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Abstract: International construction professional service (I-CPS) refers to a knowledge-intensive
professional service (KIPS), such as architecture, engineering, and consultancy, which uses technol-
ogy/human capital as its major input and is better positioned to create new market opportunities
and profitability. While the I-CPS market has recently stagnated owing to political, economic, and
social uncertainties, the continuous growth and survival of I-CPS firms are becoming an issue, and a
country’s competitiveness in supporting these firms is becoming increasingly important. The market
structure of an industry results from the competition between countries or firms, which helps identify
future market opportunities and establish a timely competitive strategy. The objective of this study is
to quantitatively analyze the I-CPS market structure based on top international design firms (TIDFs).
This study analyzes the revenue structures of TIDFs by nationality to identify country-specific factors
in the I-CPS industry. The Engineering News-Record’s (ENR) Top 225/200 International Design Firms
List for the past decade (2011-2021) was used to analyze international revenue in the major 15 coun-
tries. This study analyzed the I-CPS industry’s concentration for static analysis, and for dynamic
analysis, the rank distribution of TIDFs, their mobility, and instability by firm nationality were ana-
lyzed sequentially. The results confirmed that market forces shifted from Europe and USA to Canada
and China and that the market position was unstable in many countries. Additionally, this study
divides the 15 countries into four static and dynamic combinations: high-static and high-dynamic,
high-static and low-dynamic, low-static and high-dynamic, and low-static and low-dynamic. The
findings of this study help understand country-level competition in the I-CPS market from a macro
perspective, and provide directions for follow-up studies related to the I-CPS market structure.

Keywords: international construction professional service; top international design firms; market
structure; firm’s continuous growth; country-level competition

1. Introduction

The global construction market is categorized into construction professional services
(CPS) and contracting services. A CPS refers to a knowledge-intensive professional service
(KIPS), such as architecture, engineering, and consultancy, which uses technology/human
capital as its major input, whereas a contracting service refers to general construction
works, procurement, and non-design services [1]. Although CPS and contracting services
are classified as different activities under the industry classification by the World Trade
Organization [2] and the United Nations [3], it is easy to see a multidisciplinary business or
complementary approach in recent years in which CPS firms provide contracting services
or contracting firms provide CPS.

Although the business base of CPS firms is primarily in the domestic market, inter-
national market entry is essential for CPS firms not only to mitigate the impact of the
cyclic nature of their domestic market, but also to stabilize firms’ financial performances
by increasing their global activities [4]. As one of the representative non-manufacturing
industries, the construction industry is very sensitive to macro-level uncertainties due to
its project-based and on-site production characteristics [5]. To overcome these industrial
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characteristics and limitations, major countries have supported contracting and CPS firms’
international businesses through the following specialized organizations: the European
International Contractors, the International Contractors Association of Korea, the China
International Contractors Association, the Turkish Contractors Association, and the Over-
seas Construction Association of Japan. Regardless of the size of the domestic market, the
export of the construction industry is an important issue at the national level.

In international markets, especially those with more uncertainty than domestic mar-
kets, a CPS is crucial for creating new markets and driving high value addition [1,6]. First,
the international CPS (I-CPS) has a knock-on effect on related business areas, including
construction and materials/equipment export. While international contracting businesses
are exposed to many different constraints, including land use; construction regulations and
technical requirements; construction permits and inspection; registration of proprietors,
contractors, and professionals; regulation of fees and remuneration; and environmental
regulations [7], CPS is a software industry that is relatively free from such constraints. Fur-
thermore, as project delivery systems become more diverse with construction management
at-risk, lump sum turnkey, and integrated project delivery and clients’ needs are becoming
more complex, the role of CPS firms as economic agents becomes increasingly important
from the initial stage of a project. The integrated approach of CPS and contracting services
is increasingly being used as a business strategy by international construction firms, as this
approach helps solidify bonds with clients and ensures a continuous track record. Many
firms such as Worley (Australia), Wood (UK), Fluor (USA), Power Construction Corp. of
China (China), China Energy Engineering Corp. (China), and Larsen and Toubro (India)
are included in both the Top 225 International Design Firms List [8] and the Top 250 Inter-
national Contractors List [9]. Engineering News-Record (ENR) independently categorizes
CPS firms and contracting firms in international markets into top international design firms
(TIDFs) and top international contractors (TICs) and publishes the revenue of top-tier firms;
TIDFs tend to deliver more profits than TICs [1,6]. According to ENR data as of 2021 [8,9],
while 17 of 170 TICs reported losses (international loss rate: 10.0%), 5 of 153 TIDFs reported
losses (international loss rate: 3.3%). As described above, the I-CPS is a software industry
that delivers high added value relative to input resources and has the following character-
istics, as mentioned by Jewell et al. [10,11]: host-country /location-specific, often client-led,
highly customized bespoke output, extrinsic demand, project-based, heterogeneous, and
knowledge-intensive.

