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Abstract: This study attempts to reveal the consequences of coronavirus disease 2019 (COVID-19) on
micro, small, and medium enterprises (MSMEs) in Chiang Mai, Thailand. A total of 786 MSMEs were
surveyed during May and August 2022, corresponding to the period when the recovery of businesses
and livelihoods from the ongoing COVID-19 crisis became more perceptible. The perceptions of
COVID-19’s impact on MSMEs and their survivability are explored and investigated. To achieve
this goal, a copula-based sample selection survival model is introduced. This idea of the model is
extended from the concept of the Cox proportional hazards model and copula-based sample selection
model, enabling us to construct simultaneous equations—namely, the probability-of-failure equation
(selection equation) and the duration-of-survival equation (time-to-event or outcome equation).
Several copula functions with different dependence patterns are considered to join the failure equation
and the duration-of-survival equation. By comparing the Akaike and Bayesian information criteria
values of the candidate copulas, we find that Farlie-Gumbel-Morgenstern (FGM) copula performs
the best-fit joint function in our analysis. Empirically, the results from this best-fit model reveal that
the survival probability of MSMEs in the next year is around 80%. However, some MSMEs may not
survive more than three months after the interview. Finally, our results also reveal that the tourism
MSMEs have a lower chance of survival than the commercial and manufacturing MSMEs. Notably,
the business size and the support schemes from the government—such as the debt restructuring
process, the tax payment deadline extension, and the reduced social security contributions—exhibited
a role in lengthening the survival duration of the non-surviving MSMEs.

Keywords: copula; duration; enterprises; post-COVID-19 recovery; survivability
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1. Introduction

Coronavirus disease 2019 (COVID-19) has had significant impacts on national and
global economies [1-3]. After the announcement of the COVID-19 pandemic in January
2020, many countries implemented lockdown policies, causing severe economic impacts on
large and small businesses [4]. Shankar [5] found that small businesses were the primary
victims of COVID-19 and were more vulnerable to this crisis compared to large enterprises.
This is due to their lack of sufficient resources and opportunities to generate income during
the crisis [1], and they were not ready for any COVID-19-related disruptions [6,7]. As a
result, many small businesses temporarily or permanently shut down and laid off their
workers [6,7]. In particular, many MSMEs are running out of funds, some are barely
surviving, and others will soon liquidate.

In this study, we attempt to explore the impact of COVID-19 on micro, small, and
medium-sized enterprises (MSMEs) operating in Chiang Mai, Thailand, during the recovery
period. Three research questions are investigated: First, how long do MSMEs expect to
survive during this ongoing pandemic? Second, how do MSMEs adjust to the economic
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failure resulting from COVID-19? Third, what are the factors hindering or supporting the
survivability of the MSMEs? Even though business survival or vulnerability is not a new
issue in the research related to MSMEs [8,9], the study of business survival of MSMEs is
still important in the context of the urgent need for knowledge about how MSMEs may
survive during this recovery period. The results of this study will establish the basis for
preparing a government policy and strategy that shields the operation of MSMEs.

This study focuses on the MSMEs operating in Chiang Mai, as this subsector is the
largest contributor to the economy of Northern Thailand (gross provincial product (GPP)
of USD 7.99 billion in 2019). Chiang Mai has the potential for the development of startup
businesses, and the number of MSMEs has grown continuously over the past 40 years.
Recently, MSMEs in Chiang Mai have become essential vehicles for creating economic
activities, generating more than 10,000 jobs each year. However, the number of operational
MSMEs has dropped by about 50% since the advent of the COVID-19 pandemic in Thailand
(after March 2020). These challenges in Chiang Mai’s MSMEs remind policymakers to
prepare countermeasures against COVID-19, and this task necessitates an in-depth analysis
of how to improve the survivability of MSMEs. Several internal and external factors
hindering and supporting MSMEs’ survival are worth investigating.

From the methodological point of view, several statistical and econometric meth-
ods have been applied to investigate the set of factors affecting business survivability.
Altman [10] first introduced multiple discriminant analysis (MDA) to investigate the proba-
bility of financial failure of businesses. Nevertheless, this method has several disadvantages:
First, the results obtained from the MDA are limited to the probability of non-survival
and ignore the information about the surviving businesses. Second, the expected time-
to-failure or time-to-event is neglected. Third, this model cannot predict the probability
of business failure [11,12]. Subsequently, the logit and probit models were proposed to
predict the probability of business survival [13]. However, these models continue to neglect
the length of time until the business failure occurs, reducing the predictive power of the
survival probability.

Later, the Cox proportional hazards model [14] was proposed to include the time-to-
event data in the analysis of the survival probability. Traditionally, in survival analysis,
death is the event variable, and loss to follow-up is the censoring variable (due to patient
withdrawal from the study). In this study, we define the time-to-event data or censoring
variable as the length of time until the occurrence of the business failure due to the COVID-
19 crisis. Thus, this model enables us to simultaneously predict the time to business failure
and the probability of the business failure. Recently, this model has been employed for busi-
ness failure prediction in many studies (e.g., [15-17]), confirming the higher performance
and greater usefulness of this Cox model compared to the conventional models.

However, the Cox proportional hazards model generally assumes that failure and
censoring components in the dependent variable are independent. Huang and Zhang [18]
raised this issue and explained that this independent assumption could lead to several
problems in the estimation of the model. They showed that the survival function is quite
sensitive to the degree of correlation between failure and censoring. Specifically, if the
correlation between these two components is not well defined, it will lead to estimation bias
of the model parameters. To deal with the independence assumption between the failure
and censoring components, Huang and Zhang [18] suggested using the copula approach to
join the marginal distributions of failure and censoring times. Several copula functions are
proposed in the literature [19], and each copula has a different joint distribution structure.
This allows the copula to be more flexible to capture any complicated joint distribution
between random variables—for example, joint asymmetry, excess joint skewness, or joint
kurtosis [20,21]. Hence, it is beneficial to have a wide range of potential candidate models
from which a preferred fit can emerge [22]. Nevertheless, Xu et al. [23] mentioned that
estimating the parameters with the dependence assumption as the nonparametric likelihood
would be challenging. Furthermore, although the copula is a powerful joint distribution
function, it is still difficult to join the marginal distributions of failure and censoring times
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when their marginal distributions are nonparametric. As a result, the association parameter
for the copula model is not easy to estimate, and this parameter estimation is a vital step
when using copulas in survival analysis. Another application of the copula to the survival
model was proposed by Petti et al. [24] to link various time-to-event outcomes that are
measured on the same individuals.

