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Fig. 1 Geographical location and land use type
of the study area
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Tab. 1 Four types of carbon densities of different land use types in Irtysh River Basin /(t-hm?)

BRI EE S Caone Cin Cun Cia

Bt 5.44 2.57 79.5 0.82

Mt 50.43 13.16 141.29 0.82

L8 8.58 7.24 93.75 0.36
k3, 0.93 0 0 0
We T JE R A 3.29 0 7.1 0
ES LR 0.75 0 7.8 0
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Fig. 2 Area proportion of land use types from 2000 to 2020
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SRR 1.61% , A b TH BRI S0 815.14 km® s 7K S8 1T
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e, AR R A T 8 9 2 5 7K ST ARG i 97.14 ki,
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TAIARIE 1 91.89 km?, Sk F A MRHD AR F FH Hb 5 oK
1) b T AR/ 1398.28 km?, 3 B AL AL Kk b 5 AR
i B T R 43 00 e /D 25.64 km? A1 272.56 km?,
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F T i A AR R R — 3, B AR S
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AT AR B I 1 o P g i e v 1 DX
N T i VAR D3R, 12 DX 358 A b AR FH 28 78 32 B
I, | FCVR M PR R = N 283 Bl a8 /b, R
AL B 22 08070, TR I e i kA 1 5 Bl et AR A X
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SR A H, RS Sh AR, 3R R
HAXT RN, HoaRAE A X R /)N . 20004F 2005 4F
2010 4F |, 2015 4= i1 2020 4F 37 38k P 5% 4 12t 43 i 0
641.60 Tg. 645.78 Tg. 646.83 Tg . 650.28 Tg Fi
665.91 Tg, HAFHIK 3K 0.95%, B L THEH

T DU b S5z R JIR S $ e g el e i e ) A
)22 4L, H 2000—2020 4F- Atk fifg 1t 25 (8] A2 fL {534 3
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A I e it £ 2 () 43 KGR 4 XU AR Ak, R
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AF Tl At 2t 3G 0 Y DX IR AT AR A 736.43 k', (7 P 38 A
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km?, (5 VSR AR 0.41% ., 2000—2010 4Effi
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Tab. 2 Land use transfer matrix of Irtysh River Basin from 2000 to 2020

2000—2005 4
TR /km? Bt M b K3k Wo TU MM AR 2000 4F 80T
Bt 2487.65 0.82 63.28 0.77 0.60 13.38 2566.51
Mt 10.48 7934.87 3.35 1.96 0 3.90 7954.56
it 226.95 743 38685.38 5.35 1.42 36.21 38962.74
TR 1.89 0 11.35 1794.52 0 38.05 1845.80
We T JE R A 2.29 0 0 0 105.19 0 107.47
A I 513.47 422 92.21 28.13 1.00 28689.75 29328.78
2005 4F Hit 3242.73 794735  38855.57 1830.73 108.21 28781.28 80765.87
Al i 676.22 -7.21 -107.17 -15.08 0.73 -547.50
2000—20104F
TR /km? it McHh Fih Kk Wo T R SRR 2005 4E 80T
Hit 2478.98 1.29 69.42 0.77 1.66 14.38 2566.51
it 10.70 7930.74 4.28 4.60 0 4.24 7954.56
Fih 258.27 9.64  38634.16 9.26 2.75 48.67 38962.74
k3, 4.27 0.06 14.51 1782.03 0 44.93 1845.80
W2 LHJE R 2.29 0 0.06 0 105.12 0 107.47
AT 627.14 6.10 126.73 36.16 1.00 28531.64 29328.78
20104 &3] 3381.65 7947.83  38849.18 1832.82 110.53 28643.86 80765.87
TN 815.14 -6.72 -113.56 -12.98 3.05 -684.93
2000—2015 4
T A /km? Bt M it K3 Wo TU JERAM KR 20104 80T
B 2441.03 2.33 82.03 1.77 20.97 18.39 2566.51
M 19.22 7893.08 16.10 12.04 4.21 9.92 7954.56
Hiith 421.59 2247  38363.02 48.54 31.63 75.49 38962.74
K sk 8.01 0.03 19.65 1773.53 0 44.58 1845.80
Wo T JE R 2.44 0 0.06 0 104.88 0.09 107.47
A I H 1179.87 11.01 209.31 107.32 37.68 27783.58 29328.78
2015 4F H3t 4072.15 7928.92  38690.18 1943.21 199.36 27932.04 80765.87
Al i 1505.64 -25.64 -272.56 97.41 91.89 -1396.74
2000—20204F
T /km? Hhith M Fih ke Wo TU mRHM KRR 20004 80T
Bt 1808.18 63.28 533.36 25.51 59.12 77.07 2566.51
it 196.07 2849.38 4575.15 94.13 16.94 222.89 7954.56
Bl 1299.60 252222 30162.99 228.07 90.67 4659.19 38962.74
ki, 53.99 58.17 226.59 1214.05 1.46 291.54 1845.80
W2 T JE R 41.77 5.30 22.81 1.78 32.91 2.90 107.47
A 1786.26 127.34 8166.96 315.73 93.05 18839.44 29328.78
20204F it 5185.87 5625.68  43687.87 1879.27 294.16 24093.02 80765.87
RN 2619.35 -2328.88 4725.13 33.47 186.68 -5235.76

