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Abstract Disposal of dead pigs by pig farmers may have a
direct impact on pork safety, public health, and the ecological
environment in China. Drawing on the existing literature, this
study analyzed and summarized the main factors that could
affect the disposal of dead pigs by pig farmers by conducting a
survey of 654 pig farmers in Funing County, Jiangsu
Province, China. The purpose of this analysis was to investi-
gate the disposal of dead pigs in China and provide useful
regulatory strategies for the government. The interrelation-
ships among dimensions and factors that affect the disposal
of dead pigs by farmers were analyzed, and critical factors
were identified by a hybrid multi-criteria decision-making
method, which is a combination of decision-making trial and
evaluation laboratory (DEMATEL) and analytic network pro-
cess (ANP). Our results demonstrated that production charac-
teristics were the most important dimensions and that costs
and profits, scale of farming, pattern of farming, knowledge
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ofrelevant laws and regulations, and knowledge of pig disease
and prevention were the five most critical factors affecting the
disposal of dead pigs by farmers in China at this stage. The
significance of this study lies in further discussing some man-
agement policies for the Chinese government regarding
strengthen regulation of disposing dead pigs.
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Introduction

Food of animal origin has been recognized as a main carrier of
foodborne disease, which is a significant threat to human
health (Jacob et al. 2010; Loretz et al. 2011). Pork is the most
popular food of animal origin in China. However, pigs are a
major reservoir for Yersinia enterocolitica, a leading
foodborne enteric pathogen (Tan et al. 2014). Therefore, en-
suring pork safety is of significance to the protection of public
health in China. Unfortunately, there have been increasingly
frequent reports of negative behaviors in the disposal of dead
pigs in recent years." Of these, the most shocking incident is
the dumping of dead pigs into Huangpu River in metropolitan
Shanghai in early March 2013. As of March 20, 2013, a total
0f'10,395 floating dead pigs had been collected from Huangpu
River. Since dead pigs contain vast amounts of pathogenic

! In China, dead pigs must be harmlessly disposed according to govern-
mental regulations. Therefore, harmless disposal of dead pigs by farmers
is referred to as a positive behavior in this report. On the other hand,
dumping of dead pigs into rivers and lakes and illegal selling of dead pigs
to middlemen or direct processing and marketing of dead pigs are referred
to as negative behaviors.
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microorganisms, dumping of dead pigs into rivers and lakes
can lead to deteriorated water quality and environment pollu-
tion (Shen et al. 2013). These issues not only caused concern
over water quality among Shanghai citizens but also sparked
international scathing derision regarding the food safety situ-
ation in China (Caixin 2013).

Dead pigs are an inevitable product of pig farming. The
annual growth rate of natural pig deaths is 2.09 % in China
under normal circumstances and without the interference of
various diseases. The number of natural pig deaths can thus be
calculated to be 21,580,000 in 2012.% Despite strengthened
regulation by the government, dead pigs were found floating
in Xinyang of Henan Province, Yichang of Hubei Province,
and other places following the incident of dumping of dead
pigs into the Huangpu River in March 2013. Additionally,
illegal sale of 20,000 t of pork from ill and dead pigs was
reported by the Chinese media in January 2014. Dead pigs
not only carry harmful microorganisms but also contain a high
concentration of veterinary drug residues or metabolites, as
well as pathogens and sources of contagion (Ni 2012).
Numerous studies confirm that harmful microorganisms and
veterinary drug residues or metabolites in meat and other
foods of animal origin may threaten the health of consumers,
and in particular, may undermine the human gastrointestinal
system, causing infections (Reig and Toldra 2008; Marshall
and Levy 2011). Moreover, in 2008, according to data report-
ed by the Ministry of Health of China, gastroenteritis is the
second most common chronic disease in Chinese residents
after hypertension. Although undetected consumption of pork
from dead pigs can generate problems of gastroenteritis,
which is difficult to diagnose because of a lack of relevant
information on pork from dead pig ingestion, negative behav-
iors in the disposal of dead pigs by pig farmers have highlight-
ed some issues in China regarding public health, food safety,
and ecological environmental protection (Liu 2013).
Therefore, it is a major practical and unavoidable task of
China’s food safety management to investigate and identify
critical factors that affect the disposal of dead pigs by farmers.