As reviewed above, the copula approach has often been suggested for estimating
survival models, since it has been found to improve the accuracy of survival analysis. In
this work, we also want to contribute further value to the literature in this field of interest
by applying the copula-based sample selection model of Smith [22] to Cox’s survival
analysis. This model consists of a selection equation and an outcome equation, where
the outcome is observable but the observation is not subject to censoring. Through this
application, the Cox proportional hazards model is split into two equations, where the
selection equation is synonymous with the probability-of-failure equation (6; = 1, if the
business does not survive or is not censored, and 5j = 0, if the business survives), and the
outcome equation is synonymous with the time-to-event equation (T). The joint copula
model is thus identifiable because the marginals of the selection and outcome equations
are parametric.

In this study, we use bivariate copula functions to join the marginal distributions of
the failure time (time-to-event) and probability-of-failure equations. To the best of our
knowledge, this is the very first attempt to propose using a copula to join the marginal
distributions of the survival time and probability-of-failure equations in the survival
analysis. Another novelty of this study is that although recent studies related to COVID-19’s
impact on businesses have shown a growing interest, few studies have applied survival
models to predict the length of MSMEs’ survival in the context of the COVID-19 crisis. To
date, no study has been conducted to identify how the sociodemographic and economic
characteristics of the MSMESs are associated with the survival of MSMEs operating in Chiang
Mai, Thailand. Thus, this work aims to apply the new survival models to identify the factors
that hinder or support Chiang Mai MSMEs’ survivability during the COVID-19 recovery
period. Our results highlight how long MSMEs could survive during the COVID-19 crisis,
as well as their survival probabilities. Policymakers should consider this information to
develop the appropriate COVID-19 countermeasures for Chiang Mai’s MSMEs.

We organize the rest of the paper as follows: Section 2 reviews the literature on the
theories and foundations of business responses and the impacts of COVID-19 on businesses.
In Section 3, we provide the concepts of the Cox proportional hazards model and introduce
the copula approach with special reference to the Cox proportional hazards model. Section 4
introduces the variables and survey data. In Section 5, we discuss our main results. Finally,
the paper ends with conclusions and policy implications in Section 6.

2. Literature Review
2.1. Theories and Foundations of the Business Response to COVID-19

Since the onset of COVID-19, scholars have suggested several theories and founda-
tions to better understand the economic impacts of COVID-19 on businesses in various
countries. These theories include disaster, effectuation, resilience, dynamic capabilities,
and digitalization theories [25]. These theories attempted to explain the businesses’ re-
sponses or decisions under the risk of uncertain periods. Resilience theory [26] defines this
uncertainty as the crises and exogenous shocks that cannot be forecasted or controlled. The
business owner needs to reorient their business in new ways to solve the consequences
of COVID-19 [27]. For example, many businesses have turned to online marketing to
reach those consumers who have shifted to online buying [28]. This is in contrast to the
effectuation theory [29], which considers uncertainty to be controllable if we adjust the
business’s goals to be consistent with resources. In particular, it advises balancing the
business’s goals with resources to reduce uncertainty. The study of Haneberg [30] revealed
that the actions or responses of some businesses to cope with COVID-19 mostly appeared
during the second wave of the COVID-19 pandemic, after learning and understanding
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the uncertainties in the first wave. Another theory is the dynamic capabilities theory of
Teece et al. [31], which explains that the firm or business needs to integrate, build, and re-
configure internal and external capabilities to produce a new technique to respond quickly
to uncertainty [32]. For instance, during the COVID-19 pandemic, many businesses have
transformed their business model by the adoption of digital technology and digital skills
to cope with environmental changes caused by the pandemic [33]. Finally, there is the
digitization theory, which assesses the digital capabilities of the business and uses them to
construct a new resilience business model for dealing with uncertainty (for example, a shift
to remote working and remote operations) [34].

2.2. The Survivability of Thai MSMEs

Many studies have attempted to explore the factors affecting the survival of businesses
in Thailand. Rattanapongpinyo [35] explored the determinants of SMEs’ survival in the
western provinces of Thailand using ANOVA and Pearson’s correlation coefficients, re-
vealing that leadership, innovation, and economic and sociological factors were the key
supporting factors of SMEs’ survival. However, small businesses that have a high debt
ratio are more likely to collapse. Earlier, Wongveeravuti and Rewin [36] attempted to find a
survival kit for SMEs and revealed that efficient capital management is the key variable
affecting the survival and expansion of the firm. Meanwhile, Ruenrom [37] suggested
that corporate brand, enterprise value, recognition, transaction measurement, and worker
engagement should also be considered as the success factors of SMEs.

Regarding the impact of COVID-19 on the survivability of Thai MSMEs, although the
COVID-19 crisis has been confirmed to have hurt businesses in many countries ([2,4,7,33],
there are a very small number of published papers attempting to explore the potential
recovery factors for Thai MSMEs. Pongsakornrungsilp et al. [38] investigated the responses
of tourism businesses in Thailand to COVID-19 and explored how these businesses could
recover from the pandemic. They found that businesses with strong brand management are
more likely to be able to survive the COVID-19 crisis. Recently, Pongsakornrungsilp et al. [39]
further suggested that a sustainable tourism management plan can also be used to manage
the impacts of COVID-19. This plan should consist of three aspects—namely, the envi-
ronmental, social, and economic—to achieve sustainable tourism. In addition, this plan
should build collaboration between economic and social parties to protect and manage
natural resources.

Although the existing studies have provided empirical findings on the identified
factors determining the survival of businesses, they were conducted only as qualitative
research in the form of in-depth interviews or focus group interviews, which might not
be enough to confirm the statistical evidence of COVID-19’s impacts. Moreover, the
investigation of businesses’ survival duration during this recovery period is still neglected.
In particular, COVID-19’s impact on the survival probability of Chiang Mai businesses has
still been overlooked. Moreover, many Chiang Mai MSMEs are more prone to failure due
to the lack of sufficient governmental support. Little is known about how COVID-19 has
affected the survivability of MSMEs. Hence, it is worth revisiting the impact of COVID-19
and suggesting policy recommendations for the survival of MSMEs in Chiang Mai during
the COVID-19 recovery period.

3. Methodology

In this section, we briefly review the concept of survival analysis, the Cox proportional
hazards model, and the copula approach. Then, the proposed copula-based survival
analysis is introduced and derived.

