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ABSTRACT

Agriculture is an important part of Henan's economic development, and agricultural production is
also an important source of greenhouse gas emissions. In this paper, the activity level data of
agricultural carbon emissions in 18 cities in Henan Province were collected. Based on the calculation
method provided by the Guidelines for Compiling Provincial Greenhouse Gas Inventories and
referring to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, agricultural COs.,
CH4 and N20O emissions were carefully estimated. An agricultural greenhouse gas inventory was
compiled for Henan Province from 2011 to 2020. Then, based on the spatial distribution and
emission intensity, the carbon emissions of each city in Henan Province in 2019 were further
analyzed. The results show that carbon emissions decreased from 57,603,500 tons in 2011 to
44,517,300 tons in 2020, with an average annual decrease rate of about 2.66%. The total agricultural
carbon emissions in Henan showed a downward trend, and agricultural land was the dominant factor
of carbon emissions, accounting for about 47% of the total carbon emissions over the years.
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1. INTRODUCTORY

Economic development is accompanied by pollution and harm to the environment. Observations
show that global warming has been occurring in the last 100 years, especially since 1970, with
corresponding sea level rise, melting of snow and ice, unusual and extreme weather, and a high
incidence of climatic events, which have had a great impact on society and the economy!!'l. With the
passage of time, more and more evidence confirms that greenhouse gases (GHGs) emitted by human
activities are the main cause of global warming in the last 100 years (IPCC). Carbon dioxide is the
most important of the greenhouse gases, so the term carbon is used to represent it, and therefore
greenhouse gas emissions are also called carbon emissions. Any human activity can cause carbon
emissions, such as the simple burning of fire and cooking by ordinary people.CO,, CH4 and N,O are
the main greenhouse gases that cause global warming, and their contribution to the greenhouse effect
is close to 80%. Agricultural activities are an important source of anthropogenic emissions of
greenhouse gases, and the most important gases emitted by them are CHs and N>O. The United
Nations Environment Programme (UNEP) has pointed out that 40% of anthropogenic emissions of
CH4 come from agricultural activities, and the greenhouse gas effect of CH4 is more than 26 times
that of CO»!?!. According to IPCC (2007), global agricultural N,O emissions account for about 69%
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of total anthropogenic GHG emissions. China's agricultural N>O and CH4 emissions account for 82%
and 47% of total human emissions, respectively.

The Food and Agriculture Organization of the United Nations (FAO) points out that greenhouse gas
emissions from cropland have exceeded 30% of global anthropogenic emissions. According to
statistics, the livestock industry emits about 32.564 billion tons of greenhouse gases, accounting for
about 51% of the total global greenhouse gas emissions!®,

Carbon emissions from agricultural sources have received extensive attention from domestic scholars,
organizations, governments and the public, but there is still a lack of systematic methods and data
support*l. Domestic scholars mainly focus on accounting for agricultural carbon emissions in large
regions, e.g., Fan Ziyue et al. accounted for China's agricultural greenhouse gas emissions. Li Yang
et al. analyzed the spatial and temporal characteristics of carbon emissions from agricultural sources
in the Yangtze River Economic Zonel®l. Chen Hui et al.'s study analyzed the spatial and temporal
differences in agricultural GHG emissions in Jiangsu Province and simulated the trend evolution. The
above studies have enriched China's system and framework in the study of GHG emissions from
agricultural systems and provided references. However, the existing studies lack a more refined study
of each province. In this paper, agricultural carbon emissions are accounted for at the provincial and
municipal scales, revealing the differential characteristics of agricultural GHGs in Henan Province in
2019 in each municipality!®l.

At present, there are no relevant research results on the inventory of carbon emissions from
agricultural sources in Henan Province, and there is a lack of long time series and small regions to
assess the calculation of carbon emissions. The innovation of this paper is that it establishes the carbon
emission inventory of agricultural sources in Henan Province in the past ten years from 2011 to 2020,
and then studies the carbon emission from agricultural sources in each city of Henan Province in 2019
in a more detailed way, and the results of the study have positive significance for the historical
traceability of air pollution and environmental pollution management in Henan Province. The results
of the study are of positive significance for the historical traceability of air pollution and
environmental pollution management in Henan Province. It can also provide powerful data support
and scientific reference for the air pollution management and air quality management decision-
making in Henan Province. Therefore, it is of great significance to establish an inventory of carbon
emissions from agricultural sources in Henan Province.

