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Abstract

This paper aims to investigate the profitability status and cost structure of the
construction industry in China, as well as to conduct a case study analysis on the profit
gap and differences between industries for cost drivers and strategies for taking returns.
Using descriptive statistics, multiple regression, Monte Carlo simulation, and cluster
analysis, this study draws from national statistics, industry reports, and company financial
statements to determine the influence labor costs, material prices, and taxes have on
earnings. The study finds that there is a substantial return distribution across sub-
sectors: residential construction shows shorter projects lives and higher returns, while
the long-term nature of civil engineering (and associated infrastructure) results in lower
profitability despite large capital outlays. The biggest headwinds appear to be material
and labor costs, while tax burdens compound the issues. While Monte Carlo simulations
quantify the uncertainty of profitability, cluster analysis is used to detect the cost-profit
structure and offers insights for developing focused efficiency strategies. In addition

to operational effectiveness and resilience, some measures are encouraged like lean
construction, digitalization (BIM and Al), and prefabrication, advancing public-private
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partnerships. They are actionable insights for policymakers and industry leaders to inform evidence-
based cost containment, strategic investment, and sustainable growth in construction.

Keywords

Construction Profitability; Cost Structure Optimization; Monte Carlo Simulation; Cluster Analysis;
China Construction Industry

Introduction

BACKGROUND

'The building and construction industry is a key driver of China’s gross domestic product (GDP),
employment, and infrastructure development, and it is an important sector of the Chinese economy.
In 2023, the sector constituted 6.8% of China’s GDP, indicating its strategic position in the country’s

economic development (National Bureau of Statistics of China, 2023). Furthermore, this business segment

remains one of the main creators of employment with over 50 million workers, making it a key player in
urbanization and the economic framework. However, as long as financial markets continue to be aftected by
labor costs, material prices, and regulations, the construction industry will remain vulnerable to instability.
Effective change order management is crucial for project cost control, especially in residential projects where
frequent design changes can lead to increased labor and material costs (Mohammad and Hamzah, 2019).

The Chinese government continues to account for a rising share of construction spending. However, the
pace of expansion is slowing now that financing is tighter, environmental regulations are tougher, and the
property market is declining. These government-led construction investments and development measures

are becoming more difficult for construction firms to make profitable and competitive in terms of cost.

On the world stage, the benefits of the Chinese construction industry are not comparable to those of
developed economies like the U.S. and Europe, where the majority of advanced cost management models
and e-transformation strategies have already been implemented, bringing higher efficiency. Because of
its time lag and capital intensiveness, infrastructure construction is indispensable to long-term economic
growth. It also demands close attention to financing mechanisms and financial management due to its
late-stage financial return (Hwang et al., 2020). The digital transformation and the green building market
in the construction industry will have a significant impact on cost structures and profitability. These trends
in digital transformation and the growth of the green building market will have a significant impact on
cost structures and profitability. The adoption of Building Information Modeling (BIM) and artificial
intelligence (Al) is often cited as a driver of digital transformation, and utilizing these technologies can
lead to improved resource allocation and efficiency (Zhang et al., 2020). For example, BIM enhances
project visualization and helps with design coordination, preventing rework and enabling better resource
management. Similarly, the incorporation of Al and blockchain into smart contracts is expected to offer
solutions for efficient supply chain management and financial forecasting. The rise of green building
practices, fueled by government incentives and environmental regulations, has also been a draw. Green
practices reduce man-made environmental effects and increase cost savings and profitability in the long run

(Wang and Li, 2021). This methodology combines the novel technologies and advances discussed previously

and paves the way for new frontiers regarding cost savings and environmentally sustainable construction.

OBJECTIVE OF THE STUDY

While previous studies have focused on macroeconomic effects or industry-wide surveys, this paper aims to
improve the understanding of the financial performance of Chinese construction companies. Specifically,

the paper examines the sector cost structure and sources of revenue that affect profitability, taxation, and
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operational efficiency (Yu et al., 2023). This information is important for policymakers and managers to use

in strategic planning and developing financially sustainable practices (Wang and Yuan, 2011). This article
paper addresses three related research questions (Table 1).

Table 1. Alignment between research questions and study objectives

What are the main cost components for To identify the primary cost categories
construction enterprises in China? (e.g., labor, materials, taxes, and
regulatory fees) affecting different
construction subsectors.

What is the influence of labor costs, material To assess how external and internal cost
expenses, and tax policies on financial factors impact project-level and firm-level
performance and profitability? profitability in the construction industry

(Yu et al., 2023: Xie et al., 2022].

What strategies can be used to optimize Propose practical, industry-specific strategies
costs and improve profitability and long-term to reduce costs, improve performance, and
viability? achieve financial sustainability across each
sub-sector.

