
1. BACKGROUND AND MOTIVATION 

Infrastructure is one of the key components of 

production and economic development. The definition 

of infrastructure can be explained as the totality of 

fundamental physical facilities upon which all other 

ranging from economic, social, and political activities. 

Infrastructure are those services without which primary, 

secondary, and tertiary production cannot work and that 

will lead to negative business performance. 

Infrastructure includes utilities such as roads, railways, 

port facilities, electricity, water supply and 

telecommunications networks. Fluctuations in the 

quality of infrastructure used in the production 

processes will significantly affect the performance of 

firms in terms of quantity of output, income, profits, 

and productivity. At macro level, it can lead to a job 

creation in the regional economy since a reliable 

infrastructure system promotes agglomeration of 

economic activities. Quality infrastructure is also viral 

for foreign direct investment and consequently boost 

international trade.  

Even though the presence and quality of infrastructure 

directly affecting economic development, the availability of 

proper infrastructure in most developing countries is still 

limited. Lack of proper infrastructure in developing 

countries has affected the abilities of their firms to fairly 

compete in the global market. Unreliable infrastructure 

systems affect firms through various impact channels, 

which can be categorized by: (i) direct impact, (ii) indirect 

impact, and (iii) induced impact.   
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Abstract 

Research purpose:  

This paper aims to provide a selective overview of recent studies on measuring the impact of infrastructure quality on 

firm performance. In particular, the paper identifies relevant definitions and metrics that are widely used for research, 

reviewing the key findings to date for infrastructure impact analysis with a focus on studies addressing developing 

countries. Then, the range of computer analytical methods and tools used to estimate impact is meticulously examined in 

accordance with the availability of various types of data.  

Research motivation: 

Infrastructure quality is an important part of the production process. Limited public service quality may directly or 

indirectly affect the economic activities of firms. However, measuring the impact of infrastructure quality on business 

activities is highly dependent on the availability of data types. Therefore, in the research of infrastructure impact 

analysis, it is necessary to determine relevant indicators and estimation techniques for each type of available data.  

Research design, approach and method: 

Systematic review is applied to provide a summary of recent studies and to answer the research question. We searched 

for literature on the impact of infrastructure on firms from 2005 to 2021. Then, from the selected research reports, we 

checked the data set used in the literature, and selected the research based on firm-level database.  

Main findings: 

The paper finds that infrastructure quality measured by length of road/highway, duration of electricity/water suspension, 

length of internet cables are the relevant metrics in the studies of infrastructure impact analysis. In addition, capacity 

utilization rate and total factor productivity (TFP) are widely used as indicators for firm performance. The paper 

indicates the key influences of various infrastructure sectors on business activities which can be summarized as: (1) 

High-quality infrastructure services play a vital role for both firm’s growth and its competitiveness; (2) Quality of road 

infrastructure is important to explain patterns of absolute advantage, explaining why firm in one region produce more 

efficiently than firm in others; (3) Quality of power supply and telecommunication infrastructure is important for 

explaining patterns of comparative advantage which introduces opportunity cost as a factor for analysis in choosing 

between different options for production diversification.  

Practical/managerial implications: 

The paper provides a guideline to conduct an infrastructure impact analysis based on firm-level data.  

Keywords: literature review, public infrastructure, infrastructure metrics, firm performance, firm productivity, capacity 

utilization, impact analysis, firm-level data 
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(i) Direct impact: Infrastructure disruptions interrupt 

firms’ activities, force them to operate at less than full 

production capacity, reduce their sales, and cause 

delays in the supply and delivery of goods. For 

instance, textile industries relying on electricity cannot 

produce due to power cuts, or likewise, a firm relying 

on water to cool a machine cannot manufacture 

products during a dry out.   

(ii) Indirect impact:  The indirect impacts of 

unreliable infrastructure are less immediate. They 

affect firms’ investment decisions, sway what products 

can and cannot be produced, and manipulate the 

composition and innovativeness of an industry. For 

example, a firm is less likely to upgrade its machinery 

to more productive technology if power cuts happen 

frequently. In addition, due to interruption of power or 

logistics activities which make firms inability to 

provide on-demand goods and services, consequently 

firms become less competitive in the market. In the 

aggregate, these effects are visible in an economy’s 

ability to generate wealth and in its global 

competitiveness. 

