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�is study estimates the productivity loss cost according to the severity of vehicle crash injury. A contingent valuation survey was 
conducted to estimate the willingness to pay (WTP) of vehicle crash o�enders in Taiwan. In addition, a Double-Hurdle model was 
used to deal with the large number of zero WTP responses. �e results show that the estimated productivity loss cost of vehicle crash 
ranges from 2,000 USD to 47,000 USD. In addition, as expected, the individuals’ WTP is positively related with education, average 
monthly income, share of vehicle crash responsibility, experience of moderate or worse vehicle crash injury, work days lost a�er a 
vehicle crash, and experience of receiving compensation for productivity loss from a vehicle crash. �is study also demonstrates 
that the Double-Hurdle model was statistically superior to the Tobit model.

1. Introduction

Injuries and deaths from vehicle crashes are a global problem, 
and current trends show that by 2030, vehicle crash injuries 
will become the ��h leading cause of death. Such injuries bur-
den low- and middle-income countries with an estimated 
US$100 billion per year [1]. Owing to this signi�cant eco-
nomic burden, in addition to the increasing numbers of inju-
ries and fatalities, methods to estimate vehicle crash costs have 
increasingly become important.

�e economic costs of vehicle crashes have been extensively 
studied [2–6]. Although BRS and TRL [7] reports have indicated 
the crash costs of tra¤c road include property damage, medical 
costs, lost output, human costs, and administrative costs, most 
studies focus on the short-term medical costs of vehicle crash 
victims. Blincoe et al. [8] show that lost market and household 
productivity due to vehicle crashes in the U.S. accounted for $93 
billion of the total $277 billion economic costs, but fewer studies 
discuss costs related to reduction in quality of life [9–12] and 
lost output, such as the temporary disability, long-term produc-
tivity loss, and productivity loss from death [13–16]. Our pre-
vious study show that productivity loss cost accounts for up to 
50 per cent of vehicle crash costs in Taiwan [17]. In addition to 
injuries and deaths, vehicle crash victims can also incur a 

disability, which involves partial or total loss of an individual’s 
value, or ability to function. �ese outcomes mean that victims 
who die can no longer work for or o�er their services to their 
families or companies, and victims who become disabled incur 
increased long-term care expenses. �erefore, if we cannot esti-
mate the productivity loss from disability and death, we will 
underestimate the total vehicle crash costs. Since productivity 
loss from vehicle crashes is substantial, it should be estimated 
from vehicle crash costs appropriately and separately to give 
decision makers (e.g. policymakers, courts, insurance compa-
nies, and individuals involved) su¤cient and clear information 
about the impact of di�erent injury levels.

Taiwanese courts have not yet clearly de�ned compensa-
tion for productivity loss, so the public is not familiar with this 
type of compensation and does not know whether it is possible 
to make a claim for this type of compensation. In order to 
monetise the productivity loss cost of vehicle crashes, this 
study estimates individuals’ Willingness To Pay (WTP) for 
productivity loss cost according to the severity of vehicle crash 
injury. We distributed 100,000 questionnaires to o�enders and 
victims who had been involved in a vehicle crash in 2010 to 
inquire about the compensation they paid and received, 
respectively, for productivity loss in order to understand their 
perceptions of reasonable compensation levels.

Hindawi
Journal of Advanced Transportation
Volume 2019, Article ID 7219047, 14 pages
https://doi.org/10.1155/2019/7219047

mailto:
https://orcid.org/0000-0002-6131-325X
mailto:
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/7219047


Journal of Advanced Transportation2

On the other hand, Contingent Valuation (CV) is a stated 
preference method that has been widely used to reveal infor-
mation about the values associated with public and nonmarket 
goods. As individual preferences for the provision of non-
priced goods and services are not readily determined from 
observable behaviour, CV is a useful tool that allows values to 
be associated with such goods and services [18]. It is an assess-
ment method based on hypothetical questions aimed at allow-
ing the calculation of the monetary value of public goods or 
policies [19]. CV can be implemented through four formats: 
open-ended, iterative bidding, multiple-bounded dichoto-
mous choice, and payment card. It has been broadly applied 
in di�erent areas, such as environment [20–22] and transpor-
tation, including for vehicle crash costs [14, 23], carbon o�sets 
[24–26], and air pollution [27, 28]. In this study, because sanc-
tions for productivity loss of di�erent severity caused by tra¤c 
vehicle crash have not been implemented in Taiwan, the eco-
nomic cost of such measures to the parties involved cannot be 
evaluated. �us, this study utilised the CV method to obtain 
interviewees’ subjective valuation of compensation for pro-
ductivity loss caused by vehicle crashes; allows interviewees 
to express their WTP based on their experience or knowledge 
but determining the maximum amount of money that 
respondents are willing to pay as compensation for produc-
tivity loss caused by a vehicle crash as to obtain a more e�ective 
WTP.

In our surveys on WTP, we have identi�ed a large number 
of respondents who are not willing to pay (zero WTP) for 
vehicle crash, generating a large proportion of observed values 
censored at zero and resulting in samples that apparently do 
not follow normal distributions. �at is, in determining the 
compensation amount, responses with a zero WTP price are 
considered to address the complications from many zero WTP 
price responses. �e classic ordinary least squares regression 
could not provide consistent and unbiased estimates of param-
eters [29]. To address this issue, some studies have used the 

Tobit model [30], which was developed to recognise that WTP 
values are censored at zero and to minimise the bias and 
inconsistency of parameter estimates.

Although the Tobit model is suitable for handling the 
problem of censored dependent variables, it has two limita-
tions. First, it assumes that the zeros arise purely, that is, are a 
corner solution, since it also assumes that the zeros are the 
result of the respondent’s economic circumstances [31]. 
Second, it assumes that the individual’s zero response is gen-
erated from the same process by which the same variables 
a�ect the probability of a nonzero observation (the participa-
tion decision), as well as the level of a positive observation (the 
expenditure decision), and moreover, with the same sign. In 
order to address these shortcomings, this study uses the 
Double-Hurdle model developed by Cragg [32] and previously 
applied by Eakins [33]. �e model postulates that two hurdles 
must be overcome before we can observe a positive expendi-
ture amount. �e �rst hurdle corresponds to factors a�ecting 
participation in the market for the good, and the second to 
the level of expenditure on the good. �at is, the model may 
be more reasonable in allowing the factors of the two decisions 
to be di�erent.