According to the ENR, the international revenue of TIDFs has been on the rise until
the early 2010s but has since stagnated at approximately USD 70 billion because of market
uncertainties, including financial turmoil in Europe and USA [12], low oil prices [13],
geopolitical tensions and economic nationalism [14], the COVID-19 pandemic [15], and
the Ukraine war [8] (Figure 1). More specifically, the international revenue of TIDFs was
USD 17.8 billion in 2001, USD 65.3 billion in 2011, and USD 67.7 billion in 2021, with the
compound annual growth rate greatly decreasing from 13.9% in 2001-2011 to 0.4% in 2011-
2021 [8,12,16]. Owing to these low-growth conditions and uncertainties in I-CPS markets,
the continuous growth and survival of TIDFs have become important issues in recent years,
and their success depends on their strategic choices (e.g., strategic alliances, diversification,
and mergers and acquisitions) and capabilities. As the author stated earlier, the long-term
presences of TIDFs are meaningful for maintaining construction competitiveness both at the
firm- and country-levels in terms of creating new I-CPS market opportunities and knock-on
effects on related business areas (construction services and materials/equipment export).
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Figure 1. Recent trend of top international design revenue (ENR [8,12-22]).

Emerging firms, firms delivering steady performance, and declining firms change over
time based on the overall results of firms’ economic activities [23,24]. Market structure is
determined by the dynamics between clients and suppliers (I-CPS firms) or competition
between suppliers and represents a given industry’s competitiveness [25]. In this context,
identifying the I-CPS industry’s market structure helps to identify future market opportu-
nities and establish competitive strategy in a timely manner. Country-level competition has
become increasingly important in recent years as newly industrialized countries (NICs),
including China, have increased their market share through strong government support
and low-cost strategies [24,26].

This study analyzes the underlying market structure of I-CPS revenue by firm nation-
ality based on ENR’s TIDF data. Using industry-level information, the primary goal is to
answer, “How is the competitive environment structured?” and the following hypothesis is
established accordingly: the I-CPS revenue structure by country varies significantly across
country-specific circumstances (e.g., market players, national environment, and govern-
ment support). By analyzing the revenue structure of TIDFs by nationality, this study
examines the country-specific factors that affect firms” continuous growth and survival
in the I-CPS market. To do so, this study considered how the revenue structure of firms
changed by nationality and discussed its originality through a literature review. This study
uses the static and dynamic indices introduced by Jiang et al. [23] and Lee and Kim [24] to
compare revenue structures in 15 countries. ENR’s Top 225/200 International Design Firms
List for the past decade (2011-2021) was used for analysis.

2. Research Background
2.1. I-CPS Competitiveness and Revenue Performance

Considering that I-CPS firms are smaller and find it more difficult than international
contractors to achieve a track record across markets, a country’s competitiveness is impor-
tant in the I-CPS industry. The Netherlands Engineering Consultants (NEDECO) operated
from 1951 to 2001 and set best practices as a country-level I-CPS firm consortium. NEDECO
covered water, ports and transport, environment, infrastructure, and corporate and insti-
tutional development, and provided I-CPS across policy preparation, research, feasibility
studies, design and engineering, and project management in 135 countries [27]. This
country-level consortium effectively incubated I-CPS firms based on their universally rec-
ognized status in international markets [28]. I-CPS firms, such as Fugro NV (ENR’s TIDFs
rank in 2021: 14th of 225 firms) and Royal HaskoningDHV (ENR’s TIDFs rank in 2021:
37th of 225 firms), were part of NEDECO [27,28]. There are also public or private-led
consortiums by sector, and examples of the water industry are as follows: German Water
Partnership, Korea Water Partnership, Singapore’s Environment and Water Industry Pro-
gramme, Canada’s (Ontario’s) Water Technology Acceleration Project, Israel’s NewTech,
and the US’s (Milwaukee’s) The Water Council [29]. As previously described, a country’s
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competitiveness in the I-CPS industry is crucial for mitigating risk and ensuring a track
record when I-CPS firms advance to international markets. Considering its importance,
in-depth academic research has been conducted on the CPS industry in different coun-
tries, such as UK [10,30,31], Ireland [32], China [6], and Malaysia [33], and covers various
topics, including a firm’s evolutionary path [34], quality issues [30,35], human resource
issues [36,37], sustainability issues [38], and market structure [23]. In the most recent
studies, Raphael et al. [39] evaluated service quality gaps of Nigerian CPS firms to improve
their global competitiveness. Murphy and Seriki [40] provided empirical evidence of the
impact of environmental volatility on the strategic decision-making process in Irish CPS
firms. Adesi et al. [41] investigated complex factors that hinder effective pricing of CPSs in
Ghana to suggest strategies for mitigating their negative impacts. In addition, according to
ENR [42] published in August 2023, the I-CPS market is facing climate change, and resilient
design demands grow to provide solutions to unexpected temperatures and water/energy
shortages. In this situation, I-CPS firms are accelerating digital transformation (e.g., ad-
vanced building information modeling, artificial intelligence integration, etc.). For the
market structure, revenue performance has been adopted as a key competitiveness factor of
countries and firms in the construction industry [24,26,43-45]. Revenue performance due to
business activities is an effective measure for capturing a country’s or firm’s static position
or dynamic changes in a certain market [23,24]. It is difficult to consider all variables that
affect the market structure. Previous studies have used market concentration [46—48] as
a static index and market mobility and instability [23,24,49] as dynamic indices. Market
concentration is an index that quantifies revenue or assets captured by a certain group
of firms in a particular market and is considered a measure of market power or market
entry barriers, as it shows the outcome of competition between firms [46-48]. Meanwhile,
because market concentration is a static market share measure at a particular time and has
limitations in capturing dynamic market changes, few studies have used market mobility
and instability concepts as alternatives to explain the dynamics of the competitive envi-
ronment [23,24,49]. Competitive powers in a market are categorized as emerging firms
(new entrants), declining firm (exiting firms), and firms delivering steady performance
(continuing firms). Market mobility describes the shift in market share from exiting firms
to new entrants, whereas market instability describes the situation of continuing firms
defending their market positions [23,24,49]. Some of the most notable studies are based
on a complementary combination of the aforementioned static and dynamic indices in
the construction sector. Jiang et al. [23] analyzed the market structure of I-CPSs by sector
(e.g., transportation, buildings, petroleum, power, and water), contributing to a better
understanding of the I-CPS market at the industry level. More recently, Lee et al. [24]
analyzed country-specific factors in the international construction industry in 12 major
countries (e.g., China, Spain, USA, France, and Germany) and quantitatively explained
how country-level competitiveness was maintained. As a follow-up to Lee et al. [24], this
study sheds new light on the I-CPS industry from the perspective of a country’s competi-
tiveness and differentiates itself from other studies, as it examines country-specific factors
contributing to continuous growth and survival in 15 major countries.

