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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 (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 4.78X<10° 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
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Table 1 Information of artificial new afforestation
projects in Youyu County (2012—2024)
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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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I F A T 2012—2024 45 5 B i AR H L B E

DX 33 35 bR T R 0 A A AR R R B4R R AR AR Ak, 2025—
2060 4F- fise fiff 2t A1 fie 2 B 1) S 231G 0, £ 2060 4F 43 5]
ik 4,78 10° t i1 141.86 t/hm?*, 5 2024 4 He , Bk fif
HEAIRR 2 B 4 B8N T 2.29X10° ¢ fi1 67.98 t/hm”,
JE 2024 4E 19 1.924% .

2060 4F- 45 ik 22 B fiff 15t R0 Bl %% B B K BN HE R
s B A LR (2.27 X 10° t 1 67.41 t/hm®) > ¥ &
(2.25X 10° t #1 66.84 t/hm*) > FE A HL K (2.57 X 10° t
A 7.61 t/hm®) , + 5 Bl FIAE ) 5T H A 55K A
WV 1o 1 2025—2060 4F- 45 Bk J22 Bk fith 2 700 %% B 4T
0K ikl R BN HE R S AR W T (4.95X10° ¢l
1.47 t/hm* > + HEA LK (7 800 t M1 0.23 t/hm*) >
BEA ML (6 400 t F10.19 t/hm?) , A4 By i 4F 2 4 B
3 T 8 LB A PE G AL, HA T K [ AR
WH(FED),
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Fig.4 Annual changes in carbon density of various tree species in Youyu County from 2012 to 2024
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Table 5 Prediction of carbon storage and carbon density of various carbon pools in Youyu County from 2025 to 2060

0 T PR B i 1t/ 10% WRERR B BE /(1 - hm *)

i ST i ik A W) FEAHLE A PLR R A FEAEPLR EECA LR
2025 4F 253.97 51.18 3.02 199.76 75.31 15.18 0.90 59.23
2030 4F 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
2045 4F 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 4F 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
AR R 6.37 4.95 0.64 0.78 1.89 1.47 0.19 0.23

M TS Y (3 6, 25 A4 ol ik At 2k 1 i 2 2 4%
BAETE i, 2060 4R B Ak B B R B/ NHEIY oy A A ) >
TR =V > 5 B R 2 > 4%, A B K HE P o
R A = A > T R IR A > V> A 4. 2060 4F Bk
R B NHERF R B TR 38 (210.46 t/hm?®) > Fi
T B (175.34 t/hm®) = il # (127.84 t/hm*) > b i

(70.76 t/hm®) >#7 45 (70.60 t/hm?) , 4 ¥ 4 K & HE )5
g BB A2 (3.23 t/hm®) >4 744 (2.64 t/hm?) >
A (1.63 t/hm™) = Vb il (0.30 t/hm*) > #7 2% (0.28
t/hm* o AT I & IR e A7 B B Ak EE
[ e A A (L RV A 5 oA L i, AT
KB E R 7 o

F6 HEE2025—2060 F & Fh b fF = 0wk 2= BTN

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

= 4 B B /10" ¢ AR 1/ (1o hm %)

mAy mAy FFRIRZR U A TR (VAN S 5 R U S ¢ B
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
2045 4F 261.20  57.90  17.14 4322 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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3.1 FEERREEMHRE EIRISE

Fi £ B 2012—2024 4F N T 3 AR B 308 W3
E 25 8T 38 2 AT FRBE R B A A SRR B A i A
2012 4 1 6.18 X 10" t 34 K& % 2024 4F 1) 2.49 X 10° t5
+ A Pk A 5 5T R R i 48 X O 5 (79.85 00~
85.13%0) , BEHH S WF R 45 g R s X — 2 R
S PR Sk 3 BROE PROR 1 4 T 4l AR B B, AR i RRG
P 4b T 8RR ST, 5 3504 W 0 R BE A ML TR Bk I oT R
RN o 3 A ARG 0 R AR A R R
LIS B J2E e 0 A, 3 B0 S DR i PR 1 L S 8
AH B Z N 5 5 B 348 i AR BE 2 - B fih i 1 T,
i B2 I 35 AR 2l S it 0 ik it et AR Ak AN B TEORT
T PRBE 2 - HE A it 9 TR, B £ B DA 2012 4F 11
1.08X 10" t4 K & 2024 4219 5.05 X 10° t, 4= Wy ot fikk fitg
TR R PR 4 X #0(93.19%~94.76 %) . TEH
ST 4 i PR PR kit BN BT, 2024 4F i %
K 73.88 t/hm”, 5 2L A A X 58 AR VML . A
AN 2 BT Y 1 MR B R A L, 2024 4F i B R
14.98 t/hm”, X 4> E B PR bR 2 1 47.49 t/hm™™
1 31.48 %% 5 T RR Ml 2 J3 2 B2 A2 ARk 52 ), T 7 1
MRATHAb T 41 PR B B PR AR SF- 4 A i A1, I =2 R
8B L i i DT K Bl R A AR AR RS RN
Bt TR 3¢ FIURE 1 95 B %% 3 I 3 v 1 LA AR i, 43 5]
k1 35.40 F1 21.56 t/hm”, 3% 5 5 3 AR 4511 56 T g T
F2 BT AR IR AL G5 % o F 5% 45 SR — B0 U ORI A AR
AR Fof e 265 2 AN A T AR b Y 3.07 %6~15.38%0, 5
FMOM FE B R AN A7 ) 2014—2018 4F 4 F F7 Kbk 5
THE A PRI 5 B (B 3
3.2 IEBEMRERE N4SE

