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Abstract
Natural climate solutions represent a critical strategy for climate change mit-
igation in the land sector, offering substantial potential for enhancing carbon
storage and reducing greenhouse gas emissions. Using a simple empirical model,
we quantified the historical carbon sequestration contributions of national eco-
logical restoration projects and active management measures implemented in
Xinjiang from 2000 to 2020, and estimated the terrestrial carbon sink and
greenhouse gas emission reduction potential of Xinjiang’s forest, grassland, and
cropland ecosystems from 2020 to 2060 based on 14 natural climate solution
pathways. The results indicate that from 2000 to 2020, the average rate of
historical contribution from natural climate solutions in Xinjiang was 29.98 Tg
CO2e・a-1, with forest restoration being a significant carbon sequestration path-
way during this period. From 2020 to 2060, assuming food and fiber security
is maintained, the total mitigation potential for the region is 49.53 Tg CO2e・
a-1, comprising 10.91 Tg CO2e・a-1 from forest ecosystems, 10.13 Tg CO2e・a-1
from grassland ecosystems, and 28.31 Tg CO2e・a-1 from cropland ecosystems
(representing the largest share at 57.35%). Among the 14 future natural climate
solution pathways, conservation tillage demonstrates the greatest mitigation po-
tential at 22.72 Tg CO2e・a-1, accounting for 46.06% of the total potential across
all pathways. Consequently, appropriate cropland management measures hold
considerable promise for carbon sequestration in Xinjiang in the future.
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Abstract
Natural climate solutions represent a critical strategy for climate change mitiga-
tion in the land sector, offering substantial potential to enhance carbon storage
and reduce greenhouse gas emissions. This study employs a straightforward
empirical model to quantify the historical carbon sequestration contributions
of national ecological restoration projects and proactive management measures
implemented in Xinjiang from 2000 to 2020. Based on 14 natural climate solu-
tions pathways, we estimate the terrestrial carbon sink potential and greenhouse
gas emission reduction capacity for Xinjiang’s forest, grassland, and cropland
ecosystems from 2020 to 2060.

The results demonstrate that natural climate solutions in Xinjiang contributed
an average mitigation rate of 29.98 Tg CO2e・a−1 between 2000 and 2020, with
forest restoration emerging as the dominant carbon sequestration pathway over
the past two decades. From 2020 to 2060, while ensuring food and fiber secu-
rity, the projected mitigation potential across Xinjiang reaches 49.53 Tg CO2e・
a−1. Specifically, forest ecosystems contribute 10.91 Tg CO2e・a−1, grassland
ecosystems contribute 10.13 Tg CO2e・a−1, and cropland ecosystems represent
the largest potential at 28.31 Tg CO2e・a−1, accounting for 57.35% of total
mitigation potential. Among the 14 pathways, conservation tillage exhibits the
highest mitigation potential at 22.72 Tg CO2e・a−1, comprising 46.06% of all
pathways. Therefore, effective cropland management measures hold significant
promise for enhancing carbon sequestration in Xinjiang’s future.

Keywords: natural climate solutions; terrestrial ecosystems; arid regions; car-
bon sequestration potential; conservation tillage

1.1 Study Area Overview
Xinjiang is located in the northwestern border region of China, covering an area
of 166$×10^{4}$ km2, approximately 17.3% of China’s total land area. The re-
gion is characterized by scarce precipitation and abundant sunshine, represent-
ing a typical inland arid climate. Xinjiang’s topography follows a “three moun-
tains surrounding two basins” pattern, with desert vegetation and Gobi deserts
dominating the basins. The region possesses abundant forest resources, with
coniferous forests primarily consisting of tall species such as Picea schrenkiana,
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which are widely distributed across Xinjiang’s mountainous areas and play a
crucial role in maintaining regional ecological balance. Additionally, specialized
shrub forests such as Haloxylon and Tamarix serve vital functions in ecologically
fragile zones, positively influencing local ecological equilibrium. Leveraging its
extensive grassland resources, Xinjiang has become one of China’s important
livestock production bases, ranking third nationally in natural grassland area.
Cropland resources are predominantly distributed in oasis areas that utilize melt-
water from mountain snow and ice along with groundwater irrigation, forming
fertile farmland that serves as the foundation of Xinjiang’s agricultural devel-
opment. The protection and management of Xinjiang’s forest and grassland
resources not only significantly enhance regional environmental quality but also
play a critical role in global climate change mitigation strategies. As natural car-
bon sinks and storage reservoirs, Xinjiang’s forests and grasslands are essential
in efforts to mitigate climate change worldwide.

