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Development of Soil Organic Carbon Storage Estimation Model Using Soil Characteristics
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ABSTRACT

Carbon dioxide is one of the major driving forces causing climate changes, and many countries have been trying to reduce carbon dioxide emissions
from various sources. Soil stores more carbon dioxide(two to three times) amounts than atmosphere indicating that soil organic carbon emission
management are a pivotal issue. In this study, we developed a Soil Organic Carbon(SOC) storage estimation model to predict SOC storage amounts
in soils. Also, SOC storage values were assessed based on the carbon emission price provided from Republic Of Korea(ROK). Here, the SOC model
calculated the soil hydraulic properties based on the soil physical and chemical information. Base on the calculated the soil hydraulic properties and
the soil physical * chemical information, SOC storage amounts were estimated. In validation, the estimated SOC storage amounts were 486,696
tons(3.526 kg/m?®) in Jindo-gun and shown similarly compared to the previous literature review. These results supported the robustness of our SOC
model in estimating SOC storage amounts. The total SOC storage amount in ROK was 305 Mt, and the SOC amount at Gyeongsangbuk-do were
relatively higher than other regions. But the SOC storage amount(per unit) was highest in Jeju island indicating that volcanic ashes might influence
on the relatively higher SOC amount. Based on these results, the SOC storage value was shown as 8.4 trillion won in ROK. Even though our SOC
model was not fully validated due to lacks of measured SOC data, our approach can be useful for policy-makers in reducing soil organic carbon

emission from soils against climate changes.

Keywords: Soil hydraulic properties; soil physical + chemical information; soil organic carbon storage; soil organic carbon storage values
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Soil organic carbon storage
estimation model
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Fig. 1 Flowchart of soil organic carbon storage estimation model
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Fig. 2 Study area in Jindo—gun for validation of the soil
organic carbon storage estimation model
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Table 1 Statistics of the measured and estimated (CENTURY and MST) bulk density values

Measurement CENTURY MST (2007)
Average 1,101 1.277 1,139
Median 1.145 1.249 1,223
Maximum 1,640 1.673 1.379
Minimum 0.130 1.084 0.002
R - 0.270 0.808
RMSE - 0.320 0.168
(@) (b)
2.0 R=0.270 2.0 R=0.808
RMSE=0.320 RMSE=0.168
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Fig. 3 Comparison of the measured and CENTURY—/MST—based bulk density values

Table 2 Validation of the soil organic carbon storage estimation model at Agricultural areas in Jindo—Gun

Literature Review (Jeong, 2018)

Soil Organic Carbon Storage Estimation Model

Agricultural area| Soil Organic Carbon Soil Organic Carbon Soil Organic Carbon | Soil Organic Carbon Storage
(km?) Storage (1) Storage (t/m?) Storage (t) (t/m?)
138.88 492,230 3.544 489,696 3.526
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Fig. 4 (a) Spatial distribution of the estimated soil organic carbon storage, (b) Gravel, (c) Sand, (d) Silt, (e) Clay, (f) Organic matter,
(g) Wilting point, (h) Field capacity, (i) Available water content, (j) Saturated soil moisture, (k) Saturated hydraulic conductivity,

(1) Bulk density, (m) Digital elevation model in Jindo—Gun

Table 3 Correlation between the estimated soil organic carbon storage and the soil (physical - chemical properties and hydraulic

properties) information/DEM

Gravel Sand Clay Silt oM WP FC AWC 0.t Ksat Py DEM
(%) (%) (%) (%) (%) (%) (%) (%) (cm’/cm®)  (mm/hr)  (g/cm®)  (m)

R -0.073 -0426 0329 0.411 0354 0.244 0.158 -0.307  0.391 -0.305 -0.840 0,321
wop Hefis g o R Ueldt) (Table 3). $4WE7b & Ao vekileh P SoluAg wa Agare) 39 A
< Eope] A9 BT Bae] Wold f71e) Halh s MY W ERAs ANE Ao yegon], &
Astelul, et o) ol & A9 0] AN Wi 4k HetdE, FUE £0R EQEAS ol ARSI 9l

