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region of the Loess Plateau were quantitatively assessed,
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Carbon storage and carbon sequestration potential of new
afforestation areas in hilly region of Loess Plateau

—A case study of Youyu County, Shanxi Province
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[ Objective] The carbon storage and carbon sequestration potential of new afforestation in the hilly

in order to provide theoretical support for optimizing

forest carbon sink management and carbon sink trading in this region and similar regions. [ Methods] Taking

Youyu County, Shanxi Province as the study area, data from artificial afforestation projects from 2012 to 2024

were systematically compiled. The biomass method and the Logistic growth curve model method were used to
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estimate the carbon density and carbon storage of different carbon pools C(including biomass, dead organic matter,
soil organic carbon, and total carbon) in the new afforestation area, and the future carbon sequestration potential
was predicted. [ Results] @ From 2012 to 2024, the carbon storage (calculated by carbon) increased from 6.18 X
10* t to 2.49X10° t, representing a 40.29-fold increase. The inclusion of baseline soil carbon storage outside the
original boundaries was the core driving factor of the increase. @ If the contribution of baseline soil carbon storage
from the new afforestation was excluded, the carbon storage in 2024 would be 5.05X 10° t, with biomass carbon
storage accounting for 93.19% , making it the main carbon pool. The total carbon density in 2024 would be 14.98
t/hm?*, lower than that of existing forests nationwide. In terms of tree species, the carbon storage proportion of
Pinus sylvestris var. mongolica in 2024 was 79.57% , making it the primary carbon-sequestering species. The
carbon density of mixed coniferous-broadleaf forests and P. sylvestris var. mongolica was significantly higher than
that of other tree species, indicating that these two tree species had greater carbon sequestration potential locally.
@ By 2060, the carbon storage and carbon density were projected to reach 4.78X10° t and 1.42 t/hm?,
respectively, and the carbon density would be slightly higher than that of forests nationwide. P. sylvestris var.
mongolica would remain the main carbon-sequestering tree species, but mixed coniferous-broadleaf forests would
have greater carbon sequestration potential due to their higher carbon density (210.46 t/hm®). [ Conclusion] The
new afforestation in Youyu County has achieved remarkable carbon sequestration effectiveness. In the future, the
forest carbon sink capacity can be further enhanced through measures such as optimizing tree species structure and
transforming shrublands, and the value of carbon sink ecological products can be realized by leveraging the national
carbon market.

Keywords: forest carbon sink; carbon storage; carbon density; carbon sequestration potential; hilly region

of Loess Plateau; Youyu County, Shanxi Province

AR AT B A 28 T I A f ™ T L S HL Pk R
PE B FRBE (] {2 — 2GR A7 8 i AR OMR Bl Y 2 B
PRI 2R AR b 3 AR A e HE 3R IO 6T 3 — ] 8 (7 i 2L
A o K — 2 B A A (B A AR A 2R
29 ) Cat HRLE 43 ) A T B2 B 5 ) 55 Iy W A A2 Ak 2
2y, R S 7 A AT R ] PR A 4 56 T R AR R
2020 4F 9 H v [ #2030 4F “ Bk ik 6 7 5 2060 4F “ Bk
R B RS BRI R AR bR T AR L L [ RN 4
FE I A R K [ Bk BE 7 A Ry 52 B Bl b R Y RS AR
F 20 tH 22 80 4F AR LAk , v 5] 38 o 52 i — 4k Bl 47 Ak
TR R PR AR TR B VIRV TR A — R AR
ARG TR B N TR AR 2 R, N TR AR
£7 T FLIK 9.24>X 107 hm®, 7 b [ £ Ak 5 T AL
37.41%"% 5 N T ARE BLE X 3.39X10° m?, F AR
BEBEM19.27%" il N TR BRARERIC R 5
#HEETTEEH

AR AR At 2t R Btk v ) B R AE R AR BRI fig
W T 0 JE iy, X TV DAL M Bh S AR A A
B YRR G R A N R A Y R
B REHLE AR BRI R R B R
PLARY K Sy YA 7R I Y SRR B R A5 A
o AR R B s R 4 O AR AR A i
T 55 0 B 32 A0 e 45 B fe A it o AR AR W i
19 77 3 SR AR A E AT 0 A, B ARORG BB R T4

R BABEIAE A& T RS 35 18] 4 3R 45 4
Yy AT 3 e A ST S A RO Y S B A IR L
TR RUEE ik it e Al SR I, 2 2 R A T N
FHEY T3k o BE S A0 0 5w B 2L N Ay
JIIT REEF AP A & TN R 57 0 Rk
S 10 o W R ] i S e e T NS B
VE AN YR DN ES A I IS R TR PR i
WETE o 3 S AL S 0E DR B (F A B A RN
%, — MM T A Bk I 5888 R Bl 3 . alr s 4R,
B P Ah 27 2R AN T6) O i 0 A R0 DR R X
SR RE I AR BRBIR A i B BBV O AT TR ST LB
1 T W58 7 1 B9 AN [ A R DX P ) 22 5, 2z H i
RRARBR fiff 2 BT 5E 22 B S8 9 A )2 B L — A il
et P AG AR D W B AW SR A HL L A L
B 25 SR I 19 25 B VERT IE S BT IE A5 R AT AEBCR
ZE5t o BLAh, A WEIT 32 250 T AR MRAE 28 R L A0 Bk
filf AT 9T, % TN TR AR A i i B D .
I, A BIF S0 A W) o 125 F Logistic A= 4 il G50 71 s F
T8, REMEWA TR HEAR AT, I
BT R A W SO P B A BILSURK IR | A L AR
FIAg A T30 T 0 A AR L DT 52 0 %o A A X R 49 36 A
e i ek R 8 R 140 U3 B A0 0

