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A  discrete  choice  experiment  (DCE)  is  carried  out  to  value  socio-economic  factors  influencing  the farmer’s
decision  to  report  swine  diseases  and  to assess  the  willingness  of farmers  to  report  swine  diseases.
Data  were  collected  between  March  and July  2015  in two provinces  in  the  Red  River  Delta,  Northern
Vietnam,  from  196 pig  producers  by  face-to  face  interview.  A  conditional  logit  model  is  used  to measure
the  relative  importance  of  the  socio-economic  factors  and  calculate  the expected  probability  of  disease
reporting  under  changes  of  levels  of  these  factors.  Results  of the study  indicated  that  the likelihood
of compensation  and  the type  of culling  implemented  (all  or only  unrecovered  pigs)  are  the  two  most
important  factors  influencing  farmer  reporting.  Compensation  level,  movement  restriction  and  delay
in  compensation  payment  also have  significant  impacts  on  farmer’s  decision  to report  animal  disease
but  they  are  not  as important  as the  above  factors.  Three  different  scenarios  including  changes  in  six
different  factors  (attributes)  are  tested  to predict  probability  of  animal  disease  reporting.  Under  the
current  situation  (uncertainty  of being  compensated),  only  4% of  the  farmers  would  report  swine  disease

outbreak  to  the  official  surveillance  system  if  the  culling  policy  involves  all pigs  in  affected  farms.  This
number  is increased  to  26%  if culling  in affected  farms  is  restricted  to  unrecovered  pigs  only.  Ensuring
certainty  of  compensation  increases  reporting  probability  by up to  50%  and  90%  if  all  or  only  unrecovered
pigs  are  destroyed,  respectively.  The  results  of  this  study  are  important  for improving  the  performance
and  sustainability  of  swine  disease  surveillance  system  in Vietnam.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Passive surveillance is a process whereby animal health infor-
ation is collected regularly from different sources such as

isease reporting by livestock owners, field veterinarians, labo-
atory diagnostic reports, slaughterhouses and livestock market

ecords (Geering et al., 1999). Farmers’ reporting of animal disease
lays an important role in the national surveillance system due
o their ability to detect a wide range of diseases, their extensive
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E-mail address: thithanhhoapham@ymail.com (H.T.T. Pham).
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167-5877/© 2017 Elsevier B.V. All rights reserved.
coverage of the animal population, and their frequent contact with
animals (Cameron, 2012). The results of a study comparing three
data sources of dairy disease surveillance in New Zealand indi-
cated that farmers recorded the highest number of disease events
(14.6 per 1000 cow months at risk) compared to veterinary prac-
tices (5.2 per 1000 cow months at risk) and diagnostic laboratories
(0.6 per 1000 cow months) (McIntyre et al., 2003). However, the
willingness of livestock owners to share animal health information
with veterinary authorities is influenced by many socio-economic

factors. Cameron (2012) proposed that fear of the negative conse-
quences of disease notification, poor relationship with veterinary
services, and farmers’ apathy toward disease occurrence and con-
trol are the main reasons for farmers failing to report(Cameron,
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012).The results of a socio-psychological study among pig farmers
n the Netherlands indicated that uncertainty about the occur-
ence of a given disease and the threat of a false alarm, which

ight have a negative impact on the farm and on the relationship
etween farmers and veterinarians, were important factors influ-
ncing farmer reporting (Elbers et al., 2010). Lack of trust in the
ontrol/eradication measures of veterinary authorities is also con-
idered as a barrier to farmers’ willingness to report (Elbers et al.,
010; Palmer et al., 2009). Hadorn et al. (2008) indicated that the
isease awareness of farmers is an important factor influencing the
ensitivity of passive surveillance and that in endemic areas, where
nimal owners are likely to be aware of the disease, the probabil-
ty of disease reporting and detection seems to be higher than in
reas where the disease is unknown or neglected (Hadorn et al.,
008).Understanding these socio-economic factors is critical for

mproving the effectiveness of passive surveillance systems.
Various interventions have been suggested to improve the per-

