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Abstract: The agricultural sustainable development for human well-being considers food security
and ecological health as well as people’s socio-economic conditions. Nowadays, most of the holistic
assessments of agricultural sustainability, mainly focus on food production and ecological conse-
quences, relatively lacking analysis from the socio-economic perspective. In this context, this study
constructs an agricultural social life cycle assessment model based on the guidelines of UNEP to
assess the social and economic impacts on the three major staple grain crops in China, including
maize, rice and wheat. The assessment model aims to analyze effects of stakeholders containing
farmer, agricultural value chain actors, consumer, rural areas, society, and impact categories including
high-quality growth of agriculture, a comfortable life in rural areas, the prosperity of rural people.
The data is mainly from national statistical databases and representative industry databases. The
impact assessment adopts social risk and social impact as quantitative characterization methods,
and Analytical Hierarchical Process to obtain weights. The results show that: among the three major
grain crops, farmers are the most important factors for stakeholders, and agricultural industrial
development has the greatest potential negative impacts on society; maize has the most positive
impacts on agricultural sustainable development in China.

Keywords: social life cycle assessment; food security; social risks; staple grain crops; agricultural
socio-economic development

1. Introduction

The multi-functionality of agriculture, not only meeting the basic food demands of hu-
mans, but also playing a role in economy, culture, and other aspects, has gradually become
the key link between agricultural modernization and sustainability. Therefore, the three-
pillar approach of sustainable development, including People, Planet, and Profit/Prosperity,
should be considered when assessing agricultural products and services [1]. Based on
this consideration, some assessment methodologies have been developed from the social,
economic, or environmental dimensions [2,3]. There are more assessments of agricultural
sustainability, which mainly focus on environmental dimensions rather than social and
economic dimensions. However, assessing agriculture from a socio-economic perspective
is an important method for world sustainable development [4-6]. However, these studies
are rare.

The top three grain crops in the world are maize, rice and wheat [7]. They are
important foods for humans, main feed sources for agriculture, forestry, animal husbandry
and fisheries, as well as indispensable raw materials for food, light industry, chemical
and other industries [8-10], showing the multi-functionality of agriculture. China is the
representative agricultural country, and thus, the socio-economic impact analysis of the
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three major grain crops in China could effectively reflect the potential risks existing in
current agricultural development.

In recent years, the socio-economic assessments on agriculture have formed a cer-
tain foundation. Generally, the related methods include the principal component anal-
ysis method [11], data envelopment analysis [12], the entropy-weight-based TOPSIS
method [13], energy evaluation [14], life cycle assessment (LCA) [15,16], multidisciplinary
and innovative methodologies [17], etc. The relevant methods either mainly focus attention
on economic models but are lacking consideration of agricultural characteristics to some
extent; or mainly consider agricultural theoretical mechanisms and practical application,
but lack socio-economic analysis of the whole agricultural process. Social Life Cycle Assess-
ment (SLCA), proposed by UNEP/SETAC, is an efficient technique aiming to assess the
social and the socio-economic impact of products and the potential positive and negative
impact in the whole life cycle [18-23]. It puts forward the general framework for a social
and socio-economic Life Cycle Impact Assessment following the general guidelines of ISO
14044 (2006), which means a unified consensus from this international expert group.

Summarized from a literature review, the application of SLCA in agriculture is mainly
divided into two types. The first type is to compare the different products [24-26]. Du, CY
et al. [27] presented a novel multi-criteria decision analysis model for performing robust
indicator weighting in LCA and SLCA. The results showed that mechanical harvesting
compared to manual harvesting had lower environmental life cycle impacts at the end-
point level and better social impacts for all these convex combinations. Zira, S et al. [28]
assessed the risk of negative social impacts, using the SLCA method, for the production and
consumption of 1000-kg pork originating from organic and conventional pork production
systems. The results showed that the conventional pork system had 42% of the inventory
indicators with SR > 0.5 and the organic pork system had 32%. The second type is target
tracking to grasp important factors [29-35]. Manik Y et al. [36] investigated the social
implications of palm oil biodiesel via a case study using a SLCA framework. The results
revealed the critical social hotspots were working conditions and cultural heritage. Prasara-
A, Jetal. [37] used LCA and SLCA to examine the environmental, socio-economic, and
social performances of the various sugarcane-based products. Results showed that cane
trash burning, and overuse of chemical fertilizers and agrochemicals were the main causes
for both negative environmental performance and negative socioeconomic and social
performances. Taken overall, even though unified consensus has been reached from
the international expert group, SLCA research is still in the early stage of development
and more studies should be conducted, especially for agriculture [38—40]. Besides, the
indicators from stakeholder categories to subcategories of SLCA should be more specified
when corresponding to agricultural characteristics.

Therefore, the objectives of the study are to: (1) construct an agricultural SLCA model
to promote the integration of agriculture and SLCA by refining the SLCA process in
detail [41,42], and expanding the theory and method for agricultural assessment in social
and economic aspects; (2) apply the agricultural SLCA model to the three major grain crops
in China as a case study to verify the feasibility of the model; and (3) provide improvement
suggestions and optimization plans for related stakeholders based on the model results.

2. Materials and Methods

The agricultural SLCA model constructed in the paper is undertaken in four main
steps [22]: (1) Definition of Goal and Scope: describes the intended use and the goal
pursued. It defines the depth of the study and decisions about which unit processes require
generic or specific data collection to be made as well; (2) Life Cycle Inventory analysis:
is the phase where data are collected, the systems are modeled, and the LCI results are
obtained; (3) Life Cycle Impact Assessment: consists of a set of actions to achieve the
classification, aggregation and characterization of data according to performance reference
points; (4) Life Cycle Interpretation: takes into account all relevant parts of the study for
conclusions, recommendations and reporting.
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2.1. Definition of Goal and Scope
2.1.1. Goal of the Study

The goal is to assess positive and negative socio-economic impacts of the three major
grain crop systems in China, and to put forward suggestions and improvement measures
to optimize agricultural development according to quantitative analysis of the life cycle.
Results are presented using different levels of aggregation for each stakeholder and impact
category. Meanwhile, the paper tests the applicability of the agricultural SLCA model in
specific cases.

2.1.2. Functional Unit

Most of the social impacts in SLCA do not depend on, and are not necessarily pro-
portional to, physical flows but reflect the influence of industry behavior with respect to
stakeholders [43]. This leads to the problem of linking impacts to a functional unit, which
has been overcome to some extent by combining quantitative and semi-quantitative social
indicators for SLCA [36,44,45].

