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Abstract: In Korea, rice is a major staple grain and is mainly cultivated using various agricultural
machinery. Air pollutants emitted from agricultural machinery have their origins mainly from the
exhaustion of internal combustion engines. In this study, emission characteristics of five main air
pollutants by European Environment Agency's Tier 1 method for rice cultivation was analyzed.
Diesel is a main fuel for agricultural machinery and gasoline is generally used only for rice trans-
planters as a fuel in Korea. Tractors consume 46% of total fuel consumption and 56% of diesel fuel
consumption. Gasoline used for rice transplanters accounts for 17% of total fuel consumption each
year. Tractors and rice transplanters are emitting 82% of all total pollutants. From 2011 to 2019, the
total amount of air pollutant emissions was decrease by 15%. That accounted for the reduction of
rice cultivation fields in those periods. Rice transplanting operation was in charge of 42% of total
emissions. Then, harrowing, harvesting, tilling, leveling, and pest control operations generated 10%,
10%, 8%, 8% and 7% of total emissions, respectively. The contribution of each air pollutant held 54%
of CO, 39% of NOx, 5% of NMVOC, and 2% of TSP from the total emission inventory. The three
major regions emitting air pollutants from mechanized agricultural practices were Jeollanam-do,
Chungcheongnam-do, and Jeollabuk-do, which consume 55% of total fuel usage in rice farming.
The total amount of air pollutant emissions from rice cultivation practices in 2019 was calculated as
8,448 Mg in Korea.

Keywords: Air Pollutant Emissions; Rice Cultivation; Agricultural Machinery; Tier 1 Methodology;
Geographic Information System

1. Introduction

Rice (Oryza sativa L.) is a globally cultivated species and is the most cultivated crop
in many Asian countries [1]. Rice (Oryza sativa L.) is the staple food for four billion people.
The top three main rice producers in Asia are China, India, and Indonesia, while Korea is
at position 15th in Asia [2, 3]. Korea is the one of the largest crop producing countries with
1,643%10° ha total arable area for crops and produces a total grain production of 4,375x10°
tons in 2015 [4, 5]. Rice is a staple crop and is cultivated in 730x103 ha in 2019 in Korea [4].

Traditionally agriculture produces and consumes energy in one form or another; fos-
sil fuel energy, electric energy, animal power and human power [6]. The amount of energy
used in agricultural production has increased intensively because the traditional, low en-
ergy input farming is being replaced by modern high energy systems to produce more
products efficiently [7]. Agricultural practices including tillage, planting, fertilizer
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spreading, harvesting etc. were done mostly by various machinery and have been recog-
nized as a significant source of atmospheric particulate matter (PM) and gaseous pollu-
tants which adversely affect human health and regional environment [8, 9, 10]. Agricul-
ture is an industry that is directly or indirectly affected by climate change while emitting
air pollutants through the use of various agricultural machinery in producing agricultural
products [11].

Along with the mechanization of agricultural farming in Korea, more animal and
human powers that used to be the main agricultural power sources in the past were sub-
stituted by agricultural machinery in the recent decades. Most of agricultural practices
necessary to cultivate rice have been mechanized; the degree of mechanization is reported
to be 98.6% [12]. Air pollutants emitted from agricultural machinery have their origins
mainly from the exhaustion of internal combustion engines. Fossil fuels used in internal
combustion engines include diesel, gasoline, kerosene, heavy oil, etc. Among them, agri-
cultural machinery uses mainly diesel and gasoline as their fuels in Korea. Given the
growing importance of agricultural machinery, researchers started to estimate the emis-
sions at the city, regional or country level [13, 14]. The agricultural machinery emissions
of NOx, PM1o, VOCs and CO were estimated at 16,209, 1,348, 1,933 and 7,097 Mg, respec-
tively, in 2015, and 16,249, 1,330, 1,902 and 7,038 Mg, respectively, in 2018 in Korea [15].
The emissions of agricultural machinery were not negligible even they were not evenly
distributed in a whole year. They could be extremely large on preparing fields for seeding
or planting and harvesting seasons. When agricultural machines are intensively used,
their emissions could be comparable with on-road vehicles and play an important role on
air quality [16].