o i e B X A AR A A A o
A B B oK i A KD AR i e Sy T AR 2R 3R



322 pi s U E SR

46 %

B e ss s Xz — o & LTS R B
TR, Z XA SRR ESGE . AR
AT I PG, b £ R Db 2, J8 T i
SR o= N ol 7 P S A EE I ARV O IR R A (T N =0
76.4% MRARGEALF AR 0.3%, L3t 70 a ke B HF A g
FEAR 38 K, I3 A AR BR B , ROR S 1k 38 4 1w 31 H AT Y
54% , AR IS R G0 1 Bk e ) A5 B W T . 4T,
rh [ 7 LS I B T A A R ik T b BURS BIK B Y
e 7 37 i) FE A &, I rhoMROE e 2 B B T 3 0
B Hy P A A B B T B 6 kT = A R]
CIBIER! NGRS N R ST o S S I
I B 1) ik it o P AR RN SR vk o T A B
DLAT R B ), G 5 R AR W R R AR X Y
2012—2024 4 N T8 14 3 MRk i 5 Bk %5 EAT T
Al BRI , 53 A7 FCAS [ Btk 3 AR ol %) e i 2k 0 e 285
& BT MR AE K s A AR Ak, FF X 2060 4F Aif 19 fil I 1 77 iF
AT FI 3 A, B FE 8 A N PEAS B B XN
T 38 AR T oS A5, o A i T 214 b RR AR B RE T L LA B
I B Ak T 37 4 20 e Y 2R 28 (B S IR 4 AR R A AR
Wi o[]S, A9 AT Oy 4 R AR AN PR B M 55 X AR AR
F R {85 A B2 A3t AT S 0 b [ O 8, 4R T
] o 00 AP e e o B A 1) [l s 52 i) o LA R R S
1 BikLJiik
1.1 HREEER

F o BE AR AR R 112°23'33"—112°38'35"E,
39°41'18"—40°17'54"N, #i b 8 4 v JRU A L 4% , [l 4 1
L1969 km?, #5454 2 1K 4 HEIX . HLJE Hb 5
A LLHE - Fe e A A 1 X L MR ]
%, M4 1 226~1 969 m, 35 P 0 K T AP $E R T,
TG e v L b, R A L2 B B O F L, 2 KK B R
LS A A ARt A = ME IR S A Ld i i) TR
SEAET I W SO0 o A S IR DR Bt R KU L 4E
PR K B 410 mm, EEETTE6—9 H 4 F A
X BE R 6004, 4F P2 28 A ik ik 1 761.3 mm ; JC 76 )
R 104 d 247 5 F R RGE 2.7 m/s, UK A%, +
b o S DR UL S 1R Sl B R o e M D W e o
SEraat MARYD Sy 32, b ML, BRI Z5 i B 25 . 4 K
SR B S R o A AL T L TR TE K el 3 B
B AEREAR , BN B (Salix cheilophila) 1
B (Hippophae rhamnoides) . $ £ F (Lespedeza
bicolor) ; Fr. B w1 & 4 TLAK XA A T4k Al /0 i 4
(Populus simonit) . ¥ ¥y (Pinus sylvestris var.
mongolica) . M ¥y (Pinus tabuliformis) | i (Ulmus
pumila) TP R Y 4% (Caragana korshinskii) 55 B F

SR O3 AT 5 T B TOURE 43 A A7 R 9K Ml e T T R
WA T AR ISR
1.2 #H#EFKIR

AR SE A AN T AR A R BRI R 4
ML 201248 2 H A7 AN T8 3 38 b (R4 Gl %
SR A RS 5 E Ik GRAT) ), & F R % SR
H T H IF T A )RR M T 20124E 11 H 8 H .
AN TR TR H JF TS5 AR —80,
35 (I H R A = A0 B AR TR R
VPUEIRHE TR R OR TR AE A xR T/ B — 40 iR
AR T AR, 3 — 2% & TR I H 0 GE ARAE 5 11)
it T[] ) e e 45 ) 3 A7 i 38R 07 326, 75 310 4% T
FRIGH Y 38 RAF BE 3 AR Rl |3 bR AR TR SE LA
R A % RE WA AR AR ST S i TR H E B
KR D, @A T 33 725.37 hm?,

F1 AEE2002—204FEANTHBERTIETEER
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Table 2 Estimation parameters of biomass carbon
storage of five tree species
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Table 3 Estimation coefficients/parameters of biomass carbon storage of five tree species
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Table 4 Parameters of annual change rate of soil organic
carbon density of five tree species
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Fig.1 Annual changes in carbon storage of various carbon pools in Youyu County from 2012 to 2024 ( calculated by carbon)
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Fig.2 Annual changes in carbon storage of various tree species in Youyu County from 2012 to 2024 ( calculated by carbon)
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Fig.3 Annual changes in carbon density (calculated by carbon) of various carbon pools in Youyu County from 2012 to 2024
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ik 4.78X10° t i1 141.86 t/hm?*, 5 2024 4 He , Bk fif
B AIRR 25 B 4 B8N T 2.29X10° t M1 67.98 t/hm?,
JE 2024 4E 1 1.924% .