�e application of the Double-Hurdle model in empirical 
research began with the works of Jones [34], Yen and Su [35, 
45], Goodwin et al. [36], and can be seen in more recent stud-
ies [37]. �eir studies indicate that with the Double-Hurdle 
model, an individual has to overcome two hurdles in order to 
have a positive expenditure. First, the individual decides 
whether or not to participate in the market, a stage known as 
the participation stage (of a potential consumer). Next, the 
individual decides the level of expenditure, a stage referred to 
as the expenditure stage.

�is study aims to o�er a comprehensive framework 
(Figure 1) for estimating productivity loss cost and to compare 
the costs for di�erent injury levels using two estimation meth-
ods. In this study, we apply CV to estimate the productivity 
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Decision 1: Participation 
First decide whether to participate in the market or not.
Decision 2: Expenditure 
Secondly, they decide how much to expenditure.

It assumes that the factors explaining the decision to 
participate in the market and how much to expenditure 
have the same e�ect on these two decisions. 

Model1: Tobit model 
(Deal with genuine zeros)

Contingent Valuation
Scenario: minor, moderate, severe, disability, death
Open CV survey: allowed the respondents to specify 
monetary expenditure for productivity loss

Estimate the WTP according 
severity of vehicle crash injury

Model 2: Double-Hurdle model 
(joint decision model)

Figure 1: �e comprehensive framework of the study.
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loss incurred by vehicle crash victims. Apart from estimating 
productivity loss cost, this study considers that the samples 
may include a high proportion of zero responses by o�enders, 
that is, a high proportion of o�enders who are not willing to 
pay for productivity loss compensation. �erefore, two econo-
metric models are applied. First, we apply the Tobit model, 
which assumes that all the respondents are willing to pay for 
productivity loss from a vehicle crash. Second, for comparison, 
we apply the Double-Hurdle model to deal with the issue of 
zero responses and take into account the many individuals 
who are willing to participate in this market and willing to pay 
for productivity loss from a vehicle crash.

�e rest of this paper is structured as follows. Section 2 
describes the construction of the Double-Hurdle model. Section 3 
describes the data and analysis. Section 4 shows the results of the 
model estimation and the analysis of elasticities. Finally, Section 5 
presents the conclusions and recommendations.

2. Econometric Methodology

2.1. Tobit Model. �is study aims to discuss the WTP of parties 
for productivity loss caused by tra¤c accidents. It is very common 
that many observations are with zero values because not every 
party has the same experience of compensation for these types 
of loss, nor is there a prescribed �ne, especially for the death 
party of a vehicle crash. �e standard Tobit model assumes that 
all respondents have the same needs for compensating the cost 
caused by tra¤c crashes, and in the mind of respondent �, he/
she is willing to pay �∗�  to compensate for the damage caused 
by an crash. �e function is described in Equation (1). If there 
are n respondents in total, the mean of errors (��) is zero, �2 is 
the variance, and the samples follow Independent and Identical 
Distributed (IID) normal distribution.

where �∗�  is the dependent variable and also a random variable 
(WTP to compensate for the productivity loss caused by a 
crash); � is a vector of coe¤cients to be estimated; �� is a 
vector of explanatory variables (socioeconomic and accident 
related characteristics). When �∗�  is greater than zero, the 
WTP of respondent �, ��, will be equal to the WTP in his or 
her mind, and in that case, the actual WTP in his or her mind 
can be observed. If the WTP in the mind of respondent � is 
less than or equal to zero, then WTP is zero, which is the lower 
limit of WTP. �at is, the value of zero may be either an actual 
WTP or the observed value of a WTP with a negative value, 
as shown in the following Equation (2) (Since the designed 
scenarios provided to respondents were assumed that they 
were all perpetrators, there has no possibility that Y∗<0. 
Nevertheless, the way equation (2) is formulated will not a�ect 
results since the cumulative probability of Y∗<0 is always 
zero.):

(1)�∗� = ��� + ��, �� ∼ �(0, �2),

(2)�� = {�
∗
� , if�∗� > 00, if �∗� ≤ 0.

When the WTP of respondents is greater than zero, the 
probability density function of the sample can be expressed as 
follows:

where �� is the standard normal probability density function. 
When observed values are censored at zero, the function of 
the continuous random variables is not a probability density 
function. �erefore, the probability distribution of observed 
values of zero WTP follows a cumulative distribution function. 
�at is, when respondents’ WTP (��) is zero, the actual WTP 
in their minds may be either zero or less than zero, and thus, 
the probability function of the sample can be expressed as 
follows:

In Equation (4), Φ� is the standard normal cumulative distri-
bution function. Next, the likelihood function of the standard 
Tobit model can be derived from Equations (3) and (4), as 
shown in Equation (5):

2.2. Double-Hurdle Model. Jones [38] was the �rst to de�ne the 
structure of the Double-Hurdle model, but we, nevertheless, 
describe the model in this subsection to help ensure clarity. 
For observation �, let �∗�  be de�ned as an unobserved variable 
representing the decision whether to participate or not 
(willingness or unwillingness to pay for productivity loss). 
Let �∗�  be the latent variable representing the value of an 
individual’s actual WTP. �e two latent variables are described 
as follows:

where (��, ��) ∼ ���(0, �), � = [ 1 ���� �2 ], and �� is a vec-

tor of variables representing a set of individual characteristics 
explaining the participation and expenditure decisions, 
respectively. In this study, we assume that the participation 
and expenditure decisions have the same set of explanatory 
variables, that is, �1� = �2� = ��. � and � are vectors of param-
eters that enter the �rst and second hurdles. �e observed 
expenditure, ��, relates to the latent variables �∗�  and �∗� , which 
can be expressed as follows:

(3)Prob(�� > 0)�(�������� > 0) = 1���(
�� − ���
� ),

(4)Prob(�� = 0)�(�� ≤ 0) = 1 − Φ�(���� ).

(5)� = ∏
��=0
[1 − Φ�(���� )] ×∏��>0 [ 1���(�� − ���� )].