A E B 2012—2024 4F N T 3 MRk it o 003 7E
2060 4F 3k 2] 4.78 X 10° ¢, /& 2024 4F 19 1.92 1% , 2025—
2060 4F 7 4 [ B i 2.29 < 10° t, 4F 2 [# §k 7 6.37 ¥
10" t/a, [ RS 1K o i T 52 BT 5% IX 8k ok i
ARHE R B 1 3R R, 25 43 B >4 AR B R
1N TR R 8% N NI (B0 ST 28 < al
FE L WU AE R K B E T Tk E E R T
2026 47 45 AWk g rp A HEA WL 2 B B K (AR R
i A R e %% 32 %) A B 38 K i Oz R T R A PILR RN
FEA LT, A% T A T RS TR I R R L 2R
Pk BEAE R SR A Ry B 1. 1 EH
2012—2024 4F N\ T3 MR %5 B2 703 78 2060 4 35 )
141.86 t/hm*, @& F A g %030 1) 4 5 F ¥ 4
67.4 t/hm*, T Z & K 8 1R 0 95 K % 18 58 A HL %

e P2 AN+ S BT Bk PR, A BIF 5T AR W R i B R
66.84 t/hm’® 5 HAH L HEA — . [ W ) F 2k
T 3 bR TR RR RN e 2B R G e 2B R S R e 2 AR
SEA B Y ARG o T ABORE B8 T T R ObR B AR T i 1 i
W e ) B (HEORAE Ry e B R R AT L
MURE 0 A W REE (IR R R G VBT BE D) iR D) A S
SEREPE (U vE R R AR 7R R B XU YD (B
IRIK B AR AR RO R T OCBAE R, S
TrARMCE 1 B8 T A, 76 A2 A5 T B 4 4 A A 3G 1
h EA AR E . R R 2012—2024 4
N T AR T 98 R A2 T AR 1.66 < 10* hm?, #E A 4l AR 1
FL400 hm?, 4> J& X A RIEAT I AR B0E 2 52 T [
WA I EBIR 4 . 541, 2060 4F 5 4 v A B R0
HEA SRR L SO K BT ) o BT R AR,
FE A oK AR PR 2838 v 0 X ask R B B 2 AT SR AR BT
EL RSN - DR | A M R R /A= S T )
o Tl 88, A R R B 2 bR TR v, I 7 T A T AR
SEJE AR AR T AR Je PR F R 42 T DX sk
Wi BeJI -
33 MRMBRME

WAL K 2012—2024 4F BLAT B 34 38 K, K%
I8 2024 4 J5 R R 148 1 1 AR P8 B R AR AR O3 45
P A AR AR B TR B, DA S R R SR PR R A X
fitg Ht VR 6 B 1) B2 ), S 3R 2024 4F I A S T 1) B
fith 2 AV 28 FE AP AE AN 8 M o AR 98 A R 1 5% IX
fige byt A 7 SO TG R M S MRS AT S a
HEA HLA A B AR AR O, H SE PR #E dh 25 15 B+ 3 A
BIL At 79 Boe AR, S 350 38 A7 AL e it ok e o T S B
A I 5745 e JIE RS ol e A St e % BE SR FH B AU AT
THA A JF AL S, S BOT R 45 R 5 A 1E
It 2% -

4 4w

W A7 B 2012—2024 4F 397 44 i bROECHE L R
AW B Logistic 2B Kl e #8381 3 X H: 2060 4F 1 ik
fitf i B RE HEAT TAS SR . B AR A A R Bk
fifh 1t FLBR 2% 3 2 I35 A 1 K R B, I 7E 2024 4R35 3
2.49X10° t F173.88 t/hm”, JatHE i1 Bt N Y L £k 1 e e
fith 12t 9 AR B it 1t R e 2B RE S N A A0 B B IR R
FHECZ T TH BB 18 2 bR 2+ S pk it 1t 1 T4, T
AE Jz e 325 AR 2l S 3 ok il i Y AR A . A AN B B
8 RORE 2 48 ik B i Y Tk, 2024 4F Bk G B R
5.05X 10° t, 4 W o Bl £ 1t L 91 ok 93.19 %6, 2 [ sk 3=
T s A B 2B AR 5 1 A e fift 1 LU A9 o 79.57 %6, R
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