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Abstract: Objectives: Net ecosystem productivity (NEP) is a key indicator of carbon sinks in terrestrial eco-
system. To accurately estimate NEP, it is essential to use high-resolution remote sensing images and ac-
count for topographic effects, especially in mountainous areas, which have important implications for re-
gional carbon budget and land use structure. Methods: We first calculate NEP based on Carnegie-Ames—
Stanford approach (CASA) and geostatistical model of soil respiration (GSMSR) for Hubei Province, then
optimize the NEP results by applying two types of topographic correction, including meteorological factor
correction and surface area correction. We compare the NEP values before and after correction and analyze

their spatiotemporal pattern. Results: The results show that topographic correction can effectively improve
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the accuracy of NEP calculation. Compared with the data of national flux stations, the mean absolute error

2

decreases from 153.69 gC-m *

-2, -1

-a ' before correction to 150.73 gC-m *-a 'after correction, and the total
NEP of Hubei Province is 21.12 million tons. Furthermore, the previous studies underestimated the carbon
sequestration of forest land. After topographic correction, the NEP of forest land increases by about 22%
compared with that before correction, followed by grassland, while other land use types showed less in-
crease after topographic correction. Finally, the topographic correction significantly improves the accuracy
of NEP in the areas with high altitude and large terrain variations. The spatial autocorrelation trend also de-
creases after correction, as indicated by the reduction of Moran’s I index from 1.24 to 1.18. Moreover, the
topographic correction causes a noticeable west—to—east shift of the center of gravity in spring and autumn.
Conclusions: Compared with NEP before topographic correction, NEP results after correction have higher
accuracy, and the carbon sink distribution of different land use types also differs. But because the influence
of terrain on carbon sink estimation is reflected in multiple aspects. Hence, in future work, we will continue

to explore the influence of topography on vegetation factors, meteorology, and remote sensing images, to

improve the simulation accuracy of the model.
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Fig.1 Location of Hubei Province
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Table 3 NEP Value and Error of Different Flux Stations
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Table 5 Comparison of NPP Estimation Results
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Table 6 NEP of Different Land Use Types Before and
After Topographical Correction/(gC+m *+a™ ')
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Table 7 Moran’I Index Before and After

Topographic Correction

. Hb I A TE i WY B IEJR

" Moran’s I5%§ Z18 Moran’s I#5% 714
B 1.10° 17.79 1.06 17.19
e 1.33° 21.43 1.23 19.92
" 0.95" 15.43 0.92" 14.94
X7 0.67" 11.13 0.49" 8.11
EH 1.24° 19.98 1.18 19.10

TE #3718 p<<0.01, %5 i) [ A JC 525 1 35k

Moran’s I 48 5034 2 #0525 1%, R0 4 448
A A R GERR I AE TE W Oy I 35 119 2 (8] 4 23R 43 A
Ho M2 Moran’s IR 8K R . A FH BT
ol 22 B, R B AE 4 2= NEP 25 [W] 42 R0 1%,
K 7 NEP 75 [A] 52 AW fe fmr , AR R 1,24, HLJE
REIE S, 4% 2= 719 25 AR DGk B0 eIk, Horp 4
KPR AR N & R R R 2 AR 1 118,
Wb 4 V0 2= NEP & .08k i 11 s . A
[ 2= 95 Z A i NEP .0 B sl IR g e K, b B 2
H T bR bk VI G2 T A M DX, NEP 507 T3
PO AR b O &b 5 B2 TS A B AR K B BE
B ONEP n] R 2l 2 B8 AR B VAT Z KA 4
TH#E NEP iy 1% f, G 8O R I A HE N
ARG IR I oA B, B TR S AR
A R Ge ik HE R = AR Bk O I K B )
AW LT 2B N 5 A Z A [6] 1 pl 26 8 NEP
W SRy 2 30 L A TR TR Y, BRI AL 48 9 L
farE b o R I MR T e Y O 2 R



%50 &5 12

A A R TR R IE B AR 2 R GG B T 2495

Sk 8 VG PR b X 35 b 3 T B O L A IE SR A BT
¢ T I G F O W6 [ AR D 5 B2 H TSR P MR R AR
PR W R, R OE S Y EE O AN AT kG b 1) O S
TRAR Fr b XA L TSRV 1 X, M NEP 3G,
P T B 355 07 A B T, G IE S A RK 2R O 18] SR AR
FrBg X Ab SR o

4 it

41 MEEFSESTREHRLHXR

MBI 3 T AR R B W B, A [ U Ak R
G 0 30 T8 LT R B 2 R R R T 22
S o IR A3 M P R IR R B
[i] | 3 5 2 1T AR 22 5 X A X NEP 45 21 19 14 P i