'This study evaluates project performance in terms of budget execution and operational efficiency through
a systematic analysis of cost-to-income ratios, return on investment (ROI), and profitability. Thus, the study
bridges the gap between theoretical cost management frameworks and the empirical reality of the Chinese

construction industry.

Literature review

OVERVIEW OF CONSTRUCTION INDUSTRY PROFIT MODELS

Much research has been conducted on cost estimation models, cost drivers, financial risk, and the effect

of digitalization on cost efficiency to better understand the profit models in construction. Precise cost
estimation and expenditure control are important for minimizing overruns and achieving profitability.
While the relationship between cost estimates, budgets, and project success has been established,
conventional models lack real-time analytics and Al-based forecasting, which significantly limit their
flexibility in dynamic markets. According to Kim and Reinschmidt (2012), the enterprise-level profit

is affected by organizational efficiency, market position, and financial management systems. In China,
material and labor expenses are the primary cost components (Zhang and Wang, 2023); therefore, process
innovations and supply chain efficiency are likely to impact profit. However, current models generally do not
consider the effects of regional taxes and regulations on enterprise financial efficiency.

Because the construction industry is capital-intensive and subject to distinct market fluctuations, it bears

greater financial risks. As Wang and Li (2021) suggested, “The intensification of competition will lead to the
compression of profit margins, but cost efficiency will still be of great significance for firms.” The China-
style construction sector is facing three financial problems: government curbs on finance, difficulties in the
real estate market, and changes in tax policy. The debt levels of developers and local governments are also

making financial planning more difficult. Although there are several models for industry risk assessment,
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there are no Al-based predictive applications that evaluate long-term risks or optimize investment
strategies.

PREVIOUS RESEARCH ON PROFITABILITY AND COST STRUCTURES

Some recent research concerning the Chinese construction industry focused on profitability and cost
features, as well as well-being. For instance, Xian et al. (2019) employed data envelopment analysis to
examine the trade-offs between environmental and cost efficiencies within the industry. They discovered
notable disparities in resource utilization and pollution. In another study, Wen et al. (2020) examined

the relationship between the environment and the economy of the construction industry using a multi-
regional input-output model. They emphasized the industry’s energy intensity and environmental impact.
Construction costs can be categorized into two main types: labor costs and material costs. However, there
are other, less visible costs due to regulations, funding constraints, or taxes that equally or even more
greatly affect profitability but have received little attention in the literature. Effective implementation

of environmental management accounting can help identify such hidden costs and improve the overall

financial performance of construction companies (Hassan, Maelah and Palil, 2018). A recent systematic

review revealed the inconsistent use of key performance indicators (KPIs) in cost control, particularly at
the project level. Technological advancements, such as BIM and Al have the potential to enhance resource
use and financial performance. However, they are costly to implement and have not been widely adopted,
particularly among small- and medium-sized enterprises (SMEs). Epic infrastructure projects, such as
China’s high-speed rail, are often financed with long-term debt, raising concerns about long-term financial
sustainability. Ansar et al. (2016) posited that such mega-infrastructure developments can introduce

economic fragility rather than robust economic development if not controlled well.

INTERNATIONAL EXPERIENCE AND CHINA'S CHALLENGES

Cost overruns and project delays are widespread in the global construction industry. Insufficient funding,
design modifications, and inefficient management were also identified as the main reasons affecting cost
and schedule performance in the Tripoli Road Construction Project in Libya (Alfakhri, Ismail and Khoiry,
2018). However, countries exhibit greatly varying levels of cost control and efficiency gains within projects.
For instance, the Netherlands is renowned for its ability to mitigate cost overruns in railroad and bridge
projects. On average, cost overruns on its rail projects are 11%, which is much lower than in other regions
of Northwest Europe (27%) and other regions (44%) (Cantarelli et al., 2013). These results suggest that the
locale and types of national governance significantly impact cost performance at the project level. Regarding

project management, implementation phase duration, project size, and project ownership type were all
significantly related to cost overruns. Research has also suggested that implementation duration and project
size are factors associated with an increased likelihood of cost overruns. Furthermore, cost overruns are more

frequent in public than in private projects, but only in countries without an effective system of accountability
(Flyvbjerg et al., 2010).

In terms of sustainable building, countries like Singapore and the UK pursue national strategies by
taking a proactive stance in promoting sustainable building practices through conducting research and
development (R&D) and issuing industry guidelines. For example, Singapore’s government published the
Sustainable Singapore Blueprint in 2009 and established the S$50 million Built Environment Research
Fund in 2007 to advance sustainable research (Building and Construction Authority of Singapore, 2023).
Conversely, China has invested heavily in infrastructure, yet has made little profit, failed to reduce debt, and
exposed itself to the vulnerabilities that come with being an economy. Extensive infrastructure investment
in China has been found to not generate positive risk-adjusted value, but rather induce structural instability

and economic fragility in financial markets (Ansar et al., 2016). Furthermore, systematic underestimation
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of project cost estimates is an international phenomenon. Research has shown that cost estimates for many
public works projects are extremely underreported, and China’s are no different. This may not be a case of
general misestimation, but rather, deliberate deception (Elyvbjerg et al., 2010).