2.2. Recent Revenue Structure of TIDFs

The I-CPS market is sensitive to macro factors such as political, social, and economic
factors [23], and the share of their revenue changes dynamically according to region
(Figure 2) and firm nationality (Figure 3). The mean share by geographic region in the
past decade (2011-2021) includes North America (25.8%), Europe (24.5%), Asia/Australia
(23.0%), the Middle East (14.6%), Latin America/Caribbean (6.2%), Africa (5.8%), and
others (0.1%). In recent years, the combined share of Europe, North America, and Asia
has accounted for more than 80% of the overall market, whereas while the shares of other
regions have tended to stagnate or decline.

On the other hand, the mean shares by firm nationality in the past decade included
Europe (35.1%), USA (29.1%), Canada (12.5%), Australia (8.5%), China (5.2%), Republic
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of Korea (1.4%), and Japan (1.3%). Specifically, in Europe, UK (9.9%), The Netherlands
(9.1%), Spain (3.4%), France (3.1%), Denmark (2.7%), Italy (1.4%), and Germany (1.0%)
account for high market shares. Although firms in the US have seen a huge decline in their
share in recent years, European and American firms account for 64.2% of international
revenue. Firms in Canada and China have shown the fastest growth over the last decade,
from 10.9% in 2011 to 24.8% in 2021. Considering the dynamic changes in the I-CPS market,
this study focuses on 15 countries contributing to I-CPS revenue over the past decade
(2011-2021): USA (29.0%), Canada (12.5%), UK (9.9%), The Netherlands (9.1%), Australia
(8.5%), China (5.1%), Spain (3.4%), France (3.1%), Denmark (2.7%), Sweden (2.3%), United
Arab Emirates (1.8%), Egypt (1.7%), Republic of Korea (1.4%), Italy (1.4%), and Japan (1.3%).
These countries accounted for 93.2% of the overall international design revenue.
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Figure 2. Share of TIDFs’ revenue by region (ENR [8,12—-22]).
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Figure 3. Share of TIDFs’ revenue by firm nationality (ENR [8,12—22]).

3. Research Methodology
3.1. Research Process

The purpose of this study is to quantitatively analyze the [-CPS market structure based
on TIDFs. This section describes the research methodology for collecting and preprocessing
data and measuring the static and dynamic indices. First, the study uses preprocessed
data from ENR’s TIDFs list for the last decade (2011-2021) to analyze market shares.
Second, this study analyzes the industry’s concentration (level of market entry barriers)
and 15 major countries for static analysis. Third, for dynamic analysis, this study analyzes
the rank distribution of TIDFs, their mobility (market share shifting from exiting firms
to entrants), and instability (phenomenon of changing market share in continuing firms)
by firm nationality. Finally, this study interprets the results of the static and dynamic
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analyses and discusses directions for further research. Figure 4 illustrates the overall
research process.

Research Process Description
. . Previous studies regarding the revenue structure of TIDFs and market analysis
Literature Review — - !
approaches are comprehensively reviewed.
I
Data Collection || ENR-b.j:lsed dafa of the TIDFs during the last ten-year period (2011-2021), focusing
on the international revenue performance, are collected and preprocessed.
I
. . Historical trends of the concentration ratios for the entire industry and 15 major
Static Analysis — ! .
countries are analyzed sequentially.
|
D ic Analvsi | | During the analysis period (2011-2021), the rank distribution of the TIDFs and the
ynamic Analysis mobility and instability indices are analyzed by firm nationality.
I
] Combination of static and dynamic analysis results are discussed with limitations
Result Interpretation [ :
and future studies.

Figure 4. Research process and description.

