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Abstract: Grassland ecosystems constitute a vital component of the global terrestrial carbon pool, and fluctuations in
their carbon stocks significantly impact climate change and ecological balance. In this review, we outline the primary
methods for estimating grassland carbon stocks and discuss the effects of natural factors and human activities on
grassland carbon stocks, on the basis of a bibliometric analysis of research on grassland carbon stocks over the last
three decades in the China National Knowledge Infrastructure (CNKI) database. The main points covered in this
review are as follows: Grassland carbon stock estimation methods primarily encompass traditional approaches based
on field measurements and emerging methods utilizing multi-source data analysis. The use of different grassland

classification systems significantly influences grassland area statistics and carbon density values per unit area. Alpine
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grassland and temperate grasslands constitute China’s predominant grassland types, collectively accounting for over
85% of the nation’s grassland ecosystem carbon stocks. Estimates of carbon stocks for the same grassland type differ
depending on the methodologies applied. Climate conditions, topographic features, land-use practices, and
anthropogenic disturbances collectively influence grassland ecosystem carbon stock dynamics by regulating vegetation
productivity and soil-carbon stability.
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Table 1 Methods for estimating above-ground carbon stocks in grassland vegetation and their advantages and disadvantages

ik i3T5 1% (= B A5
Method Estimation methods Advantages Disadvantages
fegeditk BRSNS CERMN ) BAERT 0 R RER R mob B SRBOR R TR RR N R R 2E . A
Traditional ~ Field measurement method 1. Simple operation, low cost, high precision at high workload is applicable to small scales, with errors in-
methods (direct estimation method ) small scales, and strong data compatibility. creasing significantly as the scale expands.
A AR R (Al PR AROAS 18 P R XBF 5T . Ttis fast, low (KA S AL B8 XA 45HE . Tt depends on local pa-
H.%) Biomass regression cost, and suitable for large-scale studies. rameters, and cross-region calibration is required.

modeling method (indirect

estimation method

Bk AR Remote sensing T RTE WP W S RS A TEAL L Ttis suit ARH R BUR A E , 5 % =2 PRI . Tt relies

Emerging  technology able for large-scale rapid monitoring and supports dy- on ground-based data calibration, making it susceptible to
methods namic assessments. cloud cover and resolution limitations.

Je AHLEE AR Drone technology & SR 43 B R R 8 R 3% G5 T/MERE . 350 B R B ¥ Z 24 5 Z 55 BR . These
High-resolution images are easily obtained, light methods have limited coverage, complex data process-
weight, flexible, and suitable for small areas. ing, and are susceptible to environmental constraints.

ZIEAR ST Multi-source ST/ —Kdn my BRAE 3R RS HE ORI B S Bl S v AR B AT e REARLOIE e HOR TR e

data analysis . Overcome the limitations of single data source,  Data heterogeneity poses complex challenges, exhibits

improve accuracy, and support long-term dynamic high model dependency, and requires high technical ex-

monitoring. pertise.
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Table 2 Methods for estimating below-ground carbon stocks in grassland vegetation and their advantages and disadvantages

5505 W= e a5
Estimation methods Advantages Disadvantages
WRFR AL fZ Bk NEIYEEE ) B AR AT ARIBCR S 88 . They  FERTAE Sy IR PERAE S W 5 h . Time-consum-

Root sampling Block excava-

have a wide range of applications, are easy to operate,

ing and labor-intensive, destructive sampling and dynamic

methods tion method and can obtain large amounts of duplicate data. monitoring are prone to interruption.
M Root BRI 0 FE LB UM /N R EEFRES . Ttis simple to MR G Ak, FRFE BN S BO80 s 0 R 45 2% .
drilling method ~ operate, minimally disruptive to sample plots, and has a  Root systems are prone to loss, and small sampling areas re-
high sampling rate. sult in poor data representativeness.
WA L TE RS R REH AR/ W IS 29 B2 BRI R R AT, 7 A 2% o Tt s susceptible to in-
Internal growth  ZEF5 8175 . Root systems are easy to collect, cause min- terference from environmental factors, leading to errors.
soil core meth-  imal disturbance to plots, and enable precise measure-
od ments of seasonal dynamics in soil primary productivity.
TR XA 1 B 1 R RAE  REA IR iy, ) il 5 SR I RN AN RE A WA AR R R
Micro-root zone  Time-saving and effort-saving, precise sampling, highly  The high cost and limited measurement range prevent it
tube method representative samples, accurate and reliable. from fully reflecting the characteristics of plant root systems.
R L i AR, WAL AE D A ST P RE BRI . Simple REACRIRVEROE IR A2 7 35, ) Z RBE S

Root-shoot ratio method

operation, streamlined biomass estimation, and minimal

disturbance to the plot.