2. MATERIALS AND METHODS
2.1. Study area and target audience

The study area was Henan Province, with 18 municipalities including Jiyuan City. Henan is the first
largest agricultural province in China, and also a large province of animal husbandry. The output of
major agricultural products, such as grain, cotton and oil, is among the highest in the country, and it
is an important production base for high-quality agricultural products, producing one-tenth of the
country's grain with one-sixteenth of the country's arable land, and the total output has ranked first in
the country for many years.

This study analyzes the trend of agricultural carbon emissions in Henan Province in the past 10 years,
and determines the accounting boundaries and objects with reference to the IPCC National
Greenhouse Gas Inventory Guidelines and the current situation of agricultural carbon emissions in
Henan Province. The accounting boundary is set as CH4 emissions from paddy fields, and methane
emissions from enteric fermentation of animals, targeting the breeding of major livestock species
(cattle, sheep, pigs, horses, donkeys, and mules) in Henan Province. The third is methane and nitrous
oxide emissions from animal manure management, targeting mainly ruminants and poultry. Fourth,
direct and indirect N>O emissions from inputs to crops on agricultural land throughout the process
from sowing to harvesting. Direct emissions are mainly carbon emissions from agricultural inputs
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such as fertilizers (nitrogen, phosphorus, potash, and composite fertilizers); nitrogen from livestock
and poultry manure and nitrogen from manure of the rural population applied to agricultural land;
and nitrogen contained in straw and root stubble of major crops that are returned to the agricultural
land to be used as fertilizers. Indirect emissions are mainly NH3 and NOx (atmospheric nitrogen
deposition) emissions from livestock and rural population manure and nitrogen inputs to agricultural
land; and a portion of nitrogen inputs to agricultural soils is emitted directly or indirectly into water
bodies through leaching runoff (leaching runoff).

2.2. Estimation methodology and data sources

The activity level data covered in the paper are from official government statistics, of which the sown
area of paddy fields, the year-end stock of animals, the number of rural population, nitrogen fertilizers,
compound fertilizers, and crop yields are taken from the Henan Provincial Statistical Yearbook; the
proportion of large-scale rearing of animals is taken from the Twelfth Five-Year Plan for Livestock
Husbandry of Henan Province; the rate of nitrogen content in compound fertilizers, the excretion
factor of people, and the rate of straw returned to the fields are taken from literature; and the emission
factors are taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. The
emission factors were taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

2.2.1. Methane emissions from rice paddies

In Henan Province, there is only single-season rice, so it is only necessary to multiply the sown area
of single-season rice by the corresponding emission factor to calculate the methane emission from
paddy fields.

ECH4 = Z EF X ADL
i

Where Ecns is the total amount of methane emissions from paddy fields (tons); EF; is the methane
emission factor for paddy fields by type (kg/ha); AD; is the sown area of rice corresponding to the
emission factor (thousand hectares); and the subscript i denotes the type of paddy field.

recommended value realm
single-season rice 236.7 134.4~341.9

2.2.2. Methane emissions from animal enteric fermentation

Animal enteric fermentation methane emission refers to the methane emission produced by
microorganisms parasitized in the digestive tract of animals during normal metabolism when
fermenting and digesting feedstuffs, and enteric fermentation methane emission only includes
methane discharged from the animals' mouths, noses and rectums, and excludes methane emission
from feces (Guideline). Ruminants are the main source of methane emissions from enteric
fermentation, and according to the situation of animal husbandry in Henan Province and the
availability of data, the sources of methane emissions from enteric fermentation include dairy cows,
non-dairy cows, sheep, goats, pigs, horses, donkeys and mules.