(6)

�∗� = �1��� + ��, �� ∼ �(0, �2) Participation decision,

(7)

�∗� = �2��� + ��, �� ∼ �(0, �2) Expenditure decision,

(8)

�� = �∗� , if �∗� > 0 and �∗� > 0= 0, if �∗� ≤ 0 and �∗� > 0
or �∗� > 0 and �∗� ≤ 0
or �∗� ≤ 0 and �∗� ≤ 0.
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�e �rst-order partial derivative of the speci�c explanatory 
variables (��) in Equation (13), derived by McDonald and 
Mo¤tt [43], is shown in Equation (15):

��[�]/��� is the change in the overall expectation with respect 
to the explanatory variable; ��[��]/��� is the change in the 
expectation of observed values greater than zero with respect to 
the explanatory variable (by weighting the probability of observed 
values that are greater than zero); ��(���/�)/��� is the change 
in the cumulative probability of observed values greater than zero 
with respect to the explanatory variables (by weighting the expec-
tation of observed values that are greater than zero) [44]. Equation 
(15) can be derived by estimating ��[��]/��� and ��(�)/���
using �� and � and then integrating with �(���/�), �(���/�)
and ���� (�� is the mean of the observed values). Equation (16) 
shows that changes in the expectation of observed values greater 
than zero with respect to the explanatory variable is:

when � =∞ , �(���/�) = 1   , and �(���/�) = 0  [43]. 
However, the range of WTP in our study is not in�nite, and 
thus, Equation (16) should be used to calculate the marginal 
e�ect of observed values that are greater than zero.

Secondly, following Yen and Su [35, 45], we rewrite the 
probabilities of participation and expenditure of Double-
Hurdle model as

�e marginal e�ects represent the probability change when 
the explanatory variable is the dummy variable, which shi�s 
from zero to one, holding all the other variables constant. 
Based on the maximum likelihood estimated (MLE) param-
eters, several types of elasticities can be calculated: the 
so-called elasticity of participation, elasticity of the probability 
of expenditure, and �nally, elasticity of the unconditional level 
of expenditure or the total elasticity [46].

�e derivative of the participation probability (17) with 
respect to ��� is

�e marginal e�ect of ��� on the probability of expenditure is

(15)
��[�]
��� = �(

���
� )(
��[��]
��� ) + �[�

�](��(���/�)��� ).

(16)
��[��]
��� = ��[1 − ���� × �(���/�)�(���/�) − �(���/�)

2

�(���/�)2 ]

(17)�(�∗� > 0) = Φ(�1���),

(18)

�(�� > 0) = Pr(�∗� > 0, �∗� > 0) = Φ(�1���)Φ(�2����� ).

(19)
��(�∗� > 0)
���� = �Φ(�1���)���� = �(�1���)��.

(20)

��(�� > 0)���� = �Φ(�1���)Φ(�2���/��)���� = Φ(�2����� )�(�1���)��
+ Φ(�1���)�(�2����� )�−1� × [�� − (�2����� ) × �������].

Using 0 to denote zero observations and + to denote positive 
observations, this study writes the model’s sample likelihood as

According to Gao et al. [39], Equation (9) can be simpli�ed as

where Φ(⋅) and �(⋅) are the cumulative distribution function 
(cdf) and standard normal probability density functions (pdf), 
respectively, for a standard normal random variable.

2.3. Veri�cation. Following Goodwin et al. [36], we compare the 
models by the values of the log-likelihood functions of the Tobit, 
Probit, and truncated models and determine whether the Double-
Hurdle model outperforms the Tobit model (Equation (11)). 
Assuming the three equations have the same set of explanatory 
variables, � will be viewed as a �2 distribution with degrees of 
freedom equal to the number of explanatory variables under the 
null hypothesis that the Tobit model is the correct speci�cation:

where �T is the likelihood value for the Tobit model, �� is the 
likelihood value for the Probit model, and �TR is the likelihood 
value for the truncated model.

2.4. Elasticities. Following Anastasopoulos et. al. [40], the 
expectation of the standard Tobit model can be expressed as:

where ���/� is �-score for an area under, which follows the 
normal distribution, �(���/�) is the cumulative normal dis-
tribution function and is related to the proportion of events 
greater than zero, �(���/�) is the probability density function, 
and � is the standard deviation of the error term. If �[��] is 
the expectation of observed values that are greater than zero, 
then �[�] can be expressed as:

Refer to the Amemiya [41, 42], the impact of explanatory var-
iables on expectations can be calculated using the �rst deriv-
ative of Equation (12) and is shown as follows:

(9)

� = ∏
0
{1 − �(�� < −�1��, �� < −�2��)}
∏
+
{�(�� < −�1��, �� < −�2��)�(�� ��





< −�1��, �� < −�2��)}.

(10)

� = ∏
0
{1 − Φ(−�1���, −�2���� , �)}

×∏
+

{{{{{
Φ(�1��� + ��� (�

∗
� − �2���)√1 − �2 ) 1�
((�

∗
� − �2���)�� )}}}}},

(11)� = −2(�T − �� − �TR),

(12)�[�] = ���(���� ) + ��(
���
� ),

(13)�[�] = �(���� )�[�
�].

(14)

�[��] = �[�|� > 0] = �[�� > −�������] = ��� + ��(���/�)
(���/�) .
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for disability certi�cate or disability. Death: loss of life). �e 
open CV survey allowed the respondents to specify monetary 
expenditure for productivity loss. �e respondents’ WTP was 
elicited through the part 3 questionnaire framework. For exam-
ple, the minor injury scenario is described as follows.

Assume that you are responsible for a vehicle crash that 
caused a victim’s minor injury. Tobit and Double-Hurdle 
modelsy for the victim’s productivity loss (the reference 
values of court verdicts for minor injuries are US$2,305 
for productivity loss).

(a)  Would you be willing to pay for the productivity loss?

□ NO
□ YES

(b)  If ‘YES’, how much would you be willing to pay?

□  Willing to pay, but zero amount (cannot a�ord the 
expenditure).
□  Willing to pay, and the highest amount is 

US$________.

�e questionnaire asked the respondents whether they were 
willing to pay for the productivity loss. Figure 3 presents the 
total sample size and subsample sizes according to the di�erent 
scenarios. �e respondents with a zero WTP fell into two cat-
egories: with and without protest. Figure 4 presents the sample 
distribution in the decision market according to existence of 
protest (with and without protest) and average WTP according 
to injury severity. Figure 4(a) shows the distribution for the 
entire sample, Figure 4(b) for the without protest sample 
within WTP ≥ 0, and Figure 4(c) for the without protest sample 
within WTP > 0 in the market. Figure 4(a) shows that the pro-
test sample had a higher percentage of minor and moderate 
injuries (17.201% and 19.934%, respectively), but Figures 4(b) 
and 4(c) show that the without protest sample had a higher 
percentage of a severe or worse injury. We expect that respond-
ents will be more willing to pay if they are aware of the injury 
severity that caused the signi�cant productivity loss.