The current agricultural machinery emission inventories were developed based on
the machinery activity data (mileage, work output or fuel usage) and corresponding air
pollutant emission factors [17, 18, 19]. The National Institute of Environmental Research
(NIER) in Korea published a recommendation to estimate the amount of air pollutants
from the use of various agricultural machinery [20]. Many data should be provided to
calculate the yearly amount of eight air pollutants from agricultural machinery use. The
emission factor, rated power, and load factor data are provided by the NIER handbook.
But other data including the number and working hours of each machinery type also are
required for calculation process. The European Environment Agency (EEA), on the other
hand, adopts a somewhat different approach to calculate the amount of air pollutants
from agricultural machinery [21]. Even with different methods developed, there is still a
huge gap between current data and the real-world in-use activity. Firstly, the number of
agricultural machines owned in a certain area cannot indicate the actual amount of ma-
chinery used. During the busy farming season, a large amount of agricultural machinery
is rented and used, and some unused agricultural machinery may be included. Secondly,
the working environment and utilization rate differ depending on the crop cultivation
environment.

The objectives of the study are to analyze emission characteristics of five main air
pollutants by EEA Tier 1 method for rice cultivation in Korea from 2011 to 2019 every two
year. In addition, the spatial distribution of the amount of five pollutants was visualized
by geographic information system (GIS) on country scale.

2. Materials and Methods
There are several important factors in the calculation of emission inventory.
2.1. Calculation of Air Pollutant Emissions

Tier 1 method developed by the EEA was used to calculate air pollutants in the study.
As shown in Eq. (1), the calculation of emissions requires fuel consumption used for rice
producing and emission factors for each air pollutant emitted from agricultural engines.

Eijx= Y{FGx x EF} 1)

where, Ei j xis amount of emission of pollutant from agricultural machinery of region;
FG; xis amount of fuel consumption by agricultural machinery of region; EFjis emission
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factor of pollutant (kg/ton fuel); i is agricultural machinery type (i=1, ‘-, 4); j is type of air
pollutant (j=1, -, 5); k is region (k=1, ---, 10).

2.2. Factors Related to Calculating Amount of Fuel Consumption

About four types of agricultural machines including tractors, power tillers, rice trans-
planters, and combines, are frequently used for rice cultivation in Korea. The power tiller
is a two-wheel tractor, sometimes called a walking tractor, and performed various agri-
cultural operations. The power tiller was an important role in the mechanization of Ko-
rean agriculture. The tractors are equipped with various implements such as plow, rota-
vator, and harrow, etc. and are used for tilling, harrowing, leveling, transportation, etc.,
and power tillers are currently equipped with small gasoline engines and are mainly used
for using in pesticide spreading operation in the study. Rice transplanters and combines
are currently equipped with diesel engines. Data on the amount of fuel consumed per rice
acreage could be obtained from the relevant literature [22]. Rice cultivation fuel consump-
tion is classified according to the type of machinery and equipment used, and is listed as
shown in Table 1.

Table 1. Fuel consumption data for machinery and implements used in rice cultivation [22].