Multi-functionality of agriculture means that the life cycle of the agriculture industry is
complexity and long periodicity. In order to compare the three major grain crops under the
same standard, this paper regards agricultural socio-economic impact itself as a whole. It
defines the quantitative inventory indicators as comprehensively as possible to link impacts
to a functional unit, instead of the accumulation in each stage of the agricultural life cycle.
Therefore, the functional units are defined as the complete life cycle of the maize, rice and
wheat industries, respectively in the model.

2.1.3. System Boundary on the Regional Level

The system boundary of the study includes the whole life cycle of the three major
grain crops from agricultural planting to product recycling, focusing on the 31 provinces of
the Chinese mainland. Related stakeholders in each stage of the three major grain crops’
industrial chain are within the assessing scope.

2.1.4. Choice of Stakeholder Categories and Subcategories

In order to construct the agricultural SLCA system, a literature review and bibliometric
analysis were conducted. Firstly, the study analyzed the selection relevant articles for a
literature portfolio [44,46-49]. Secondly, the Chinese “No. 1 central documents” from 2010
to 2020 were extracted by Python to confirm the key points of agriculture in China. Finally,
the assessment indicators system from categories to subcategories was determined based
on the above results, combined with SLCA Guidelines and the methodological sheets for
subcategories in SLCA proposed by UNEP/SETAC [50]. At the same time, subcategories
lacking data or having little or even no impact on Chinese agriculture were excluded. The
detailed SLCA indicators from categories to subcategories within the system boundary are
specified in Figure 1.

Farmer corresponds to worker in SLCA Guidelines. It is a key component with a wide
range of influences on agriculture. Relevant subcategories are as follows.

e  Freedom of Association and Collective Bargaining

It aims to verify the compliance of the organization with freedom of association and
collective bargaining standards. In particular, whether free to form and join associations
and the right to organize unions, to engage in collective bargaining and to strike [51].
Village committees protect farmers and their related rights. Analyzing its coverage rate
could reflect the management effectiveness to explain the rural governance ability.

e  Fair Salary

It aims to assess whether practices concerning wages are in compliance with estab-
lished standards and if the wage provided is meeting legal requirements, whether meeting
or below industry average and whether it can be considered as a living wage [51]. Regional
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development differences lead to different income levels in China. And thus, the income
gap between urban and rural residents could reflect the relative wealth of rural residents.
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Figure 1. The Agricultural SLCA system from categories to subcategories. ® adopted subcategories
from SLCA Guidelines. O excluded subcategories from SLCA Guidelines.

e  Forced Labor

It aims to verify that there is no use of forced or compulsory labor in the organi-
zation [51]. Agricultural mechanization rate reflects the agricultural planting efficiency,
showing the degree of reduction in labor intensity.

e  Health and Safety

It aims to assess both the rate of incidents and the status of prevention measures and
management practices [51]. Working in fields always means a safe working environment.
But the rural medical system is relatively imperfect in China nowadays. Coverage rate of
rural clinics shows the current rural medical construction, and then explains the soundness
of the Chinese health security system and its mechanism.

e  Social Benefits/Social Security

It aims to assess whether an organization provides for social benefits and social
security of workers and to what extent [51]. Verifying the proportion of rural residents
with minimum living security reflects the relative degree of poverty of rural residents,
illustrating the mechanism construction of social welfare and security.
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Agricultural Value Chain Actors corresponds to value chain actors in SLCA Guidelines.
It is an important medium to ensure the industrial chain’s stable operation. Relevant
subcategories are as follows.

e  Supplier Relationships

It aims to assess the potential impacts or unintended consequences of its procurement
and purchasing decisions on other organizations and takes due care to avoid or minimize
any negative impacts [51]. Analyzing the proportion of animal husbandry structure, which
is a representative industry directly related to agricultural supply, could measure the level
of regional agricultural modernization, clarifying the stability of supplier relationships.

e  Promoting Social Responsibility

It aims to assess whether it promotes social responsibility among its suppliers and
through its own actions [51]. Measuring the amount of agricultural chemical fertilizer
applied to the cultivated area could reflect protecting situations of locally cultivated land,
to prove social responsibilities performance of all parties in the agriculture industry.

e  Fair Competition

It aims to assess if the organization’s competitive activities are conducted in a fair way
and in compliance with legislations preventing anti-competitive behavior, anti-trust, or
monopoly practices [51]. Proportion of agricultural related legal entities in China could
reflect enterprises” participation in the agricultural market. It explores the potential of
economic development in primary industry, along with explaining the current market
environment of fair competition.

Consumer corresponds to consumer in SLCA Guidelines. It is the final embodiment
of the socio-economic impact of the industrial chain. Relevant subcategories are as follows.

e  Health and Safety

It helps to identify the existence and scope of systematic efforts to address consumer
health and safety across the organizations involved in the life cycle of a product and/or
service [51]. Qualified rate of food quality supervision and random inspection in China
shows agricultural products’ quality, illustrating efforts of all industrial chain links for
consumers’ health and safety.

e  Transparency

It aims to assess if the organization communicates on all issues regarding its product
and social responsibility in a transparent way [51]. The purchasing power of residents is
measured by Consumer Price Index for food, which illustrates the influence of transparency.

Rural Areas corresponds to local community in SLCA Guidelines. It is the basic
condition guarantee of agricultural operation. Relevant subcategories are as follows.

e  Access to Material Resources

It aims to assess the extent to which organizations respect, and work to protect, to
provide or to improve community access to local material resources (i.e., water, land, etc.)
and infrastructure (i.e., roads, sanitation facilities, etc.) [51]. Water is one of the most
representative material resources. Measuring agricultural water use efficiency reflects
agricultural planting efficiency, explaining the utilization rate of material resources.

e  Access to Immaterial Resources

It aims to assess the extent to which organizations respect, work to protect, to provide
or to improve community access to immaterial resources [51]. Rural broadcasting could
represent the immaterial resource, especially in rural areas without so much media or infor-
mation. Analyzing the coverage rate of Rural radio reflects the information dissemination
ability, explaining the utilization rate of immaterial resources.

e  Delocalization and Migration
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It aims to assess whether organizations contribute to delocalization, migration or
“involuntary resettlement” within communities and whether populations are treated ad-
equately [51]. The urbanization rate could show rural residents’ situations in migration
and resettlement, reflecting the process of urban development and the relative wealth of
rural residents.

