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Estimation and attribution analysis of vegetation carbon sequestration capacity in
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Abstract: The carbon sequestration capacity of vegetation is the foundation of terrestrial ecosystem carbon sink , which can
be reflected by Net Ecosystem Productivity ( NEP ). How to quantify the vegetation carbon sequestration capacity of
terrestrial ecosystems is a common scientific issue in the research fields of terrestrial surface ecosystems and ecology.
Estimating the carbon sequestration capacity of vegetation, as well as identifying its dynamic characteristics and influential
factors, holds immense importance for the sustainable development of regional ecosystems. Focused on the Beijing-Tianjin
Sandstorm Source Control Area, this study estimated the NEP from 2000 to 2020, analyzed the spatio-temporal variation

characteristics of the area using methods such as trend analysis and stability analysis, and explored the natural and human
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activity factors that affected the NEP by the Geodetector. The main results showed that; (1) In 2020, the average NEP of
the Beijing-Tianjin Sandstorm Source Control Area was 110.09 ¢C m™ a™', and the carbon sink area was about 3.591 x 10°
km”, accounting for 78.80% of the total area. (2) From 2000 to 2020, the average annual NEP in the Beijing-Tianjin
Sandstorm Source Control Area was 77.54 ¢C m>a™', with an interannual variation rate of 4.118 gC ma™', showing an
overall upward trend. The study area was mainly characterized by a significant increase in NEP , accounting for 55.16%,
and the significantly increased area was mainly distributed in the southern part of the study area. Conversely, regions with a
declining NEP constituted a mere 0.15% of the total area, primarily located in the northern arid grassland desertification
control area and appearing sporadically. (3) The NEP of different ecosystems in descending order was forest land,
farmland, and grassland. The forest land had a strong carbon sequestration effect, and its NEP showed an upward trend,
indicating a greater potential for carbon sequestration in the future. The grassland accounted for 70% of the research area,
and its total carbon sequestration was much higher than other types, showing an increasing trend. (4) The primary
influencing factor of NEP in the study area was annual precipitation, while the ecological engineering was also an important
influencing factor of NEP. The NEP in the study area was influenced by multiple factors, manifested as dual factor
enhancement or non-linear enhancement. Based on the estimation of vegetation carbon sequestration capacity and spatial
differentiation of influencing factors, this study also proposed suggestions for spatial restoration to some extent, to provide
scientific basis for decision-making on strengthening vegetation carbon sequestration capacity and ecological restoration for

the Beijing-Tianjin Sandstorm Source Control Area.
Key Words: vegetation carbon sequestration capacity ; Net Ecosystem Productivity; factor analysis; geographic detector
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Fig.1 Location map of the Beijing-Tianjin Sandstorm Source Control Area
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Table 1 Factors affecting the carbon sequestration capacity of vegetation
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3) . NEP S hmas a5 b 74.91% , H LA B3 32 (i e 55.16% ) , B 2 38 in i) D4R i 7E i o IX.
R, 12 X S O B KR T A, R I TR NEP B4R, M HE 2 R, NEP 5 FRAR Fa # 10) X I A 2 L
A3, A ETH LAY 0.15% , NEP JEARANAR 1 X35 17 24.94% , % X2 BEHOR A AE L8 T R 5
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Fig.5 Annual changes of NEP in the Beijing-Tianjin Sandstorm

Source Control Area from 2000 to 2020
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Fig.6 Spatial Trend of NEP in the Beijing-Tianjin Sandstorm
Source Control Area from 2000 to 2020
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Table 3 Percentage of NEP spatial trend change classified area from 2000 to 2020

NEP TR MR || NEP [ MG L
Slope of the NEP Area/km?  Area ratio/% || Slope of the NEP Area/km? Area ratio/ %
W MK Significantly reduced 410.22 0.09 2N Slight increase 90020.5 19.75

R IHIAR Slight decrease 273.48 0.06 B BN Significantly increased 251419.28 55.16
FEA AL Basically unchanged 113676.52 24.94

NEP . % 8 R G4 7 77 Net Ecosystem productivity

2.1.3  2000—2020 FAFIAES R G HH NEP 240 HT

2000—2020 AEANAAE S RGEEAN) NEP 1 &5 EIRAR IR A Actth > 4 H > R (18] 7) , PRHLVE R AFFE XA
NEP 7 HHaK v 1 i KA A8 R G0 T LA TR, I 2000 4F 46 bR Ay oo s B 0 KRR 5 BV X, 5 bl 2 B0 vt
KYPEIG PR X B AV E S RS, BB E 2005 4F 2015 4F 2020 4F i Al A S RGeS 40, B Hb [ ik
KRB AL A, DRI R A st VD A X SRR Bk NEP K rh R 3 AR

