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Abstract; Long-term dynamic monitoring of the Net Primary Productivity (NPP) and carbon sequestration capacity of the
ecological management project area using remote sensing data can evaluate the implementation effect of the management
project and provide strong support for the realization of the carbon neutrality goal and sustainable development of the area. In
this paper, we used Google Earth Engine ( GEE) platform to calculate the NPP of the Beijing-Tianjin sandstorm-control

project area based on the improved CASA model. The spatial and temporal changes of NPP during 2001—2020 were
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analyzed using Sen slope analysis and MK trend analysis, and the response of NPP to the implementation of the Beijing-
Tianjin sandstorm-control project was analyzed. The results showed that: 1) during the period of the Beijing-Tianjin
sandstorm-control project, the NPP in the Beijing-Tianjin sandstorm source area presented an overall fluctuating upward
trend with an average growth rate of 2.21 gC m™> a™', among which 38.03% was highly significant increase, indicating that
the Beijing-Tianjin sandstorm-control project has played a positive role in China’s carbon neutral task and increased the
carbon sequestration capacity of the area; 2) On the spatial scale, the NPP and carbon sequestration in the Beijing-Tianjin
sandstorm source area were spatially heterogeneous, and the spatial distribution was mainly characterized by high in the east
and low in the west, among which the warm temperate deciduous broad —leaved forest region was the highest, and the
temperate desert region was the lowest; 3) The rate of NPP growth brought by the implementation of the control project was
not consistent in different regions, and the rate of NPP growth from 2001 to 2020 in Beijing-Tianjin-Hebei region (4.74 gC

-2 -1

m~a"') > Shanxi region (4.52 ¢C m™>a™') > Shaanxi region (3.53 ¢gC m”

2

a”') > Inner Mongolia region (1.55 gC m™
a'); 4) The improvement of the ecological environment brought about by the implementation of ecological projects was
generally characterized by slow and then fast changes, with the rate of change in the latter decade being significantly greater
than that in the first decade in most regions. In Inner Mongolia, where the ecological environment is relatively harsh and the
desert area is widely spread, the ecological environment improvement had a certain lag, with the growth rate of NPP only 0.04
¢C m~a™" from 2001 to 2010, and only in 2011 did the NPP start to increase more significantly, with a growth rate of 1.67 gC

m~ a”' from 2011 to 2020. Therefore, the ecological project needs long-term persistence to achieve more obvious results.

Key Words: Beijing-Tianjin sandstorm-control project; Google Earth Engine; CASA model; NPP; carbon sequestration

capacity ; spatio-temporal variation
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Fig.8 NPP change rate in different regions and different time periods
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Fig.11 Vegetation zoning map of the study area
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Table 4 Vegetation zoning area and zone type

Rt [X 45 i et [X 45§, b

Code Region Zone Code Region Zone

i WP V& IR AR IR Wty IR AR A st VI Aiib R N e A Ui e p S W

VI Aia T R X b PR o R VI Aiic TR REIRDCIR i R R B
VIAib i R X Tt b 0 A e SR VIBia R HS TR A A Uit NN N S TR U AL LK
VI Aiia il R X I il B A ARAR (W) FOSUE A || VIBib TR RIS

AWFFELL 2020 4E NPP K45l | 43 A [RIAR B X R 9 NPP A3 A5 00 . A 12 F s, I T 7 P R P vk DX 0
A Tty G ER V% AR AR LT NPP P34 (B35 K, LR T T 0 i DX 3l ) g fy S 08 2 o) e Jip S b oy R0 4 i
FRAK () ) B SRV AT | PV T G0 LR 5 SRS b R T 0 SR R STV Ml R R S S T I
HHF , NPP -3 (1 S5 A 04 b vl Ay Yy 3 V62 DX Sl ) 30 8 AR | T8 A S V6 0 Mt R ol T AR | R B 3 1B T
HH

IAR 5T DL 2001 4E—2020 4F NPP 224k R 6], 43 BT AS [FIAE B DX K] (1) NPP 20 4[] ) 28 f6 38058 53 A1 1
B, W 12 fis 8 AT Y NPP A8 fb 3 300 A RRAE A NPP S35 (B 50 A7 SEAR AL, 8 T HF V% - R 1 bR X 35
4 I Yk ARV AR AR A 1 NPP AR A3 38 55 K Y5 75 V5 DX 3 ) 30 o T AR | AR 0 7 Y S i Rk ol
K CEERTEEY #7171 NPP AR (b R fe /N, AF5E DB B2 B4 1 B %, BB T Rt R A B T RE X AN
)2 28 RGN BTE PSR I AN — 25, 76 AR 2 SN 55 () e B B i 2T e I by, 7 B R oA, o
TN A TR AR B

300 L \ [ NPP-3fE
Senp} &

200

100 \\/ 1

Sen £} Sen’s slope/(gC m2 a™)

GRI R A = JINPPF- 241
Average net primary productivity/(gC m™ a™!)