e  Safe and Healthy Living Conditions

It aims to assess how organizations impact community safety and health, including
the general safety conditions of operations and their public health impacts [51]. The process
of rural environmental protection is reflected by the carbon emissions in each stage of
agriculture, which shows the degree of the agricultural activities” impacts on safe and
healthy living conditions.

e  Secure Living Conditions

It aims to assess how organizations impact the security of local communities with
respect to the conduct of private security personnel and how the organization interacts with
state-led forces [51]. The Engel coefficient could be used to judge rural residents” quality
of life. It could reflect the secure living conditions in rural areas, explaining the relative
poverty degree of rural residents.

e Community Engagement

It aims to assess whether an organization includes community stakeholders in relevant
decision-making processes [51]. The analysis of agricultural budget expenditure’s efficiency,
representing Chinese government support, reflects the government investment, which
explains the influence of community engagement.

e  Local Employment

It aims to assess the role of an organization in directly or indirectly affecting local
employment [51]. Nowadays, China still promotes employment to the secondary and
tertiary industries gradually. Measuring the proportion of employees in primary industry
reflects the current situation of local rural employment.

Society corresponds to society in SLCA Guidelines. It is affected as well as the carrier
by agriculture. Relevant subcategories are as follows.

e  Contribution to Economic Development

It aims to assess to what extent the organization/product or service contributes to the
economic development of the country [51]. Measuring the contribution rate of primary
industry to reflect the quality of the agricultural output value could explain the role of the
agriculture industry’s development for Chinese economic growth.

e  Public Commitment to Sustainability Issues

It aims to assess to what extent an organization is engaged in reducing its sustainability
impacts [51]. Food security is one of the most representative sustainable development goals
in China. The analysis of grain production reflects the degree of high-quality agricultural
growth, showing the process of Chinese public commitment to sustainable development.

e  Technology Development

It aims to assess whether the organization participates in joint research and devel-
opment for efficient and environmental sound technologies [51]. Measuring the fund
investment of agricultural researchers reflects the quality and efficiency degree of agricul-
tural technology development.

2.2. Life Cycle Inventory Analysis

As the three major grain crops are widely distributed in China, this study delimits the
regional scope at the province level to restrict data sources. The main steps are (1) collecting
the provincial production of the three major grain crops respectively in 2020; (2) selecting
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provinces whose production rank foremost, and who has an obvious production gap with
others. What’s more, the sum of the selected provincial production exceeds more than 60%
of Chinese total production respectively, as shown in Table 1; (3) taking the proportion of
the additive provinces’ production as the provincial weights for the following calculation.

Table 1. The regional scope of the three major grain crops (10000 tons).

Ranking of Maize Rice Wheat
Provincial - N - - N -
Production in 2020 Province Production Province Production Province Production

1 Heilongjiang 3646.6 Heilongjiang 2896.2 Henan 3753.1

2 Jilin 2973.4 Hunan 2638.9 Shandong 2568.9

3 Mgr‘f;rha 27427 Jiangxi 2051.2 Anhui 1671.7

4 Shandong 2595.4 Jiangsu 1965.7 Hebei 1439.3

5 Henan 2342.4 Hubei 1864.3 Jiangsu 1333.9

6 Hebei 2051.8 Anhui 1560.5 - -

7 Liaoning 1793.9 Sichuan 1475.3 - -

According to the connotations of stakeholder categories and their subcategories in this
study, the inventory data of the whole country and relevant provinces are collected. The
data is mainly from national authoritative statistical databases, such as the China Statistical
Yearbook, China Rural Statistical Yearbook [52,53], representative industry databases, such
as the Wind database, Carbon emission accounts and datasets (CEADs) [54] and other
relative information accumulated by literature and networks. The detailed calculation
method and data source of each inventory indicator are shown in Appendix A.

2.3. Life Cycle Impact Assessment
2.3.1. Characterization Method and Model

Social Risk (SR) is a measure of the risk of negative social impacts for each inventory
indicator related to the social sustainability issues [28]. SR corresponds to the risk weighting
factor Ri representing the risk of negative social impacts in Benoit et al. [55]. In this study,
SR is used to calculate the risk value of negative social impacts under the framework of
agricultural SLCA. It is used to illustrate the characterization results.

SR, ranging between 0 and 1, is a normalization of the inventory indicator using
reference points. A reference point denotes a baseline situation for a certain aspect, and the
inventory indicator represents its current condition. SR is 0.5 when the inventory indicator
is at the reference point. If for a certain inventory indicator, the situation is worse than
the reference point, the value of SR will be between 0.5 and 1. Hence, a low value of SR is
preferable, as it means a low risk of negative social impacts. The formulas used to calculate
SR are as follows [28]:

SR =1 — EXP(LN(0.5) x IND/REF) 1)
where a higher value than the reference point reflects a more negative impact.
SR = EXP(LN(0.5) x IND/REF) ()

where a lower value than the reference point reflects a more negative impact.

Where SR is the social risk value; REF is the reference point value; IND is the inventory
indicator value.

The study takes Chinese national average data as the reference point. The sum
of related provincial data multiplied by their weights is the inventory indicator value.
According to the characterization method, the measurement of SR is to assess the negative
social impacts of the three major grain crops relative to the average level of China.

2.3.2. Weighting Method and Model

Analytic Hierarchy Process (AHP) is a multi-criteria decision-making method to
help decision-makers facing a complex problem with multiple conflicting and subjective
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criteria [56]. Due to the different roles of stakeholder categories and subcategories in
the agricultural life cycle, this study used AHP to determine factor weights, including
four steps:

Problem modelling: divided the general objective into different levels for explaining
the subordinate relationship between the factors and the hierarchical structure between the
layers, as shown in Figure 2.

I

Figure 2. Weighting model of the agricultural SLCA.

Weights valuation: rationalized the importance of each factor by inviting domain
experts to score. In order to construct the pairwise comparison relationships of indicators,
AHP was conducted through a questionnaire for each stakeholder category and subcate-
gory. The questionnaire shown in Appendix B was collected by email. And the experts
were selected by purposive sampling according to their public academic or professional
background. Academia, authorities, enterprise staff, etc., in relevant fields were invited to
the survey. In total, 35 valid questionnaires were selected in this study. The respondents
had work experience in the subject area with an overall average of 12 years, of which the
longest was 37 years.

Weights aggregation: carried out standardized processing layer by layer, to obtain the
weight value of each factor to the upper layer, as shown in Table 2.

Sensitivity analysis: checked the consistency of the total ranking of layers. The overall
results of the study met the consistency test.
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Table 2. Priority calculation in AHP.