From Equations (18) and (20), it is obvious that the probability 
of expenditure depends on both the �rst-hurdle (�) and 
 second-hurdle parameters (�). According to Amemiya [42], 
the conditional mean of �� is

Another elasticity, the conditional mean of �� with respect to 
���, can then be calculated as follows [35, 45]:

3. Data Analysis

Generally speaking, the crash analyses in Taiwan usually use 
the crash database of the National Police Administration. �e 
tra¤c accident records contain information regarding the 
crash, vehicle, and driver characteristics such as the crash times 
and locations, weather conditions, and road geometry features. 
Unfortunately, in the database, there is no driving behaviour 
and habit of perpetrators. In 2014, we had a special opportunity 
to sample and investigate the incident (including accident and 
the driving behaviour) of perpetrator in the crash event. It’s a 
large-scale mailing questionnaire survey over the year of 
crashes for perpetrators in Taiwan. Of the 218,814 suitable 
samples, we mailed 100,000 questionnaires that asked o�enders 
and victims about their accident history, along with the amount 
of compensation paid and received, respectively. From the 
responses, incomplete answers on driver behaviour and habit 
questions and erroneous records were discarded, resulting in 
a �nal sample of 4,089 valid questionnaires; the overall recovery 
rate of questionnaire was approximately 4%. Excluding the 
respondents whose questionnaires had incomplete responses 
to WTP questions (did not provide WTP data), the �nal e�ec-
tive questionnaires consisted of 2,122 respondents. �e process 
of questionnaire survey is shown in Figure 2. �e questionnaire 
was divided into three parts: the respondents’ socioeconomic 
characteristics, tra¤c crash history, and WTP. In part 3, in 
those scenario questions, we assume that the respondent is the 
perpetrator, and the crash caused a certain level of bodily injury, 
we then query the respondent’s WTP for productivity loss com-
pensation. �e respondents answered questions based on injury 
severity in hypothetical scenarios: minor injury, moderate 
injury, severe injury, disability, and death (Minor injury: 
includes general head, chest, abdominal, lumbar, upper limb, 
and lower limb injuries, as well as multiple traumas. Moderate 
injury: includes head fractures; thoracic, abdominal and lum-
bar fracture, and dislocation; upper limb fracture and disloca-
tion; and lower limb fracture and dislocation. Serious injury: 
includes serious head injuries; major chest, abdominal and 
lumbar organ injuries; and injury to the central nervous system 
and spinal cord. Disability: includes serious injury but quali�es 

(21)�[�� |�∗� > 0] = �2��� + ��( �(�2���/��)Φ(�2���/��)).

(22)

��(�������� > 0)���� = �� + [ �(�2���/��)Φ(�2���/��)] �������
− [ �(�2���/��)Φ(�2���/��)] × [�� − (�2���/��) �������]
× [(�2����� ) + �(�2���/��)Φ(�2���/��)].

Road tra�c crashes 
in Taiwan

Reported to police

A1 
Death

A2 
Death + Injury 

A3 
Property damage

Not reported to police

Total 218,814 suitable
samples in 2010

100,000 
Mailed questionnaires 

4,089 
Valid questionnaires

2,122 
Final e�ective respondents

Questionnaire

�e area of survey sample in the study

Socioeconomic 
characteristics

Tra�c crash history

Scenario WTP 
Five severity in the study 
minor, moderate, severe, 

disability, death

Figure 2: �e process of a questionnaire survey.
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who protested were concentrated in the under-US$1,460 indi-
vidual monthly income bracket (85.8%). �e proportions of 
those with a positive WTP for productivity loss increased with 
the level of household monthly income, with the highest pro-
portion in the over-US$2,305 household monthly income 
bracket (37.0%). �e proportions of those who protested 
decreased with the level of household monthly income.

Table 2 presents the characteristics of vehicle crash inju-
ries. Respondents who had third-party liability insurance for 
their car had the highest proportion of positive WTP (83.0%). 
In addition, among respondents who wanted to participate in 
the market, those who had a zero WTP and those who did not 
have third-party liability insurance had higher proportions of 
respondents with a positive WTP (59.8% and 63.2%, respec-
tively). Respondents who took full responsibility for a vehicle 
crash had a higher proportion of positive WTP (36.5%) than 
zero WTP (17.2% and 10.4%), while respondents who took 
no responsibility for a vehicle crash had a large proportion of 
the protest sample (36.0%). �e respondents were asked to 
state the severity of the injury they sustained in a previous 
vehicle crash, and the results show that most of the injuries 
were either minor or moderate (93.2%). However, respondents 
who indicated a severe or worse injury had the highest pro-
portion of positive WTP (7.5%), and respondents who were 
unable to work for more than 30 days had higher proportions 
of participation in the market (16.8% and 16.2%) than 
non-participation in the market (6.3%). Although the percent-
age of respondents who received no compensation was still 
quite high (86.7%), the results show that respondents who 
received compensation in a previous vehicle crash had a higher 
proportion of positive WTP (16.5%). �is �nding suggests 
that these respondents were willing to pay for productivity 
loss because they experienced receiving compensation in a 
previous vehicle crash and therefore, had a better understand-
ing of the importance of compensation.

4. Model Estimation Results and Discussion

4.1. Variable De�nition. �e de�nitions of variables used, and 
the means for the entire sample, and the positive expenditure 

�e average WTP increased with severer injury levels. �e 
average positive WTP of the without protest sample is 
US$1,644, US$5,806, US$23,269, US$47,372, and US$58,579, 
respectively, for each. �e average WTP of the without protest 
sample for severe injury, disability, and death increased signif-
icantly (by over 40%), from US$16,142, US$33,181, and 
US$41,633, respectively, in the full sample to US$23,269, 
US$47,372, and US$58,579, respectively, in the positive WTP 
sample. However, the average WTP was higher for the sample 
without protest. Even though there have not been actual cases 
of productivity loss compensation in Taiwanese courts, it is 
still necessary to discuss the monetary value that vehicle crash 
perpetrators place on their victims’ injuries that result in pro-
ductivity loss.

