 i B R e 8 T B2 (Hh L8 R=0.82) ¢
1.1.3  KIRIR BN E FE 17

AHIF 5T LB 22 A4 S (1) /K TR Bl [ A8
B s A 5T WO T 3 R AR B 0 (ECMWF) KAl
() ERAS-Land H V-3 850 Hr s 48 , 25 [0 3 R
0.1°, B[R] 5 B [ 1950 4F 2 4, BEHAY FLARAR &
T 5 1 OB A 1 % i o P Al ok AR (& 2SR i 5 Pl
i) MOK R AR (FK ZEHUE 5 58K 51) 41
ol e NS e e | e I I ) S Rl 1N
EC P

A T8 B b ) AR B oK i S b R
AT AN IREE AR ST LA )2 0 S B R o
DRI B LU B A BCER, X 4 SR B R R AR5 K
7 (swvll~swvld) F1 3R IR FE (stll~stld) 53 34T T
T $47 ab 34, 75 307 34 + AR FR 5 7K £ (swvl) Al
X IR E (sel) o B AREL A BF P e KA 1R ik
5D BUE R R R 45 (https : //cds.climate.copernicus.
eu/datasets/reanalysis-era5-land-monthly-means) .
1.14 MRBEZHIBNSES LEE

M 3R A R SR T T S a4 BE Rl 0.05° 1
MODIS ( Terra+Aqua) 4= BRAF B 1 M 78 55 28 A0 7™ i)
MCDI12C1(V061 R4S ) , 1 1 Herh 2024 4F 1 [ bR
Hi P8 -A= Py kel E ) (IGBP) 70 S &R 42, W b 3= Xl 43
AT YA W Sh eSS AL (PETs) , f % ok 7 402
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Table 1 Hydrothermal driving factor variables
IR SN T eS| Hp ERAS5-Land 5 it 44
BB (1p) 7K m Total precipitation
N A2 (ss70) 7K m Sub-surface runoff
WERAR T (sr0) K m Surface runoff
T ZEME 25 K (evave) K m(K 4 i) Evaporation from vegetation transpiration
WEAEZE UK (pev) K m Potential evaporation
BIEHLE () 7K m(7K X #t) Total evaporation
A K & (s7¢) 7K m(7K 24 4r) Skin reservoir content
- BARFR S KR 1(swvll) K em™ Volumetric soil water (layer 1)
A HARF KR 2(swvi2) K em™ Volumetric soil water (layer 2)
A HARFR KR 3(swvi3) 7K em™ Volumetric soil water (layer 3)
AT K A 4(swvid) K ‘m” Volumetric soil water (layer 4)
k(L) #H K 2 metre temperature
IR 1(stl1) # K Soil temperature (layer 1)
IR 2(s112) # K Soil temperature (layer 2)
R 3(s113) # K Soil temperature (layer 3)
TR 4(s114) # K Soil temperature (layer 4)
b &V K BH 48 S (ss7) 7 Jom? Surface net solar radiation
10 T KGR (ssrd) #H Jem™ Surface solar radiation downwards
R (str) # Jom? Surface net thermal radiation
2% 18] AR S (strd) # Jom? Surface thermal radiation downwards
iV ARG 5 (sIhf) 2 Jom? Surface latent heat flux
iR IRAAGT H (s5hf) 7 Jom? Surface sensible heat flux

R HEEARAY R 4 ATREE TR 1~4 5399028 0~7 em \7~28 cm ,28~100 cm 1 100~289 cm.

B T ARH S TR B 4 AR A RIS

S BRI T 25 [ 20 3R R 0.083°11 42
FR [ A% — 35 4% (Koppen-Geiger ) A% /3 2 54l 421
TR ARG T H AR & A 5
ZENT AT RRAE B A R B 2= 3 43 S FA AR
e AT 2 IRUASAGE | BRHT B ASf D TRAR  REJ
A BT BRI A AT R R R IR R
e 2RI AT IR IR TR
B PR 134T e
1.1.5 #HESHLE

PR UEAS [5] 77 b B B 23 RUBE A9 ORS ¥ DS IC I3l
JEGE— HEA TR R AR ST AR B R 4 B 45—
T 2002—2024 4F 1 H FE B 5 AR S M4 D
ERAS5-Land 53 £ A8 0,123 [] 43 3% 58 by FEE %
X F A 23 0] 3 BN — BN EE 64T T R AR T