1.2 Data Sources
Land use data were obtained from the Wuhan University China Land Cover
Dataset (CLCD), which encompasses nine land cover categories including crop-
land, forest, shrubland, grassland, water bodies, ice and snow, barren land,
built-up areas, and wetlands, providing annual land cover information at 300
m spatial resolution from 1990 to 2020. Forest area, grassland area, cropland
area, and afforestation area data were sourced from the Xinjiang Statistical
Yearbook, China Forestry Statistical Yearbook, and China Grassland Statistics.
Livestock statistics, crop production data, sown area, and pesticide consump-
tion information were derived from the Xinjiang Statistical Yearbook, China
Rural Statistical Yearbook, and National Agricultural Product Cost and Benefit
Compilation. Forest fire area data were obtained from the Global Forest Watch
website (https://www.globalforestwatch.org/). Atmospheric CO2 concentration
time series data were compiled from the National Oceanic and Atmospheric Ad-
ministration (NOAA) Earth System Research Laboratory (ESRL) Greenhouse
Gas Marine Boundary Layer Reference, with monthly-scale data from 1980 to
2020 based on records from Mauna Loa and Antarctic stations, and data from
2020 to present compiled from NOAA/ESRL records.

1.3.1 Calculation Methods for Historical Contributions
This study synthesized multiple ecological restoration projects and management
measures implemented in Xinjiang since the 1980s, including the Three-North
Shelter Forest Program, Grain-for-Green Project, Natural Forest Protection Pro-
gram, Returning Grazing Land to Grassland Project, conservation measures,
and cover crop measures. These were consolidated into six pathways (forest
restoration, natural forest management, grassland restoration, grazing optimiza-
tion, conservation tillage, and cover crops), with their historical carbon seques-
tration contributions quantified as the historical contribution of natural climate
solutions.
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Forest Restoration: This pathway primarily calculates the increase in organic
carbon sequestration from afforestation in major national ecological restoration
projects such as the Three-North Shelter Forest Program (1978–2020) and Grain-
for-Green Project (1999–2020). The calculation formula is:

𝐻𝐶1 = ∑(𝐶𝐷𝐼𝑘 × 𝑆𝑘)

where 𝐻𝐶1 represents the historical contribution of forest restoration projects
(Tg CO2e), 𝐶𝐷𝐼𝑘 denotes the carbon density increase in region 𝑘 (Tg C・hm−2),
and 𝑆𝑘 represents the afforestation area in region 𝑘 (106 hm2). The carbon
density increase is calculated as:

𝐶𝐷𝐼𝑘 = 𝐶𝐷𝐵2010𝑠 − 𝐶𝐷𝐵𝑟𝑠 + 𝐶𝐷𝑆2010𝑠 − 𝐶𝐷𝑆𝑟𝑠 + (𝐶𝐷𝐼𝐼𝐶2010𝑠 − 𝐶𝐷𝐼𝐼𝐶𝑟𝑠)

where 𝐶𝐷𝐵2010𝑠, 𝐶𝐷𝑆2010𝑠, and 𝐶𝐷𝐼𝐼𝐶2010𝑠 represent the average above-
ground biomass, soil organic carbon density, and soil inorganic carbon density,
respectively, in areas where ecological restoration projects were implemented
around 2010. 𝐶𝐷𝐵𝑟𝑠, 𝐶𝐷𝑆𝑟𝑠, and 𝐶𝐷𝐼𝐼𝐶𝑟𝑠 represent the corresponding values
in areas without project implementation within the same region. All historical
contribution values in this study are converted to Tg CO2e equivalents.