ormance of passive surveillance systems based on the investigated
armer’s attitude and behavior in animal disease reporting (Bronner
t al., 2014; Dung et al., 2006; Elbers et al., 2010; Hadorn and Stärk,
008; Palmer et al., 2009). The most used methods are enhancing
ublic awareness of priority animal diseases and of the impor-
ance of early reporting through mass media, the improvement
f relationships between farmers and veterinary staff, provision
f incentives for reporting, and provision of appropriate compen-
ation for culling animals (Cameron, 2012). Gilbert et al. (2012)
uggested a subsidy for carcass collection and telephone consul-
ations for private veterinarians as two solutions to increase the
ost-effectiveness of passive surveillance (Gilbert et al., 2012). Pos-
ible solutions suggested to improve animal health surveillance
n Vietnam include travel allowances for district veterinarians to
acilitate field visiting and communication with farmers, commune
ara-veterinarians and drug vendors, and improving data analy-
is capacity at local level (i.e. district and provincial offices) (Dung
t al., 2006). In the context of endemic diseases, to maintain the
nterest and motivation of field actors such as farmers and local
eterinarians to report animal disease, animal health information
eeds to be communicated to the partners to show livestock own-
rs and local veterinarians the direct benefits of their participation
n the surveillance network (Doherr et al., 2012). An example of
einforcing passive surveillance in South Australia through subsi-
ies to laboratory testing, incentives for private veterinarians in
ata collection, and the raising of farmers’ awareness of the benefits
f surveillance activities resulted in significantly increasing sample
ubmission rate (Clift et al., 2006). Most of these studies were based
n a qualitative approach to identify the factors influencing the
ecision-making process. To our knowledge, only a limited number
f studies (Limon et al., 2012; Palmer, 2009) have used quantitative
pproaches to assess the socio-economic factors influencing farmer
eporting.

Stated preference methods are a set of different econometric
ethods to characterize consumer preferences in cases where mar-

ets cannot be observed. They have been widely used in marketing
Lagerkvist et al., 2006; Thong and Hung, 2014; Xu and Wang,
014), transport, and environmental economics (Adamowicz et al.,
994; Boxall et al., 1996; Hanley et al., 1998; Zander and Garnett,
011), as well as health economics (Howard and Salkeld, 2009;
ao et al., 2013; Sadique et al., 2013). More recently, they have
lso been applied to animal science and animal health. Among
he different types of stated preference methods, discrete choice
xperiments (DCE) are more particularly applied to investigating
onsumer preferences for particular qualities (called attributes) of

he product or service. As such, they provide quantitative informa-
ion on strength of preference, the trade-off between the factors
ffecting this preference, and the probability of take up of a prod-
ct, service or innovation (WHO, 2012). Regarding animal products,
ry Medicine 138 (2017) 28–36 29

they have been mobilized to quantify the demand for unobservable
attributes, such as animal welfare attributes(Lagerkvist et al., 2006;
Liljenstolpe, 2005). DCE is also used to identify and evaluate farm-
ers’ decisions regarding animal disease reporting (Oparinde and
Birol, 2011) and animal disease control measures (Otienno et al.,
2011; Zhang et al., 2014).

The objectives of this work are to measure the relative impor-
tance of socio-economic factors that influence the farmer’s decision
to report disease, and to assess the farmer’s willingness to report
animal diseases. The results of this study highlight the factors that
need to be improved and to what extent, in order to improve the
probability of animal disease reporting.

2. Material and methods

In this study, the DCE is used to explore farmer’s choice in
regard to animal disease reporting upon outbreak on his/her farm.
This approach was  chosen as it allows quantitatively assessing
the relative importance of factors influencing farmer’s behavior or
decision making and evaluating the famer’s willingness to report
in terms of predicted uptake under the changes of these factors
(attributes). Farmer’s preference for animal disease reporting was
elicited by presenting them a number of hypothetical choices that
were constructed by varying combinations of attribute levels (i.e.
characteristics of disease notification and control procedures). Par-
ticipants were required to select one of the alternatives in each
choice-set according to their preference. The DCE model is based
on random utility theory under the assumption that the farmer
chooses the alternative that provides the highest benefit (util-
ity) (McFadden, 1974). Statistical analysis of the response data
allows to estimate how much each alternative is preferred and
which attributes contribute most to the choice. Monetary unit can
be included as one attribute in DCE and the combination of cost
data provides an assessment of the cost-effectiveness of alterna-
tive options (Kjaer, 2005). Percentage of farmer’s willingness to
report animal diseases is predicted by modeling the probability of
choosing an alternative with specified characteristics (attributes)
of disease notification and control. Such information is a critical
point of this study.

To conduct DCE, a number of distinct stages such as identifi-
cation of attributes and assignment of attribute levels, design and
construction of choice sets to present to participants, development
questionnaire, data collection, and data analysis were implemented
step-by-step. The links between steps are crucial as results of DCE
are highly sensitive to the systematic and well design of the whole
experiment (WHO, 2012).