ECH4 - Z ECH4'enteric’ i~ EFCH4'enteric’ i X APi x 10

Where Echa is the total methane emissions from animal enteric fermentation, 10,000 tons of CHa/year;
Ecna,enteric,i is the methane emissions from the i-th animal, 10,000 tons of CHa/year; EF cna,enteric,i
is the methane emission factor of the i-th animal, kg/head/year; and AP; is the number of the i-th
animal, head (only).
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Breeding method Other

milk  Non-Dairy

COw Cow Sheep  Goats Pig  Horses  Donkey/Mule
Large-_scale 28,1 52.0 - <o
rearing
Farmer 89.3 67.9 8.7 9.4 1 18 10
feeding
herd

Note: There is no grazing feeding in Henan Province

2.2.3. Animal Manure Management Methane and Nitrous Oxide Emissions

Animal manure management methane and nitrous oxide emissions are methane and nitrous oxide
emissions from the storage and handling of animal manure before it is applied to the soil. Based on
livestock rearing in Henan Province and the availability of statistical data, sources of methane and
nitrous oxide emissions from animal manure management include dairy cows, non-dairy cows, sheep,
goats, swine, horses, donkeys, mules, and poultry.

Echymanuret = EFCHumanuret X AP X 107

Where Ecns,manure,i is the methane emissions from manure management of the ith animal, 10,000
tons of CH4/year; EFchs,manure,i is the methane emission factor from manure management of the
ith animal, kg/head/year; and AP; is the number of animals of the ith animal, head (only).

ENZO'manure'i = EFNZO i X AP; X 1077

‘manure’
where En2o,manure,i is the nitrous oxide emissions from manure management of the ith animal,
10,000 tons N2O/year; EFn2o,manure,i is the population-specific nitrous oxide emission factor for
manure management, kg/head/year; and APi is the number of animals of the ith species, number of

heads.

Milk cow Non-Dairy Cow Sheep Goats Pig  Horses Donkey/Mule poultry

CH4 8.45 4.82 034 031 5.85 1.64 0.9 0.02
N,O 1.71 0.805 0.106 0.106 0.157  0.33 0.188 0.007

2.2.4. Nitrous oxide emissions from agricultural land

N>O emissions from agricultural land consist of both direct and indirect emissions. Direct emissions
are from nitrogen inputs from the production process on agricultural land.

1. Direct emissions of nitrous oxide from agricultural land

Nitrogen inputs to agricultural land mainly include fertilizer nitrogen (nitrogen in nitrogen fertilizers
and compound fertilizers) Neerilizers, manure nitrogen Nmanure, and straw return nitrogen Niiraw.

2. Indirect emissions of nitrous oxide from agricultural land

Indirect nitrous oxide emissions from agricultural land (N>O indirect) result from nitrous oxide
emissions (N,O deposition) caused by volatilization of nitrogen oxides (NOx) and ammonia (NH3)



from fertilized soils and livestock manure through atmospheric nitrogen deposition, as well as nitrous
oxide emissions (N2O leaching) caused by soil nitrogen leaching or runoff losses into water bodies.

NZ OSubside = (Ndomesticated animals X 20% + Nimportation X 10%) x0.01

2016;chhing = Nimportation X 20% X 0.0075
recommended value realm
Direct emission 0.0057 0.0015~0.0085
factors
Indirect emission nitrogen deposition 0.01
factors runoff 0.0075