CO%km A #HHK XX HEH
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Fig.7 Characteristics of NEP and total carbon sequestration changes in different ecosystem types
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2.1.4  2000—2020 4FE LRV IRIA BEIX. NEP F2UE PR AT

2000—2020 4FHUH XD IR IR BEIX. NEP B2 RF20E MAIR (3R 4) |, ANl RR e B2 B A9 DX AR 5 LAY Oy« R
PEA (53.02% ) >FaEVERS (28.13% ) >TaE PERAR (7.41% ) >FEMEH 5 (6.77% ) >Fa E VR (4.67%) . B
FEIX NEP B2 PER AR AIRE 2 P v i DX i AR oy Fe e, NEP R PR R M v R s i b 25 4 X e i
U AR XA/

F4 FERRDFESEEX 2000—2020 £ NEP 3aE ¢
Table 4  Stability of NEP in the Beijing-Tianjin Sandstorm Source Control Area from 2000 to 2020

Il a1 TR HARAT G || BRE MY TR AR A7 L
Stability level Area’km?  Area ratio/% || Stability level Area/km? Area ratio/ %
FaE M High stability 128216.54 28.13% FaE AR Slightly low stability 33774.78 7.41%
FaE Mg Slightly high stability 21285.86 4.67% R E PEAR Low stability 241665.16 53.02%
T P45 Moderate stability 30857.66 6.77%

MEETa oA 1, U XD IR BELIX NEP 5 7k
AP 22 57 | MR 22 BRARE P R T 5 DX G R AR i
DX fia) R M X SR AR T R 3 (1] 8) o NEP £25E
g 118 DXl 0 A A T 5 D G AR DL B A AL
B AR 2545 NEP AF370 A [ (18] 4) KA, X 2L X I
EEBRIR 16 X AR IR XA E M . R A
NEP A28 PEE i A3 X, R IR AE 21 4F o] 52k H AR
SEHL A WAL BE . NEP F2 7€ M b &5 B AK Y

0 100 km

DX 35 B A3 A ARV 3 8 s VD b X LT R R R AR —

2y > A ST ~ y NEPF& &t

#B, 1% X Ik NEP &b 257K H s b, Rt S 3 EEEE D REtkhs RS

T NEP B ARG T R W RUE LR

2.2 FURKIPEIGFEX NEP S0 K £ 8 FUERULEAER 2000—2020 4 NEP 122145 75 E
221 ABEX) NEP 520 FLE Fig.8 Stability distribution map of the NEP in the Beijing-

Tianjin Sandstorm Source Control Area from 2000 to 2020

3 3o b PRI 2545 2] nt XD IRIA BELIX. NEP 22
SRR MR ) g (A (3R 5) , 2% I ZE X NEP 15
e B AN ), B B S %) 2 S SRR 0 g (B MR BN AR YR < AR Rk 5 (0.615) > AN H %5 £ (0.260 ) >GDP
(0.244) > B bR BE (0.214) >3E BFiE 558 (0.128) >4EH SR (0.123) > &2 (0.110) > + 55 K i
(0.048) > 1A DL (0.032) > 3RS 158 (0.016) . Horh AE/K S % NEP (9520 5 2534 0.615, %,
HFENAIZ X NEP 1 351 KA GDP LUK R 33 ARom B2 X NEP 152 0 2 8 KT 0.2, )iy 2
T IBBHAFERE AR R R AR S | A LR R RS R S e R RN S K
AT, BAWEIE D T A S0 PR 3R 58 5 95% W 2 PEAK TR R (P<0.05)

2.2.2  HARMPHEEEAERXT NEP B30

TEXT B R AT RO ASWF 9T SO PR 18] (9 52 B T #EAT 1 4R35, FH AR SIAS ) 52 o PRI 2R 22 ) A ] =
2 5 o s 555 T T e ) R T, S SRR (3R 6) |, 38 HAE A IR 2 s e o B I I 4R 3R R LA
TR AR R AN G R RIS T NEP 500 {5 I AH BL06 R I A B DM ], ARBY [ ik B ) 32 4R K
i HAEY SR A T S R, 5200 )R 0.801, AR K B 5 45 IR B s HAEFIITE 0.6 L b ik — D] 4F
Rk 7K e 2 R e R KLV VR P DR [ B e 1 i R IR
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x5 FERDFEREXEEEI NEP 2 mMIEE

Table 5 Contribution of various factors to NEP

AL B (q) HEF
Influencing factors Influence(q) Ordination
4EFE/K B Annual precipitation 0.615 1
AR Annual temperature 0.123 6
FHERRL i Soil clay 0.016 10
T HEA MUK B & Soil organic carbon 0.032 9
L HEE KA Soil moisture 0.048 8
2 Elevation 0.110 7
GDP 0.244 3
A2 Population density 0.260 2
ST HEMERIE Cumulative afforestation intensity 0.214 4
B HFLELGEE Intensity of returning farmland to grassland 0.128 5