(iii) Induced impact: firms tend to incur costs for 

handling unreliable infrastructure. To mitigate the 

impacts of power cuts, firms used to own a backup 

power generator. However, power generators require a 

high operating cost which excludes more productive 

investments. Firms that locate in an area of 

inaccessibility to transport system may increase 

inventory capacity or worse, must move to expensive 

location in proximity to transport system, fast internet 

service… 

Hence, the subject has been drawn attention of many 

studies over time. Our paper builds on an extensive 

literature that estimates the economic effects of 

electricity, water facilities, transportation, and 

telecommunication. The main objective of this paper is 

accordingly to specifically focus on various measures 

used to estimate the effects between infrastructure 

quality and business activities of firms. By the end, we 

aim to answer two very fundamental questions: 

(1) What are relevant metrics of infrastructure quality 

and firm performance to perform an impact analysis 

that could be drawn from recent empirical research? 

(2) What are the key findings in the research work 

about the relationship between infrastructure quality 

and firm performance by infrastructure sectors? 

To attain the research purpose, we searched for 

infrastructure impact on firms related literature from 

about 2005 to 2021 including keywords such as 

‘‘infrastructure impact’’, ‘‘road 

network/transportation’’, ‘‘power outages’’, “ICT effect 

on firms” “developing economies”, and others. From 

the research reports identified, we checked the dataset 

used in the literature and chose research based on 

firm-level database. As a result, 56 literatures met 

inclusion criteria and included findings from national 

studies from China, India, Nigeria, Senegal, Kenya..., 

and international regions such as Eastern European and 

Central Asia, Middle East and North Africa, South Asia, 

Africa, and others. Figure 1 visualizes the distribution 

of reviewed literature based on investigated 

infrastructure sectors, namely transportation sector, 

electricity sector, ICT sector and multiple sectors. As 

we see, at firm-level data, electricity and transportation 

sectors are more attractive to researchers. Furthermore, 

we also classified by location of research scope since 

the availability of various data types also relies on scale 

of studied area. 

 

 
Figure 1. Literature Review List categorized by 

sectors and location 

This paper proceeds as follows. Section 2 discusses 

the infrastructure quality metrics and firm performance 

metrics used in literature to date. Section 3 provides an 

extensive literature review, addressing measurement 

issues as well as data challenges in developing 

countries. Section 4 concludes. 

 

2. METRICS OF INFRASTRUCTURE 

QUALITY AND FIRM PERFORMANCE 

Metrics of infrastructure quality and firm 

performance are highly dependent on the type of data 

collected to achieve the research objectives. In studies 

on the topic of measuring the impact of infrastructure 

on business operations, it is classified into two types of 

data: (i) primary data that the author designed to survey 

the current situation of the local infrastructure system 

and (ii) secondary data provided by the local 

government or the statistical department of a country or 

an international organization such as the World Bank, 

European Bank or United Nations. It reveals the fact 

that the choice between primary or secondary data 

depends on the location in which the research is 

interested. At the country or regional level, the 

secondary dataset conducted by the World Bank (ES 

survey) or European Bank (BEEPS database) is 

broadly accepted, while at the city level, researchers 

prefer to conduct their own questionnaires. Therefore, 

metrics for each type of data source are varying 

accordingly.  

 

2.1. Metrics of infrastructure quality 

Infrastructure quality is commonly reckoned in terms 

of three main aspects, these are (i) accessibility (ii) 

reliability and (iii) ease of connection.  

(i) Accessibility measures access to infrastructure 

services such as power/water supplied to firms or 
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access to main roads at specific location. Accessibility 

depends on the functionality of the critical facilities 

chain of generation, transmission, and distribution. In 

the class of primary data, infrastructure accessibility 

metrics are mainly measured on nominal and ordinal 

Likert scales. The nominal scale or binary data type is 

applied to firms surveying whether there is access to 

public infrastructure at firm’s location. Furthermore, 

accessibility measure can be converted to Likert scales 

when firm rate how difficulty to access the power - 

water supply, internet service or access to highways, 

port from 1 to 5 level of inconvenience.  

