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Analysis on Correlation between CO; Emissions and Production,
Acreage of Crops using Environmental Input-Output Analysis
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ABSTRACT

South Korea is under pressure to reduce CO, emissions because of expanding request for reducing CO, emissions. In many industry
sectors, CO, emissions were analyzed to reduce CO, emissions. But little effort in researching agricultural sector has been undertaken
because it is recognized as environmentally friendly industry. The object of this research is to estimate CO, emissions of crops and
analysis on correlation between CO, emissions and production, acreage of crops. In this study, environmental input-output analysis was
used to estimate CO, emissions of agricultural sector and spearman correlation coefficient was used to analysis on correlation between
CO; emissions and statics like production and acreage. As a result, rice, barley, pulses and horticultural specialities had correlation
with acreage and correlation coefficients of these crops were 0.800~0.933. Regression equations about CO, emissions and acreage
of rice, barley, pulses and horticultural specialities was made and R’ of these equations were 0.615~0.929. Using equations, CO»
emissions of rice, barley, pulses and horticultural specialities can be estimated with acreage.
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A ghe W 3k EAE] o] AllanEst 44w of
ol MR 2SS dinol ojsieke ik
of B4 ofele Alolct AkegolL AEA e BANE
of ARAIHE B 1LOR ARIATE A47I7kach

2 ol BANRES B3 oldBleks thEe 30| 7
A2 ofeFAQl olABleke jERE st Arjdos

B A2 Aol 2T 4 9 Aol

th (The Bank of Korea, 2011).

AR AT ] M| ZRRRS ZF ARgJH-Fo] A3t ¢ 898 Al
517] ffsto] A&7t BAEL] Fdolm, o]F FolqtEetal
o}, 7}=HERS 7k AMJH o] MANEO] ofi HEo| 2714-Q
Fi= 2509 PO ARgolH, o HijEtRetal Fit} (The
Bank of Korea, 2011). AldA#se] 7|2 H1%2= Fig. 13
Zrt.

webs] 2 Aol A= Aokl tigt ojilaterA: HiEeF
< UEHE AREsto] HgkE #4510, 2 oiskktA wiE 2. AN AR A
St AN, A 2 SAREete) AT BAS B9 ) - B ]
A2 o)Al Wi EAL mlolsle] EAREE £t ojAt %%f&ﬁﬂlﬁ% /&ﬁﬂlﬁf—% 7] —'S—i sto] AR7ES] —'15—?4
SfEbs wjZeRe] 24 FReAS Blolshaal shat o AEEA A vehus Ajstet 899 BFf oY 55
3 2 AEAY & ARE w3 Aoln, BF 7|EAE, 9
EO E]:\ AN E]:I AN FSi =y A5 AN
I HiZ ol UAISQIRE, OUALHIZ Y, ofu 4| A, ojisters
SR A2 AAET (Kim, 2011).
| AOIOITE 7 RAYEE AJABTE] 7| RAYEES ATBZo] 2A A)
A stAY IR ARESIch oUAEYEEs 2 AR REo]
AgddEs SUEAE 248 At ASA ERA T ARl ouaYe] 2R 2HS gk o2 ojAlsjEts )
=7 AN 2 AdES A Bee sl kel Aslel zepe a1y O}JJ} 3= oU A PS AT B, 7F ARo] E¢]
ARIAE - sk IS Bl A EE AR A = Mxl oL 2| e] TGk Z 7|AIBtL}, ofjuR] An|E
E WAE @A Aok AddvEs 2E 19 5% =71 A 2L Al ]_Ea Azeo] 20]x] g AT ARRE Uz Y
O AR ABAS DT ARo] wet YEFACR VFT oks wi, A Qi) oux|An|deFEs 7} oux|Ye] gt
AR ARG TEAolf A AURE HFOR sto] b oz |RE o] Q= U ABERS ofulR] dIAA] BHYEH= o
W AL AWIAS SFHOR BAshs WHOR 24 = 2kg Falo] sWlath B A] FEelol keald AFEE 4=
WollA] AR ARAS MOl 4= Qdrke ARG KT 9 9 Meskaxel TOESH olo] Thelel Juled AMSE Sk 9)
Purchasing sectors
Intermediate demand Final demand Tenpert Tetal
| i B n W | Corsume st Eaoct | ¥ (Deduct) | production
1 X T . | W [ 4 E | 7 My X
. i X, X o X | WG : B Y| ¥ | X
v | % LA 5 v v | x
g U v, - U - U,
1] | e B & - A
& . Ouoe | g g .
% Consumption of
%- Fixzed capital D, D; D,
® [Met production tazx Tl Tr' . I;:
v W Vi Vi
Total Consumption X Xf X,
Fig. 1 The basic structure of input—output table (Leontief, 1936)
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Transaction table
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Energy input table
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Energy consumption quantity table