3.2. Market Concentration

The concentration ratio (CRj,), Herfindahl index, entropy, and Gini coefficient are used
to measure market concentration. CR; measures aggregate market shares of top n firms,
where n is usually 4 [49]. Herfindahl index measures aggregate market shares of all firms by
weighting their market revenues [50]. Entropy measures the degree of disorder, uncertainty,
or randomness to reflect market competition intensity [51]. Gini coefficient measures the
extent to which firms in a specific industry are unequal in firm size distribution [52]. While
there are differences in the calculations of these indices, they commonly use the following
two variables for analysis: the number of top firms and the share of firms [23,46]. This
study measures the concentration ratio of the top four firms (CRy), as in Lee and Kim [24],
using the following equation:

4
CRe=Y1S; M

where CRy is the share of the top four firms, and S; is the share of firm i.

The concentration ratio ranges between 0 (completely dispersed) and 1 (completely
concentrated) and represents the market power of a particular group of firms. Previous
studies categorize the ratios into highly concentrated markets (1.000-0.750), moderately
concentrated markets (0.749-0.500), slightly concentrated markets (0.499-0.250), and atom-
istic markets (0.249-0.000) [23,24,49], and higher CR4 means a monopolistic market and
lower means an intensely competitive market.

3.3. Market Mobility and Instability

This study uses Baldwin and Gorecki’s [49] TURN model to measure market mobility.
The TURN model mathematically measures overall market changes based on the changing
shares of entrants, continuing firms, and exiting firms for the period from 0 to t [0, t]. The
share of entrants begins at 0% at time zero, the share of exiting firms ends at 0% at time t,
and the share of continuing firms is positive. The TURN model explains market mobility
using the concepts of TURNE and TURNC. TURNE represents the market force of entrants
and exiting firms, whereas TURNC represents the market force of continuing firms. TURN
is the sum of TURNE and TURNC and ranges from 0 to 1, where 0 indicates low market
mobility [23,49].
TURN = TURNE + TURNC )
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TURNE = 0.5(EN + EX) ®)

TURNC = 0.5(CNGN + CNLS) 4)

where EN is the sum of the shares of entrants at time t, EX is the sum of the shares of exiting
firms at time 0, CNGN is the sum of the increased shares of continuing firms from time 0 to
time t, CNLS is the sum of the absolute decreased shares of continuing firms from time 0 to
time t, TURNE is the changing shares of entrants and exiting firms, TURNC is the changing
shares of continuing firms, and TURN is the changing shares in the overall market.

In addition, market instability is measured based on the changing shares of continuing
firms using CORSH and REGSH statistics [23,24,49]. CORSH is the correlation coefficient
between the shares of firms at times 0 and t, and as a CORSH value approaches 1, it
indicates that the market structure has remained stable. REGSH is the ordinary least
squares regression coefficient between the shares of firms at times 0 and t, and as a REGSH
value approaches 1, it indicates that market changes have been stable. A REGSH value
greater than 1 indicates higher growth for firms with larger market shares, while REGSH
equal to 1 indicates no change in the shares of firms [23,24,49].

CORSH = Z?:l (mi,O - HO) (mi,t - Ht) (5)
\/Z?zl (mjo — Ho)z\/Z?:l (mye — )
REGSH = Z?:l (mi,O - HO)(mi,t - Ht) (6)

2
L1 (mio — o)
where n = the number of continuing firms for the period from 0 to t; jip = the mean market

share of continuing firms at time 0; y; = the mean market share of continuing firms at time
t; m; o = the market share of firm i at time 0; and m; ; = the market share of firm i at time t.

3.4. Data Collection and Treatment

This study analyzes ENR’s TIDFs list from the past decade (2011-2021). Among the
diverse performance indicators for TIDFs (e.g., total revenue, international revenue, and
revenue portfolio by sector), this study focused on international revenue performance and
collected and analyzed data from the ENR’s Top List reports published from 2012 to 2022.
Based on these data, the author assume that entrants are firms included in the 2022 report
but not in the 2012 report. By contrast, exiting firms are included in the 2012 report but not
in the 2022 report. Continuing firms were continuously included in the report throughout
the analysis period.

This study conducted the following data preprocessing: First, this study converted the
annual revenue of TIDFs into annual market shares to calculate concentration, mobility,
and instability indices. Next, considering that the names of TIDFs may change for some
reason (e.g., business diversification and M&A), the author cross-checked their correct
names based on information such as TIDFs” annual ENR rankings or websites.

4. Analysis Results
4.1. Concentration Ratios

Figure 5 illustrates the concentration ratios (CR4) of the TIDFs over the past decade.
CRy for the overall industry ranges from 0.2041 to 0.2589, with a mean of 0.2270, indicating
that it is an atomistic market with fierce competition. CR4 has been above 0.2500 since
2018, suggesting a higher market power for the top four firms. During the analysis period
(2011-2021), a total of 440 I-CPS firms generated revenues and the average share of the top
4 firms was 20.0%, 40.5% for the top 10 firms, 57.3% for the top 20 firms, and 67.2% for the
top 30 firms. The remaining 410 firms accounted for 32.8% of the total revenue, each with a
market share of less than 1.0%. Also, the construction industry is a project-based industry,
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and each project is unique [5]; thus, economies of scale do not exist due to mass production.
Furthermore, as mentioned by Jewell et al. [10,11], the I-CPS industry is a typical buyer’s
market and must provide output customized to clients’ needs. Finally, the construction
industry is classified as a low-margin and high-risk industry due to the lowest price bid,
disputes between diverse stakeholders, transparency, and quality/safety issues [53,54]. As
stated above, the I-CPS market can be regarded as an atomistic market.