(ii) Reliability/quality is measured by the number of 

infrastructure service interruption per day as well as 

duration of service interruption. This distinction is 

important because firms can provide alternative source 

of electricity/water supply during interruption which 

tend to mitigate the loss level of infrastructure 

insecurity on the business. To investigate the 

quality/reliability of public infrastructure, in the class 

of primary data, interviewers asked firms to assess their 

public infrastructure experience at a 5-level Likert 

scale, from “Complete strongly disagree” to “Strongly 

agree”. The question is designed to test firms' 

perceptions of infrastructure services such as "I do not 

get enough electricity supply for my business” or “I 

have no idea when the outages will stop". As a result, 

estimation methods for ordinal data were used. Various 

estimation techniques such as normality test, linearity 

test, Exploratory Factor Analysis EFA, Confirmatory 

Factor Analysis CFA and Structural Equation Model 

were employed in estimating the effects between 

infrastructure factors and business cost, business 

performance. In addition, Alpha Cronbach’s, 

discriminant, and convergent validity estimate were 

generated to validate the measurement model.  

In the class of secondary data, the metrics for 

infrastructure quality and firm performance are much 

more ample. The firm-level data used in tremendous 

studies come from Business Environment and 

Enterprise Performance Survey (BEEPS) or Enterprise 

Survey (ES survey) which were conducted by the 

European Bank for Reconstruction and Development 

and the World Bank. Based on this survey, 

infrastructure factors are carefully investigated at 

mainly three services, namely electricity, water supply 

and telecommunications. For each sector, the database 

measure two types of service quality: annual frequency 

and daily duration of service suspensions. For instance, 

the information on how many days a firm experienced 

power outages last year are available. This varies from 

zero to 365 days. The database also provides the 

information on how many hours a power outage lasted 

on average if it happened. This varies from zero to 24 

hours. Since the raw data is collected in days, hours 

unit, they are transformed to input into the impact 

models as following:  

 The total number of service suspension during 

the year is given by:  

 

 

Where, ni is the number of times of incidence of 

suspension daily on average of duration; i = 1,2,3,4,5 

which means that 1=duration from 0 to 0.5 hr; 

2=duration from 0.5 hr to 1 hr; 3=duration from 1 hr to 

2 hr; 4=duration from 2 hr to 3 hr; 5=duration from 3 

hr and above.  

 The total time lost due to suspension 

 

 

 

where, γi: restart time after a suspension of duration i; 

di: duration of suspension. 

Many research directly take the natural logarithm of 

these continuous variables to build into their model, 

whereas some research prefer to use infrastructure 

reliability indicators computed by Doing Business 

survey1 namely GE indicator. GE indicator includes 

two indicators such as the system average interruption 

duration index (SAIDI) and the system average 

interruption frequency index (SAIFI) which are 

formulated as below:  

 

 

  

 

where, Nix = Total number of customers interrupted 

over year x; Ntx = Total number of customers served 

over year x; Ri = Average restoration time (in hours) 

The GE indicator provides power outage data for 

each economy’s largest business city and the second 

largest city in 11 economies. By formularization, it is 

easy to see that such indicators are appropriate to 

measure impact at macro level. Arlet (2017) employs 

SAIDI and SAIFI metrics to assess the impacts of 

public utilities such as electricity, and 

telecommunications using firm-level data for 190 

countries in Eastern Europe and Central Asia.  

(iii) Another metric could be used to quantify the 

infrastructure services is the ease of the connection 

process. ES survey provides data of duration for 

application for electricity/water connection, measured 

in days unit. At firm level research, this data is utilized 

directly into the models, whereas at country/regional 

level research, it is transformed into average 

connection time of all firms located in that specific 

country/region. The ease of connection process is also 

collected in primary data in which firm rates how 

convenient for firms to apply a water/power connection 

in term of time and cost together.  

 

 

2.2. Metrics of firm performance 

                                                           
1 Doing Business survey presents the ease of doing business score 
and ease of doing business ranking across 190 economies—from 

Afghanistan to Zimbabwe—and over time. It provided 

methodologies to measure quantitative indicators on business 
regulations such as starting a business, dealing with construction 

permits, getting electricity, registering property, getting credit, 

protecting minority investors, paying taxes, trading across borders, 
enforcing contracts, and resolving insolvency.  