N Aq A, Am Ranking of Layer B

m
By by b1y bim .g ajby;
]m
B, by by bom ajby;
=1
m
Bn bn1 bn2 bnm aiby,;
i

2.3.3. Impact Assessment Method and Model

The impact category corresponds to a model of the social impact pathways to the
endpoints of human well-being according to ISO 14044 (2006). To do so, one needs to model
from subcategory results to impact categories by aggregating the information at the impact
category level [22].

In 2017, there were approximately 0.6 billion people living in Chinese rural areas,
accounting for 17.67% of the global rural population [7]. To improve rural development, the
Chinese government proposed a new strategy of “Rural Vitalization” in 2017 that aimed to
build rural areas with thriving businesses, pleasant living environments, social etiquette and
civility, effective governance, and prosperity [57]. In sum, the core objective of the strategy
is to systematically establish a coupling pattern of various rural development elements [58],
which is corresponding to the three pillar approach of sustainable development, including
People, Planet, and Profit/Prosperity.

This study aims to propose improvement plans based on identifying socio-economic
impacts of China’s three major grain crops. It is consistent with the strategic goal of
Rural Vitalization in China. Therefore, the impact categories are divided into three di-
mensions from the strategic proposal: high-quality growth of agriculture (corresponding
to Profit/Prosperity), a comfortable life in rural areas (corresponding to Planet) and the
prosperity of rural people (corresponding to People). According to the characteristics of
inventory indicators, the impact assessment model is constructed by combining the impact
categories with related inventory indicators, as shown in Figure 3.

Social impact (SI) is a measuring method that calculates the accumulated risks of
negative social impacts for a given impact category under the agricultural SLCA framework.
It multiplies the SR value of each inventory indicator by its weight, and the calculation
formula is as follows:

SL

|
MH

)

I
—

where j is the inventory indicator (e.g., j= 1...7 for impact category of high-quality growth of
agriculture); SJ; is the social impact value of the impact category i; SR;; is the social risk for
inventory indicator j of category i; Wj; is the weight of inventory indicator j of category i.

2.4. Life Cycle Interpretation

The interpretation step analyzes the calculation results of SR, weights and SI to draw
out conclusions on the positive and negative social impacts of the three major grain crops
in China. SR shows social risks for different inventory indicators in relation to the reference.
Weights illustrate the important degree of each inventory indicator from the socio-economic
assessment aspect. SI aggregates negative social impacts from each impact category to
make an overall social risk assessment.
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Figure 3. Impact assessment model of the agricultural SLCA.

3. Results
3.1. Social Risk

SR is a value of an inventory indicator in relation to a reference point, measuring the
risk of negative social impact, respectively, in all ways. A value higher than 0.5 indicates
a worse situation than the reference, which is the average Chinese conditions. Based on
the characterization model of the agricultural SLCA, the calculation results are shown in
Table 3.

The three major grain crops perform well, social risk coverages are all less than 40%.
There are 11 of 20 inventory indicators in wheat, 10 of 20 in maize and 8 of 20 in rice
with values of SR < 0.5., a better situation than the national average level, which means
the positive socio-economic impacts on related assessing fields. In terms of the impact
reach, wheat has the most inventory indicators with SR < 0.5, meaning the widest scope
of positive socio-economic impacts. In terms of the impact degree, maize has the most
SR values obviously lower than 0.5, of which seven inventory indicators with SR < 0.45,
meaning the most outstanding positive socio-economic impacts.

In the field of inventory indicators, SR values of Proportion of agricultural related
legal entities are the lowest in maize and rice with 0.31 and 0.37 respectively, and 0.46 in
wheat, better than the national average level of 0.5. This result shows that there are enough
agricultural related enterprises for the three major grain crops. These enterprises could
provide sufficient expansion space for the extension of the industrial chain, thereby pro-
moting economic development and local employment; SR values of Agricultural water use
efficiency is the lowest in wheat at 0.37, and is 0.43 in maize which is obviously lower than
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0.5. The industrial development of wheat and maize balances the water needs with savings.
The agricultural water consumption serves the development of the primary industry rea-
sonably and effectively. SR values of Efficiency of agricultural budget expenditure, Grain
production per unit sown area, Engel coefficient of rural residents are all lower than 0.5
among the three major grain crops. Their performance is better than the national average
level. The results illustrate the effective development of primary industry by government
supporting, the achievement of food safety by stable grain production, and the improve-
ment of residents” quality of life by agricultural industrial advances respectively. Besides,
four of five inventory indicators of stakeholder Farmer in maize and wheat have better
positive impacts than the national average. Farmers of the maize and wheat industries
have better work conditions and basic social guarantees.

Table 3. The characterization model and SR values of the three major grain crops in China.

Stakeholder . . Maize Rice Wheat
Categories Subcategories Inventory Indicators REF IND SR IND SR IND SR
Freeéczjclylrg Cf[)jf\/zg%s;%igit;?rr:;nd Coverage rate of village committees 9.85 11.9 043 8.17 0.56 11.1 0.46
Farmer Fair Salary Income gap b’i":f;;;‘srba“ and rural 2.56 22 045 226 046 225 046
Forced Labor Agricultural mechanization rate 1.53 1.64 0.47 1.46 0.52 1.78 0.45
Health and Safety Coverage rate of rural clinics 11.94 13.6 0.45 11.1 0.52 124 0.49
Social Benefits /Social Security Proportion of rural residents with 7.1 761 052 675 048 537 041

minimum living security
Agricultural Supplier Relationships Proportion of animal husbandry structure 29.22 36.1 0.42 29.9 0.49 27.8 0.52
Value Chain Promoting Social Application amount of agricultural 7592 777 051 618 043 851 0.54
Actors Responsibility chemical fertilizer per unit cultivated area ’ ’ ’ ’
Fair Competition Proportion of agricultural related legal 711 121 031 103 037 78 046
Health and Safety Qualified rate of food quality supervision  g¢ g5 g5 5 05 9.3 05 95 05
Consumer and random inspection
Transparency Consumer Price Index: Food 110.6 109 0.5 111 0.5 111 0.5
Access to Material Resources Agricultural water use efficiency 13.38 16.5 0.43 12.7 0.52 19.3 0.37
Access to Immaterial Resources Coverage rate of Rural radio 99.17 99.5 0.5 99.5 0.5 99.6 0.5
Delocalization and Migration ) Urbanization rate ) 63.89 63.7 0.5 62.7 0.51 60.6 0.52
Rural Areas Safe and Hefﬂ'thy Living Agricultural carbon emissions per unit 163.2 284 07 468 0.86 530 0.89
Conditions land area