�e analysis results for the respondents’ WTP for produc-
tivity loss according to their socioeconomic characteristics are 
shown in Table 1. First, we veri�ed the procedure of question-
naires to be e�ective and assumed to follow a population dis-
tribution. �e homogeneity test according to the characteristics 
of age, gender, and injury experience were following the pop-
ulation distribution and did not reject the null hypothesis. �at 
is, the distribution of received back of mailed questionnaires 
was consistent with the sample population. In order to distin-
guish between the results for with and without protest, the table 
divides the samples into two categories, one for the sample of 
respondents who did not want to participate in the market 
(with protest) and another for the sample of respondents who 
wanted to participate (without protest), including both 
respondents with a zero WTP and those with a positive WTP. 
From the table, it can be observed that the majority of the total 
sample was female (55.1%), of whom a relatively high propor-
tion had a positive WTP for productivity loss. �e 20 or 
younger age group had a high proportion of respondents who 
protested (28.7%), while the other age groups had high pro-
portions of respondents with a zero WTP and a positive WTP. 
Respondents with a university degree or above had a higher 
proportion of those with a positive WTP (71.8%), compared 
to those without such a degree. Meanwhile, respondents with 
an average individual monthly income of US$1,460 or higher 
had a greater proportion of those with a positive WTP (22.2%), 
compared to those with a lower monthly income. Most of those 
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Figure 3: Sample sizes according to di�erent scenarios (injury severity; with and without protest).
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called ‘EDU’, ‘GIN’, ‘HIN’, ‘INST’, ‘EXP’, ‘RESP’, ‘DAY’, and 
‘COMP’ (please refer to Table 3 de�nition). �e mean of 
the entire sample’s WTP is US$782–US$41,633. However, 
the mean for the subsample that indicated a positive WTP 
for productivity loss according to injury level and fatality is 
US$1,644–US$58,579.

4.2. Model Estimation Results. We compare the performances 
of the Tobit and Double-Hurdle models, where the same set 
of explanatory variables was used. (�e coe¤cients of the 
variables used in our previous study [12] were insigni�cant and 

samples are presented in Table 3. �e dependent variable is the 
WTP stated by the respondent in the open-ended question, 
while the independent variables include an educational level of 
university or above, an average individual monthly income of 
higher than US$1,460, an average household monthly income 
of higher than US$2,305, third-party liability insurance, 
experience of moderate or worse vehicle crash injury, over 
50% share of vehicle crash responsibility, work days lost 
a�er a vehicle crash, experience of receiving compensation 
for productivity loss, and eight dummy variables that are 
equal to one if the interview was conducted in the sections 
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Table 1: WTP according to socioeconomic characteristics.

Note: �e percentage of respondents in each category is given in parentheses.

Item
Nonparticipation Participation

Total sample (%)
Protest (%) Zero (%) Positive (%)

Gender pearson chi-square test = 2.85 < �21, 0.05
Female 183 (55.3) 229 (54.0) 768 (56.2) 1169 (55.1)
Male 148 (44.7) 195 (46.0) 599 (43.8) 953 (44.9)
Age pearson chi-square test = 8.73 < �25, 0.05
20 or younger 95 (28.7) 101 (23.7) 222 (16.2) 410 (19.3)
21–30 103 (31.1) 151 (35.6) 505 (36.9) 755 (35.6)
31–40 53 (16.0) 74 (17.5) 296 (21.7) 428 (20.2)
41–50 36 (10.9) 41 (9.7) 181 (13.2) 260 (12.3)
51–60 24 (7.3) 33 (7.8) 106 (7.8) 166 (7.8)
61 or older 20 (6.0) 24 (5.7) 57 (4.2) 103 (4.8)
Education
Below university 155 (46.8) 282 (66.5) 385 (28.2) 719 (33.9)
University or above 176 (53.2) 142 (33.5) 982 (71.8) 1403 (66.1)
Individual monthly income
1,459 or lower 284 (85.8) 400 (94.3) 1064 (77.8) 1748 (82.4)
1.460 or higher 47 (14.2) 24 (5.7) 303 (22.2) 374 (17.6)
Household monthly income
1,317 or lower 114 (34.5) 169 (39.9) 367 (26.8) 645 (30.4)
1,318–2,305 111 (33.5) 153 (36.1) 495 (36.2) 755 (35.6)
2,306 or higher 106 (32.0) 102 (24.0) 505 (37.0) 722 (34.0)
Total sample 331 424 1367 2122

Table 2: Respondents’ accident history.

Note: �e percentage of respondents in each category is given in parentheses.

Item
Nonparticipation Participation

Total sample (%)
Protest (%) Zero (%) Positive (%)

�ird-party liability insurance
No 198 (59.8) 268 (63.2) 232 (17.0) 698 (32.9)
Yes 133 (40.2) 156 (36.8) 1135 (83.0) 1424 (67.1)
Vehicle crash responsibility
0% 119 (36.0) 169 (39.8) 523 (38.3) 811 (38.2)
25% 58 (17.5) 85 (20.0) 184 (13.5) 327 (15.4)
50% 54 (16.3) 66 (15.6) 82 (6.0) 202 (9.5)
75% 43 (13.0) 60 (14.2) 78 (5.7) 181 (8.5)
100% 57 (17.2) 44 (10.4) 500 (36.5) 601 (28.4)
Injury experience pearson chi-square test = 2.86 < �21, 0.05
Minor or moderate 316 (95.5) 397 (93.6) 1265 (92.5) 1978 (93.2)
Severe or worse 15 (4.5) 27 (6.4) 102 (7.5) 144 (6.8)
Work days lost
0 121 (36.6) 207 (48.8) 500 (36.6) 867 (38.0)
1–30 188 (56.8) 146 (34.4) 645 (47.2) 979 (46.1)
31 or more 22 (6.3) 58 (16.8) 222 (16.2) 315 (14.9)
Experience receiving compensation
No 305 (92.1) 393 (92.7) 1142 (83.5) 1840 (86.7)
Yes 26 (7.9) 31 (7.3) 225 (16.5) 282 (13.3)
Total sample 331 424 1367 2122
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Table 4 presents the estimation results from the Tobit 
model and Table 5 from the Probit and Truncated regressions 
of the Double-Hurdle model. As expected, the results for the 
Tobit and Double-Hurdle models indicate that the WTP was 

incorrectly signed in this study. In addition, the resulting WTP 
from our models is either overestimated or underestimate. For 
these reasons, the variables of the Double-Hurdle model were 
not used to develop the Tobit model in this study.)

Table 3: Summary statistics.

Note: 1: Minor injury, 2: Moderate injury, 3: Severe injury, 4: Disability, 5: Death.

Variable Description Injury level
Entire sample Participation sample

Ave. Min. Max. Ave.