𝑆AIDI =
∑ N𝑖𝑥

𝑁𝑡𝑥
  (3) 𝑆AIFI =

∑(𝑟𝑖×N𝑖𝑥)

𝑁𝑡𝑥
  (4) 

𝑡 = ∑(𝑛𝑖(ⅆ𝑖 + 𝑦𝑖) × 365)

5

𝑖=1

 (2) 

n =  ∑ (𝑛𝑖 × 365)  5
𝑖=1 (1) 
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Measuring the performance of the firm is an 

important activity that underpins the strength of any 

business. The performance of firms is usually evaluated 

from different points of view. In literature survey, 

operational measures such as operating cost, 

profitability, productivity, and innovation are the most 

mentioned ones. These metrics are more frequently 

employed in the literature for manufacturing enterprise 

performance in accordance with concept of measuring 

the impact of infrastructure factors.  

(i) Operating cost as firm performance metric 

First and foremost, unreliable and inefficient 

infrastructure system impacts the firm outcome directly 

in terms of operating cost. Any disruption of 

infrastructure lead to negative effects on the continuity 

of production process and service delivery, diminishing 

aggregate productivity. To cope with these disruptions, 

firms need to invest excessively in an expensive 

backup system or technology and consequently 

increasing the operating cost. Therefore, to measure 

these adverse impacts, many research utilize operating 

costs to expose firm performance due to infrastructure 

disruptions. Operating cost could be performed in 

terms of losses associated with power/water outage as a 

percentage in total sales in a specific period, or 

capacity utilization upon on availability of the database. 

Most studies use cost function assuming that firm’s 

costs are dependent on fixed cost which are affected by 

the quality of infrastructure services rather than 

variable costs of production. For instance, the cost 

incurring due to suspension of water or electricity can 

be counted on a fixed expense since the water 

suspensions may affect the quality of product or power 

outage may incur extra salaries for employees after 

electricity restoration. Imi (2011) regresses relationship 

between quality of infrastructure and the total operating 

cost, then compute the marginal impact of improved 

infrastructure quality on firms’ costs. Rentscheler et al 

(2019) measure impact of power outage on 

self-reported sale losses. The World Bank’s enterprise 

survey provides data of losses on total sales due to 

infrastructure suspensions which are anticipated by 

firm owners or managers.  

In case that such self-reported losses data are not 

available, some studies use capacity utilization rate 

instead. Capacity utilization is a common metric used 

to calculate the rate at which the prospective levels of 

output are being met or used. The rate is displayed as a 

percentage and provides an insight into the total 

utilization of resources and how a firm is limited to its 

full production capacity because of frequent 

disruptions of electricity, water, or transport 

infrastructure. As a result, many research (Rentscheler 

et al 2019) analyze a model that simultaneously 

estimates the impact of water, electricity, and transport 

disruptions on a firm’s utilization rate. When 

investigating the impact of specific sector such as 

electricity, James (2013) proposes formular to compute 

the capacity utilization based on electricity real 

consumption. Accordingly, capacity utilization refers to 

the intensity with which the resources of the firm are 

employed. It is captured by amount of electricity that a 

firm consumes in a month, when this is normalized by 

the number of hours that the firm is connected to the 

electricity grid:  

 

 
 

 

Where CEit is the electricity consumption of firm i at 

month t, Hit is the number of hours on grids of firm i at 

month t which can be calculated by taking the total 

production hours minus the hours of outage. By this 

definition, electricity consumption can be proxied as a 

measure for utilization rate.  

(ii) Productivity as firm performance metric 

Impact of infrastructure can be captured via 

productivity as well. There are many different 

productivity measures. The choice between them 

depends on the purpose of productivity measurement 

and, in many cases, on the availability of data. 

Generally, productivity measures can be classified as 

single factor productivity measures (relating a measure 

of output to a single measure of input) and total factor 

productivity measures (TFP - relating a measure of 

output to a bundle of inputs). Under the mechanism 

that reliable and efficient infrastructure service would 

increase productivity, or highly productive firms may 

have access to more reliable and efficient public 

services, labor productivity is mostly used in model 

estimating the impact of infrastructure. The labor 

productivity can be defined at firm level as 

 

  
Where Yi is total gross sales and Li is total employees. 

