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Abstract

The health and safety of workers are important determinants of their productivity. In

manufacturing industries, occupational health and safety (OHS) measures are critical work-

place practices for employers to ensure better working conditions for employees, particularly

in industries with rampant indoor pollution. This paper studies the impact of investments

undertaken by small and medium enterprises in Vietnam in worker health and safety (includ-

ing in air quality improvements, heat and noise protection as well as in lighting measures)

on labor productivity using a production function approach and panel data from 2011-2015.

We find that the amount invested by the firm per worker has a significant positive effect on

labor productivity. Moreover, our results hold true for both small and large firms, and for firms

belonging to different subgroups of industries. Given historically poor working conditions in

Vietnam, policy implications relate to the importance of OHS measures and pollution abate-

ment in influencing economic outcomes such as productivity.
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1 Introduction

Human capital investments have important repercussions on the quality of labor, and thus

on firm-level performance. The economic literature has for long regarded education and

training of workers to be an important means of augmenting human capital, however

good health has also been recognized as a critical determinant of productivity (Currie

and Madrian, 1999). The onus of improving public health outcomes lies on both policy-

makers, as well as on firms: while governments can implement regulations and standards,

ensure that sanitation and nutrition-related guidelines are met, and provide education,

the private sector has the primary responsibility to ensure a healthy work environment for

employees.

An important example of how they can do this is by adopting occupational health

and safety (OHS) measures for workers. Investment in health and safety of workers is an

important determinant of not just their well-being, but it has also been found through case

studies to have an impact on the bottom-lines of firms (WHO, 2010). These measures are a

means to mitigate the risks due to chronic illnesses and disabilities due to difficult working

conditions, as well as of accidents and chemical exposures that may inflict workers (Currie

and Madrian 1999, Pouliakas and Theodossiou 2013). They are thus likely to lead to a

healthy workforce, that is more productive, and can work more and better (Well, 2007).

According to estimates from the International Labour Organization, about 2.3 million

women and men around the world succumb to work-related accidents or diseases every

year; and there are around 340 million occupational accidents and 160 million victims

of work-related illnesses annually worldwide (International Labour Organization, 2019).

In developed countries, policies such as regulations, information disclosure and financial

incentives like compulsory accident insurance have tried to attenuate these occupational

incidents, and ensure that firms provide basic standards of health and safety for their

workforce, although the literature has been ambiguous on whether these measures have

been effective (Viscusi 1979, Weil 1996, Pouliakas and Theodossiou 2013). In developing
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countries, where a higher proportion of the workforce is engaged in manual labor, and

regulatory enforcement is often weak, OHS investments are often either not undertaken,

or not to the extent that may be necessary (Lucchini and London, 2014).

Our objective in this study is to shed light on the role of investments to mitigate in-

door pollution (and thus improve worker health and safety) such as investments in air

quality, lighting, and heat and noise mitigation systems on labor productivity outcomes

for manufacturing firms by adopting the production-function approach, and using data on

a sample of small and medium enterprises (SMEs) in Vietnam. Labor productivity is an

important economic outcome to consider, for several reasons. Firstly, labor productivity

has been shown to be an important barometer of several important economic indicators

such as firm-level competitiveness, economic growth and living standards in an economy

(OECD, 2008). It has also been found to be an important determinant of export com-

petitiveness, and the relationship between these factors has been found to hold in both

directions (Bernard and Bradford Jensen 1999, Bernard et al. 2007, Bartelsman and Doms

2000). This is of particular relevance with respect to firms in countries that are relatively

more export-oriented (such as Vietnam, for example1).

Vietnam is an interesting and relevant case study: SMEs comprise almost 98% of all

enterprises in the economy, and employ about 80% of the country’s workforce (Dezan

Shira & Associates, 2017). Moreover, as a rapidly developing economy, the industrialized

sector in Vietnam has expanded significantly, especially after its accession to the World

Trade Organization. Vietnam is now one of Asia’s largest exporters, and the "ramping up"

of its manufacturing sector has posed increased pressure on both working conditions, and

the environmental sustainability of Vietnam’s development. For a long period, Vietnam

had a reputation for being a “sweatshop” for many large multinationals, with several

reports in popular media outlets commenting on poor working conditions of laborers in

1 Vietnam’s share of exports of goods and services as percentage of gross domestic product (GDP) was
101.59%, whereas its share of imports as percentage of GDP was 98.79% in 2016 (World Integrated
Trade Solution, 2016).
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the country (Greenhouse 1997, Guilbert 2018). While regulations have been passed on

worker health and safety over the years, there is less evidence on whether they have

been effective in improving working conditions. This lends to the importance of a study

on whether investments in OHS may lead to improvements in labor productivity in low

and middle-income countries (LMICs) such as Vietnam, where a) employers may find it

costly to undertake these investments, and b) where workers have suffered due to inferior

working conditions.