Expend Individual’s WTP for productivity loss (US$)

1 782 0 21,404 1,644
2 3,541 0 46,101 5,806
3 16,142 0 1,136,064 23,269
4 33,181 0 987,882 47,372
5 41,633 0 658,588 58,579

Dummy variables (yes = 1; 0 otherwise)

EDU 1 If individual had university degree or above,  
0 otherwise

1 0.59 0 1 0.85
2 0.61 0 1 0.82
3 0.65 0 1 0.71
4 0.63 0 1 0.74
5 0.80 0 1 0.88

GIN 1 If individual’s average monthly income was 
higher than US$1,459, 0 otherwise

1 0.16 0 1 0.18
2 0.15 0 1 0.24
3 0.16 0 1 0.18
4 0.14 0 1 0.15
5 0.27 0 1 0.35

HIN 1 If household’s average monthly income was 
higher than US$2,305, 0 otherwise

1 2.02 0 1 2.05
2 2.13 0 1 2.24
3 2.24 0 1 2.27
4 2.25 0 1 2.36
5 2.33 0 1 2.48

INST 1 If individual has third-party liability insur-
ance, 0 otherwise

1 0.50 0 1 0.92
2 0.58 0 1 0.83
3 0.64 0 1 0.71
4 0.77 0 1 0.90
5 0.82 0 1 0.82

EXP 1 If individual had experience of moderate or 
worse vehicle crash injury, 0 otherwise

1 0.13 0 1 0.16
2 0.06 0 1 0.07
3 0.05 0 1 0.06
4 0.05 0 1 0.06
5 0.07 0 1 0.05

RESP 1 If individual’s share of vehicle crash responsi-
bility was higher than 50%, 0 otherwise

1 0.21 0 1 0.28
2 0.17 0 1 0.21
3 0.16 0 1 0.22
4 0.14 0 1 0.15
5 0.15 0 1 0.16

DAY 1 If individual’s work days lost a�er a vehicle 
crash was higher than 30 days, 0 otherwise

1 0.39 0 1 0.39
2 0.40 0 1 0.38
3 0.63 0 1 0.69
4 0.49 0 1 0.52
5 0.40 0 1 0.38

COMP
1 If individual had experience of receiving com-

pensation for productivity loss from a vehicle 
crash, 0 otherwise

1 0.12 0 1 0.18
2 0.15 0 1 0.20
3 0.13 0 1 0.14
4 0.12 0 1 0.14
5 0.15 0 1 0.17
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According to Goodwin [36], ‘a comparison of the maxi-
mized log-likelihood function values allows formal statistical 
testing of the alternative estimators’ (p. 8). For this reason, we 
found that the log-likelihood function value of the Tobit 
(−338.43, −580.53, −648.49, −896.67, and −783.22, respec-
tively) estimates was much smaller than that of the Double-
Hurdle (−55.3, −350.55, −138.09, −420.05, and −244.43, 
respectively) estimates, an outcome that overwhelmingly 
rejects the Tobit speci�cation. Moreover, we can compare the 
speci�cation testing results of the Tobit and Double-Hurdle 
models. Table 6 presents the estimated WTP for the two mod-
els according to injury level and shows that the speci�cation 
testing of the Tobit model against the Double-Hurdle model 
can be accomplished using the statistic given by Equation (9). 
�e table shows that the � value for the minor injury, moderate 
injury, severe injury, disability, and fatality scenarios were 
178.13, 219.86, 652.30, 454.35, and 240.40, respectively. �e 
critical value of the chi-square for the di�erent injury levels 
showed values between 18.48 and 20.09 at the � = 0.01 level 
of signi�cance, which strongly rejected the Tobit speci�cation 
in favour of the Double-Hurdle model. �e results suggest that 
individuals’ decisions to participate in the market and their 
WTP for productivity loss are generated by di�erent processes. 
that is, Double-Hurdle models consider whether or not to 
participate; the willingness to pay for productivity loss is 
indeed superior to Tobit that only determines the positive 
WTP values as well as �ts the sample data realistically.

Table 7 shows the marginal probability results for the 
Double-Hurdle model according to injury severity. �e �rst 
column presents the marginal probability e�ects of participa-
tion and nonparticipation indicated by the changes in the 
explanatory variables, which are calculated from the means of 
the �rst-stage model’s explanatory variables. �e second col-
umn presents the marginal probability e�ects for the sec-
ond-stage model’s explanatory variables on the probability of 
the expenditure. Finally, the last column presents the marginal 

signi�cant and positive and the magnitude of the regression 
coe¤cients was inÁuenced by their respective variables. �e 
results show that for an educational level of a university degree 
or higher, an average individual monthly income was higher 
than US$1,459, an average household monthly income was 
higher than US$2,305, third-party liability insurance, experi-
ence of moderate or worse injury in a vehicle crash, over 50% 
share of vehicle crash responsibility, work days lost a�er a 
vehicle crash was overhigher than 30 days, and experience of 
receiving compensation for productivity loss from a vehicle 
crash had a positive impact on WTP for productivity loss 
according to injury level.

�e Double-Hurdle model can be divided into two parts. 
�e �rst part, the Probit model, represents an individual’s 
decision to participate (pay for the expenditure), and the sec-
ond part, the truncated model, represented the individual’s 
WTP. Table 5 shows that as expected, the minor injury sce-
nario yielded the least number of signi�cant variables, perhaps 
because a minor injury does not signi�cantly a�ect an indi-
vidual’s income. In the minor and moderate injury scenarios, 
the coe¤cients of an educational level of a university degree 
or higher were 1.54 (�-value = 9.61) and 1.61 (�-value = 7.44), 
respectively, showing that the variable had the greatest impact 
on the decision to participate. Meanwhile, in the level of 
expenditure model, the coe¤cients of experience of moderate 
or worse vehicle crash injury were 2.72 (�-value = 2.51) and 
10.35 (�-value = 5.30), respectively. In the severe injury and 
disability scenarios, the coe¤cients of experience of receiving 
compensation for productivity loss from a vehicle crash were 
4.67 (�-value = 5.13) and 8.27 (�-value = 4.77), respectively, 
indicating that this variable had the greatest impact on the 
level of expenditure. In the fatality scenario, in both the par-
ticipation and expenditure models, the coe¤cients of work 
days lost were 1.18 (�-value = 2.96) and 0.99 (�-value = 2.62), 
respectively, indicating that this variable had the greatest 
impact on the models for this scenario.

Table 4: Estimation results for WTP for productivity loss (Tobit model).

Note: ∗∗indicates a signi�cance level of 0.05; ∗indicates a signi�cance level of 0.1.