Studies which employ ES firm-level data, also use 

productivity of firm i at time t for availability of panel 

data or at aggregate level, or it could expand to 

productivity of firm i in country c at time t (Arlet 2017) 

depending on research’s scope.  

Another common productivity measure is multifactor 

productivity or total factor productivity (TFP). The 

variables used to estimate firm-level TFP including 

total sales (revenues), raw materials cost and total 

employees.  

Formally, TFP is calculated from Cobb-Douglas 

production function as 

 

𝑇𝐹𝑃𝑖 =
𝑉𝐴𝑖

𝐿𝑖
𝛼𝐾𝑖

𝛽
  (7) 

 

Where VAi is real value added which is the real value of 

output adjusted for the real cost of all intermediate 

inputs; Li is labor input. Real value added is defined by 

subtracting the raw materials cost from total sales. 

According to (7), TFP is calculated by dividing output 

by the weighted geometric average of labor and capital 

input, with the weighting of α for labour and β for 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑖,𝑡 =
𝑌𝑖

𝐿𝑖

  (6) 

𝑢𝑖𝑡 =
𝐶𝐸𝑖𝑡

𝐻𝑖𝑡
   (5)     
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capital. The labor and capital elasticities could be 

calibrated from Input - Output table2 at country level 

or by adapting semiparametric estimation approach 

proposed by Levinsohn and Petrin (2003) at firm level 

(Wan and Zhang 2017).   

Another econometric approach is commonly applied 

to compute firm level TFP as the residual of the 

equation:  

then,  
 
 

where VAit is real sales minus raw materials cost; Kit-1 is 

capital stock in previous term; Lit is employment; µi is 

a firm fixed effect to capture permanent differences 

across firms; µt is a time fixed effect to capture 

aggregate changes common to all firms.  

Putting all metrics together, a range of regression 

models are constructed to evaluate the effects of 

infrastructure on firm operating cost/firm productivity. 

Firm operating cost and firm productivity is set up as 

dependent variable, whereas a range of infrastructure 

metrics (raw value or index value) are used as 

independent variables. Models is also controlled by 

firm specific variables such as firm size, capital 

intensity, export status or ownership dummy variables 

(Arlet 2017, Rentschler et al 2019). Further, many 

fixed effects caused by location, by industries or by 

years are included as well in an impact regression 

models (Wan and Zhang 2017). Basically, the 

regression is defined in form of cost function as:   

 

𝐶𝑖 = 𝛽0 + 𝛽Y𝑌𝑖 + 𝛽L𝐿𝑖 + 𝛽K𝐾𝑖 + 𝛽Zk′𝑍𝑘 +  𝑢i  (10) 

 

where Ci denotes the total operating cost of firm i, Yi is 

output proxy and Li, Ki as input prices; Zk is a vector of 

kth measure of infrastructure quality.  

In the form of Cobb-Douglas typed production function 

is defined as:  

 

𝑇𝐹𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝐼𝑁𝐹𝑅𝐴𝑆𝑖𝑡 + δ′𝑋𝑖𝑡 + 𝜇k + 𝜇t

+  𝑢it   (11) 

 

where the subscripts i, t index the firm and years 

respectively; TFP is the total factor productivity 

calculated from (9); INFRAS stands for the 

infrastructure quality (one or multi metrics as described 

(i); X is a vector of firm specific control variables and 

µk is a industry fixed effect to capture permanent 

differences across firms in industries; µt is a time fixed 

effect to capture aggregate changes common to all 

firms.  

TFP is a common summary statistic for evaluating 

the performance of a firm or a industry. Generally, 

                                                           
2 The input-output (I-O) table records the flows of goods and 

services using the transaction values between industries. It shows for 
each industry what kinds of products are purchased with what 

amount as inputs to produce its output (the column), or to which 

industries/final Demand sectors the product is supplied for further 
use (the row). 

most developed countries have data which are almost 

well fitted for obtaining measures of either labor 

productivity or TFP. By contrast, for developing 

countries, the variables required for TFP calculations 

are not readily available, or only in very small numbers. 

Distinction between labor productivity (as total gross 

sale per employee) and TFP (value-added per employee) 

gives researchers a slightly broader indicator of firm 

performance: for instance, a firm might be quite 

productive on the factory floor but suffer from very 

high transport costs, decreasing its TFP relative to labor 

productivity. One more advantage of utilizing TFP is 

that it allows to compare across sectors or industries 

which is common controlled in infrastructure impact 

analysis. 