3.1. Survival Analysis

Survival analysis is the method of measuring the duration and probability of units
surviving at time t until the event of interest occurs. In this study, our units can be viewed
as the businesses of MSMEs, and the event of interest is one year after interviewing the
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businesses during the ongoing COVID-19 pandemic. Let T be the survival time. Then, we
can define the probability of MSMEs surviving at time ¢ as follows:

F(t) =Pr(T < t), (1)
and its density function is
_ dF(t)
ft) ==~ &)

The survival function S(t) of MSMEs is defined as follows:
S(H)=Pr(T>1t)=1—F(t) ®)

As it is quite difficult to determine the core failure pattern of the survival function,
Liu [40] suggested applying the hazard function, which can provide more information
regarding the failure mechanism than the survival function. Note that the hazard function
is the instantaneous probability of failure (i.e., shutting down the business) at time ¢, given
survival until ¢, and it can be defined as follows:

h(t):P(T:t\T>t):@. 4)

where f(t) = d(S(t))/d(t) is the probability density of failure at time ¢. This implies that

W) = dS(;)(i)da) _ —dl(;gts(t), -

or, equivalently,
S(t) = e f1, (©)

where H(t) is the cumulative hazard function.

3.2. The Cox Proportional Hazards Regression Model

We are trying to model the effects of covariates (i.e., hindering and supporting factors),
and we are typically interested in understanding the effects of the covariates on the hazard
function. The common model used to investigate this issue is the Cox proportional hazards
model [14]. The model takes the following form:

k
h(t|X) = ho(t) eXP(; Bixi), 7)

where h(t) is the baseline hazard—the hazard function associated with x; = 0. B; is the
coefficient of factor x;, and x; is the n x 1 vector of the covariate i. Note that all independent
variables are assumed to be independent of one another to avoid the multicollinearity
problem. The Cox model can be conveniently expressed in terms of a log-log regression
model; thus, taking log on both sides of Equation (7) yields

k
log(h(t[X)) = log(ho(t)) + ; Bixi. (8)

This model is semiparametric regression, as the baseline hazard can take any form,
and the covariates are regressed linearly on the log conditional hazard function. To estimate
this model, as h(t) is not easy to specify, the partial likelihood is normally used. The partial
likelihood function is constructed on the conditional probability that a particular business
would fail at time ¢ given the set of businesses that survive just before time t(R(t)). Thus,
we can define the partial likelihood as follows:
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k 0 k o
" ho(t) exp (‘Z ,Bixij) " exp (,Z ﬁixi])
i=1 _ H i=1
! k ; k ’
=Y hg(t) exp (;1 ,Bixil> =Y exp (2 ‘Bixil>

IER(t}) IER()) i=1

L(B[t,x) = ©

where 6i=1 (T] < CRj) is an indicator of whether the business survives; thus, if T is the
time-to-event (i.e., the length of time that it takes for a business j to fail during COVID-19),
(5]- = 1,; otherwise, 5]- =0, if T] is the right-censored time or business j has not yet failed
(survive), and CR; is the censoring period determining the survival of the business j.
We can observe that if (5/- = 0,L(B|t, x) becomes 1; thus, the product of the conditional
probabilities for all of the right-censored observations is also 1. Therefore, the full likelihood
in Equation (9) can be simplified by only multiplying the conditional probabilities over all
events D, where D < n is the recorded time of failure (i.e., the number of business failures).

3.3. Copula-Based Sample Selection Survival Model
The structure of the sample selection survival model can be formulated as follows:

k
5j = I<'§1 ‘Bixij + g > 0)
e (10)
T, = El wiXij + ej,

where I(.) is the indicator function. In this model, we restrict the covariates or regression
coefficients to be time-fixed, and the time-to-event (outcome equation) and the probability
of failure (selection equation) have identical independent variables. However, as we deal
with the system of equations, the exclusion restriction is not fulfilled under this restriction
setting, which may result in higher standard errors in the parameter estimates [41]. Note
that the exclusion restriction is fulfilled if the vectors of explanatory variables for the
probability-of-failure equation and the time-to-business-failure equation are independent.
However, Chamberlain [42] revealed that the standard errors of the estimates depend on
the variation in the latent selection equation, even without the exclusion restriction being
fulfilled. If the model contains a higher variation in the covariates, smaller standard errors
are obtained. In this study, several covariates or factors were collected from the survey
data, with high variation. Thus, our estimation will not lead to biased results.

In this study, we used the copula function C to join the marginal distributions of £ and
e. Thus, the bivariate joint distribution of € and e can be defined as follows:

H(e,e) = C(Fi(e),Fx(e);0) (11)
= C(u,v;0),

where Fj(¢) and F,(e) are the marginal cumulative distribution of ¢ and e, respectively.
Thus, u and v are uniform marginal on the [0, 1] interval. 8 is a parameter that governs the
degree of dependence. The properties of the copula function are as follows:

C(u,0;0) = C(0,v;0) =0
C(u,1;0) =u
C(1,v;,0) =v
92C/oudv >0

(12)

Thus, to estimate this joint distribution, we need to define the joint distribution
function. By using the chain rule and the properties of the copula function, Smith [22]
suggested the partial derivative of a joint density as follows:
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oF;
%H(s,e) = %%C(u,v;@) X % (13)
= =C(u,v;0) x fa(e),
where f;(e) is the density function of the error e in the time-to-failure equation. According
to Heckman [43], the likelihood of Equation (11) is defined as follows:

8;=0 =1

L(®) = ﬁ[/—xfﬁf(g)dg] l/jﬁf(g,e)dg] ) (14)

where f(e) is the density function of the error ¢, and f(g, e) is the bivariate joint density
function of the errors € and e. Then, we can modify the conventional likelihood func-
tion by replacing the bivariate joint density function with the copula density function
(Equation (13)). This leads to the following likelihood function:

n Ty 9;=0 =1
L©) = 1[/2" e [ 0 2]
IR VR = 19
= ]1;[1 [Fl(—x ]-[3)} Hl - %C(u,v;G)} X fz(ej)} ,

where ¢; = T; — wx;. As we work on the survival data, the appropriate marginal distri-
bution for e and e must be well specified, reflecting the character of the time-to-event and
probability-of-failure equations. In this study, Poisson or negative binomial distributions
are assumed for the time-to-failure equation, while logistic distribution is assumed for the
probability-of-failure equation. This is due to the censoring indicator being defined in 0 and
1, while the failure time represents the number of months that the business could survive
before the event. The use of the copula for joining discrete and continuous variables is
possible, and it has been proven and explained by Zilko and Kurowicka [44] and Ahn,
Fuchs, and Oh [45]. Note that the event of interest considered in this study is the event
that a business is permanently closed due to COVID-19 within one year after the interview
process. To estimate all of the parameters of the model, we can take the logarithm on the
partial likelihood (Equation (15)) to obtain the log partial likelihood, as follows:

logL(®) = n20: [Fl(—x,jﬁ)} + ni; Hl — go’Cq)/(v)G)} -i-fz(Tj — w’xj) , (16)