Natural Forest Management: This pathway aligns with the carbon sink ac-
cumulation from the Natural Forest Resources Protection Project (2000–2020).
The calculation formula is:

𝐻𝐶2 = ∑(𝐴𝑅𝐶𝑅𝑘 × 𝑆𝑘 × 𝑡)

where 𝐻𝐶2 represents the historical contribution of natural forest management
projects (Tg CO2e), 𝐴𝑅𝐶𝑅𝑘 denotes the carbon sequestration rate increase in
region 𝑘 from reduced natural forest logging (Tg C・hm−2・a−1) based on the
ninth forest inventory data, 𝑆𝑘 represents the natural forest protection area in
region 𝑘 (106 hm2), and 𝑡 represents project duration (20 years).

Grazing Optimization: This pathway aligns with the carbon sink accumula-
tion from the Returning Grazing Land to Grassland Project (2003–2020). The
calculation formula is:

𝐻𝐶3 = ∑(𝐶𝐷𝐼𝑘 × 𝑆𝑘)

where 𝐻𝐶3 represents the historical contribution of grazing optimization
projects (Tg CO2e), 𝐶𝐷𝐼𝑘 denotes the carbon density increase in region 𝑘 (Tg
C・hm−2), and 𝑆𝑘 represents the grazing optimization area in region 𝑘 (106

hm2).

chinarxiv.org/items/chinaxiv-202507.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202507.00042


Grassland Restoration: This pathway quantifies the carbon sequestration
contribution of the Returning Cropland to Grassland Project (2008–2020) to
grassland biomass and soil organic carbon. The calculation formula is:

𝐻𝐶4 = ∑(𝐼𝑅𝑆𝐶𝑅𝑘 × 𝑆𝑘 × 𝑡)

where 𝐻𝐶4 represents the historical contribution of grassland restoration
projects (Tg CO2e), 𝐼𝑅𝑆𝐶𝑅𝑘 denotes the increase in soil carbon sequestration
rate (or reduction in carbon emissions) from grassland restoration in region 𝑘
(Tg C・hm−2・a−1), 𝑆𝑘 represents the grassland restoration area (106 hm2), and
𝑡 represents project duration (12 years).

Conservation Tillage: This pathway primarily calculates the carbon seques-
tration contribution from no-till practices (2008–2020). The calculation formula
is:

𝐻𝐶5 = ∑(𝐶𝑆𝑇 𝐺𝑘 × 𝑆𝑘 × 𝑡)

where 𝐻𝐶5 represents the historical contribution of conservation tillage projects
(Tg CO2e), 𝐶𝑆𝑇 𝐺𝑘 denotes the increase in soil carbon sequestration rate from
no-till practices in region 𝑘 (Tg C・hm−2・a−1), 𝑆𝑘 represents the area under
conservation tillage (106 hm2), and 𝑡 represents project duration (12 years).

Cover Crops: This pathway calculates the carbon sequestration contribution
from cover crops (2008–2020). The calculation formula is:

𝐻𝐶6 = ∑(𝐶𝐶𝑃𝑘 × 𝑆𝑘 × 𝑡 × 50%)

where 𝐻𝐶6 represents the historical contribution of cover crop projects (Tg
CO2e), 𝐶𝐶𝑃𝑘 denotes the additional carbon sequestration rate from cover crops
(Tg C・hm−2・a−1), 𝑆𝑘 represents the cover crop planting area (106 hm2), and
𝑡 represents project duration (12 years). The 50% factor assumes that cover
crops can be planted during non-growing seasons.