3. RESULTS AND DISCUSSION
3.1. Inter-annual Trends in Agricultural Carbon Emissions in Henan Province

Calculating the inter-annual trend of carbon emissions from agricultural sources in Henan Province
from 2011 to 2020 and the contribution rate of each source, as shown in Table 1 and Figure 1, it can
be seen that the total amount of carbon emissions has been on a downward trend in general, decreasing
from 57.635 million tons in 2011 to 44.5173 million tons in 2020, with an average annual decline
rate of about 2.66%. Among them, the carbon emissions between 2014 and 2020 are relatively stable,
with an annual average of 45,399,100 tons; between 2013 and 2014 see a significant decline, with a
decline rate of 16.59%. Agricultural land is the dominant factor of carbon emissions, accounting for
about 47% of the total carbon emissions in the calendar year, declining from 23,203,800 tons in 2011
t0 20,941,300 tons in 2020, of which fertilizers declined from 9,067,400 tons to 8,093,100 tons, with
an average annual decline rate of 1.07%. Methane emissions from the gastrointestinal tract of
ruminants decreased from 17,382,600 tons to 9,741,900 tons, which is related to the increase in the
rate of large-scale livestock and poultry farming, and Henan Province expects the rate of large-scale
livestock and poultry farming to reach more than 80% in 2025. Rice paddy methane emissions are
the smallest, it can be seen that food cultivation has a small impact in all types of emission sources.
2014 is the turning year of a significant decline in carbon emissions from agricultural sources, down
9,415,300 tons compared with 2013, of which the animal intestinal methane emissions fell by
6,373,800 tons, the analysis of the reasons for this is that at the end of 2013, China issued the
"Regulations on Prevention and Control of Pollution from Large-Scale Farming of Livestock and
Poultry," which regulate the scale standards of livestock and poultry farms and farming scale
standards for small communities, thus leading to a significant decrease in gastrointestinal methane
emissions from ruminants.

Table 1. List of Carbon Emissions from Agricultural Emission Sources in Henan Province from
2011 to 2020/ 10,000t

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Rice paddy 30633 309.06  303.69 30552 30637 30525 30571 30839 30649  306.73
methane
An‘nl\lf[‘é tlhlgﬁztmal 173826  1674.17 1666.68 102930 991.59  845.09 90545  915.69 1012.11  974.19
Animal Manure 305 45 1391 58 1362.60 114544 112666 1073.01 1130.11 112561 96226  1076.69
Management

Nitrous oxide on 3, 30 533909 234337 225455 226530 221061 222855 2188.08 208051 2094.13
agricultural land

Overall amount ~ 5760.35 5712.90 5676.35 4734.82 4689.92 4433.96 4569.82 4537.76 4361.37 4451.73
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Figure 1. Trend of Carbon Emission in Henan Province from 2011 to 2020

3.2. Carbon Emission Characteristics of Henan Province and Cities in 2019

The carbon emission inventory of Henan Province in 2019 is shown in Table 2. The annual carbon
emissions from agricultural sources were 44,317,700 tons, of which 20,805,000 tons were emitted
from agricultural land, 10,121,100 tons were emitted from animal intestinal fermentation, 9,622,600
tons were managed by animal manure, and 3,064,900 tons were emitted from rice paddies, which
accounted for 47.7%, 23.2%, 22.1%, and 7% of the total carbon emissions, respectively. Fertilizer
application in agricultural land is the largest contributing source, with carbon emissions of 8,343,800
tons, accounting for 39.78% of the total carbon emissions from agricultural land. Due to the current
stage of fertilization technology grassroots promotion system is not sound, the system, funding and
other reasons lead to grass-roots technical service personnel's work enthusiasm is not strong, affecting
the popularization of soil testing and formulation of fertilizer application technology, so the current
soil testing and formulation of fertilizer application technology to promote the mechanism of
innovation, focusing on resources, to the three food crops fertilizer application of carbon emission
reduction potential in the region as the focus of the soil testing and formulation of fertilizer application
technology promotion on the carbon emission reduction has an Important significance. Carbon
emissions from paddy fields are the smallest compared to other emission sources, only 3.0649 million
tons, accounting for 6.7%, concentrated in Xinyang City, with 2.3738 million tons.

