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Abstract: In 2021, The People’s Republic of China proposed goals for peaking carbon dioxide
emissions before 2030 and carbon neutrality before 2060, in the 15 counties (districts) of the Main
Stream Area of the Yellow River Basin in Gansu that plays an important role in ecological protection
and green development. Next the CO, equivalents were converted according to the IPCC2 standard,
the total agricultural GHG emissions was calculated, the relationship with the agricultural output
value was analyzed, and the discretization of the space was analyzed by the coefficient of variation
and standard deviation. Firstly, the total agricultural GHG emissions in 15 counties (districts)
of the Main Stream Area of the Yellow River Basin increased 55.54% in 2000-2019, and 2.35%
annually, roughly divided into three stages: the rapid growth period (2000-2008), the slow decline
period (2009-2014) and the rapid decline period (2015-2019). The economic efficiency is significantly
improved, with an average annual decline of 6.49%, roughly divided into three stages: the slow-
descent stage (2000-2004), the period of slow-growth stage (2005-2008) and the period of fast-
decline (2009-2019). Secondly, based on the characteristics of the total GHG emissions, Maqu
County has the largest GHG emissions increase, from 26.8842 kt in 2000 to 38.9603 kt, in 2019,
an increase of 44.92%, while the smallest GHG emissions, in Anning District, decreased 87.33%
from 111 ¢ in 2000 to 14.1 f in 2019; In the rate of increase in the total GHG emissions, Dongxiang
County had the largest rate of increase from 2000 to 2019, an increase of 160.28% and an average
annual increase of 4.90%. The smallest rate of decrease in GHG emissions was seen in Chengguan
District, where they decreased 92.11% from 2000 to 2019, an average annual decrease of 11.93%.
The characteristics of agricultural GHG emissions intensity is a significant declining trending and
agricultural production efficiency has been significantly improved. Finally, to provide a basis for
the formulation of differentiated agricultural energy conservation and emissions reduction policies,
reduce agricultural GHG emissions intensity and reduce the use efficiency of resources by formulating
differentiated emission targets, tasks and incentive measures.

Keywords: agricultural; GHG emissions; spatial-temporal characteristics; livestock; Yellow River
Basin; China

1. Introduction

Agricultural production is the world’s second-largest greenhouse gas (collectively
referred to in this article simply as GHG) emissions source [1]. In 2021, The People’s
Republic of China proposed the goals for peaking carbon dioxide emissions before 2030
and carbon neutrality before 2060. China is a traditional agricultural country, still in the
stage of extensive development. The GHG produced by agricultural activities account
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for 17% of the total GHG [2], Agricultural GHG have always been a difficult problem for
agricultural development and a hot topic of research.

Currently, agricultural GHG are studied in the United States [3], China [4], the Euro-
pean Union [5], Spain [6], Germany [7] and so on from different perspectives. For example,
CHy4, N;O, CO; production rates from six forest and agricultural soil types in the Kotesh-
war hydropower reservoir catchments located in the Uttarakhand region of India, were
estimated and their relations with physico-chemical characteristics of soils were exam-
ined [8], mainly focused on the influencing factors [9], spatial emissions characteristics [10],
emissions measurement [11], carbon trading [12], and emissions reduction countermea-
sures [13]. The temporal and spatial characteristics of agricultural carbon emissions across
regions are also constantly explored, such as The Yangtze River Economic Belt [14] or the
factors of China using the Kaya identity and LMDI index decomposition method [15], Also
research on emission estimation for China’s Fujian Province [16], and the characteristics
of agricultural source GHG emissions in Anhui Province [17], Empirical study on the
influence factors of carbon emissions transaction price [18] and research on carbon emis-
sions from the planting industry [19] in Hubei Province, GHG emissions and SOC stocks
of the crop-farm animal production system in Heilongjiang Land Reclamation Area [20],
comprehensive evaluation of ecological environment on the anniversary of wheat-corn
double-cooked farmland in Henan Province [21], study on the potential estimation of GHG
emissions reduction in the “breeding-biogas” ecological model in Shanxi Province [22],
research on agricultural GHG emissions reduction in Xinjiang Uygur Autonomous Region
and Sichuan Province [23]. However, these studies on the spatial and temporal charac-
teristics, efficiency evaluation, drivers and other aspects of agricultural carbon emissions
at the provincial and regional levels, the temporal and spatial characteristics of the total
agricultural carbon emissions and the carbon emission intensity of 62 counties in Jiangsu
Province [24], and the agricultural GHG emissions in Chongming County [25]. At present,
agricultural carbon emissions are mainly studied from a relatively macro perspective, and
there are relatively few studies on county-level agricultural carbon emissions.

The Yellow River basin is China’s most important river basin, which has an important
role in the country’s agricultural production. In this work we calculate the Yellow River
basin of Gansu agricultural carbon emissions, especially in the upstream region how
determine to handle the problem of sustainable agricultural development which has
become a key problem, to ensure the sustainable development of agriculture, realize the
upper Yellow River agricultural efficiency and provide a win-win ecological case.

2. The Study Area and the Data Resources

This paper studied 15 counties in four cities within the Main Stream Area of the
Yellow River Basin in Gansu, including Maqu County, Gannan Tibetan Autonomous
Prefecture; Linxia County, Yongjing County, Dongxiang County, Jishishan County, Linxia
Hui Autonomous Prefecture; Gaolan County, Yuzhong County, Chengguan District, Qilihe
District, Xigu District, Anning District, Lanzhou City; Jingtai County, Pingchuan District,
Baiyin District, Jingyuan County and Baiyin City (see Figure 1). As of 2019, the land area
was 36,149.36 km?, the permanent resident population is 542,530, the total value of GDP in
2019 was 32,703.27 million U.S. dollars (see Table 1).

The population and GDP data of this article are from the Compilation of the second
national agricultural census data in Gansu Province, Compilation of the third national agricultural
census data in Gansu Province and the Gansu Development Yearbook (2001-2020).
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Figure 1. The location of 15 counties within The Main Stream Area Yellow River Basin in Gansu Province.

Table 1. Brief profiles of studied counties (districts).

Case Cities Case Counties Main Agricultural Population Area GDPP
(Districts) Products 2 10 (km?) (10* U.S. dollar)
Gannan Tibetan
Autonomous Maqu (S:Etﬂes (495.5 th) 59 9637 36,925.99
Prefecture eep (367.4 th)
Corn (79.524 kt)
Linxia Wheat (30.8 kt) 29.56 12124 140,083.51
Tubers (20.301 kt)
Corn (62.300 kt)
Linxia Hui Yongjing Tubers (15.200 kt) 18.79 1864 79,492.51
Autonomous Wheat (5.800 kt)
Prefecture Corn (41.90 kt)
Jishishan Tubers (8.80 kt) 24.76 910 37,087.40
Wheat (7.28 kt)
Corn (68.02 kt)
Dongxiang Tubers (50.89 kt) 30.81 1268 50,663.45
Wheat (3.35 kt)
Corn (9.65 kt)
Gaolan Tubers (7.15 kt) 11.06 2180 117,369.12
Wheat (4.33 kt)
Corn (69.03 kt)
Yuzhong Tubers (27.04 kt) 44.7 3302 241,192.62
Lanzhou city Wheat (15.77 kt)
Chengguan Vegetables (5.94 kt) 133.07 207.84 160,319.02
Qilihe Veg§:£i£3(g§7l.(é)9 w0 58.34 39447 781,753.66
Anning Vegetables (0.94 kt) 28.76 82.33 348,620.26
Xigu Vegetables (122.36 kt) 37.27 358.32 637,621.69
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Table 1. Cont.