The disposal of dead pigs by farmers is influenced by many
dimensions and factors, and if these can be found and the
extent of their impact and interrelationships among the dimen-
sions and factors can be determined, a list of management
strategies can be developed by government to curb negative
behaviors in disposal of dead pigs by farmers. In fact, the
factors are usually not independent, and the dimensions may
also be mutually influential. This study applied a method
which is a combination of both the decision-making trial and
evaluation laboratory (DEMATEL) and the analytic network

2 Source: Statistical Bureau of People’s Republic of China, http://219.
235.129.58/reportYearQuery.do?id=1400&r=0.43901071841247474.
The number and growth rate of pig deaths were calculated based on the
lowest normal death rate of 3 % in adult pigs.
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process (ANP) (called DEMATEL-based ANP, DANP) to ex-
plore the interrelationships among the dimensions and factors
that affect the disposal of dead pigs by farmers. Huang et al.
(2014) demonstrated that DANP is an effective method that
can quantify complex qualitative issues and define their inter-
dependencies and importance. In the past, few studies have
used the proposed method to identify the critical factors that
affect the disposal of dead pigs by farmers and then examine
or provide the management policy decision-making.
However, compared with the traditional tools that use binary
logistic regression, logit, and probit models to investigate fac-
tors affecting production behaviors of pig farmers, DANP can
effectively overcome the problem of interest demands of sur-
vey samples that inevitably exist in these traditional measure-
ment tools. Additionally, it is not reasonable to use DANP to
identify critical factors affecting the disposal of dead pigs by
simply drawing on existing research findings, since factors
affecting the disposal of dead pigs by farmers vary among
different countries and different regions within a country.
Therefore, in order to provide more objective and practical
investigation, this study set main factors that may affect the
disposal of dead pigs by farmers based on a field survey of 654
pig farmers in Funing County, Jiangsu Province, China. In
addition to setting these factors, our analysis assessed existing
research findings and analyzed the interrelationships among
the dimensions and factors and identified the critical factors
using DANP. The purpose and significance of this study is to
provide useful policy recommendations for identifying a real-
istic way to prevent negative behaviors in disposal of dead
pigs by pig farmers based on the interrelationships among
the dimensions and factors and the identification of critical
factors.

Materials and methods
Case survey

Demographics and data related to disposal of dead pigs were
collected from pig farmers in Funing County, Jiangsu
Province, China. Funing County was selected because it is a
famous pig farming county, known as “the hometown of pig-
lets” in China and has held the title of “No. 1 Pig Farming
County” in Jiangsu Province for 15 consecutive years. The
county produced 1,576,600 and 1,661,600 pigs ready to be
slaughtered in 2011 and 2012, respectively. Pig farming is an
important source of family income and a main career for many
farmers in this location.

The survey was conducted in Funing County, Jiangsu
Province from January to March 2014. A preliminary survey
was first performed in pig farmers of different scales in
Longwo Village, Shuanglian Village, Xinlian Village, and
Wangji Village of Luogiang Town and Sanzao Town in
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Funing County. A final questionnaire was developed accord-
ing to the results of the preliminary survey. A village with a
moderate level of farmer household income was selected from
all 13 towns of Funing County. A group of villagers, including
40-60 households, was randomly selected from each commit-
tee by the village committee. In this way, 690 pig farmer
households were surveyed, with a valid sample of 654 house-
holds (with a valid response rate of 94.78 %). Since face-to-
face interview can effectively avoid respondents’ possible
misunderstanding of survey questions and generate a high
response rate (Boccaletti and Nardella 2000), the actual survey
was performed by trained investigators during face-to-face
interview.

Analysis of case survey
Demographics and disposal of dead pigs

As shown in Table 1, most respondents were older male
farmers with a low level of education, which is consis-
tent with the characteristics of pig farmers in China.
Survey data showed that a slightly higher proportion
of male farmers than female farmers might have nega-
tive behaviors in disposal of dead pigs and that older

farmers with a low level of education were more likely
to have negative behaviors in the disposal of dead pigs.
These findings are in accordance with those of previous
studies, which suggested that gender, age, and education
level of farmers were important factors affecting their
behavioral decisions (Deressa et al. 2009; Cheng et al.
2014). In terms of household characteristics, most
households had a household size of 5 or more, account-
ing for 51.4 % of all households. In order to investigate
the degree of specialization of farmers, the proportion of
pig farming income in total household income was also
assessed; pig farming income accounted for 30 % or
less of total household income according to 66.1 % of
respondents. The correlation between household charac-
teristics and negative behaviors in disposal of dead pigs
is shown in Table 1. Pig farmers with a household size
of less than 3 and a pig farming income accounting for
less than 50 % of the total household income had a
higher propensity toward negative behaviors in the dis-
posal of dead pigs. This is consistent with the conclu-
sion of Abdulai et al. (2008) and Cui et al. (2011) that
household size and income structure had an impact on
producer’s behavioral decisions. Therefore, it was as-
sumed that the demographics (individual and household