In terms of carbon emissions from cities, Xinxiang City and Nanyang City are higher than other cities,
accounting for 12.4% and 12.38% of the province's total carbon emissions, respectively. Jiyuan City
is constrained by land area and the scale of various industries is small, of which carbon emissions are
the smallest in the province (198,400 tons), accounting for only 0.45%. Agricultural land is the main
contributing source, accounting for the largest proportion of Zhoukou City and Nanyang City,
respectively 2,687,800 tons and 2,466,200 tons. The largest carbon emission from animal enteric
fermentation is in Xinxiang City, due to the fact that Xinxiang City is an important livestock and
poultry production, processing and marketing area in Henan Province, and adequate forage and feed
resources provide basic raw materials for the development of the livestock industry in Xinxiang City,
coupled with a favorable geographic location, which gives the livestock industry an obvious
advantage. Carbon emissions from animal manure management systems are mainly distributed in
Nanyang City, Zhoukou City and Zhumadian City, with carbon emissions reaching 1,261,300 tons,
1,182,000 tons and 1,127,200 tons, respectively. Carbon emissions from rice cultivation in Xinyang
City ranked first in the province, amounting to 2,373,800 tons, due to the fact that Xinyang City is
the first major rice-growing city in Henan Province, with a year-round rice cultivation area of about
6 million mu, accounting for about 70% of the province's rice-crop area.



Table 2. Inventory of carbon emissions from agricultural sources in Henan Province in 2019/t

Animal Animal Manure (grand)
rice paddy agricultural land Intestinal Management g
. total
Fermentation System
Zhengzhou 795.312 5044179125 114367.3986 137354.8917 756935.5148
Kaifeng 33253.983 1147579.364 779050.0704 632428.3139 2592311.732
Luoyang 8151.948 745801.2213 527122.7178 376991.9596 1658067.847
Pingdingshan 6710.445 967296.728 456145.7376 448915.549 1879068.46
Anyang 596.484 1171343.508 181337.3951 298907.9701 1652185.357
Hebi 0 296007.4836 91276.8318 179734.5536 567018.869
Xinxiang 100209.312 1422897.535 3618831.788 354664.5841 5496603.219
Jiaozuo 20976.354 547273.7039 148706.2248 156822.678 873778.9607
Puyang 114027.858 911751.5181 187234.5048 357297911 1570311.792
Xuchang 0 670980.4513 261949.611 391695.2617 1324625.324
Luohe 0 548181.4061 107131.9494 345953.32 1001266.675
Sanmenxia 0 291881.4061 305989.4754 217988.502 815859.3835
Nanyang 185307.696 2466208.752 1572458.03 1261290.255 5485264.733
Shangqiu 1391.796 2129601.413 980669.4828 851414.9879 3963077.679
Xinyang 2373757.785 1662313.676 343169.7108 573591.572 4952832.744
Zhoukou 745.605 2687751.769 986720.1246 1181965.228 4857182.727
Zhumadian 135053.919 2179152.129 1231368.47 1127242.384 4672816.902
Jiyuan 347.949 80227.13318 64015.22539 53857.98715 198448.2947
Carbon intensity (t/km?)
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Figure 2. Carbon emission intensity of cities in Henan Province in 2019

Figure 2 shows the carbon emission intensity of cities in Henan Province in 2019. In terms of carbon
emission intensity, Xinxiang City is the highest at 6.65t/km2, followed by Zhoukou City, Kaifeng
City, Luohe City, Puyang City, Shangqiu City, Zhumadian City, Pingdingshan City, and Anyang City,
with 4.06, 4.02, 3.82, 3.75, 3.7, 3.1, 2.98, and 2.95t/km2 respectively, which are higher than the
average of the province (2.83t/km2). The carbon emission intensity of each city is composed of total
carbon emission and land area. Although Nanyang City has a large carbon emission, its land area
accounts for 16.32% of the province, and its carbon emission intensity as a whole is not large, only
2.06t/km?2. Jiyuan City is the smallest city in the province in terms of land area, with only 193,100
hectares, and its carbon emission intensity is small (1.03t/km?2).



