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Abstract; Based on the improved CASA ( Carnegie-Ames-Stanford Approach) model and soil respiration model, this paper
integrates multi-source data, such as remote sensing data, meteorological data and vegetation data, to estimate vegetation
carbon sources/sinks in ecological function areas, and explore their spatio-temporal variations and main climate influencing
elements in the Yellow River Basin. The results show that (1) the overall Net Primary Productivity (NPP) of vegetation in
the Yellow River Basin presented a fluctuating upward trend from 2000 to 2020, with a multi-year average NPP value of
317.18 gC m™> a™'. The NPP of various vegetation types showed that; forest land>cropland>swamp>grassland, and water
bodies, Gobi, wind eroded poor land and bare sand land were at lower values overall. On the spatial scale, the NPP in the

Yellow River Basin shows the distribution characteristics of high in the south and low in the north, and the high value areas
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are concentrated at the junction of the Loess Plateau agricultural and grassland ecological zone and the Fenwei Basin
agroecological zone, with significant spatial differences. (2) The maximum value of soil microbial respiration appeared in
2018 at 15.82 ¢C m™ a™', and the minimum value appeared in 2004 at 14.34 gC m™ a™'; spatially it showed a spatial
distribution pattern decreasing from southeast to northwest and from east to west. (3) The Yellow River Basin has a carbon
sink attribute in general (the carbon sink area exceeds 60%) The average annual carbon sequestration is about 111.02
MgC/a, the average annual carbon emission is =9.96 MgC/a, and the total annual net carbon sink is about 111.41 MgC/a.
(4) The formation of vegetation carbon sink in the Yellow River Basin is mostly correlated with precipitation and solar
radiation, and the influence area of air temperature only accounts for 12.44% ; the effect of vegetation carbon sequestration
capacily is the strongest when the temperature is 30°C , precipitation is 150 mm, and solar radiation is 550 MJ/m’. The
results of the study provide a reference basis for a comprehensive and accurate regional assessment of carbon sources/sinks
in terrestrial ecosystems to achieve high —quality development in the Yellow River Basin and meet the carbon neutrality

target.

Key Words; CASA model; carbon sink; meteorological factors; Yellow River Basin
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Fig.1 Ecological function zoning scheme of the Yellow River Basin
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Fig.2 Distribution of land use and monitoring stations in the Yellow River Basin
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Fig.4 Change trend of NPP in the Yellow River Basin from 2000 to 2020
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Fig.7 Temporal variation trend of R, in the Yellow River Basin from 2000 to 2020
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Fig.8 Spatial variation trend of R, in the Yellow River Basin from 2000 to 2020
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e e JE R B A S AR AS X ( T—3) , B v i X 32 B ) 1 JFOUK 3 Ak X, N 52y P i B 5 R Vb it
WAL ™ Y AE 2000—2020 4E E I AE Y NEP {50 137.83 ¢C m™> a™'  AEERR 204 111.02 MgC/a;
AEHERR EE I -52.47 oC m™? a™'  AFEIHERR N —9.96 MgC/a, AFEX il B 290 111.41 MgC/a, 21 4E[H]
T A B 2R NEP “FH{E 4 2857.17 ¢C m™2 a' AR B 24°K 2301.33 MgC/a,