In this paper, we adopt a structural approach based on production function estima-

tion to better understand whether a specific type of ‘good’ workplace practice (investment

in worker health and safety) has an impact on labor productivity, in a context where

working conditions have historically been poor. While a broad consensus emerges from

studies based on production function estimation on the importance and effectiveness of

workplace practices such as information technology, or of management practices, in de-

termining firm-level productivity outcomes (Black and Lynch 2002, Lee et al. 2013, Bloom

and Van Reenen 2007), these studies have less to say on the specific types of firm-level in-

terventions which we consider in our paper. To this end, a stream of literature has adopted

a reduced-form approach to study the effect of ambient pollution (or its mitigation) on

worker productivity, mostly relying on natural experiments or quasi-experimental settings

(Hanna and Oliva 2015, Lichter et al. 2017, Zivin and Neidell 2012, He et al. 2019, Carson

et al. 2011, Walker 2011, Chang et al. 2019).

Through our study, we contribute to the literature on the impact of improving indoor

environmental quality on labor productivity by using a production function approach as

an alternative to the reduced-form approaches used to study this question so far in the

literature. To the best of our knowledge, our study is one of the first to adopt a production-

function approach to evaluate the effects of investment in health on labor productivity, not

just in a developing country, but also among developed countries. We treat investment in

worker health as an example of a vital management practice, given that improved health

outcomes due to improved indoor environmental quality are likely to lead to fewer sick
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days, fewer risks of illness and disabilities, and workers that can work harder and longer

(Well 2007, Currie and Madrian 1999). Other inputs may also be used more efficiently

due to better health of workers, for instance, physical capital per worker (Well, 2007).

In our opinion, these may be some of the channels through which investment in worker

health may affect labor productivity.

The focus of this paper is on a sample comprising predominantly small and medium

enterprises (SMEs) in Vietnam. We use panel data from the UNU-WIDER Vietnam SME

firm-level database (United Nations University UNU-WIDER, 2011) that collects informa-

tion on about 2500 firms, mostly SMEs, from 2011-2015 biennially. The specific types

of measures that we are studying include investments to improve indoor air quality in

manufacturing enterprises (such as the establishment of efficient ventilation systems), in

heat protection, in lighting, as well as in protection against noise pollution (through in-

vestment in noise protection gear for instance).2 We evaluate the effects of investment

in equipment to improve worker health, possibly through reduced indoor pollution, on

the productivity of workers over a broad spectrum of industries. We are able to provide

estimates of the impact of investments on productivity in monetary terms; this has impor-

tant policy implications, especially in developing countries where investments in worker

health by firms are often few, and of low to negligible amounts.

Our paper presents evidence spanning various estimation methodologies on the im-

pact of investments in health on labor productivity. We employ an ordinary least squares

(OLS) estimator, a within estimator, as well as a dynamic panel data (DPD) estimator to

estimate the production functions, although we emphasize the DPD model, given the ad-

vantages it offers us in this context. Moreover, we account for the fact that many firms do

not undertake these investments (namely, the "zero-observation" problem) following two

different methodologies adopted from the literature.

We find that health investments have a noteworthy and positive impact on worker

2 While we have information on these four types of investments, we choose to club them together into
one measure of investment in health, as we feel that they are very closely related to one another.
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productivity among small and medium enterprises in Vietnam. We find that increasing

investment in health per worker by 1% leads to an increase in labor productivity by about

0.12%. This is equivalent to an investment in health per worker of 1 Vietnamese Dong

(VND) leading to an increase of revenue per worker by 0.45 VND (or an investment of 43

cents per worker leading to an increase of revenue per worker by 19 cents (in US dollar

(USD) terms)). This suggests that workers may be experiencing better health outcomes

due to these investments, which enables them to work more (plausibly due to lower risks

of illness, accident or disability).

Moreover, we find that this effect is prevalent across firms of different size, and that

it is not driven only by larger firms. Our results are confirmed for firms belonging to

industries that are not pollution-intensive, as well as those that are. Lastly, we are able to

test the validity of our main results for different subgroups of industries.

The structure of the paper is as follows: Section 2 provides a brief review of the lit-

erature, Section 3 provides details on the data and methodology used for the analysis,

Section 4 includes the main results of the paper as well as of robustness checks, while

Section 5 concludes and includes policy implications.

2 Previous Literature

As mentioned in the previous section, two strands of literature are a fit for this study. The

first that is relevant to this paper is the one on production function estimation, which has

been augmented in some studies to assess the impact of not just traditional inputs such

as capital, labor and raw materials, but also of management or workplace practices, in-

vestments in infrastructure such as information technology (IT), and pro-worker activities

(such as allowing workers to work from home, or work part-time) on worker productivity.

Black and Lynch (2002) was one of the first studies to evaluate the impact of work-

place practices on labor productivity by estimating a production function; using a DPD

approach, and panel data on firms in the US, they found that there was a positive effect
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of the intensity of the implementation of good workplace practices on labor productivity.