Secure Living Conditions Engel coefficient of rural residents 32.66 30.7 0.48 32.7 0.5 29.7 0.47

Society

Efficiency of agricultural budget

Community Engagement . 3.32 3.76 0.46 3.94 0.44 441 0.4
~ expenditure
Local Employment Proportion Ofii‘(’i‘gl‘t’ryfes 1n primary 23.6 31 0.6 26.3 054 233 0.49
Contribution to Economic Contribution rate of primary industry 7.65 13.3 0.7 12 0.66 8.4 0.53
Development
Public Commitment to Grain production per unit sown area 3997 5038 0.42 4190 0.48 4766 0.44

Sustainability Issues

Technology Development

Per capita scientific research funds of

N 29.86 254 0.55 30.8 0.49 289 0.51
agricultural researchers

On the opposite side of SR, there are6 of 20 inventory indicators in both maize and
wheat, and 8 of 20 inventory indicators in rice with values of SR > 0.5. These relevant social
risks are higher than the national average level, meaning negative socio-economic impacts
on related fields. In terms of the impact reach, rice has the most inventory indicators with
SR > 0.5, meaning the highest risks.

In the field of inventory indicators, SR values of Agricultural carbon emissions per unit
land area, are the highest among all the three major grain crops, of which wheat value is as
high as 0.89. The result shows that the carbon emissions of these crops are seriously higher
than the national average. It is a prominent problem to be solved urgently. To achieve
carbon neutrality by 2060, China needs pay more attention to reducing carbon emissions of
the three major grain crops; SR values of Contribution rate of primary industry in maize
and rice are 0.7 and 0.66 respectively, which are significantly higher than the national
average level. Their limited contributions to economic development for China need to be
explored further; The SR value of Proportion of employees in primary industry in maize
is higher than the national average. There are more opportunities for strengthening the
extension of the secondary and tertiary industries of maize; The SR value of Coverage
rate of village committees in rice is slightly higher than the average. It may be caused by
the planting area characteristics. But the improvement still needs to be done for a better
protection of rural residents’ rights and interests.
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3.2. Weights

The weights are used to rationalize the importance degree of each indicator. In the
aggregation of individual weights, the paper uses the geometric mean of all respondents.
Then, we build the judgment matrix at all layers to calculate weights. The consistency
ratios at all layers are less than 0.1, which means the consistency tests are passed and the
model requirement is met. Finally, the results are sorted to obtain the weighting value of
each indicator, being applied to the subsequent system calculation. The weighting results
of each stakeholder category and subcategory are shown in Table 4.

Table 4. The AHP results of the weighting model.

Agricultural Value

Layer B Farmer Chain Actors Consumer Rural Areas Society Ranking of
Layer C 0.363 0.229 0.164 0.147 0.098 Layer C
Freedom of A%Soc1athn and Collective 0.188 ~ B _ - 0.068
argammg

Fair Salary 0.332 - - - - 0.121

Forced Labor 0.120 - - - - 0.044

Health and Safety of Farmer 0.196 - - - - 0.071

Social Benefits /Social Security 0.165 - - - - 0.060

Supplier Relationships - 0.491 - - - 0.112

Promoting Social Responsibility - 0.282 - - - 0.065

Fair Competition - 0.227 - - - 0.052

Health and Safety of Consumer - - 0.742 - - 0.122

Transparency - - 0.259 - - 0.042

Access to Material Resources - - - 0.216 - 0.032

Access to Immaterial Resources - - 0.110 - 0.016

Delocalization and Migration - - - 0.134 - 0.020

Safe and Healthy Living Conditions - - - 0.176 - 0.026

Secure Living Conditions - - - 0.175 - 0.026

Community Engagement - B - 0.090 - 0.013

Local Employment - - 0.100 - 0.015
Contribution to Economic

Development . B . B 0.515 0.050

Public Commmlr;;rllg ;to Sustainability _ _ _ 0.283 0.028

Technology Development - - - - 0.202 0.020

Note: According to Figure 2, Layer B corresponds to stakeholder categories, and Layer C corresponds to subcate-

gories.

In the layer of stakeholder categories, the importance order of socio-economic impacts
on agriculture from high to low is: Farmer > Agricultural Value Chain Actors > Consumer
> Rural Areas > Society; In the layer of subcategories, the top ten socio-economic impacts
on agriculture are: Health and Safety of Consumer, Fair Salary, Supplier Relationships,
Health and Safety of Farmer, Freedom of Association and Collective Bargaining, Promoting
Social Responsibility, Social Benefits/Social Security, Fair Competition, Contribution to
Economic Development and Forced Labor. A total of nine out of ten weighting values are
higher than 0.05, of which the highest is 0.122 in Health and Safety of Consumer.

Through the statistical analysis of the degree of importance of each indicator, we can
see that the importance of micro factors focused on people (e.g., Farmer) are significantly
higher than that of macro factors concerned on regions (e.g., Rural Areas). Besides, the
top three importance factors affecting agriculture from the socio-economic aspect, are food
quality, residents” income level and industry chain stability according to the weighting
results. These reflect the hottest topics in the current agricultural field.

3.3. Social Impact

SI measures the accumulated risks of negative social impacts for relevant fields. The
result shows that: In the matter of stakeholder categories, the highest SIvalue of all the
three major grain crops is Farmer, which is significantly higher than the lowest value in
Society. Agricultural value chain actors is the second. The other two stakeholder categories
have a similar performance, as shown in Figure 4. From the socio-economic view, workers
related agriculture industry, especially farmers have the most improvement requirements
in the current three major grain crops, more supporting policies are necessary.
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Figure 4. 51 values of the three major grain crops in stakeholder categories.

In the matter of impact categories, the highest SI value of all the three major grain
crops is High-quality growth of agriculture. The development of the agriculture industry
is an important reason for the negative socio-economic impacts currently. Balancing the
relationship between agricultural development and sustainable development, by improving
the quality and efficiency of the three major grain crops, needs to be paid continuous
attention. In addition, SI values of A comfortable life in rural areas and The prosperity of
rural people are very close, except A comfortable life in rural areas of maize is obviously
lower than others. The better performance of maize may be caused by the low risk of
carbon emissions and positive impacts of village committees and rural clinics, according to
the social risk analysis. Therefore, maize has more positive impacts than wheat or rice on
local rural construction. As shown in Figure 5.