Case Cities

Case Counties Main Agricultural Population Area GDPP
(Districts) Products ? (10%) (km?) (10* U.S. dollar)

Baiyin city

Corn (18.66 kt)
Wheat (2.30 kt)
Corn (24.63 kt)

Baiyin 30.47 1352 338,740.59

Pingchuan Tubers (10.17 kt) 19.8 2106 108,263.95

Wheat (6.93 kt)
Corn (134.83 kt)
Legumes (26.06 kt)
Wheat (39.85 kt)
Paddy (3.25 kt)
Sheep (409.30 kh)
Paddy (9.82 kt)
Tubers (43.27 kt)
Legumes (10.30 kt)
Corn (112.51 kt)
Wheat (27.90 kt)

Jingtai 22.56 5483 86,540.62

Jingyuan 46.68 5792 108,751.11

Notes: Data for 2019; @ th = thousand head, kt = kiloton; P Exchange rate: 1 U.S. dollar = 6.4573 RMB.

3. Materials and Methods
3.1. Emission Quantity and Intensity Measurement Method

This paper refers to the calculation and research results of Zhang et al. [26], Chen et al. [24],
Shang et al. [27], Li et al. [28], Kang et al. [25] and West [29]. Kumar et al. [30] in particular
reviewed GHG measurements from Chinese freshwater bodies and the GHG emissions
calculation methods and factors of emissions in the 2011 Provincial GHG List Preparation
Guide (Trial) and calculated the agricultural GHG emissions in the 15 counties (districts),
mainly including the CO,, CHy4, N,O:

(1) The calculation of agricultural GHG CO; is primarily the CO; emissions from
fertilizer use, agricultural machinery and electricity during agricultural production in
the region:

CO, = (F x kg + Area X ky + Machine x k3 + Electric x kq) x 44/12000

where CO; is the total GHG emissions of agricultural CO ;, F is chemical fertilizer use, Area
is agricultural planting area, Machine is the total agricultural machinery power, Electric is
agricultural production electricity consumption, formula is ki = 857.54, ky = 16.47, k3 = 0.18,
ks =0.18.

(2) Agricultural GHG CHy, which mainly includes emissions of CHy from paddy
fields and CHjy from storage animals:

4—pa ields — al ields al ields
CHjypaddy fields = EFpaddy fields X ATr€apaddy field

n n
CHj - animals = ZTi X o+ ZTi X B
i i

where CHy_paddy fields i the CHy emissions of rice field, which is mainly single-season
rice in northwest China, while EFp.44y fields is 231.2 kg/ hm?, Areap,ddy fields 1S the annual
rice planting area. CHy_nimals is the CHy emissions of animals, and «;, 31 is the CHy
emissions coefficient of animal gut and fecal fermentation respectively. The coefficient
of GHG emissions is mainly calculated according to the correlation coefficient of the
provincial level.
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(3) Agricultural GHG N,O emissions are primarily N,O emissions managed by storage
animals in the area and N»O emissions from agricultural cultivation:

n
N20animals = ZTi X Yi
i

n
NZOagricultural cultivation = ZTi X S X &
i

N>Oanimals animals are the animal N,O emissions coefficient, Tj is the feeding amount
of class i, and y; is the N,O coefficient of fecal fermentation of class i. Due to the difficulty
of nitrogen application and the large area of fertilizer use, this paper calculates the N,O
calculation excluding farmland soil.

N2Oagricultural cultivation 18 the N2O emissions of farmland cultivation, T; is the yield of
Class i agriculture, S; is the straw coefficient of Class i agricultural crops, Straw conver-
sion coefficient was determined according to the United Nations Food and Agricultural
Organization (FAO); assuming that all straw is returned to the field through agricultural
production and livestock breeding.

(4) G is the total CO; emissions of CO,, mainly the total overall regional carbon
emissions:

n n n
G =) COy(i) +25 x ) | CH,(i) +298 x Y~ N,O(i)

According to the IPCC’s National GHG Inventory Guide 2006, a global warming
submersible meter radiation forces a ton of GHG on a ton of carbon dioxide for some time.
Therefore, were all used, 1 t CH, =25t CO,, 1t N,O =298 t CO,.

Based on the basis of relevant research results, in order to further measure the relation-
ship between agricultural GHG emissions and agricultural economic development in the
main stream region of the Yellow River Basin and 15 counties, the relationship between the
emissions and the agricultural economic level is measured by the way of GHG emissions
intensity. Agricultural GHG emissions intensity was calculated as:

Cl=G/A

where G is the agricultural GHG emissions (10,000 t); A is the total agricultural output
value (10,000 yuan).

3.2. Standard Deviation and Coefficient of Variation

To illustrate the differences seen in the counties of agricultural GHG emissions in
15 counties of the Main Stream region of the Yellow River Basin, the standard deviation
(S) and coefficient of variation (V) usually measure relative and absolute differences, with
larger values indicating greater difference:

s=,/3.(Gi~C)*/n
i=1
V=5S/G

where G; is the emissions (or emissions intensity) of the i county/district unit in the main
stream of the Yellow River Basin; 7 is the number of county units; and G is the average of
discharge of n county units.
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3.3. Spatial Variability Analysis

The Moran’ I statistic is a very widely used spatial autocorrelation statistic, in its
specific form as follows:

L Y wij(x; — %) (x — X)
So Y (x— %)

n
Z Xi, wi]' is the
i=1

=

where, x; represents the observant i at the i-th spatial position, X =

element of the spatial weight matrix W (n x n) representing the topological relationship
between spatial units and Sy is the sum of all elements of the spatial weight matrix W.
Reflecting is the degree of similarity of emissions regional cell attribute values in spatial
or spatial proximity. This article mainly uses the global Moran ‘I and spatial distribution
characteristics of total agricultural GHG emissions and GHG emissions intensity in the main
stream of 15 counties in the Main Stream of the Yellow River Basin in the Gansu section.

4. Result
4.1. Analysis of Total Agricultural GHG Emissions
4.1.1. The Analysis of Time Series

The total amount of agricultural GHG emissions in 15 areas of the main stream of
the Yellow River Basin increased significantly, from 62.57730 kt to 97.3355 kt in 2019, an
55.54% during the study period, and 2.35% annually, which can be roughly divided into
three stages (Figure 2):

(1) During the period of fast-growth (2000-2008), agricultural GHG emissions increased
from 62.577 kt to 105.795 kt, and GHG emissions reached the highest value in the
study phase.