= (u,v;

n0 nl
where Y () and ) () are the sum over those observations for non-surviving and surviving
i=1 i=1

businesses, respectively, while ¢’ is the derivative of the copula generator function, which
then maximizes Equation (16) with respect to $ and 6. Furthermore, to compute the
standard errors of the parameters, we can compute them from the Hessian matrix derived
from the second derivatives of the log partial likelihood with respect to our parameters.
Specifically, we can take the square root of the diagonal inverse of the Hessian matrix to
obtain the standard errors of 3, w, and 6.

In terms of copula function, there are many copulas that we can choose, and dif-
ferent copulas imply different structures of the joint distribution. In this study, sev-
eral copulas—including Gaussian, Farlie-Gumbel-Morgenstern (FGM), Student’s ¢, Ali—
Mikhail-Haq (AMH), Clayton, Frank, Gumbel, and Joe—are considered, and the functional
forms of these copulas are provided in Table 1. Note that the Gaussian, Student’s t, FGM,
and Frank copulas have symmetric dependence patterns. However, the Frank copula
exhibits a stronger dependence in tails than the Gaussian, while Student’s ¢ copula has
a stronger tail dependence than the Gaussian and Frank copulas. The Ali-Mikhail-Haq
(AMH), Clayton, Gumbel, and Joe copulas are non-symmetric dependence copulas that
only exhibit either upper or lower tail dependence.
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Table 1. Distribution functions of copulas.

Copula Bivariate Copula Cy(1,v) Range of 0
Gaussian @ (D 1 (u), @ 1(v);0) 6e[-1,1]

FGM uo(l1+60(1 —u)(1-1v)) 6 e [-1,1]
Student’s ¢ Yt Hu), t71(v);0) 6e[-1,1]
AMH uo(1—60(1—u)(1—0))~" 0 e[-1,1]
Clayton (u 00— 1)71/9 6 € [—1,09]

-1 (e —1)(e=-1) -
Frank —0 10g<1 + W) 0 € (—o0,00)
1/6
Gumbel exp(— ((— log 1)’ 4 (—log v)e) 0 € [1,00)
1/6
Joe 1—((1—u)9+(1—v)9—((1—u)(1—v))9> 0 €[1,00)

Note: ® is the joint cumulative distribution function of a multivariate normal distribution, ¥ is the joint cumulative
distribution function of a multivariate Student’s  distribution, and exp or e denotes the exponential function.

4. Data
Data Collection

This study uses a survey collected as part of the project of studying the impacts of
COVID-19 on the vulnerabilities of the MSMEs in Chiang Mai during the COVID-19 recov-
ery period (from May to August 2022). The timing of the survey allows us to understand
the expectations of MSMEs when both the progression of COVID-19 and the COVID-19
countermeasures are quite certain. The survival expectations survey is utilized to uncover
how MSMEs perceive and react to the COVID-19 pandemic. We present a business survival
and vulnerability analysis model and collect data from micro 60%), small (27.5%), and
medium (12.5%) businesses to address local problems in Chiang Mai, Thailand. The data
were collected through a snowball sampling technique due to the cost- and time-saving ben-
efits [1]. Around 95% of the respondents were either the owners of MSMEs or working in
managerial positions. The survey sample consisted of 786 MSMEs in Chiang Mai, divided
into 485 micro-sized samples, 237 small samples, and 64 medium-sized samples. Note that
all participants had already signed the informed consent form before being interviewed.
This survey asked MSMEs whether or not COVID-19 had impacted their survivability,
how they had adapted to these impacts, and whether they participated in the mitigation
program provided by the government.

Survival analysis is a technique used to analyze the length of time for which a business
can survive under certain conditions. It requires data on the duration from when the
business was surveyed until it failed. The questionnaire has a filter question to classify
the surviving and non-surviving MSMEs by asking about their expectations of business
survival during the COVID-19 recovery period. In this study, if MSMEs can survive for
more than one year (12 months), we classify them as surviving MSMEs; otherwise, they are
classified as non-surviving MSMEs. In this context, the survey question “During the recent
COVID-19 recovery period, if Thailand faces COVID-19 for another year, how much longer
could your business survive under the current conditions?” was used to gather information
on the survival duration of MSMEs. The options given in the survey, ranging from 1 month
to more than 12 months, can be used to determine the likelihood of the business’s survival.

Furthermore, to identify the key factors affecting the survival probability of MSEs,
the considered independent variables were business-specific characteristics, COVID-19-
associated impacts, business adaptation against COVID-19, and participation in government-
sponsored programs ([26,35,46]).

Table 2 presents the definitions of the variables used in this study and their corre-
sponding mean statistics. We can observe that 87.2% of MSMEs owners expected to close
their business within one year, while the average number of survival months of this group
was 6.621 months. This indicates that some MSMEs remained concerned about the nega-
tive impacts of COVID-19 during this recovery period. In terms of COVID-19-associated
impacts on business, the participating MSMEs have been severely affected by COVID-19.
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Notably, on average, the MSMEs reported that they had lost one worker since the advent
of COVID-19 and that their profits had dropped by 37.51% and 27.04% in 2020 and 2021,
respectively, compared to their 2019 levels. We also found that the businesses” debt has
increased by an average of THB 416,805.62 baht during the pandemic. In the case of partici-
pation in the government-sponsored programs, fewer than 50% of the MSMEs said that
they participated in the government programs, except for the reducing water and electricity
bills program (65.7%).

Table 2. Variable descriptions and descriptive statistics.