M, WL 12 s o

—— L N
= A

Ffol
MEE LT o EH AT
RLJ 05 o KL i 0 55
o KR Ji oL Bk ORI /L kR
o RIE R DA 5 ORI

BT P RCIE RS P92 NEP H0 AR fb
Fig. 11 NEP Gravity Center Changes in Four Seasons

0 70 140 280 km

Before and After Topographic Correction

20F =
R _30f e 1ok
T 10k ‘ - 7
m Roop - = el
g 0f g | £
% & 10r | % 6
=10t = =
Ay
M . B ok m
z z 4f
“0k
I‘ 1 1 1 1 1 _10_ 1 1 1 1 1 2 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 1000 2000 3000 4000 5000 0 50 100 150 200 250 300 350
R FE/m 2 1 A/m?® /)
(a) FifE (b) Moz m AN (c) e
—KKIE  ===SEH R — = MR F R

Bl 12 MR AIE A e A F HOE N 5 NEP [3] 56 &
Fig. 12 Effect of Topographical Correction on the Relationship Between Terrain Factors and NEP

W AL A8 R 43 DX 4K 5 BEAE 3 000 m LA
L EC 9 S 12 BT AR A kAL B R
J ) SR 2R SR PG AE AL | B 2 R R 0, NEP &t 3t
PO b TG, X BT S Y R T R B
SR ZN AR A, R B | oK 8 K A 15 P i 1) el
M T AR L AR . AE 500~800 m Ak, FEK R
PH % 565 A6 A% 1L Fr B Ak b B R IE 1T IS A T 22 5
NEP fifi S 4 W F A i & A 28465, 76 1 200~
3000 m Ak, NEP ifi &5 2 42 i B2 38/, B T b B
RN 1 JE PR, R FH b T A T A5 30 19 TR R R
12 DX P 1 S B AR AR K Sl TR T
BERE SN e LU AR B A O, AT B A L TR
TE A BT 8T, AT & AL TE 1T 5 NEP /Y 3
E5.

AN TR) 3 1) Ak H K A SR A 1 AN TR A
KAGBAAT BTN o AR SCEE SR AR Bk (90 1) )
VU3 (270" B 17 )NEP 5 5 , b3 (0" 3 1)) e K, B9
P (1807 M 1] ) Wk o A% 1E J& A 40 3k 19) 5 4% 1E
T, A AR - R 4 ) R T T Al L, 2 3 gC

m e 7N BHE A R IR AT T [ B 4 K
O3 BAR, H NEP (B, Jb 3 i 1 K BH 48 5
B AW S 85, 5 S0k (55 119 43 B — 2
M A R R e T M 2 LAY KN B
AR B Ak BT A X3, e R R, G 3R T AR
Bl =2 A8 K. 7E b 2R TR F 950 m* (i b X, Ho bk
JE R ST 8K 4y AR AR R
NEP Fifi 3 F 38 fin i B K" . MR A GE J5 , fiE bk
AW i 5 AR ) A 3 B R R R A BT R .
PSR AR I U M M 0 AR Ak S B 2 i
LB T, AE Bl 2 7 AR S BORE B NPP R T
1 R AR Ak TR N AR 57 12 X Sk e e YR AR Ry il
T b 5 78 1P B AR 20 A2 A i th b, NPP 5 R,
Wi 2 AT AR A 8 o S R PR B I, B 48 NEP 45 S b 2
IR AH ] A 1 a3
42 MERKEMNAESRSEHRLHZTREHNZN
AR SCORE M TR 5 Wi 40 A TR ) B L AR
SAEG R BEIA , H BR E R . &
B, H bRl S BE 1 25 R 3R B S NEP



2496 ERONEE S S P2 X8

202512 A

85 5, 2 e KRR T R TR b, b T A IE S AR EE
I AL IE 7 NEP 88 5 2 37.65 gC+m *-a ', B i
Hok, Bk 8 NEP 3 i /b . 53k [52]45
JEIAL, BRobK M Ah 5 R F R OE T 5 A IE A
LU AR B A= 7 0 A7 BT v A 5 bR 2 A K ARV IR AR
T R BB AR R G b X, R R R X T R AR
R TE] A B4 4t A T AS [R) , H e A O
S v AR T AR HE N B P SR AR L
DX, H A 43 K 3 W 3B 7 0.9 LA b, R4 2 KPR
W & TR, R MR R T R TR EE a0
o, I A T3S E . 40 b 3% 0E LR OE
Jei L SRV R R R AR B R, Rk B AE AR
T RE Wl 22 23 A T 1 DX ek, s 2 v ARG 1 T 455
B, M A2 0E 5 A 9 i 3 0 il 4 NEP A T
T, O PE RS 5 R Bl 0 P T s R O UK
) DA K N A 1 SF- 3, 35 B3 5 /0, b T A IE i O
F14 5% W) 452 /I 5 36 M FE b DX 3 405 30T 4% 285 W 9 K 3R
I LT B AR, #9842 1R i 5 AR A 5/ .

