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Spatio—temporal Evolution Characteristics and Driving Factors

of Carbon Sources/Sinks in Henan Province

ZHANG Mingyang', WEI Haitao', XU Qiang', CHAI Zhoulong'
(1. School of Earth Science and Technology, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Henan Province has rich ecological resources and strong carbon sink capacity, so it is important to study the evolution mechanism of
carbon source/sink for optimizing ecological management strategies. Based on the MODIS NPP data, meteorological data and land-use data of
Henan Province from 2000 to 2020, combined with the quantitative NEP estimation model, we used the Theil-Sen trend analysis, Mann-Kendall
method, correlation analysis and Hurst exponent to comprehensively calculate the NEP in Henan Province, and comprehensively analyzed its
spatio-temporal evolution characteristics and driving factors. The results showed that (Dfrom 2000 to 2020, the total NEP of Henan Province pre-
sented an overall fluctuating upward trend, with an average annual increase of 1.18 TgCa . @Most of Henan Province (95.13%) was the carbon
sink area, mainly located in Taihang Mountain and Funiu Mountain in the west of Henan Province and Tongbai Mountain and Dabie Mountain in
the south. The carbon source areas were mainly distributed in the built-up areas of major cities in the province, accounting for 4.87% of the total
study area. @ The conversion from farmland to impervious land had the most negative impact on NEP in Henan Province, indicating that human
activities such as urban expansion and excessive reclamation were the main causes of NEP loss. ) Although the carbon sink capacity of ecosys-
tem in Henan Province was improving, and the regional carbon sink potential had an increasing trend in the future, but the development of NEP
in most areas (86.03%) was uncertain. The results of this study can provide a reference for the ecological system of Henan Province to reduce
emissions and increase sinks and achieve the goal of “double carbon” .
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TR A P s, A R AR AR BTIRR A R
SO, ALFERRAR ARHT, RSSO, Xk
A S BTUAE N CO ANZERF AR 25 7 Tl oA T 24
R, R I R S AURER 2 o AR, XSRS
e T a1 N R AR/ NS E R TN oK SR 7Bt
%, T TR2E . BP 5B ARERHX
WP 2k, EERGMIREZPM . A, WHE

MAEN N HAR R IR A 0y, 3T 20 a I TCIF
(18 T B R PR 174 3l A L 5 i 1) 32 X3 ) R
BMA IRy, (I g 2 N (] DX 38 e HE s A
Wi fiti i Z RIAFFE R bk 22 5, DR, 4 T B A
WA B A S IREDIRIL O 2R 7% . {8 H i BRI/
LIRS F B PR R R A R UL R, &t
B A IR AL R TSR X /01 A et IR



.5 . w32 % 19 45 &

%023 %% 6 M

AT IS A F R A =, HiF 2531
LVE TR EA BT 73 A, SR X 4 B AR A
AT LR A 8 . I, JAYIFE 2R AR
5%

YT, A SO MODIS i NPP &, 454 NEP
AT AR Xl mE 44 NEP 2B 174 58 . Rk, R A
Theil-Sen #3#3Hr . Mann—Kendall ¥:56 . #0240 Hr
A Hurst 48805575, 76 500 m ROEHE AR NEP (1)
B 25 AR RFAE St 3, SrHr NEP AL 532 &R (R
AR LA FHE S Z B C R, RIE iR
PHATFG4 NEP 1 AR & R S FNRF AMERHIE . ABEAE
AALBEIETRA T 0 B 48 NEP (19 3f1 25 748 1k Fi 9K 3y
R, RN R A BRI RE AN ] AR A S
o BUR AR SZRE, i HLRE A 4 T B A iR I DI RE |
DAL A S PR LA S SR [ “X” H bR it
BREH