_]

o £ 57140] F7bstel 7189 Yot S1ska ol
o2 whaA HEEo] Eog7IsaRe] dadh Pt
ueb] AR, weloh EolelHERE] 9 EoRA A
Ao ko] opAle Bol Zloz st

2. EUQIIEATIY ALY Y JIxII
S$EUFHOIA AT EFE DBS ol§3tol By
PR ARSI AT ERA AYS AT
23} Seiutet AA) ERA7ISANHFE 3055 MOR Ut
ehidet (Fig 5). AHTHRRE AFo] 713 Yo BYRE
71 WS EGEAS Asha gl 0E Uehgon,
wao] 2 W7o 202 HofehaT gho] AL gl
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A0 & Uehgth (Table 4). AIFES] 29 SpAHE|E7} 248}
o] §71& Fego] T2 A our} &7 et AoR ety
Atk G718 ko] A9 grlekael WS WA} glom,
AQuir oz Gr|Eaero] oF 58%E GreAR 713k A
Fro| th# ¢l 3HIEES] HhE (PdB, PdC, PoB, PoC,
PoD)2] 79 chojii Ay EofetixgeFo] 9.93 kgm' O
Eofeta AAero] 7P o EoFE o R Uehth

AU EFE S o]gato] APHE Sejuete] Eokekanid
2 7} oF 82 40009 Yol Aoz FAHH) I AT
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Fol 4 AVYE =SR] Selstal ulpi4 DEM, 2 E]
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Table 4 Estimated soil organic carbon storage amounts and value assessment

: Areas Soil Organic Carbon Soil Organic Carbon Soil Organic Carbon

Provinces 2 . 2

(km®) Storage Amounts (Mt) | Storage Prices (Won) | Storage Amounts (kg/m°)
Seoul 607.69 1.34 36,774,828,095 2.20
Daejeon 540,38 1.47 40,302,204,600 2.71
Gwangju 49775 1.54 42 413,692,077 3.10
Incheon 780.17 1.92 52,839,926,818 2.46
Daegu 882.54 1.97 54,218,040,238 2.23
Busan 726.60 2.36 64,768,821,340 3.24
Ulsan 1,058.21 4,03 110,699,824,268 3.80
Jeju 1,832.85 13.17 362,167,525,623 7.19
Chungcheonbuk—Do 7,444.72 20.33 558,947,109,456 2.73
Chungcheonnam—-Do 8,503.09 23.89 656,920,968,010 2.81
Jeollabuk—Do 7,959.15 25.37 697,663,849,201 3.19
Gyeonggi—Do 10,021,09 27.70 761,807,355,217 2.76
Gyeongsangnam—Do 10,507.73 34.37 945,039,894,229 3.27
Junlanam—-Do 11,875.99 40,55 1,115,030,822,553 3.41
Gangwon—Do 15,984.74 52,58 1,445 901,388,212 3.29
Gyeongsangbuk—Do 18,969.66 52,97 1,456,811,706,581 2.79
South Korea 98,192.35 305.54 8,402,307,956,519 3.1

Sgsls) =y 2618 A6E, 2019 o 7



sho] Abbol 5] FHOR Qlste] f7l=e Eaf7h S8t
o BEguell f71etai A7) mzel, S4UE7t =2
B BEFREaAg o] w2 Ao AaE gk A
EFR A EE ARG} Azt feluetel
B AYRE AP An eyt A B A
Joe 305.54 MO Uehgon], dheli g B A
749311 kg’ 02 AP EIQIC) E3E P
& AR AR A, HEo] 1 2 ARE
A