(2) During the period of slow-decline (2009-2014), a downward trend appeared, and
overall, GHG emissions fell 1.55% from 103.5624 kt to 103.4023 kt.

(3) During the period of fast-decline (2015-2019), agricultural GHG emissions decreased
by 3.76% from 101.1393 kt to 97.3355 kt, with an average annual decline of 1.88%.

0.018 - o cl 12000
0.016 -
10000
0.014 -
A
0.012 A 3 8000
" =
c
0.010 - . ] , 2
s o
5 1 6000 S
0.008 - J T
- o
0.006 - a4 3 4000
R
0.004 3
2000
0.002 A
0.000 - 0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 2. Changes of the total agricultural carbon emissions and agricultural GHG emissions intensity
in the Main Stream of the Yellow River Basin in Gansu section from 2000 to 2019. “G” represents the
total GHG emissions and “Cl” represents the intensity of agricultural GHG in Figure 2. It shows the
relationship of change between total carbon emissions and economic development.

Due to the continuous growth of agricultural output value over the years, from the
added value of 3.8898 billion yuan (0.60223 billion U.S. dollar) in 2000, 21.7689 billion
yuan (3.37038 billion U.S. dollar) in 2019, the agricultural GHG emissions intensity shows
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an inter significant downward trend in the 15 counties in the Main Stream area of the

Yellow River Basin. With an average annual decline of 6.49%, indicating that its economic

efficiency is significantly improved. It can mainly be divided into the following three stages

(Figure 2):

(1) During the period of slow-descent stage (2000-2004), agricultural GHG emissions
intensity from 0.016 to 0.011, down by 31.25% in this period, with an average annual
decline of 9%. It shows that the agricultural production efficiency shows a higher
growth trend.

(2) During the period of slow-growth slow decline (2005-2008), agricultural GHG emis-
sions intensity from 0.011 to 0.013, down for 18.02 percent in this period, with an
average annual increase of 5.72%. Agricultural production efficiency declined in
this stage.

(3) During the period of fast-decline (2009-2019), agricultural GHG emissions intensity
from 0.011 to 0.004, down by 63.64% in this period, with an average annual decline
of 9.62%.

4.1.2. Different Types of Agricultural GHG Analysis

The total emissions in different types of agricultural GHG gas analysis, it's mainly
presents the following characteristics:

(1) Agricultural emissions of CO, are the largest in agricultural GHG, increasing from
177.57 kt in 2000 to 270.83 kt in 2019, an increase of 52.52 percent, an average annual
increase of 2.25%, the trend shows a smaller increase.

(2) Emissions of CO,/CHy in paddy fields (agricultural cultivation) are the smallest in
agricultural GHG, from 0.86 kt in 2000 to 0.40 kt in 2019, a drop of 53.49 percent,
and an average annual decline of 3.95%, so the trend shows a smaller decline. The
emission of NO in agricultural cultivation is also relatively smaller among agricul-
tural greenhouse gases, increasing from 3.64 kt in 2000 to 6.66 kt in 2019, increase for
82.97%, an average annual increase of 5.28%, so the trend shows a smaller increase.

(3) Emissions of CO,/CHy in livestock: the emissions of CH; and N;O maintain a
basically consistent change trend, but the average annual growth rate of the emissions
of CHy is higher than that of N,O. The emissions of CH, increased from 43.49 kt in
2000 to 68.82 kt in 2019, increase for 58.24 percent, an average annual increase of 5.28%,
the trend shows a smaller increase. The emissions of N,O increased from 12.97 kt
in 2000 to 19.14 kt in 2019, increase for 47.57 percent, an average annual increase of
2.07%, the trend shows a smaller increase.

4.1.3. Spatial Sequence Analysis

From the changes of the Moran index and Z(I) of the total agricultural GHG emissions
from 2000 to 2019, the overall fluctuation trend can be shown, and the change trends are
basically consistent and relatively stable. The Moran index remains between 0.077 and
0.112, showing a positive correlation; the mean Z value is about 1.909, both positive and
significant, indicating a positive spatial self-correlation of the total carbon emissions in the
Main Stream part of the Yellow River Basin(see Figure 3). Except for Maqu County, the
total carbon emissions in the remaining 15 counties tend to spatial agglomeration.
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Figure 3. Variations in (a) CO, emissions, (b) CH4 emissions of paddy field, (¢) CH4 emissions of animals, (d) N,O emissions
of paddy field, (e) N,O emissions of animals. Different types of agricultural GHG analysis. The Changes of the total of
different types of agricultural GHG in The Main Stream of the Yellow River Basin in Gansu section from 2000 to 2019.” kt”
stands for “thousand tons”.

From the changes of the global Moran index and Z (I) of total agricultural GHG
emissions intensity from 2000 to 2019, the overall fluctuation trend is shown, and the change
trends are basically consistent and relatively stable. The Moran index remains between
1.739 and 2.837, showing positive correlation; the mean Z value is about 2.686, which is
positive and significant, indicating a positive spatial autocorrelation in the main stream of
the Yellow River Basin(see Figure 4). Except for Maqu County, the other 15 counties tend
to gather in space.
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Figure 4. Variations in (a) Moran index, (b) Z value, the main expression is the relationship between total agricultural GHG

emissions and GHG emissions intensity in The Main Stream of the Yellow River Basin in Gansu section from 2000 to 2019.

4.2. The Spatial Characteristics of Carbon Emissions in Counties and Districts
4.2.1. Analysis of Total GHG Emissions

From the characteristics of the total GHG emissions in the Main Stream part of the
Gansu section of the Yellow River Basin, Maqu County had the largest total carbon emis-
sions, Anning District was the smallest in the total carbon emissions, Dongxiang County
had the largest increase in the total GHG emissions, and Chengguan District decreased the
most in the total GHG emissions. Details are shown below:

In the total GHG emissions, Maqu County has the largest GHG emissions increase,
from 26.8842 kt in 2000 to 38.9603 kt, in 2019, an increased by 44.92%, and an average annual
increase of 1.87%, far below the average growth rate of 15 counties/districts (55.54%), and
a growth rate of 2.23% in 15 counties/districts. The smallest GHG emissions in Anning
District decreased 87.33% from 111 ¢ in 2000 to 14.1 t in 2019, and an average annual
decrease of 9.81%, far below the average growth rate of 15 counties/districts, and a growth
rate of 2.23% in 15 counties/districts.

In rate of increase in the total GHG emissions, Dongxiang County has the largest rate
of increase in GHG emissions from 3.4106 kt in 2000 to 8.8771 kt, in 2019, increased by
160.28%, and an average annual increase of 4.90%, far over the average growth rate of
15 counties/districts, and a growth rate of 2.23% in 15 counties/districts. The smallest rate
of decrease in GHG emissions in Chengguan District decreased 92.11% from 0.4893 kt in
2000 to 0.0390 kt in 2019, and an average annual decrease of 11.93%, far below the average
growth rate of 15 counties/districts, and a growth rate of 2.23% in 15 counties/districts.