 

3. A LITERATURE REVIEW OF 

INFRASTRUCTURE IMPACT EVIDENCE 

In this section, the paper aims to examine the range 

of recent research working on interested topics and 

summarize the key findings on research of evaluating 

impact of public infrastructure on firm performance. 

The review is analyzed in accordance with aspect to the 

availability of firm level data (aggregate or 

disaggregate data) and the sources of impacts (by 

which sectors: transportation, electricity/water or 

telecommunication).  

As mentioned in Fay and Morrison (2007), data on 

the quality of public infrastructure service are difficult 

to measure and generally thin. Therefore, the 

availability of quality data effects the research scope in 

some way. One of the most advantage of firm level 

data provided by WB or EB is that such data allow to 

capture potential heterogeneity in public utilities 

service within a country (developed country versus 

developing country) or within an interregional area 

(urban area versus rural area). Figure 2 shows the 

distribution of percentages of firms experiencing with 

power outages around the world based on ES survey of 

World Bank.  

 

 
Figure 2: Percentage of firms experiencing frequent 

power outages by country. 

(Source: World Bank 2019 ES survey data) 

 

On the aggregate level, many research conduct a 

comparative analysis across countries to investigate 

effects of public infrastructure on business performance. 

𝑉𝐴𝑖𝑡 = 𝜇i + 𝜇t + 𝛼1𝐿𝑖 + 𝛼2𝐾𝑖𝑡−1 + 𝜀it  (8) 

𝑇𝐹𝑃𝑖�̂� = 𝜀𝑖�̂� = 𝑉𝐴𝑖𝑡 − 𝜇i − 𝜇t − 𝛼1𝐿𝑖

− 𝛼2𝐾𝑖𝑡−1 (9)  
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Iimi (2011) focuses on the impacts of improving the 

quality of public utilities (electricity, water supply, and 

telecommunications), using firm-level data from 26 

transition economies in Eastern Europe and Central 

Asia. The firm-level data used in this paper allow the 

study to take into consideration the fact that the quality 

levels of infrastructure services received by individual 

firms are different in different places in a country. The 

paper indicates that firms’ costs are dependent on a 

productivity or fixed cost parameter, which is affected 

by the quality of public infrastructure services. Moyo 

(2013) conducts a study to examine the impact of the 

quality of power infrastructure on productivity of 

manufacturing firms in five Sub Saharan African 

countries. The paper measured power infrastructure 

quality using the number of hours per day without 

electricity and the percentage of output lost due to 

outages and found these indicators to be negative and 

significant determinants of productivity. Arlet (2017) 

tests the relationship between electricity sector 

characteristics, as measured by Doing Business, and 

firm performance in a cross-sectional sample of 80 

economies and confirms that power outages are 

negatively associated with firm productivity. Similarly, 

impact of public utilities services has been revealed in 

many economies such as Middle East and North Africa 

(Antonio et al 2013), Central Asia (Azhgaliyeva et al 

2021; Karymshakov & Sulaimanova, B. 2019).  

On a disaggregated level, many attempts to estimate 

the impact of poor infrastructure services on firms in a 

specific country or a specific region within a country 

are implemented. Africa is the region in which 

infrastructure condition is still extremely limited. 

Figure 3 shows the average percentage of firms stating 

“electricity” and “transportation” as major constraints 

by regions in the world. It can be revealed that Africa 

constitute the lowest public infrastructure quality in the 

world, consequently, the average firm’s utilization rate 

in this region is the lower (the blue line). 

 

 
Figure 3: Percentage of firms indicating infrastructure as 

major constraint and firm’s capacity utilization by region. 

(Source: author’s summarization based on World Bank 

2019 ES survey data) 

 

Therefore, number of research carrying out an impact 

analysis in this area is abundant such as in Nigeria 

(Obokoh and Goldman 2016; Akinyele et al 2016), 

Senegal (Lassana & Abdoulaye 2013), South Africa 

(Boonzaaier et al 2015), Kenya (Mugo & Kinyua 2019). 