1.0000
0.7500

0.5000

0.2525 0.2520

0.2500 0.2041 02121 e -9
0.2589

0.0000
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 5. Concentration ratios of TIDFs.

As shown in Table 1, the annual mean above 0.9000 by firm nationality includes
Canada (0.9435), UK (0.9276), The Netherlands (0.9920), Australia (0.9177), France (0.9163),
Denmark (1.0000), Sweden (1.0000), United Arab Emirates (0.9996), and Egypt (0.9194),
indicating that revenue in these countries comes from a few large firms: WSP, SNC-Lavalin,
and Stantec in Canada; Wood, Arup, and Mott MacDonald in UK; Arcadis and Fugro in The
Netherlands; Worley and GHD in Australia; EGIS, SYSTRA, and Artelia in France; Ramboll
and COWI in Denmark; Sweco and AFRY in Sweden; DAR in United Arab Emirates; and
EHAF, Enppi, and ECG in Egypt. In particular, Denmark and Sweden can be regarded as
completely concentrated markets as the two firms have dominated the total revenue for
each country (i.e., oligopoly). Meanwhile, USA (0.5501), China (0.6009), and Japan (0.7932)
showed relatively lower means and higher standard deviations, suggesting that revenue in
these countries is produced through fierce competition among many different firms.

4.2. Mobility and Instability Indices

As mentioned in Section 3.1. Research Process, this study analyzed rank distribution
of TIDFs as well as the mobility and instability indices for dynamic analysis. Table 2
lists the changing revenue rankings among the TIDFs over the past decade (2011-2021).
Regarding the three types of competitive powers (entrants, exiting firms, and continuing
firms), 122 entrants, 97 exiting firms, and 103 continuing firms were identified over the
past decade (2011-2021). Regarding continuing firms (surviving), 49 firms maintained
their rankings, 10 moved up, and 44 moved down. Overall, the I-CPS market structure is
characterized by high market entry barriers with differences in TIDFs’ revenue, depending
on the corporate strategy and market environment.

Table 3 presents the results of the TURN market mobility model. Based on the TURN
values, countries with high mobility are listed as follows: United Arab Emirates (0.9745),
Egypt (0.9464), Republic of Korea (0.8170), China (0.7880), Spain (0.7592), UK (0.6919), Japan
(0.6262), Italy (0.5949), France (0.5337), Canada (0.4965), USA (0.4762), The Netherlands
(0.3572), Australia (0.2905), Denmark (0.0843), and Sweden (0.0455). Countries with TURNE
are larger than those with TURNC, including Italy, UK, United Arab Emirates, Egypt, and
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China. Specifically, in 2017, the DAR Group (ENR’s TIDFs rank in 2017: 6th among
225 firms) changed its nationality from Egypt to United Arab Emirates, and this event had
a significant impact on the TURNE for both countries. The emergence of the Wood Group
(ENR’s TIDFs rank in 2019: 1st of 225 firms) in 2019 and the absence of the AMEC plc (ENR'’s
TIDFs rank in 2015: 9th of 225 firms) since 2016 had a huge impact on TURNE for UK.
In China, 13 entrants (e.g., China Energy Engineering and China Petroleum Engineering)
and 10 exiting firms (e.g., HydroChina and China Chengda Engineering) contributed to
the high TURNE value. In contrast, countries with TURNC greater than TURNE include
Japan, The Netherlands, Denmark, and Sweden. In these countries, the market power of
continuing firms has a greater impact than that of entrants and exiting firms. The major
continuing firms of these countries are identified as follows: Nippon Koei Group, Oriental
Consultants Global, and CTI Engineering Group in Japan; Arcadis NV/Callison RTKL and
Fugro NV in The Netherlands; Ramboll and COWI in Denmark; and Sweco AB and AFRY
in Sweden.

Table 1. Concentration ratios by firm nationality.