Table 1  Statistical description of farmers
Demographics Category index Number (654) Proportion (%) Proportion having negative
behaviors in disposal
of dead pigs (%)
Individual characteristics
Gender Male 387 59.2 25.6
Female 267 40.8 22.5
Age <44 78 11.9 11.5
45-54 183 28.0 18.0
55-64 267 40.8 213
>65 126 19.3 47.6
Level of education Primary school and lower 384 58.7 33.6
Middle school 186 28.4 14.5
High school or above 84 12.8 3.6
Household characteristics
Number of household members 1 12 1.8 75.0
2 5>7 8.7 52.6
3 93 14.2 335
4 156 23.9 154
>5 336 51.4 18.8
Proportion of pig farming 30 % or less 432 66.1 27.8
income in total household income 31-50 % 78 11.9 30.8
51-80 % 54 8.3 11.1
81-90 % 33 5.0 9.1
91 % or more 57 8.7 10.5
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characteristics) of pig farmers affected their behavior
with respect to the disposal of dead pigs.

Production characteristics and disposal of dead pigs

As shown in Table 2, 67.0 % the 654 farmers surveyed had
more than 10 years of pig farming experience and 73.9 % of
the respondents were backyard farmers, which meant a farm-
ing scale® of less than 50 pigs. These findings coincide with
the pig production pattern of Funing County. Moreover, a
higher proportion of farmers with more than 10 years of pig
farming experience and a farming scale of less than 50 pigs
had negative behaviors in disposal of dead pigs. This finding
is consistent with those of previous studies, which suggested
that years of farming experience, scale of farming, and pattern
of farming were associated with safe producer behavior (Sun
etal. 2012; Yu et al. 2012; Ithika et al. 2013). Therefore, it was
assumed that years of farming experience, scale of farming,
and pattern of farming affected the disposal of dead pigs by
farmers.

Knowledge of farmers and disposal of dead pigs

As shown in Table 3, 58.3 and 20.6 % of respondents, respec-
tively, had very little knowledge and little knowledge of rele-
vant laws and regulations,* and 62.8 % had very little knowl-
edge of pig disease and prevention. A description of the
farmers’ relevant knowledge and the data related to the nega-
tive behaviors in disposal of dead pigs are shown in Table 3. A
higher proportion of pig farmers with little knowledge of rel-
evant laws and regulations and pig disease and prevention had
negative behaviors in disposal of dead pigs. This is consistent
with the conclusions of previous studies that knowledge was
an important factor that affected producer behavior (Vignola
etal. 2010; Launio et al. 2014). Therefore, it was assumed that
knowledge of relevant laws and regulations and pig disease
and prevention affected the disposal of dead pigs by farmers.

Behaviors and motivations in disposal of dead pigs

As shown in Table 4, 24.3 % of respondents did not carry out
harmless disposal of dead pigs, with cost being the major
reason. This is consistent with the argument of Edwards-
Jones (2006) and Chen et al. (2011) that farmers are rational
people, with a behavioral objective to maximize profit.

3 According to the Chinese statistical standard, the scale of farming refers
to the annual production of pigs ready to be slaughtered in this report.

# China has enacted a series of policies, laws, and regulations for the
scientific disposal of dead pigs. Knowledge of relevant laws and regula-
tions mainly refers to knowledge of such policies, laws, and regulations in
this study.
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Therefore, it was assumed that costs and profits affected the
disposal of dead pigs by farmers.

Setting of factors that affect disposal of dead pigs
by farmers

According to the results shown in Tables 14, possible factors
that affected the disposal of dead pigs by farmers were gender,
age, education level, family size, income structure, years of
farming experience, scale of farming, pattern of farming,
knowledge of relevant laws and regulations, knowledge of
pig disease and prevention, and costs and profits. The setting
of these factors was highly consistent with the research find-
ings of the existing literature (Table 5).

The disposal of dead pigs by farmers is not only affected by
the internal factors of farmers but is also influenced by the
external environment. Since the new century, the Chinese
government has introduced a series of policies and regulations
regarding scientific disposal of dead pigs. For example, a doc-
ument issued by the Chinese Ministry of Agriculture in 2012
clarified a subsidy policy on the harmless disposal of dead
pigs. The Animal Epidemic Prevention Law of the People’s
Republic of China (2013 Amendment) promulgated by the
State Council of China in 2013 clearly defines that carcasses
of animals that died of disease or unknown cause must not be
thrown away and provides clear penalties. In a word, the rel-
evant policy and environment of government have an impor-
tant role in affecting the disposal of dead pigs by farmers. It
has been demonstrated that variables related to policy envi-
ronment significantly affected the behavior of farmers (Launio
et al. 2014).