E 12 2001—2020 £ REHEH S X NPP EHER T ERLEIT
Fig.12 Average NPP and change rate statistics of different vegetation zones from 2001 to 2020

3.5 [EwRIRS RESIVEAG 23 Hr

SUALKD IR BE A TR X 2020 4 BRA7 AR [ Bk B A0 13 Frs, b AT AR HY U U s 21— 1
TAEIX 2020 AF A T AR I Bk 2 18] S PR RO, 25 (6] 0 A1 L5 NPP 23 Ai fis SO, 3228 52 IR AR g, P A
R s o R B BB IR KA KT 750 ¢ m™2 a”! M PH AU ERFe /M /N T =450 g m™2 a™' i —2 % TR X0,
£ X BB R AT 0 (B 14) | B BRI (<=10000 T/a) B DXCELIE 20 A, 8Tk i/ i) DX EL

http ; //www.ecologica.cn



6 1) AAET A UKD U X NPP I 2 A8 {0 K HOX A B AR S 4 0 B 2417

(—10000—50000 T/a) ¥ X B3t 52 A k509 X E (50000—150000 T/a) 3 36 />, B[ Bk & 5K
X E(>150000 T/a) (X B3 32 4 EAORE , — 10 TR IX A3 9 X B i AR R LB Ao i AR [T Bk s
I A S 1 [ e i 95 e 0, T WG S A DX B pl T B T R T e 0 R ke G [ e Il 95 e T 55

JE [ B e/ (T/a)
B #E/(eC m2a™) I <-1000000 I 50000—80000
B <-450 []-50—0 [ 300—450 [ -1000000—-300000 I 80000—150000
B -450—-300 [0 050 M 450—600 [ ~300000——10000 I 150000—250000
I -300—-150 [ 50—150 M 600—750 [ ~10000—10000 I 250000—350000
[ -150—50 B 150—300 W >750 777 10000—50000 B >350000
13 2020 FHEGERERS 14 2020 EEXEMZEWHR

Fig.13 Carbon sequestration per unit area in 2020 Fig.14 Total carbon sequestration by district and county in 2020

4 e

I HAE 5 EE RO X A A 2 B AR A 7 o5 (W AH DGR, (R R R R e 2 RUOBE R A w8 A7 )
AAEBIFGRE , SCEER R DX 3R TR AR R 2 A 7 T B TR BE 1 520 1 ARV AE . AR ST e XD iR
XSGR ZEROR B RSB E A5 AR T X B NPP, 5 5L Sk B0 A6 5T XD PR A BT R S 3 6], NPP
HR SIS LT RAH, I NPP S SR R A O , M, AR 9T IO 45 SR S W kR A T AR 2
PEABAE) SEPFAET B A (I g 4 R — 5

TR P8 R, SRR TS 50T KA T A28 R GE R e Bm A &, S A8 fe Xt NPP 1)
SO FEAE DI 2% S8 T e XUV Y DX 94 A [ X3, 592 o s 7 25 1140 30K 2 PR -t 3 AR AR T 00 PRt A
W50 Tk — 3 U XDV IE BE TR B NPP A2 318 T HFFE1X 2001—2020 458 4F (1) - < IR
FAEY K (B 15) , 915 NPP i AT T AHSEYE ST, & BRAEIF ST Bt BE PN, IR 51X A 4 S 449 A< TR R A7 S 24 [ 7K
5 NPP WAHCRECH 0.119 F10.185, BHIL, Bk F , FEA SCAF 9T X3, SR 75 NPP 28U i 2%
AR, X 16 B F T R R D R A B TR A0 ST R () NPP 3 9 38 B R A =S AR A, Rl e 1
P NPP 36K 3288 mU e KU VD J50A T T AR R Ak 97 KU V025 AT sl 52