The total amount of increase in GHG emissions in Jingtai County, Pingchuan District,
Yongjing County, Qilihe District, Jingyuan County, Linxia County, Baiyin District, Xigu Dis-
trict, Yuzhong County and Jishishan County was relatively large, from 4.0421 kt, 1.2474 kt,
1.8118 kt, 0.7055 kt, 5.3965 kt, 6.1740 kt, 1.5864 kt, 0.4124 kt, 4.6828 kt, 4.0714 kt, in 2000
to 8.7928 kt, 2.6818 kt, 3.7405 kt, 1.1951 kt, 8.7408 kt, 9.9183 kt, 2.2493 kt, 0.5295 kt, 5.8299
kt, 4.2235 kt in 2019, respectively, representing increases by 117.53%, 114.99%, 106.45%,
69.41%, 61.97%, 60.64%, 41.78%, 28.40%, 24.50%, 3.74% and an average annual decrease of
3.96%, 3.90%, 3.69%, 2.67%, 2.44%, 2.40%, 1.76%, 1.26%, 1.10%, 0.18%. The increase was
relatively small in Baiyin District, Xigu District, Yuzhong District, and Jishishan County.
However, the agricultural GHG emissions in Gaolan County were the smallest, from 1.5467
kt in 2000 to 1.5434 kt, a decrease by 0.22%, with an annual decline of 0.01%. (Table 2 and
Figure 5).
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Table 2. The total GHG emissions in the 15 county (district) of Gansu section of the Yellow River Basin from 2000 to 2019.

N 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Maqu 26.8842  26.7297  26.6174  26.2132  26.0072  26.8803 33.5763  40.2722  56.3164  54.5594
Linxia 6.1740 6.4731 6.6079 6.5884 6.5105 6.9433 6.7819 6.7829 6.2738 6.4073

Yongjing 1.8118 2.0294 2.1923 2.2599 24325 2.5401 2.4318 3.0236 2.8470 2.6731
Jishishan 4.0714 4.5457 4.6409 4.7304 5.4611 6.0046 4.7462 3.8569 3.0514 3.0157
Dongxiang 3.4106 3.6872 3.7669 42415 4.3109 4.4103 4.7597 6.1513 6.5695 6.3237
Gaolan 1.5467 1.3688 1.3308 1.4847 1.8143 1.7936 1.7092 1.9866 2.1264 1.9280
Yuzhong 4.6828 4.6516 4.6484 4.5622 4.9089 4.9501 4.9641 5.5015 6.1930 6.1748
Chengguan 0.4944 0.4807 0.5084 0.4893 0.3993 0.4014 0.2656 0.1192 0.0822 0.0803
Qilihe 0.7055 0.7063 0.7410 0.7789 0.8573 1.0229 1.5929 2.1866 1.6465 1.6698
Anning 0.1110 0.1055 0.1099 0.1118 0.1312 0.1272 0.0886 0.0519 0.0536 0.0513
Xigu 0.4124 0.5528 0.6132 0.6687 0.8066 0.8976 0.8750 0.9039 0.5880 0.5850
Jingtai 4.0421 3.8818 4.2915 4.1275 4.4317 49779 4.9227 5.3908 5.7879 6.3526
Pingchuan 1.2474 1.1789 1.2618 1.2915 1.4206 1.5391 2.1583 3.2995 3.5689 2.8796
Jingyuan 5.3965 5.2752 5.7823 5.3517 5.9423 5.5486 6.4863 8.3453 8.5269 8.5646
Baiyin 1.5864 1.7061 1.7432 1.7720 1.7078 1.7299 1.9841 2.2556 2.1633 2.2971
Average 4.1718 4.2249 4.3237 4.3114 4.4761 4.6511 5.1562 6.0085 7.0530 6.9042
C(D)

N 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Maqu 50.7376 474740 46.3476  45.6430 47.6939  47.0254 46.1960 47.4052 42.1954  38.9603
Linxia 6.6484 6.8481 6.9383 7.2922 7.6454 7.6761 7.5307 7.7367 9.0041 9.9183

Yongjing 2.8317 2.9063 3.0990 3.3618 3.4860 3.4634 3.4177 3.2683 3.4327 3.7405
Jishishan 3.1119 3.1071 3.1976 3.3528 3.5378 3.5102 3.4305 3.5593 4.0262 4.2235
Dongxiang 6.5270 6.8584 6.9792 7.5617 7.6930 7.4759 7.3464 7.3870 7.9667 8.8771
Gaolan 1.9505 1.9406 1.8758 1.9089 2.0052 1.9439 1.6875 1.6688 1.5217 1.5434
Yuzhong 5.9190 6.1395 6.2344 6.3165 6.0956 5.7438 5.6341 5.5756 5.8335 5.8299
Chengguan 0.0960 0.0884 0.0870 0.0771 0.0734 0.0715 0.0692 0.0678 0.0433 0.0390
Qilihe 1.5355 1.4807 1.5742 1.6518 1.7220 1.6678 1.6275 1.6461 1.4070 1.1951
Anning 0.0470 0.0442 0.0441 0.0468 0.0482 0.0367 0.0347 0.0332 0.0228 0.0141
Xigu 0.5817 0.5912 0.5903 0.6019 0.5836 0.5568 0.5010 0.4960 0.4870 0.5295
Jingtai 6.7822 7.0743 8.1026 7.8114 8.2133 7.4570 7.1892 7.6043 8.2111 8.7928
Pingchuan 2.9398 2.9740 2.9160 2.8113 2.8205 2.6951 2.4998 2.3650 2.6448 2.6818
Jingyuan 8.9923 9.8452 10.0868 9.3827 9.4671 9.4945 9.0419 9.2280 9.0088 8.7408
Baiyin 2.169%4 2.2591 2.2090 2.2811 2.3173 2.3211 2.2148 2.2392 1.7978 2.2493
Average 50.7376 474740 46.3476  45.6430 47.6939  47.0254 46.1960 47.4052 42.1954  38.9603

Note: Variations in Maqu county, Linxia county, Yongjing county, Jishishan county, Dongxiang county, Gaolan county, Yuzhong county,
Chengguan district, Qilihe district, Anning district, Xigu district, Jingtai district, Pingchuan district, Jingyuan county, Baiyin district,
include: the total GHG emission in the main stream of Gansu section of the Yellow River Basin from 2000 to 2019.The average is the county
(district) average of total agricultural GHG emissions, in The Main Stream of the Yellow River Basin in Gansu section from 2000 to 2019.
“C/D” represent “county (district)”. The units in the table is “kt”, it represents “kiloton”.

