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Carbon balance analysis of grassland system in eastern China
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State Key Laboratory of Herbage Improvement and Grassland Agro-ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University,

Key Laboratory of Grassland Livestock Industry Innovation, Ministry of Agriculture and Rural Affairs, Lanzhou 730020, China

Abstract; The grassland industry system not only produces grass and livestock products but also offers ecological protection
for humans. Achieving carbon balance is a crucial objective in managing its health. Many studies on grassland systems’
carbon balance concentrate on subsystem-level cycle processes and flow mechanisms such as vegetation photosynthetic
carbon fixation, litter decomposition dynamics, and soil organic carbon pool turnover, research addressing large-scale
spatial heterogeneity patterns remains comparatively scarce, thereby constraining the accurate assessment of regional carbon
sequestration potential and the development of targeted management strategies. Thus, this study targets the grassland industry
system in eastern China, selecting 22 cities and counties along the north-south Beijing-Harbin and Beijing-Guangzhou Lines
to examine carbon balance’s spatial and temporal distribution characteristics and influencing factors. The findings indicate
1) The carbon sequestration capacity of grassland systems in eastern China exhibits latitudinal zonality, the eastern
prataculture system’s carbon sink was greater in the northeast and lesser in the southeast, with carbon uptake rising by
9.71t/hm’® per 1° latitude increase; Carbon efficiency was lower in the northeast and higher in the southeast. With the

increase of latitude, the carbon efficiency of county (city) pratacultural system increased. 2) In cities with an adult
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population structure in eastern regions, the expansion of grassland area leads to a logarithmic increase in carbon
sequestration, but its marginal carbon fixation benefit diminishes as the area expands.In the eastern senile structure area,
the expansion of grassland area has a particularly significant effect on enhancing carbon sequestration, the grassland area
increased by 1hm’, and the net carbon fixation increased by 16.432t. 3) The carbon balance of grassland system was
negatively correlated with the average annual temperature and rainfall, When the annual average temperature of a region
exceeds the 5°C threshold, the system as a whole exhibits a trend of carbon emission, leading to a weakening of its carbon
sequestration function. Meanwhile, there is a positive correlation between the area of grassland per capita and the system'’s
carbon balance ,the per capita grassland area exceeded 0.27hm”, and the maximum carbon sequestration reached 341.3 t
hm™ a™". On the solid foundation of comprehensive carbon balance analysis, we meticulously propose tailored regionally
heterogeneous optimization management strategies, which are customized according to the natural, economic, and social
characteristics of different regions, in order to address the unique characteristics, challenges, and needs of diverse
geographical areas. Alternatively stated, based on carbon balance analysis, this study advocates for regionally specific
optimization management strategies, aiming to provide systematic solutions for achieving the “dual carbon” goals of carbon

peaking and carbon neutrality.

Key Words: grassland system; production layer; carbon input; carbon output; carbon efficiency; latitudinal zonality
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Fig.1 The geographical location of study area
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Table 1 Basic situation of the study area
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ke £ 21 | Annual Population Coaseland oA M
I :
Number County Latitude annua Precipitation/ density/ ) Grassland type GDP per capita/
temperature/ 2 area/hm —
€ mm (AN/km?) Jiot
1 TRE 47°43'—48°18' 24 527 7 9141 FEVR T FEA R 479240
2 RTE 46°30'—47°35 1.69 577 46 18000 IR T 1L T Bk 965698
3 HENE 45°35'—46°16' 3.32 520 123 56667 TR AR TRl e 1155975
4 WHH 44037 —45°18' 5.6 426 57 76700 TR R e 1576268
5 BEEE 42031'—43°02 6.9 540 121 43000 TR AR TRl e 1323643
6 I 40045 —41°27' 8.3 623 93 3206 TR R R 1580795
7 AR 40°12'—42037' 7.6 650 132 3090 TR Rl e 1253780
8 R 39°37'—39°51" 12.4 523 826 435 TR R e 2516529
9 IR 38°54'—39°10 12 600 720 126 TR Rl e 732539
10 FEH 38°14'—38°21" 12.4 517 665 226 R Y R TR i TR S 1435101
11 Bl 37°07—37°25' 13.5 532 602 9830 [ G R R B TRLEN 800837
12 L 36°06'—36°47' 13.8 552 615 7300 R Y R TR TR 864812
13 TR 35°19'—35042' 13.8 576 556 8906 R SAGHH T 0 A e 3685700
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Fig.2 Carbon circulation in four production layers of grassland agroecosystems
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Hi A Carbon input KAMRYURE K EOA W T AV A (%) N TEA (R ihe) JsEAs
[E % Carbon fixation FeEAVEH KL ARAFE R HEE LR FEA LK A 1 A