¢}

’ 1 7070

A7FeFo] 5297 Mto.= 7P A Uebgth 3
EofetA AAgo| B9 AFET} 719 kgm® S
UERTE Al 79 MR ER Qlete] &
A7t wop Bk Ao ¥
o] Qlot. S-elvket AA BoF tha A
oF 82 4000219] AAA 717} o= A
A BEYEA A A RE S )
APgEkaL Bk AREY] A=
Folet & Atd3k= 59, 5 71
cloksl Hofo A "R g ol 7| 2Alg e 3ed

oo

Z o 1o &
=)

E —_ l'm N

N

2 o

oft

N

alu

4r

ot

ol

4> o 0w
rE
ot

2 AT SN “REEAN7S/IEARY; 20190028
TR <.

REFERENCES

1. Costanza, R., R. d’Arge, R. de Groot, S. Farber, M. Grasso,
B. Hannon, K. Limburg, S. Nacem, R. V. O’Neill, J.
Paruelo, R. G. Raskin, P. Sutton, and M. van den Belt,
1997. The value of the world’s ecosystem services and
natural capital. Nature 387: 253-260. doi:10.1038/387253a0.

2. TPCC, 2003. Good practice guidance for land use, land-use
change and forestry, ed. Penman J., M. Gytarsky, T.
Hiraishi, T. Krug, D. Kruger, R. Pipatti, L. Buendia, K.
Miwa, T. Ngara, K. Tanabe, and F. Wagner, IPCC/IGES,
Japan: Hayama.

3. IPCC, 2014. Climate change 2014: Synthesis report.
Contribution of Working Groups I, II and III to the Fifth

Assessment Report of the Intergovernmental Panel on

8 ¢ Journal of the Korean Society of Agricultural Engineers, 61(6), 2019. 11

10.

11.

12.

Climate Change, ed. Core Writing Team, R. K. Pachauri
and L. A. Meyer, IPCC, Switzerland: Geneva. 60.

. Jung, G. Y., 2018. Spatial prediction and economic evaluation

of soil carbon stocks using digital soil mapping in an
agricultural landscape. The Geographical Journal of Korea
52(3): 389-401. (In Korean with English abstract).

. Kim, G. L., J. M. Yu, and J. T. Kim, 2016. Challenges

to stabilizing market prices in Korean emissions trading
and policy direction. Journal of Environmental Policy and
Administration 24(2): 189-210 (In Korean with English
abstract). doi:10.15301/jepa.2016.24.2.189.

. Ministry of Science and Technology (MST), 2006.

Technology for integrated basin-wide water budget
analysis and water resources planning. Sustainable Water
Resources Research Program, The 21st Century Frontier
R&D Program (in Korean).

. National Institute of Agricultural Science and Technology

(NIAST), Korea, 2000. Taxonomical classification of
Korean soils. National Institute of Agricultural Science and
Technology, RDA, 1162-1165.

. National Institute of Agricultural Science and Technology

(NIAST), Korea, 2010. Methods of soil chemical analysis,
National Institute of Agricultural Science and Technology,
RDA.

. Saxton, K. E, W. J. Rawls, S. J. Romberger, and R. 1.

Papendick,  1986.
characteristics from texture. Soil Science Society of America
Journal 50: 1031-1036. doi:10.2136/sss2j1986.03615995005
000040039x.

Tubiello, F. N., M. Salvatore, R. Golec, A. Ferrara, S.
Rossi, R. Biancalani, S. Federici, H. Jacobs, and A.

Flammini, 2014. Agriculture, forestry and other land use

Estimating  generalized  soil-water

emissions by sources and removals by sinks: 1990-2011
analysis. ESS/14-02, Rome: Statistics Division, Food and
Agriculture Organization. doi:10.13140/2.1.4143.4245.

US DOE, 2008. Climate placemat: Energy-climate nexus.
Report from the March 2008 Workshop, DOE/SC-108,
U.S. Department of Energy Office of Science.

Yang, Y., A. Mogammat, J. M. Feng, R. Zhou, and J. Y.
Fang, 2007. Storage, patterns and environmental controls
of soil organic carbon in China. Biogeochemistry 84(2):

131-141. doi:10.1007/s10533-007-9109-z.