2.1. Identification of attributes and assignment of levels

A total of 18 focus group discussions with pig farmers and key-
informant interviews were carried out in two  provinces. The topics
tackled were swine diseases, disease priority for surveillance and
control, as well as factors influencing the farmer’s decision to report
swine disease. From the results of group discussions and key infor-
mant interviews, six attributes were identified and included in the
discrete choice experiment as follow: (1) Uncertainty of being com-
pensated in case of animal disease reporting; (2) Compensation
levels in case of animal culling (price per kg of pig body weight);
(3) pig culling in case of disease reporting; (4) administrative pro-
cedure for disease notification and getting compensation payment;
(5) movement control in case of disease notification; (6) delivery

time of compensation payment.

Attribute levels were then assigned on the basis of the sur-
vey results and from a literature review on veterinary regulations
(MARD, 2008, 2007) in Vietnam. The attributes and attribute lev-
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Table 1
Attributes and attribute levels used in choice experiment.

Attribute Levels

Probability of being
compensated

Uncertain

Certain
Compensation level VND 24000/kg LBW

VND 33600/kg LBW
VND 38400/kg LBW

Animal culling policy Unrecovered pigs
All pigs at farm

Administrative procedures of
disease reporting and
compensation payment

Simple

Complicate
Movement control in outbreak
area

No movement ban

Movement ban
Delivery time of compensation
payment

3 months

6 months
1 year

(LBW: live body weight).
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choose to report animal disease and requires the smallest sample
ls used in the choice experiment are described in Table 1. Detail
escriptions of attribute levels are presented in AF Table 1. Com-
ensation level is added as a monetary attribute and expressed as

 percentage of the market price for the live body weight (LBW)
f a fattening pig, which is then converted into a compensation
rice (i.e. amount of money per kilogram LBW of culling pig) using

 fixed market price of VND 48,000 kg LBW. This price was  consid-
red as mean values of pig prices between 2010 and 2013 that were
ollected during focus group discussion and key-informant inter-
iews. Compensation attribute levels were set at 50%, 70%, and 80%
f pig market price per kg LBW.

.2. Experiment design

A fractional factorial design was used with R software version
.15.3 (R core team, 2013) (support.CEs package). An unlabeled
hoice experiment design was created by the mix-and-match
ethod (rotation.design function). A choice set was  generated by

andomly selecting one alternative from each set of N alternatives.
he selection process was repeated without replacement until all
lternatives were assigned to choice sets (Aizaki, 2012). The num-
er of 36 choice sets of two alternatives was suggested from R
utput. Given the number of attributes and levels, this number
elps to ensure that the design is orthogonal and balanced (Kuhfeld,
010). To limit the burden for respondents, it was divided into three
locks of 12 choice sets.

.3. Questionnaires and data collection process

Questionnaires were created based on the choice sets using the
uestionnaire function in the support.CEs package in R (Aizaki,
012). Each farmer was asked to answer 12 questions equivalent
o 12 choice sets in one block. Each choice set consisted of two
nlabeled disease-reporting alternatives and one opt-out alterna-
ive (non-reporting alternative). Farmers were asked to consider
hese three alternatives and choose the option that they consid-
red the best for their situation. Including opt-out option which

efer as “do not report” or “do not choose any alternative” in choice
ets allowed us to limit the bias of the forced choice and explore
he reasons behind farmer’s decision.
ry Medicine 138 (2017) 28–36

2.3.1. Study area and sampling frame
The DEC survey was conducted between March and July 2015

in eight communes of four districts of two Red River Delta
provinces by face-to-face interviews in Vietnamese. The selection
of provinces, districts and communes was based on pig density,
extent of pig production, diversity of pig farming systems, and
occurrence of notified swine infectious diseases (e.g. porcine repro-
ductive and respiratory syndrome (PRRS), foot and mouth disease
(FMD), and classical swine fever (CSF)). The two provinces are sub-
sequently referred to in this paper as province “A” and province “B”
as part of the confidentiality procedure to ensure anonymous use
of the data. Stratified random sampling was carried out based on
production types (mixed farm, fattening farm) and production sys-
tems (small or large farm, based on a threshold of 20 sows and/or
200 fattening pigs). The list of pig farmers in each commune was
obtained from commune veterinarians. It was  then stratified into
the above-mentioned categories. Pig farmers were selected ran-
domly from the categories and invited to participate in the study
with the support of the commune veterinarian and the head of the
village. Due to the limited number of large farms in the study area,
all large farms were subjected to interviews.