AT BB EREA FH SR RUA B B M KT P ) BRI SCIE I A CASA BRI R 2855
T G S5 () CASA B HTHRAS 210 NPP 5 SRANSRAEAEAT . AR5 TR B IX 25 G 1 L3
USRS BT T GEE =76 W12 MODIS 347 i, i SR 25 I TR # 1 NPP 4551 156
AT DL XI5 DX S a7 490 6 S RE R FH A A0 11 47 e, 745 31058 BRI 5% IX 18 Bt 119 CASA B R n] LA
i1 FH 25 18] 43 30 0 e () 18 B A, i T HIRAR BAHC SRS AL AR AR vh A7 31030, AR5 BT ol FH P A6
R RLEA 5 T TR R i i I B T e £ A %, AR RSt UE W] T GEE = P & 7R K
S} [o1] 1 1) s 2 i e ELA i R A 3

5 #ig
ARG R T X RCE R IR A B AR A SERERSCR AT sl A W, A GEE ## 8 = 5 5280 1 X mUE Kb

http ; //www.ecologica.cn



2418 xR 44 %

—=— NPP —o— S —A— Pk 210 520
= 150 |
! 48
g 11s
Y v 7 s
> K]
R.~ v - E]
42 100 | 6 2 g
pgé'g E‘ 7 &
3 a o 8
@ -4 4 &= &
£ 50}
g 1s &
3 42
~
Ay
z
0 1 1 1 1 0 . 0
2005 2010 2015 2020
4FA4 Year

B 15 2001—2020 £ NPP 5SSKHBEBTHER
Fig.15 Changes in NPP and meteorological data from 2001 to 2020

Y5y 3 1 TR XS A iR A 7 T AR B e W R B e AR A R B A, R T IR E B T . LSS
.

(1) FE TR UR X 36 B (E] (2001—2020 A7) BTt XUD R X NPP g i 2 38 3l b T 35, S 2538 5 oy
2.21 gCm™ a™', JCAR S 2500 DX 38.03% , 156 B s HE KUV 15 38 TR 6 10 o v R A 55 1 T AR
VR, 380 T DX 38k 1 [l A

(2) SRR IEIG B I TR XA NPP A ok s () S B PR RO, s ) oA b 32 2 2 IR ey, P A1
B ARE A, v R 9 I ] b R DX 5, TR e T X BRARAIG . DA 2020 4F NPP R 6], 5 RS X (298.84 oC
m”Za™) SIPEHLX (198.39 ¢C m™ a™) SPEPIHIIX (126.95 ¢C m™a™") >SS HHIX (126.31 gCm™a™"),

(3) VA TR RS K T X4k NPP R34 (A7 B0 RE 520 BRVY | L P b X 398 A B O A —
#,2001—2020 4FEHY) NPP 345 U3 [X (4.74 gC m ™2 a™') SIHPHHIX (4.52 gC m™ a™") SBEPEHLIX (3.53 oC
m”a™) SHNFEHHIX (1.55 ¢Cm™a™) , FUHEEE 1L PG AIRE PG b X K AR R4r A BE 7 55 52 o, NPP I3 K
P A, LI, TN S X T VD A T A A R T AR YR B R, R R,
NPP A3 I AR T e X

(4) A= T AR S T A ) A A5 B BE 1 i3 PR S A 5 D R a5, 446 TG 40 DX 3 4 8] 14 A8 b 3k
AR ERTETAE, FEARG AR B IX | A 25 TR A9 S BT 7 ok B 3R B8 A0 J2 37 AF L2 1Y
MAEAE SR A S, T DX A7 14 PN 58 oty i IXC, A A5 P05 ) o038 DU LA — 2 9 i J 12, 2001—2010 4
NPP 3434V 4 0.04 ¢C m™ a™", HF| 2011 4F,NPP A JFUAA % W B A K 2011—2020 4F NPP M43 1.67
gC m2a’',

F PR EE & IR 6 ] RIS AE 28 TR XIS A I e B S 2 0, A7 Bl %6 31T B et
TR IPPAL s E R IR A BE TR XS 2001—2020 4F (9 s HE XD IR X NPP 38 ke 2] 1 BURAE L, 53 AR
WM X NPP 558 Sy e, BRI, o EE KD IR SN, SRR 2 fite |, % BREE 0 45 118 b DX fin R S it
HEE,
£ % ik ( References) :

[ 1] Xiao]JF, Chevallier F, Gomez C, Guanter L, Hicke J] A, Huete A R, Ichii K, Ni W J, Pang Y, Rahman A F, Sun G Q, Yuan W P, Zhang L,
Zhang X Y. Remote sensing of the terrestrial carbon cycle; a review of advances over 50 years. Remote Sensing of Environment, 2019,

233 111383.
[2] A, &8, TaA, WiE. SRS RERALTE Sb A BAsP e sh Rk BBl , 2022, 52(7) : 1419-1426.

http ; //www.ecologica.cn



6 4] BT A AT IR X NPP I 23 28 Al S H6E I BT A STt P P 2419

[ 3] ARICR, B, Wbk, 2ot BB A 7 I RO BT . AR50, 2005, 24(3) : 296-300.