4.2.2. Analysis of GHG Emissions Intensity

The characteristics of agricultural GHG emissions intensity in the Main Stream of
the Yellow River Basin in Gansu section is a significant decline trending, agricultural
production efficiency has been significantly improved. Maqu County was the largest in the
agricultural GHG emissions intensity, Anning District was the smallest in the agricultural
GHG emissions intensity, Chengguan District had the largest decrease in the agricultural
GHG emissions intensity, and Anning District decreased the least in the agricultural GHG
emissions intensity. See below for details:

In the agricultural GHG emissions intensity, Maqu County has the largest agricultural
GHG emissions intensity decrease, from 0.2391 in 2000 to 0.0403 in 2019, a decreased
by 83.15%, and an average annual decrease of 8.52%. The smallest agricultural GHG
emissions intensity in Chengguan District decreased 84.25% from 2.8 in 2000 to 0.4 in 2019,
and an average annual decrease of 8.83%. The corresponding agricultural production
efficiency was the highest among the 15 counties/districts. Similarly, in the rate of increase
in the agricultural GHG emissions intensity, the largest growth rate of agricultural GHG
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emissions intensity is seen in Chengguan District, while the least growth rate of agricultural
GHG emissions intensity occurred in Anning District, where it decreased by 40.40%, with
an average annual decrease of 2.55%.

Additionally, the agricultural GHG emissions intensity decrease in Jingyuan County,
Jishishan County, Yuzhong County, Gaolan County, Linxia County, Pingchuan District,
Jingtai County, Dongxiang County, Baiyin District, Qilihe District, Yongjing County and
Xigu District was relatively large, from 0.0075, 0.0299, 0.0093, 0.0049, 0.0237, 0.0118, 0.0103,
0.0219, 0.0068, 0.0025, 0.0094, 0.0020, in 2000 to 0.0015, 0.0064, 0.0020, 0.0012, 0.0063, 0.0033,
0.0030, 0.0067, 0.0026, 0.0011, 0.0048, 0.0010, in 2019, respectively, representing decreases by
80.51%, 78.59%, 78.36%, 74.91%, 73.22%, 71.90%, 71.36%, 69.59%, 61.61%, 56.03%, 48.66%,
47.85%, and an average annual decrease of 7.85%, 7.42%, 7.37%, 6.68%, 6.37%, 6.15%, 6.05%,
5.78%, 4.67%, 4.03%, 3.28%, 3.20%. The increase was relatively small in Baiyin District,
Xigu District, Yuzhong District, and Jishishan County, but the agricultural GHG emissions
in Gaolan County were the smallest, from 1.5467 thousand tons in 2000 to 1.5434 thousand
tons, a decrease by 0.22%, with an annual decline of 0.01%. (Table 3 and Figure 5).

Table 3. The total GHG emissions intensity in the 15 county (district) of Gansu section of the Yellow River Basin from 2000

to 2019.
C(D)

N 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Maqu 0.2391 0.2485 0.2297 0.2125 0.2038 0.1908 0.1976 0.2027 0.1928 0.1690
Linxia 0.0237 0.0227 0.0221 0.0204 0.0165 0.0166 0.0151 0.0129 0.0115 0.0111

Yongjing 0.0094 0.0094 0.0095 0.0087 0.0077 0.0076 0.0067 0.0069 0.0058 0.0051
Jishishan 0.0299 0.0280 0.0243 0.0228 0.0219 0.0224 0.0166 0.0108 0.0099 0.0086
Dongxiang 0.0219 0.0190 0.0310 0.0182 0.0156 0.0148 0.0155 0.0170 0.0159 0.0144
Gaolan 0.0049 0.0569 0.0043 0.0045 0.0050 0.0046 0.0042 0.0040 0.0037 0.0030
Yuzhong 0.0093 0.0086 0.0076 0.0068 0.0061 0.0056 0.0053 0.0051 0.0054 0.0046
Chengguan 0.0028 0.0026 0.0027 0.0026 0.0021 0.0021 0.0016 0.0007 0.0005 0.0004
Qilihe 0.0025 0.0023 0.0026 0.0026 0.0027 0.0031 0.0046 0.0057 0.0039 0.0037
Anning 0.0011 0.0011 0.0012 0.0014 0.0014 0.0015 0.0016 0.0012 0.0015 0.0016
Xigu 0.0020 0.0024 0.0033 0.0026 0.0014 0.0029 0.0027 0.0024 0.0018 0.0016
Jingtai 0.0103 0.0094 0.0098 0.0088 0.0069 0.0074 0.0068 0.0063 0.0058 0.0064
Pingchuan 0.0118 0.0106 0.0106 0.0095 0.0088 0.0079 0.0105 0.0148 0.0146 0.0112
Jingyuan 0.0075 0.0068 0.0071 0.0062 0.0052 0.0043 0.0047 0.0049 0.0046 0.0041
Baiyin 0.0068 0.0069 0.0066 0.0065 0.0053 0.0047 0.0052 0.0048 0.0042 0.0041
Average 0.0255 0.0290 0.0248 0.0223 0.0207 0.0198 0.0199 0.0200 0.0188 0.0166

N 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Maqu 0.1449 0.1168 0.1018 0.0894 0.0869 0.0815 0.0756 0.0519 0.0435 0.0403
Linxia 0.0095 0.0086 0.0076 0.0074 0.0071 0.0067 0.0062 0.0065 0.0075 0.0063

Yongjing 0.0045 0.0041 0.0038 0.0038 0.0036 0.0034 0.0032 0.0033 0.0035 0.0048
Jishishan 0.0072 0.0066 0.0057 0.0056 0.0053 0.0051 0.0047 0.0064 0.0065 0.0064
Dongxiang 0.0125 0.0121 0.0099 0.0111 0.0107 0.0103 0.0096 0.0085 0.0078 0.0067
Gaolan 0.0027 0.0024 0.0020 0.0019 0.0022 0.0019 0.0018 0.0017 0.0014 0.0012
Yuzhong 0.0038 0.0034 0.0031 0.0028 0.0025 0.0022 0.0024 0.0028 0.0024 0.0020
Chengguan 0.0005 0.0004 0.0003 0.0003 0.0002 0.0002 0.0002 0.0008 0.0005 0.0004
Qilihe 0.0032 0.0027 0.0027 0.0024 0.0022 0.0020 0.0018 0.0018 0.0015 0.0011
Anning 0.0014 0.0010 0.0009 0.0009 0.0009 0.0007 0.0011 0.0009 0.0017 0.0007
Xigu 0.0014 0.0012 0.0011 0.0010 0.0009 0.0008 0.0007 0.0013 0.0011 0.0010
Jingtai 0.0061 0.0056 0.0053 0.0044 0.0045 0.0041 0.0038 0.0035 0.0035 0.0030
Pingchuan 0.0097 0.0089 0.0069 0.0066 0.0063 0.0059 0.0056 0.0037 0.0041 0.0033
Jingyuan 0.0039 0.0040 0.0036 0.0030 0.0028 0.0026 0.0023 0.0023 0.0019 0.0015
Baiyin 0.0050 0.0033 0.0028 0.0027 0.0026 0.0025 0.0023 0.0025 0.0025 0.0026
Average 0.0144 0.0121 0.0105 0.0096 0.0092 0.0087 0.0081 0.0065 0.0060 0.0054