Bloom and Van Reenen (2007) showed that good management practices (such as perfor-

mance reviews, rewards for good performance, setting clear targets, etc.) had a strong

and positive effect on worker productivity across a broad spectrum of countries. Bloom

et al. (2010) also used production function approaches to evaluate the effects of better

management practices on energy intensity of firms, and they found that better managed

firms released fewer emissions. Lee et al. (2013) provided evidence from California on the

positive (and significant) effects of IT- specific labor and IT capital on hospital productivity.

Methodologically, our study is similar to these papers. Like some of these studies,

our baseline model also uses the DPD methodology to estimate the firm-level production

function. We use information on investments in worker health and safety to construct

our measure of ‘health capital’, following work by Grossman (1972) in which health is

considered as a durable capital good in the production function.

This literature, however, has not adequately focused on the impact of efforts to improve

worker health on firm-level outcomes. While a few studies in the health and development

literature have also evaluated the effects of indoor air pollution mitigation on household-

level outcomes (by studying whether there are any improvements in indoor air quality,

respiratory health as well as education outcomes due to investments in technologies such

as improved cook-stoves (ICS), for example (Hanna et al., 2016)), there is scant evidence

on whether workers may also reap the benefits of efforts at the workplace to improve their

health.

In the second stream of literature, several papers have looked at the effect of outdoor

air pollution (or even temperature) on worker productivity outcomes, and have focused

on developing countries, where the concentration of pollutants is often more pronounced

(Dominici et al., 2014). Most of these studies employ either a natural experiment-based,

or a quasi-experimental approach to evaluate this question. Many utilize daily-level data

on pollution and output or productivity. For instance, He et al. (2019) used data on daily

shifts in worker output at two manufacturing sites in China to find that SO2 and PM2.5
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concentrations did not have a significant effect on worker output.

On the other hand, Hanna and Oliva (2015) studied the short-term impact of the clo-

sure of a refinery in Mexico City on work hours, and they found that due to reduced

levels of SO2 in the refinery’s vicinity, there was an increase in the hours worked by

laborers residing in nearby neighborhoods. Zivin and Neidell (2012) is another study

that found that even marginally lower levels of ozone could lead to significant improve-

ments in worker productivity among agricultural workers in California, suggesting that

environmental improvements may be an effective means of achieving positive economic

outcomes. Likewise, Lichter et al. (2017) found that higher levels of air pollution had a

significant negative effect on the number of passes made in a match by football players,

and that these negative effects already began to appear at moderate levels of pollution.

Another study that analyzed the effect of improving working conditions is that of Ad-

hvaryu et al. (2018). They found that investing in LED lighting in garment factories in

Bangalore, India raised the productivity of workers, especially on hot days, as their use

decreased the temperature on factory floors. The results of these studies suggest that

worker productivity could potentially be influenced by the negative effects of pollution,

which has important repercussions for the course of policy.

3 Data and Empirical Approach

3.1 Model Specification and Econometric Approach

Our methodology closely resembles that adopted by Black and Lynch (2002) and Lee et al.

(2013), who estimate, using an augmented Cobb-Douglas production function, the effects

of workplace practices, IT and human capital investments on labor productivity across a

broad spectrum of firms in the US (namely, firms pooled over several industries), and the

effects of IT labor and capital on labor productivity in hospitals in California, respectively.

In line with Black and Lynch (2002), we use data on firms belonging to a broad spec-
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trum of industries for the analysis, rather than focusing on any one particular industry.

While we have data on firms belonging to about 18 different industries, we do not have

sufficient observations for any single industry, and thus we choose to pool data over all

industries in our sample for the regression analysis. This also enables us to use a broader,

more representative sample of firms. However, in the empirical section, we also provide

robustness checks of our main results, using different subgroups of industries.

Following Black and Lynch (2002), we estimate the average labor productivity by di-

viding all terms of a standard Cobb Douglas production function by the total labor force

of the firm. The general econometric specification that we estimate given our panel data

setting can be expressed as:

ln
Yi,t
Li,t

= α0 + ln
Ii,t
Li,t

α1 + ln
Ki,t

Li,t

α2 + ln
Mi,t

Li,t

α3 + γj,t + µi,t (1)

We define the output and input variables as described below. Yi,t

Li,t
, our dependent vari-

able, denotes the labor productivity of firm ‘i’ in year ‘t’. Yi,t is the revenue (defined as

the sum of the products of the total quantity sold of the top three products produced by

the firm ‘i’ and their respective sales prices in year ‘t’). Li,t denotes the total labor force

of the firm. γj,t denotes an industry ‘j’-specific time-trend, and µi,t denotes the idiosyn-

cratic error term. By measuring labor productivity in terms of revenue, we assume perfect

competition in both product and factor markets, the homogeneity, divisibility and substi-

tutability of factors of production, constant production technology and full employment.

Given that our sample comprises micro or small enterprises, these assumptions are likely

to be tenable.