Equations to compute sample size for DCE requires an initial
estimation of choice proportion (Bliemer and Rose, 2005) or prior
estimates of parameter values of attributes under investigation
(Bekker-Grob et al., 2015) which are unknown before implement-
ing the study. Therefore, sample size calculation in this research
is based on Orme’s approach that considers the number of choice
sets, the number of attributes, and the highest number of attribute
levels (Orme, 2009). Target sample size was 120 pig holdings in
each province (30 large farms and 90 smallholders), including both
fattening and mixed farms with the ratio (1:5) like that of fatten-
ing holdings and mixed holdings in area. According to the WHO
guideline on discrete choice experiments in public health research,
a minimum sample size of 30 is required for each sub group (strat-
ified group) of the main sample to perform econometric analysis
(WHO, 2012).

2.3.2. Data collection
The DCE task started by setting out the objectives of the study,

the importance of the farmers’ contribution, the security of per-
sonal information and their oral consent to participate in the study.
Then a scenario of disease occurrence on the farm was described
to create a context in which the farmers could make their decision
(Table 2). Detailed descriptions of choice sets as well as attributes
were made to ensure a clear understanding of the choice process.
Probing questions were used to explore related information such as
the possibility of selling sick/dead pigs, price of sick pigs as well as
the farmer’s perception of money obtained in the case of reporting
or not reporting. The questionnaires were tested with 17 pig hold-
ers and were adjusted to adapt to field conditions such as specifying
infected pig age groups and the threshold percentage of infected
pigs in the farm triggering disease reporting.

General information was  also collected during the interview
about the respondents, such as age, education, position, and about
the pig farms (herd size, production system).

2.4. Data analysis

McFaden conditional logit model was  used to analysis DCE data
in this study as the model describes the characteristics (attribute
and attribute levels) of the alternatives among which the farmer
size compared to other models (Hauber et al., 2016). The systematic
utility (Vi) bound to a scenario was modeled as a linear function of
attribute levels characterizing the scenario. The expression of the
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Table  2
An example of choice set.

Imagine that more than 40% of your pigs are sick with clinical signs as suspected cases from one of the three notified diseases (PRRS, FMD, and CSF). Your sick
pigs  did not respond after 3–5 days of treatment and the live weight of fattening pigs ranged from 20 to 50 kg. Choose one of the following options related to
disease reporting to report swine disease in your holding to veterinary or local authorities.

Choice set1 Alternative A Alternative B Neither alternative A or B

Probability of being
compensated

100% (certain) 50% (uncertain)

Compensation level
(VND/kg of LBW)

24,000
(50% market price)

33,600
(70% market price)

Animal culled incase of
disease notification

Unrecovered pigs All pigs at farm I do not want to report swine disease

Disease  reporting and
compensation
procedures

Simple Complicate

Animal movement
control in outbreak
area

Animal movement
ban

No animal movement
ban

Delivery time of
compensation
payment

3 months 6 months
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Your choice (Please tick
only one box as your
preference)

� 

tility model is as follows:

Vi = �0 + �1∗possibility compensation + �2∗compensation

+ �3∗animal des + �4∗administrative procedure of

disease reporting and compensation + �5∗movement ban + 

6∗delivery compensation + � (1

The utility coefficients (�1–�6) were calculated using clogit
unction in the support.CEs package in R (Aizaki, 2012). Qualita-
ive attributes were coded as dummy  variables, and the monetary
arameter (i.e. compensation levels) as a continuous variable.
arameter estimation was run separately for the total sample and
hen according to province (A and B) and production system (small
s. large, mixed vs. fattening). The goodness-of-fit of the models
s measured using McFaden pseudo-R squared (p2) which can be
efined by the log likelihoods of the model with and without pre-
ictors. Values from 0.2 to 0.4 for p2 indicate the good fit of the
odel (McFadden, 1977).