1.3.2 Calculation Methods for Climate Mitigation Potential
Based on previous research, this study developed 14 pathways tailored to Xin-
jiang’s arid region conditions, including four forest ecosystem pathways (refor-
estation, natural forest management, avoided forest conversion, fire manage-
ment), four cropland ecosystem pathways (conservation tillage, cover crops, nu-
trient management, rice cultivation management), and six grassland ecosystem
pathways (improved forage, animal management, grassland restoration, avoided
grassland conversion, legumes in pastures, and grazing optimization). The pre-
liminary calculation method for natural climate solutions’ maximum mitigation
potential is:
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𝑀𝑥 = 𝐴𝑥1 × 𝐹𝑥1

where 𝑀𝑥 represents the maximum mitigation potential (Tg CO2e・a−1), 𝐴𝑥1
denotes the maximum implementation level of pathway 𝑥 in 2060 (106 hm2), and
𝐹𝑥1 represents the carbon sequestration rate (Tg C・hm−2・a−1). For pathways
that avoid carbon emissions, the formula is:

𝑀𝑥 = 𝐴𝑥2 × 𝐹𝑥2

where 𝐴𝑥2 represents the maximum implementation level of pathway 𝑥 in 2060
(106 hm2), and 𝐹𝑥2 denotes the negative impact level (Tg CO2e・hm−2・a−1).
The total mitigation potential is calculated as:

𝑀𝑥 = 𝑀𝑥1 + 𝑀𝑥2

where 𝑀𝑥1 represents additional carbon sequestration (Tg CO2e・a−1), and 𝑀𝑥2
represents avoidable carbon emissions (Tg CO2e・a−1). Fire management, nutri-
ent management, improved forage, animal management, and grazing optimiza-
tion use formula (2), while the remaining nine pathways use formula (1).

2 Results and Analysis
2.1 Historical Contributions of Natural Climate Solutions

Between 2000 and 2020, natural climate solutions practices in Xinjiang cumula-
tively contributed 599.66 Tg CO2e, with the 14 pathways delivering an average
historical contribution rate of 29.98 Tg CO2e・a−1, offsetting 3.8% of the av-
erage annual emissions during the same period (790 Tg CO2e・a−1). Forest
restoration emerged as the primary contributor to historical mitigation capac-
ity, accounting for 344.35 Tg CO2e (57.43% of all pathways). Additionally,
natural forest management provided substantial climate mitigation opportuni-
ties, with a cumulative historical mitigation capacity of 145.50 Tg CO2e (24.26%
of all pathways). Grazing optimization, cover crops, conservation tillage, and
grassland restoration contributed smaller amounts of 86.39 Tg CO2e, 15.86 Tg
CO2e, 6.59 Tg CO2e, and 1.07 Tg CO2e, respectively.

From an ecosystem perspective, pathways related to forest ecosystems exhib-
ited the highest historical mitigation capacity at 489.86 Tg CO2e (81.69% of all
pathways). Grassland ecosystem-related pathways contributed 86.39 Tg CO2e
(14.41% of all pathways), with grazing optimization accounting for 98.77% of
grassland pathway contributions. Cropland ecosystem-related pathways con-
tributed 23.41 Tg CO2e (3.90% of all pathways), with cover crops contributing
67.76% of cropland pathway contributions.
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2.2 Future Climate Mitigation Potential of Natural Climate Solutions

Based on effective ecological restoration projects and management measures im-
plemented in China in recent years, as well as the adaptation action strategy
outlined in “Achievements, New Goals, and New Measures of Nationally De-
termined Contributions” and the “Overall Plan for Major National Projects on
Protection and Restoration of Important Ecosystems (2021–2035),” this study
analyzed and projected the maximum additional mitigation potential of 14 nat-
ural climate solutions pathways for Xinjiang’s arid region under food and fiber
security constraints. The 14 pathways could provide up to 49.53 Tg CO2e・
a−1 of mitigation potential for Xinjiang from 2020 to 2060. Among these, nine
pathways increase carbon sinks (reforestation, grassland restoration, legumes in
pastures, conservation tillage, nutrient management), while the remaining five
pathways reduce greenhouse gas emissions.