Our main independent variable of interest (and one of the inputs) in equation (1) is

the value of ‘health capital’ (or total investments undertaken by the firm in worker health)

per worker, Ii,t
Li,t

. Following work by Grossman (1972), we consider health to be a durable

capital good in the production function, and our measure comprises investments made in

protection against poor air quality, noise protection, heat protection and lighting, and is

9



measured in VND per worker.

The other (normalized) inputs are the log of capital per unit of labor Ki,t

Li,t
, and of raw

materials per unit of labor Mi,t

Li,t
. The variable for capital Ki,t is defined as the market value

(in VND) of total equipment and machinery owned by the firm at the end of the previous

year. Mi,t is defined as the market value (in VND) of the raw materials and input inventory

assets of the firm at the end of the previous year.

This model can either be estimated assuming constant returns to scale, or increasing

or decreasing returns to scale. We test for constant returns to scale, and find that the

restrictions implied by this assumption are valid for our data. The value of all the inputs,

as well as the dependent variable, have been deflated using 2010 constant prices (World

Bank, 2017).

There are several empirical approaches available to an econometrician interested in

production function estimation using panel data, such as OLS, a fixed effects estimation

that accounts for time-invariant unobserved heterogeneity, and approaches that account

for both time-invariant heterogeneity as well as endogeneity issues related to input choice.

While the fixed effects estimator addresses time-invariant unobserved heterogeneity, it

is still likely to suffer from endogeneity, due to correlated unobservables (unobserved de-

terminants of production that may be correlated with observed input choice by the firms),

simultaneity bias (namely that the inputs, output and investments are chosen simultane-

ously), as well as measurement error (especially in the measure of inputs in the produc-

tion process, such as capital and raw materials). In order to deal with these econometric

challenges, the modern empirical literature on the estimation of production functions has

proposed several approaches.

These can be divided into two sets of methodologies: the first one uses observed input

choices as a means of accounting for unobserved productivity shocks (Olley and Pakes

1996, Levinsohn and Petrin 2003 and Ackerberg et al. 2015), while the second set of

models adopts the dynamic panel approach (Arellano and Bond 1991, Arellano and Bover

1995, Blundell and Bond 1998). Each set of methodologies has distinct advantages and
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disadvantages.

The first set of models assume that the error term, denoted by µi,t in model (1) above,

can be expressed as follows:

µi,t = ρi + νt + ωi,t + ηi,t (2)

where ρi denotes the time-invariant firm fixed effect, νt denotes the common, time-

varying productivity shock, while ηi,t is the residual. ωi,t is now an unobserved productivity

term which evolves according to an autoregressive process, that may be correlated with

the observed inputs. In this context, the three most common modeling strategies are

those proposed by Olley and Pakes (1996) (OP), Levinsohn and Petrin (2003) (LP), and

Ackerberg et al. (2015) (ACF), and they make different assumptions about the variation in

ρi, the evolution of ωi,t, as well as the timing of input selection (Lee et al. 2013, Ackerberg

et al. 2015). These models use two-step estimators, and proxy variables to control for

productivity shocks. The OP methodology uses investment as a proxy variable, LP uses

material inputs, while ACF uses both. Ackerberg et al. (2015) suggest that the OP and

LP models suffer from collinearity in input choices, due to the functional dependence

problem. They propose an estimator that relaxes some of the assumptions made in these

models, and is a viable alternative to these estimation methods.

One drawback of these methods of production function estimations is that they do not

take into account the unobserved heterogeneity in total factor productivity across firms

(Lee et al., 2019), which is particularly relevant in our case because of the diversity of

firms across industries and regions of Vietnam. Moreover, they are not very tractable

when the dependent variable measures labor productivity, as in our case. Given these

challenges, in this paper, we opt to estimate a dynamic panel data (DPD) version of model

(2) instead, using a system generalized method of moments (GMM) procedure along the

lines of Arellano and Bover (1995) and Blundell and Bond (1998), as the third model of

our study. In this estimation, we treat all inputs (capital, raw materials and health capital)
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as endogenous variables.

The system GMM methodology involves using lagged values of both the levels, and

differences in firm-level inputs (capital per worker and material per worker), output per

worker as well as the investment in worker health per capita as instruments for the current

values of these variables (to augment the approach of Arellano and Bond (1991)). These

lagged values are assumed to be correlated with the current values, but independent of

the error term (Arellano and Bover 1995 and Blundell and Bond 1998). This methodology

has been adopted in similar studies, such as in Black and Lynch (2002), Bloom and Van

Reenen (2007), and Lee et al. (2013). In our econometric analysis, we thus choose to use,

in addition to the OLS and the fixed effects production function estimator, the DPD esti-

mator, given that we have a panel with large within variation, and short time dimension,

and that the estimates obtained from the DPD approach are more robust in the presence

of measurement error.

Another econometric issue that we need to address in our estimation framework is

that the variable for health capital is populated with zero values for about 47.18% of

observations in our sample (since not all firms undertake investments in health capital).