The government can encourage farmers to choose good
behavior, by means of subsidies (Danso et al. 2006; Lépple
2010). Liu (2012) noted that a sound pig insurance policy
could effectively control the entry of dead pigs into the mar-
ket. Chinese laws impose a small punishment on negative
behaviors with respect to the disposal of dead pigs, resulting
in persistence of such behaviors (Lian 2013). Wu et al. (2013)
showed that government supervision was one of the critical
factors affecting negative behaviors of Chinese producers.
However, Mol (2014) believes that it is difficult to solve food
safety problems in China by excessive reliance on laws and
regulations and government regulation; moreover, it is diffi-
cult to discover negative behaviors in the disposal of dead
pigs, and participation of the general public should thus be
encouraged. A particular example is that of Zhejiang
Province, China, where a reward system was implemented
for reporting negative behaviors in the disposal of dead pigs;
remarkable results have been achieved through this system.
Therefore, inclusion of incentives in government regulation
may allow more effective management of food safety prob-
lems (Jayasinghe-Mudalige and Henson 2007). In addition,
behavioral decisions of pig farmers are subject of the influence
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Table 2  Production characteristics of farmers

Characteristics Category index Number (654) Proportion (%) Proportion having negative behaviors in
disposal of dead pigs (%)
Years of farming experience 1-3 years 87 13.3 13.8
4-6 years 42 6.4 143
7-10 years 87 13.3 20.7
Over 10 years 438 67.0 28.1
Scale of farming Less than 50 483 73.9 30.4
50-100 102 15.6 11.8
101-500 54 8.3 0.0
501-1000 15 2.3 0.0
Pattern of farming Scatter feed 483 73.9 304
Scale feed 171 26.1 11.8

of surrounding groups (Mzoughi 2011). Peer behavior has an
influence on disposal of dead pigs by farmers.

Thus, there are inevitable limitations in the conclusions
derived from the analysis of factors affecting disposal of dead
pigs by farmers from the perspective of farmers only. Both
farmers and government must be fully considered. With this
in mind, based on our survey of pig farmers in Funing County,
as well as existing research results, 17 factors that may affect
disposal of dead pigs by farmers, which fall into four dimen-
sions, are summarized in Table 5.

Research methods

In order to quantify the relationship among the dimensions
and factors affecting disposal of dead pigs by farmers and to
obtain the influential weights of each factor and dimension,
the DANP method was adopted in this study. An expert group
comprising nine committee members from China Food
Industry Association, College of Food Science of China

Table 3  Relevant knowledge of farmers

Agricultural University, College of Economics and
Management of Shandong Agricultural University, College
of Food of Jiangnan University, Food Safety Research Base
of Jiangsu Province, and Institute of Agriculture Science of
Jiangsu Province was invited to propose the degree of direct
influence that factor 7 exerts on each factor j. Those members
were familiar with the standard practices and professional
management of dead pigs. Before the assessment, experts
could discuss with each other and express their opinions.
Assessment given by experts is always considered to be a
linguistic variable rather than integer number; thus, each ex-
pert was asked to use the assumed scales in Table 6. Finally,
the initial relationships among the 17 factors were obtained.
According to Huang et al. (2014), the average deviation of the
scoring results of the expert group was calculated using
dyd"|

7

1 n
Ly
=1 ij

experts, at; is the average impact of factor i on factor
i, and n is the number of influencing factors set in this

x100%, where p is the number of

n

Characteristics Category index Number (654) Proportion (%) Proportion having negative
behaviors in disposal of dead pigs (%)

Knowledge of relevant laws and regulations Very little 381 583 354

Little 135 20.6 11.1

Moderate 33 5.0 9.1

Much 96 14.7 6.3

Very much 9 1.4 0.0
Knowledge of pig disease and prevention Very little 411 62.8 343

Little 51 7.8 235

Moderate 147 22.5 4.1

Much 30 4.6 0.0

Very much 15 2.3 0.0
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Table 4  Disposal of dead pigs by farmers

Characteristics Category index Number Proportion
(654/ (%)
159)
Harmless disposal of dead ~ Yes 495 75.7
pigs No 159 243
Reason for not carrying Troublesome 33 20.8
out harmless disposal Increase in cost 99 58.5
Lack of related 30 18.9
facilities
Others 3 1.9

study. For the nine experts, the average deviation was
only 3.86 %, which meant that the assessment by the
expert group was valid.

The path to determine the interrelationships among
the dimensions and factors and calculate their influential
weights using the DANP method is shown below (Hsu
et al. 2012; Lu et al. 2013; Huang et al. 2014).