1 HRKER

TR AL P BRI R X, 6
PR AR R R AT Ll AR A LA R
WZE, T —FE I Ak R o R b X
SRR, mERREES A, BA A ARG . TR
lia] Fr B L e 8 () SRR, b3 TE & A, 3R
AARZH L FERACER, SBEE, W,
HERAZW, LFIHEL T, F RBFEKEAE 600~
900 mm Z [0], 4FHIRAE 14°C A, WAHEED
A SRR A AR . R 2021 4F, T A Bl R AT AR
HF1.49 77 km®, MR TR R 57.5%, TEREABE R
Hri Ay E

2 HERIRSE

NPP t#  MOD17A3HGF.006 B4 i, %5504
SR T E E EZR M MR REHE 0 (hip://Ipdaac.
usgs.gov/) , &5 [A] 43 B F& Ty 500 m, B [A] 85 K
2000—20204F, JHF NEP M5 . g8l (GEEL
PaAEEACK ) A A R P BOR RIS A4 )
F Bk R G B 2E 5 o0 (hitpsi//www.geodata.cn) ,
23 )R PR 1 km, WA BRSO A . A A %
P>k B F (Earth System Science Data) "' I & 77
“1990 4F 22 2020 4F 1 [l 30 m 45 B L e K Heah A%k
P&” (zenodo.org) .

WIS — P8 2 WGS84 AR 3R, 25 A4
FHRHCRFERE 500 m, A5 B SR (AR 4

R, B A oK BRI R4 BRI
O R[] B5 12 R 2000—2020 4F

3 WERAEE
3.1 NEPA§il#Bim

NEP {355 i Woodwell® T 1978 AE42 H, HFhin
B, RS RS (NEP) ARSI 2
A7) (NPP) A HHER IR (R, ) HFERECS
FEH)

NEP=NPP-R,, (1)
N, NEP 3 R R g /7 i, AT LK IR R
FfH; 24 NEP>0 B, FRIZESREZWKIL; X4

NEP <0 I, FRZESRGEMI

AR Pei S5 H AOFET U FEOK B RRHER (0]
it A IR E Y e R, AR

R, =0.22x (eo‘"gl T +1n(0.312 5P+ 1)) x30x46.5% (2)

K, TR POAREKE; 30 A6
LAARIIRAEL; 46.5% F TUEEPINTWRET i) - S pi R
JRCEA) HE A5
3.2 Theil-Sen #3537

Theil-Sen %I &— MR IS HSE T
PRI, TR ERCRE, XTI R ZEA
EIHERCE AN ORI TR I T 2 a1
VAT S

NEP. — NEP
. ) (3)

p= median(—}_l
A, B AUNEP AL ; median() A BUHHE ;
NEP, il NEP, J 57 i 4 %3 j 4F (1) NEP i [F] J7 51 (i
( 20004 <i<j<20204F ), 4 B>0Hf, NEP fififif ]
Homia; 24 p<0 i), NEPRERT A 2/
3.3 Mann—Kendall &35
Mann—Kendall ¥ 56 & —FPAESEUG I H i, w5
Theil-Sen FA# M AILE G, X E] 81 S i 8 2 1
AR S, AL SR AN BRI A N —E B 5041, H
REGEHEBR DB WA A TR R I S it i 2 i
T, Z EH R .
e
Var(S)
Z= 0 ,5=0 (4)
_S+L 5.9
Var(S)

,8>0

¥



#2355 6

ERET . TR AHHIB/SLedR

SHIAFIE R IR 30 B FH 54T - 53 -

S="Z1 3 sign(NEP, ~NEP,) (5)

1 .NEP,-NEP,>0
sign(NEP}.—NEPI.): 0 .NEP,-NEP,=0  (6)
-1 .NEP,—NEP, <0
n(n—1)(2n-5)
18
v SIS TR 771 RN TR @
;o sign() MRS BREL
2 Z AR T 1,65, 1.96 F12. 58 Bf, FoR
R BT TAEE N 90% . 95%H199% I . & VEAG:
B ABIFSE R AL 95% MR BERG K, B | Z|>1.96
FonERa T B EHAKERR, B KN 95%
( p<0.05),
3.4 MRS Y
AHOCAE 3B oK P WS R Z ] (A DGR, AN
2 G LA 2 R R W 9 I R AR 2 A A S
AR ARG R A, TR T
3w, ~5)(5,5)]