F6 FENWIEAEXHIE NEP N ERZERMLER

Table 6 Interaction detection results of driving factors for spatial differentiation of NEP in the Beijing-Tianjin Sandstorm Source Control Area

=R G TEERRRL LEERHL L . HitiE BHRE
e R i E L A GDP 1% & - .
Factors FRKR TR ot e it oK L A B VN LR
ek B
SRR 0.615
Annual precipitation
HR IR
FHR 0.801°*  0.123
Annual temperature
O . v
HERhL i 0.627°*  0.161*  0.016
Soil clay
j: ey A'\E
A Lt i 0.625°*  0.160°  0.049%  0.032
Soil organic carbon
HHEE KR ‘ ,
%E.Ki 0.636"* 0.216" 0.161* 0.095 " 0.048
Soil moisture
. 0.724 0.330 0.147 0.153 0.178 0.110
Elevation
GDP 0.672**  0.536" 0.274* 0.276 **  0.316" 0.353""  0.244
AR
/E'.R . 0.688 ** 0.613* 0.301" 0.297 " 0.321" 0.405 " 0.319*" 0.260
Population density
ESap NS

Cumulative afforestation 0.687"*  0.511" 0.244* 0.251" 0.281" 0.366 " 0.336"" 0.337"" 0.214

intensity

TR B B

Intensity of returning 0.717** 0.492* 0.155" 0.164 " 0.233 " 0.307 " 0.428 " 0.50 " 0.483 " 0.128

farmland to grassland

R AR, xR AU TR

3 THEMER

31 itig

(1)NEP i 22846 7081

2000—2020 4E5UHIK M A BEIX. NEP [X A2 T 0—170 gC m2a™", i fkHE2E A2 & BRAE 2000—2015 4F
FHERVPTEIEBEIX NEP {5 B FEAE-125—125 oC m*a” ' Z 6], A ERE R R T —80 A2 R EE
5 PR W 2 BO RTS8 I B A — B, A BIF 58 I BE ( 2000—2020 4 ) AHAE T 3CHk (2000—2015 48 ) BFFE I BEsE K| B
RERR2F b S Bl U HE XD JEIA BRIX. NEP FFRGHT AR B, H 2015 4FJ5 NEP S FF e, S 8URMFFE NEP X
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W BFFEH BE NEP B RS2 90 F T3 BICIIAER R NEP 2248 K8 SR 2 0 b (] w8 WG s 41, rly pig 3 LA
Jo rps ) W 3 35 A0 D A B X Zhou SN SRS N RISEUR BLAE N ST A R — kL, (HAERS A B
(41 2004—2007 41 2012—2015 4F ) NEP H BLAS KR BE A T BE , rlREFNZ X T 0 0 Atk [ i B
FIBEZ 855 , Rt NEP 522 T R R 5% X RE 30 S B b X 2 24 25 R G0 AR, FLiZ L X K O SR 5%
bf, PR SR AR THEGAER R E I NEP 35, i b & T 5 5 S v b R 2 34 se v b o T 1 522
TRHLIX, Ko B = ASFFAE B A KA ML TR 3R 9 5 & iR B bt 5 P/ 3G ss  inssA pLay
53, I RR i NEP (A2