In summary, to better ensure the profitability and economic efficiency of the Chinese construction
industry, the country should learn from international experience, strengthen project management, improve
the system of checks and balances, and promote green construction. Meanwhile, China also needs to
solve existing policy problems, such as low investment returns, debt servicing risks, and cost deviations, to

implement sustainable development in the construction industry.

GAPS IN CURRENT RESEARCH

Despite the growing body of literature on profitability and cost structure in China’s construction industry,
there are gaps in the existing research. Most of the existing research has focused on large firms, providing
little insight into the cost pressures and financial constraints that smaller companies face. This is significant
because SMEs are a major component of the construction industry. Furthermore, many studies in the
present era rely heavily on cross-sectional data. Only a few studies adopt a longitudinal perspective on
changes in profit rates to account for the impact of economic cycles or policy interventions. Although
firm-level performance measures are examined, project-level indicators (e.g., budget performance, return
on investment, and life cycle cost gains) remain understudied. Recent reviews underscore the importance
of detailed project-level assessments that inform enterprise-level strategy. Although BIM and Al

are acknowledged as revolutionary technologies, few empirical studies have examined their financial
implications, particularly in China’s specific environmental and economic landscape. Furthermore, the
Chinese building industry has significant regional differences in cost factors, policies, and resources. Only
a few studies offer region-specific economics, which limits the applicability of macro results to investment
levels. Addressing these gaps is essential for developing rigorous and comprehensive cost optimization

guidelines that can ensure the construction sector’s long-term financial and economic viability.
Methodology

DATA SOURCES

The study uses a quantitative research design based on statistical modeling and econometric tools to
analyze the profitability and cost structure of the construction industry in China. The main data source
is the 2023 China Statistical Yearbook, which was compiled by the National Bureau of Statistics of China
(NBS). The yearbook contains detailed statistics on gross output value, completed floor space, revenue,
expenses, and profitability for each industry subsector (NBS, 2023). To improve the robustness of the

analysis, additional data were collected from industry reports and company annual reports. These sources
include market overviews, competitive forces, and companies’ financial statements. Thus, they contribute to
the data and provide a multifaceted view of the industry’s financial performance. Monte Carlo simulation
was used to carry out risk analysis and estimate uncertainty in cost. For example, unmanned aerial system
(UAS) applications have been used in earthwork volume estimation to improve measurement accuracy and
reduce measurement costs (Romeli, Zakaria and Ishak, 2023). This stochastic method considers cost and
financial risk variations, providing a more comprehensive view of expected results (Deng and Jian, 2022).
Incorporating project management approaches, such as earned value management (EVM) and life cycle cost

analysis (LCCA), helps evaluate cost structures at the enterprise and project levels. Furthermore, big data
analytics and machine learning algorithms are used to handle and analyze massive datasets. These advanced

analytics, such as clustering and classification algorithms, help uncover the main sources of profitability or
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cost efficiency. Accordingly, they offer more insight into the financial reality of the construction business
(Gong et al., 2023).

ANALYTICAL APPROACH

This study employs a structured analytical framework to directly address three research questions:
identifying cost components, examining influencing factors, and proposing optimization strategies for
China’s construction industry. For Research Question 1 (key cost components), we employed descriptive
statistics to calculate indicators such as means, standard deviations, and distributional statistics for key
financial variables (e.g., gross output value, floor area, revenue, expenses, and industry-specific profitability).
These statistics provide a comparative analysis of cost components across industries. For Research
Question 2 (the impact of labor costs, material costs, and tax policies), we employed econometric models
to examine the causal relationship between independent variables (revenue, labor costs, material costs,
tax-related variables, and firm type) and profitability. Under the assumptions of linearity, independence,
homoscedasticity, and normality, we estimated a multivariate linear regression model using ordinary least
squares. The coeflicient size and statistical significance of the model indicate the impact of each cost driver

on profitability at the firm and project levels.