R, =—= (8)
By (B

Kb, 80 p B 2 AR n SRR IME; R, N

2 AR BIAH O R AL

R ‘_thR z
— Xy / V: (9)

SR R

K, R HEDEAZE 2 5, 2k x 5845 y ik

Xy, z

(7)
S Mgt

Var(S) =

R REL
W ¢ RIS VR e R SRR, R AT
P R e (10)

h—@J

K, m A HZERAEL
3.5 Hurst}F$

Hurst $§ Z02 B 0] )37 90 B8 45 AP A s s,
HEUEVEE N 0<H<1, WRIE Hurst FEEIE L, VU
05TERITRLL, KF OSSP F A “FEA RS,
W] NEP B [A] 7 40 8 B R Ak, BIASR 8L 5 i
23 NTOSER T HFRN Wi AR, KW
NEP B[] 7 5 8 HoA i fs At RISk AR b it
ZEGME; X H=0.50F, FUNEP ] FHEHE AN
B, BRI T2 H a1, Atk
W, FHI,  H BEEREEE O, e ARG .

4 HARERSHH

4.1 {4 NEP 2 AL AE

2000—2020 4F (1], VTR 44 S NEP 4K ) |- T
R, AR 43.92 TeC, AP EN 1.18 TgCa™' .
NEP f728 L5 24.34~56.75 TgC, i, 20204EHY
M NEP ¢, 4 56.75 TeC, H F34 {8 5 12.83 TeC;
1M 2001 4E 51, H24.34 TeC, HF-HIEAK 19.58 TeC.
M R4 NEP 13 g3 K@ mT LI Y, 7E 2000—
20204718, T RE 2 0 IR BE A BE R

TAIRFE2000— 202061 ESNEP4231.554 ¢Cm a ™,
FAIENEP By X550 5 T g 44 G TR 1Y 95.13% , W]
B R M ORI X, o B T L NEP 4 200~
300 gCma™ A 041 X I K, 29 S AT AR Y 55.95%
A AR RATIL . U RE L AR A L X
DA KT R 48 T S A R LLRD R L B X, 4 v BT
THA NEP 1 F 253 A7 X5k, HAE 29 450 gCm a8l
15, T X TR S AR R A ) A A TR 2 A
L B Rk 2 BE MRS RS, BRIEIX 2T
N . VS PAT . R N E IR X,
ST 4.87% , B T30 AL v BB IS T FE A S e
WS S D R (L By 32 A e I X

K T Theil-Sen & 3 4> #1 F1 Mann—Kendall 5 56 ,
FIFH R BERAAG4E /8 T 2000—2020 41l B 4 NEP #
A R AR A R . QR L R, TR A BRI
FUNEP (AR A fb a3 2AT BB ) 25 Rl AR S (B X
B> W0 X BE) . IR NEP B Theil-Sen #3#E 1 Fl
H-20.59~25.60 gCm~a™", H:H1 85.99% 1 1 X Ky - AH
SR BYE A 3.69 ¢Cm?a'

N &kﬁ?‘hmﬂzﬂ P<0.05)

A g Cm e
-<(
=m0-~5

=5~10
=-]0~15
- 15

a Theil-Sen #4344 b Mann-Kendall 5
E1 NEPEZ{LEEMEZ N
HES: GS(2019)3333 5

AR B WG Y DX e B TP SR T . =
1y FAN 2 I O N U R U N == A G 1 =] B I I
17 46.64% , XIS A 5K . Mol A S B D R
HARGEMIEL, NEPIFE] T RS BHEIEA
ReEha D F A p R BT BT BT JF
BT R AR AT, 5 1 39.36%.