Several recent papers focus specifically on Indian 

electricity supply: Ryan (2013) estimates the potential 

welfare gains from expanding transmission 

infrastructure, Cropper et al (2011) and Chan, Cropper, 

and Malik (2014) study the efficiency of Indian coal 

power plants, and Abeberese (2012) tests how changes 

in electricity prices affect manufacturing productivity. 

Hunt Allcott et al (2014) study how electricity 

shortages affect all Indian manufacturers, using an 

instrument based on hydroelectricity production and a 

hybrid Leontief/Cobb-Douglas production function 

model.  

Most of above-mentioned studies tend to mix the 

indirect and direct effects as the total effect when 

estimating the impact of infrastructure. There are few 

studies attempting to distinguish between direct and 

indirect effects on firm of public infrastructure. Wan 

and Zhang (2017) conduct an empirical study to 

estimate the direct and indirect effects of infrastructure 

on Chinese firms’ productivity and find out that road, 

telecommunication, and electrification directly increase 

firm productivity. Furthermore, study reveals that 

public utilities also exert a positive indirect effect on 

productivity through the agglomeration channel. 

Similarly, Abbas (2016) quantifies the various costs 

incurred due to power outages in Punjab by the 

small-scale manufacturing sector. The paper estimates 

separately direct costs like spoilage cost or value of 

output loss and indirect costs like inbuilt power 

generation costs (capital cost, fuel cost, operation and 

maintenance costs of generators).  

In the sector-specific literature, number of research 

on evaluating impact of transportation on firms is 

dominant in comparison to power/water supply and 

telecommunication. Roads are normally found 

productive and instrumental in growth (Fan, Zhang, 

and Zhang 2002; Luo 2004; Shepherd et al 2006; 

Shirley et al 2004). The benefits from roads can 

outperform even the labor cost advantage (Boudier 

Bensebaa 2005). Good road infrastructure will help to 

lower distribution and inventory costs of businesses 

(Shirley and Winston 2004). Impact of transportation 

sector is investigated in many recent research including 

Banerjee, Duflo, and Qian (2012), Donaldson (2012), 

and Donaldson and Hornbeck (2013) on the effects of 

railroads in China, India, and the United States. A 

subset of this literature focuses on electricity supply. 

Hunt Allcott et al (2014) study how electricity 

shortages affect all manufacturers and indicate that 

firms without generators have much larger losses, and 

because of economies of scale in generator capacity, 

shortages more severely affect small firms.   

In addition, telecommunications infrastructure has 

been found especially influential (Lio and Liu 2006). 

Information and communication technology (ICT) 

infrastructure plays an increasingly important role, in 

relatively small countries pursuing for export-led 
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growth; it could contribute to shrinking geographic 

distance as well as improving labor productivity 

(Jalava and Pohjola 2007). The impact on operational 

performance has been studied mainly using 

productivity measures and cost reduction (Das et al, 

2011). ICT increases productivity and operational 

efficiency in specific business processes, not only by 

reducing costs but also by impacting on intangible 

assets such as quality improvement in design processes 

or life-cycle enhancement in inventory management 

systems (Melville et al 2004). 

Generally, the key findings based on infrastructure 

sectors (transport, electricity, water, or ICT) can be 

summarized as follows: 

 The firm-level data used in each paper allows it to 

take into consideration the fact that the quality 

levels of infrastructure services received by 

individual firms are different in different places in a 

country. 

 Most literatures indicate that poor roads/transport 

and electricity outages are major problems. 

Regarding to effects of electricity services, shorter 

but more frequent electricity outages seem to be 

less harmful for firms than longer but less frequent 

ones. However, frequent water interruptions may 

not be problematic. The evidence can be interpreted 

to mean that unlike electricity, repeated short 

interruptions of water supply could be 

accommodated if the services are restored quickly. 

The measured quality of telecommunications 

services seems to have little role to play in 

influencing firm costs. This is possibly because 

telecommunications services, particularly in the 

mobile segment, are largely reliable in the sample 

region (most of them are urban areas), except for 

rural and remote areas. 

 The interaction effects between firm size and 

industries vary by countries and regions. However, 

most research reveals that electricity disruption are 

only associated to the productivity of small and 

medium scale firms but not large firms. Large firms 

can be successful in minimizing the detrimental 

effects of infrastructure disruption. This is relevant 

to the ‘missing middle’ puzzle which notes that 

developing countries have far less medium sized 

firms than their more developed counterparts. 