To investigate Question 3 (optimization strategies), we employed additional analytical tools. Machine
learning algorithms (such as clustering and classification) identify patterns in cost performance and group
projects according to their financial characteristics, highlighting both high and low efficiency (Tayefeh
Hashemi, et al., 2020). While this study primarily employs descriptive and econometric techniques, its

conceptual framework draws on established tools such as LCCA and EVM to structure the discussion of

long-term cost efficiency and performance evaluation (Abdul-Rahman et al., 2015). The overall process is

outlined in Figure 1, which outlines six phases: data collection, preprocessing, statistical analysis, modeling,
results analysis, and report writing. Preprocessing ensures data consistency and comparability; statistical
analysis detects correlations, significant patterns, and outliers; modeling quantifies the impact of cost drivers;
results analysis interprets the findings and tests their robustness; and the synthesis phase integrates empirical
evidence with policy implications. This integrated, problem-driven approach ensures that each analytical
step is clearly linked to one of the three research objectives, thereby providing a coherent, evidence-based
understanding of the financial drivers of profitability and cost structure in China’s construction industry
(Castro Miranda et al., 2022).

Data Collection |——®] Preprocessing [——® Statistical Analysis

Report Writing  [@—— Result Analysis [ Modeling

Figure 1.  Data analysis process flowchart

METRICS FOR PROFIT AND COST STRUCTURE ANALYSIS

Only the key financial indicators of construction enterprises in China were referred to, such as revenue,
cost, liabilities, and revenues. According to the basis of the tendering stage, revenue in the construction
industry mostly includes contracted project value, project completion value of self-completed projects,
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and completion value of subcontracted projects. Table 2 shows the total contracted value of residential
buildings, as well as civil engineering and other infrastructure projects, which are the two primary sources
of income for construction contractors. The total contracted value from construction units in 2022 was
296,799,900,700 RMB (NBS, 2023), reflecting the magnitude of construction activities. Furthermore,
breaking down the income sources (self-completed vs. subcontracted values) contributes to understanding

the financial inflow from each sector and shows that the residential building sector contributes the most to

the total contracted value.

Table 2. Completion of contracted engineering projects by construction enterprises
(in 10,000 RMB)

Industry Contracted Self- Subcontracted External
value from completed value contracted
construction value value
units
Total 2,967,999,007  2,839,302,412 128,696,595 240,051,381
Residential building 1,817,018,037  1,763,974,124 53,043,913 100,853,883
industry
Civil engineering 876,857,918 811,981,358 64,876,561 98,183,768
industry
Railway, road, tunnel, 594,800,112 550,183,058 44,617,054 73,322,629
and bridge engineering
Hydraulic and inland 101,365,883 94,161,598 7,204,286 9,586,736

river port engineering

Construction project expenditures are classified as direct or indirect costs. These costs include the
necessary labor, materials, and equipment for the construction project. Indirect costs include A&G,
accounting, sales, and sometimes R&D. Total output and completion in each construction sector
provide additional evidence of this, highlighting railway, civil engineering, and hydraulic engineering.
Table 3 provides an overview of how these projects contribute to the value of each sector’s output. A more

detailed analysis of the margin and costs per output by project type is necessary.

Construction material suppliers must link revenues and costs by examining the combined effects of both
sides of the income statement on the company’s profitability profile, especially the relationships between
them and their impact on company performance. Ultimately, they must participate in defining the value
chain that transforms business drivers into profitability or loss.

EXPECTED OUTCOMES

According to this study, there were differences in profitability and cost structure among sectors of the
Chinese construction industry. The project size, the local economic situation, and the building category
were identified as factors that influence financial performance. For instance, housing and infrastructure
projects generate higher income; however, they also incur higher costs due to their complexity and scale
(Chuai et al., 2021). An examination of cost management revealed differences in the staff-to-material-to-

subcontracting ratio. These differences indicate a lack of uniformity in cost control measures throughout
the industry (Gong et al., 2023). These results have practical ramifications for construction managers and
policymakers. Tailored approaches that take industry characteristics into account can increase profitability,

Construction Economics and Building, Vol. 25, No. 3/4 December 2025



152

UTs
ePRESS

Xiao et al.

Table 3. Total output and completion value of the construction industry (in 10,000 RMB)

Industry Total output | Decoration External Construction | Installation | Other output | Completion
value output value | completion | outputvalue | engineering value value
value output value
Railway, 623,505,687 3,357,550 258,146,017 592,367,011 12,222,427 18,916,249 169,860,605
road, tunnel,
and bridge
engineering
Hydraulic 103,748,333 172,930 46,211,923 96,976,207 2,612,096 4,160,031 25,693,640
and waterway
engineering
Industrial 36,124,084 124,110 20,823,409 24,007,525 10,197,449 1,919,111 13,544,815
and mining
engineering
Overhead 58,190,363 155,032 15,175,409 28,934,717 27,099,908 2,155,737 26,671,142
and pipeline

engineering
Construction
installation
industry
Building 146,299,507 67,431,492 41,660,842 123,764,055 14,379,996 8,155,456 6,255,762
decoration,
renovation,
and other
construction
industries

158,061,154 2,401,048 56,384,435 65,783,149 84,202,980 8,075,026 69,376,042

reduce risk, and achieve higher cost efficiency. Furthermore, relying on uniform cost planning methods may

result in predictable financial patterns for certain construction types.