Directly taking the log transformation of this input for the production function estimation

would not only reduce our sample size (given that log of zero is undefined), but also

not enable us to capture the decision of firms to undertake investments in worker health

adequately.

In order to solve this issue, we use two approaches. As a first cut, we take the logarith-

mic transformation after adding a small number (for e.g., 0.0001) to the health capital

per unit labor. This will retain the observations of firms with zero investment in our sam-

ple. Our second approach uses the inverse hyperbolic sine (IHS) transformation, as is

commonly done for variables assuming the value of zero, in the literature (Pence 2006,

Kristjánsdóttir 2012, Muehlenbachs et al. 2017, Jayachandran et al. 2017). The IHS trans-

formation enables us to consider the zeroes in our estimation, while retaining all the other
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logarithmic features of the model to estimate production functions.3

Summarizing, in order to estimate the production functions, we use three economet-

ric approaches (OLS, fixed effects, and DPD) and use two different treatments for the

zero-observation problem (the first is taking the log transformation of the health capital

variable added to a very small number, and the second is taking the IHS transformation

(given in expression (5)). The DPD model estimated using the IHS transformation is the

baseline model of our paper. While the main models are sparse in terms of control vari-

ables in line with the production-function methodology, we also estimate one version of

our baseline model including some firm and respondent-level controls.

3.2 Data

For this study, we use data from the UNU-WIDER Vietnam SME firm-level database (United

Nations University UNU-WIDER, 2011). The database tracks a sample of 2500 predom-

inantly small and medium-sized firms in nine provinces of Vietnam biennially over the

period 2011-2015, creating an unbalanced panel. The data set collects information on the

economic accounts, as well as data on various enterprise-level, as well as some employee-

level characteristics. The enterprises surveyed are distributed across approximately 18

sectors such as food processing, fabricated metal products, and manufacturing of wood

products. Firms are classified according to the current World Bank definition, with micro-

enterprises having up to 10 employees, small-scale enterprises up to 50 employees, medium-

sized enterprises up to 300 employees, and large enterprises having more than 300 em-

ployees.4 The database also includes variables related to firm performance, enterprise

history, employment, business environment, and owner/ manager background character-

3 The exact transformation can be represented as:

x̃ = ln(x+
√
x2 + 1) (3)

.
4 99.8% of the 7701 observations in our data sample have fewer than 300 employees. The results of the

analysis that follows are robust to restricting the sample to fewer than 300 employees.
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istics.

The geographical coverage of our study is nine provinces of Vietnam, from different

regions, the north (Hanoi, Phu Tho, and Hai Phong), south (Ho Chi Minh City, Long An,

and Khanh Hoa), and central (Nghe An, Quang Nam, and Lam Dong), including some

of the most important manufacturing centers of the country (such as Ha Noi, Hai Phong,

Quang Nam, Ho Chi Minh City, and Long An). The survey is representative at the province

level (Sharma and Tarp, 2018).

The database also collects information on investments undertaken by the firm in equip-

ment to protect both worker health, the value of the investment made by the firm in this

equipment, as well as the year when the investment was undertaken. In this paper, we fo-

cus on four kinds of investments that we feel are likely to have an impact on worker health,

namely in air quality (in improving ventilation, or removing particles and dust), equip-

ment that prevents excessive heat (such as fans, air conditioners, and cooling systems),

improved lighting (such as window systems and light bulbs) as well as noise reduction

equipment (such as investments in protective gear). We have information on investments

made by firms since 1981, however most of the investments made in what we call ‘health

capital’ are closer to the sample period of 2011-2015.

Table 1 below presents some summary statistics on the types of investments that we

are focusing on in this study. We find that while the percentage of observations in our sam-

ple with positive levels of investment varies across the types of investments, the median

year of investment by firms was (slightly) before the period of our data sample. Moreover,

we see that the average amount of investment is highest for equipment protecting against

heat, as well as investments in air quality improvements, whereas the percentage of ob-

servations in our sample with positive investment in protection against heat is the highest

at around 41%, closely followed by investment in lighting.

We use the information on the type of investment, the amount of investment, as well

as the time that the investment was made to construct our measure of ‘health capital’,

following Grossman (1972) where health is considered as a durable capital good in the
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Table 1: Summary Statistics on Investments in Worker Health by SME’s in Vietnam

Type of investment % of obs with positive investment Mean amount of investment (in VND) Median year of investment

Air quality 12.75 4.8 million 2010
Protection against noise 8.12 2.5 million 2009
Protection against heat 41.06 5.5 million 2010
Lighting 39.41 2.2 million 2010

Notes: Source: UNU-WIDER Vietnam Database. The investment amounts are measured at constant (2010) prices.

production function. If the firm makes an investment during the period 2011-2015, the

variable for health capital takes the value of the investment made in the relevant years

(and is fixed at the first non-zero value over the three years of data, if a firm only invested

once). If the firm purchased equipment prior to the first year of our sample (namely

2011), the variable capturing health capital is equal to this amount for all three years of

our sample (unless the firm undertakes other investments during the period 2011-2015,

in which case the value of the health capital is equal to the value of those investments in

the corresponding years when they were made).