2060 4 45 ik 22 Bk fifs 45 R0 Bl % B B K B/ HE R
s A LR (2.27 X 10° t 71 67.41 t/hm®) >k ¥ &
(2.25X 10° t #1 66.84 t/hm*) > FE A HL K (2.57 X 10° t
A1 7.61 t/hm®) , + & B FIAE W) o0 H A 55K A
WV 1o 1 2025—2060 4F- 45 1 J22 Bk fith 2 70 0 2% B 4T
Y 0K il R BN HE R O AR W T (4.95X10° ¢l
1.47 t/hm*) > + HEA HLAK (7 800 t A1 0.23 t/hm*) >
BEA ML (6 400 t F10.19 t/hm?) , A= By o 4F ¥ 4 B
3 T B LB R BE A AL, HA T K [ AR
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Fig.4 Annual changes in carbon density of various tree species in Youyu County from 2012 to 2024

£S5 BHEE2025—2060 F & 5 E B fE = 05 2 BTN

Table 5 Prediction of carbon storage and carbon density of various carbon pools in Youyu County from 2025 to 2060

" Bk FIE Bt /10 ¢ Bk FEBR % 2/ (1« hm ™)
SRR fif A= 5 TEAALR AL SR AR FEAMLE Y ML
20254 253.97 51.18 3.02 199.76 75.31 15.18 0.90 59.23
20304 282.00 75.34 4.58 202.08 83.62 22.34 1.36 59.92
2035 4F 315.92 104.63 6.74 204.56 93.68 31.02 2.00 60.65
2040 4F 356.00 136.21 11.46 208.33 105.56 40.39 3.40 61.77
20454 394.03 166.24 14.02 213.77 116.83 49.29 4.16 63.39
2050 4F 427.25 191.65 16.38 219.21 126.68 56.83 4.86 65.00
2055 4¢ 454 .44 211.27 18.78 224.39 134.75 62.64 5.57 66.53
2060 4F: 478.43 225.41 25.67 227.34 141.86 66.84 7.61 67.41
SEH K 6.37 4.95 0.64 0.78 1.89 1.47 0.19 0.23

AR T 25 Y (3 6, 45 B8l e fih o R Bl 2% 2 3%
BAETE i, 2060 4B fif it i R B /INHE R A < TR ) >
TR = V0 > 1 TR A8 > 4 AR K HE ST R
T WA > TS > B FIR 232 > W > 45 . 2060 4k
% B iR BN /NHE R N - BT RER A2 (210.46 t/hm®) > Fi
T (175.34 t/hm® = i #4 (127.84 t/hm*) > V> ik

(70.76 t/hm®) =¥ 45 (70.60 t/hm?) , 4 ¥ 4 K & HE )5
g R R A2 (3.23 t/hm®) >4 7 #4 (2.64 t/hm?) >
A (1.63 t/hm®) = Vb il (0.30 t/hm*) > #7 4% (0.28
t/hm* o AT & ISR e A7 B B Ak EE
R R (E R o e A S BN e s o A A =T = S U
K E R T o

F6 HEE2025—2060 F & i Fh#x fF = 00k 2 BN

Table 6 Prediction of carbon storage and carbon density of various tree species in Youyu County from 2025 to 2060

= 4 AR B /10" ¢ AR 1/ (1o hm %)

mAy mAy FFRIRZR U & TR (IR VANE S 5 R U S ¢ U
20254F 152.22 38.41 10.81 39.27  13.25 82.48 70.46 96.19 60.29  60.81
2030 4F 174.05 4210 1200  40.26  13.58 94.30 77.23 106.84  61.80  62.33
2035 4F 200.72  46.63 1341  41.25  13.92 108.75 85.53 119.35 63.32  63.86
2040 4F 231.83 52.51 1519 42.23 1425 125.60 96.32 135.17 64.83  65.38
20454 261.20  57.90  17.14  43.22  14.58 141.52 106.20 152.52 66.34  66.91
2050 4F 286.49 62.44 19.20 4420 1491 155.22 114.54 170.87 67.86  68.43
2055 4 306.70  66.00  21.31 4519  15.25 166.17 121.07 189.65 69.37  69.96
2060 4 323.61 69.69  23.65  46.09  15.39 175.34 127.84 210.46 70.76  70.60

K 1.18 0.84 1.23 0.18

0.17 2.64 1.63 3.23 0.30 0.28
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