Output per worker . 5031%
R&D expense ratio [ -10.66%
Mgmt expense ratio 7.61%
Completion ratio | 6.69%
Fixed-asset intensity (per employee) | 15.52%
Financial expense ratio | 4.22%
—l10 6 1I0 2I0 3I0 4I0 5IO

Profit Change (%) when Variable T 20%

Figure 2.  Sensitivity analysis of profitability drivers (20% increase scenario)

'The sensitivity analysis in Figure 2 shows that output per employee has the most significant positive
impact on profitability (+50.31%), further demonstrating that productivity improvements are the primary
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In contrast, variables such as R&D expense ratio and fixed asset intensity per employee exhibit negative

sensitivities, which echoes previous research showing that, in some cases, overinvestment in R&D or

capital can suppress short-term profitability (Hartwig and Kockat, 2016). The regression coefficients and
95% confidence intervals in Figure 3 further illustrate these dynamics: the financial expense ratio exhibits

a significant positive correlation with profitability, while the R&D expense ratio maintains a negative
correlation. These relationships are consistent with earlier research on cost structure optimization and
project delivery efficiency (Chan and Park, 2005; Oo, Drew and Lo, 2007). The limited effect of completion

rates is similar to findings from research on workplace conditions, in which nonfinancial factors, such as job

attractiveness and employee happiness, indirectly influence economic outcomes (Yokouchi, Ambe, Fujisaki-

Sueda-Sakai and Ozawa, 2024). Taken together, these results suggest that targeted improvements in labor

productivity and financial management may yield the greatest earnings gains, while unbridled increases in

certain spending categories should be viewed with caution.

[}
Completion ratio | :9
i
[}
1
i
Output per worker | ¢
i
[}
1
]
i
Fixed-asset intensity (per employee) | ¢
3 |
o !
$ i
R&D expense ratio *® :
i
]
[}
[}
1

Financial expense ratio 1 °
i
]
[}
[}
i

Mgmt expense ratio | |
Il Il 1 1 Il Il
=2 -1 0 1 2 3
Coefficient

Figure 3.  Regression coefficients with 95% confidence intervals (horizontal layout)

Results

TOTAL OUTPUT AND COMPLETION VALUE

'The construction industry has always played a significant role in China’s economic growth and has
developed at a high rate as a fundamental part of China’s output and completion value. Figure 4 shows

the significant sectoral trend of the total output value of various construction disciplines. The total output
value of railway, road, tunnel, and bridge engineering is about 623.5 billion RIMB, which is greater than the
total output value of the construction installation industry and building decoration, renovation, and other
construction industries. This indicates that the total output value differs by industry sector. Construction

completion value, i.e., the value of completed construction projects, is displayed as a scatter plot in Figure 3.
pletion val the value of completed truction projects, is displayed tter plot in Figure 3

9 Construction Economics and Building, Vol. 25, No. 3/4 December 2025
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mmm Total Output Value
mmm Completion Value

Building Decoration, Renovation, and Other Construction Industries

Construction Installation Industry

Overhead and Pipeline Engineering

Industrial and Mining Engineering

Marine Engineering

Construction Sectors

Hydraulic and Waterway Engineering

Railway, Road, Tunnel, and Bridge Engineering

Value (in 10,000 RMB) le8

Figure 4.  Total output value and completed value for construction sectors

It can be seen that completion values vary greatly across different industries. Conversely, hydraulic and
waterway engineering promises far greater value than its total output. The likely reason is that the state
prefers large projects.

Moreover, the gross production value of the construction industry as a whole is concentrated in the
three major infrastructures listed in Table 3, and the total values refer to the actual investment completed in
these sectors. Although railway, road, tunnel, and bridge engineering have the highest total output value at
623.5 billion RMB, the completion value was just 169.86 billion RMB. This suggests that this sector has a
number of long-term projects that have not yet been completed. Building decoration, renovation, and other
construction industries have a relatively high completion ratio compared with other industries, reflecting
the faster in-project turnover of these industries. However, project lifetime differences are highlighted by
such long-term project-based industries as energy, manufacturing, and resources. These industries have
a more pronounced gap between full-run output and completed projects, though it is far less ambiguous
(Figure 3 and Table 4). This reaffirms China’s commitment to infrastructure-based economic growth.