Variable

Abbreviation Description Mean

Dependent Variable: Survival Data

MSMEs’ status

1 = Business fails within 12 months; 0 = Survives
1) 0.872
more than 12 months

Number of months that the business could
survive (if the business can survive longer than a

Business survival duration T year, the variable takes the value of 12) (the data 6.621
are right-censored)
Independent Variable: Business Characteristics
Busi . S1 1 = Manufacturing sector; 0 = Commercial sector 0.392
usmess sector S2 1 = Service sector; 0 = Commercial sector 0.327
Year Year Number of years that t_he business has operated 11.392
until now
. . B1 0 = Micro; 1 = Medium 0.125
Size of business
B2 0 = Micro; 1 = Small 0.275
International engagement X 0 =No export and no fprelgn customers; 0.262
1 = Export and foreign customers
Independent Variable: COVID-19-Associated Impacts
Difference in the number of employees between _
Number of employees La pre-COVID-19 and present (persons) 1.000
. The difference in profit in the year 2020 _
Profit20 BI compared to 2019 (%) 37.51
. The difference in profit in the year 2021 _
Profit2] Al compared to 2019 (%) 27.04
Amount of business debt D The difference in debt between pre-COVID-19 416,805.62
and present (THB)
Independent Variable: Business Adaptation
Adaptation of product Adl 0.162
Adaptation of employees” number/work Ad2 0.272
Adaptation of raw materials Ad3 0.085
Adaptation of machinery Ad4 0.082
Adaptation of business location Ad5 0.075
Adaptation of h/technol Ad6 0.010
aptation o .researc ./ echnology 0 = Not adapting; 1 = Adapting
Adaptation of price and
. . Ad7 0.370
marketing promotion
Adaptation of channels of distribution Ad8 0.332
Adaptation of loans Ad9 0.212
Adaptation of debt restructuring Ad10 0.147
Adaptation of liquidity aspects (not loans) Ad11 0.025

Adaptation of entrepreneurship Ad12 0.055
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Table 2. Cont.

Variable Abbreviation Description Mean
Independent Variable: Participating in the Government-Sponsored Programs for Businesses
Soft loans (loans with a below-market rate P1 0262
of interest)
Debt moratorium/waiver of debt P 0.187
repayment/debt correction NPL
Loan rehabilitation P3 0.025
Social security P4 0.103
Allowing businesses to deduct wages for
employees three times in four months P5 0.167
(April-July) for tax calculation 0 = Not participating; 1 = Participating
Asset warehousing P6 0.107
Reducing water and electricity bills p7 0.657
Extension of tax payments P8 0.302
Tax returns P9 0.320
Reducing social security contributions for P10 0315
three months
Reducing withholding tax rate (from 3% P11 0262

to 1.5%)

Independent Variable: Participating in the Government-Sponsored Programs for the Customers

“Kon La Khreung” program (Let’s Go
Halves, or the government’s THB P12 0.115
3000 cash handout program)

“Ying Chai Ying Dai” program (registrant
can spend up to THB 5000 per day, but if

the spending does not exceed THB P13 0135
60,000 they receive a refund of up to THB )
7000 in the form of an E-voucher wired to

their E-wallet accounts) 0= Not participating; 1 = participating

“We Travel Together” program
(COVID-19_d0mestic tourism relie_f project P14 0.065
that subsidizes accommodation, air travel,
and other amenities for Thai tourists)

“Shop Dee Mee Kuen” program (Shop
and Payback; the program offers
taxpayers income tax deductions when P15 0.262
spending up to THB 30,000 for products

and services)

5. Results
5.1. Model Selection

Before we present this study’s results, the best copula function for joining the survival
time and probability-of-failure equations in the sample selection survival model and the
marginal distribution of the time-to-event equation are explored by using the Akaike
information criterion (AIC) and the Bayesian information criterion (BIC). The values of
the AIC and BIC for each copula-based model are presented in Table 3. Several copula
functions and two types of marginal distributions are considered, and the results show that
FGM with logistic-negative binomial type Il margins is the best-fit specification, obtaining
the lowest AIC and BIC. This implies that the dependence between the survival time
and probability-of-failure equations is symmetrical, and that no tail dependence exists
between them. Moreover, we also performed the likelihood ratio (LR) test to check the null
hypothesis of independence between the errors £ and e. Note that the alternative hypothesis
is dependence between them, characterized by each of the copula families based on logistic-
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negative binomial type II margins. Our results confirm that the dependence between error
components exists, thereby justifying the use of the copula-based survival model.

Table 3. Model selection.

Margin Logistic-Poisson Logistic-Negative Binomial
Copula Family AIC BIC AIC BIC LR-Test
Normal —520.14 —803.54 —523.35 —805.39 4.049 =
Clayton —517.47 —800.87 —519.85 —803.73 4.034 ***
Clayton 90 —504.21 —787.61 —532.49 —813.52 4.113 =
Clayton 180 —521.95 —805.34 —542.33 —826.29 4.175 ***
Clayton 270 —503.69 —787.08 —514.95 —793.83 4.029 ***
Joe —527.93 —811.33 —537.09 —820.22 4.123 ***
Joe 90 —504.09 —787.48 —528.38 —810.34 4.092 ***
Joe 180 —517.46 —800.86 —542.39 —826.38 4.175 ***
Joe 270 —503.55 —786.95 —505.37 —788.51 4.028 ***
Gumbel —520.58 —803.98 —524.89 —808.13 4.084 =
Gumbel 90 —503.08 —786.47 —545.09 —829.91 4.184 **+*
Gumbel 180 —524.17 —807.56 —532.28 —813.96 4.113 =
Gumbel 270 —503.61 —787.01 —510.48 —792.12 4.025 ***
Frank —512.98 —796.38 —529.94 —812.81 4111 =
AMH —545.22 —828.62 —558.29 —841.10 4.361 ***
FGM —550.26 —833.65 —579.10 —864.51 4.402 =
Student’s ¢ —520.53 —803.92 —532.32 —813.24 4.113 ***

Independence —500.04 784.92 —501.67 785.28

Note: 90, 180, and 270 refer to the degree of rotation of the bivariate copulas; *** denotes significance at 99%. The
bold number indicates the lowest AIC and BIC values.