[ 4 Cao S, Sanchez-Azofeifa G A, Duran S M, Calvo-Rodriguez S. Estimation of aboveground net primary productivity in secondary tropical dry forests
using the Carnegie-Ames-Stanford approach ( CASA) model. Environmental Research Letters, 2016, 11(7) : 075004.

[ 5] BulutS, Ginli A, Satr O. Estimating net primary productivity of semi-arid Crimean pine stands using biogeochemical modelling, remote sensing,
and machine learning. Ecological Informatics, 2023, 76 102137.

[ 6] Xiao FJ, Liu QF, Xu Y Q. Estimation of terrestrial net primary productivity in the Yellow River Basin of China using light use efficiency model.
Sustainability, 2022, 14(12): 7399.

(7] Bk, B4, Z=5il, SRS, Mt S RGP IER. BT, 2001, 20(5) ; 564-575.

[ 8] Jrkiz, dMitde, &HUE. CORIC SRR 26 R A S R GBI, MWE A4, 2001, 25(5) : 594-602.

(9] FR/NEE, HIUED, J0m5E. AR Rl AR 35 R SERRAGFR AR 0. A A 2524, 2007, 31(2) : 175-188.

[10] RIS, JFE, F7ta, MR, i, A, S R K A IR i 2348 Jm) SRS R 3R . A A= 252741, 2014, 38(1) ¢ 1-16.

[11] 3Bk, k4, B8, 4R10. 2000—2014 4FIFA8 DUJR V-4 Vo 375 Y i A 4 NPP Bt 2 2846 S 3R 36 1 4007, K £ AR R0 5T, 2017, 24(6) -
267-272.

[12] [FIBk#EE, XIEEEE, A5, i, 22800, PUdeRpdr Aty Jonhas 28 (b R RS & K RAREEDFSE, 2019, 26(4) . 367-374.

[13] 3, ZFE. 2001—2012 FPG LT S XA S b 7= i as A8 Ak, A3 2%ik, 2015, 34(12) ; 3333-3340.

[14] ZE, HEE4E, SKMSA, ffRIR | EIFAT. 2T Thomthwaite Memorial B (3T 54 4531 B 48 Al AR A 72 1 It 28 AR AR RRAE A0 4T . VA4
AR, 2018, 46(7) : 287-293.

[15] LiCH, Sun H, Wu X D, Han H Y. An approach for improving soil water content for modeling net primary production on the Qinghai-Tibetan
Plateau using Biome-BGC model. Catena, 2020, 184. 104253.

[16] Potter C, Randerson J, Field C, Matson P, Vitousek P, Mooney H, Klooster S. Terrestrial ecosystem production: a process model based on global
satellite and surface data. Global Biogeochemical Cycles, 1993, 7(4) . 811-841.

[17]  ARICR, W, bt B, 2550, B, 5T GIS MRS (9 Xl b A NPP A B ——LL P 5200 R . 3@ iR, 2005, 9
(3): 300-307.

(18] kMM, ZEE, P, FEk, 25088, T GEE BIR 2z 6 1Y = 1L IS B I8/I0 i 23 28 fb R 5T, AR IR X, 2023, 35(1) :
231-242.

[19] SB&EYF, ML, BER, BEFER, 7530, XSUE. 22T GEE V& 1Y 8 FUER MG Bd w1 A 7 Ty I 28 AR RRAE. AR 252440, 2022, 42
(13) . 5437-5445.

[20] Z=fh, BIESL, FGHHR, #4, TRE, vl T GEE Z-F 6 B9 0 ] Uit J0AE 4 8 o JE I 25 AR AR R AR, JE e 224, 2021, 46(5) :
1439-1450.

[21] XUEF, SREL, HERZE, HIVeF, 1A . CotHRIbIRTA B AR ) s 4. Mol Ak, 2013, 38(6) : 92-95.

[22] X3H, 2007, SO KIS IEASE TR T AR AT, dbat . hEMOl T M, 2010.