FEAT R K #2614 L AR K
SEHRBHFE MBS, —JrE, RIS A
TR B B T T FERE B AE R B (R R L
RO A VR F 2 s, HJE X NEP 3952 i
Wi I EE R B T, 5 — 71, iR
JEE 32 n i A ) R AR R B 2R R R K PR R
SEEIA BT B RO S R D AUH T iR A
BIFIRIEAE X BB SERE L, LR R
I K F A 9% NPP, HbJE 200 X R, 1) 52 Wil 55 1 XF
NPP 152 W), 1 B H NEP {5 A1 F 4 4 1F Ay
R T R 2 280 o bR NEP 728 Ak I BE 5 K, R A
Yt/ o 5 A A TS TR BB N R 5
YE, 26 H —7 H ik AR KT RAEY A HLR
A F R R Y H NEP (bl %5 g b T

e 5 HAEE X e ONEP S R A K=
(10— B, (A () ) 22 5 0 e L TR 32
AT LU R LA (1) BUA B KB AIF 58— fi R
MODIS % AVHRR %5 5 A3 B4 , H 25 1) 43 P %
BOML, 5510 T M S SRR Y L (2) R4 hE
Bl 26 L IO A% A B TR 2 R Y 22 S Al 4 v
IR SE R 22 BB IR 4 A U R 5 S S0 b
RESATEE SR LR R Z RN EE
SRR Z 1 R, AR SOl TR A S5 B 4R L
RO RE AN KRG G b 25 [, 78 4 3 3 55 50 His
o T AR R A O A Al R — 4y,
7 F R A AT R B ob e 0 R L (3) 4% A
7R 22 5 L S 8O0 45 1 22 R 2 T DLk

2~3 45, I MODIS 52 % b B i BT G A 9 e K
ot B 51 A 0.389 gC/MI, 1 W Al B 45 R ¥
,fﬁ/]\[ssio

5 & &

A S FH CASA Je GSMSR 6 R 80 ik I
NEP, NG K 1B A% 1E S b 2 1 B 1E P
i ik NEP 25 0 . 45 1 R

1) M JE A% 0E A] DAAT 2404 T NEP A6 5508 )i
X L4 [ 3 ol SOROHE L BT S YT R 22
4% 514 153.69 gC-m 2+a ', 150.73 gC-m *-a !,
KB T2 1.90% . HbE A% IE J5 4F ¥ NEP 4
114.10 gC-m “-a ', WL A& IF A 42 &5 T 23.03%
B A, TR 3 3 472 07 Wk , & B i
5%, g —1 473 J7 Wik .

2) Hb % A T R R g AR K A 52 e R Ak
B, A B R IEM AR E R B E LT A
Fe AT 4 (A5 B0 25 3L, B0 AT 6 % X P Y 52 B
Gy o LAAEBIE 5T 45 SRARAN T R Y B A 280
Hi YA GE , MRl NEP 8 R 15 1F 25 B3 24 22 %,
R R vV e B M P T SR R AR AR A
BN, HNEP 2L Bl /b .

3) Hbu B A TE X6 57 i P T Hb R R AR dsE R IX 45
SRR, BEAS B W L b X NEPAS B o Bl
RIS, NEP et B, 2 5 2k s
BRI FRE  J MM S AR NEP e, b
Wt o MR AL EJG , KA 40 3 1) 19 NEP (5 T
W, P AR - e AR T s A B 1) [R] A
NEP Fifi b 3% 11 R A 386 i 52 28 vk 3 i 4. B
KAEXS T T2l A A XA — & m & IE A
Moran’s TH8 80 1.24 [k 1.18, 5 Rk W 2 Hb I A%
IE 5 E O il P R R gl A R L 22 0
BN,

ENSGERUS: IR WS e TEANY S PO)
B Y B B A T, L AT A A — S B R RS
FEME e R I AR AR T T A Al
TG AR B 1 A B B8R TR K A (FL R B
B I B AL IS AR A% I g LI A A [
1R 1 b O Ok B 25 T SO B AR B0 i 2% .
FLYR 6 H e A B A R I T B AR A ik
A gtk B b 2 T AR R AR AL . B, TS I 4L
it 50 TIE AN B b b fle /0 B 22 A gl 2 TR Y 6 UE L
o FEAELUG I TAE P BE— L ok



%50 &5 12

A A R TR R IE B AR 2 R GG B T

2497

[2]

[3]

[4]

[8]

[9]

& % x #

R, ZEE, & . IPCCH NI G5 — T
PR A RS B A A Mo [T]. BB AR,
2021, 49(S2): 44-48.