AbFE R R 4 {E 72: (Bilinear Interpolation ) ¥
LHSIF Ml TRAX GPP %4}z 1 0.05 F R A 2 0.1°, LA
o KRR B O BA it 0 3% B 1 7 T REAE 5 R FH R4
VT 3 {8 7 (Nearest Neighbor ) 5 3 3 7 75 A1 45 43
SR 43 5 0,059 0.083°F SR AE 2 0.1°75 [7] 43 B
B DS R (i [ W la s Y R e ~Y AW L R

1.2 MRF=*E

1.2.1 Theil-Sen % Z i i+ #1 Mann-Kendall #
ivdlivg

J VAL KA H OGS S S RO (SIF) 5

SR A = 1 (GPP) BB 23 Ji AR FRAE , ASiF 57 % H

Theil-Sen H (B &} %Al i1 45 & Mann-Kendall 3 Z %

Kor 56 AT 3B AR T B I [R) 50 43 B o LAk BRI A

G R A A T IBR A BOW AN 2~ 25 1R
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JG. Theil-Sen i HE ME AR AES BT I, 0 7%
EASGURR, BEAS A S0/ B TS A5 A ity 2B 2 UL
RZEHRME R T, Ha AR .

ol ) V> (1)

L= Median( x, —
S il 5 R 55 A RSE 141 0 48 I W £
BRBAFERRIREIRE, Y p>0 0, KI5 5
Fhitashe; 4 p<o Bt , T W 2 TR

¥ F Mann-Kendall 3 Z: 80 5 125 ok P4 22 4k
BRI ENT R gtE St AEA
E2WoF

S:sz sgn (x; — x,) (2)
| 1 (xj>xi)
Sgn('xj_xi): 0 (xj:xi) (3)

-1 (x,<x,)
e n R E] P 50 R BE 5 sgn WA R, 4 AE
AR n=10 0, ZeitiE SUT IR M IEZS 73 A . H7 22
Var (S) 5 w4 bR AL S gt it Z R
n(n—1)(2n +5)

Var(S) = I3

(4)

S—1
JVar(5)
Z= 0
S+1
[Var($)
ETRIFRB S5 Z, W E B KT a=0.05
(RPIG FHH | Z121.96) , F4F PRz fb #a #5373 A 3 25
W L FH (>0 H 72=1.96) & & F [ (p<0 H z<
-1.96) XS A i3 (-1.96<2<1.96)', i1HEZEH%
JCIY SIF F GPP AL a3 IR 45 R 5 SRS Al
PR REAR A T2 R B i o 72 BRELIR R[] S f
SN e AN [ M Bl 2 3 AN B L SR O 22 0 i
(ANOVA) 454 Tukey HSD & 5 £ 1 MK 56, %F
ANTEZE B SIF A1 GPP AT A8 Ak i SR 347 58 1
Br, IR x5 & KA e Sy GO b L T gt 5 T
ot BE—2 R ESIF B 3% T+ H GPP 3% R %
FIE B0, LR A A PR S a5 [ e AR ) 2 v PR
G A5 (8] S AR A 3 A AT
1.2.2 FEHFZRMAEEME S SHAP AR 47
AWK FHBEHLAR M (Random Forest, RF) [
SR L U IR SR | LU 0GR S K R Bl T
] 11 22 T 4 M X 45 SR 1 T3, 9T 51 A Shapley Jin

(§>0)

(S=0) (5)

(§<0)

PEf# B (SHAP) J7 i i 4725 (] H B, 48 75 7K B4 A 5
XA BRA WO A 5 A 1 W AR LR SR B VR ]
23 [A) R B

TEEAE Ak R B, KA B 1) 5 47 4 7K BB 3
K F I KA 5 (SIF 5 GPP) TERT A 4E & [ 34T 2 4F
PUEA AR, SEEAR 2SR A . MART
B R 80 B8 1 2 28 S ASE , ) 24 2 ) 24 b A
BB AT BOH B AR PR 5 2 1y PR | LRI A5 R 3%
TE A2 R I RS A S 5 5 b 328 PR B 0 4 ST 1t
HeA 5 A A B A A% s R 2. A L
b PRER T A AR 5 B 2 H A5 TR DR L A 2R RZ O,
i B A5E A 238 SR v g T s [B) A 5 FE S W) ST
i 22