FC?2
Machinery Implement Fuel OE! (h/ha) Liter/h(B) Liter/ha(AxB)
Tractor Plow Diesel 29 7.8 20.6
Rotavator Diesel 3.7 7.5 26.0
Soil preparation equip.  Diesel 29 7.8 20.6
Others Diesel - - 40.2
Power Tiller Power sprayer Diesel 9.9 2.0 19.8
Transplanter Gasoline 3.5 3.3 8.4
Combine Diesel 2.6 10.7 27.8
1 OE: Operation efficiency, 2 FC: Fuel consumption
Table 2. Rice cultivation area of each region in Korea [4].
. Rice Cultivation Area (ha)
Region
2011 2013 2015 2017 2019
CHB'! 44,504 42,893 39,786 33,069 33,247
CHN 2 152,947 151,814 146,319 134,035 132,174
GAW 3 35,955 33,968 32,300 29,710 28,640
GYB* 110,550 108,501 104,712 99,551 97,465
GYG> 91,727 88,949 82,071 78,484 76,642
GYN ¢ 79,563 77,732 73,934 67,895 65,979
JEB7” 130,696 126,799 121,765 118,340 112,146
JEJ 8 430 302 128 113 45
JEN?® 174,930 170,690 170,185 161,442 154,091
TMC 10 32,521 30,977 28,144 30,072 29,384
Total 853,823 832,625 799,366 754,713 729,814

! CHB: Chungcheongbuk-do, 2 CHN: Chungcheongnam-do, 3 GAW: Gangwon-do, * GYB: Gyeong-
sangbuk-do, 5 GYG: Gyeonggi-do, ® GYN: Gyeongsangnam-do, 7 JEB: Jeollabuk-do, 8 JE]J: Jeju-do, °
JEN: Jeollanam-do, '* TMC: Total of 8 metropolitan city

The cultivated area of rice by year was searched by the Statistics Korea. It is the rice
cultivated area from 2011 to 2019 every two year. As shown in Table 2, rice cultivation
areas of studied regions were prepared from 9 provinces and 1 total metropolitan city
(TMC) including 8 metropolitan cities in Korea.


https://doi.org/10.20944/preprints202110.0409.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2021 d0i:10.20944/preprints202110.0409.v1

2.3. Emissions Factors

The emission factors of five air pollutants used in the study are listed in Table 3. They
are obtained from the Air Pollutant Emission Inventory Guidebook from EMEP/EEA [21].

Table 3. Emission factors of diesel and gasoline fuel [21].

Emission Factor (unit: kg/ton fuel)

Pollutant Diesel Gasoline
CO 11.469 770.368
NOx 34,457 7.117
TSP! 1.913 0.157
NMVOC:2 3.542 18.893
NH;s 0.008 0.004

1 TSP: Total suspended particles, 2NMVOC: Non-Methane Volatile Organic Compounds

2.5. Spatial Allocation of Emission

Total amount of emissions calculated in the study was allocated visually to under-
stand the emission characteristics of each region. Emissions of five air pollutants have
been assigned to each region and used the QGIS software version (3.10.11). Emissions for
agricultural machinery and agricultural work used for rice cultivation are allocated to the
vector layer according to the electronic geographic information.

3. Results and Discussion
3.1 Amount of Fuel Consumption
3.1.1. Amount of Fuel Consumption by Region

Table 4 shows diesel (D) and gasoline (G) fuel consumption of target regions. Gaso-
line is used only in rice transplanters, and diesel is used for the tractors, power tillers, and
combines. Fuel consumption is in the order of Jeollanam-do, Gyeongsangnam-do, and
Jeollabuk-do, accounting for 55% of the total fuel consumption for mechanized farming
in Korean agriculture.

Table 4. Calculated amounts of diesel, gasoline usage.

Fuel usage (kl)
Region 2011 2013 2015 2017 2019
D1 G» D1 G2 pDu G2 pDun Gz pu G
CHB!' 6,898 374 6,648 360 6,167 334 5436 295 5153 279
CHN?2 23,707 1,285 23,531 1,275 22,679 1,229 20,775 1,126 20,487 1,110
GAW?3 5573 302 5265 28 5007 271 4,605 250 4,439 241
GYB+ 17,135 929 16,818 911 16,230 880 15,430 836 15,107 819
GYG5 14,218 771 13,787 747 12,721 689 12,165 659 11,880 644
GYNe®e 12,332 668 12,042 653 11,460 621 10,524 570 10,227 554
JEB7 20,258 1,098 19,654 1,065 18,874 1,023 18,343 994 17,383 942
JE] 8 67 4 47 3 20 1 18 1 7 0
JEN° 27,114 1,469 26,457 1,434 26,379 1,430 25,024 1,356 23,884 1,294
TMC® 5041 273 4,801 260 4,362 236 4,661 253 4554 247
Total 132,343 7,172 129,057 6,994 123,898 6,714 116,980 6,340 113,121 6,130
! CHB: Chungcheongbuk-do, 2 CHN: Chungcheongnam-do, 3 GAW: Gangwon-do, * GYB: Gyeong-
sangbuk-do, 5 GYG: Gyeonggi-do, ® GYN: Gyeongsangnam-do, 7 JEB: Jeollabuk-do, 8 JE]J: Jeju-do, °
JEN: Jeollanam-do, '* TMC: Total of 8 metropolitan city, ' D: Diesel, 12 G: Gasoline