Year us Canada UK The Netherlands Australia China Spain
2011 0.4738 0.8917 0.7639 0.9746 0.8525 0.4722 0.8500
2012 0.4670 0.8384 0.8069 0.9785 0.9039 0.4381 0.7855
2013 0.4932 0.8783 0.8454 0.9711 0.8887 0.4790 0.7843
2014 0.5390 0.9004 0.8418 1.0000 0.8884 0.5439 0.8473
2015 0.4465 0.9088 1.0000 1.0000 0.9240 0.5339 0.8736
2016 0.4930 1.0000 1.0000 0.9938 0.9173 0.6240 0.8859
2017 0.5940 0.9698 1.0000 1.0000 0.9030 0.6321 0.8626
2018 0.6392 0.9958 1.0000 1.0000 0.9593 0.6566 0.7984
2019 0.5661 0.9955 0.9458 1.0000 0.9350 0.7195 0.8693
2020 0.6585 1.0000 1.0000 1.0000 0.9246 0.7249 0.8742
2021 0.6808 1.0000 1.0000 0.9939 0.9979 0.7858 0.8428
Mean 0.5501 0.9435 0.9276 0.9920 0.9177 0.6009 0.8431
Std. dev. 0.0792 0.0578 0.0891 0.0109 0.0368 0.1103 0.0352
Year France Denmark Sweden  United Arab Emirates Egypt Republic of Korea Italy Japan
2011 0.8862 1.0000 1.0000 1.0000 0.9923 0.9434 0.8930 0.8504
2012 0.9316 1.0000 1.0000 1.0000 0.9917 0.8509 0.8317 0.8733
2013 0.8819 1.0000 1.0000 1.0000 1.0000 0.8446 0.8945 0.7179
2014 0.9176 1.0000 1.0000 1.0000 0.9952 0.8739 0.9818 0.7308
2015 0.9178 1.0000 1.0000 1.0000 0.9905 0.8964 0.9575 0.7353
2016 0.9033 1.0000 1.0000 0.9958 0.9199 0.8530 0.9022 0.7407
2017 0.9246 1.0000 1.0000 1.0000 0.9030 0.8342 0.9061 0.7321
2018 0.9557 1.0000 1.0000 1.0000 0.7882 0.7671 0.8792 0.8158
2019 0.9484 1.0000 1.0000 1.0000 0.8619 0.7887 0.8351 0.8555
2020 0.9073 1.0000 1.0000 1.0000 0.8602 0.7933 0.8657 0.8342
2021 0.9052 1.0000 1.0000 1.0000 0.8101 0.7876 0.8149 0.8389
Mean 0.9163 1.0000 1.0000 0.9996 0.9194 0.8394 0.8874 0.7932
Std. dev. 0.0221 0.0000 0.0000 0.0012 0.0763 0.0507 0.0487 0.0582

Table 2. Change in revenue rankings among TIDFs.

2021
Year
Rank 1-10 11-20 21-40 41-60 61-80 81-100 >100 Others
1-10 6 1 0 0 0 0 0 3
11-20 0 3 0 1 0 0 0 6
21-40 1 3 3 1 0 1 0 1
41-60 0 1 6 0 0 1 1 1
2011 61-80 0 0 2 4 7 0 1 6
81-100 0 0 2 3 3 0 3 9
>100 0 1 0 3 7 8 30 51
Others 3 1 7 8 3 10 90 -
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Table 3. Market mobility indices by firm nationality.

Indices UsS Canada UK The Netherlands Australia China Spain
EN 0.1268 0.4421 0.4993 0.0061 0.0499 0.5024 0.0875
EX 0.4167 0.2612 0.6919 0.1297 0.2905 0.5532 0.7592

CNGN 0.3494 0.0544 0.1927 0.3512 0.2406 0.2856 0.6717

CNLS 0.0594 0.2353 0.0000 0.2275 0.0000 0.2348 0.0000

TURNE 0.2718 0.3517 0.5956 0.0679 0.1702 0.5278 0.4234

TURNC 0.2044 0.1448 0.0963 0.2893 0.1203 0.2602 0.3359

TURN 0.4762 0.4965 0.6919 0.3572 0.2905 0.7880 0.7592

Indices France = Denmark Sweden United Arab Emirates Egypt Republic of Korea Italy Japan
EN 0.0776 0.0000 0.0000 0.9745 0.4301 0.5119 0.5626 0.1391
EX 0.5337 0.0000 0.0000 0.4991 0.9464 0.4195 0.5916 0.1556

CNGN 0.4561 0.0843 0.0455 0.0000 0.5163 0.3052 0.0323 0.4872

CNLS 0.0000 0.0843 0.0455 0.4754 0.0000 0.3975 0.0033 0.4706

TURNE 0.3057 0.0000 0.0000 0.7368 0.6883 0.4657 0.5771 0.1474

TURNC 0.2281 0.0843 0.0455 0.2377 0.2581 0.3513 0.0178 0.4789

TURN 0.5337 0.0843 0.0455 0.9745 0.9464 0.8170 0.5949 0.6262

Table 4 provides the market instability index by firm nationality, which shows how
continuing I-CPS firms maintain their market status. As mentioned in Section 3.3. Market
Mobility and Instability, CORSH is the correlation coefficient between the shares of firms
from 2011 to 2021, and REGSH is the regression coefficient between the shares of firms
during the same period. Under these concepts, countries with stable revenue structures
include USA, Australia, France, Denmark, Egypt, and Italy. The other countries have a
relatively unstable revenue structure, which can be categorized into the following four
types: two countries with CORSH less than 0.7 (The Netherlands and Spain), a country
with REGSH less than 0.7 (Sweden), five countries with neither CORSH nor REGSH close
to 1 (Canada, UK, China, Republic of Korea, and Japan), and a country with only one
continuing firm (United Arab Emirates). The mean REGSH of 14 countries, excluding
United Arab Emirates, was 1.6146, suggesting that growth is generally higher for firms with
larger market shares. Countries with a REGSH greater than one include USA, Australia,
Spain, France, Denmark, Egypt, and Italy, whereas countries with a REGSH less than one
include Canada, UK, The Netherlands, China, Sweden, Republic of Korea, and Japan.

Table 4. CORSH and REGSH statistics by firm nationality.