K 3L F ranger 515 10 BE AL AR ARHE AT 0] )5 4
BEEY S AR AR RS K 1 2h 8 2 5 AR
B3N RPN MAIHESL . 15 5%, L T2k
T LA B 3R R Rg e, 2 5 U2k L STF F GPP 2y
PRI 51 1Y) 4 Jmy B BIL AR ARASE Y 47t 2 4 R RO 1) 3 3
PEIR S A ; LR AR TR g 2R A 5 S e Al
B BUREAS & BT Geit 22 B SR on T4 I 2
M7 R 53 JZ ST AR, LR ST A [R) A A 28 AU RN < fe
AT B G IR Bl P 25 55 5 = EEXTHAE PR AR AL
B E FIHE BT R ERRIT 0 B AR
R, DR B OE A AR 77 7 i 2 5 kb
M FE P25, BRI OB S BOOE N :
TR £ (num. trees) & 500, 43 5475 45 A i 6 72
A (mtry) N 7, /DT S REA S (min.node.size )}y
5, e KRR (max.depth) A 12,715 83 40 2R R FH 7
2547 Uk (Variance) o LA 4% AR B85 1 T 5 F X (Out-
of-Bag R*) Al |4 — 1k ¥ 77 # % 2 (Normalized Root
Mean Square Error, NRMSE ) /E A5 kG B 14 P
805 5 (RIS, S AR 2 Ta] [ AH G R i 1806 X
B, 5 IATE T 100} 10° 484 8 [ K& Y 5 4728 [A] B 22 S
Bk, DA S R A at i Sz Ak fe U . $ U A
L T 22 AR Dk Y R R EE A ), I I —
ARy A B CEP SR 3l R 19 DTk s ), DA S A&
9K 5 R 1 s HE T

iz T IEZEIE R SHAP B 7215 0 /Y Rl
I = VTR N ] B R o S (1 R S A G i
SHAP HEZRMH T Shapley 8 A4 IR 45 AE U R R
RE 08 B AL 25 PR - 7R A5 o0 RUBE b X A5E 0 i) 235 2R 1
BRTTER T 0] S RN R AT
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P L G VS S N L E S R e e S T
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A x Y EHE T A A RE S 2 X
EE T4, AT FHAA s xR 2|55 ) 44k
P A& R R  f, (/) R R LURRAIE T4
2Vt AR B FINAE 5 £ (2'\i) g 7 AR ) AE -4 v
INBRES i A FRAF 5 AR TR 5 b, R 565 i AN HEAE Y
SHAPAE . 4 >0 B}, F& B 9K 8h F 7 X M i {5 ¢
(1) SIF 5, GPP HA7 IE [ itk (R s BRAL N 5 45 ,<0, ]
kLl A
BT 2L IATIBE X B AL TT) SHAP Hi b
BEAR AT 43 A0 2SR A, IE 8 A AT R
JC b SHAP 4 XHE M YME , b4 77 1 5 a8k
R B 6 A5 AR 7= 7125 RIS Sy v 1) 3 A o 2
S K FE bR DR TR0 Sy T R T R A4 A R 1R
BET A 9T T 22 46 D A A B A9 L AP AR A
BLAh , X SHAP {85 Hxd 13 9K 21 [ 19 SE PR AE 25 7
WIS R T, R SR (GAM) UL Al 2k
P 1 iR O 38 I SR A 4R R AR 2k
(SHAP=0) {80 °F 22 s LAF BRI B8, DU 7R 45 30
IR T XA B G A 5 A 7= T 00 I 2R 3K 3 Ak iy
B R 70 BE AR AR A s S B A

2 #HR

2.1 ZIKE#W SIF 5 GPP ERTHH=BRE
3T Theil-Sen #F R Al 11 5 Mann-Kendall # #

P

SEERFE B SIF A Fr A8 £b 3 109 b 6 £k 5.48%
10 mWem™+sr'*nm’*a™, 4} T =3.28x10°~4.45x10"°
mWem?-sr"+nm™-a”', FH 1 61.49% [t X B AR L 1L 4t
T AR T A i 2 b TRy Xl 1 (29.88%)
G T T R X H(8.64% ) s & BRHE #E GPP
AEBRAS AL A E N 7.5%107 gem?+d a2 (FEH
H-8.18x107~9.84x107 grm™>+d™-a™) , .3 b JIFI
LT AR I 0 31.07% F121.56%., 5 SIF A
o, GPP 535 T R X885 B i 12.92 4 H 43 0, B
A TE S AR XA S AU FAAE AR &
6] I, SIF 3% I X IR EE A T AR /W
WK LB P 9843 i X e AR W Jey s X 3, g
R DX I G 55 P AR DI g S AN A T 5 XA o 4
W GPP 3 BT IXIS AL E AR R R AR R
IR AR B AR R oy DX I Sy e T S 2 I o DX
PRI R il v s 26 A6 28 PE 0 | o S0 R T R i)
N R (E 1),