2.2.1 Forest Ecosystem The climate mitigation potential of different forest
ecosystem pathways is illustrated in Figure 1 [Figure 1: see original paper]. The
maximum mitigation potential of the four forest ecosystem pathways will reach
10.91 Tg CO2e・a−1, accounting for 22.12% of the total mitigation potential
across all 14 pathways. Considering climatic conditions, water resource pres-
sure, cropland protection policies, and urbanization constraints, the maximum
new afforestation area in Xinjiang after 2020 is projected to be 92$×10^{4}$
hm2. Reforestation shows the highest potential at 6.97 Tg CO2e・a−1, com-
prising 63.85% of forest ecosystem mitigation potential. The relatively small
reforestation potential reflects constraints on annual afforestation rates. Nat-
ural forest management, as the second-largest mitigation pathway for forest
ecosystems, has a maximum mitigation potential of 3.93 Tg CO2e・a−1 from
2020 to 2060, accounting for 36.03% of forest ecosystem mitigation potential.
Since 2000, Chinese law has prohibited harvesting natural forests for fuelwood
and timber, allowing protected natural forests to transition from young and
middle-aged stands to near-mature and mature stands with enhanced carbon
sequestration capacity. Fire management shows a maximum mitigation poten-
tial of 1.09$×10^{-1}$ Tg CO2e・a−1 from 2020 to 2060, with wildfire areas
substantially reduced through fire control, preventive measures, and regular fire
management since 2000. The risk of forest conversion to other land uses is rela-
tively small, with a maximum mitigation potential of 2.79$×10^{-2}$ Tg CO2e・
a−1 from 2020 to 2060.

2.2.2 Cropland Ecosystem Cropland ecosystems demonstrate significant
advantages in future climate change mitigation, with a total maximum miti-
gation potential of 28.31 Tg CO2e・a−1 across four pathways. Conservation
tillage originated in ecologically fragile regions, focusing on reducing soil distur-
bance through minimal tillage, no-till, and straw return to decrease soil erosion
and protect the environment. Since 2000, China has promoted conservation
tillage, which shows remarkable advantages for Xinjiang’s future climate miti-
gation with a maximum potential of 22.72 Tg CO2e・a−1, accounting for 80.30%
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of cropland ecosystem mitigation potential. Cover crops, as the second-largest
contributor in cropland ecosystems, will reach a maximum mitigation potential
of 4.82 Tg CO2e・a−1, comprising 17.02% of cropland ecosystem mitigation po-
tential. Nutrient management and rice cultivation management have maximum
mitigation potentials of 0.76 Tg CO2e・a−1 and 0.11 Tg CO2e・a−1, respectively,
with rice cultivation management limited by Xinjiang’s natural climate condi-
tions and small planting area.

2.2.3 Grassland Ecosystem The maximum total mitigation potential of the
six grassland ecosystem pathways is projected to be 10.13 Tg CO2e・a−1 (20.53%
of total potential). Xinjiang’s developed livestock industry makes improved for-
age the largest contributor among grassland pathways, with a maximum mitiga-
tion potential of 4.82 Tg CO2e・a−1, accounting for 69.70% of grassland ecosys-
tem mitigation potential. Animal management pathways reduce CH4 emissions
through improved animal reproductive performance and health, with a maxi-
mum mitigation potential of 2.79$×10^{-1}$ Tg CO2e・a−1. Limited by future
grassland restoration area constraints, grassland restoration pathways have a
maximum mitigation potential of 1.07 Tg CO2e・a−1, comprising 10.55% of
grassland ecosystem mitigation potential. Cropland expansion and overgrazing
are primary causes of grassland conversion in Xinjiang, and avoided grassland
conversion pathways offer a new mitigation opportunity of 1.78 Tg CO2e・a−1,
accounting for 17.53% of grassland ecosystem mitigation potential. Grazing
optimization can be applied to smaller areas with a maximum mitigation poten-
tial of 6.23$×10^{-2}$ Tg CO2e・a−1. Additionally, legumes in pastures show
a maximum mitigation potential of 2.40$×10^{-1}$ Tg CO2e・a−1.