3.3. Characterization of carbon emissions from major contributing sources in 2019

B Fertiliser nitrogen

P Manure nitrogen

B straw Nitrogen

B Atmospheric nitrogen deposition
B Alluvial runoff

39. 8%

18. 5%

13. 1%

Figure 3. Contribution of carbon emissions from various emission sources on agricultural land
in 2019

Agricultural land is the largest contributing source of carbon emissions in Henan Province,
accounting for 25.89% to 70.90% of the total carbon emissions in each city. Figure 3 shows the carbon
emission contribution rate of each emission source from agricultural land in 2019. Fertilizer nitrogen
is the largest contributing source of agricultural land emissions, with carbon emissions amounting to
8,343,800 tons, accounting for 39.8% of the total carbon emissions from agricultural land. Fertilizer
application is the main contributing source of agricultural land, accounting for 38.65% to 41.23% of
the total agricultural land. The application of compound fertilizer is the largest among chemical
fertilizers, followed by nitrogen fertilizers, but the carbon emission source of chemical fertilizers is
mainly nitrogen, and the nitrogen content of compound fertilizers is 33%, so nitrogen fertilizers in
chemical fertilizers are the largest contributing source. In terms of realizing the carbon emission
reduction pathway of chemical fertilizer application, it is recommended to promote the application of
nitrogen fertilizer reduction technologies and modes such as soil testing and formula application and
new fertilizer application. Straw returned to the field contributes the least, accounting for 10.09% to
11.86%. In the case of paddy fields, straw is also one of the main raw materials for soil methane
production. The effect of straw on methane emission showed a significant decreasing trend with the
prolongation of the year of field return. About 3 years after returning the straw to the field, the soil
fertility of the paddy field increased significantly, the rice plant and root system grew vigorously,
which promoted oxygen transport, the oxygen content of the soil increased rapidly, and the oxidizing
bacteria grew rapidly, oxidizing methane to carbon dioxide, and the methane emission decreased
significantly.

Animal enteric fermentation is the second largest contributor to carbon emissions from agricultural
sources in Henan Province, with the total carbon emissions in each city accounting for 6.93% to 65.84%
of the total emissions, and Figure 4 shows the carbon emissions of different animals in each city. As
the province's equipment and requirements for large-scale farms continue to improve, there is a large
space for carbon emission reduction from animal enteric fermentation, so this paper further analyzes
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the carbon emission contribution of different animals. Non-dairy cows are the main contributing
source of animal enteric fermentation, accounting for 17.3%~64.15% of the total carbon emissions
from animal enteric fermentation in each city. Dairy and non-dairy cows have larger feeding scale
and higher carbon emission contribution. Compared to sheep, the number of both dairy and non-dairy
cows is not as high as that of sheep, but since the emission factor of dairy and non-dairy cows is much
higher than that of sheep, they have higher carbon emissions. Next is goats, which have the same
emission factor as sheep, but their number is the largest, so they still have higher carbon emissions.
In realizing the carbon emission reduction pathway of livestock and poultry farming, it is appropriate
to promote the application of low protein diets and manure confined or covered storage, planting and
manure deep application and other technologies, and at the same time, reasonably control the scale
of breeding of large livestock, such as pigs, cows and goats, and implement the measures of land-
based livestock in the appropriate breeding areas, which will play a greater role in the effective
reduction of carbon emissions.
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Figure 4. Contribution of carbon emissions from enteric fermentation in different animals in
2019

3.4. Characterizing the spatial distribution of carbon emissions in 2019

Using ArcGIS to extract the geographic boundary information of Henan Province, the spatial
distribution of carbon emissions in 2019 in 18 cities in Henan Province was mapped. As can be seen
from Figure 5, the total carbon emissions of Xinxiang City and Nanyang City are larger, both
exceeding 5 million tons, mainly because of the large land area of Nanyang City, the two cities are
developed in agriculture, and the amount of livestock and poultry breeding and fertilizer application
is relatively high The spatial distribution of carbon emissions from agricultural sources in Henan
Province is mainly in the south, presenting a trend of high emissions in the south and low emissions
in the north, with the high value area concentrated in the southwest, distributed in Nanyang City and
Xinyang City. Low-value areas are distributed in the northwest, in Sanmenxia City and Luoyang City.
This is due to the fact that northwestern Henan is mountainous and hilly, with high terrain, and the
level of agricultural activity in the region is low, resulting in lower carbon emissions.
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Figure 5. Spatial distribution of carbon emissions in Henan Province in 2019
3.5. Comparison of carbon emission inventories of different regions