SMASK T B R R AR M A XA R AR M, X 0T B 5% R AR Ak B bR T
AR (12%) 4 56 IZAFFE X A A 2 80 LR b R b Ay =, A 45 bkt 0 i 5 80 1 8 ) 22 3 S AR Ak
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Fig.9 Spatial distribution of carbon source/sink in the Yellow River Basin
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RS ARSI AE FH Sy 32, S B Tl it S i Y1 i v A9 A 25 DX 5 HUR SR VT 98 X —H e vy 8 e 2 J AR 25 X (T —
4) DAL T BT L X T P 2 AR A i M, R L i e ) O 2 DX AR KA i AR S
PG, Ay 26 F S 3k Rt PR i BB YT R ™ B M 1 B 7 A Y 56% , J& T B R AL X
21 4F R 500 MgC; 28 EL L i 5 g M MRAE 2R IX (T —15) Bt l— K AT L 1y st v -l
MAMAEZSIX (T —10) X Py 1L AE AR 4 %, B NEP P (R4 (H A 25 DX ARG 5 /0, B I e R 8
HR PEAR T 5RO DK (I ) 57 T BTy g dml b s DX, 32 DR e 2 8 DB I i 8y 2, AELAOE  ARAIG, JK  di 2k ™
H, Sy e U =Bl e R R AR A X (I —2) AP Sé oty e JE Pl R B S e AR A X (1T —3) AR L A TR
DX P S g S AR AR ML R e S A 2 D ( TT—1) SR S8 BT IX BV AT 3, BT YA A A A T BE IX AR A
o E BRI A R B P R LR =S [ AR SR

R 2 2000—2020 £ FHARE AT AR B ER
Table 2 Carbon budget of ecological functional areas in the Yellow River Basin from 2000 to 2020

T IR WRILIX Carbon sink area TR IX.

A IIREIX ZRNEP 1 BaNGlve s SR NEP 1 AR A $SRELVSII
Yellow River Basin Cumulative NEP Total carbon Cumulative NEP Total carbon Net Carbon
Ecological Function mean value sequestration mean value emissions Sink/MgC
Area /(gC/m?) /MgC /(gC/m?) /MgC

I—8 3782.473 37.80 -1389.22 -1.88 35.93
I—10 6330.09 210.48 -1210.22 -1.84 208.63
I—11 5217.68 257.88 -1573.7 -7.78 250.1
I—12 4074.87 847.78 -565.06 -12.88 834.91
I—13 3561.66 52.4 -2378.72 -9.43 42.97
I—15 7775.98 304.54 -1606.04 -2.85 301.69
I—1 1491.46 57.83 -838.83 -41.54 16.29
I—2 1711.81 47.01 -1253.14 ~109.63 -51.79
-3 816.94 0.43 -1942.47 -14.56 -14.13
m—1 3678.79 119.03 -680.46 -0.43 118.60
m—4 3779 605 -727.26 -6 599
HEFIR Yellow River Basin 4139.77 2548.70 -1101.90 -209.14 2339.56

I —8: i AR~ AR e i i ARAE S DX T —10 86— RAT Ll il i i bR AR 25 DKL T — 11 i iE B R AR S X T —12 3 4 g 5L
Pl FRFUESK | T —13 AR A S X | T —15: 2 E il Fm 55 SR R i kA A5 0K I — 1 PSRt g S R s A e AR 25 X T —
2. 5t R AR =B PR B A AR IX | 3 NS R R T R R B AR X I — 1 A3 L B AR e B AR 2R X M —4 VT X -
9 R 2R ) R A X