Step 1 Acquire the initial direct-relation matrix A=[a;], <, 1,
Jj=12,...... ,n, from the assessment by the expert
group.

Step 2 Convert the initial direct-relation matrix to the stan-
dardized impact matrix D

D=zx4 (1)

z= min{l/max,-z aij, l/max_,-z a,-_,} where i,je{1,2,......,n}
=1 =1
(2)

Calculate the total influence matrix T=[#;],xp, i,j=1,
2,0 ,n. The element #; shows the direct and indi-
rect impacts of factor i on factor .

Step 3

T=D+D*+D'+...+D"=D(-D")(I-D)"
where [ is denoted as the identity matrix. Then,

T = D(I-D) 'when h—w,D" = [0], (3)

where D=[d;;],1xn,0=5d;<1,0<3,d;<1,0<3,d;<1, and at
least one (but not all) of the columns or rows of the summation

isequalto 1 in ) d;; and )’ d;; and thus can guarantee that
j=1 i=1
lim D" = 0]

Step 4 Denote the row and column sums of the matrix 7.

nxn

ri = Z tij (4)
Jj=1

Table 5 Literature review of factors that affect the disposal of dead pigs by farmers

Dimension Factor Sources
Demographics (D) Gender (Cy;) Deressa et al. (2009) and Cheng et al. (2014)
Age (Ci2)

Level of education (C}3)

Number of household members (C4)
Income structure (C;s)

Production Years of farming experience (C,;)

characteristics (D) Scale of farming (Cz)

Pattern of farming (Cy3)
Costs and profits (Cpy)

Level of knowledge (D;)  Knowledge of relevant

laws and regulations (C3;)

Knowledge of pig disease and prevention (Cs;)

External environment (D;) Government subsidies for
harmless disposal (Cy;)

Insurance and compensation for dead pigs (Cyy)

Legal restrictions and penalties (Cy3)
Incentives (Cyq)

Government regulation (Cys)

Peer behavior (Cye)

Abdulai et al. (2008) and Cui et al. (2011)

Tey and Brindal (2012) Yu et al. (2012)
Sun et al. (2012) and Ithika et al. (2013)

Edwards-Jones (2006) and Chen et al. (2011)
Chen et al. (2010) and Launio et al. (2014)

Vignola et al. (2010), Toma et al. (2013) and Zhang and Zhang (2013)
Danso et al. (2006) and Lépple (2010)

Liu (2012)

Chen et al. (2011) and Lian (2013)
Jayasinghe-Mudalige and Henson (2007)
Greiner and Gregg (2011) and Wu et al.(2013)
Mzoughi (2011)
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Table 6 Conversion

relationship between Linguistic variable Integer number
linguistic variable and
integer number No influence 0

Very low influence 1

Low influence 2

High influence 3

Very high influence 4

Refer to Hsu et al. (2012) and Lu et al.
(2013) for the design of linguistic variable
and their corresponding integer number.

cj= Z lij (5)

Here, r; shows the sum of the direct and indirect influences
that factor i gives to all other factors. Similarly, c; shows the
sum of direct and indirect influences that factor j receives from
the other factor. In addition, where i=j, r;+¢; provides an in-
dex of the strength of influences given and received, that is,
r;+c; shows the degree of total influences factor i has in this
system. Therefore, if (;—c¢;) is positive, then factor i has a net
influence on the other factors, and if (7;,—c;) is negative, then
factor i is, on the whole, being influenced by the other factors.
Step 5 Divide the total influence matrix 7 into 7p based on

the dimensions and 7~ based on the factors.

cn
b, p, - D D,
: Cicy, Chrcym; Cot-Comy
G [T o TH Tl
c. i N N N
7. D B il e U pin (6)
c= C c C
Cim; : : :
O T
Cnm
1 L dn
p p p
_ | a ij ;
nl ... ) .. g
tD tD tD

Step 6 Normalize the total influence matrix 7 by each di-
mension shown as T¢.

D, Dy D; D,
Civcyp, Cicym, Cat-Comy
C all alj . aln
dm | Te Te Te
% : : :
p ) . X
ey i il aij ain )
Te T T T (8
Cim; : : :
el anl anj ann
D, " T¢ T Te
Cnm,

Step 7 Obtain the unweighted super-matrix w of the factors
affecting disposal of dead pigs by farmers.

’

W= (T2) 9)

Step 8 Calculate the weighted normalized super-matrix W<,
t};/ar1 o fay t})"/dl L TR

Bla - oafe - omla] le e e

(10)

m
where d'] 221}11,i: 1,2,...m (11)
=1

we =ToW (12)

Step 9 Find the limit of the weighted super-matrix W by
raising it to a sufficiently large power g (i.e., lim
g—®

(W) £), until the result converges and becomes a
long-term stable super-matrix #*.