Note: Variations in Maqu county, Linxia county, Yongjing county, Jishishan county, Dongxiang county, Gaolan county, Yuzhong county,
Chengguan district, Qilihe district, Anning district, Xigu district, Jingtai district, Pingchuan district, Jingyuan county, Baiyin district,
include: the total GHG emissions intensity in the main stream of Gansu section of the Yellow River Basin from 2000 to 2019.The average is
the county (district) average of total agricultural GHG emissions intensity, in The Main Stream of the Yellow River Basin in Gansu section
from 2000 to 2019. “C/D” represent “county (district)”.
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Further analysis of the growth rate finds that the agricultural production efficiency
has improved significantly, and total GHG emissions have been greatly improved. From
the growth rate of total agricultural GHG in the Main Stream area of the Yellow River Basin
in the Gansu section from 2000 to 2019, the growth rate is above the average rate in Linxia
County, Yongjing County, Dongxiang County, Qilihe District, Jingtai County, Pingchuan
District and Jingyuan County. These counties (districts) averaged a 98.75% increase, while
other counties (districts) are below the average growth rate of 55.54%. From the growth
rate of the agricultural GHG emissions intensity in the Main Stream region of the Yellow
River Basin in the Gansu section from 2000 to 2019, the growth rate is above the average
rate in Yongjing County, Dongxiang County, Qilihe District, Anning District, Xigu District,
Jingtai County, Pingchuan District, Baiyin District. These counties (districts) averaged a
—58.43% increase, Other counties (districts) are below the average growth rate of —72.71%
(Figure 6).

b.Linxia county
mmmmmn Average-G(15 county/district) mm Linxia-G mmmmn Average-G(15 county/district)

Magqu-Cl Average-CI(15 county/district) > Linxia-Cl Average-CI(15 county/district) g‘
6000 030 2 1200 0.06 g
= g = £
g £ i 5
-2 5000 025 ¢ -£000 005 .2
k) o @ a
£ 2 E £
& 4000 020 € 2800 004 @
& w ) &

4
& 3000 015 g %00 003§
2 g 2 2
c 2 c c
8 2000 010 € 00 002 g
© o = =
£ 1000 ~ . o005 = P00 001§
> 2 S >
€ o mmifniimimiina L 000 2 <0 000 £
< & < <

IR I IR S IR IR SN I SIS SN N SN NI SR ) 3

S O O PR R QX AR X0 & <

LT FTTL LTSS
year year
c.Yongjing county d.Jishishan county
mm Yongjing-G mmmm— Average-G(15 county/district) e Jishishan-G mmmn Average-G(15 county/district)
Yongjing-Cl Average-CI(15 county/district) Jishishan-Cl Average-CI(15 county/district)
800 0.05 800 0.06

[ - N
S o 9o
S & o

N
o
S

Agricultural greenhouse gas emission(t)

e.Dong

I =) ® o
o =3 =] S
S S) ) S

n
=3
S

Agricultural greenhouse gas emission(t)

il

S » > P
S &S & °
SRS S

Xiang county
mmm Dongxiang-G
Dongxiang-Cl

v

O QO N D AN
QQQ'\\’\’\’\
SRR -

0.04

~
o
]

0.05
0.04

@
o
S

0.03 0.04

G
o
[s]

0.03

&
o
S)

0.03
0.02

w
o
S)

0.02 0.02

(8]
=]
]

0.01 001

IS)
S

0.01
0.00

Agricultural greenhouse gas emission(t)

0.00

Agricultural greenhouse gas emission intensity

Agricultural greenhouse gas emission intensity

O o QDO
N O A AP N
PP PP PP PP

year

f.Gaolan county
s Average-G(15 county/district) [ == Gaolan-G mmmmsn Average-G(15 county/district)

Gaolan-Cl Average-CI(15 county/district)
800 0.10

Average-CI(15 county/district)

0.08

0.06

0.04

e 0.02

Agricultural greenhouse gas emission(t)

0.00

Agricultural greenhouse gas emission intensity

Agricultural greenhouse gas emission intensity

Figure 5. Cont.



13 of 19

Atmosphere 2021, 12, 1296

h.Chengguan district

g.Yuzhong county

mmmmmn Average-G(15 county/district)

mmm Chengguan-G

mmmmmm Average-G(15 county/district)

Yuzhong-G
Yuzhong-Cl

Average-CI(15 county/district)

0.04

Average-CI(15 county/district)

Chengguan-Cl

800

3
=]

o
S
o

Ayisuaqul uoissiwa seb asnoyuaalb [einynouby

) ) o o = = o
= < = = = < <
5] S) [S) o o 5] S)

I <

2 9 9 9 9 9 9 o
S & © © © © o

~ o < o0 N —
(3)uoIssiua seb asnoyuaaib [eimjnouby

Aysuayui uoissiwa seb asnoyuaalb [einynouby
M o o o o - - o
2 2 2 2 2 <9 <o <
o o o o o o o o

4

n

—J

I | S R S SRS e N

o
S
=

(3)uoissiwa seb as

o
I=3
©

o o
[= S =1
n 3

o
S
ko)

o
o
N

o
o

o

noyuaaib esnynouby

year

year

istrict

d

j-Anning

i.Qilihe district

mmmmmn Average-G(15 county/district)

mmmn Anning-G

Anning-Cl
P A IO >H P »
LT IP PSS S
[ S S S S S

l.Jingtai county

mmmmm Average-G(15 county/district)

mm Qilihe-G

Aysuayur uoissiws seb asnoyuaalb [einynduLby

o o N N = = O
e 2 2 <2 <2 <2 2 <
o ©o ©o ©o ©o o o o

%
1 %
N
%
] U
A
\an

Average-CI(15 county/district)

o 9 9 9 9 9 9 9 o
S & & © © © © o
© K ©® 1 ¥ ® « «

(1)uoissiwa seb asnoyuaalb |enynduby

Ausuayui uoissiwa seb asnoyusalb [einynouby
< o o o o - - o
e 2 29 <2 2o 9 <9 9
o o o o o o o o

Average-CI(15 county/district)

Qilihe-Cl
g

o 9 9 9 2 9 9
S © & © © © ©
® K~ © » ¥ ™ «

100

(1)uoissiwa seb asnoyuaaib [einynduby

year

year

k.Xigu district

mmmmmn Average-G(15 county/district)

e Jingtai-G

mmmmmm Average-G(15 county/district)

s Xigu-G

Ayisuajui uoissiwe seb asnoyuaalb [eanynduby

6

I
<
=]

0.05
0.04
0.04
0.03
0.03
0.02
0.01
0.01

=}
<
S}

Average-CI(15 county/district)

Jingtai-Cl

o =3 o o o
S S =] S
o © < N

(Yuoissiwa seb asnoyuaalb |einynouby

1000

Ausuayur uoissiwa seb asnoyuaalb jeinynouby
o o o o - - o
= = = = =3 = =3
o o o o o o o

0.04

Average-CI(15 county/district)

Xigu-Cl

o o
S o

o
o

© ~ O < o0 N —
(3)uoissiws seb asnoyuaaib [einynduby

[=3
=3

=3
=]

o
S

o
=1

[=3
=]

o

year

year

n.Jingyuan county

m.Pingchuan district

mmmmmm Average-G(15 county/district)

mm Jingyuan-G

mmmmmn Average-G(15 county/district)

mmmen Pingchuan-G

0.04

Average-CI(15 county/district)

Jingyuan-Cl

1200

0.05

Average-CI(15 county/district)

Pingchuan-Cl

800

Ausuaqul uoissiwa seb asnoyusalb [einynouby
< o0 o o o - - o
o e 2 2 2 2 <2 <
o o o o o o o o

=3 [=3 =3 o (=3 o
S =3 =] =] S
=] o © < N

Eco‘_wm_c_w seb asnoyuaaib |einynouby

Aysuayui uoissiwa seb asnoyuaalb [einynouby

0.04
0.04
0.03
0.03
0.02
0.02
0.01
0.01
0.00

(1uoissiwa seb asnoyuaaib [einynouby

year

year

Figure 5. Cont.