2.5 AR W AR IR/ T S AR i (K2 A

U5 Y e 2 P R B R AR SE 3 AR SCHET 3 BT s U5 1L B = A R BRI R
R (FK AR RBIEES) (B 10) T SR e AL/ Y1 5 A /K A (R S22 80 T A O, I AH 26 TR o5 F 9 IX T
T 78.08% , A AL 48 21.92% , BAH 56 DX 3 32 A VIR0 R X —H e o ) B JR AR S X (TT—4) |
AR LU ARAR S R FE R AR S X (TT—1) LR @ il SR ARSI (T —12) (Z3 0 L i 58 SR
MAERIX (T —15) A RE M X, 8 25 07RH OC F B4R rp A VEIAT Y DX - H e v € R R J AR R X (TT—4) i P e
T LA S AR 7 L AR o FE R RS IX (TT—1) A P L0 b X, 12 Ml XS Y A s, I DA g JE Ll ok 32
ZE M SZ RGN B /D e — e B L] T 3 W F /R A, Al g NEP S £ 7 5 H i LA
RPN R B R R IE ARG, 1 3 IE AR DG X F B A A B L S R S R R AR X (T —12) P AL
TSI IX. PR S T e S — o e e e T A A X (I —2) B G b X D K P S v I e AR e R R A
AX (M —1) IR 1 X, 72 Hi X B Ta) A3 0 B R R DX, BV () 3G 1 S5 B K B 2 aE A G, BRI AE T
ZHIX 2T R T T2 T 5 X, B AN DA AT AR A A5 28 ik B ) 2 b 2 B A AR 8 R e =
BHE,
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Fig.10 Correlation between NEP and meteorological elements in the Yellow River Basin from 2000 to 2020
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a3 W UM C BT TE 2 AO AR AS I T —11) MR B 2208 L M, AE AR U/ 5 K PR 4 S e A 2 3
TEARDE  TEAH 6 A8 5 iF 5T X TR AR Y 78.3% , Tk & XI5 21.7% , R 56 X 8k 3= B0 A T8+ g IR el 5 B
JRAEZS K (T —12) FPY S R — B e s e S AR 2 X (T —2) BV 3 b DX, B oy g 3k 1 Hpo i X3, |
T AR iU A IE AR G

AT 5, R AR A I S X 8 A S P 52 M 5, S-S il T L 87.56% , SR A S M T R4 1712.44%
BV P ek 9l X AR IR DX - H R e FE ) R A AR X T—4) A& LR = e R AR S X (T—1) 3%
IR P S AR AR ) O 2 i 5 v D %) 3 AR 2 30 = 2 a7 R BH AR S IR 4 i, 45 b T U E bR AR S X (T —
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RO R A X (T —12) MRS S R -l e i JFUAE S X TT—2) DR Rl R0l
AR (T —13) FEZREKER

Ay WINTREK SR R PSR S AT PR B A3 BB 11, AT LAE Y, 24 H BEK 5 T 50 mm B, NEP 7E6%
AL Rk H KB F] 100—150 mm B NEP {f 35 35 (8, H K B T 150 mm B B 25 Bk B 1
BN, NEP 22208 T REkaS [FaE RS, ER I E 2000—2020 4F H S BEK EART 100 mm 97 4 5
E 90% , H # H 1 32 B R /K B 19 7™ B 24 5 B IR T, NEP (B2 LT3, 78 0—20°C i [l ) NEP 484k
K, FEARTE S HRIE— S5 BT TG N I 8, 2 THE 2 30°C Z245 I, NEP 4340 ¥ BBl e ), EL3s 3 i KA, 150 I 4
TAE— R AR A AT R R AR R K BHAR X NEP (5 S0 < IR A A AR AR, Y
HAR5 8 7E 550—600 MJ/m’ {5 [l P9 B, A5 9% NEP G R5 5 7 9% 8, 28 Lo b, 2SR 30°C, [ K G5 3|
150 mm , K PFHAR 294 550 MJ/m> i 4B 4 [ BR AE 7 200R fe o

B 11 HiufE NEP SSKEZ AT

Fig.11 Fit function between NEP and meteorological elements in the Yellow River Basin

3 itit54R

31 e

(1) B IS B NEP A28 46 5 B K R FBH 4 569 10 R OGP B ok B 38, ST % i 1T AL e 2D, iX 5 Jiang F
AR A DA v ] il A 2 R GRS TR AR AT DG AR ST 4 A BT A, X AT RE S ST X Y R
KANA—FE K, IS R 2T 5 TR 2P S X AR A 4 R 7K s AR i ] B DX A
TEAAR LI, 52 R K B ] B4 [R] st % 575 2 380 K BE A S AR 52 3 B0 3 Ak v 26 8 by | R b s b R 25/ R
TRARXNTARAE  AEHE NEP X BUSPE AR XA, 00578 AR 2 Tl It AR B Bl L %) 5 el S 2 A 1, AR SUANAR 5
T EERGEZNEG K, E TS G R P T I B DL 4 MR AR A SR stk — 2B
TFRHLEISE