The sample lacks representativeness, exhibits significant
variations in species composition, and is highly susceptible

to environmental influences.

MRK AL

Correlation method

JELRPEMRAL AN FERE Y R . Nonlinear optimization

improves estimation efficiency.

MRFR — Hb FARAE A S 2D P 3 BB AT FE AN
The significant asynchrony between root and shoot growth

indicates insufficient reliability of the model assumption.
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Table 3 Methods for estimating soil carbon stocks and their advantages and disadvantages

Jiik 5575 =S (/3=
Method Estimation methods Advantages Disadvantages
fE5 Ik ST Soil classification 3% KRBV L WS I S vEA . Tois suitable AR A B2 £ | (AR SR BOHEE K. Tt relies on high-
Tradi- method for large-scale monitoring and precise estimation. precision data, but obtaining such data is challenging.

tional R A RGAEA SRR LT LIRS S B IC R K AR RS R B T 4 S
methods {2 #17%: Life zones, ecosys— JE#5 . To a certain extent, this can reflect the re- £k PEAE4k. Large statistical errors exist in the ecosystem

tem classification method, and  lationship between plants and climate with high accu=  type and area data, preventing the model from capturing

vegetation classification method — racy. nonlinear changes in soil carbon.
HK K FR Ge it Correlation AR 7R A WL 5 IR 7 [ B OGP R AL e B4R, RO AR i Bl (5 AN L
statistics method JE42 % . This can reveal the relationship between The model has strong limitations, with insufficient reli-
soil organic matter and its driving factors with high ability for large-scale modeling owing to sparse data
precision. points.
BTrEk AR Model simulation  FI2543 Z 7500, BAT B 00 REEVER SR M. 28 MV 5 2R AR Bl 1K BRI SO RN 2R
Emerg-  method Tt can integrate the influence of multiple factors, Spatial data require collection and involve large volumes,
ing meth- demonstrating good systematics and completeness. whereas models require long-term training.
ods HEE B RGN Geo- A RIRBEBFSE AR BE RS o Ttis suitable for i S8R Z , HAL T E 0 A9 28 W RRPE R . A
graphic information system large-scale studies with relatively high estimation ac-  large number of parameters are required , and regional
(GIS) estimation method curacy. spatial characteristic data are also needed.
BC I DL R gk PC isotope 3 RO BEDR ST L ATRG oy B ORI AR AR LGS /NI R, R R O v
tracing method 7R OB 1 3128, Suitable for micro- MR . Applicable only to small-scale quantitative calcula-
scale research, it enables the precise resolution of tions; data accuracy is limited when applied to large-scale

soil carbon transformation pathways and reveals the  applications.
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Table 4 Top 10 keywords by frequency and intermediary centrality in the China national knowledge infrastructure (CNKI)

database
HE# 2 3 S K HE 4% Ranked by frequency of occurrence i A o MEHE 4 Ranked by intermediary centrality
Ranking Fe iR Keywords H BT X Occurrence frequency Je 1A Keywords A Intermediary centrality
1 b 25 A Grassland types 265 F i IS A Grassland types 0.52
2 i Grassland 179 Tl Grassland 0.44
3 54578 £ Climate change 82 KSR FHh Natural grassland 0.12
4 K 8K 54 Natural grassland 80 ML W% JE Grassland resources 0.12
5 T 5 JiL Qinghai-Tibet plateau 80 S M%7 1k Climate change 0.08
6 = FE i Alpine grasslands 76 I FE b Alpine grasslands 0.08
7 % J&% Remote sensing 44 % J& Remote sensing 0.08
8 T fifi 7 Carbon stock 44 T = )R Qinghai-Tibet plateau 0.07
9 e R Grassland resources 38 7= % g Forage yield 0.06
10 A Biomass 37 A4 5 Biomass 0.04
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