The relative importance of the socio-economic factors influenc-
ng farmers’ reporting was assessed based on results of the utility

odel (i.e. the statistical significance, sign and value of the util-
ty coefficients of attributes and the willingness to pay for changes
n attribute levels) (WHO, 2012).The farmers’ willingness to pay
WTPkl) for level l of an attribute k was calculated as the ratio
etween its utility coefficient �kl and the marginal utility coeffi-
ient of compensation (utility coefficient of the monetary unit).
he effects of changes on surveillance were then modeled as a
robability of choosing reporting alternative under three defined
cenarios. The probability of choosing the reporting alternative was
stimated according to changes of attribute levels compared to
aselines. Three baselines were set up, which differed in regard to
ulled pig categories and compensation levels. The first two  base-
ines referred to the current situation of swine disease surveillance
nd control in Vietnam (MARD, 2008, 2007): i) culling of all pigs at
nfected holdings (upon first outbreak in the region), ii) culling of
nrecovered pigs only (upon re-occurrence in the area). The third

aseline was established as an unrealistic scenario with the com-
ensation level at 50% of the market value of the pig and destroying
ead/unrecovered pigs only. The full descriptions of the three base-

ines are as follows:
 �

– Baseline 1: uncertainty of being compensated, culling all pigs at
farm, movement restriction, complicated administrative proce-
dures, compensation level equal to 70% market price of pig, and
getting compensation payment after 6 months.

– Baseline 2: uncertainty of being compensated, destroying
dead/unrecovered pigs, movement restriction, complicated
administrative procedures, compensation level equal to 70% mar-
ket price of pig, and getting compensation payment after 6
months.

– Baseline 3: uncertainty of being compensated, destroying
dead/unrecovered pigs, movement restriction, complicated
administrative procedures, compensation level equal to 50% mar-
ket price of pig, and getting compensation payment after 6
months.

The probability of choosing alternative i was predicted from the
expected utility Vi using the formula as follows (Gerard et al., 2008):

Pi = 1/(1 + e−Vi) (2)

The expected utility Vi of alternative i was calculated as For-
mula (1) using the path-worth utilities for the different attributes
corresponding with different levels.

3. Results

3.1. Characteristics of sample population

Of the 240 pig holdings contacted for interviewing, 27 people
were unavailable or unwilling to attend the interview and 17 people
refused to complete the choice sets when the interviewer explained
the scenario. Finally, 196 respondents were included in the analysis.

The mean age of the respondents in both provinces was 48.5
years, ranging from 28 to 70 years (Table 3). Most respondents were
male, accounting for 85% of respondents in province A and 74% in
province B. Half the respondents had less than 9 years of educa-
tion, 47% reported having graduated high school and 2% stated they
had an intermediate or college degree. The majority of respondents
(80%) had experience in pig production, with 10 years or more of
pig raising. Mixed pig holdings represented 81% of sampled farms

(keeping sows, growers, and fattening pigs), while19% kept fatten-
ing pigs only. Small pig holdings with 6 sows and 100 fattening pigs
on average were dominant in both provinces, ranging from 79% in
Province A to 88% in Province B.
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Table 3
Characteristics of interviewed pig farmers.

Characteristics Province A (n = 97) Province B (n = 99) Total sample (n = 196)

Gender
Male, n (%) 82 (84.5%) 73 (73.7%) 155 (79.1%)
Female, n (%) 15 (15.5%) 26 (26.3%) 41 (20.9%)
Mean of age (min- max) 48.4 (28–61) 48.7 (31–70) 48.5 (28–70)

Education
Less  than year 9, n (%) 49 (50.5%) 51 (51.5%) 100 (51.0%)
High  school graduation, n (%) 47 (48.5%) 45 (45.5%) 92 (47.0%)
Intermediate/College, n (%) 1 (1.0%) 3 (3.0%) 4 (2.0%)
Experience in pig raising (10 years or over 10 years), n (%) 79 (81.4%) 77 (77.8%) 156 (79.6%)

Production type
Mixed farm, n (%) 65 (67.0%) 94 (94.9%) 159 (81.1%)
Fattening farm, n (%) 32 (33.0%) 5 (5.1%) 37 (18.9%)
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Production size, n (%)
Large farm (�20 sows and/or 200 fattening pigs), n (%) 20 (20
Smallholder (<20 sows and/or 200 fattening pigs), n (%) 77 (79

.2. Factors influencing the farmer’s decision to report a disease
vent

Utility coefficients, calculated according to the province
Table 4), prove statistically significant influences of all attributes
p < 0.01), except for the administrative procedures of disease
eporting and compensation payment on farmer’s decision to
eport animal disease. The attributes’ utility coefficients (�) for
probability of being compensated” and “animal culling policy”
re positive (3.33 and 2.21, respectively), indicating that a farmer
ould be more likely to report animal diseases in case of certainty

f receiving compensation, and in case of a culling policy restricted
o non-recovering pigs only. The highest values of these attributes’
oefficients indicate that they have the greatest impacts on farmer’s
ecision to report animal diseases. Movement restriction has a neg-
tive impact on the farmer’s decision to report (� = − 0.58, se = 0.09).
ompensation delivery times of 6 months and 1 year obtain neg-
tive utility coefficients, indicating that delaying compensation
ayment reduced the probability of farmers’ disease reporting. The
tility coefficient of compensation level is positive and significant,
igher compensations increasing the likelihood of reporting.