Results and discussion

Interrelationships among dimensions and factors affecting
the disposal of dead pigs by farmers

The sum of the influence given (7;—c¢;) and received (7;+c¢;) for
each factor and dimension is shown in Table 7. According to
Chen and Chi (2015), interrelationships among dimensions
and factors affecting the disposal dead pigs by farmers were
analyzed by net influence. As shown in Table 7, demographics
(Dy) and external environment (D4) with a net influence of
0.174 and 0.089, respectively, were included in the cause di-
mensions. Production characteristics (D,) and level of knowl-
edge (D3) with a net influence of —0.099 and —0.164, respec-
tively, could be grouped as effect dimensions. Based on the
theory of impact-direction map (IDM) developed by Yang and
Tzeng (2011) and the dataset of (v;+c;7;—c;), an influential
network-relationship map (INRM) of the four dimensions and
17 factors that affect disposal of dead pigs by farmers is illus-
trated in Fig. 1.

As seen in Table 7 and Fig. 1, the four dimensions influ-
ence mutually. “Demographics (D;)” affects “external envi-
ronment (D,),” “production characteristics (D,),” and “level
of knowledge (D5)” (D1— {Ds D, Ds}); external envi-
ronment (D,) affects production characteristics (D) and level

@ Springer
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Table 7 Sum of influence given

and received on dimensions and Dimension T [ rite; riCi Factor i C rite; ¢
factors affecting disposal of dead
pigs by farmers D, 0294 0120 0414  0.174 Ciy 0.896 0000 0.896  0.896
Ciz 1.292 0.000 1.292 1.292
Cis 1.297 0.347 1.644 0.951
Cis 0.703 0.314 1.017 0.388
Cis 1.118 1.889 3.007 —-0.770
D, 0.352 0.450 0.802 —0.099 Cyy 1.274 1.338 2.612 —0.064
Cy 1.540 2.071 3.610 —0.531
Cys 1.296 2.098 3.394 —0.802
Coy 1.108 2.181 3.289 -1.073
Ds 0.285 0.449 0.733 —0.164 Csy 1.172 2.002 3.175 —0.830
Cs, 1.064 1.931 2.995 —0.868
Dy 0.323 0.235 0.558 0.089 Cy 1.298 0.995 2.293 0.304
Cyy 1.130 1.128 2259 0.002
Cu3 1.309 0.523 1.832 0.785
Cua 1.176 0.540 1.716 0.636
Cys 1313 0911 2.224 0.403
Cye 1.111 1.829 2.940 -0.719
15 [SP demographics(D,) ! external environment(D,)
e o
0.5
0
0i8
-0.5
-1
¢ demographics
0.18 , @ D,
0.12 external environment
D,
0.06
0
04 0.8 0.9 rite
-0.06
Production
012 / D, characlt:ristics
018 D; level of knowledge
e level of knowledge(D5) rite; 0'1-(?1 rite;
08 2ls 3 35
08120 3 3.1 32 02 o
-0.82 04
0.83 e Cy 06
-0.84
-0.85 08
-0.86 -1
Production
087 C.v -1.2 charactteristics(DZ)

Fig. 1 The influential network-relationship map (INRM) for each dimension and factor that affect disposal of dead pigs by farmers.
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of knowledge (D3) (Ds— { D, D5 }); production character-
istics (D») affects level of knowledge (D) (D,— {D3}). This
finding suggests that among the dimensions that affect the
disposal of dead pigs by farmers, demographics (D)
exerted the largest influence on the other three dimen-
sions, level of knowledge (D3) received the largest influ-
ence from the other three dimensions, and external envi-
ronment (D,4) and production characteristics (D,) both in-
fluenced and were influenced by other dimensions.
Additionally, negative behaviors in the disposal of dead
pigs by farmers cannot be eliminated despite the fact that
the government has been committed to encouraging
farmers to expand the scale of farming, cracked down
on the sale of pork from dead and diseased pigs, provided
subsidies for rural facilities for disposing dead pigs and
pig disease insurance, and strengthened regulatory means
in recent years; according to this finding, the most plau-
sible reason is that policy-makers did not adequately con-
sider whether farmers in all regions had the ability to
understand or participate in relevant policies, thus affect-
ing the effect of the policies.