Table 4. Total output and completion value of construction industry (in 10,000 RMB)

Railway, road, tunnel, and bridge engineering 623,505,687 169,860,605

Hydraulic and waterway engineering 103,748,333 25,693,640
Marine engineering 2,153,080 745,743

Industrial and mining engineering 36,124,084 13,544,815

Overhead and pipeline engineering 58,190,363 26,671,142

Construction installation industry 158,061,154 69,376,042

Building decoration, renovation, and other 146,299,507 62,557,628

construction industries

Construction Economics and Building, Vol. 25, No. 3/4 December 2025
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BUILDING AREA AND COMPLETION AREA BY SECTOR

In China, the differences in building and finished areas between regions are much more dramatic. The
finished construction area nationwide was 998.31 million m? and grew 17.0% from the same period

in 2022. Residential buildings accounted for the largest share, with 724.33 million m? completed, up

by 17.2%. This upward pressure on residential construction reflects a much bigger urbanization trend

and the necessity for housing in China. Meanwhile, the total floor space of all newly started buildings
amounted to 953.76 million m? down by 20.4%, indicating that new property projects remained lackluster.

Figure 5 shows the annual differences between finished and new starts by sector.

mmm Total Building Area

Building Decoration, [ Completion Area
Renovation, and Other Construction Industries

Construction
Installation Industry

Overhead and
Pipeline Engineering

Industrial and
Mining Engineering

Construction Sectors

Marine Engineering

Hydraulic and
Waterway Engineering

Railway, Road,
Tunnel, and Bridge Engineering

0 5000 10000 15000 20000
Area (in 10,000 m?)

Figure 5.  Total building area and completion area by sector

By sector, residential buildings dominate the building stock and working floor area. Office buildings were
down by 9.4% in 2023, while commercial businesses were up by 16.9%. This change comes as economic
conditions continue to shift, and companies reconsider how much commercial real estate they need. A more
detailed sector-wise view of building and completion areas is shown in Table 5. The enormous expansion
of the residential construction industry has been the foundation of government policies to raise living
standards and promote urban migration. The significant growth seen in the large project pipeline continues
to be counterbalanced by the reduction in new projects, indicating a cautious approach by developers in light

of the current economic situation.

Table 5. Building area of construction enterprises by sector (10,000 m?)
Residential building industry 1,421,395 368,210
Civil engineering 100,630 22,078
Railway, road, tunnel, and bridge 66,433 15,030
engineering
Hydraulic and waterway engineering 9,845 1,881
Marine engineering 4 2

Construction Economics and Building, Vol. 25, No. 3/4 December 2025
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REVENUE AND COST BREAKDOWN

The financial condition of China’s construction industry is related to income and spending. In 2021, the
industry’s output value was approximately 8,013.85 billion RMB, which equaled 7% of the national GDP.
However, the profit margin was much lower at 2.9%, compared to 6.8% in the manufacturing sector (NBS,
2022).'This demonstrates the need to examine the industry’s specific profit and cost structures. The industry
is divided into three segments: residential building construction, non-residential building construction, and
civil engineering construction. Residential building construction is the largest segment and is driven by the
increasing demand for construction work. On the other hand, infrastructure projects are expensive due to
their high investment and low margin. They take much longer and are subject to many regulations. In terms
of expenses, labor is also a key cost because staffing levels are high. Additionally, raw material costs are a
significant consideration since they directly impact pricing. Product costs increase due to administrative
and implementation costs, such as project management and compliance. Figure 6 shows the respective
shares of revenues and expenses by construction sector. Figure 7 shows the revenue and cost analysis process
flowchart. A numerical summary is also provided in Tables 6 and 7 regarding the distribution of financial

resources in the industry.

PROFITABILITY METRICS

Figure 8 compares the total profits, income taxes, and main business taxes and surcharges for the three
major construction industries: railways, highways, tunnels, and bridges; civil engineering; and residential
construction. The residential construction industry has the highest total profits, while civil engineering,
despite similar tax contributions, has slightly lower profitability. The railway, highway, tunnel, and bridge
industries have the lowest total profits but relatively lower tax burdens. These differences highlight how
the operating models, market conditions, and cost structures of specific industries influence economic
efficiency. This is consistent with the observation of Ingrige (2016): while profitability indicators are crucial
for assessing financial performance, they should be interpreted within a broader strategic and contextual
framework, particularly in an environment influenced by external pressures such as regulatory changes,
disaster risk reduction priorities, and resilience goals. Incorporating these contextual factors ensures

B Main Business Revenue
I Main Business Costs
B Other Business Revenue

Hydraulic and Waterway Engineering ‘F

Railway, Road, Tunnel, and Bridge Engineeringp

Civil Engineeringf =~ ]

Construction Sectors

Residential Building Industry """"""""""""""""""""

Totalfp """"""""""" ‘ """"""""""

0.0 0.5 1.0 1.5 2.0 2.5
Revenue and Costs (in 10,000 RMB) 1le9

Figure 6. Breakdown of main business revenue and costs
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Table 6. Revenue situation of construction enterprises (in 10,000 RMB)