Atmosphere 2021, 12, 1296 14 of 19

o.Baiyin district
[ Baiyin-G -— Average-G(15 county/district)

Baiyin-Cl Average-CI(15 county/district
800 v 9 ( v/ ) 0.04

0.03
0.03
0.02

o
1=
=

IS
IS)
S

g

E—
—

[ ——

.

.

.

|

e

.

o o

2 2

200

Agricultural greenhouse gas emission(t)

o
o ¢
o
S

o
o
o
Agricultural greenhouse gas emission intensity

Figure 5. Variations in (a) Maqu county, (b)Linxia county, (c) Yongjing county, (d) Jishishan county, (e) Dongxiang county,
(f) Gaolan county, (g) Yuzhong county, (h) Chengguan district, (i) Qilihe district, (j) Anning districty, (k) Xigu district,
() Jingtai district, (m) Pingchuan district, (n) Jingyuan county, (o) Baiyin district, include: the total GHG emissions
(county/district-G) and the intensity of agricultural GHG (county/district-CI) in the main stream of Gansu section of the
Yellow River Basin from 2000 to 2019.The average is the county (district) average of total agricultural GHG (Average-G) and
GHG emissions intensity(Average-CI), in The Main Stream of the Yellow River Basin in Gansu section from 2000 to 2019.
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Figure 6. Variations in (a) rate of increase for G (the total emissions of agricultural GHG), (b) rate of increase for CI
(agricultural GHG emissions intensity) in the Main Stream region of the Yellow River Basin in the Gansu section. It shows
the change in 2019 over 2000.

4.2 3. Spatial Difference Analysis of Total GHG Emissions and GHG Emissions Intensity

The relative gap in total GHG emissions gradually widened, while the absolute
gap gradually narrowed and basically stable. From 2000 to 2019, the emission standard
deviation between county units increased from 657.97 to 963.38, up 46.42% and an annual
increase of 3.89%; the coefficient of variation (absolute) decreased from 1.58 to 1.48 with an
annual increase of 1.70%. It can be divided into five stages (Figure 7):

(1)  From 2000 to 2005, this stage was the first decline phase. The standard deviation
was 633.24 in 2004, reaching the lowest level in the study period. The coefficient of
variation was 1.41 in 2005, at the lowest level in 2000-2019, both relative and absolute
gap in the process of narrowing.

(2)  From 2006 to 2008, as a period of rapid growth, both peaked in 2008 and increased by
70.09% and 24.35%, respectively, with a relative gap exceeding the absolute gap.

(3) From 2009 to 2013 was the second decline phase, with the standard deviation and
coefficient of variation falling 16.68% and 13.81%, respectively, both above the mean
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of the study period, indicating a further expansion of the relative and absolute gap
between counties.

(4) From 2014 to 2017 was a stable transition period, and the standard deviation and
coefficient of variation remained basically unchanged, indicating that the relative and
absolute gap between counties remained basically stable.

(5) From 2018 to 2019 was a rapid decline period, with the standard deviation and
coefficient of variation decreasing 7.40% and 7.14%, respectively, indicating a gradual
narrowing of the relative and absolute gap between counties.
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Figure 7. Variations in (a) SD/CV(G), representing the standard deviation (coefficient of variation) of the total agricultural

GHG emissions”, (b) Standard deviation (coefficient of variation) of the agricultural GHG emissions intensity in the Main

Stream area of the Yellow River Basin in the Gansu section.

The trend of GHG emissions intensity and absolute gap between counties showed a
narrowing trend, but the absolute gap is relatively stable (Figure 7).The emission standard
deviation between counties decreased from 2000-2019 to 83.45% from 0.0597 to 0.0099
and the coefficient of variation to 22.8217 from 2.3374 to 22.06%.1t can be divided into
four stages: from 2000-2007, for the fluctuation period, the standard deviation reached
the highest value in 2001, at 0.0624; from 2008-2019, the gap between the two gradually
expanded, indicating that the relative gap and absolute gap between counties are getting
smaller and smaller, the relative gap is smaller than the absolute gap, but the absolute gap
shows a relatively stable change trend.

5. Discussion

Taking 15 counties in the Main Stream area of the Yellow River Basin in Gansu
as the research subject, we analyze the spatial and temporal differences of agricultural
GHG emissions by calculating the total GHG emissions, emissions intensity, Moran index,
standard deviation and coefficient of variation. The total agricultural GHG emissions in
the region are constantly increasing, while the intensity of agricultural GHG emissions
continues to decline, and the agricultural production efficiency is significantly improved,
the absolute gap gradually narrowed and basically stable. The trend of GHG emissions
intensity and absolute gap between counties showed a narrowing trend, but the absolute
gap is relatively stable. The main research conclusions are as follows:

Firstly, from the perspective of the total agricultural GHG emissions in the study area,
it occupies a small proportion in Gansu Province and represents a very small proportion in
western China. The total agricultural GHG emissions in 15 counties in the Main Stream
area of the Yellow River Basin increased significantly from 62.5773 kt in 2000 to 97.3355 kt,
in 2019, and an average annual increase of 2.35%, for example, in 2017, the total agricultural
GHG emissions in the study area was 100.2805 kt was 3.34% of 300.17 X 10* t [31] in
Gansu Province, representing only 0.12% of the 8108.65 x 10* t [32] in Western China.
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Similarly, compared with Jiangsu Province in eastern China, the values were far lower than
the average annual growth rate of Jiangsu Province (4.37%) [24], which can be roughly
divided into three stages: rapid growth period (2000-2008), slow decline period (2009-2014)
and rapid decline period (2015-2019). The interannual change of emission intensity in
Gansu section of the Yellow River Basin showed a significant downward trend, with
an average annual decline of 6.49%, higher than an average annual decline of 4.26% in
Jiangsu Province [24], it is also highly coupled to the fact that “western regions show a
trend of increase before gradient reduction” [33], indicating that its economic efficiency
is significantly improved. This has a similar trend to the single peak change of “the
GHG footprint of chemical fertilizer application in China presents a single peak change
of ‘first increasing and then decreasing” in 2013” [34]. However, the total increase of
agricultural GHG emissions from Gansu section in the Main Stream of the Yellow River
Basin has decreased since 2008, and did not show an obvious trend of hump development.
Considering the total emissions in the different types of agricultural GHG analysis, they
mainly present the following characteristics: firstly, agricultural emissions of CO; show
a smaller increase; secondly, emissions of CO,/CHj in paddy fields are the smallest in
agricultural GHG, drop for 53.49 percent, the trend shows a smaller decline. The emissions
of NO in agricultural cultivation shows a smaller increase; thirdly, the emissions of CHy
and N,O maintain a basically consistent change trend, but the average annual growth rate
of the emissions of CHy is higher than that of N,O.