AN [ 4 S 70 ] 1) 22 S5 e B, SIF 1) 3 ik 32 22
FE T AR AR ML, 1T GPP AT B E 76 0 rh o
R (E 2~3) o Ml W Hb SIF 25 46 3 28 43 5
1.18x107, 8.38x10* mW m™+sr'*nm™+a”', Z¢ 1k &
= F IR H Ak 44.70% .40.19% ., GPPTEMK
iy I A ) A AR R TR AR, 43 3 1.04x%
107,7.46x107,6.17x10° grm?-d"-a”', H I T} #&
A7 H Y TR B B TR b GPP AR (LR

KB 25 5 2002 2 2024 4F (8] 2 ERAL % SIF A1 GPP & -1.97x107 g-m™-d™"-a”, H T [ X I 5 47.46%, W]
2 BT H T FE BRI A 2 — L BE T HAE R,
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9OON 1 1 1 L 1 900N 9OON L L L L 7 8 L 9OON
= - | B: GPP e <
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oo N P [ 0° 0° & L 00
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VE BT SR IR v b TR 5% I 3 o PRS- GS(2016) 1665 S A5 b BRI | i R R Te gk
Bl 1 2002—2024 4 SIF Fl GPP RS AL 5 114 23 (6] 43 A

Fig.1
FERMER R RE I, SIF T a3 4E Tk 4
SRATAETE R B FIBENR A IX o PR 2 KU
PG R AR AU R T e ) STF S AR I35

Spatial distribution of interannual change in SIF and GPP from 2002 to 2024

1.67x107,1.55%107,1.08%x10”° mW+m™:sr'*nm'+a™’,
B ETFX R H ) 58.88%.61.33%.36.28%
MW Z T, B S e SIF 2% 4k 3 %l —4.25%107
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AR R R SA5 80 2 18] (4 SIF 5 GPP AT iR Ak i SR A7 AE i B M2 5 (P<0.05)
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2 RIS ARZEET SIF Al GPP R4 PrAS A %

Fig.2 Rates of interannual change in S/F and GPP across different vegetation types and climate zones
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Fig.3 Proportions of interannual trends in SIF" and GPP across different vegetation types and climate zones

mW-m? st -nm™-a”, B EFE FFEITH 19.56%, N5
AR P K. GPP Y SRR 22 57 55
B T G A IR R X AR R AE . AT BRI
i FRAHT B A IR R R GPP W L THIX
B 5 H 1R 66.25% .56.85% .56.33%, A8 Ak 43
N 3.06x107,2.82x102,3.25x102 g'm>+d'+a'; 5
AR, BT R A 8 A A& TR IR AR
GPP B % T MR AR o0 i L &1, 40 il K 45.07% .
32.62%.30.52%.

Jg E— 48 7% SIF A GPP it 25 AR [a] Ak, A
DR E X AR BOE 30T TR A AR BRE 5 A hR R 2P
WAL A [ 22 BE 1 (R BN SIF T+l GPP R %) X
R 2 RV RRAE o 7E2S [B] 40 A b AR R PP DO
BLAE v R S U T G A AR AR S DA et
&R Y K Bl 14 26 B X IR (1) o A28 8 4y
i K AR TR AP R S B i) PR TR B XA
25 B ¥ DX A 43 Ak I SRR AT, G v BRGH RPR A
(21.61%) . & B A A% (18.27%) . #a Z WA i
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(17.12%) FIE TR (13.11%) 8 5 Heder (382) .

SRR RS R AT 5T, A i 7K HAOA
Be (s iy s T s W 5, BOm 46 B G s 5
I3 32 B W Sy HE B G A T 1 4 TH(E e [+) £k 32 PR 11

[l SIER FERE
22 SKEWSIFSE GPPHIEEKRIRZIEZ

FE T BEML AR R ) SHAP 7] it Bk S Hr 4l 51
FE0H, ASTR] K SR 3 K 7 Xk 4 BRAE B STF A GPP 1)
AEXT DTHRAEAE2E S5 (B 4) o TESR Bl SIF 25 [A) 46 Ja 1Y)
Bl b, P B4R O B o5 A 32 S s, SR T AR G
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Table 2 Proportions of regions with significant SIF increase and GPP decrease across different climate zones

A Atk AR ikt AR it
FRAT R AR M 21.61% BN TR M 7.17% HRT R e 2.87%

B 18.27% 2TV I A 6.65% 2T B I 2.01%
oty = A 17.12% TS 5.55% M I A 1.81%
HA RS 13.11% R 3.19% L JE A 0.64%

TE N RS [ SB2R L A BB/ N T, 3% L EE T A A2 B N AR T B4 X A S 12X

VI —Al Ak B, DL WA [R] S AR [ A IR B i ] 1 25 5

A: SIF

BHEW K ()

i TG B (sTh)

Hu )RR (strd])
(1)