3.1.2. Amount of Fuel Consumption by Agricultural Machinery

Table 5 shows the fuel consumption by agricultural machinery from 2011 to 2019
every two year. Tractor, power tiller, rice transplanter and combine fuel consumption in
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2011 were 64,549 kI, 16,906 kI, 23,736 kl and 34,324 ki, respectively. Tractor, power tiller,
rice transplanter and combine fuel consumption in 2019 decreased by 15% from 2011 to
55,173 k1, 14,450 kI, 20,289 kl and 29,339 kl. Tractors account for 46% of total fuel consump-
tion and 56% in the diesel fuel consumption. It can be seen that tractors are used more
often than other agricultural machines. Gasoline used in rice transplanters accounts for
17% of total fuel consumption each year.

Table 5. Calculated amounts of fuel usage by agricultural machinery.

. Fuel usage(kl)

Machinery Implement  Fuel ™= /013 2015 2017 2019
Tractor Plow D' 17589 17,152 16,466 15,547 15,034
Rotavator Dt 22,199 21,648 20,783 19,623 18,975

Soil preparation equip. D' 17,589 17,152 16,466 15,547 15,034

Others Dt 7172 6,994 6,714 6,340 6,130

Power Tiller Power sprayer D! 16,906 16,486 15,827 14,943 14,450
Transplanter G2 23,736 23,147 22,222 20,981 20,289
Combine D! 34,324 33472 32,134 30,339 29,339
Total 139,515 136,051 130,613 123,320 119,252

1 D: Diesel, 2 G: Gasoline

3.2 Emissions of Air Pollutants by Agricultural Machinery

Figure 2 shows biennial air pollutant emissions from 2011 to 2019 by each agricultural
machinery. The total emissions from agricultural machinery is gradually decreasing.
From 2011 to 2019, the total air pollutant emissions are decrease by 15%. Tractors and rice
transplanters are two main sources of air pollutant emissions. They are emitting 82% of
all total pollutants.
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Figure 2. Annual change in rice cultivation air pollutant emissions by agricultural
operation.

Figure 3 shows the contribution rate of each agricultural operations to the total emis-
sions of rice cultivation over the past 9 years. Rice transplanting operation was the highest
at 42%, harrowing and harvesting operation was 10% each, tilling and leveling operation
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was 8%, and pest control operation was 7%, followed by that. Analyzing the contribution
rate for each air pollutant was CO 54%, NOx 39%, NMVOC 5%, and TSP 2% in that order.
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Figure 3. Calculated air pollutant emissions due to rice cultivation by various agricultural prac-
tices: (a) 2011; (b) 2019.

3.3 Spatial and Temporal Distribution of Air Pollutant Emissions

Figure 4 shows biennial air pollutant emissions from 2011 to 2019. Annual emissions
of air pollutants from rice cultivation by agricultural machinery are gradually decreasing.
The total amount of air pollutants of CO, NOx, TSP, NMVOC and NHs in 2019 are 4,537
Mg, 3,306 Mg, 182 Mg, 421 Mg and 0.78 Mg, respectively. The spatial distribution of air
pollutants is shown in Figure 5, respectively. In general, the areas where rice cultivation
emits air pollutants are concentrated in areas with large cultivated filed. Relatively low
emissions are generally distributed in areas with low population densities and low rice
production. In addition, economically developed large cities emit less air pollutants due
to less agricultural activity.
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Figure 4. Annual changes in rice cultivation air pollutant emissions.