Secondly, the spatial differences and characteristics of the Gansu section of the Yellow
River Basin are obvious. Maqu County was the largest in the total GHG emissions, from
26.8842 kt in 2000 to 38.9603 kt, in 2019, an increase by 44.92%, and an average annual
increase of 1.87%. Anning District was the smallest in the total GHG emissions, with a
87.33%decrease from 111.0 f in 2000 to 14.1 ¢ in 2019, and an average annual decrease of
9.81%. Dongxiang County has the largest rate of increase in GHG emissions from 3.4106 kt
in 2000 to 8.8771 kt, in 2019, increased by 160.28%, and an average annual increase of
4.90%. The smallest rate of decrease in GHG emissions in Chengguan District decreased
92.11% from 0.4893 kt in 2000 to 0.0390 kt in 2019, and an average annual decrease of
11.93%. The total amount of increase in GHG emissions in Dongxiang County, Jingtai
County, Pingchuan District and Yongjing County was relatively large (increases by 160.28%,
117.53%, 114.99% and 106.45%). The agricultural GHG emissions in Gaolan County were
the smallest, with an increase by 0.22%, and an annual decline of 0.01%. This is mainly
related to the agricultural production conditions in Gansu Province [35]. The characteristics
of agricultural GHG emissions intensity in the Main Stream of the Yellow River Basin in
Gansu section showed an overall decline by 68.29%. The most occurred in Chengguan
District, down by 84.25%. The least was in the Anning District, a decline by 40.40%. The
agricultural production efficiency of 12 counties/districts (such as Maqu, Linxia, and
others) has been significantly improved, but the improvement of agricultural production
efficiency is only obvious in Qilihe District, Xigu Districts and Baiyin District. This is
mainly related to agricultural land use efficiency level of around 0.7 and other factors have
important relations [36].

Thirdly, from the perspective of regional GHG emissions intensity characteristics,
the GHG emissions intensity in 15 counties (districts) of the Yellow River Basin, with
an average decrease of 68.29%, and the relative gap in total GHG emissions gradually
widened, while the absolute gap gradually narrowed and basically stable. Agricultural
GHG emissions and agricultural economic development present three different types of
elastic characteristics of negative, weak and strong decoupling [37], the path of decoupling
between economic and social development and agricultural GHG emissions should be
further considered, and the change of “the critical period of transformation from traditional
farming mode to green and low-carbon farming mode should be properly handled” [38],
and the GHG emissions intensity in Chengguan District decreased the most, by 84.25%;
the GHG emissions intensity in Maqu County declined by 83.15%. Anning District’'s GHG
emissions intensity fell the least, down 40.40%. The relative gap in total GHG emissions
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gradually widened, while the absolute gap gradually narrowed and was basically stable.
The GHG emissions standard deviation increased from 657.97 to 963.38, up 46.42% and an
annual increase of 3.89%; the coefficient of variation (absolute) decreased from 1.58 to 1.48,
with an annual increase of 1.70%. It can be divided in five phases: first decline (2000—2005),
rapid growth (2006—2008), second decline (2009—-2013), smooth transition (2014—2017),
and rapid decline (2018—-2019). The relative GHG emissions intensity and absolute gap
between counties all show a narrowing trend, but the absolute gap is relatively stable. The
emission standard deviation between counties decreased from 2000—2019 to 83.45% from
0.0597 to 0.0099 and the coefficient of variation to 22.8217 from 2.3374 to 22.06%. It can
be divided in emission to two phases: fluctuation period (2000—2007) and decline period
(2008—2019).

Fourthly, on the basis of analyzing the total emissions, emissions intensity and spatial
differences of agricultural GHG emissions in 15 counties in the Main Stream area of the
Yellow River Basin. It will provide a basis for the formulation of differentiated agricultural
energy conservation and emission reduction policies. Firstly, the reduction of total GHG
emissions is effectively realized through the adjustment of agricultural structure [39].
We can formulate different emission targets, tasks and incentive measures, determine
different carbon reduction tasks and economic development indicators through GHG
emissions intensity, explore regional agricultural carbon trading policies, and increase
financial support and policy preference. To formulate differentiated ideas for modern
agricultural development, Maqu County, mainly a single animal husbandry region, can
enhance the agricultural production value and reduce the agricultural GHG emissions
intensity by enhancing the attached value of animal husbandry production, Urban areas
such as Chengguan District and Anning District can explore the “zero emission” mode of
agricultural GHG emissions in the process of urbanization, The region combining urban
areas and agricultural areas, mainly in Xigu and Baiyin District, will explore the balanced
development mode of “carbon source-carbon sink” of agricultural GHG emissions and
economic decoupling in the process of urbanization, Yuzhong County, Gaolan County and
other planting counties mainly enhance the added value of planting industry, adjust the
emissions reduction of agricultural machinery [40] and reduce the intensity of agricultural
GHG emissions, improving the use of resources and reducing total GHG emissions.

6. Conclusions

This paper aims to research the GHG emissions and GHG emissions intensity in the
Main Stream Area of the Yellow River Basin in Gansu, which includes CHy, CO,, and
N,O emissions. Our results show that the total GHG emissions in this region increased
between 2000—2019, but showed significant agricultural production efficiency and spatial
differences. The study area represents a small proportion in Gansu Province and a very
small proportion in Western China. The total agricultural GHG emissions in 15 counties in
the Main Stream Area of the Yellow River Basin increased significantly from 62.5773 kt in
2000 to 97.3355 kt, in 2019, and an average annual increase of 2.35%. The relative gap in
total GHG emissions gradually widened, while the absolute gap gradually narrowed and
was basically stable. The spatial differences and characteristics of the Gansu section of the
Yellow River Basin are obvious, Maqu County was the largest in the total GHG emissions,
Anning District was the smallest in the total GHG emissions, Dongxiang County had the
largest increase in the total GHG emissions, and Chengguan District decreased the largest
in the total GHG emissions. However, the characteristics of agricultural GHG emissions
intensity is a significant decline trending, agricultural production efficiency has been
significantly improved. Maqu County was the largest in the agricultural GHG emissions
intensity, Anning District was the smallest in the agricultural GHG emissions intensity;,
Chengguan District had the largest decrease in the agricultural GHG emissions intensity,
and Anning District decreased the leaest in the agricultural GHG emissions intensity.

Calculated mainly based on IPCC’s National GHG Inventory Guide 2006 and the 2011
Provincial GHG List Preparation Guide (Trial) to provide a typical case area for research in
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this field, and to propose countermeasures and suggestions for agricultural low-carbon
emissions and economic sustainable development. However, in the process of research,
statistical data are mainly used. If one needs to do more in-depth research, new technical
means such as field research data should be used to ensure the accuracy and scientific
nature of the results.
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