FAN Xing, QIN Yuanyuan, GAO Xiang. Interpre-
tation and Suggestions on the Main Conclusions of
the Report of Working Group I of IPCC Sixth As-
sessment Report [J].
2021, 49(S2): 44-48.
WIta, AE, NI, & P IE A ER B A S
FGEIR IR R AR S H e e b A STk (D). P R
R, 2022, 52(4): 534-574.

YANG Yuanhe, SHI Yue, SUN Wenjuan, et al.

Terrestrial Carbon Sinks in China and Around the

Environmental Protection,

World and Their Contribution to Carbon Neutrality
[J]. 2022, 52 (4) :
534-574.

ZRIETN , B . b A BR TR = R I
SO Ao S SRR AME AT S LT ] FRIE AR AR
2024, 50(5): 67-75.

LI Hanyu, MAO Chunmei. Quantifying Spatial and

Scientia Sinica (Vitae) ,

Temporal Divergence of Carbon Balance and Carbon
Offset in the Yangtze River Delta Urban Agglomera-
tion Under the Carbon Neutrality Coal[J]. Environ-
mental Protection Science, 2024, 50(5): 67-75.
WANG Y L, WANG X H, WANG K, et al. The
Size of the Land Carbon Sink in ChinalJ]. Nature,
2022, 603(7901) : E7-E9.

CHEN J M, JU W M, CIAIS P, et al. Vegetation
Structural Change Since 1981 Significantly En-
hanced the Terrestrial Carbon Sink[ J]. Nature Com-
munications, 2019, 10: 4259.

ZHANG D N, ZHAO Y H, WU J S. Assessment
of Carbon Balance Attribution and Carbon Storage
Potential in China’s Terrestrial Ecosystem[J]. Re-
sources, Conservation and Recycling, 2023, 189:
106748.

CAO S P, HEY, ZHANG L F, et al. Spatiotem-
poral Dynamics of Vegetation Net Ecosystem Pro-
ductivity and Its Response to Drought in Northwest
ChinalJ]. GIScience & Remote Sensing, 2023, 60
(1): 2194597.

PIAO SL, HE Y, WANG X H, et al. Estimation
of China ' s Terrestrial Ecosystem Carbon Sink:
Methods, Progress and Prospects[J]. Science Chi-
na Earth Sciences, 2022, 65(4): 641-651.

LICH, LIUY F, ZHU T B, et al. Considering
Time-Lag Effects Can Improve the Accuracy of
NPP Simulation Using a Light Use Efficiency Model

[10]

[11]

[12]

[16]

[17]

[J]. Jowrnal of Geographical Sciences, 2023, 33
(5): 961-979.

ZHANG C, ZHEN H B, ZHANG S H, et al. Dy~
namic Changes in Net Primary Productivity of Marsh
Wetland Vegetation in China from 2005 to 2015[J].
Ecological Indicators, 2023, 155: 110970.
LIANG L, GENG D, YAN J, et al.

Sensing Estimation and Spatiotemporal

Remote
Pattern
Analysis of Terrestrial Net Ecosystem Productivity
in China[ J]. Remote Sensing, 2022, 14(8): 1902.
SURIE , B 725 . 5 F MODIS-ND VI8 i 4 i
C 2 [ A% SR BT 98 . LA E i sl oy 9 [T]. ol b o
iz, 2018, 36(4): 644-653.

YUN Yinjuan, ZHAO Jun. Spatial Pattern of Vege-
tation Carbon Sinks Based on MODIS-NDVTI Data:
A Case Study in Shiyang River Basin, Chinal[J].
Mountain Research, 2018, 36(4): 644-653.
YUANY, SHIX Y, ZHAO Z Q. Land Use Types
and Geomorphic Settings Reflected in Soil Organic
Carbon Distribution at the Scale of Watershed [J].
Sustainability, 2018, 10(10): 3490.

HE Q S, ZENG C, XIE P, et al. An Assessment
of Forest Biomass Carbon Storage and Ecological
Compensation Based on Surface Area: A Case
Study of Hubei Province, China[J]. Ecological In-
dicators, 2018, 90: 392-400.