13 GHG HE K 7% GHG HEi MUK GHG HES A T3 GHG HERC B 3 7 S i Az JE Al e it 015 44 il 3 HE
T A R R HE A R WA UL A2y iska 5K F I 2R R R A RS Y BRI E O L H SR
i Carbon output W R KRR

HEAL Carbon emission

Ol RGeS A X .
Cr( Carbonregion) = CI+CF+CE+CO (1)
CIATHE R SBRITRE N TRRA A JK TR B B AE NI F 2 RGN B A ; CE ik i HE T 5 3 280
RTETE L Ak B3 AR 7 T HAE R IH B N RIS E T S & 7 CF Bl R G0 N I [ 8 45
CO & P i & 1 2 R F AR, 24 CI+CF>CE+CO B, b RGENBRIC, K2 IR B—
7 SR B — S BT [ BT WD Rk S R AN M, ELRA R R K E SR, R A R
7=, O i A A AR A PO AT X RO R G AR Y R A R
CI= ACE+ACI+CIT (2)
33 (2) ' ACE ( Atmosphere Carbon Sequestration ) : K Bk UL % ; ACI( Artifical Carbon Input) ; A T Bk 4
A ; CIT( Conservation Increment ) K EAEA R

ACE = ) GA, x GSC, (3)
ACI=E-(R+TCL) (4)
CIT = Y, Cr, x A, (5)

i=0

23 (3) H' GSC( Grassland Sedimentary Carbon) ; AN [F] 271 B M AR B UTTRL & ; GA ( Grassland area) : 241X B
IR i TG FH ; RS P B R AR R UTRR i — M (2.8+0.75) Ty, 5 FE KL JFAE YU I — Ik g 48.26Tg, T Pk 5
JEAEDURE N 19.88Tg! ™ . (1Tg=10"g)

N (4) ' E(Emissions) ; AT 8077 A B HEALE ; R( Removals ) 38 338 A T 55t B2 BR 19 A0 Ok &
TCL( Total Carbon Intensity) : B HE 5 &

PNA(S) BHHFARDE (2006 4F IPCC 5 HE) 1, R IR 2 SR AT A 5 1Y 555 4 0 2 Ak oy B b 10 - b, 4
PRALES H A HLAR b T AR b B AR ST AR IE T 2Oh G B A R T (ke
C/hm®) 3 A, KR —HAY AL (hm?)

Xt 5 b XS R R GERHE R B R AR

CE=TCO+EFCE+GICE+NIC (6)

A3 (6) H EFCE ( Excrement Fermentation Carbon Emission ) : #5{# %& B HE L ; GICE ( Grass Industry Carbon
Emission ) : % & 4 72 8 HE il ; TCO ( Travel Carbon Output) : i€ 9% 25 5% $lE it , NIC ( Net Carbon Emissions from
Livestock and Poultry Slaughtering and Processing) : & & J& 521 T 283815 72 A ) — 54k .

TCO=C, +C, +C,, (7)
EFCE:iLFszw iITFCxN (8)
i=1 i=1
GICE=cx(I-A)™" (9)
NIC = 2 0, x efﬂZ’{i (10)
i=1
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2 (8) i LFC AHRL {8 K [ 2R 50 S ITRC . T R ER AL N MBI K B B
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