0 % DX T AR R 910.20 km?, R ARAY 1.03%. 1 2000—2020 A ik it B 25 8] AR Ak 45k B
1.13% ; B fitg st 9 /0 0 DX IR R 392.98 ken?, (530 6, AR Ak DXl At SOPR A0S IR A3 A, e A i 3 1 IXC
BRI 0.49% ., 2000—2015 4ERRAFEIGINAY X B 1399410 km?, 5 F BB AR AY 17.33% ; Tk
WA 1574.91 ki, (5 SN IR 1.95% s ittt Al F 020 19 XS 1T AR 11864.82 km?, (o 9 380 A T
s ) DXk TR R 831.45 km®, IR EHIAR Y B 14.69%
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Fig. 3 Spatial distribution of carbon storage from 2000 to 2020
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3 ST 2000—2020 4 T 4 Hu A AR 1k
T3 B R A it 1 A8 AR R 1O o P2 3 AT 1, 2000—
2005 4 7 B i B 19 0 4.18 To; WNEERS THIFOR R
TFE R DA RN AR 5 £k R #f oA = o R
L AL R B D8 DB B 0.49 T, 117 A I FH 544k
Ry AF b B A R 38 0 4.10 Tg; 2000—2010 4F 37 38k fik
it YN 5.23 Tg; NS HBORE , 3202 IR
FIATH FH S AL Ak o 32, e rpom s £ Sk b
T fiti F ek > 0.56 T, 1 A FH Hb A Ak kB b o i 2
HETI15.00 Tg;2000—2015 4F- sl fi 45 i 8.68 T,
MEERS TR, 252 DL b R % Aol
FFHb , Frp G AL Ry B A i 1082 0.91 Tg, T
T FH 1l 5% A Sk B b B i 2t 15 A0 9.41 T3 2000—
2020 4F i B Aid G 0 24.31 Tg, NEER T BUEE
2 BT b A A A b RN R ) FH % Ak Ry R A
2, H bR e A0 R R A 10 53.70 T, TR
I FH Ml 2 Ak Ay R b ke i £ 35 1 82.80 T

VAR, 2000—2020 4 3 2 R Ry K TH AR
) FH b 2% £ A B b R A R A 4 MR
FE ML A R 2 R AN M T A R EE RN

AT T A3 P S i fifh it 5 2000—2015 4F At [
TR /D2 BE IR, 17 2000—2020 4F AR i A 1 FH s /L
DRI, bRt i R 3t | 3 0 A R A % R S 0 3
PRS0 5 7K 3 ) FEAh 5 288 b R FH 28 TR
et B S IR IS i B 5 R ) A b K IR
FA % BRI B A P A

& 5a fif7R , 2000—2005 4 MR- 125 Ak
T, o B S R A AL B
S/ 0.37 Tg F10.49 Te; 1 A 1] FH H 21 5 1 A b
HIFEA, , B it B 43 S 16 11 0.94 Tg F14.10 Tg; A& 5b
JIi7R ,2000—2010 4 B 5 1) A2 R, Hoh s,
S A FH Hb RBE Hb G 5 A Bl k43 S92 0.49 Tg
H10.56 T 1 A ) FH Hln 2] 2 b Rk b 19 7% £k, e i
3 4 HI 1.29 Tg F150.00 Tg; 41l Sc i, 2000—
2015 47 MR fitg it AR AU R, G rb 2 b 380 SR ) FH
KIS AL AL, DA 20 c) 0.77 Tg .0.53 Tg
F10.91 Tg; 1 A ) FH Hi 21 0 b R b 19 5% AL, Bk fids
AP AN 2.12 Tg A19.41 Tg; WK 5d 7~ , 2000—
2020 4F I\ fifs 15t (1 A AL R A, I 5 i 3 SRR
BEAL, Bl R /L 47.24 T T A1) FH Hb 3 755 FE
Hu )AL BiAif e S 34 0 82.80 Tg 114.25 Tg.
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Fig. 4 Spatial distribution of carbon storage change from 2000 to 2020

SRS, 2000—2015 4F B Aif H o /0 B
B 1) SR 1) FH AU b %) 55 AL A S E e 0
2.55 Tg, Ui B BB R0 35 FH AR STE 18 10 2 b s i ik /1>
V14D JEE AL 5 i i 185 M 2 2 oA 1) P e 380 0 b e
(R AL, 457 3438 il 8.26 Tg, 1X — I HF Y
KR T2 B R T B AR s P e A i R e 1
T, DA SEsE g s N B it £ . 2000—2020 4Bk i 12
Vol /D 2 B B Sy R i 2 oA SRR b, AT
SR8/ Oh 58.81 T Bk fith et 386 i =8 2 2 AR
i A Ry s R L LR B LA A R b A3
HEANE R 64.82 Tg, AN [R)HF 3 il Bk it 2t 140 7] - 41
KT EREICEE | PRI, 8007 5 307 Tl 7 el A 1 ke i
VIE N iy <E