.54 . w32 % 19 45 &

#2355 64

B D TN AT YD 1 DT BB RN Ak
4.53%, FEOAGIEL N FEIRTT R L E X, an
FEINTT . JEPHTT . R T AN T, 38T NEP 22508
/U 1 D R 2 B 5 3 T KP4 e A R T R B
B BRI . Ak, B —F BRI X
W, it 9.47%, U BLAE T A B,
WA T L VPR R EIRIX, R
g ARG AT T kA L, AR R T s AR A R
R AR IR . BRI S, TR 4 45 R B NEP 119
AL R R B R b A R 25 5, 4R b X
HIAEBE NEP F 2230 (K1),

NEP 722 fk a4 . ,

Theil—Sen Fi9 o PR RVkm® H A%
Theil-Sen #4#>0 121> 1.96  GEHEN 77887.84  46.64
Theil-Sen #4#>0 121 <1.96  BSAIEN 6573024  39.36
Theil-Sen #4#4<0 121 <1.96  W&AHWLL 6386.17  3.82
Theil-Sen #4%<0  1Z1>1.96  ZFW/> 1189.04  0.71
Theil-Sen #43#=0 171 JAEfE 15806.69  9.47

4.2 IR FRH #4 NEP 153500

FARTE G N E N NEP BRI, AHF7E B
JK S8 AR S 2 I AR R R DR R A TR DG A T
2000—2020 4F:[i], i) g 44 AF-F- 2 SRR 7K 1 AR Ak an
B2 iR, AEFRSIRAE 14.66~15.77 CZ a5, F
¥Ih15.24 €, Hi 2007 4 E SRR R, 2011 4E 6%
ik, 2000—2020 4 HlH], TR E AP E s BT+
e, BRI 0.10 °C/10 a. I EIIAEROK RTE
565.45~1 077.81 mm Z A%l , “FHE K 791.65 mm,
Hrp 2003 P ER K S R, X R T YRR
FEFR S 5 2001 4FE I, {47 565.45 mm, 2000—
2020 4 AN R 48 AR ROK e R S TR B, T
FAH %4 19.53 mm/10 a.

16.0 — , 1300
——FESIR ¥=0.010 18X-5.228 Y=o1.953X44 717 —- FHIEK

15.8 | === Ul L EH R°=0.0354 R=0.01033 e FEARLLER | 50

15.6
1100
15.4

g a e mmmfpmm e
j\g N VA v N Y, 1000

50 X 900
S

AR b

B

Ts = = J . 800
146
700
144

142 e

14.0 500

FE 2000—2020 4F W [a], 38 3 [5] 2 4 B K o 1 52
W), 1T B 4 NEP 54757 3 T 22 8] ) i A O ¢
R, JFAT T B . S50 BRI RS A NEP 5
AR 22 B AR AF O 2R B0FE % s BE PN Y FRL AL -0.86~0.81

NG, FHE N -0.05. FIEER, WA NEP S
BRI Z MAEE A COC R, RIFEIRE ST
X, REE NEPRAIK, Hr, 44.03% 941X Ky IEAH
KX, 55.97% K A X I .

TETEARSE X, i3 0.05 525 P K SEAG I i i (X
HE T 0.16%, %5404 1610 7 44 10 A< 35 F1 P4 350 1
X5 FEGACXI A, 4 8.79%:@ 1t T 0.05 & kK
-, EEN TR A RN, B e, T AT
PR LA S At As N = 23 i oo X, e Bk i
Foo NS LI Tl 2506 sl TR i %) 4 XAk 11
ARFCEER A AR, I3 NEP 5
LI U G

RS, 38 A [ AR PR s, 113 2000—
2020 4[]0 5 44 NEP 5 4 F/K i 22 18] B i AH OCOC 2%
AT T MR (K13), G298, NEPS4ERK
B2 AR S R BGE F N -0.87~0.87, SFHI{E 4 0.30.
WESE T NEP 54ERE KB Z MAAFEIEMIE R, I HIX
FIORA O 1R T NEP 5487 24 2 [l i AR DG . L
M, 92.70% ) IX R EAH G X8, 7.3% R TR DG IX
B SRR DG DR T2 A A T 2 5 1L Kz ] B4 1L 45 b
X, XRRBLGR I Tk 2 [X A2 1] 1L BKBHES T 3553 %
KM, REE AR Z BIRR S, AR B
NEP 54ERE KR I AR R