Table 1 also suggests that many observations in our sample have zero values of invest-

ment, as we discussed in the previous section, i.e. not all firms have been undertaking

these investments. On considering these four types of investments together to generate

our independent variable measuring health capital, we find that for 47.18% of observa-

tions, this variable takes the value of zero. Thus, we use the two methodologies described

in the previous section to address this zero-observation problem in our estimation.

Table 2 below presents summary statistics on the modeling variables, including the

dependent variable, as well as our main independent variables. We find that the average

labor productivity (which in our data is the revenue from the sale of the top three products

of the firm, divided by the total number of workers) is equal to about 33.2 million VND

per worker per year (which amounts to about 1429 USD per worker per year). The aver-

age value of health capital is about 890,000 VND per worker per year (at constant 2010

prices), which corresponds to about 38 USD per worker per year. As one can expect, the
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average value of health capital per worker is smaller than that of equipment/machinery

or raw materials per worker.

Regarding the respondents of the survey, we learn that about 61% of them are males,

while 72% of them are the owners of the firm (28% are managers). The average age of

the respondent is about 46 years, whereas about a third of them are college-educated.

The average age of the firm is about 15 years, whereas almost 65% of the sample com-

prises household enterprises (the rest are sole/private proprietorships, limited liability

companies, cooperatives and partnerships).

In Figure 1 (a), we express the relationship between the decision to invest in worker

health and the average labor productivity of workers in a bar plot. We find that the

decision to invest in worker health is correlated with firms having higher levels of labor

productivity. The average labor productivity for firms that do no invest in worker health

is about 32 million VND, whereas it is measured to be about 59 million VND for firms that

have invested in worker health. Complementarily, Figure 1 (b) provides the kernel density

plot of the deviation of the labor productivity from the industry means, for firms that have

not invested in worker health, and those that have invested at the highest quartile in

worker health. From this graph, it seems reasonable to conclude that higher per capita

levels of investment in worker health are positively associated with the distribution of

labor productivity outcomes among firms in Vietnam. While these insights are descriptive,

and do not imply causality of investment decisions on labor productivity, they are certainly

suggestive of the role of these investments in improving labor outcomes (particularly in

the Vietnamese context).
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Figure 1: Labor Productivity and Investments in Worker Health (Source:UNU-WIDER)
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4 Results

4.1 Main Results

Table 3 below presents the results of the estimations using the log transformation for the

health capital variable, whereas Table 4 includes the results of the estimation using the

IHS transformation.5 In column (1) of Table 3, we present the results of the OLS estima-

tion, column (2) includes the results of the fixed effects model, while column (3) presents

the results of the DPD estimation using the system GMM methodology. The parameter es-

timates of column (1) suggest that health capital has a positive effect on the productivity

of workers; however, in the absence of corrections for unobserved heterogeneity or endo-

geneity, we find that the value of the coefficient is small (even though it is significant at

the 1% level). In the model of column (2), we are able to control for unobserved hetero-

geneity across firms. The fixed effects model suggests that a 1% increase in the amount of

health capital per worker is related to a 0.122% increase in labor productivity (given the

log-linear specification of our production function, the coefficients on the inputs in this

Table can be interpreted as elasticities). Lastly, according to the DPD estimation results in

column (3), health capital has a significant impact (at the 1% level) on labor productivity,

with a 1% increase in the amount of health capital per worker leading to a 0.07% increase

in labor productivity in our sample.

The other input variables have coefficients as expected; the log of the value of ma-

chinery and equipment per worker (our measure of capital) has a positive and significant

coefficient across models. We find that the variable capturing raw materials is insignificant

in the DPD model of column (3), even though it consistently also has positive coefficients

across the three specifications. In these models, we use industry-specific time-trends to

control for industry-specific shocks that may influence firms’ decisions. In addition, we

also incorporate year fixed effects to capture the unobserved heterogeneity that may in-

5 In both the results of Tables 3 and 4, we impose constant returns to scale, a restriction that we test using
our data, and we find that it is valid.
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Table 3: Production function estimation using the logarithmic transformation on the
health capital variable

Dependent Variable: Log of labor productivity OLS Fixed Effects DPD
Column (1) (2) (3)

Log of value of health capital per worker 0.004*** 0.122*** 0.067***
(0.001) (0.039) (0.017)

Log of value of capital per worker 0.185*** 0.116*** 0.256**
(0.011) (0.025) (0.115)

Log of value of raw materials and input inventories per worker 0.192*** 0.099*** 0.123
(0.013) (0.019) (0.117)

Observations 6058 6058 6058
Hansen J-Statistic 57.14
P-Value 0.172

Notes: Dependent variable is the log of labor productivity (measured in terms of revenue per worker). All
specifications include industry-year time trends and year fixed effects. Specification in column (2) includes
firm-level fixed effects. Specification in column (3) includes lagged values of the endogenous variables in
levels as instruments for the difference equation, and lagged differences as instruments for the equation in
levels. In the specification of column (3), industry-year and year fixed effects are included as instruments
in the levels equation, and industry fixed effects are included as instruments in the difference equation.
Regression sample comprises firms with manufacturing as the main production sector that do not change
their location over the duration of the sample. Huber-White standard errors are reported in parentheses.
∗,∗∗ and ∗∗∗ respectively denote significance at 10%, 5% and 1% levels. The coefficients of the constant are
not reported.

fluence all firms in our sample (in any given year).