2.3 Spatial Comparison of Natural Climate Solutions Mitigation Po-
tential

The climate mitigation potential of the 14 natural climate solutions pathways
in Xinjiang from 2020 to 2060 shows substantial spatial variation across pre-
fectures. The mitigation potential of forest ecosystem natural climate solu-
tions follows a spatial pattern of higher potential in southern Xinjiang than
northern Xinjiang. For cropland ecosystem natural climate solutions, the high-
est mitigation potentials occur in the directly-administered counties and cities
of Ili Kazakh Autonomous Prefecture and Kashgar Prefecture, reaching 5.49
Tg CO2e・a−1 and 3.24 Tg CO2e・a−1, respectively. The mitigation potential
of grassland ecosystem natural climate solutions is highest in Ili Kazakh Au-
tonomous Prefecture and Kashgar Prefecture, at 5.66 Tg CO2e・a−1 and 4.45
Tg CO2e・a−1, respectively. Conservation tillage, improved forage, and refor-
estation emerge as the three pathways with the greatest contribution, with con-
servation tillage alone accounting for 46.06% of total mitigation potential across
all 14 pathways, while improved forage and reforestation contribute 14.31% and
14.12%, respectively. For most prefectures, conservation tillage represents the
largest mitigation pathway, whereas reforestation is the primary pathway for
Bayingolin Mongol Autonomous Prefecture, and improved forage is the largest
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pathway for Kizilsu Kirghiz Autonomous Prefecture. Notably, natural forest
management constitutes a significant pathway for Karamay, Hami, Changji Hui
Autonomous Prefecture, and Bayingolin Mongol Autonomous Prefecture, with
contribution rates ranking among the top three pathways. Due to limited land
area, Turpan, Karamay, Hami, and Urumqi have restricted scope for implement-
ing natural climate solutions and consequently show lower climate mitigation
potential contributions.

Figure 2 [Figure 2: see original paper] illustrates the spatial distribution of
mitigation potential for natural climate solutions from 2020 to 2060.

3 Discussion
China’s carbon emissions accounted for 30.7% of global emissions in 2020, with
Xinjiang’s recent emissions reaching 215 Tg. Our results indicate that Xinjiang’s
14 natural climate solutions pathways could provide up to 49.53 Tg CO2e・a−1

of mitigation potential from 2020 to 2060, offsetting approximately 23% of an-
nual carbon emissions. This mitigation potential can make significant contri-
butions toward achieving the “dual carbon” goals alongside industrial emission
reductions and energy transitions, while also providing environmental and so-
cial benefits including biodiversity protection and water quality improvement.
Unlike previous studies, this research reveals that cropland ecosystems account
for the largest proportion of mitigation potential (57.35%), followed by forest
ecosystems (22.12%) and grassland ecosystems (20.53%). This primarily re-
flects saturation effects in forest restoration and natural forest management,
whereas cropland ecosystems can provide continuous mitigation benefits. Ef-
fective farmland management thus emerges as a crucial measure for enhancing
climate mitigation capacity.

Conservation tillage originated in ecologically fragile regions, focusing on reduc-
ing soil disturbance through minimal tillage, no-till, and straw return to decrease
soil erosion and protect the environment. No-till agriculture avoids soil inver-
sion, preserving soil structure and reducing organic matter decomposition and
oxidation, thereby preventing CO2 release. Crop residue cover and deep root
growth prevent soil erosion, enhance water retention, and promote microbial
activity beneficial for carbon fixation. This study demonstrates that conserva-
tion tillage alone accounts for 46.06% of total mitigation potential across all
14 pathways, representing an effective cropland management practice for signif-
icant carbon sequestration. Previous natural climate solutions research often
overlooked this pathway due to uncertainty regarding its net carbon sink ef-
fects and impacts on grain yield. Benefiting from Xinjiang’s vast grasslands
and developed livestock industry, improved forage becomes the second-largest
opportunity after conservation tillage, potentially reaching 4.82 Tg CO2e・a−1.
Reforestation ranks third in climate change mitigation potential by increasing
forest coverage, enhancing carbon storage, and promoting biodiversity, with a
potential of 6.97 Tg CO2e・a−1. These measures can all provide substantial
mitigation contributions for Xinjiang.
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Although this study updates mitigation potential estimates for natural climate
solutions by integrating recent research, several uncertainties remain. First,
trade-offs may exist among pathways across different ecosystems, which were
not accurately quantified in future mitigation potential calculations. Second,
beyond climate mitigation, natural climate solutions offer numerous co-benefits
including biodiversity improvement, air purification, soil enrichment, and water
source protection, whose carbon sequestration benefits are not reflected in this
study.