.3. Willingness to pay (WTP) for changing attribute levels

The highest WTP  of farmers is obtained for restricting the culling
olicy to non-recovering pigs only and for shortening the compen-
ation delivery time from 1 year to 3 months, with averages of VND
4,100/kg and VND 12,300/kg, respectively. There is no significant
ifference in these WTP  between provinces (Table 5). The WTP  for
he absence of movement restrictions (VND 4700–VND 13,700/kg)
nd the reduction of compensation delivery time from 6 months to

 months (VND 6500 to VND 8400/kg) are similarly deemed valu-
ble changes by the farmers. Pig producers in province B are willing
o give up more money for the absence of movement restriction
han those in province A (average WTP  of VND 13,700/kg and VND
700/kg, respectively). However, this difference is not statistically
ignificant due to the overlap of confidence intervals.

.4. Probability of animal disease reporting by farmers

The probability of farmers to report swine diseases under dif-
erent scenarios of control policy is represented in Fig. 1. Under
he current situation (baselines of the first and the second scenar-

os) (i.e. uncertainty of being compensated, movement restriction,
omplicated administrative procedures, compensation level equal
o 70% of market price, and getting compensation payment after 6

onths), 4% (95% CI: 0.9%–14.3%) of farmers are willing to report
12 (12.1%) 32 (16.3%)
87 (87.9%) 164 (83.7%)

swine diseases in case of culling all pigs in affected farms, while 26%
(95% CI: 6.2%–65.4%) of pig holders would report diseases in their
farm if only dead/unrecovered pigs in affected farms are destroyed.
Making administrative procedures less cumbersome, allowing free
movements of uninfected pigs in the area, and increasing the com-
pensation payment to 80% of market value does not significantly
increase the proportion of farmers willing to report (all between 1
and 3% of reporting probability in scenario 1 and between 6 and 12%
in scenario 2). In contrast, if farmers were certain of being compen-
sated, probability of disease reporting would rise up to 52% (in case
of culling all pigs in affected farms) (95% CI: 16.8%–85.3%) and to
91% (95% CI: 59.7%–98.5%) (in case of destroying dead/unrecovered
pigs in affected farms).

Scenario 3, which takes lower compensation level (50% market
value) into account compared to scenario 2, shows an intermedi-
ate improvement in reporting according to the different changes in
policy as compared to the first and second scenarios (from 16% to
25% reporting and a peak value at 84% (95% CI: 47.9%–96.8%)).

4. Discussion

The present analysis tackles the question of under-reporting of
animal diseases in the case of Vietnamese pig farmers, focusing
on the impact of disease management policies on their decision.
Two components of farmers’ perception of the policies are pointed
as crucial to this decision: the confidence in compensation pay-
ment and the acceptability of stamping out strategy. Interestingly,
the compensation level is shown to have less influence. Therefore,
improvements in disease reporting from an increase of compen-
sation level may  be outweighed by defaults in these two  crucial
factors. On the contrary, complying with farmers’ preferences on
these two aspects results in a potential reporting probability of
80%–90%. Similarly to compensation level, movement restriction
and delivery time of compensation are minor although significant
decision factors. The administrative procedures for disease report-
ing do not appear as an important factor.

The methodological choice of expressing compensations as a
price per kg pig was  aimed at making the choice more realistic
and acceptable for farmers. Therefore, attention was  paid to the
number of pigs in the sampling procedure and separate analyses
were performed for smallholders and larger farms, despite the low
number of farmers in the latter category (due to the low frequency

of this farm type in the study regions). The very close coefficient
estimates between the two groups indicate that the choice sets
were well understood by interviewees with similar stakes in the
decision-making being revealed. Given this similarity in decision-
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Table  4
Utility coefficient estimates for factors influencing the farmers’ decision to report.