High-quality growth of
agriculture

The prosperity of rural A comfortable life in
people rural areas

e RjC@ === Wheat Corn

Figure 5. 51 values of the three major grain crops in impact categories.

The total SI is formed by the sum of each impact category’s SI, showing accumulated
socio-economic risks of the three major grain crops. The SI of maize, rice and wheat is
0.481, 0.506 and 0.490, respectively. It clarifies that the order of negative socio-economic
impacts from high to low is rice > wheat > maize. The result shows that: rice has the worst
performance, whose SI is higher than the national average level to 0.5; wheat has more
accumulated socio-economic risks than maize according to the SI values, although having
the widest scope of positive socio-economic impacts based on the above social risk analysis;
maize has the lowest SI values, the most outstanding positive socio-economic impacts
and the least inventory indicators with social risks higher than the Chinese average level
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according to the above social risk analysis. Therefore, maize provides the most positive
impacts on the agricultural sustainable development in China.

4. Discussion
4.1. Policy Implications and Recommendations

Based on the above results, this study proposes following suggestions for the sustain-
able development of the three major grain crops.

Firstly, agricultural enterprises could play a more important role in economy develop-
ment and employment improvement. The analysis finds that: there are enough agricultural
enterprises for the three major grain crops, which has established a good foundation
for industrial chain extension in theory. However, according to social risks analysis, the
contribution of maize and rice to economic development is limited, and employment in
the primary industry of maize is excessive. It means that the three major grain crops in
China have not formed a high-quality industrial chain. There is an obvious gap between
production and industry. To further promote the main role of enterprises we suggest, en-
hancing the integration of enterprises into the back-end agricultural industrial construction,
attracting employment to the back-end of the industrial chain, and improving the economic
contribution of main grain crops.

Secondly, the implementation of ecological environment treatment policy needs to be
carried out for a period of time. The analysis finds that: the industrial development of wheat
and maize balances the water needs with savings. The agricultural water consumption
serves the development of the primary industry reasonably and effectively. However,
agricultural water consumption was a prominent social problem in the past several years.
China’s government proposed many policies for strengthening the construction of farmland
water conservancy. Therefore, continuous policy implementation is one of the key factors
to consolidate the achievements of environmental protection. Nowadays, the carbon
emissions of these crops are serious problems that need to be solved urgently. We suggest
establishing a carbon emissions’ database of the whole agricultural industry chain, to find
a point-to-point way of carbon reduction. Based on the situation, related policies could be
proposed and applied for a long period. It would contribute to the realization of China’s
carbon neutrality goal in 2060 and the world’s sustainable development.

Thirdly, more enhanced policies for farmers are needed to be proposed to reduce
potential social risks. The analysis finds that: farmers of maize and wheat have better work
conditions and basic social guarantee, and the Engel coefficient of rural residents of the three
major grain crops are better than the national average, according to the social risk analysis.
It shows that the agricultural industrial development provides improvement of residents’
lives. In the matter of stakeholder categories, however, the highest accumulated risks of
all the three major grain crops are Farmers, followed by Agricultural Value Chain Actors.
In addition, the importance of micro factors focused on people are significantly higher
than that of macro factors concerned on regions, according to the weights analysis. The
results illustrate that the current policy could not really reduce the relevant negative social
impacts. We suggest strengthening the policy guarantee for farmers and workers related
agriculture industry continuously, to reduce or even eliminate potential socio-economic
risks. Improving farmers” and workers’ rights and interests are always important policy
fields for sustainable development of the three major grain crops.

4.2. Limitations and Further Research

The study has made some innovations in the theoretical research and practical ap-
plication of agricultural SLCA. There are, however, limitations in theory, method and
application, with proposing related suggestions for subsequent research as follows.

In theory, methodological proposal and application cases of SLCA have considerably
increased over the years [59]. As the important contents, stakeholder categories, subcate-
gories, inventory indicators and impact categories are guided by, but not the same as, SLCA
Guidelines in diverse application cases [47,60-63]. In this context, the following research
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could explore more relevant assessment systems from stakeholder categories to impact
categories on the basis of the standard SLCA framework, so as to build the impact pathway
for targeted research fields [64-67].

In method, characterization and weighting methods are key links of the SLCA model
construction. Regarding the characterization model, there are SHDB [44,48], PSILCA [68,69],
SLCA in Web [70], Life Cycle Working Environment [45], etc., databases utilized in SLCA.
Different databases need different data transformation methods with different inventory
indicators. These should constantly promote a more stable characterization model construc-
tion to adapt various research data [71-74]. Regarding the weighting model, AHP has the
characteristic of strong subjectivity based on expert judgments. It still suffers from some
theoretical disputes. The rank reversal is surely the most debated problem [56]. Future study
may explore more weighting methods for the instrumental SLCA model [75,76].

In application, case studies confirm that the application of SLCA is really important
to prove its efficacy and to solidify the technique [49,77-79]. The application scope of the
agricultural SLCA model could be expanded further. Based on the agricultural SLCA,
analyzing the agricultural socio-economic impacts on dynamic changes by collecting
annual data, on regional characteristics by refining regional scope, on industrial trends by
specifying agricultural varieties, etc., is attainable. Multi-dimensional and multi-scenario
applications are worth the wait [80-82].

5. Conclusions

It is more and more important to analyze agriculture from a socio-economic perspective
for agricultural sustainable development. Therefore, applying SLCA in agriculture is of great
significance for agricultural socio-economic assessment in theory and practice nowadays.

Based on the theoretical framework of LCA, this study refines the theory of SLCA
methods in agriculture, defining the related stakeholder categories, subcategories, inventory
indicators and impact categories. The characterization model of quantitative analysis for
inventory indicators was built. Additionally, the weighting model for an impact pathway
was constructed. This framework could be used for various stakeholders, such as farmers,
workers, residents, communities, and society related to the agricultural chain, providing
optimized schemes to reduce, or even to avoid, potential social risks.

Grounded on this framework, the socio-economic impacts of the three major grain
crops in China are estimated. The results show that: the social impact values of “Farmer”
at the stakeholder categories, and “High-quality growth of agriculture” at the impact
categories are the highest respectively. It illustrates that farmers are the most important
factors for stakeholders in the industry chains, and that high-quality agricultural indus-
trial development has the greatest potential negative socio-economic impacts on society.
Additionally, maize has the most outstanding positive socio-economic impacts, the lowest
accumulated negative social impact values, and the least inventory indicators with social
risks higher than the Chinese average level. Therefore, among the three major grain crops,
maize provides the most positive impacts on the agricultural sustainable development in
China. Considering the limitations of the study, more work should be done in the future.
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Appendix A

Table Al. Inventory Indicators frameworks of the agricultural SLCA.