Variable
Minor injury Moderate injury Severe injury Disability Death

Coef. (�-value) Coef. (�-value) Coef. (�-value) Coef. (�-value) Coef. (�-value)
Constant −1.33 (−8.52∗∗) −5.23 (−10.95∗∗) −1.70 (−6.88∗∗) −1.13 (−4.05∗∗) −0.15 (−4.59∗∗)
EDU 1.19 (7.60∗∗) 2.44 (4.49∗∗) 0.33 (1.73∗) 0.90 (2.92∗∗) 0.15 (4.69∗∗)
GIN — 1.92 (5.01∗∗) 0.56 (2.23∗∗) 1.27 (3.07∗∗) 0.12 (4.38∗∗)
HIN — — — 1.09 (2.85∗∗) 0.07 (2.66∗∗)
INST — 2.73 (5.17∗∗) 0.42 (2.06∗∗) — —
EXP 0.57 (2.87∗∗) 4.20 (6.59∗∗) 0.80 (3.72∗∗) 2.60 (3.94∗∗) 0.08 (2.73∗∗)
RESP — 1.34 (3.99∗∗) 0.83 (4.30∗∗) — —
DAY 0.42 (2.56∗∗) 1.29 (2.99∗∗) 0.67 (2.50∗∗) 1.33 (3.27∗∗) 0.11 (2.86∗∗)
COMP 0.59 (3.16∗∗) 1.28 (3.23∗∗) 0.89 (3.20∗∗) 1.58 (3.83∗∗) 0.09 (2.742∗∗)
� 1.05 (18.22∗∗) 2.58 (21.08∗∗) 1.76 (24.02∗∗) 2.74 (25.17∗∗) 0.24 (24.37∗∗)
Log-likelihood function −338.43 −580.53 −648.49 −896.69 −783.22
LM test [df] for Tobit 235.00 [5] 181.44 [8] 668.48 [8] 350.44 [7] 256.48 [7]
Observations 365 423 431 464 439
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likely to pay for the productivity loss, and if the individual is 
indeed willing to pay, they spend about US$404 more than 
those without a university degree. �e e�ects of other dummy 
variables can be interpreted in the same manner.

In the moderate injury scenario, an individual who has 
third-party liability insurance is 58.5% more likely to participate 
in the market and 71.5% more likely to be willing to pay for 

probability e�ects indicated by the changes in the explanatory 
variables for each scenario (injury level), with the positive 
WTP as the means of the explanatory variables.

Table 7 also presents the e�ects of signi�cant dummy var-
iables. �ese e�ects suggest that in the minor injury scenario, 
an individual with a university degree or above are about 
61.4% more likely to participate in the market, 1.6% more 

Table 5: Estimation results for WTP (Double-Hurdle model).

Note: ∗∗indicates a signi�cance level of 0.05; ∗indicates a signi�cance level of 0.1.

Variable

Minor injury Moderate injury Severe injury Disability Death

Probit Trun-
cated Probit Trun-

cated Probit Trun-
cated Probit Trun-

cated Probit Trun-
cated

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Coef.  
(�-value)

Constant −1.27 
(−8.80∗∗)

−7.26 
(−3.90∗∗)

−2.04 
(−10.67∗∗

)

−17.07 
(−3.94∗∗)

−0.85 
(−5.10∗∗)

−0.54 
(−10.59∗∗

)

0.16 
(1.33)

−22.0 
(−6.22∗∗)

−0.59 
(−3.65∗∗)

−3.67 
(−7.88∗∗)

EDU 1.54 
(9.61∗∗)

2.17 
(1.55)

1.61 
(7.44∗∗)

3.14 
(1.02)

0.37 
(−5.10∗∗)

4.06 
(4.69∗∗)

0.37 
(2.68∗∗)

7.49 
(3.06∗∗)

0.86 
(5.13∗∗)

0.72 
(−7.88∗∗)

GIN — — 1.59 
(2.86∗∗)

6.49 
(4.38∗∗)

1.14 
(4.10∗∗)

1.20 
(1.28)

0.39 
(1.79∗)

6.76 
(3.47∗∗)

0.75 
(3.79∗∗)

0.88 
(2.83∗∗)

HIN — — — — — — 0.34 
(1.67)

3.34 
(1.78∗)

0.87 
(4.34∗∗)

0.25 
(1.13)

INST — — 1.18 
(5.89∗∗)

2.57 
(0.63)

0.45 
(2.88∗∗)

2.00 
(2.22∗∗) — — — —

EXP 0.51 
(2.00∗∗)

2.72 
(2.51∗∗)

1.01 
(2.04∗∗)

10.35 
(5.30∗∗)

0.69 
(3.77∗∗)

3.29 
(0.25)

1.00 
(1.89∗)

6.80 
(3.19∗∗)

0.57 
(2.77∗∗)

0.51 
(1.66)

RESP — — 0.88 
(3.52∗∗)

2.74 
(2.03∗∗)

1.01 
(6.71∗∗)

0.20 
(3.70∗∗) — — — —

DAY 0.64 
(3.11∗∗)

0.86 
(0.85)

0.72 
(2.41∗∗)

4.65 
(2.78∗∗)

1.27 
(3.69∗∗)

2.51 
(2.43∗∗)

0.45 
(2.01∗∗)

6.98 
(3.86∗∗)

1.18 
(2.96∗∗)

0.99 
(2.62∗∗)

COMP 0.84 
(3.33∗∗)

1.51 
(1.48)

1.02 
(3.52∗∗)

2.52 
(1.69)

0.22 
(0.86)

4.67 
(5.13∗∗)

0.35 
(1.61)

8.27 
(4.77∗∗)

0.39 
(1.72)

0.71 
(2.14∗∗)

σ — 1.81 
(10.70∗∗) — 4.29 

(11.31∗∗) — 2.30 
(19.07∗∗) — 4.45 

(14.65∗∗) — 0.66 
(9.06∗∗)

Log-likelihood 
function −83.21 −55.31 −120.05 −350.55 −261.30 −138.09 −253.77 −420.05 −200.81 −244.43

Pseudo �2 0.67 — 0.59 — 0.29 — 0.06 — 0.21 —
Expected 
WTP 
excluding 0 
(US$)

— 1,940 — 4,781 — 19,985 — 45,513 — 47,129

Observations 365 423 431 464 439

Table 6: Compare with Double-Hurdle versus Tobit models.

∗Estimated WTP excluding 0 (US$).