TR, LIRR, FRMR, 45 W1d0 B AR OL -
R AIE 58 103 8 Al 6 Jmy e HoRE VR 2R B [T ). b R
% AR, 2021, 51(3): 254-263.

QIAO Xiujuan, JIANG Qinghu, XU Yaozhan, et
al. Natural Vegetation in Hubei Province: History,
Distribution Pattern, and Vegetation Types [J].
Scientia Sinica (Vitae), 2021, 51(3): 254-263.
A, XUBHRE, TR, 55 AT 20 4R Rt I 4 28 3
DXHE B 80 2528 A S X = e 5 1 TR s g [T ] i
R (F BBFEMD L 2023, 48(9) = 1522-1530.
NIU Quanfu, LIU Mingzhi, ZHANG Man, et al.
Vegetation Dynamic Change and Its Response to Cli-
mate and Topography in Altay Region of Xinjiang in
Recent 20 Years [J]. Geomatics and Information
Science of Wuhan University, 2023, 48(9): 1522~
1530.

WM, RIERE, B, & R 2Rl
ALY 2 m Al S B R RO J7 ik [T]. A AR BT R I
J&, 2023, 35(1): 57-65.

LI Xianfeng, YUAN Zhengguo, DENG Weihua, et
al. Spatial Downscaling Methods for the 2-Meter
Air Temperature Grid Data Based on Multiple Ma-
chine Learning Models [ J].
Natural Resources, 2023, 35(1): 57-65.

Remote Sensing for



2498

BOBR 2 (R

ISR Y

202512 A

[18]

[20]

[22]

[23]

[24]

[25]

LIXJ, DUHQ, ZHOU G M, et al. Spatiotempo-
ral Patterns of Remotely Sensed Phenology and
Their Response to Climate Change and Topography
in Subtropical Bamboo Forests During 2001 — 2017
A Case Study in Zhejiang Province, Chinal[J]. GI-
Science & Remote Sensing, 2023, 60(1): 2163575.
ZHAO C X, LIUJ R, MOU W B, et al. Topogra-
phy Shapes the Carbon Allocation Patterns of Alpine
Forests [J].
2023, 898: 165542.

LIN N, LIJ X, JIANG R Z, et al. Quantifying the

Science of the Total Environment,

Spatiotemporal Variation of NPP of Different Land
Cover Types and the Contribution of Its Associated
Factors in the Songnen Plain[J]. Forests, 2023, 14
(9): 1841.

FEF, BYer, W, &l X R OR R R I
BERf I 25 AR AL R BT (7] SRR (R R
B, 2011, 36(7): 793-796.

QIN Huiping, YI Weining, HUANG Honglian, et
al. Simulation of the Irradiacne Changing with the
Temporal and Spatial Distribution on the Terrain
Surface [J]. Geomatics and Information Science of
Wuhan University, 2011, 36(7): 793-796.

SN, MRS, RO, . 1980—2013 4FHidb 4
b 3R O B 4 5 i) 23 AR e FLBR Sl R A e L]
573 AR B, 2019, 42(4): 29-33.

XIA Li, LIN Aiwen, QIN Wenmin, et al. Spatio-
Temporal Characteristics of Solar Radiation and Its
Driving Factors in Hubei Province During 1980 —
2013 [J]. Geomatics & Spatial Information Tech-
nology, 2019, 42(4): 29-33.

WANG W, YIN G F, ZHAO W, et al. Spatial
Downscaling of MSG Downward Shortwave Radia-
tion Product Under Clear-Sky Condition[J]. IEEE
Transactions on Geoscience and Remote Sensing,
2020, 58(5): 3264-3272.

VL2, RS0, BT, 4 T 2 i 2 9 255 A5 Y
MR B Al R [T, BRUK 2228 4 (fF B R
SR, 2023, 48(2) : 325-332.

JIANG Yun, LI Tongwen, CHENG Qing, et al.
Air Temperature Estimation in the Yangtze River
Economic Zone Using Geographically and Temporal-
ly Neural Networks[J]. Geomatics and Information
Science of Wuhan University, 2023, 48 (2) :
325-332.

A, BT, XH . IR M X A PR GR
B 3 A [ 09 v AR R AR LT ] DR e 4l
(5 BRHEM) , 2018, 43(10): 1553-1559.

NIE Lei, SHU Hong, LIU Yan. Interpolation of
Monthly Average Temperature by Using (Mixed)

[26]

[28]

[29]

[31]

[32]

[33]

Geographically Weighted Regression Kriging in the
Complex Terrain Region [J]. Geomatics and Infor-
mation Science of Wuhan University, 2018, 43
(10): 1553-1559.