L 2

Energy consumption calorific table

L 2

CO, emissions table

Fig, 2 The structure of environmental input—output table

(Kim, 2011)
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sl v d
A E= 1995~ 20099 5 AFAdrt 2H4H 1995, 1998,
2000, 2003, 2005-20099 %= AFJATEY] 7| EAN TS AN
5}9it} (The Bank of Korea, 1998b, 2001, 2003, 2007, 2008,

2009a, 2009b, 2011a, 2011b).
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A A|LJstelom, ete] 79 s 84 9 Af3telAlEe]
=g AREY] wjo] ZJFEA] ootk olvA|d ARSEF 37
of T FAE, A7 (ING), I, AER, o 4+,
0, AstEa7ts, EAZRAE ofURIBAAR (Korea Energy
Economics Institute, 2011) & oV 2|l ¥ AulEekE Farst
HaL, dAeke] A9 oA EAAE (Korea Energy Economics
Institute, 2011)¢] A%t ©7Fs Zarsglon A W A
& & ARgAS Jalsto] AME- BRRE AT Z|eHRAlE
9] 9 A7H (Korea Iron and Steel Association, 1996~
2010)9] 7t 935 st FAA E5kS 4RSS & 7|EkAR
AF 23] Akl vE Fof HA| 7| EA R B
AbEslTt ARl FARET §le 19959 % 7|e Al
O] AMg B HS AATAAR +FEY = HAAET}
AGE olgsto] 19989] 7[EPAEAIEY] ©7kE §35te] 1995
dro] 7[epeqFe] @7k 34, 29S ARSIt (The
Bank of Korea, 1998a). E3F 1 & olUA1d ARSERE F4l
HASE o AlslekA &SRS ARES] I8l & QoA Aot
FEFE AQRt S oA WZtAH|AE, ARAR RS 1L
2loto] Ao} ol el olilRketA viEeRE AlLfesit
A7gSH o v At Ql8AESE Table 100 A28k

MR LHEFEE YA F o oUAIEe] A&7t €
FE-S AlLfeiyiet. dgtel HEE ARgE FHs 5kt 7|ekA
S 5 2320 HEE AMEH fA8 B SAZEAY o
B2 AME HAA7IA B AlQlste] AAR dad ouAd
9] AnlEFE A=

Table 1 References for total amount of energy consumption

Energy source Code References
Anthracite 030 |Yearbook of energy statistics’

Bituminous coal 031 |Yearbook of energy statistics
Natural gas 033 |Yearbook of energy statistics’

Coal briquettes 131 |Yearbook of energy statistics’

Korea iron and steel association bulletin™

Coke and other coal products| 132 Beonomic Statistics Yearbook™

Gasoline 134 |Yearbook of energy statistics’

Jet oil 135 [Yearbook of energy statistics’
Kerosene 136 |Yearbook of energy statistics’
Light oil 137 |Yearbook of energy statistics”
Heavy oil 138 |Yearbook of energy statistics”

Liquefied petroleum gas 139 [Yearbook of energy statistics’

Manufactured gas supply 302 |Yearbook of energy statistics’

* Korea Energy Economics Institute, 2011
#+ Korea Iron and Steel Association, 1996~ 2010
##+ The Bank of Korea, 1998
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BAHGHO Hdgks ARkt

o st ETRE AU AuEgRE S oyl
HATRS [PCCO) BaiEARE 283t olixd 4 vi&=
£ o] FAE AEShal (Eggleston, S. H., 2007), oAkslet
0] BAjEk ehao] YAlere] H]Ql 44/12F H3te] of4kshet
2 WSS ARSSIGIT) foleat 2340 Z$- [PCC Bl
7] ARERS Hgait. AAH o iR Yd ofux] dFF
SHP71E} IPCC Bt A== Table 20| Afstglon A&
oF AT 24 Y2 Fig. 33 At

o 2pdE SAAIATRE o] gato] ojals}
AL, AR A6k 7R o
Abshers vl AR A Aake] AJARE AR
AAERE 2deE FHARSAISE (Ministry

Table 2 Energy calorific conversion standards application
manual and IPCC carbon emissions factor

Gross calorific| Net calorific [Carbon emission
Energy source Units value value factor’
(kcal) (kcal) (ton-C/toe)
Gasoline 14 8,000 7,400 0.783
Indoor kerosene ¢ 8,800 8,200
Boiler kerosene | ¢ 8,950 8,350 o5tz
o Light oil 3 9,050 8,450 0.837
Bunker A ¢ 9,300 8,750
Bunker B ¢ 9,650 9,100 0.875
Bunker C [/ 9,900 9,350
Jet oil [/ 8,750 8,200 0.808
Propane kg 12,050 11,050 0.713
Butane kg 11,850 10,900 0.713
Gas Natural gas kg 13,000 11,750 0.630
City gas ING)  [Nm’ | 10,550 9,550 0.630
City gas (LPG) [ Nm’ | 15,000 13,800 0.713
Domestic anthracite| kg 4,650 4,600 L100
Imported anthracite | kg 6,550 6,400
Coall Biminous coal | (1| g o 5,950 1.059"
(Fuel)
Cokes kg 7,050 7,000 1.059"