(2) AU AR B TE 2 A7k 3 R RUBE DX Sl A 0 i P OB, AR SCAE BB TE 5 19 CASA BEA I+ G Ak 4y W Wi A
BT AT YL S 25 AR AN T RE X i A T ARG (EATIAEAE LU B 8 M - — R AR SOR B A I 53 1 AR T
Eb 55 At B X EL 9 7 SUIHIE NPP AT R, BORS B, AR RIS BRI R 47 B0 AIE ; — 2 A SCHEXT NPP Al R,
ZE RIS A BLRE B[R] $E 56 UE NEP , K BE B AE50IE NEP (KRS B ; = A SCHF CASA #R SRk 4T T A s k&

http : //www.ecologica.cn



6 1) FAE A BN AR A U R DA BRI A SR R U 2R 2513

1E AR T R B ) RUBE f ORI , A58 §14) 3 FH 1 1 5 3264 T 2 RIE

(3) A SCHE BRI SR A5 A A T RE IX A T 43 XA 9 R o B U6/ 91, 7 B T S8 4 b AR B A S T R X A A1
BT X 1 i e A 2 DR A TS R 0 T, P SR R X (T ) S i 38 = B A e VR 55 T DX 3, 1%
b DX A S Az R A B A ) st T 0 7 i A ) R, X 3 — 4 L, T R A R ROBOR TR A
AR X O P, B KRR B R B KSR B (R B T A 5 AR b TRl A 25 X Rt 52 5T, % X
NG Bl KO B A 1 AR RN S A R K E % SR NEP RiE 245" NI g
TN B0 A A8 PR I T 900, A8 SR 28 5 A (B[R] Bk R A 2SR AR | vl i 1R AR 057t A oA T DT e o] 2 1 o
it R BAE A , 858 X IR RE Y
32 %

(1) BTG NPP (B AR (8] RO AR ) i # Z4E 735 NPP {H2h 317.18 ¢C m™ a™' , L IL
Hi 7% I 5 SRR AR AR 25 X AR Y NPP (B85, H 576.55 ¢C m™> a™' s MRS B> VE P> BE 1 KA oBE  XUpd
& MR ID HL Y NPP SRAL FHRARME ; B 2>k B> FH >4 Z A MU RUE I Bl NPP 2 80 i B s L ik
AR A3 AR AL, R (B IX A TR 7 o R ROl 5 o SRR S X S T ol AR S IX SE BiAb 25 () 25 57 3

(2) BT 2000—2020 4F R, {HAS L H KBS NPP — 30, # K {E 1190 2018 4, 7 189.90 ¢C m™
a”', B/ IMEHBRFE 2004 428 172.06 ¢C m™ a™' ;25 [A] 1 52 B0 ZR i £E P b DA AR A VP 0 O 3 D 1) 25 (1] 3 7 4%
Ja, e B A U T FE AR AR A X IR T2 B A A0S 3 L AR e R A S XY Y X - H R e
FE R JFAE X,

(3) BTSSR S AT 1 BT X3k 2000 4R 1Y 64.22% 38K 31| 2020 4E 1 76.31% , B5 K #a# DL 1
B G R A S X O e G AR LT 5K, 21 4R 8] 8 O o B NEP SEH41E l 2857.17 oC
m™ a”' AE iR EEZ R 2301.33 MeC/a, ZREHRIT St 2339.56 MeC,

(4) B T] L SaRAE A I T IG5 Ak /K RN R B8 S5 P R Sk e K, 1B i T R 87.56% , HLLATE AR 2
SR A2 5 12.44% ; 25 R A 30°C , FFE/K IR E 150 mm, K BHEE S 2028 550 MJ/m? B}, FEBY [ Ak g
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