TEEA X, 45 27.68% 3t T 0.05 B2 1EK
S, FEE AR R A AR AR 2l R
o, BERHTT . T AR T kA, R
0.08% [ i AH ¢ X 338 1 1 0.05 B PEACEINEK, 5
AESE I S RAFAE RN TR A R, 33k 2 (X 32 v ]
a5 HAE s B4

LIPERY g -

0 140 280 km
| S — |

140 280 km

a X5k 102 b g Rt BT (95%) it

B G UK o3 2 BRI A 25 R G A ™ T 1 SR BTN
Ko FRESINEWRE 2 0K 0l HEsot 5 1EH]
AT, TS A A [ BRRE T, SR T H i
HEERGRINEPY, M, KA RR, YRR
PR, AESRGHEBREE S TR HAh, TR
Ky 785, BEMPINR TR e o ST R



#2355 6

FRERSER . STHTASOR SO B R A IE R IK S0 B FK 5T - 55 -

FEEEET, Xt NEP a2 GE g K o b )
AIRERA T HAERE . SIS 2, 4 NEPAERR
AL AR R ARG, BAERKREIEMDE, H
AERRK O NEP (5200 T4 P28 1 5200
4.3 FHOR I SAAE TR NEP (155 0

- M R A S S — R R BB, T 4 A
AR (LUCC) A& ARG S50 X I NEP (%) 3
Bz —, KR A P20 E NEP fE 1 22 5
W2 BT 30 m A3 [H] 43 HER G A b A FH 2 55 28 AL
7 al, TR 2000—2020 4 Y LUCC £ #4723
[ Z I, 535 7R A A L R s A AR, JF
HVE T b A/ s A LR (F4),

2000 -3 % 7 27
2020 -3 B w5 R

lﬂ‘;‘Hl | Y RN

B4 2000—2020 AL ibF F/EETL

VEBUEAL A E 2 R F 1909 LUCC 5y, g
BI04 LUCC B, 5 B AR R IR AN 96.94% , X4 F
A MR SR 22 ) i e e iR A T ST . AE 2000—
2020 43 10], TR 4 NS 15 358.41 km (1) 1= R
FR AL, A FRARFIAR B KA 3 Fh 4
IR 2 [ 0 5 e 75.819%, iR AL N ARd
JKTAT 7% 1 ) FH A8 A 2 Tl e 48 PN e R i) - b ) A2 4k
BT, 4£7264.89 km’, (AL EHI A 47.30%, 5
ZAHKAINEP 4L T 0.593 3 TgC. A% IS}y AR bk
F st FFHASAAL 5 AR TR Y 19.60% , {H NEP 7%t
BE Ak T 0.595 3 ToC, J& NEP ARk £ (1) + A FH 78
BB, AN, 5 566.39 km? B4R FH Bk % Ak hy K IR,
d7 AR AL T ALY 3.69% , 45X NEP{XAE 4L T 0.010 1 t,
NEP b/l

MR 20T LAE W, HAR FL AR Ry ZRARN Hh B A%
AR AR G NEP (520 o B R, H o AR
NEP 28k 23 51535 5 197.78 ¢Cm ™ H1 186.61 ¢Cm™?, X
FERRPREZ FRMA S R G A B T3 i d b A= 9y i - 458
AU S, TSR RE ST

FHECZ TR, AR B G 20 S 25 K T A T AR R
HXF NEP 52 M 5 R i d,  H NEP S0 T AR fE i
h 81.67 ¢Cm™, X 3¢ B Tl Ak U R A0 1l Ak & i 2ot
2, K g o AN E K, X iEEA R 5
A0 7 5 RN AR ) AR Ak F S B T TR TR A 1

wisy I K we I RE K

A2 ORI/ B 06 I K HoM NEP [R5 )