Attribute Coefficient (95% CI)

Province A (n = 97) Province B (n = 99) Total sample (n = 196)

Probability of being
compensated
Uncertainty vs. Certainty

4.70***

(4.26; 5.14)
2.56***

(2.30; 2.81)
3.33***

(3.11; 3.54)

Culling  pigs
All pigs at farm vs.
Unrecovered pigs

2.94***

(2.52; 3.35)
1.89***

(1.63; 2.16)
2.21***

(2.0; 2.43)

Administrative procedures
Complicated vs. Simple

0.001
(0.31; 0.31)

0.13
(−0.11; 0.37)

0.10
(−0.09; 0.29)

Movement control
No movement ban vs.
Movement ban

−0.42***

(−0.69; −0.15)
−0.70***

(−0.91; −0.46)
−0.58***

(−0.75; −0.42)

Delivery time of compensation
payment
6 months
1 year

−0.57***

(−0.90; −0.24)
−0.81***

(−1.14; −0.48)

−0.42***

(−0.67; −0.17)
−0.82***

(−1.07; −0.56)

−0.44***

(−0.64; −0.25)
−0.80***

(−1.0; −0.6)
Compensation levels (per 103

VND/kg)
0.09***

(0.06; 0.11)
0.05***

(0.03; 0.07)
0.06***

(0.05; 0.08)
Number  of respondents 97 99 196
Number of observations 3492 3564 7056
Log  likelihood of the model −600.82 −905.28 −1557.87
Log  likelihood of the model
without predictors

−1278.79 −1305.15 −2583.94

McFaden’s pseudo R2 0.53 0.31 0.40

CI: Confidence Interval.
*** statistically significant (p < 0.01).

Table 5
Farmers’ willingness to pay for changes of attribute levels.

Attribute WTP  for change in attributes (103VND/kg of culling pig) Mean (95% CI)

Province A (n = 97) Province B (n = 99) Total sample (n = 196)

Culling pigs restricted to
unrecovered pigs

33.4
(25.7, 46.2)

38.0
(27.2, 60.8)

34.1
(27.7, 43.8)

No  movement ban 4.7
(1.7, 8.7)

13.7
(8.0, 24.0)

9.0
(6.0, 13.0)

Delivery time of compensation
changed from 6 months to 3
months

6.5
(2.5, 12.0)

8.4
(3.0, 17.1)

6.8
(3.6, 11.1)

Delivery time of compensation 9.2 16.3 12.3

C
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c

changed from 1 year to 3
months

(5.3, 14.7)

I: Confidence Interval.

aking, the analysis of reporting probabilities is presented here for
he whole sample.

The WTP  highlights the true barrier that animal culling policy
oses on surveillance efficacy. Indeed, farmers would be willing
o pay 43%–80% market value of pig to be sure that only non-
ecovering pigs are destroyed. Classical stamping-out policy would
ead farmers to hide diseases, despite compensation levels as high
s 80% market value of pig as well as the certainty of receiving this
oney. The motives behind these results were obtained through

pen qualitative interviews after DCE completion. First, notifiable
wine diseases such as PRRS and FMD  are endemic in Vietnam
nd therefore farmers perceive a policy of stamping-out as lacking
elevance as they are used to managing these diseases like other
ndemic production diseases. Most farmers believe in a high prob-
bility of successful treatment and a better profit to be expected
rom recovered pigs than from compensation payment. Compen-
ation level at 80% market value of pig was considered as covering
reeding costs and a part of feeding costs. Farmer estimates the
uccess rate of treatments at 50%, hence a 50% chance of gener-

ting profit. Second, the farmers expect a rise in pig prices after
isease outbreaks, creating a particular speculative opportunity.
hird, the destruction of clinically healthy pigs is considered unac-
eptable, being perceived as a waste of resources, food, and valuable
(10.0, 27.6) (8.7, 17.1)

genetic asset. Indeed, the culling of clinically healthy breeding stock
is unacceptable due to the high value of sows with good perfor-
mance (i.e. annual number of piglets and piglet weight at weaning,
maternal behavior). Most farmers believe that PRRS has no effect on
the reproductive performance of sows. Therefore they would not
accept the culling of asymptomatic sows even after confirmation
of infection.

Compensation is considered as a critical element of effective
disease control as it encourages farmers’ reporting and compli-
ance with the culling of confirmed or suspected cases of infection,
thus reducing the risk of disease spreading (World Bank, 2006).
Compensation rate should be no less than 50% of market value for
healthy animals and recommended rates range from 75 to 90% of
the reference price (World Bank, 2006). Lower compensation could
be applied for dead animals than for diseased or healthy animals
to encourage early reporting (World Bank, 2006). In agreement
with the veterinary regulations of Vietnam, the same compensa-
tion level was  proposed in our study for all categories of destroyed
pigs (piglets, fatteners, growers, sows, and boar, dead or sick pigs)

(MOF, 2008). This lack of acknowledgement of the higher value of
breeding stock appears as a major disincentive for disease report-
ing. In the context of the avian influenza compensation scheme in
Indonesia, contingent valuation was  used to quantify such a dif-
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Fig. 1. Probability of swine disease reporting b

erentiated willingness to accept compensation for different types
f birds (Yakhshilikov et al., 2009). However, our study was  not
esigned to estimate the potential improvement obtained through

 differentiated compensation scheme and this question would
hus require a specific approach.