(2) NEP 5% K 28 25 [8) 435 50 B S fes 52 g il

SO TP IR A PR XA 2 I bR 22 NS S5 ) 25 55 R, INRRAN ] X8 s i PR A 25 57
KA 58 FE R AR 8 Bl L i — 2D IR A AT IX BN 2 I NEP IR 2 A7 B T USR5 Rl AN ) DX R ik
WA KRG HEMR ., LT 5 B JFAR SR 0—3.5°C , AFRF7K i 150—250 mm, 7% % 5 1800—2700 mm , PR
B HL 2 R i K T 52 e L [T e ), PR AR R 7K 3t (¢ = 0.704) AR (9= 0.67 ) 252 i 6 3 T 5 2 i
ARG EEX NEP P22 % KSR A 1 32 K AR BR ], AR B R BR M55 , LhBs IR Xl 3, A Db ZE ik
T T D% A D g YRR SR T VD Ml X IS T NEP $2 M i K i P2 M AE SR (¢ = 0.393) , mi e (g =
0.377) BT | 12 X SR AD AU G K U 50 m, ft 5 Ab e 24 2208 R SV 8 1725 m, = I il g 3 e
1M 2R AR AL, PR EARE R SR 5 SRR XZ X S NEP 52 Sy i B . T 52 T 5 5RO FR ) T 738385 3k
ot XA A K, 5 80— 1) TR 4 AR AR AT )R e R R A T T 3% BR S N AR Y g
T T AR T A SRR AR AR T A LD A R SR N AR S i A Rt AR TR L R v
S DR b 1 P b 3R R 2 M ) N TR R 38 A R SR A B [ . ZEAR BSOS NEP 5% 1)
KA ZE AR BFIL RGBT (¢ =0.335) , Fg A€ 1L B2 1L b P X7 NEP 52 0 5 KA R 2550 Rt i RO B (g =
0.275) , 3 P9 /1> DX S5 AF e R o 8 vy EL AU O R, A R AR R i, 2R 8 TR X X 3 NEP 2K, A
FEAG 52 4 it 7 1 D)5 i — 20 B NS0 2l , A S s 5 2 5o A B T O B A BB 3 o AR A3 R it S N
TER Ak, HE AR A B BE 7 5 R R ARE L Fe g Ly ki A 10 9 B e O R i AR S Bt fn i - b R P A RO L
I N R TP B AR B [ R ) A SR

(3) ANHff 2 T A AT R Ok Je 22

A5 52 B4 AR OB st 1] RUBE A BIR A e LA S 1 565 E 5000 o P, TR 0 2 B ir A F 9 245 % DA PR IE 5K
P FURAIRE , 7E A ARSI PR 2 T, e R T S AR A [ A e T B AR DG I SR - | AR DL S AR ERE )
8% [ Rk E 7114 [ SR PRI A48 KA 53 (A0 COL MR EE  RUTRE ) K SCAR AR 2R 78 5 22 1 AR SR 58 v ]
PIZE I 2 A SR PR30 FOX A e [T R e 0 s pL T . ASBIFSY BAR MMR B B B9 A B i T AR T
TR AR [ A e T B2 AR R B2 SR A A TR P /K R 30T I A s i), AR 0 B ot B RO K R AN &
HF SRR R LU A S TR AL TR0 0, - 20RE R 58 AE A TR X 1 [T e B8 T A5 il
ARMWFFEIRIT T AN [ 5 1) PR 28 9 9 58 A FHOR AR A [T ik i 7 R s i), (R SIS Bl 0 AR A B A2 2 R b 2 b L3R 1Y
LA R T RS A A AR R A T B LR A LA | (E S BRI AR R T X = AN K LA b A PR 2R AN B AR
FoAn] Lh i 5] A A 2 R 2 B vk (A2 R oA i A 32 oy o i ), AT 24 IR 2510 28 BAE R R A T
30T .
32 &g

AR SRS XD IRIE R IX A IS X, FI 3 B B2 Pk 43 Bt DA S s Ta] 43 A 46 5 4R 9T T 2000—
2020 R E KM EIAHLX NEP 1925 [8] 20 A RR AR S HAS AR R, A1) T b BRI 8% 2 0 T HAAR R 5 A
J1G BB X BRI JRIA BEIX. NEP B934, EELZELIF .

(1)2020 4E | FUEKIPEIG FEX NEP ¥{5 8 110.09 ¢C m2a™", 25 [A] 434 LA IC Xy 3, AR L 3.591 %
10° km® , 24 5 0F 5% X LTI R 78.80% , 2000—2020 4F L KL IP IR BEIX. NEP ~F-YJ{EH N 77.54 ¢C m™a™"  4F
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NEP BI{E SR EH G S PR3 4.118 gC m™a™ , NEP S84 @S X 5 SR 74.919% , K]
TIN5 55.16% , E A BT X G0 s NEP 52 R 38 DX 38l 0 T RS o R T ALY 0.15% , S BEHOR 43
AR R AR, B X I NEP fse YA i, Mo & ¥ 1 50 5m MR VE 1, L P NEP 2 3 L7
BB A 7S TR A S SR ke , AR [ BV F1 3, IEAh, F A Ry S KD RIS B IX P T
TR 70% BT B AR 25 R G5, LI B s A 2080 L S B i 4 | SR SIe AT e o o 28 i [T 3k 3 0 A 560

(2) AEFE/K X NEP [ 520 A2 B 0 3% R T HA DK 2 P 2, Wl AR 38R NEP 52 R R B 7E 45 B b s
FHIH, UEHAERFSE X TR TR R T, A R B IR HE X S IR X i 2 &,
AR RSN RS TR E W 5 T EE AL, NEP ZAESTRS AR HE SR EEZMETERNY
M), AN [7] PR 206 Bt i X IRTA X NEP 9 52 0 A J2 A0 57 14 17 228 B0 A LR - 34 i il e Pk 1
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