4 Conclusions
This study estimates Xinjiang’s historical carbon sequestration contributions
and future mitigation potential based on national ecological restoration projects
and 14 natural climate solutions pathways, revealing the critical role of cropland
ecosystems in climate change mitigation. Key conclusions are:

1) Ecological protection and restoration projects implemented in Xinjiang
from 2000 to 2020 cumulatively contributed 599.66 Tg CO2e, with an av-
erage rate of 29.98 Tg CO2e・a−1. Forest ecosystems exhibited the highest
historical mitigation capacity, with forest restoration serving as Xinjiang’s
important carbon sequestration pathway over the past two decades.

2) From 2020 to 2060, Xinjiang’s maximum mitigation potential is approx-
imately 49.53 Tg CO2e・a−1, offsetting about 23% of carbon emissions.
Cropland ecosystems show the largest mitigation potential at 28.31 Tg
CO2e・a−1 (57.35% of total), followed by forest ecosystems at 10.91 Tg
CO2e・a−1 and grassland ecosystems at 10.13 Tg CO2e・a−1. Conserva-
tion tillage, improved forage, and reforestation emerge as the three path-
ways with greatest mitigation potential. The dominant role of cropland
ecosystem mitigation potential demonstrates that effective cropland man-
agement measures can generate significant climate mitigation benefits.

3) Spatially, the directly-administered counties and cities of Ili Kazakh Au-
tonomous Prefecture, Kashgar Prefecture, Aksu Prefecture, and Changji
Hui Autonomous Prefecture will become the four regions with highest cli-
mate mitigation potential. Due to limited land area, Turpan, Karamay,
Hami, and Urumqi show lower climate mitigation potential.

References
[1] Griscom B W, Adams J, Ellis P W, et al. Natural climate solutions[J]. Pro-
ceedings of the National Academy of Sciences of the United States of America,
2017, 114(44): 11645-11650.

[2] Duan H B, Zhou S, Jiang K J, et al. Assessing China’s efforts to pursue the
1.5 ℃ warming limit[J]. Science, 2021, 372(6540): 409-412.

[3] Lu N, Tian H Q, Fu B J, et al. Biophysical and economic constraints on

chinarxiv.org/items/chinaxiv-202507.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202507.00042


China’s natural climate solutions[J]. Nature Climate Change, 2022, 12(9): 847-
853.

[4] Field C B, Mach K J. Rightsizing carbon dioxide removal[J]. Science, 2017,
356(6339): 706-707.

[5] Fargione J E, Bassett S, Boucher T, et al. Natural climate solutions for the
United States[J]. Science Advances, 2018, 4(11): eaat1869, doi: 10.1126/sci-
adv.aat1869.

[6] Roe S, Streck C, Beach R, et al. Land-based measures to mitigate climate
change: Potential and feasibility by country[J]. Global Change Biology, 2021,
27(23): 6025-6058.

[7] Bryan B A, Gao L, Ye Y Q, et al. China’s response to a national system
sustainability emergency[J]. Nature, 2018, 559(7713): 193-204.

[8] Li Q H, Chen Y N, Shen Y J, et al. Spatial and temporal trends of climate
change in Xinjiang, China[J]. Journal of Geographical Sciences, 2011, 21(6):
1007-1018.

[9] Yang H Y, Yan S, Yu S H. Xinjiang forest park distribution and the tourism
development[J]. Arid Land Geography, 2007, 30(1): 156-162.

[10] Zhao W Y, Li J L, Qi J G, et al. Analysis on the problems and actuality
of the steppe ecological security in Xinjiang and the solving measures[J]. Arid
Zone Research, 2005, 22(1): 45-50.