The uncertainty and lack of transparency of procedures for
ulling and compensation payment appear here as barriers for
isease reporting. According to Vietnamese disease control policy
MARD, 2008, 2007), culling pigs at farms after confirmation of dis-
ase can apply for all pigs in case of a new outbreak or if the outbreak
ccurs in a limited area (few households in the village/commune)
o rule out disease earlier. Culling of solely non-recovering pigs is
pplied if the outbreak covers a large area or an area where the dis-
ase has occurred several times. This flexibility of procedure makes
hings unclear for farmers. These results suggest the importance of
larifying culling rules with adequate communication strategy.

Findings of the study also emphasize the wider acceptability of
estricted culling and the interest to apply this strategy in a max-
mum of relevant cases. The effectiveness of such targeted culling
n PRRS, FMD, and CSF disease control in Vietnam would prob-
bly be very limited but similar to the current situation of high
evel of under-reporting and local disease management strategy.
owever it would greatly improve the sensitivity of the current

urveillance systems provides better epidemiological information
n field disease situation and help rebuilding farmers’ trust on

ational surveillance and control policies. On the long run this
ould provide stronger basis for defining novel control strategies

n collaboration with farmers and local stakeholders.
ers under different scenarios of control policy.

Even though the administrative procedures do not show here
a significant influence on farmers’ willingness to report (p > 0.05),
it is expected that simplified and transparent procedures would
promote clarity of the system and farmers’ trust, which are factors
showing a significant effect on reporting. A distrust in veterinary
authorities and control measures is, indeed, listed as an important
barrier to disease reporting (Bronner et al., 2014; Elbers et al., 2010;
Palmer et al., 2009). Here again, the timeliness and reliability of
compensation delivery intervene as critical elements in building
trust between farmers and officials (World Bank, 2006).

In open interviews following the DCE questionnaire, farmers
further justified movement restriction as an obstacle to reporting
by the extension of pig keeping time and increase of input cost.
These then indicated a willingness to pay for laboratory tests in case
of outbreak in their region to maintain the right to free movement.
This willingness might also be further explored though contingent
valuation and the institutional feasibility of such an arrangement
would then need to be assessed. Continuity of business is a par-
ticular modality of foot and mouth disease response in the United
States, to be applied in combination with quarantine and move-
ment control (USDA, 2015). It allows non-affected farms to sell
non-infected animals or non-contaminated animal products out of
the control area. This is a solution to maintain agricultural business
operations while also mitigate the risk of disease spread. However,
it requires not only sampling and testing animals but also assessing

farm’s bio-security before movement (USDA, 2015).

Few studies have applied DCE in Vietnam in the domain of ani-
mal  science (Costales et al., 2008; Roessler et al., 2008; Zhang et al.,
2014) and its use in animal health surveillance is even more lim-
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ted. DCE provides quantitative evidence of the relative importance
f factors influencing individual decision-making, and clarifies the
rade-offs between given attributes, thus predicting the probability
f uptake in specified alternatives (WHO, 2012). Although DCE is
ased on hypothetical choice rather than actual choice, the results
f studies on the environment (Adamowicz et al., 1994) and pub-

ic health (Lambooij et al., 2015) have indicated the consistency
f stated and revealed preferences. To our knowledge, there is no
tudy comparing the results of stated and revealed preferences on
nimal health surveillance. The unobservable nature of the choice
f not reporting diseases makes it difficult to consider protocols
ble to make such a comparison. DCE allows for this estimation by
he inclusion of an opt-out alternative representing non-reporting
ehavior in the choice set. Therefore this methodological choice
eveals crucial to apply DCE to surveillance evaluation in Vietnam,
here underreporting of animal disease is an important feature.

. Conclusion

DCE proved fruitful in the analysis of reporting the behavior of
ig farmers in Vietnam. More particularly, it highlights the impor-
ance of general or targeted culling strategy. The quantification of
xpected improvements of reporting probability may  be used to
odel the expected benefits of institutional changes in surveillance

olicy in Vietnam.
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