The value of (r;—¢;) in Table 7 reflects the degree of influ-
ence among the 17 factors. “Age (C,)” was ranked first in
terms of direct or indirect influence, indicating that it had
varying degrees of influence on all other factors in the system;
while “costs and profits (C»4)” was ranked last, indicating that
other factors in the system had varying degrees of influence on
it. This finding suggests that other factors in the system only
had an indirect influence on the disposal of dead pigs by
farmers, and the final selection of disposal options was based
on the calculation of costs and profits. Therefore, it is specu-
lated that pig farmers decide whether to take positive beha-
viors in the disposal of dead pigs based on an expectation of
profits and costs arising from the action.

Furthermore, Fig. 1 shows the direct relationship among
factors in each dimension. In the demographics (D;) dimen-
sion, age (C,) affects “level of education (C;3)”, “gender
(C11),” “number of household members (C14),” and “income
structure (C;s) (C1o— {C13 Ci1 Cu C15} ); level of
education (C,3) affects gender (Cy;), number of household
members (Ci4), and income structure (C;5) (C;3—
{Ci1 Cis Cis}); gender (Cyy) affects number of house-
hold members (C;4) and income structure (C;s) (Cj1—
{Cis Cis5} ); number of household members (Cy,) affects
income structure (Cys) (C14— {C,s}). Using the same logic,
we can easily understand the direct relationship among factors
in the dimensions production characteristics (D-), level of
knowledge (D), and external environment (Dy). In the level
of knowledge (D;) dimension, “knowledge of relevant laws
and regulations (C3;)” and “knowledge of pig disease and
prevention (C3,)” had very close degrees of net influence (less
than 5 %); thus, they should be treated equally with strong
interrelationship.

Identifying critical factors affecting disposal of dead pigs
by farmers

Table 8 shows the influential weights of four dimensions and
17 factors that affected disposal of dead pigs by farmers.
According to the judgment criterion of important factors de-
veloped by Huang et al. (2014), critical factors can be identi-
fied by influential weights and net influence.

First, in the four dimensions, production characteristics
(D») had the greatest influential weight (0.360) and a negative
net influence (—0.099). This indicates that D, was the most
important dimension that affected disposal of dead pigs by
farmers, plays the largest role in the whole system, and can
be influenced by changing the other dimensions. Second,
knowledge of relevant laws and regulations (C3;) and knowl-
edge of pig disease and prevention (C3,) had an influential
weight of 0.177 and 0.172, respectively, which were the
greatest among all factors in the system and the degree of
net influence both smaller than zero, so that Cs; and C;,
were two critical factors in the system. These findings are
similar to the relevant research conclusions of Toma et al.
(2013) and Launio et al. (2014). Third, costs and profits
(Cy4) had the third greatest influential weight and smallest
net influence (—1.073), so that C,4 could also be considered
one of the critical factors in the system. This conclusion is
corroborated by our survey results. In fact, the primary con-
sideration was the cost factor in decision-making regarding
disposal of dead pigs by the 654 farmers surveyed. Fourth,
“scale of farming (C,,)” and “pattern of farming (C,3)” had
the same influential weight (0.097), which was ranked fourth,
and its corresponding dimension was the most important;
thus, C,, and C,3; could also be considered two critical
factors in the system. The result that Cy, and C,3 had the
same influential weight may be because of the fact that they
are both related to the annual production of pigs ready to be
slaughtered and that C,, is the subdivision of C,3. This result
is consistent with the conclusions of Sun et al. (2012) that
scale of farming and pattern of farming were the underlying
causes affecting positive behaviors of farmers in China.

As shown in Table 8, gender (Cy), age (Cy»), education
level (C13), and the number of household members (C4) were
four factors that had the smallest influential weight. Moreover,
these factors are inherent attributes of farmers and thus can
hardly be influenced by other factors in the system, so they are
non-critical factors. “Income structure (C;s),” “years of farm-
ing experience (Cy1),” “government subsidies for harmless
disposal (Cy41),” “insurance and compensation for dead pigs
(C4p),” “legal restrictions and penalties (Cy3),” “incentives
(Cyy),” “government regulation (Cys),” and “peer behavior
(C46)” had a moderate influential weight among all the factors;
these factors can both influence and be influenced by other
factors in the system and therefore are secondary critical
factors.
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Table 8 Influential weights of dimensions and factors affecting disposal of dead pigs by farmers

Dimension Influential weight Ranking Factor Influential weight Ranking

D, 0.093 4 Cn 0.000 16
Ciz 0.000 16
Cis 0.011 14
Ciy 0.010 15
Cis 0.072 6

D, 0.360 1 Gy 0.066 7
Cy 0.097 4
Cas 0.097 4
Cyy 0.101 3

D; 0.349 2 Cs 0.177 1
Cs, 0.172 2

D, 0.198 3 Can 0.035 10
Cy 0.039 9
Cus 0.016 12
Cyy 0.016 12
Cys 0.033 11
Cue 0.059 8