The measurement method of Inventory Indicators is shown in Table A1.

Stakeholder

Categories Subcategories Inventory Indicators Quantitative Analysis Methods Unit Nature
Freedom of . ) . o1 ; ,
AssCo(():ﬁaeté(t)ir‘\/ Zmd Coverigfn ﬁ&ftgé sv1llage Village committee’s quan.tlty1 /Rural residents Unit/10,000 persons Positive
Bargaining population
Fair Salar Income gap between Per capita disposable income of urban residents ! /Per B Neeative
y urban and rural residents capita disposable income of rural residents ! &
Farmer . . . Py .
Forced Labor Agrl'cult}lral Total power of agrlcultmjal machmel;y /Irrigated area 10,000 KW /1000 hectares Positive
mechanization rate of Cultivated land
Health and Safety Coveragceh;aiz of rural Rural clinics l/Rura] residents’ population 1 Unit/10,000 persons Positive
S_ocial . Proporti(?n of ,m,ral Rural residents entitled to minimum Living allowance .
Benefits /Social residents with minimum 1 . , .o - Negative
Security living security /Rural residents’ population
Supolier Proportion of animal Gross output value of Animal Husbandry 1/Gross
Relat?ol:;shi S hus%an dry structure output value of Agriculture, Forestry, Animal - Positive
P y Husbandry and Fishery and Related indices !
. Application amount of
Agricultural PP
Vfll‘jzucﬁl ;;1 Promoting Social agricultural chemical Consumption of Chemical Fertilizers 2 /Irrigated area 10,000 Negative
Actors Responsibility fertilizer per unit of Cultivated land ! tons/1000 hectares 8
cultivated area
P . . cul 1 Numbers of corporate units in Agriculture, Forestry,
Fair Competition r(;}; ?arttel?lnleo aiigeiii;i:e:ra Animal Husbandry and Fishery 1 /Total number of - Positive
8 corporate units by sector 1
Qualified rate of food Qualification rate of products 1 x (National average
Health and Safety quality supervision and food-related qualification rate of examined products - Positive
Consumer random inspection ! /National average qualification rate of products )
Transparency Consum%roggce Index: Consumer Price Index of Food ! - Negative
Access to Material Agricultural water use Value-added by Primary industry 1y Agricultural water 100 million ;.
- s Positive
Resources efficiency use ! yuan/100 million cu.m
i C te of Rural -
ACCESE;;)OI;II}?;: terial overagi argi(e) of Bura Rural population coverages rate of radio programs - Positive
Delocalization and - . .1 .
Migration Urbanization rate Proportion of urban population - Positive
Agricultural carbon Carbon emissions of Agriculture, Forestry, Animal
Lsiilzfienan((jioligiatli?g,s emissions per unit land Husbandry and Fishery and Related indices 3 /Land 1000 t}?‘?;;fecoz/ Negative
Rural Areas & area areas related agriculture 2
Per capital consumption expenditure of rural
Secure Living Engel coefficient of rural Pl p pen 1 . .
Condifions residents households in food, tobacco and liquor" /per capital - Negative
consumption expenditure of rural households !
Community Efficiency of agricultural Value-added by Primary industry ! /Expenditure for B Positive
Engagement budget expenditure Agriculture, forestry and water conservancy !
Proportion of employees Number of employed persons by Primary industry .
Local Empl t - . ) - Negat
ocal Employmen in primary industry ! /Number of employed persons by three industries ! egative
Cogtcré];ggﬁ? to Contribution rate of Value-added by Primary industry ! /Gross regional ) Negative
Development primary industry product !
. Public Commitment . .
Society to Sulstainability Gra&ﬁgg%%;ftalggaper Output of grain products ! /Swon areas of farm crops ! ton/1000 hectares Positive
ssues
Technolo Per capita scientific Scientific research funds in agricultural related
Develop mgezllt research funds of universities and institutes */Number of researchers in 10,000 yuan/person Positive

agricultural researchers

related agricultural universities and institutes 4

Sources: ! is from China Statistical Yearbook-2021; 2 is from China Rural Statistical Yearbook-2021; 3 is from

CEADs; and # is from public website of related universities and research institutions.
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Appendix B

Questionnaire on the Agricultural Social Life Cycle Assessment

Dear expert:

Thank you for taking the time to fill out the questionnaire.

We are constructing an agricultural social life cycle assessment (SLCA) model based
on the guidelines of UNEP/ SETAC to assess the social and economic impacts on the three
major staple grain crops in China. To assess the relative importance from stakeholder
categories to subcategories of the agricultural SLCA, this survey is carried out by analytic
hierarchy process method. It includes two parts: Part 1 is the relative importance from
stakeholder categories to subcategories of the agricultural SLCA, and Part 2 is basic personal
information. All data collected in the questionnaire are only used for academic research.
The personal information would be strictly confidential.

Please fill in the questionnaire based on your professional knowledge and experience.
Your answer is of great significance to the development of the agricultural SLCA. Thanks
again for your support and academic help!

College of Agronomy and Biotechnology
China Agricultural University
January 2022

[Instruction]

According to the standard theoretical framework of LCA, and combined with China’s
national conditions, the assessment system identified the key process and elements to define
the agricultural industrial stakeholder categories including five items: Farmer, Agricultural
Value Chain Actors, Consumer, Rural Areas and Society. And the system determined
20 subcategories of stakeholders. Among them, the subcategories of Farmer included
5 items: Freedom of Association and Collective Bargaining, Fair Salary, Forced Labor,
Health and Safety, Social Benefits/Social Security. The subcategories of Agricultural Value
Chain Actors included three items: Supplier Relationships, Promoting Social Responsibility
and Fair Competition. The subcategories of Consumer included two items: Health and
Safety, Transparency. The subcategories of Rural Areas included seven items: Access to
Material Resources, Access to Immaterial Resources, Delocalization and Migration, Safe
and Healthy Living Conditions, Secure Living Conditions, Community Engagement, Local
Employment. The subcategories of Society included three items: Contribution to Economic
Development, Public Commitment to Sustainability Issues, Technology Development, as
shown in Table A2.

Table A2. Agricultural social life cycle assessment indicators.