Table 6 and 7 show the amount of each air pollutant emitted by each region of 2011
and 2019. Based on the calculated data in 2019, the total emission of rice cultivated air
pollutants in Korea is 8,448 Mg. The main emission area of air pollutants is the western
part of the Korea, which has huge plain for rice cultivation. Jeollanam-do, Chungcheong-
nam-do, and Jeollabuk-do account for 21%, 18%, and 15% of total air pollutants. Gang-
won-do and Chungcheongbuk-do, which have many mountains and mountain range,
have low emissions due to the influence of topography.


https://doi.org/10.20944/preprints202110.0409.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2021 d0i:10.20944/preprints202110.0409.v1

Table 6. Calculated air pollutant emissions due to rice cultivation by region in Korea (2011).

Region Emission (Mg/yr)
& CcO NOx TSP NMVOC NHs(x10?) Total
CHB! 277 202 11 25 5 515
CHN 2 951 693 38 88 16 1,770
GAW 3 224 163 9 21 4 416
GYB ¢ 687 501 28 64 12 1,280
GYG> 570 416 23 53 10 1,062
GYN 6 495 360 20 46 8 921
JEB” 813 592 33 75 14 1,513
JEJ 8 2.673 1.948 0.108 0.248 0.046 4977
JEN® 1,088 792 44 101 19 2,025
TMC w0 202 147 8 19 3 376
Total 5,308 3,868 213 493 91 9,883

! CHB: Chungcheongbuk-do, 2 CHN: Chungcheongnam-do, 3 GAW: Gangwon-do, * GYB: Gyeong-
sangbuk-do, 5 GYG: Gyeonggi-do, ® GYN: Gyeongsangnam-do, 7 JEB: Jeollabuk-do, 8 JE]J: Jeju-do, °
JEN: Jeollanam-do, '* TMC: Total of 8 metropolitan city
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Table 7. Calculated air pollutant emissions due to rice cultivation by region in Korea (2019).

Region Emission (Mg/yr)
& CcO NOx TSP NMVOC NH;s(x10?)  Total
CHB'! 207 151 8 19 4 385
CHN 2 822 599 33 76 14 1,530
GAW 3 178 130 7 17 3 332
GYB 4 606 442 24 56 10 1,128
GYG*S 476 347 19 44 8 887
GYN ¢ 410 299 16 38 7 764
JEB7 697 508 28 65 12 1,298
JEJ 8 0.280 0.204 0.011 0.026 0.005 0.521
JEN® 958 698 39 89 16 1,784
TMC 10 183 133 7 17 3 340
Total 4,537 3,306 182 421 78 8,448

! CHB: Chungcheongbuk-do, 2 CHN: Chungcheongnam-do, 3 GAW: Gangwon-do, * GYB: Gyeong-
sangbuk-do, 5 GYG: Gyeonggi-do, ® GYN: Gyeongsangnam-do, 7 JEB: Jeollabuk-do, 8 JE]J: Jeju-do, °
JEN: Jeollanam-do, '* TMC: Total of 8 metropolitan city

The spatial distributions of major three air pollutants, CO, NOx, and TSP, of 2011 and
2019 are shown in Figure 5. Major changes of the amount of CO and TSP are observed in
Jeollanam-do region. It indicates huge reduction of rice transplanter in that region. NOx
is decreased and observed visually in Jeollabuk-do and Gangwon-do from 2011 to 2019.
In general, main rice producing regions are located in western parts, which emitting large
portion of air pollutants, of Korea. Relatively low emissions are generally distributed in
north eastern parts with mountainous terrains. In addition, economically developed large
cities emit less air pollutants due to the lack of agricultural fields in Korea.
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Figure 5. Spatial distribution of emissions of CO (top row), NOx (middle row), and TSP (bottom
row) from Korean rice cultivation; (a) 2011: (b) 2019.