XIE XY, LI AN, GUAN X B, et al. A Practical
Correction Method for

Topographic Improving

Moderate Resolution Imaging Spectroradiometer
Gross Primary Productivity Estimation over Moun-
tainous Areas[J]. International Journal of Applied
Earth  Observation 2021,
103: 102522.

CHEN R, YIN G F, ZHAO W, et al. TCNIRv:

Topographically Corrected Near—Infrared Reflec-

and  Geoinformation,

tance of Vegetation for Tracking Gross Primary Pro-
duction over Mountainous Areas[J]. IEEE Transac-
tions on Geoscience and Remote Sensing, 2022, 60:
4409310.

XIE X Y, TIAN J, WU C L, et al. Long-Term
Topographic Effect on Remotely Sensed Vegetation
Index-Based Gross Primary Productivity (GPP) Es-
timation at the Watershed Scale [J]. International
Journal of Applied Earth Observation and Geoinfor-
mation, 2022, 108: 102755.

BAO G, BAO Y H, QIN Z H, et al. Modeling Net
Primary Productivity of Terrestrial Ecosystems in
the Semi-Arid Climate of the Mongolian Plateau
Using LSWI-Based CASA Ecosystem Model [J].
International Journal of Applied Earth Observation
and Geoinformation, 2016, 46: 84-93.
BLAKEMORE R J. Non-Flat Earth Recalibrated
for Terrain and Topsoil [J]. Soil Systems, 2018, 2
(4): 64.

HE Q S, TAN S K, XIE P, et al. Re-assessing
Vegetation Carbon Storage and Emissions from
Land Use Change in China Using Surface ArealJ].
Chinese Geographical Science, 2019, 29 (4)
601-613.

XIERK, R, FARE, 5. JRBATARME
Py iy ZHEAGSELT]. il R R CH R B 1D
2004, 43(4): 66-69.

LIU Weiqiu, YU Shixiao, WANG Yongfan, et al.
Estimation of the Forest Biomass with 3-Dimensional
Model at Heishiding Nature Reserve, Guangdong
[J]. Acta Scientiarum Naturalium Universitatis Sun-
yatseni, 2004, 43(4): 66-69.

R . b R T BB O ik R A T L XA R
FIFEID]. KIE: KIFEHT R, 2022

LIU Xingyu. Research on Calculation Method of
Surface Area and Its Application in the Hengduan

Mountains [D]. Taiyuan: Taiyuan University of



%50 &5 12

A A R TR R IE B AR 2 R GG B T

2499

[34]

—
w
(o3}

[

[37]

[38]

[40]

[41]

Technology, 2022.

XIE X Y, CHEN J M, GONG P, et al. Spatial
Scaling of Gross Primary Productivity over Sixteen
Mountainous Watersheds Using Vegetation Hetero-
geneity and Surface Topography[J]. Journal of Geo-
physical Research: Biogeosciences, 2021, 126 (5) :
€2020JG005848.

BT, AR, RREC. BN £ R R R Y E E
S BE B A (0 2 [T ]. iR B2 4R (5 BR#
J), 2016, 41(6): 842-847.

FAN Zide, LI Jialin, DENG Min. An Adaptive In-
verse-Distance  Weighting Spatial Interpolation
Method with the Consideration of Multiple Factors
[J]. Geomatics and Information Science of Wuhan
University, 2016, 41(6): 842-847.

B, TR, XL SR T L AR A S M AR R A )
W] BRI, 2022, 41(3) : 733-748.

HE Qian, WANG Ming, LIU Kai. Spatial Interpo-
lation of Air Temperature Based on Machine Learning
[J]. Plateau Meteorology, 2022, 41(3): 733-748.

VI, ABUE, T, 4F . PM2. 5k 2 1) £l B A pp
2500 2% 5 5 RS T vk e [T ). DR 2 2 4 (s
R L 2020, 45(10) : 1642-1650.

XU Shan, ZOU Bin, WANG Min, et al. Perfor-
mance Comparison of Artificial Neural Network and
Kriging in Spatial Estimation of PM2. 5 Concentra-
tion[J]. Geomatics and Information Science of Wu-
han University, 2020, 45(10) : 1642-1650.

XIEP, LIUY L, HE Q S, etal. An Efficient Vec-
tor-Raster Overlay Algorithm for High—Accuracy
and High-Efficiency Surface Area Calculations of
Irregularly Shaped land Use Patches [J]. ISPRS
International Journal of Geo -Information, 2017, 6
(6): 156.