WCC s B BN
(2000—2020 4F) W% % AL /g Cm™
10°TgC

RH-RFEKE 726489 4730 4730  59.33 81.67
AH-FFFE 3009.96 19.60 6690  59.53 197.78
R4 H 1233.63 8.03 7493 2299 186.36
A 1 1005.82 6.55 81.48 18.65 185.42
- FRBR 712,19 4.64 86.12 13.29 186.61
A -7k 38, 566.39 3.69 89.81 1.01 17.83
A -Hi i 42829 279  92.60 6.85 159.94
AR - 257.78 1.68 94.28 3.11 120.65
ARFEKM-KE 25009 1.63 9591 121 48.38
HEAR-FRM 15836 1.03 96.94 2.69 169.87

FHIANEKIE, S 80T B IRE T 200 N R, XA
BRGATHT K T 57H 5E0
4.4 KA

Hurst 48 $50% R AE 8] 5 50 Bl A fe e 345 5k 2¢
AR AV AR HS R B 1 B L BR o T R4 NEP 1Y Hurst 75 2%
T 1Bl 4 0.149 4~0.885 3 (E5), F-#{E 0440 9.
NEP $57 A M 09 BN 19.92% , 3555 A P 7 e 451
80.08% . NEP 554352k 3 X 4 = 224341 7E F 1 FH b IX.
B, AR EBETE . R BT A
DA Al T2 B T S IR X B . R A Bk A
TR, 3ol XA A 78 5 R 3t R R 25 R A R
FHH A AR A R, e NEP 7 T 2 30 H 5055
OESEAE T R

a FHELE R4 H 1025 b FFARERFE S
El5 NEP Hurst$5%
HES: GS(2019)3333 =
MR NEPIES MG (Fl6) B, misiffEA
PR B RE A L SR ACHE RS R A A TR A E Ay
B4 0.28% . 79.80% . 19.90%F10.02% ., 1] B4 £ 4
NEP F2E a3 i /NP fRp g e (ER i1 (E
INFEEE H A ZEwias) , BN RIE NEP 9 B4
HERAFE, FRER e KIS
¥ NEP Hurst 78 %% 5 Theil-Sen & # 73 #7 #1
Mann—Kendall ;504125 6, E— R 58 Fg & NEP &
KR JEFEHAFFEAFE . SCRE TR, WRE NEPH
AR INARAE (i 3 AR G i) By IX 3k b 41
H12.487 3%, 1o THPELI/ AR A X8 (I 2 b
FERGHOE D) B, 55N 1.487 8%, HApHbIX

140 280 km




. 56 - w32 % 19 45 &

%023 %% 6 M

12 000

B AL B AL BRAKE AL
(0.28%) (79.80%) (19.90%) (0.02%)
10 000

8000

i AL AL
= 6000 (80. 08%) (19.92%)

4000 P

S n =)

WITCAfE  (86.025 0%) o FEEATRFELIE I NEP (11X
Wb, CEERSE - WA (6.8138%) EES, E
B ARTER Bl . VBT SR T RS Rty . GRS
JE T 5 g BT ) 58 S At o FE RS0 NEP [ X 5
W, CBSEEEISA IR (1.0993%) S, TEmME
WM o FREE R R IX IR NEP LASS vl FR2 kR 32,
XA R A et [X AR RE e AR AT InfasE
My . SR, TR A KRS HiIX. (86.025 0%)
HINEP K BEAEARAFIEA N, XRIITEE—
RS RGEIREE, A% e, ik
FAR . NI shEZ I R LR, s gidE i
I, 3 B R A RIS R S5 B A (e 25 R
SE A fd A ] s kR