4. Conclusions

In this study, we calculated and analyzed five air pollutants emitted from four agri-
cultural machinery from 2011 to 2019 in Korea. The total amounts of fuel consumed an-
nually of tractors, power tillers, rice transplanters, and combines were calculated to esti-
mate air pollutant emissions. Also, the amount of fuel consumed by 9 regions were ana-
lyzed. Total yearly fuel consumption from 2011 to 2019 was calculated as 139.5 M1, 136,1
M, 130.6 ML, 123.3 M, 119.3 M], respectively. Tractors consumed 46% of the total fuel
used for rice production. Rice transplanting operation generated the highest air pollutant
emissions among various agricultural operations. Also, it was found rice transplanters
were the main source of CO emission. As a result of analyzing air pollutants emitted by
region, Jeollanam-do, Chungcheongnam-do, and Jeollabuk-do were main regions. From
2011 to 2019, air pollution emissions emitting from rice cultivation was decreased by 15%.
It is presumed that the rice cultivation areas decreased, so did air pollutant emissions.

The results of analysis of air pollutants emissions in this study can improve the air
quality management of local areas. It can contribute to establish effective policies to man-
age energy consumptions and to protect the health of farmers.

Author Contributions: Conceptualization, G.G.H. and S.M.K,; software, G.G.H.; validation, G.G.H.,
M.HK. and S.M.K,; investigation, J.H.J.; resources, G.G.H.; writing—original draft preparation,
G.G.H.; writing —review and editing, M.H.K. and S.M.K.; visualization, ].H.].; supervision, SM.K,;
project administration, S.M.K.; funding acquisition, S.MK. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was carried out with the support of “Study on Particulate Matter Outbreak
Source Characteristics during Agricultural Practice and Inventory Integration (Project No.
PJ01428301)” Rural Development Administration, Republic of Korea.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

References

1. Le, H.A.; Phuong, D.M,; Linh, L.T. Emission inventories of rice straw open burning in the Red River Delta of Vietnam: Evalua-
tion of the potential of satellite data. Environmental Pollution. 2020. 260. 113972. https://doi.org/10.1016/j.envpol.2020.113972

2. Elsoragaby, S.; Yahya, A.; Mahadi, M.R.; Nawi, N.M.; Mairghany, M. Analysis of energy use and greenhouse gas emissions
(GHG) of transplanting and broadcast seeding wetland rice cultivation. Energy. 2019.

3. Lee, SJ.; Cho, ].S.; Hong, S.H. Analysis of Changes in Korean Rice Production and Milling. Proceeding of the KSAM & ARCs
2021 Spring Conference. 26(1), 159-159.

4. KOSTAT. 2019 Agricultural Area Survey 2020, Statistics Korea, Daejeon, Korea, 2020.

5. KOSTAT. 2019 Crop Production Survey 2020, Statistics Korea, Daejeon, Korea, 2020.


https://doi.org/10.1016/j.envpol.2020.113972
https://doi.org/10.20944/preprints202110.0409.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2021 d0i:10.20944/preprints202110.0409.v1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chamsing, A.; Salokhe, V.M.; Singh, G, Energy consumption analysis for selected crops in different regions of Thailand. Agri-
cultural Engineering International: CIGR Journal. 2006.

Lee, ].S.; Kim, G.Y.; Choi, E.J.; Lee, S.I; Kim, A.R.; Jeong, D.K,; Park, HK.; Lee, G.Z. Establishment of GHGs Emission Reduction
Evaluation Methodology on Land Use Change of Paddy Field from Rice to Upland Crop Cultivation. Korean Journal of Soil
Science and Fertilizer. 2019. 52(4), 352-358.

Yang, W.H., Changes in Air Pollutant Concentrations Due to Climate Change and the Health Effect of Exposure to Particulate
Matter. Korean Studies Information Service System. 2019. 269, 20-31.