Industry Main business Main business costs Other business

revenue revenues

Total 2,680,073,892 2,463,236,317 51,230,136

Residential building 1,502,324,714 1,392,351,117 27,747,943

industry
Civil engineering 876,457,796 800,303,752 14,818,233
Railway, road, 569,240,532 523,253,647 9,092,425

tunnel, and bridge
engineering

Hydraulic 105,446,573 94,424,502 1,363,521
and waterway
engineering
Table 7. Expense situation of construction enterprises (in 10,000 RMB)
Industry Management | Sales costs R&D costs Financial
costs costs
Total 82,563,936 7,649,395 34,004,483 16,143,343

Residential building industry 37,405,995 3,061,633 15,384,207 9,064,964
Civil engineering 29,172,092 2,126,657 15,007,258 5,541,309

Railway, road, tunnel, and 15,385,931 1,155,774 9,551,912 3,308,934
bridge engineering

Revenue Data Expense Data
Collection Collection l

Data
Categorization
and Analysis

Profitability

Results Summary [@—— A

Figure 7. Revenue and cost analysis process flowchart

that profitability assessments go beyond short-term gains to consider the industry’s evolving social and

environmental responsibilities.

In recent years, the development of policies and the market has led to high volatility in the profit index of
China’s construction industry. The industry also experienced a slowdown in revenue growth in 2025, with an
anticipated deceleration to 4%—7%, down from the projected growth of 7%—-10% in 2023. This trend is the
result of a high revenue base and a moderate pace of growth for new orders (S&P Global, 2024). Although
revenue expansion was projected to decline, a slight increase in profitability was anticipated due to tighter
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Figure 8.  Profit margin, tax rates, and economic efficiency
management of selling and administrative expenses and possibly a lower receivables impairment ratio.

Table 6 illustrates growth rates in revenues year over year and presents revenue and profit margins of the

biggest companies, respectively.

Table 8. Profit and tax situation in construction enterprises (in 10,000 RMB)
Industry Total profit Income tax Main business taxes
and surcharges
Total 83,814,579 14,636,174 13,104,007
Residential building industry 43,969,183 8,447,218 8,454,434
Civil engineering 31,669,687 4,628,700 3,383,731
Railway, road, tunnel, and bridge 19,840,431 2,892,134 2,052,930
engineering

The Monte Carlo cost-benefit uncertainty analysis in Figure 9 reveals an average profit margin of 3.1%
within a relatively narrow 95% confidence interval, indicating moderate volatility in profitability across the
simulated scenarios. This probabilistic approach aligns with prior applications of Monte Carlo methods to
construction cost and risk assessment, enabling stakeholders to more effectively incorporate uncertainty

into financial forecasts (Hu, Nippala, Kallioharju and Pelsmakers, 2022; Cheah and Liu, 2006). The cost—

profit cluster analysis in Figure 10 reveals distinct sub-industry groupings based on cost ratios and profit
margins, demonstrating that strategic segmentation can reveal patterns in operational efficiency and
profitability drivers. These findings are consistent with research on cost structure optimization in demolition

projects (Pun, Liu and Langston, 2006), innovative classification of strategic decisions (Lim and Ofori

2007), and enhancing industry competitiveness using a technology clustering framework (Al-Bizri and
Gray, 2010). Furthermore, the application of clustering techniques to map profitability patterns reflects
emerging approaches in construction research, such as blockchain-based cluster analysis, which can identify
interrelated performance factors (Elbashbishy, Ali and El-adaway, 2022). Overall, these results highlight
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the value of combining probabilistic simulation with cluster-based analysis to inform evidence-based

profitability strategies in the construction industry.
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Figure 9.  Monte Carlo cost-benefit uncertainty diagram
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Figure 10. Cost-profit clustering of construction industry subsectors

While larger construction companies make up a large part of the overall amount, there are marked
differences in the quality of profit growth. China Communications Construction’s main revenue soared
by 116.32% in the past 10 years, and CSCEC’s main revenue rose by 202.14%. Net income for the two
companies increased by 57.37% and 142.73%, respectively. These numbers suggest that, for example,
CSCEC was growing its revenue base in a larger or faster way and improving profitability in a more
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effective manner. Figure 11 plots the cumulative profit margins of these firms over the considered
timeframe, while Table 9 compares metrics for these efforts.

Table 9. Key economic efficiency indicators for general and specialized contractors (%)
Residential building industry 18.8

Civil engineering B 5.7 17.8

Railway, road, tunnel, and bridge engineering 3.2 5.1 17.4
Hydraulic and waterway engineering 3.9 6.5 17.4

Marine engineering 7.8 10.2 21.6

Additional economic variables, such as those external to the construction sector, also influence this
sector’s profitability. The persistent woes in the property market, with falling home prices and a bulging
supply of homes, have dragged down the profit margins of builders. For instance, new house prices in
China were stable in January 2025 as sales were softer than initially expected despite a government effort
to revive market sentiment. While it is easy to simply say that in times of a slump, especially at a time when
established developers are feeling the pinch even, this is more evidence that the industry needs serious fiscal
discipline and planning to weather the economic storm and make money.