CHENY Z, FENG X M, FU B, etal. Improved
Global Maps of the Optimum Growth Temperature,
Maximum Light Use Efficiency, and Gross Primary
Production for Vegetation[J]. Journal of Geophysical
Research: Biogeosciences, 2021, 126(4) : €2020JG00
5651.

ASCH, WAL, AT, AF L b R B IR Ot
FHARBELT]. Bh2fd 4z, 2006, 51(6): 700-706.

ZHU Wenquan, PAN Yaozhong, HE Hao, et al.
Simulation of Maximum Light Utilization Efficiency
of Typical Vegetation in China[J]. Chinese Science
Bulletin, 2006, 51(6): 700-706.

YU G R, ZHENG Z M, WANG Q F, et al. Spa-
tiotemporal Pattern of Soil Respiration of Terrestrial
Ecosystems in China: The Development of a Geosta-

tistical Model and Its Simulation[J]. Environmental

[42]

[43]

[47]

[48]

[49]

Science & Technology, 2010, 44(16): 6074-6080.
AR JET CASA 5 GSMSR A (1) Bk 74 44 1 %
WAL I 28 Bl R g R P (D). A TH bR
B R A, 2015.

SHI Zhihua. Spatial-Temporal Simulation of Vege-
tation Carbon Sink and Its Influential Factors Based
on CASA and GSMSR Model in Shaanxi Province
[D]. Yangling: Northwest A&.F University, 2015.
HE H L, GE R, REN X L, et al. Reference Car-
bon Cycle Dataset for Typical Chinese Forests via
Colocated Observations and Data Assimilation [J].
Scientific Data, 2021, 8: 42.

PASTORELLO G, TROTTA C, CANFORA E,
et al. The FLUXNET2015 Dataset and the ONE-
Flux Processing Pipeline for Eddy Covariance Data
[J]. Scientific Data, 2020, 7: 225.

ZHOU H Q, BAO G, LIF, et al. Integration and
Comparison of Multiple Two-Leaf Light Use Effi-
ciency Models Across Global Flux Sites[J]. IEEE
Journal of Selected Topics in Applied Earth Obser-
vations and Remote Sensing, 2023, 16: 3116-3130.
HE Q N, JU W M, DAI S P, et al. Drought Risk
of Global Terrestrial Gross Primary Productivity
over the lLast 40 Years Detected by a Remote
Sensing-Driven Process Model[J]. Jowrnal of Geo-
physical Research: Biogeosciences, 2021, 126 (6) :
€2020JG005944.

T3, AR, T, A KT ZGS I TW LA
A VLU SO % NPP I 25 i AR R [T ], 7K L4
MW, 2022, 42(1): 225-232.

XU Yong, ZHOU Qinghua, DOU Shiqing, et al.
Spatiotemporal Characteristics of Vegetation Net Pri-
mary Productivity in Yangtze River Basin Based on
7GS and Thornthwaite Memorial Models[J]. Bulle-
tin of Soil and Water Conservation, 2022, 42(1) :
225-232.

BRIGEZS, skIRHE, sk, 55 25T CASA ALY
LB V0] G 1 7 O I 2 AR A S B LS i PR 2 - LA
WAL R [T] K RIS, 2022, 29(3) -
253-261.

CHEN Xiaojie, ZHANG Changcheng, ZHANG
Jinting, et al. Analysis of the Spatiotemporal Evolu-
tion Patterns of Vegetation Net Primary Productivity
and Its Influencing Factors Based on CASA Model
— A Case Study of Hubei Province[J]. Research of
Soil and Water Conservation, 2022, 29 (3) :
253-261.

W SEAE, BoHt, L, AF . BT IBIS BN 1960
— 2006 4F i [5] [ifi 3 75 A5 R LRSS SR SE [T
¥, 2016, 36(13): 3911-3922.



2500

K

Al (fF

ISR Y

202512 A

[50]

[51]

[55] 3

[56]

YANG Yanzheng, MA Yuandan, JIANG Hong, et
al. Evaluating the Carbon Budget Pattern of Chinese
Terrestrial Ecosystem from 1960 to 2006 Using Inte-
grated Biosphere Simulator[J]. Acta Ecologica Sini-
ca, 2016, 36(13): 3911-3922.

HROF, B, SR A, AL TR REALAR R ) . M
B TSI IML Jeat: HUAR Tl L, 2022.
SHAO Ping, YANG lJianying, SU Sida, et al.
terpretable Machine Learning [M ].
Machine Press, 2022.