Kim, Oj,; Kim, S.Y.; Kwon, H.Y.; Kim, H., Data Issues and Suggestions in the National Health Insurance Service-National Sam-
ple Cohort for Assessing the Long-term Health Effects of Air Pollution Focusing on Mortality. Journal of Health Informatics
and Statistics. 2017. 42(1), 89-99.

Lelicveld, J.; Evans, J.; Fnais, M.; Giannadaki, D.; Pozzer, A., The contribution of outdoor air pollution sources to premature
mortality on a global scale. Nature. 2015. 525, 367-371.

Lee, J.S,; Kim, G.Y.; Choi, E.J; Lee, S.I; Kim, A.R.; Jeong, D.K.; Park, HK,; Lee, G.Z. Establishment of GHGs Emission Reduction
Evaluation Methodology on Land Use Change of Paddy Field from Rice to Upland Crop Cultivation. Korean Journal of Soil
Science and Fertilizer. 2019. 52(4), 352-358.

RDA, 2019 Survey on the Utilization of Agricultural Machinery and Farmwork Mechanization Rate, Rural Development Ad-
ministration. Jeonju, Korea, 2020. pp. 63.

Shin, C.S.; Kim, K.U., CO2 Emissions by Agricultural Machines in South Korea. Applied Engineering in Agriculture. 2018. 34(2),
311-315.

Kim, ]J.G,; Ryou, Y.S,; Kang, Y.K,; Kim, Y.H,; Jang, ] K.; Kim, H.Y.; Seo, KW.; Lee, S.K,; Cho, H.].; Kang, KW., CO: Emission
Analysis from Horticultural Facilities & Agricultural Machinery for Spread of New and Renewable Energy in Rural-type Green
Village. Korea Organic Resource Recycling Association. 2011. 19(1), 86-92.

Shin, C.S,; Park, T.S.; Hong, D.H.; Kim, T.H., Analysis of Air Pollutant Emissions from Agricultural Machinery in South Korea.
Journal of the Korean Society of Manufacturing Process Engineers. 2019. 18(3), 14-25

Zhang, J.; Liu, L.; Zhao, Y.; Li, H.; Lian, Y.; Zhang, Z.; Huang, C.; Du, X., Development of a high-resolution emission inventory
of agricultural machinery with a novel methodology: A case study for Yangtze River Delta region. Environmental Pollution.
2020. 266(1), 115075.

Wang, H.; Fu, L.; Zhou, Y.; Du, X,; Ge, W., Trends in vehicular emissions in China’s mega cities from 1995 to 2005. Environmen-
tal Pollution. 2010. 158, 394-400.

Baek, SM.; Kom, W.S; Lee, ] H.; Kim, Y.J.; Suh, D.S.; Chung, S.0.; Choi, C.H.; Gam, B.W.; Kim, Y.]J., A study on the emissions
of SOX and NHs for a 78 kW class agricultural tractor according to agricultural operations. Korean Journal of Agricultural
Science. 2020. 41(4), 1135-1145.

Wnag, F.; Li, Z.; Zhang, K,; Dj, B.; Hu, B., An overview of non-road equipment emissions in China. Atmospheric Environment.
2016. 132, 283-287.

NIER. A Handbook of Method for National Air Pollutant Emission Estimation, National Institute of Environmental Research,
Sejong, Korea, 2013.

EMEP/EEA. 2019 Air Pollutant Emission Inventory Guidebook 2019, in: Part B: 1.A.4 Non-road mobile machinery, European
Environment Agency, Copenhagen, Denmark, 2019; pp.21-24.

MAFRA. Appendix 5: Table of fuel consumption by work per ha of rice farming. Duty-free fuel supply guidelines for agricul-
ture, Ministry of Agriculture, Food and Rural Affairs, Sejong, Korea, 2019.


https://doi.org/10.20944/preprints202110.0409.v1