Among the reasons that have been proposed to 

explain the puzzle are transaction costs, regulation, 

poor institutionalized support for small and medium 

firms and bias against small firms in industrial 

policy. These proposed explanations do not 

consider aspects of the business environment, 

which are specific to developing countries, like 

frequent disruptions in electricity/water supply. 

Large firms in these environments can minimize the 

effects of these shocks and so small/medium sized 

firms may be more negatively impacted without the 

existence of any explicit bias. 

 The interaction terms between the manufacturing 

dummy and infrastructure do not suggest that 

infrastructure is any more associated to the 

productivity of firms in manufacturing versus 

services. As policy implication, this suggests that 

reliability is important for all private sector actors 

and efforts to improve it need not be targeted to 

groups of firms. 

4. CONCLUSION 

The economic effects of public infrastructure quality 

on firms’ activities have been analyzed in many studies 

and evolved over time. Remarkable evidence of the 

impact that infrastructure disruptions have can be 

found in the World Bank’s Enterprise Survey. In this 

survey, firm owners and managers are asked to identify 

a business environment element from a comprehensive 

list that represents the major constraint experiencing by 

firms. According to the survey, firms in South Asia and 

Africa tremendously choose electricity as the major 

constraint that they face. In the Middle East & North 

Africa, transport is quoted as “the major constraint” 

(Figure 2). Most reviewed studies rely on the World 

Bank Enterprise Surveys, which consist, in most 

countries, of a cross-sectional data set, though in a few 

cases panel data is available. Obviously, cross-sectional 

data restricts the analysis and the findings. In addition, 

the World Bank Enterprise Surveys, particularly in the 

earlier rounds, largely gather only perception-based 

data which further limits the econometric analysis and 

interpretation of results.  

Infrastructure quality is a significant component of 

production process. As such, limited public services 

quality has the potential to directly or indirectly, affect 

the economic activities of firms. A common approach 

in the literature is to measure the output loss associated 

with infrastructure disruption. One of the analytical 

frameworks used is a production function in which 

effectively contributes directly to firms’ output as a 

separate input, and indirectly as a determinant of the 

extent to which other direct inputs such as capital 

equipment is used. An alternative approach, a 

subjective method, is based on self-reported by which 

surveys ask firms to quantify the loss they incur due to 

power outages. This approach relies on the assumption 

that firms are well-positioned to provide a relatively 

accurate valuation of how much it cost them to replace 

more frequently or to repair damaged machinery or 

equipment, or to assess the lost output due to idled 

inputs. A simple approach to evaluate the costs of 

infrastructure disruption consists of just aggregating 

the cost amounts provided in the survey. However, 

many biases can afflict the outcome, since firms may 

tend to overestimate the induced costs, hence, 

over-emphasizing the constraint that public 

infrastructure may affect their business activity. 

Because of this shortcoming, capacity utilization rate 

and total factor productivity (TFP) are more relevant 

metrics in the class of infrastructure impact analysis, 

thus in pair with such dependent variables, 

infrastructure quality measured by length of 

road/highway, duration of electricity/water suspension, 

length of internet cables are employed into estimated 
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models. Regarding the research question about key 

influences of various infrastructure sectors on business 

activities, it could be summarized as: (1) High-quality 

infrastructure services play a vital role for both firm’s 

growth and its competitiveness; (2) Quality of road 

infrastructure is important to explain patterns of 

absolute advantage, explaining why firm in one region 

produce more efficiently than firm in others; (3) 

Quality of power supply and telecommunication 

infrastructure is important for explaining patterns of 

comparative advantage which introduces opportunity 

cost as a factor for analysis in choosing between 

different options for production diversification.  In 

addition, many research find out that transportation is 

critical for low or developing countries where 

technology-intensive industries are dominant, while 

electricity is essential for high technology-intensive 

industries. Concerning the interaction effect between 

industries and firm size, empirical research emphasizes 

the significant effect of electricity on small-scale firms. 

These various approaches, coupled with the 

specificities of countries, diversification of industries 

under study, have translated into a wide range of 

estimates. Therefore, for any infrastructure investment, 

the necessity to conduct impact analysis at a specific 

region level under various industries control is highly 

recommended. 
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