# [PCC Carbon emission factor (Eggleston, S. H., 2007)
=+ Carbon emission factor of coking coal
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Transaction table

»Selection of energy sources

»Estimaticn of energy consumption quantity

»Distribution of energy consumption
quantity for each industry

Energy input table

»Exception of used raw material for other
energy source

Energy consumption quantity table

»Conversion of energy source to calories
using net calorific

Energy consumption calorific table

ECcnversion of calories to CO, emissions :I

CO, emissions table

Fig, 3 The process of making environmental input—output
table

for Food, Agriculture, Forestry and Fisheries, 2000, 2006,
2011), sH4ARE Q%A (Ministry for Food, Agriculture,
Forestry and Fisheries, 2010)5 ARMSIGoH, A 4=
FEL7F AL A ARG B[R A 2 R
Spearman Al 4 WS ARSSIGIH.

R FRFERI
T AREsto] A MSkE Hla, BAsHglom
o} 2},

A AkQle] ojakabeta iES 199549 305,935,301
A 20099 389,907,278E 0% oF 27 9 Z7lslglon, HAE
S| olAbsleka wlEHS 19959 1,638,729%04 20034
1,632,786 8.2 2 Wgkg Bo|x] glgkot 20054 3,743,396
EOoR 2u] 7h7to] F7ISIAIL 20069 71H 0% thA] s

i Ske o= yehdth ol 2T A ARl w4kl B
Fo] MY fashes Ao 71 A
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Fig. 5 Year series changes for CO; emissions, production
and acreage of rice
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Table 3 Spearman correlation coefficient between CO; emis—
sions and production, acreage of rice (n=29)

Correlation coefficient |Significance probability

Production 0.233 0.546
Acreage 0.917 0.001"

Rice

#« Highly significant at p<0.01
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Fig. 6 Year series changes for CO; emissions, production
and acreage of barley, wheat, and misc. cereals
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Table 4 Spearman correlation coefficient between COy emis—
sions and production, acreage of barley, wheat, and
other cereals (n=29)

Correlation coefficient | Significance probability
Production 0.367 0.332
Barley -
Acreage 0.900 0.001
Production 0.500 0.170
Wheat
Acreage 0.483 0.187
Production —0.417 0.265
Other cereals
Acreage 0.467 0.205

#x Highly significant at p<0.01
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(b) Fruits

Fig, 7 Year series changes for CO; emissions, production
and acreage of vegetables and fruits

Table 5 Spearman correlation coefficient between CO; emis—
sions and production, acreage of vegetables and

fruits (n=9)

Correlation coefficient | Significance probability

Production —0.533 0.139

Vegetables "

Acreage —0.733 0.025

. Production 0.683 0.042

Fruits "

Acreage —0.678 0.045

* Significant at p<0.05

asotel=ad AS6d AL, 2014
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Fig. 8 Year series changes for CO, emissions, production and acreage of other edible crops
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Table 6 Spearman correlation coefficient between COy emis—
sions and production, acreage of other edible crops

(@=9)
Correlation Significance
coefficient probability
Production 0.433 0.244
Pulses —
Acreage 0.833 0.005
Production —0417 0.265
Potatoes
Acreage —0.233 0.546
. Production 0.250 0.516
Oleaginous crops
Acreage 0.283 0.460
Cultivated medicinal herbs| Acreage —0.233 0.546
#+ Highly significant at p<0.01
2 HIERRE e FAIE Holal §lar, AR X 501 7t
She 241 bl T glom), ZARsE fAIREY A okl
o MBS TS| SISl Uh AR A e
B 70| Molx] ghe AOE Uik, oF§AEY B9 A
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Fig, 9 Year series changes for CO; emissions and acreage
of horticultural specialities

Table 7 Spearman correlation coefficient between CO; emis—
sions and acreage of horticultural specialities (n

Correlation Significance
coefficient probability
Horticultural specialities ‘ Acreage 0.800 0.010"

* Significant at p<0.05
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313 AufHA o] AL Q= AoRE UERT.
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CO,emissions (ton) = ax (Acreage (ha)) +b @)

Table 8 Parameters in regression equations of rice, barley,
pulses and horticultural specialities for estimating
CO? emissions

Regression equation

)
Crops . N R
Rice 2.323 - 1.911x10° 0.929
Barley 4577 - 2.286x10° 0615
Pulses 0.222 —9.067x10° 0.814

Horticultural specialities 280.479 —9.631x10° 0.819
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