(23] EWH]. sCHRR IR TR T ALl R 4. AR, 2010, 9(3) : 81-85.

[24] K%, P00, £9€, e, stE B IR X B XUE VDD RE R I 28 2840 R H X2 5. FARBRIR2A4T, 2019, 34(5) : 1041-1053.

[25] "R, MRHE, SEoKkIg, RI5R. 2000—2012 4F mUAL YD I B KA 408 o I = A RRAE. /R 252441, 2014, 34(17) : 5007-5020.

[26] ZEPOU, 3k, L£I€, Hhmit. sORRIPIRIX 2000—2015 AR 3RI0 A K22 R 5T, b2k, 2018, 25(5) : 298-304.

[27] Do, WA, FLAM, a0, R, BT st R U8 DR 228 (M. e R 2424 . A SRR, 2019, 42(1)
242-252.

(28] ZEniy, SIS, TG, RURKIDIGA B AR [RIVR A 5 it X B i IR A2 G AR ) 22 S sl . Bl 2441, 2018, 27(5) : 1-14.

[29] WuCY, Chen KL, Chongyi E, You XN, He D C, Hu L. B, Liu B K, Wang R K, Shi Y Y, Li C X, Liu F M. Improved CASA model based on
satellite remote sensing data; simulating net primary productivity of Qinghai Lake Basin alpine grassland. Geoscientific Model Development, 2022,
15(17) : 6919-6933.

[30] Bao G, Bao Y H, Qin Z H, Xin X P, Bao Y L, Bayarsaikan S, Zhou Y, Chuntai B. Modeling net primary productivity of terrestrial ecosystems in
the semi-arid climate of the Mongolian Plateau using LSWI-based CASA ecosystem model. International Journal of Applied Earth Observation and
Geoinformation, 2016, 46. 84-93.

(317 CRICR, WML, SREUK. P E RGBSR AR TR A S A A 5243, 2007, 31(3) : 413-424.

[32] Tian HW, Ji X J, Zhang F M. Spatiotemporal variations of vegetation net primary productivity and its response to meteorological factors across the
Yellow River Basin during the period 1981—2020. Frontiers in Environmental Science, 2022, 10: 949564.

[33] Xuan W X, Rao L Y. Spatiotemporal dynamics of net primary productivity and its influencing factors in the middle reaches of the Yellow River from
2000 to 2020. Frontiers in Plant Science, 2023, 14. 1043807.

[34] CPAEARIEREHEE (L 1000000) ) BZILBEH AT H AR, AZ5%4R, 2008, 28(3) : 1337.

[35]  skmrms. e A RALFTEFE#E I (1:1 000 000) « HuJ5T i RiAt:, 2007.

[36] WRE, iR, MG K. ZET MODIS NDVI A RUH KPR T RGBS (L sh A . PYbAkagBe244i, 2010, 25(6) : 210-215.

[(37] %54, JUEmW, 84%E, W sORK U BEAE LRAESBRITA. TRXFIH SRS, 2016, 30(11) : 117-123.

[38] LS, JKEEWK, BoHEAE, BRITH, SI/NMA, 1255, BERTLLIX 2004—2014 4EHTBE NPP A4 2800 R ORI IR 7. AR 45241, 2017, 37(9)
3084-3095.

[30] BEBE, THEE, NSHT, W6, 200, BHRE, R SITVOIRAE NPP il LR ACIR B T . PR S TR R,
2023, 31(3): 523-540.

[40] 3, BV, AEAMR, SREL. RUARKDIR XK [l 53 AR o AR A0 S U R AT, o2 FHAE 243, 2021, 32(8) + 2895-2905.

[41] HeP X, Ma X L, Han Z M, Meng X Y, Sun Z J. Uncertainties of gross primary productivity of Chinese grasslands based on multi-source
estimation. Frontiers in Environmental Science, 2022, 10; 928351.

[42] Xiao J F, Davis K J, Urban N M, Keller K. Uncertainty in model parameters and regional carbon fluxes: a model-data fusion approach. Agricultural
and Forest Meteorology, 2014, 189/190: 175-186.

[43] LiuLQ, Gao X, Cao BH, BaY J, Chen J M, Cheng X F, Zhou Y, Huang H, Zhang J S. Comparing different light use efficiency models to

estimate the gross primary productivity of a cork oak plantation in northern China. Remote Sensing ( Basel, Switzerland) , 2022, 14(22) . 5905.

http ; //www.ecologica.cn