5 ZHie5EN

1) AWFFE 40T TR 2 2000—2020 4554 254
7741 (NEP) HyRZs i Ar ROREhR 2R, FFRIRUE T 5k
Fr RN, LSS O A FHE: g4 NEP
I MR 43.92 TeC, ARG 1.18 TgC-a™', BAL7IH
FANEP 4 231.554 ¢C-m>-a"', ks FIH#aH, 2500
F, 95.13% W KRBT IX, i E A F P ORAT
o AR A 1l Ko 3 M Al o Ry s TR X
(4.87%) SEHPAEASIN | I PHAEIR T AL IX, Theil-Sen
A R R X NEP FFEE K . QRSN ZER : K
fEHZ o, 4EFEKR S NEP IFA G, 4E R 7
I, MBOKVERE RE . A AT NEP 2
TG, 20 alf] 15 358.41 km® T3t 2R AVEAR | FRbiol %
I, AR HG R AR /K T 3T RE ) T R, 5 dinai
AR IR TP 5K . @I EIIE: 522 MK
2 BRUKSE NEP BT L R —3, /s
JEFER IR AL S H ;. 5 MODIS - b 35 7 5 ox He
FW], FRAR. B, ABEKHNEZEF N 1.1% .
24%., 1.7%, RAHEHA(E,

2) METHEIE AR WA T KR CO MR . R 45
WEHRE, KRTELEZEZBILE 5. T

86.025% X IR A, TIRTEBRGRE
PE o JUCR T ok R . 2R LA A A B
B, TEE BRI R LSRR TP A E AR . WESE I
BHSORY S0 AR UL T Rl 2k H , s 2 4
O3 HT I EE M

SE

(11 F&3E REE, Z8M0, 5 78 RS MAR 244
BAFra W &[], K EARHFER,2023,43(5):288-296

2] EH,2FEZ KL, S THERIAESREBRLCH
7 oA B ot B E D). BRBEAE SR SR IR,2022,42(12):
410-422

3]  HoRkE, G, R ARE, 5. T g F IR AR LA A
R A A ID B M. T R A5, 2019, 48(9):
60-66

[4]  Fmefk, 2%, RS . T AR B E RALR
HBEAHHI]. 322210435 8:,2023,21(11):76-80

[5] YangJ , Huang X. The 30 m Annual Land Cover Dataset
and Its Dynamics in China from 1990—2019[J]. Earth Sys-
tem Science Data, 2021,13(8):3 907-3 925

[6] Woodwell G M , Whittaker R H , Reiners W A, et al. The
Biota and the World Carbon Budget[J]. Science, 1978, 199
(4325):141-146

[71 PeiZY, Ouyang H, Zhou C P, et al. Carbon Balance in an
Alpine Steppe in the Qinghai Tibet Plateau[J]. Journal of In-
tegrative Plant Biology,2009,51(5):6

[8] Tian H , Melillo J, Lu C ,et al. China\"s Terrestrial Carbon
Balance: Contributions from Multiple Global Change Fac-
tors[J]. Global Biogeochemical Cycles,2011,25(1):109-201

[91 4% B, R84, 4008, 5. LT 20 RERD 6.0 R4 PM, sk
JE B R TACE ) 4 F B IR [J]. SRBLAF 2023,
47(6):1-21

[10] Z= 81 ,EEH, bbb 1982—2015 4% 7 F 3 NDVI# =
TACBIRS) /) 5H7(]]. KR EARFAFR,2024,31(2):202-210

[11] BEF & ALK, 205 %F. 2000—2020 555 ALk i =
IR AURI[I]. FREEATS2,2022,43(2):743-751

[12] “ab TR AR, 2EHIT-Jo ), AL EAHLR,
%.2001—2017 F YA S whE AR LIRS B F
HATI]. A BHE2,2023,42(3):127-135

[13] YuH, Lachun W, Xiao L C,et al. Long-term Trend and Per-
sistence of Precipitation over Lake Poyang Basin Since
1950s[J]. Journal of Lake Sciences, 2011, 23(3):454-462

[14] ERE, FE57, AV, 5 RS TRBAMELS N5 L
HEAKERE X RA[]. ZMRF FR(ARHFI),
2021,57(4):518-527