4 T e

AT 2201 , 2000—2020 4F %5 /% 55 171 77 37 4,

S At R AR, — e R L R T RUR ST
Hirinr sk B i Dy RE A TR L X — 45 R S B A X
FEOE B B s A R e A, — R
GAY =5 R D SE B ATy S B L S R T AT
7k T B IR At 2 I I R R . DB A
o 125 [ 404 AR, 2000—2015 AFRRk fifh i 45
(] 43 A 4% Joy— B, S 20 b 25 7= A A e IR AT g
K —JERUR SR AL T e b 5L BT X
NETEFED, SHOE 15 a T A AR E N —
JE T InVEST B B 38 sk # v, (R 5[] — -
I FH A TR (0 it 5 B — A B, 2 TVER TR
SRR PR i S AR BRI K, RS 1 | A AT Sk P ik i
RIS el e DA D G N A X R SR A
FE A AR K R B WA R a3 6 X R I
SIS BI85, X 35 FH i A0 75 SR B4
I, 12 DX sk b R FH AR Tl H At DX st A )
F, M0 2020 4F [ fcfigs 12 45 (8] 4347 AH EL A ARy, 20
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Tab.3 Changes of converted area and carbon storage of different land use types from 2000 to 2020
2000—2005 4F 2000—20104F 2000—20154F 2000—20204F
- P2 e 1k e e o e o
M- 10.48 -1.23 10.70 -1.26 19.22 -2.26 196.07 -23.01
- 226.95 -4.90 258.27 -5.58 421.59 -9.11 1299.60 -28.07
K8~k b 1.89 0.17 4.27 0.37 8.01 0.70 53.99 4.72
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Fig. 5 Impact of land use change on carbon storage
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Effects of human activities on carbon storage in the Irtysh River Basin

ZHANG Xiaomin”, ZHANG Dongmei', ZHANG Wei'

(1. State Key Laboratory of Cryospheric Science, Northwest Institute of Eco-Environment and Resources, Chinese
Academy of Sciences, Lanzhou 730000, Gansu, China; 2. University of Chinese Academy
of Sciences, Beijing 100049, China)

Abstract: Carbon sequestration is among the main functions of terrestrial ecosystem services, and the carbon
sequestration capacity of terrestrial ecosystems directly affects global carbon emissions and climate change
processes. Human activities directly influence land use and cover change, consequently affecting the carbon
sequestration function of ecosystems. The terrestrial ecosystem services in dry and cold regions are more
vulnerable and significantly impacted by human activities. Therefore, utilizing land use data from the Irtysh River
Basin in the Altai Mountains from 2000 to 2020, the InNVEST model was used to estimate and analyze the spatial
distribution of carbon stocks in the basin during different periods. Subsequently, the influence of human activities
on the spatial distribution of carbon stocks was discussed. The results show the following: (1) The main land use
types in the basin are woodland, grassland, and unused land, and the land use pattern changed significantly from
2000 to 2020. Cultivated land, urban and rural land, industrial and mining land, and residential land expanded
continuously, increasing by 2619.35 km® and 186.68 km’, respectively. Grassland and water areas initially
decreased and then expanded, increasing by 4725.13 km® and 33.47 km’, respectively. Meanwhile, forest land and
unused land decreased continuously by 2328.88 km® and 5237.76 km’, respectively. (2) During this period, the
spatial distribution pattern of carbon stocks in the basin was similar and showed a zonal distribution. High-value
areas were distributed in high-altitude regions where grassland and woodland were clustered, while low-value
areas were distributed in low-altitude regions where unused land was clustered. In 2000, 2005, 2010, 2015, 2020
the total carbon storage in the basin was 641.60 Tg, 645.78 Tg, 646.83 Tg, 650.28 Tg, and 665.91 Tg,
respectively , with an annual growth rate of 0.95%, showing an upward trend. (3) The areas in the basin where
carbon storage decreased or increased showed a spot- like distribution. Furthermore, carbon storage reduction
mainly occurred through the conversion of grassland to unused land and cultivated land, with an average annual
reduction of 58.81 Tg. The increase in carbon storage primarily resulted from the conversion of unused land into
cultivated land and grassland, with an average annual increase of 64.82 Tg. From 2000 to 2020, the net
sequestration of carbon storage exceeded the net release, indicating an increasing carbon sequestration capacity in
the Irtysh River Basin. Overall, the reclamation of land and grass due to human activities is the main reason for
the increase in carbon storage in the basin. However, it is necessary to coordinate the development and utilization
of water and soil resources, as this will guarantee not only an increased carbon sink but also the preservation of
the carrying capacity of water and soil resources, ultimately achieving sustainable economic development in the
Irtysh River Basin. The results of this study will help to promote the carbon cycle of the basin and the carbon
sequestration capacity of the ecosystem, as well as provide a scientific basis for the establishment and
management of the basin carbon pool.
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