CHENS S, MAMH, WU S, etal. Topography

Intensifies Variations in the Effect of Human Activi-

In-

Beijing: China

ties on Forest NPP Across Altitude and Slope Gra-
dients[J]. Environmental Development, 2023, 45:
100826.
ZEfte, WAL, WY, AF . S TAER CASA
ﬁﬁNPP T AN B R 4 BT s LTV SE R R 4[]
A, 2019, 39(5): 1616-1626.
LI Chuanhua, CAO Hongjuan, FAN Yeping, et al.
Remote Sensing Estimation and Analysis of Net Pri-
mary Productivity (NPP) Based on Corrected CA-
SA Model: A Case Study of Hexi Corridor[J]. Ac-
ta Ecologica Sinica, 2019, 39(5): 1616-1626.
SUNQ L, FENG X F, GE Y, et al. Topographi-
cal Effects of Climate Data and Their Impacts on the
Estimation of Net Primary Productivity in Complex
Terrain: A Case Study in Wuling Mountainous Area,
ChinalJ]. Ecological Informatics, 2015, 27 44-54.
YANG W J, WANG Y H, WEBB A A, etal. In-
fluence of Climatic and Geographic Factors on the
Spatial Distribution of Qinghai Spruce Forests in the
Dryland Qilian Mountains of Northwest China [J].
Science of the Total Environment, 2018, 612: 1007—
1017.
P, AT, E S, S MR RAR A B4 A
LB e /O], HERAE B R E AR, 2020,
22(3): 482-493.
ZHANG Xinghang, ZHANG WANG
Jing, et al. Study on the Relationship Between Ter-

Baiping,

rain and Distribution of the Vegetation in Shennongjia
Forestry District [J]. Jowrnal of Geo - Information
Science, 2020, 22(3): 482-493.

CHEN X F, CHEN J M, AN S Q, et al. Effects of
Topography on Simulated Net Primary Productivity
at Landscape Scale [J].
Management, 2007, 85(3): 585-596.

eI, fete ) PRESE . B0 A% 2L 1k iR B

Journal of Environmental

[58]

[59]

[60]

[61]

[63]

P R LT]. A4, 2023, 78(9) : 2256~
2270.

XIONG Xueting, LI Chuanhua,
Topographic Regulatory Role of Vegetation Re-

CHEN Jiahao.

sponse to Climate Change[J]. Acta Geographica Si-
nica, 2023, 78(9): 2256-2270.

W, W, X, G — R g
JR B ALL K OIS A AL [T ] aRBOR A R (R R
M, 2021, 46(11): 1756-1765.

WANG Lixia, ZHANG Haixu, LIU Zhao, et al. A
Coupling Model of Net Primary Productivity Pattern
Simulation and Prediction[J]. Geomatics and Infor-
mation Science of Wuhan University, 2021, 46
(11): 1756-1765.

R, EARA, TN . HuIE X bk A P o 78 B
AR AN g LT ). A A, 2012, 32
(23): 7440-7451.
SONG Weiwei, GUAN Dongsheng, WANG
Gang. Influence of Terrain on Plant Biomass Esti-
mates by Remote Sensing: A Case Study of Guang-
zhou City, ChinalJ]. Acta Ecologica Sinica, 2012,
32(23): 7440-7451.

FAR, Wk, Rk, 4. B EE S TIREX
LA B Al 38 B LR e B R [T ], RS,

2023, 43(6): 2501-2514.

WANG Fei, CAO Yonggiang, ZHOU Shuhan, et
al. Estimation of Vegetation Carbon Sink in the
Yellow River Basin Ecological Function Area and
Analysis of Its Main Meteorological Elements [J].
Acta Ecologica Sinica, 2023, 43(6): 2501-2514.
TAOJB, WU W B, LIU W B. Spatial-Temporal
Dynamics of Cropping Frequency in Hubei Province
over 2001 —2015[J]. Sensors, 2017, 17(11): 2622.
XIE XY, LI A N. Development of a Topographic—
Corrected Temperature and Greenness Model (TG)
for Improving GPP Estimation over Mountainous
Areas [J].
2020, 295: 108193.

DR, W, BCE, S R A
PRI AR AL 5 5 b BT A S RS
W4 e (J]. A4 A& F 4, 2022, 42(4) @ 1276~
1289.

SU Shengtao, ZENG Yuan, ZHAO Dan, et al. Op-

timization of Net Primary Productivity Estimation

Agricultural and Forest Meteorology,

Model for Terrestrial Vegetation in China Based on
CERN Data[J]. Acta Ecologica Sinica, 2022, 42
(4):1276-1289.