Stakeholder Categories Subcategories Inventory Indicators
Freedom of Association and Collective Bargaining Coverage rate of village committees
Fair Salary Income gap between urban and rural residents
Farmer Forced Labor Agricultural mechanization rate
Health and Safety Coverage rate of rural clinics
Social Benefits /Social Security Proportion of rural residents with minimum living security
Supplier Relationships Proportion of animal husbandry structure

Agricultural Value Chain
Actors

Consumer

Rural Areas

Society

Application amount of agricultural chemical fertilizer per unit

Promoting Social Responsibility cultivated area

Fair Competition Proportion of agricultural related legal entities
Health and Safety Qualified rate of food quality supervision and random inspection
Transparency Consumer Price Index: Food
Access to Material Resources Agricultural water use efficiency
Access to Immaterial Resources Coverage rate of Rural radio
Delocalization and Migration Urbanization rate
Safe and Healthy Living Conditions Agricultural carbon emissions per unit land area
Secure Living Conditions Engel coefficient of rural residents
Community Engagement Efficiency of agricultural budget expenditure
Local Employment Proportion of employees in primary industry
Contribution to Economic Development Contribution rate of primary industry
Public Commitment to Sustainability Issues Grain production per unit sown area
Technology Development Per capita scientific research funds of agricultural researchers

This study uses an analytic hierarchy process to assess the relative importance from
stakeholder categories to subcategories of the agricultural SLCA. Please compare the
relative importance of A with B in the comparison table, by selecting the more important
factor corresponding to the number, as shown in Table A3.
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Table A3. Assessment principle and assignment of relative importance between factors at the

same layer.
Scale (aj; Assignment) Meaning (i Relative to j)
9 Extremely important
7 Strongly important
5 Obviously important
3 Slightly important
1 Equally important
1/3 Slightly unimportant
1/5 Obviously unimportant
1/7 Strongly unimportant
1/9 Extremely unimportant
2,4,6,8,1/2,1/4,1/6,1/8 The intermediate value of the above two adjacent judgments
[Part 1]
Research on the relative importance from stakeholder categories to subcategories of
the agricultural SLCA.

1. Stakeholder category layer
Please assess the relative importance of stakeholders in Table A4.

Table A4. The assessment of the relative importance of stakeholders.

Comparative Stakeholder Category Relative Importance Scale
A B 1/9 1/7 1/5 1/3 1 3 5 7 9 Others
Farmer Agricultural Value Chain Actors
Farmer Consumer
Farmer Rural Areas
Farmer Society
Agricultural Value Chain Actors Consumer
Agricultural Value Chain Actors Rural Areas
Agricultural Value Chain Actors Society
Consumer Rural Areas
Consumer Society
Rural Areas Society

Note: If selecting “others”, please fill in the relative importance value in the form.

2. Subcategories layer
2.1. Farmer
Please assess the relative importance of subcategories “Farmer” in Table A5.

Table A5. The assessment of the relative importance of subcategories “Farmer”.

Comparative Subcategories Relative Importance Scale
B 1/9 1/7 1/5 1/3 1 3 5 7 9 Others
Freedom of Association and Collective Bargaining Fair Salary
Freedom of Association and Collective Bargaining Forced Labor
Freedom of Association and Collective Bargaining Health and Safety
Freedom of Association and Collective Bargaining Social Benefits/Social Security
Fair Salary Forced Labor
Fair Salary Health and Safety
Fair Salary Social Benefits /Social Security
Forced Labor Health and Safety
Forced Labor Social Benefits/Social Security
Health and Safety Social Benefits /Social Security

Note: If selecting “others”, please fill in the relative importance value in the form.

2.2. Agricultural Value Chain Actors
Please assess the relative importance of subcategories “Agricultural value chain actors”
in Table A6.

Table A6. The assessment of the relative importance of subcategories “Agricultural value chain

actors”.
Comparative Subcategories Relative Importance Scale
B 1/9 1/7 1/5 1/3 1 3 5 7 9 Others
Supplier Relationships Promoting Social Responsibility
Supplier Relationships Fair Competition
Promoting Social Responsibility Fair Competition

Note: If selecting “others”, please fill in the relative importance value in the form.
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2.3. Consumer
Please assess the relative importance of subcategories “Consumer” in Table A7.

Table A7. The assessment of the relative importance of subcategories “Consumer”.

Comparative Subcategories Relative Importance Scale
B 1/9 1/7 1/5 1/3 1 3 5 7 9 Others

Health and Safety Transparency

Note: If selecting “others”, please fill in the relative importance value in the form.

2.4. Rural Areas
Please assess the relative importance of subcategories “Rural areas” in Table AS.

Table A8. The assessment of the relative importance of subcategories “Rural areas”.

Comparative Subcategories Relative Importance Scale
A B 9 17 15 13 1 3 5 7 9 Others
Access to Material Resources Access to Immaterial Resources
Access to Material Resources Delocalization and Migration
Access to Material Resources Safe and Healthy Living Conditions
Access to Material Resources Secure Living Conditions
Access to Material Resources Community Engagement
Access to Material Resources Local Employment
Access to Immaterial Resources Delocalization and Migration
Access to Immaterial Resources Safe and Healthy Living Conditions
Access to Immaterial Resources Secure Living Conditions
Access to Immaterial Resources Community Engagement
Access to Immaterial Resources Local Employment
Delocalization and Migration Safe and Healthy Living Conditions
Delocalization and Migration Secure Living Conditions
Delocalization and Migration Community Engagement
Delocalization and Migration Local Employment
Safe and Healthy Living Conditions Secure Living Conditions
Safe and Healthy Living Conditions Community Engagement
Safe and Healthy Living Conditions Local Employment
Secure Living Conditions Community Engagement
Secure Living Conditions Local Employment
Community Engagement Local Employment

Note: If selecting “others”, please fill in the relative importance value in the form.

2.5. Society
Please assess the relative importance of subcategories “Society” in Table A9.

Table A9. The assessment of the relative importance of subcategories “Society”.

Comparative Subcategories Relative Importance Scale
A B 1/9 1/7 1/5 1/3 1 3 5 7 9 Others
Contribution to Economic Development Public Commitment to Sustainability Issues
Contribution to Economic Development Technology Development
Public Commitment to Sustainability Issues Technology Development

Note: If selecting “others”, please fill in the relative importance value in the form.

[Part 2]

Basic personal information

1. How long have you been worked or researched in agricultural related fields?
years

2. Professional title:

O Professor O Associate Professor O Lecturer O Others ( )
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