[11] Cao G H, Zhang L, Wu H Q, et al. Spatial distribution characteristics and
influencing factors of high standard farmland in Xinjiang[J]. Southwest China
Journal of Agricultural Sciences, 2023, 36(4): 777-786.

[12] Han C Q, Zheng J H, Wang Z, et al. Spatiotemporal variation and multisce-
nario simulation of carbon storage in terrestrial ecosystems in the Turpan-Hami
Basin based on PLUS-InVEST model[J]. Arid Land Geography, 2024, 47(2):
260-269.

[13] Zheng H, Guo L L, He B, et al. The great climate mitigation potential
of cropland ecosystem management in China[J]. Earth’s Future, 2023, 11(9):
e2023EF003586, doi: 10.1029/2023EF003586.

[14] Piao S L, Fang J Y, Ciais P, et al. The carbon balance of terrestrial ecosys-
tems in China[J]. Nature, 2009, 458(7241): 1009-1013.

[15] Lu F, Hu H F, Sun W J, et al. Effects of national ecological restoration
projects on carbon sequestration in China from 2001 to 2010[J]. Proceedings
of the National Academy of Sciences of the United States of America, 2018,
115(16): 4039-4044.

[16] Wang J, Feng L, Palmer P I, et al. Large Chinese land carbon sink estimated
from atmospheric carbon dioxide data[J]. Nature, 2020, 586(7831): 720-723.

chinarxiv.org/items/chinaxiv-202507.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202507.00042


[17] Ge Q S, Dai J H, He F N, et al. Land use changes and their relations with
carbon cycles over the past 300 a in China[J]. Science in China Series D: Earth
Sciences, 2008, 51(6): 871-884.

[18] Xue C X, Li Y Y, Hu C, et al. Study on spatio-temporal pattern of con-
servation tillage on net carbon sink in China[J]. Journal of Natural Resources,
2022, 37(5): 1164-1182.

[19] Sun W J, Canadell J G, Yu L J, et al. Climate drives global soil carbon
sequestration and crop yield changes under conservation agriculture[J]. Global
Change Biology, 2020, 26(6): 3325-3335.

[20] Zhang X Z, Li S S, Liu B Y, et al. Effects of no-till and residue retention
on carbon sequestration and yield in China[J]. Journal of China Agricultural
University, 2020, 25(5): 1-12.

[21] Xu L, Yu G R, He N P. Changes of soil organic carbon storage in Chinese
terrestrial ecosystems from the 1980s to the 2010s[J]. Acta Geographica Sinica,
2018, 73(11): 2150-2167.

[22] Yu G R, Zhu J X, Xu L, et al. Technological approaches to enhance
ecosystem carbon sink in China: Nature-based solutions[J]. Bulletin of Chinese
Academy of Sciences, 2022, 37(4): 490-501.

[23] Deng L, Liu G B, Shangguan Z P. Land use conversion and changes in
soil carbon stocks in China’s Grain-for-Green program: A synthesis[J]. Global
Change Biology, 2014, 20(11): 3544-3556.

[24] Drever C R, Cook-Patton S C, Akhter F, et al. Natural climate solu-
tions for Canada[J]. Science Advances, 2021, 7(23): eabd6034, doi: 10.1126/sci-
adv.abd6034.

[25] Anderson C M, DeFries R S, Litterman R, et al. Natural climate solutions
are not enough[J]. Science, 2019, 363(6430): 933-934.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202507.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202507.00042

	Postprint: Carbon Sequestration Capacity Estimation for Xinjiang's Terrestrial Ecosystems Based on Natural Climate Solutions
	Abstract
	Full Text
	Preamble
	Abstract
	1.1 Study Area Overview
	1.2 Data Sources
	1.3.1 Calculation Methods for Historical Contributions
	1.3.2 Calculation Methods for Climate Mitigation Potential
	2 Results and Analysis
	2.1 Historical Contributions of Natural Climate Solutions
	2.2 Future Climate Mitigation Potential of Natural Climate Solutions
	2.3 Spatial Comparison of Natural Climate Solutions Mitigation Potential

	3 Discussion
	4 Conclusions
	References