Scenario �2 test result Tobit model WTP Double-Hurdle model WTP

Minor injury � = 178.13 > �2(7) = 18.48 2,865 1,940
Moderate injury � = 219.86 > �2(8) = 20.09 5,752 4,781
Severe injury � = 652.30 > �2(8) = 20.09 22,591 19,985
Disability � = 454.35 > �2(7) = 18.48 108,405 45,513
Death � = 240.40 > �2(7) = 18.48 60,185 47,129
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injury severity increased. We summarize the detail results of 
the Double-Hurdle model as follows: educational level, indi-
vidual monthly income, household monthly income, third-
party liability insurance, experience of severe or worse injury 
from a vehicle crash, individual’s share of vehicle crash respon-
sibility, work days lost from a vehicle crash, and experience of 
receiving compensation for productivity loss from a vehicle 
crash are all signi�cant variables a�ecting the WTP for pro-
ductivity loss. Of the 2,122 individuals in the sample, 331 
(15.6%) reported that they were not willing to pay. Excluding 
these respondents with a zero WTP, the estimated amounts 
the individuals were willing to pay for productivity loss were 
US$1,940, US$4,781, US$19,985, US$45,513, and US$47,129, 
for minor injury, moderate injury, severe injury, disability, and 
death, respectively.

Fourth, a comparison of the results from the two models 
shows that the Double-Hurdle model was more Áexible com-
pared to the Tobit model in that it distinguishes between the 
process for discrete decision (determining whether individuals 
are willing to pay in the market) and how much they are willing 
to pay for productivity loss from a vehicle crash. Fi�h, in addi-
tion to estimating the e�ects of participation and WTP, we 
calculated the signi�cant elasticities of the variables. �e over-
all elasticities show that the experience of severe injury had the 
highest positive WTP means of the explanatory variables in 
the minor and moderate injury scenarios. For the severe injury 
and death scenarios, a change in lost workdays of more than 
30 days a�er a vehicle crash had a strong e�ect on the mean of 
a positive WTP. For the moderate or worse injury and fatality 
scenarios, a change in an individual’s monthly income had a 
much larger e�ect on the probability of a positive WTP.

Finally, the study’s methodology di�ers from that of civil 
court verdicts in Taiwan in that it estimates productivity loss 
compensation not only based on an individual’s monthly 
income, but also on injury level (minor, moderate, and severe 
injuries), disability, and death; moreover, it identi�es the sig-
ni�cant factors a�ecting such compensation. �e results high-
light the importance of precise information in determining 
the individual’s actual WTP and in turn, in capturing the 
individual’s perceptions of reasonable compensation for pro-
ductivity loss from vehicle crashes in Taiwan.

�e study has two recommendations. First, Taiwanese 
courts do not have an actual framework for calculating 

productivity loss. �e result is similar to that for the educational 
level variables. �e results for this scenario also suggest that an 
individual with an average monthly income higher than 
US$1,416 pays more for productivity loss (by US$8,260). An 
individual who has experience of moderate vehicle crash injury 
is 83.1% more likely to be willing to pay for productivity loss 
and pays the most for productivity loss (US$13,169). In the 
severe injury scenario, an individual who has previously received 
compensation for productivity loss from a vehicle crash is will-
ing to pay more (by US$14,840) for productivity loss.

In the disability and death scenarios, WTP is signi�cantly 
inÁuenced by the same explanatory variables. An individual’s 
experience with moderate or worse vehicle crash injury has a 
signi�cant impact on the marginal probability e�ects on the 
individual’s decision to participate. An individual who has 
experience of receiving compensation for productivity loss is 
1.63% more likely to be willing to pay for productivity loss and 
is willing to pay the highest amount (US$25,521). In the death 
scenario, an individual with an average household monthly 
income higher than US$2,305 is 34.5% more likely to partic-
ipate in the market. Moreover, in both the severe injury and 
death scenarios, an individual who has lost over 30 work days 
a�er a vehicle crash is 35.6% and 46.8% more likely to partic-
ipate in the market, and 36.6% and 50.7% more likely to be 
willing to pay for productivity loss. Likewise, an individual in 
either of these scenarios is willing to pay more (US$29,926).

5. Conclusions

In this study, several conclusions are obtained. First, the results 
provide important information regarding the calculation of 
productivity loss compensation for vehicle crash victims, espe-
cially in �ve injury levels were designed to analyse the com-
pensations of productivity loss. As the results showed 
compensations were increased as injury severity increased. 
Secondly, the open-ended contingent valuation bids are 
employed to estimate parties’ productivity loss expenditure in 
Taiwan; therefore, the results of the survey can well capture 
the nature zero bids.

�ird, the compensation for productivity loss for di�erent 
injury levels is estimated using Tobit and Double-Hurdle mod-
els, and the results showed compensations were increased as 

Table 7: Marginal probability results from Double-Hurdle model.

∗MP1 : represent ��(�∗� > 0)/����, MP2 : represent ��(�� > 0)/����, MP3 : represent ��(��|�� > 0)/����.

Variable
Minor injury Moderate injury Severe injury Disability Death

MP1 MP2 MP3 MP1 MP2 MP3 MP1 MP2 MP3 MP1 MP2 MP3 MP1 MP2 MP3
EDU 0.614 0.016 404 0.595 0.518 4,003 0.105 0.123 12,916 0.118 0.0148 23,112 0.343 0.371 21,879
GIN — — — 0.585 0.715 8,260 0.320 0.324 3,809 0.123 0.0135 20,883 0.298 0.334 26,680
INST — — — 0.435 0.395 3,266 0.126 0.135 6,376 — — — — — —
HIN 0.107 0.0068 10,304 0.345 0.352 7,545
EXP 0.201 0.016 505 0.372 0.831 13,169 0.193 0.207 10,478 0.318 0.0143 20,992 0.226 0.246 15,324
RESP — — — 0.324 0.345 3,493 0.284 0.284 650 — — — — — —
DAY 0.254 0.006 160 0.264 0.427 5,919 0.356 0.366 7,997 0.141 0.0140 21,545 0.468 0.507 29,926
COMP 0.334 0.010 281 0.375 0.359 3,208 0.062 0.082 14,840 0.112 0.0163 25,521 0.154 0.184 21,581
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compensation for vehicle crash death. In the study, we con-
structed the hypothesis scenario and estimated the produc-
tivity loss value of death. Moreover, the study captures the 
individuals’ productivity loss value of vehicle crash victims’ 
rights according to different type injury severity. �at is, for 
the victim fairness and justice, not only the government of 
Taiwan, but international countries should better consider the 
productivity loss of different injury level in the future similar 
studies and related policies. Secondly, according to the meth-
odology of the study, D-H model was provided for the repre-
sentative references for accident compensation. We suggest 
that different countries could refer to the model and update 
the study’s vehicle crash questionnaire to use it to estimate the 
overall economic losses caused by productivity loss according 
to injury severity.
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