5.2. Estimation Results

This section presents the estimated coefficients corresponding to the hazard ratios in
Table 4. The interpretation of the hazard ratio is that if the value is above 1, it implies that the
corresponding variable could worsen the survival probability of the MSMEs. On the other
hand, if the hazard ratio is below 1, the corresponding variable is a supporting factor for
business survivability. In Table 4, the results reveal that eight variables significantly affect
the survival of the Thai MEMSs—namely, business sectors (S1, S2), business adaptation
(Ad3, Ad4, Ad5), and the government’s support programs (P4, P7, P13). Note that the
full descriptions of the variables are provided in Table 2. In this study, we focus on three
different business sectors: the manufacturing, service, and commercial sectors, where
the business is designated as S1 (if it is in the manufacturing sector) or S2 (if it is in the
service sector). The estimated results show that businesses in the manufacturing and
commercial sectors have a higher chance of surviving during the recovery time from the
COVID-19 pandemic than those in the service sector, with hazard ratios of 0.303 and 0.435,
respectively. This means that if the Thai MSMEs are in the manufacturing and commercial
sectors, their survival probability will increase by 69.7% and 56.5%, respectively. This
finding is consistent with the economic fundamentals of Thailand. Thailand’s service sector
depends greatly on tourism. Therefore, during the COVID-19 pandemic, tourism was
sluggish, which negatively affected the service sector. Even during the economic recovery,
the service sector—especially the tourism sector—was slow to recover compared to other
economic sectors.
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Estimate Hazard Ratio Std. Error | z-Value | p-Value
(Intercept) —2.834 *** 0.059 0.668 4.243 0.000
S1 —1.193 ** 0.303 0.523 2.281 0.025
52 —0.832* 0.435 0.499 1.667 0.099
Year —0.033 0.968 0.022 1.500 0.137
B1 0.563 1.756 0.71 0.793 0.430
B2 0.798 2.221 0.723 1.104 0.272
X 0.478 1.613 0.443 1.079 0.283
La —0.01 0.990 0.028 0.357 0.722
BI —0.01 0.990 0.009 1.111 0.269
Al 0.002 1.002 0.008 0.250 0.803
D 0.001 1.001 0.001 1.000 0.320
Adl1 0.476 1.610 0.596 0.799 0.426
Ad2 —0.689 0.502 0.504 1.367 0.175
Ad3 1.322* 3.751 0.701 1.886 0.062
Ad4 1.367 ** 3.924 0.623 2.194 0.031
Ad5 1.467 ** 4.336 0.603 2.433 0.017
Ad6 0.119 1.126 1.594 0.075 0.941
Ad7 —0.629 0.533 0.441 1.426 0.157
Ad8 —0.118 0.889 0.456 0.259 0.796
Ad9 —0.369 0.691 0.783 0.471 0.638
Ad10 0.11 1.116 0.836 0.132 0.896
Ad11 0.259 1.296 1.075 0.241 0.810
Ad12 —0.919 0.399 0.993 0.925 0.357
P1 —0.638 0.528 0.792 0.806 0.422
P2 0.834 2.303 0.789 1.057 0.293
P4 1.921* 6.828 0.823 2.334 0.022
P5 0.231 1.260 0.822 0.281 0.779
P6 —1.591 0.204 0.99 1.607 0.111
pP7 1.837 *** 6.234 0.585 3.128 0.002
P8 —0.522 0.593 0.686 0.761 0.448
P9 0.091 1.095 0.828 0.110 0.913
P10 —1.237 0.290 0.933 1.326 0.188
P11 0.093 1.097 1.151 0.081 0.936
P12 0.554 1.740 0.456 1.215 0.227
P13 2.267 ** 9.650 1.127 2.012 0.047
P14 —1.231 0.292 1.126 1.093 0.277
P15 -1.974 0.139 1.337 1.476 0.143

Note: *, **, and *** denote significance at 90%, 95%, and 99%, respectively.

In contrast, we can observe that business adaptation (Ad3, Ad4, Ad5) and support
programs from the government (P4, P7, P13) show positive signs, indicating that these
factors hinder the business’s survival probability. Indeed, the hazard ratios of variables
Ad3, Ad4, and Ad5 are 3.751, 3.924, and 4.336, respectively, implying that if a business
adjusts its use of raw materials, its chance of survival will be reduced by 375.1% (for
Ad3)—or 3.751 times lower than the unadjusted level. Similarly, if a business adjusts its
use of machinery (e.g., by changing production equipment or machine operating hours)
and the use of its business place (e.g., by reducing the rent of the business premises, selling,
or leaving the place idle), its probability of business failure will increase by 3.924 (for Ad4)
and 4.336 (for Ad5) times the levels with no change, respectively. Furthermore, Shafi, Liu,
and Ren [1] found that most businesses faced a cash flow shortage during the pandemic.
As a result, they need to reduce the costs of production and revamp their internal processes
to manage the cost and cash flow. However, this study found that adaptations made to
internal processes—especially those related to raw materials, machinery, and business
premises—will decrease the business’s survival probability. Moreover, during the survey
process, we found that most Thai MSMEs decided to protect their workforce and did not
lay off their employees—especially in the service sector—to avoid loss of human capital



Mathematics 2023, 11, 794

13 of 21

in the long term. Therefore, they decided to adjust the costs of production in other ways
and focused on raw materials, machinery, and business premises instead. However, we
must note that survival probability in this study was based on the business owners’ self-
assessment. Thus, businesses that have adapted their internal processes may have less
confidence in their survival compared to businesses with no changes.

Lastly, in terms of the support programs from the government, we found that social
security (P4), reducing water and electricity bills (P7), and the “Ying Chai Ying Dai”
program (P13) harm the businesses’ survival probability. This means that the businesses
participating in these programs will have a higher risk of business failure than those
not participating, with hazard ratios of 6.828, 6.234, and 9.650, respectively. Among all
measures, the “Ying Chai Ying Dai” program has the highest relative impact on business
failure. We found that if a business participates in this program, its probability of failure will
be 9.469 times higher than that of those not participating. According to the Thai government
spokesman, the “Ying Chai Ying Dai” program aims at increasing the general public’s
spending, with the concept of “the more you spend, the more you get”. This scheme
provides a cashback E-voucher with 10-15% of spending (with a maximum limit of THB
10,000 per person) to people who purchase domestic products through the government
mobile application. This program is expected to boost public spending and stimulate
the Thai economy effectively during the pandemic. However, the shops or businesses
that want to join this program must register for VAT (value-added tax), which causes
higher costs to the participating shops and harms small and medium-sized businesses’
survival probability.