Firm Nationality No. of Continuing Firms CORSH REGSH
USA 35 0.9078 1.4077
Canada 3 0.5859 0.4658

UK 2 —1.0000 —2.5487
The Netherlands 4 0.6374 0.8314
Australia 3 0.9911 1.0817
China 10 0.0211 0.0543
Spain 6 0.6434 25112
France 5 0.9826 1.6071
Denmark 2 1.0000 1.6399
Sweden 2 1.0000 0.6822

United Arab Emirates 1 n/a n/a

Egypt 3 0.8587 14.3158

Republic of Korea 4 —0.5770 —0.3946
Italy 2 1.0000 1.0967

Japan 5 —0.2081 —0.1457

Figures 6 and 7 illustrate the changing market share of continuing firms in USA and
China, respectively. In USA, 85.7% of continuing firms (30 of 35 firms) maintained a revenue
share of less than 5%. The other five firms had relatively higher market shares, including
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three firms (AECOM, Jacobs, and Tetra Tech) with increased shares and two firms (Fluor
and Bechtel) with decreased shares. The estimated regression equation for USA firms is
y = 1.4077x + 0.0015 (R* = 0.8241), which shows a stable revenue structure. The estimated
regression equation for Chinese companies is y = 0.0543x + 0.0473 (R2 = 0.0004), indicat-
ing a relatively unstable revenue structure. While the increased share of POWERCHINA
has been noticeable in recent years (from 2.6% in 2011 to 30.4% in 2021), the share of
companies other than CCCC was less than 5%.

0.2500 Jacobs ¢ AECOM
[ ]
. 0.2000 y =1.4077x + 0.0015
o R2=0.8241
=
~ .
g
«~ (.1500 ® Fluor
«
-
W
+ 0.1000
':é Tetra Tech .-
e .
= 0.0500
;. ® Bechtel
0.0000
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500

Market share in 2011

Figure 6. Market share changes of American design firms in 2011 and 2021.

0.3000 e POWERCHINA

0.2500
0.2000

0.1500

0.1000 e CCCC
y = 0.0543x + 0.0473

0.0500 | eeiiirinrecinsiasennmnarinsens R2 — 0.0004
C.RC—C ® Sinomach
0.0000 eo® o° CREC ® S5EG

0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000
Market share in 2011

Market share in 2021

Figure 7. Market share changes of Chinese design firms in 2011 and 2021.

4.3. Cross-Comparison between Static and Dynamic Indices

This study compared the characteristics of 15 countries based on the aforementioned
three indices. The following classification criteria were used for the indices, as suggested
by Lee and Kim [24]: (1) market mobility (TURN) that is high mobility (0.500 or more),
moderate mobility (0.499-0.250), and slight mobility (0. 249 or less) and (2) market insta-
bility (CORSH and REGSH) considered a stable structure (0.700 or more) and an unstable
structure (less than 0.700). Table 5 summarizes the characteristics of the 15 countries based
on these criteria. Spearman’s correlation coefficient (o) was also calculated from the classifi-
cation of the three indices, and no significant correlation was found (Table 6). This suggests
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a gap between the three indices and that the indices independently explain the concentra-
tion, mobility, and instability aspects of the I-CPS revenue structure. Consequently, the
15 countries were categorized into four types based on their static and dynamic indices
(Table 7). Compared to conventional static (concentration) analysis, the combination of
static and dynamic indices suggested in this study may offer some clues to explain the
continuous growth and competitiveness of countries in the I-CPS market.

Table 5. Summary of analysis results for 15 countries.

Firm Nationality Market Concentration Market Mobility =~ Market Instability

Canada High Moderate Unstable

UK High High Unstable

The Netherlands High Moderate Unstable
Australia High Moderate Stable

Spain High High Unstable
France High High Stable
Denmark High Moderate Stable

Sweden High Moderate Unstable

United Arab High High n/a

Egypt High High Stable

Republic of Korea High High Unstable
Italy High High Stable

Japan High High Unstable
USA Moderate Moderate Stable

China Moderate High Unstable

Table 6. Correlation relationships (p) among the three indices.

Market Index Concentration (p) Mobility (p) Instability (p)
Concentration — — —
Mobility —0.080 (0.777) — —
Instability 0.059 (0.841) 0.125 (0.670) —

Table 7. Country classification based on the analysis results.

Category

Firm Nationality (No. of Continuing Firms/TIDFs)

High-static and high-dynamic

High-static and low-dynamic
Low-static and high-dynamic
Low-static and low-dynamic

Canada (3/13), UK (2/13), The Netherlands (4/7), Spain (6/13), Sweden (2/2),
United Arab Emirates (1/7), Republic of Korea (4/18), and Japan (5/15)
Australia (3/12), France (5/10), Denmark (2/2), Egypt (3/12), and Italy (2/24)
China (10/47)

USA (35/160)

5. Discussion and Conclusions

This study analyzed the revenue structures of TIDFs by firm nationality to examine
the country-specific factors that affect firms” continuous growth and survival in the I-CPS
industry. ENR’s TIDFs list from the past decade (2011-2021) was used to statically and
dynamically analyze the market structure in 15 major countries, accounting for 93.2% of
the overall international design revenue. These findings offered meaningful information
for understanding major countries” underlying competitive forces and the I-CPS industry’s
overall market conditions.