BHAK F(p)

R G RARI (sr)

i ffiK B(sre)

Hi 18] R K RHAR S (ssrd)
IR 3 (se13)

TR S A(stl4)
TEAEZERL 2 (pev)
IR 2 (s112)
TR KB (swvll) pev ;g,ﬁl sihf
IR P 1 (sel1) 2,5% ° 156°/
Mo P (s57) sg;, o
i A G B (shf) 2 1% ‘12 504
HOWEAEEHE 2 evav) 6% \6 Y B
A (570) 8.4%
LR BLE K R2(swvI2) 20.0% |\'m
Hi R 42 (ssro) ssrd  6.2%
TIRARFA B IK B3 (swrI3) 2.9%
TR K B4 (swvid) R*=0.952
0000 0.005 0010 0015 0020 0025
P\ SHAPIE|CREAE T )

TR B LA AT I3, Of 4

B: GpPpP

BHEEW K ()
K Bk (sre)

i TG B (sTh)
K B (1p)

K1) N AR (srdd)
G RERI (sr)

Hi 18] R K RHAR S (ssrd)
(2,
BTEZR BT R (pev)

Hi R 2 (ssr0)
FIBAFRE KRB (swvll)
3 B3 (s213)
I A (s114)
FIBAEFRE R E2(swvi2)
3 B2 (s112)
I 1 (s2l1)

i R B (sshf)
TIARFE K B3 (swvi3)
TIARFE K B4 (swvid)
b R K B 5P (ss7)

Hi A2 i (sro)
FEREARNE 78 R (evave)

0.0 01 0.2 03 04
SPI|S HAPAE|(RAE T ZEA)

R*=0.946

T - AR ] PN AR R B4 R €0 2 BRI ) LSS SHAP (IR OC 22

K4 AKINIK SR X SIF A GPP 22

0] 5 R A AR X ST

Fig.4 Relative contributions of hydrothermal driving factors to the spatial heterogeneity of SIF" and GPP
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Table 3 Dominant driving factors and their contributions to SIF and GPP across different climate zones
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Table 4 Dominant driving factors and their contributions to S/F and GPP across different vegetation types
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Fig.5 Partial dependence of S/F and GPP on key hydrothermal driving factors under different variation trends
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Spatiotemporal characteristics and key hydrothermal driving factors
of global vegetation photosynthetic physiology and
gross primary productivity

Zhang Yamei', Song Meiyao®, Jia Dongmei'
(1. College of Plant Science, Jilin University, Changchun 130062, China; 2.School of Environment, Northeast Normal
University, Changchun 130117, China)

Abstract: Against the backdrop of intensifying global climate change, elucidating the spatiotemporal differenti-
ation characteristics of vegetation photosynthetic physiological signals and gross primary productivity, along
with their hydrothermal driving mechanisms, is crucial for accurately assessing the global carbon sink potential.
Based on global LHSIF and TRAX GPP data spanning from 2002 to 2024, this study analyzed the spatiotempo-
ral variations in solar-induced chlorophyll fluorescence (SIF) and gross primary productivity (GPP), and identi-
fied their key hydrothermal drivers. The results show that the interannual variation rates of global S/F and GPP
are 5.48x10™ mW-m™sr'"nm "-a™ and 7.5x107 g'-m~-d"-a”', respectively. The overall variation trends are pre-
dominantly stable and increasing, with areas showing significant increases and decreases in SIF accounting for
29.88% and 8.64%, respectively, and those for GPP accounting for 31.07% and 21.56%, respectively. In some
regions, photosynthetic physiological signals fail to synchronously translate into ecosystem carbon sequestration
capacity. Furthermore, SIF is primarily driven by thermal or radiation factors (with a relative contribution of
57.87%) , whereas GPP is more strongly driven by moisture factors (with a relative contribution of 55.95%).
The dominant driving factors of SIF and GPP undergo systematic shifts across different vegetation types and cli-
mate zones, and the translation of photosynthetic physiological signals into carbon sequestration outcomes is
jointly controlled by regional hydrothermal conditions, climatic backgrounds, and vegetation functional attri-
butes. Further analysis indicates that the driving effects of key hydrothermal factors, including total evapotranspi-
ration, total precipitation, and surface thermal radiation downwards, on vegetation photosynthesis and produc-
tivity exhibit pronounced non-linear characteristics and threshold effects. Additionally, these driving mechanisms
demonstrate asymmetry under different long-term variation trends.

Key words: global vegetation; terrestrial carbon sink; solar-induced chlorophyll fluorescence; gross primary

productivity ; spatiotemporal evolution; hydrothermal drivers; random forest