Concerning the non-surviving businesses, some variables could extend the duration
of their survival. As shown in Table 5, we found that if the Thai MSMEs are in the manufac-
turing sector (S1), their survival duration will increase by 0.299 months compared to other
sectors. Moreover, we found that the size of the business also matters. Small businesses
tend to survive longer than micro- and medium-sized businesses, with a coefficient of 0.475
(for B2), meaning that their survival duration will increase by 0.475 months if they are a
small enterprise. In addition, participating in the debt restructuring process (Ad10) was
found to increase the duration of survival by 1.201 months. This process will help improve
the business’s chance of paying back its obligations by, for example, reducing the interest
rates of loans and extending their due dates. Lastly, our results reveal that some govern-
ment support programs can benefit the survival duration—namely, the extension of the tax
payment deadline (P8) and reducing social security contributions for three months (P10).
In particular, the Thai government has extended the deadlines for paying income tax and
VAT from March to August (extended for three months) to help people and MSMEs during
the pandemic. Our results reveal that this scheme could help the businesses and lengthen
their survival by 0.581 months. Similarly, the Social Security Office (SSO) of Thailand also
announced a three-month extension of the social security contributions reduction during
the pandemic. This scheme could help reduce the businesses” operation costs and was
found to extend the survival duration by 0.655 months.

In contrast, we observed that the amount of business debt (D), adaptation in re-
search/technology (Ad6), and debt moratorium/waiver of debt repayment/debt correc-
tion NPL (P2) showed negative signs, indicating that these factors hinder the survival
duration of the non-surviving businesses. In particular, the coefficient of business debt
(D) is —0.004, meaning that if the business has higher debt, it will reduce the survival
duration by 0.004 months. Similarly, the coefficient of the debt moratorium/waiver of debt
repayment/debt correction NPL (P2) is —0.523, indicating that if the business participates
in this scheme, it will reduce their survival duration by 0.523 months. Among these three
variables, we found that adaptation in research/technology (Ad6) had the most significant
effect on the survival duration, with a coefficient of 1.193. This means the Thai MSMEs that
adapt their research and technology will survive 1.193 months less than those who do not.
The possible reason behind this finding is that adopting new technology and engaging in
research and development are proven to help businesses offer better products and services,
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meet customer needs, and give company executives a competitive advantage in the long
term; however, R&D usually takes a long time to become effective and provide a return to
the adapting company, and it often costs money. Therefore, businesses should refrain from
investing in research and development during the pandemic or the recovery period.

Table 5. Estimation results of the time-to-event equation of the failed businesses.

Estimate Std. Error | z-Value | p-Value
(Intercept) 2.502 *** 0.274 9.131 0.000
S1 0.299 * 0.157 1.904 0.060
S2 —0.025 0.158 0.158 0.875
Year 0.008 0.008 1.000 0.320
B1 —0.667 0.507 1.316 0.191
B2 0.475 *** 0.171 2.778 0.007
X —0.025 0.091 0.275 0.784
La 0.013 0.041 0.317 0.752
BI 0.001 0.002 0.500 0.618
Al —0.002 0.002 1.000 0.320
D —0.004 ** 0.002 2.000 0.048
Ad1 0.241 0.199 1.211 0.229
Ad2 0.263 0.172 1.529 0.129
Ad3 —0.009 0.159 0.057 0.955
Ad4 0.036 0.147 0.245 0.807
Ad5 0.076 0.181 0.420 0.675
Ad6 —1.193 *** 0.453 2.634 0.010
Ad7 —0.149 0.101 1.475 0.143
Ad8 0.067 0.132 0.508 0.613
Ad9 0.051 0.249 0.205 0.838
Ad10 1.201 * 0.627 1.915 0.058
Ad11 1.604 1.005 1.596 0.114
Ad12 —0.141 0.288 0.490 0.626
P1 —0.115 0.214 0.537 0.592
P2 —0.523 *** 0.238 2.197 0.030
P4 —0.471 0.608 0.775 0.440
P5 —0.053 0.231 0.229 0.819
P6 —0.464 0.447 1.038 0.302
pP7 —0.298 0.183 1.628 0.107
P8 0.581 *** 0.182 3.192 0.002
P9 —0.145 0.182 0.797 0.428
P10 0.655 *** 0.226 2.898 0.005
P11 —0.273 0.446 0.612 0.542
P12 —0.051 0.168 0.304 0.762
P13 —0.313 0.92 0.340 0.734
P14 —0.615 0.853 0.721 0.473
P15 1.461 1.401 1.043 0.300
6 FGM 0.805 ** 0.322 2.500 0.014

Likelihood ratio test = 4.402 ***

Note: *, **, and *** denote significance at 90%, 95%, and 99%, respectively.

Finally, our results also reveal the FGM dependence parameter as 0.805, implying the
positive dependence between survival probability and time-to-event.

5.3. Survival Path Analysis

In this section, we present the survival path at times conditional on each significant
covariate presented in Table 5 (i.e., business sector, debt moratorium, extension of the
tax payment deadline, reducing social security contributions, adaptation in terms of debt
restructuring, and adaptation in research and technology). We adopt the Kaplan-Meier
estimator [47] for constructing the survival function. The survival function is given by
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s'() =TT (1- %), 17)
dity <t f d
where t;,d =1,..., D represents the recurrence times across all businesses (i.e., times when
at least one event happened), E; is the number of non-surviving businesses at time ¢;, and
f4 is the number of surviving business up to time t;. The plots of survival probability with
respect to the significant factors are presented in Figures 1-6.
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Figure 2. Adaptation by debt restructuring (Ad10).

Overall, we can observe that the survival path of the MSMEs has a step- or stair-
shaped downward slope. The survival probabilities with respect to significant factors show
a similar pattern to the way in which the survival probabilities gradually decrease over the
periods that follow (1, ...,t12). The observed survival times are first sorted in ascending
order, starting with the business with the shortest survival time. It can also be observed
that the probability of business failure drops after the third month.
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Figure 4. Debt moratorium/waiver of debt repayment/debt correction NPL program

participation (P2).

Considering the impact of each significant factor on the survival path, we found
that the survival function was similar between the MSMEs in the manufacturing and
commercial sectors, but different for the service sector (see Figure 1), as the MSMEs in
the service sector had a lower survival probability than those in the manufacturing and
commercial sectors. In particular, one of the leading industries in the service sector of
Thailand is the tourism industry, which was most affected by the COVID-19 pandemic.
The revenue of tourism MSMEs is greatly dependent on international tourists who are not
fully entering Thailand. It is relevant that all COVID-19 travel restrictions for travelers
to Chiang Mai have yet to be fully canceled. Thus, the expectation of tourism business
owners remains pessimistic [48], ultimately causing a lower survival probability compared
to other sectors.
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Figure 6. Reducing social security contributions for 3 months program participation (P10).

