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ABSTRACT

This study analyzed methodologies for estimating carbon stocks of perennial woody -crops
and the research cases in overseas countries. As a result, we found that Australia, Bulgaria,
Canada, and Japan are using the stock-difference method, while Austria, Denmark, and
Germany are estimating the change in the carbon stock based on the gain-loss method. In
some overseas countries, the researches were conducted on estimating the carbon stock change
using image data as tier 3 phase beyond the research developing country-specific factors as
tier 2 phase. In South Korea, convergence studies as the third stage were conducted in
forestry field, but advanced research in the agricultural field is at the beginning stage. Based
on these results, we suggest directions for the following four future researches: 1) securing
national-specific factors related to emissions and removals in the agricultural field through the
development of allometric equation and carbon conversion factors for perennial woody crops to
improve the completeness of emission and removals statistics, 2) implementing policy studies
on the cultivation area calculation refinement with fruit tree-biomass-based maturity, 3)
developing a more advanced estimation technique for perennial woody crops in the agricultural
sector using allometric equation and remote sensing techniques based on the agricultural and
forestry satellite scheduled to be launched in 2025, and to establish a matrix and monitoring
system for perennial woody crop cultivation areas in the agricultural sector, Lastly, 4)
estimating soil carbon stocks change, which is currently estimated by treating all agricultural
areas as one, by sub-land classification to implement a dynamic carbon cycle model. This
study suggests a detailed guideline and advanced methods of carbon stock change calculation
for perennial woody crops, which supports 2050 Carbon Neutral Strategy of Ministry of
Agriculture, Food, and Rural Affairs and activate related research in agricultural sector.
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2021 National Inventory Reports
1. Compare definitions of perennial woody crop

in carbon stock, and tiers of emission/removal
factors of perennial woody crops

2. Analyze types, methodology for measuring changes

Domestic and Overseas Research

Compare the levels of domestic and overseas
studies of measurement method for carbon stock
changes in perennial woody crops

l

Propose a method and future research for measuring the change in
carbon stock of domestic perennial woody crops

Fig. 1. Flowchart for the research methodology of this study.
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Table 1. Methodology for estimating greenhouse gases emissions and removals in the LULUCF (land use,
land-use change, and forestry) field. ‘O’ means that it is being implemented, while ‘x> means it

is not being implemented

Methods Source(datum) Land ;que;ﬁghange i:);:l;l Approach

Tier 1 Default data X X FAO, etc.

Tier 2 Sample survey data O @) Utilizing National Statistics

Tier 3 Complete data O @) Utilizing spatial or remote sensing data
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Table 2. Definition and summary of perennial woody crops in eight major countries

Country Definition
Austria Trees in botanical garden, arboretum, seed orchards, Christmas tree farms, parks, green spaces,
and house gardens with a maximum rotation period of less than 30 years
Australia Woody crops in Orchards and vineyards
Bulgaria Fruit trees and strawberry farms, vineyards, and other permanent woody crops
Canada Woody crops in vineyards, orchards, Christmas tree farms, and nurseries
Denmark Fruit trees, orchards, trees/bushes in non-forest areas, as well as willow plantations for bioenergy
Germany Hops, wqody crops in vineyards, fruit orchards, nurseries and Christmas tree farms, and
short-rotation woody crops
Japan fruit trees and woody crops in fruit orchards
USA Woody crops in vineyards and orchards. However, USA excludes the carbon sequestration of

perennial woody crops from its greenhouse gas inventory.
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Table 3. Summary of methods for estimating changes in carbon emissions and removals factors for perennial
woody crops in eight major countries. N/A indicates ‘not available’

Perennial woody crops
Country Methodology Land use y op
category Category Factor
Austria Gains-loss Crop land 5 types: vineyard, orchard, house garden, Christmas tree, Tier 2
method energy crops
Australia Stock-difference Crop land 4 types: citrus, nuts, Pomegranate, and drupe (11 Tier 2
method subtypes: orange, macadamia, apple, peach, etc.)
Bulgaria Stock-difference Crop land 1. type: perenn‘lal woody crops (including orchards, Tier 2
method vineyards, nurseries, etc.)
Canada Stocﬁ:;gf;ence Crop land 3 types: vineyard, orchard, and Christmas tree Tier 2
Denmark Gains-loss Crop land 14 types_: cassisberry, rosehip, cherry, plum, apple, pear, Tier 2
method grape, willow, mugwort, etc.
Germany Gains-loss Crop land 4 types: hops, vineyard, orchard, and other perennial Tier 2
method woody crops
Stock-difference Unverified: 15 fruit species and other fruits are being
Japan Crop land considered, but the detailed classification criteria have not Tier 2
method
been confirmed
USA N/A Crop land 2 types: vineyard and orchard Tier 2

* excluded from calculation for emission/removals sources
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Table 4. Tier levels and the contents for measuring carbon stock change in perennial woody crops. ‘Domestic
level’ indicates whether each tier level is being carried out in South Korea or not. ‘O’ means that
it is being carried out, while ‘X’ means it is not being carried out

Phase Key point

Domestic level

(Agricultural sector) Reference

Select standard trees from a representative

Tier 1: Basic area of perennial woody crop cultivation, .
Research harvest them, and estimate the change in O Scandellari et al., (2016)
carbon stocks in the area.
Brahma et al., (2019)
Tier 2: Develop allometric equations by diameter or o Kalita et al., (2019)
Advanced age and calculate the change in carbon L NAAS (2021)
Research stocks using these equations (initial phase) Sahoo et al., (2021)
Lee and Lee (2022)
. Develop a system for estimating carbon
Tier 3: .. .
Convergence stock change UsIng lmage data by converems X Charoenjit et al., (2017)
Research allometric equations and remote sensing

techniques
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