The macro analysis in the Research Background section revealed that market forces
have shifted from Europe and the US to Canada and China. As shown in Figure 3, the
combined market share of Europe and USA declined from 71.9% in 2011 to 56.8% in 2021,
whereas that of Canada and China increased from 10.9% to 24.8% during the same period.
More specifically, Europe, including UK, The Netherlands, Spain, France, and Denmark, has
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maintained a share of 30-40%, while USA has seen its share decline from 34.9% in 2011 to
23.2% in 2021, as its major firms, such as KBR, CH2M, URS, Parsons Brinckerhoff, and CB&I,
were removed from the ENR list due to M&A or nationality changes. Canada maintained a
market structure with its four leading firms (WSP, SNC-Lavalin, Stantec, and Hatch) with
a huge increase in share from 7.4% in 2011 to 18.1% in 2021. In addition, China’s share
has nearly doubled from 3.5% in 2011 to 6.7% in 2021. Lu et al. [6] reported a strengths,
weaknesses, opportunities, and threats (SWOT) analysis of the Chinese I-CPS industry. Lu
et al. [6] stated that the strengths of the I-CPS industry in China include low prices, a large
pool of talent, and strong government support and mentioned strong delivery capability by
partnering with Chinese international contractors as an opportunity. An in-depth analysis
of I-CPS competitiveness in major countries such as China holds significance for academia
and practice in identifying sources of continuous competitive advantage. Furthermore, this
study is significant because it provides a macro and quantitative analysis of country-level
competition based on international design revenue before conducting an in-depth case
study by country.

Next, the combination of the static and dynamic indices used in this study is useful,
as it offers clues to explain the continuous growth and competitiveness of countries in the
I-CPS market. The 15 countries analyzed in this study can be categorized into the following
two types based on their characteristics: The first type consists of four countries with
markets driven by a small number of large firms: The Netherlands, Sweden, United Arab
Emirates, and Denmark. The common characteristics among these four countries include
a concentration ratio close to one, some large firms having an oligopoly structure, and a
similar revenue structure expected in the future. The second type comprises 11 countries:
USA, China, Italy, Republic of Korea, Japan, Canada, UK, Spain, Australia, Egypt, and
France. Unlike the first type, the number of TIDFs in these 11 countries averages 30,
ranging from 10 (France) to 160 (USA), with relatively low concentration ratios and high
mobility indices. USA, Australia, France, Egypt, and Italy had relatively stable revenue
structures, whereas the other six countries had unstable ones. In summary, similar to the
TICs analysis [24], the recent competitive environment for TIDFs was intense, and many
countries had unstable market positions. This is attributable to the characteristics of the
I-CPS industry: host-country/location-specific, often client-led, highly customized bespoke
output, extrinsic demand, project-based, heterogeneous, and knowledge-intensive [10,11].
To maintain a country’s competitiveness in the I-CPS market, it is necessary to understand
the underlying competitive forces based on a systematic analysis of the latest performance
and establish country- and firm-level strategies to take on changing markets in the future.
Revenue information of I-CPS firms can easily be found on their website; however, it is
fragmented by year and firm, and, so far, a systematic approach for analyzing the entire
industry over a long time period is insufficiently addressed. The results of this study are
meaningful because they provide clues for targeting similar types of countries, not only for
the 15 countries but also for other countries, and for establishing customized benchmarking
or competitive strategies. Also, the findings of this study help understand country-level
competition in the I-CPS market from a macro perspective, and provide directions for
follow-up studies related to the I-CPS market structure.

Despite the contributions discussed above, this study has the following limitations.
First, the scope of the study is limited to the ENR’s TIDFs list from the last decade (2011-
2021), which does not fully represent the entire I-CPS market. Despite this limitation, the
ENR data can be considered a representative and reliable source for the following reasons
as stated by Ye et al. [46] and Lu et al. [55]: (1) firms not ranked in the ENR’s Top List have
negligible market power as their market shares are relatively very small, (2) the market
power that changes the international market structure mainly comes from top-tier firms, and
competition also takes place on a similar scale, and (3) the ENR’s Top List has a long history
and provides a wealth of reliable data. Meanwhile, while the results of this study provide
quantitative values and interpretations of country-specific factors affecting continuous
growth and survival in the I-CPS market, the author could not conduct an in-depth analysis
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of the evolutionary path for a country’s competitiveness at the firm level. In this regard, the
international processes of countries and TIDFs are worth exploring in the future based on
the structure—conduct—performance theory [56,57] by conducting in-depth case studies on
major countries and firms. In addition, future follow-up studies from a more macroscopic
perspective than the market structure could provide meaningful insights in relation to the
I-CPS industry. Recent issues such as the COVID-19 pandemic, climate change, Corporate
Social Responsibility, Environmental Social Governance, sustainability, and Sustainable
Development Goals are having a great impact on I-CPS firms’ businesses and will also affect
the I-CPS market structure in the long term [42,58-60]. In this regard, the author’s follow-up
research will cover the impact of these macro factors on the financial and non-financial
performance of I-CPS firms, and the direction for assessing the sustainability level of the
I-CPS industry. Finally, comprehensive research that covers firms’ resources/capabilities
(financial, managerial, technical, etc.), profitability, and government support in relation to
country competitiveness as well as revenue performance is also very important, and the
author will improve it through follow-up research.
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