While these results are a useful starting point, transforming variables using the loga-

rithmic transformation (by adding 0.0001 to the observations taking the value zero) may

result in biased parameter estimates, especially if the number of zero cases is a significant

proportion of the total number of observations (Battese, 1997). Thus, in this paper, we

choose to resolve this potential problem by adopting the IHS methodology, as has been

often done in the literature.

In Table 4, we follow this estimation approach in order to address the possible bias

in the estimations of Table 3 due to the "zero-observation" problem. As before, column

(1) includes the results of the OLS estimation, column (2) the fixed effects estimation,

and columns (3) (not including any respondent or firm-level controls) and (4) (including

respondent and firm-level controls) present the results of the DPD model estimated using

system GMM. We believe that the augmented production function estimation of column
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(4), i.e. with additional controls, is interesting from an econometric point of view, because

it also considers (and accounts for) some time-varying heterogeneity of firm characteris-

tics that could influence the production process.

Using the IHS transformation, we find that the variable of interest, capturing the

amount of health capital per worker, is significant at the 1% level across specifications,

and has a positive coefficient. For instance, in Figure 2, we find a robust positive asso-

ciation between residuals of health capital and of labor productivity, based on the fixed

effects model results of column (2) of Table 4. We find that the magnitude of this effect

increases in moving from the OLS results to those using the GMM approach, with a 1%

increase in the amount of the health capital per worker likely to lead to a 0.124% increase

in labor productivity in column (3), and a 0.121% increase in column (4).6

Moreover, the results of the test for the validity of the overidentification restrictions is

valid at the 5% level for both the estimations in columns (3) and (4). The difference in

the size of the magnitudes between column (2), and columns (3) and (4) has also been

observed in other studies where both fixed effects and DPD methods have been employed

in production function estimation, such as Lee et al. (2013). The results of column (4)

suggest that those firms with respondents who are owners (as opposed to managers) are

more likely to report having higher levels of labor productivity, whereas firms with older

respondents have lower levels of labor productivity. In this model, we find that being a

household enterprise, as well as the gender and education of the respondent and the age

of the firm, do not significantly affect the labor productivity.

The magnitude of the coefficient on the variable of interest in column (4) of Table

6 The interpretation of the coefficient when the explanatory variable is IHS transformed, and the depen-
dent variable is log transformed, is given by the following expression:

β =

∂y
y

∂x
x(x+
√

x2+1)+1

x+
√

x2+1

(4)

where y denotes the dependent variable, x denotes the explanatory variable, and β denotes the coef-

ficient on x. For large x, this expression reduces to the standard expression for elasticity, namely
∂y
y
∂x
x

.

Thus, we can interpret the coefficient as an elasticity in our case.
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4 can be interpreted in monetary terms as follows: an increment to health capital per

worker of 1 VND is likely to lead to an increase of revenue per worker by 0.45 VND.

This is equivalent to an increase in the health capital per worker by 43 cents per USD,

and a consequent increase in labor productivity of 19 cents per USD.7 We think that the

magnitude of this effect is of considerable importance, given that not all firms invest in

health capital, and that the size of these firms is rather small.

Figure 2: Labor productivity and investment at health
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Notes: Source: UNU-WIDER Vietnam Database. The graph plots the residuals from the regression
of the log of labor productivity controls and fixed effects versus the residuals from the regression
of the IHS transformed value of health capital per worker on all controls and fixed effects
respectively (following the model of column (2) of Table 4).

4.2 Robustness Checks

In Table 5, we present some additional results. For these estimations, we use the DPD

methodology with respondent and firm-specific controls of column (4) of Table 4, because

it accounts for some of the time-varying heterogeneity of firm characteristics that could

7 Given the exchange rate of 1 VND = 0.000043 USD).
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further influence the production process. In columns (1) and (2), we present the results of

the estimations for the sub-sample of firms that hire less than the first quartile, and more

than the third quartile of workers, respectively. We thus distinguish between firms that

are "small (less than or equal to three employees)" and "large (more than or equal to 12

employees) " in terms of the size of the total labor force to understand whether the positive

effects of health capital vary across firms based on size. We find that the variable for

amount of health capital per capita is significant in both columns (1) and (2), suggesting

that the positive effects of health capital that we observe have likely influenced not just the

larger firms, but also those that are smaller in size. Moreover, we find that higher levels of

capital stock have a relatively strong, positive and significant impact on labor productivity

for larger firms, while more raw materials have a significant and positive effect on the

labor productivity of smaller firms, which can also be expected.