In business adaptation (e.g., online conference software and online marketing), we
observed that if MSMEs adapt their research and technology, their survival probability
is relatively high compared to MSMEs not adapting their research and technology to
the COVID-19 shock. However, the opposite result was obtained after seven months of
business survival, i.e., the survival expectations of the MSMEs dropped after seven months.
Implementing changes in research and technology could bring them high initial costs [49],
and if COVID-19 continues to have an impact in the next six months, the business may face
a cash shortage. According to the self-determination theory of Ryan and Deci [50], many
workers are looking at technology as the “survival kit” (the feeling of self-satisfaction)
rather than an optional choice for business survivability. For example, suppose MSMEs
adopt online work. In that case, the workers are able to continue their work activities online
with other people, which may not be suitable for the hands-on work usually performed in
MSMEs. However, if COVID-19 lasts for seven months or more, this technology adaptation
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may not be a good factor for the business, as it will decrease the survival probability of
the business.

Similar patterns were obtained in terms of other significant factors, namely, debt
restructuring, debt moratorium, an extension of the tax payment deadline, and the reduc-
tion in social security contributions for three months. We can observe that the survival
probability is 100% for the first month and then gradually drops to 80% in the 12th month.
These results reveal that the survival rates of MSMEs are not much different, consistent
with the finding of the insignificant effect of debt restructuring (AD10) and the debt mora-
torium (P2) on survival probability in Table 3. However, MSMEs participating in the tax
payment deadline extension and social security contributions reduction programs have
been shown to have a higher survival chance than those who do not. This result implies
that participating in these government support programs during this recovery period may
result in a higher chance of survival, which is consistent with the findings of Liu et al. [51].

6. Conclusions

This study analyzed the business survivability of MSMEs in Chiang Mai, Thailand, by
dividing the sample into three main segments: micro, small, and medium. The main objec-
tive was to identify and evaluate these groups’ survival probability differences. Moreover,
various supporting and hindering factors of business survivability were investigated to
help us propose insightful policy recommendations for the MSMEs and government during
this recovery period (from May to August 2022). These factors include business-specific
characteristics, COVID-19-associated impacts, business adaptation against COVID-19, and
support programs from the government. The reason for considering this recovery period
is that this is the golden time for businesses that have survived the tremendous impact
of COVID in 2020 and 2021. Therefore, if the appropriate policies and suggestions are
introduced adequately by these MSMEs, it will help sustain their growth, accelerate their
recovery speed, and result in the sustainable development of the MSME:s in the future.

To answer our research questions presented in the Introduction, we conducted a
survey on the MSMEs’ expectations, characteristics, and responses to COVID-19 dur-
ing the recovery period (from May to August 2022). The survey sample comprised
786 MSMEs in Chiang Mai, divided into 485 micro-sized samples, 237 small samples,
and 64 medium-sized samples.

From the methodological perspective, we proposed the survival analysis model called
the copula-based sample selection survival model. We extended the concept of the Cox
proportional hazards model to the sample selection approach, where the selection equation
is used to explain the survival probability of the MSMEs, and the outcome equation
is used to explain the time-to-event or survival time of the MSMEs. To preserve the
characteristics of the survival probability and survival time of the MSMEs, the distribution
of the survival probability equation is assumed to be a logistic function, while the Poisson
or negative binomial type II distribution is assumed for the survival time equation. To
improve the accuracy of the model, we allow these two equations to be correlated and
joined by the copula function. Several copula functions are considered in this analysis;
these copulas include Gaussian, Student’s t, FGM, Frank, AMH, Clayton, Gumbel, Joe, and
rotated copulas.

The copula comparison results show that FGM performs the best copula function
according to the AIC and BIC. Thus, we used this copula to join the survival probability and
time-to-event equations. The results from this model revealed that the survival probability
of Thai MSMEs depends on business sectors and is influenced by business adaptation and
support programs from the government. However, surprisingly, our results revealed that
most of these factors negatively affect the survival probability of Thai MSMEs during the
recovery period—especially the support programs from the government. Participation in
the programs will harm small and medium-sized businesses’ survival probability. Fur-
thermore, for the non-surviving businesses, some variables were found to expand their
duration of surviving the pandemic. Our results highlight the role of business size and
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the government support schemes—such as the debt restructuring process, the extension of
the tax payment deadline, and reducing social security contributions—in extending the
survival duration of the non-surviving MSMEs for policymakers to consider. From our
research, the following overall conclusions and recommendations can be drawn:

First, the findings of this study have strategic implications for Thai MSMEs—especially
businesses that expect to fail within one year. Regarding financial support from the
government, we found that the loan policy may be insignificant for the MSMEs. The reason
for this is that the MSMESs need to better manage the debt caused by COVID-19, and this
debt may be used inefficiently. Thus, the government should also provide appropriate
financial plans and management for the MSMEs along with the loans. MSME owners will
benefit from learning and using this loan proposal efficiently. However, we also observed
that tax payment extensions and tax returns are the keys to extending these risky MSMEs’
survival time.

Second, our results revealed that participating in the government-sponsored program
for customer and business adaptation is not the key to the MSMEs’ survivability during this
recovery period. These results are in contrast with the findings in the literature reported
during the peak of the COVID-19 crisis (e.g., [7,51-53]). Thus, the government-sponsored
program should be revised appropriately to meet the demands of the current situation. Fur-
thermore, a new state-sponsored program should be provided to the MSMEs—especially
those in the service sector, which was slow to recover compared to other economic sectors.

Finally, it is essential to note that this study has some limitations: First, our survival
data were derived from the expectations of the enterprise owners. Thus, the survival
probability may not correspond to the actual insolvency of the business in the future. In
other words, expectations and outcomes can be different. Second, in terms of methodology,
more marginal distributions of the error terms should be considered, as they might lead to a
greater estimation efficiency. Third, the post-COVID-19 period is also suggested for further
investigation. Fourth, COVID-19’s impacts on health and food security in Chiang Mai
should also be explored [54]. In a future study, we also suggest improving our copula-based
survival models by considering the asymmetric copulas for joining failure and time-to-
event equations, as this will provide more insight into asymmetric dependence. In addition,
the Conway—-Maxwell-Poisson distribution is also suggested for time-to-event equations,
as it can model either under- or overdispersed data relative to the Poisson distribution [55].
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