This paper compares the inventory of carbon emissions from agricultural sources with other scholars
in regions such as Inner Mongolia and Shandong for similar base years. As shown in Table 3, the
most important contributing source of carbon emissions from agricultural sources in Henan Province
and Shandong Province is agricultural land, followed by animal enteric fermentation and animal
manure management system, and paddy field is the smallest contributing source; the most important
source of carbon emissions from agricultural sources in Inner Mongolia is animal enteric fermentation,
followed by agricultural land, and animal manure management system emissions are only second to
the emissions from agricultural land, and paddy field emissions have the smallest contribution. The
reason for this analysis is that Inner Mongolia has resource advantages and basic conditions for
developing pastoralism, with many pastoral areas and relatively little agricultural land. Henan is close
to Shandong Province, and both are large agricultural provinces, so the impact of each emission
source is roughly the same. Carbon emission sources with large differences are mainly rice paddies
and animal manure management systems, which are related to the chosen emission factors in addition
to differences in activity level data. In general, the level of carbon emissions reflects the differences
in the level of economic development, population size, geographic conditions, material needs,
industrial structure and natural conditions between different regions.

Table 3. Comparison with the results of carbon emission studies in other regions / 10,000t

source of carbon

emissions Henan Shandong Neimenggu
base year 2014 2014 2014
rice paddy 305.52 55.39 38.38
Animal Intestinal 1029.3 1124 2147.26
Fermentation
Animal Manure 1145.44 960.45 602.11
Management System
agricultural land 2254.55 2288.53 694.45
overall amount 4734.82 4428.37 3482.19
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3.6. Uncertainty analysis

The uncertainty of the inventory mainly comes from the selection of emission factors and the lack of
activity level data for some emission sources. In this study, the activity level data for paddy fields and
animal manure management systems were obtained from the Henan Provincial Statistical Yearbook,
and the emission factors were taken from the recommended values in the IPCC, which had the least
uncertainty. The proportion of large-scale rearing of goats and sheep in animal enteric fermentation
was not collected, and the average value of large-scale rearing of livestock and poultry from the
Henan Provincial Statistical Yearbook of Animal Husbandry was taken for calculation, which is the
main source of uncertainty in the carbon emission inventory of agricultural sources in this study.
Fertilizer application in agricultural land was taken from the Henan Provincial Statistical Yearbook,
annual excretion coefficient of rural population was taken from the literaturel”), and straw return rate
was taken from the literature!®], which is also a source of uncertainty in the inventory.

4. REACH A VERDICT

(1) The total amount of carbon emissions from agricultural sources in Henan Province from 2011 to
2020 shows an overall decreasing trend, from 57.6035 million tons in 2011 to 44.5173 million tons
in 2020, with an average annual decrease rate of about 2.66%. Agricultural land is the main
contributing source of carbon emissions from agricultural sources in Henan Province, accounting for
about 47% of the total carbon emissions in all years; carbon emissions from paddy fields are relatively
stable, with total carbon emissions ranging from 3.03 to 3.09 million tons.

(2) The emissions from agricultural land in 2019 were 8,343,800 tons, accounting for 39.8% of the
total carbon emissions from agricultural land. Xinxiang City, Nanyang City and Xinyang City are
higher than other cities, accounting for 12.4%, 12.38% and 11.18%, respectively. The average carbon
emission intensity of agricultural sources in Henan Province is 2.83t/km2, the highest is Xinxiang
City with 6.652.83t/km2. The lowest is Jiyuan City with 1.032.83t/km2.

(3) From the spatial distribution characteristics, the carbon emissions from agricultural sources in
Henan Province are mainly distributed in the southern region, showing a trend of high emissions in
the south and low emissions in the north, with high values in Xinxiang City and Nanyang City and
Xinyang City in the south. Emissions in the northwestern region are lower.
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