While in our paper, we focus on the effects of reduced indoor air pollution (through in-

vestment in abatement equipment) on labor productivity, one may argue that the positive

effects that we observe may be driven by firms that are heavy polluters in terms of their

impact on air, water, and soil. According to the Porter Hypothesis, firms that pollute can

benefit from environmental regulations, which may facilitate efficiency, and encourage in-

novations that improve productivity and competitiveness of firms (Porter 1991, Porter and

van der Linde 1995). For example, a recent study found that an important national energy

efficiency program in China had a positive, statistically-significant effect on annualized to-

tal factor productivity change for a sample of iron and steel industry firms (Filippini et al.,

2019). Vietnam ranks high in terms of the Environmental Regulatory Regime Index given

its gross domestic product (GDP) per capita (Esty and Porter, 2001), which implies that

firms may have experienced improvements in productivity due to these regulations, in line

with the Porter Hypothesis, and not necessarily because they invested in indoor pollution

abatement equipment.

In columns (3) and (4) of Table 5, we estimate the main model for the sub-sample of

firms that do not belong to industries that are known to have been pollution-intensive in
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Vietnam (Dore, 2008) (column (3)), and for those that belong to these industries (column

(4)). These industries have been classified as pollution-intensive based on their impact on

air, water and land. The industries that we consider to be "pollution-intensive" for these

estimations are wood, paper, refined petroleum, chemical products, rubber, non-metallic

mineral products, basic metals, fabricated metal products, electronic machinery, motor

vehicles, and furniture. The results of column (3) reveal that the positive effects of health

capital on labor productivity are persistent even for firms belonging to industries that

are not known to be pollution-intensive, even though we also observe a slightly smaller

coefficient for the health capital variable in column (4) (the coefficients in columns (3)

and (4) are not statistically different from one another). Thus, we find that investments in

indoor pollution abatement equipment had a positive effect on labor productivity across

a spectrum of industries, and not just those that contribute to outdoor pollution.

In columns (5) and (6), we test for the robustness of our results in different subgroups

of industries. The two largest industry groups in our data are the food and beverage

industry, and the fabricated metal industry (together, they comprise about 50% of our

regression sample). The results of our analysis in column (4) of Table 4, where we pool

data over all industries may be driven by these two industries. In column (5), we re-

estimate the model of column (4) of Table 4 for the sub-sample of firms belonging to these

industries, and in column (6), we estimate the model for firms in all other industries. Our

main results are robust for both sub-samples of firms, suggesting that they are not driven

by the dominance of any particular industry in our sample.8

5 Conclusion and Policy Implications

Our findings suggest that health capital, measured as investments in worker health and

safety (through air quality investments, protective equipment against heat and noise, as

8 We also note that the over-identification test is not satisfied at the 1% level for the results of column
(5), while the results of the test are valid for all other estimations in Table 5 at the 1% level.
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well as in more or better lighting), are likely to improve the working conditions, and thus

lead to improved firm-level outcomes, such as labor productivity. These results are par-

ticularly important, given that while some of these industries have been important for

Vietnam’s economic development, they have also been responsible for significant environ-

mental deterioration, as well as poor working conditions for labor in the country (Dore,

2008).

The main contribution of this study is that we identify an effect for investment in

worker health on labor productivity using the production function approach which allows

us to control for choice of important inputs, and is an alternative to the experimental

and quasi-experimental approaches thus far adopted to study the effect of pollution on

firm-level outcomes. The policy implications of this study are particularly noteworthy:

referring to the results of our main specification (in column (4), Table 4), back-of-the-

envelope calculations suggest that the magnitude of the effect is significant. We find

that investing 43 cents per USD in equipment to reduce indoor air pollution by SMEs in

Vietnam can lead to an increase in labor productivity of 19 cents per USD. We feel that

this effect is of considerable importance, given that a) small business owners in low and

middle-income countries may find such investments to be costly, and b) workers in these

firms need, and can benefit greatly from, such investments.

Moreover, it suggests the possibility that both researchers and policy-makers need a

better understanding of the reason for underinvestment in worker health and safety, espe-

cially in developing country settings. Factors such as low awareness of legislative require-

ments, corruption, costs of investment, and difficulties in complying with regulation have

been found to be significant setbacks among SMEs, even in developed countries (Vickers

et al., 2005), and these may be highly relevant in the case of developing countries such

as Vietnam as well. Our study does not address this question, however it is remains an

important area for future research.

Our results suggest that OHS may be important, both as a form of human capital invest-

ment and as a workplace practice, and that it may be particularly biting for workers in the

27



manufacturing sector in developing countries. This has repercussions for policy-makers,

given that regulations are often weakly implemented in many such contexts. Moreover,

given the rapid industrialization underway in several developing countries, these findings

also have a bearing on policies regarding indoor pollution and environmental quality, in

general.
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