In general, researchers identify critical factors using
DEMATEL based on the value of (r;+c;) (Afsharkazemi
etal. 2013; Wu et al. 2013). In order to verify the applicability
of DANP, the research findings were compared to the value of
(r/+c;) in Table 7. Production characteristics (D5) had the
highest value of (r;+¢;). According to the value of (r;+c;),
the top five influence factors were the scale of farming, pattern
of farming, costs and profits, knowledge of relevant laws and
regulations, and income structure. This was fairly consistent
with the critical factors identified based on influential weights.
Although knowledge of pig disease and prevention was
ranked sixth, it had a difference of only 0.012 from income
structure in the degree of total influence. Moreover, as previ-
ously demonstrated, the two knowledge factors significantly
affected each other. Therefore, the five critical factors identi-
fied in this study were accurate. In other words, DANP is a
powerful and effective method to identify the critical factors
affecting disposal of dead pigs by farmers.

Conclusions and policy implications
The main conclusions are

1. The results of this study reveals that the four dimensions
and 17 factors that affect the disposal of dead pigs by
farmers are interconnected in a complex network of mu-
tual influence and interaction.

2. Production characteristics are closely related to the dis-
posal of dead pigs by farmers. Among the dimensions that
affect the disposal of dead pigs by farmers, production

@ Springer

characteristics are the most important dimension. This is
reflected in the fact that the current improper production
pattern may be one of the main causes of dumping of dead
pigs into rivers and lakes and illegal selling of dead pigs to
middlemen or direct processing and marketing of dead
pigs in China.

3. Among the 17 factors that affect the disposal of dead pigs
by farmers, knowledge of relevant laws and regulations,
knowledge of pig disease and prevention, costs and
profits, scale of farming, and pattern of farming are five
critical factors. This is reflected as follows: Pig farmers’
poor knowledge of relevant laws and regulations and pig
disease and prevention may be the main cause of frequent
negative behaviors in the disposal of dead pigs; negative
disposal of dead pigs by farmers may be primarily driven
by the pursuit of economic gain, i.e., to compensate loss
from pig deaths and save harmless disposal costs; and
common negative behaviors in the disposal of dead pigs
by farmers may be significantly related to small, scattered
pig farming in China.

Base on the above conclusions, the following recommen-
dations are made for eliminating negative behaviors in the
disposal of dead pigs by farmers by the relevant governments:

1. To transform the pattern of pig farming. Relevant govern-
ment departments should guide the transformation of
small, scattered pig farmers to large-scale, professional
ones using economic and policy instruments. Moreover,
the transformation capacity of individual pig farmers has
to be considered during policy guidance.



Environ Sci Pollut Res (2016) 23:661-672

671

2. To guarantee normal economic benefits of farmers in
harmless disposal of dead pigs. The government should
consider the actual cost of harmless disposal of dead pigs
and develop appropriate financial assistance policies to
ensure that financial compensation for harmless disposal
is greater than the costs for farmers.

3. To improve of farmers’ knowledge of pig disease and
prevention. Scientific knowledge of pig farming and dis-
ease prevention should be promoted among farmers
through a variety of effective ways, with emphasis on
importance of harmless disposal of dead pigs, in order to
reduce the number of dead pigs from the source.

4. To educate farmers about laws and regulations regarding
harmless disposal of dead pigs. Local governments should
adopt flexible ways to educate pig farmers about Animal
Epidemic Prevention Law, Food Safety Law, Livestock
Pollution Regulations, and other laws and regulations,
thus raising their awareness of the law, in order to control
the negative behaviors in disposal of dead pigs by farmers
by legal constraints.

The efforts of this study are summarized as follows: First,
the interrelationships among dimensions and factors that
affect the disposal of dead pigs by farmers were systematically
analyzed; second, it was demonstrated that DANP was effec-
tive in identifying critical factors affecting the disposal of dead
pigs by farmers; and third, the expert scoring method and field
survey were combined to avoid interest demands of the sam-
ple and also allow a scientific setting of influencing factors.
The contribution of this study is to reveal the complexity of
factors affecting the disposal of dead pigs by farmers in China;
itis a long process and requires joint efforts of the government
and farmers to eliminate the dumping of dead pigs into rivers
and lakes and illegal selling of dead pigs to middlemen or
direct processing and marketing of dead pigs. There are, of
course, limitations to the present study that should be noted. In
general, the survey sample, 654 pig farmers in Funing County,
Jiangsu Province, is not representative of the entire country.
More regions should be surveyed, and a large sample should
be collected in future studies in order to provide more univer-
sal findings.
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