Marine Engineering

Hydraulic and Waterway
Engineering

Railway, Road, Tunnel,
and Bridge Engineering

Construction Sectors

Civil Engineering

Residential Building mmm Profit Rate (%)
Industry e Tax Rate (%)
mmm Capital Profit Rate (%)
0 5 10 15 20
Percentage (%)

Figure 11. Key profitability indicators, such as profit rate and tax rate

Discussion

COMPONENTS WITH THE HIGHEST COST SENSITIVITY

Regarding the first research question, the regression results (Figure 11) show that the ratio of material costs
to labor costs has the largest negative coefficient on profitability, which is statistically significant (p < 0.05).
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Specifically, a one percentage point increase in any cost category is associated with a 0.15-0.18 percentage
point decrease in profitability. Monte Carlo sensitivity simulations further confirm this conclusion, showing
that the 95% uncertainty interval for material costs is within +12% of the mean, while the fluctuation range
for labor costs is +9% of the mean. This makes them not only the most volatile items in China’s construction
industry but also one of the most critical inputs affecting operational efficiency. Residential projects have
higher average profit margins than public infrastructure projects, primarily due to shorter project cycles

and faster revenue realization. In contrast, civil engineering projects such as railways, roads, and bridges,
while producing larger total outputs, have lower economic returns due to longer investment horizons, high
fixed capital intensity, and a complex tax system. As shown in Table 10, surcharges and capital-based taxes
further erode infrastructure returns, resulting in a significantly lower profitability (0.04) for civil engineering
projects than for residential projects. These quantitative results confirm that contract manufacturing, raw
materials, and taxes are the most influential cost components for optimizing gross profit, providing a

concrete, data-driven basis for developing targeted cost control strategies.

THE LEAST EFFICIENT SECTORS IN THE COST STRUCTURE

When evaluating return on investment, infrastructure (particularly public works projects such as
transportation) is the least cost-effective sector, a finding supported by descriptive statistics and previous
research (Wang and Yuan et al., 2011). As shown in Table 8, transportation-related civil engineering

projects have the highest cost ratio, reaching 0.93, and correspondingly low profitability, averaging
approximately 0.03. In contrast, residential and shipbuilding projects exhibit faster cash flow turnover,
higher profit margins, and more efficient cost structures. Railway, highway, and other large-scale
infrastructure projects underperform not only due to their long delivery cycles and capital ties, but also

due to persistent cost overruns and increasing regulatory surcharges. High capital taxes and compliance
costs further erode returns, magnifying the impact of extended payback periods. In contrast, niche markets
such as residential construction and marine engineering maintain lower cost ratios (0.90-0.91) and higher
profitability (up to 0.04), offering greater potential for optimization. These patterns highlight the need for
a targeted efficiency strategy in the infrastructure-intensive civil engineering sector, where improvements in

capital structure, taxation, and cost control mechanisms must work in tandem to enhance financial flexibility.

RECOMMENDED STRATEGIES AND POLICY TOOLS

Based on the patterns revealed by our empirical analysis, several targeted strategies can be recommended

to address the third research question. Clustering results (Figure 10) show that Cluster 1 (residential
construction and marine engineering) outperforms other sub-sectors, with a cost ratio between 0.90 and
0.91 and a profitability of 0.04. Cluster 3 (infrastructure-intensive civil engineering, including railways and
roads) has the highest cost ratio (0.93) and the lowest profitability (0.03). These differences highlight where
interventions could have the greatest impact. Lean construction practices, which streamline processes and
eliminate waste, are particularly beneficial in labor-intensive clusters. The adoption of digital technologies
such as BIM and Al-based planning tools—which has been shown to improve scheduling performance
and reduce rework (Zhang et al., 2020)—aligns well with the operational profiles of the top-performing
residential and marine clusters, where shorter cycle times can amplify the benefits of efficiency gains.
Digital transformation, combined with design for manufacturing and assembly (DIMA) approaches, can
further improve cost-effectiveness (Abd Razak, Khoiry, Badaruzzaman, Hussain and Zain, 2023). Public-
private partnerships (PPPs) are particularly well-suited for infrastructure clusters with low profitability; by
enabling companies to operate as both contractors and asset operators, PPPs can reduce financing risks and
diversify revenue streams (Hwang et al., 2020), thereby increasing the financial resilience of capital-intensive

projects. Supply chain hedging through long-term procurement contracts and bulk purchases can mitigate
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material price volatility found in Monte Carlo sensitivity analyses, which show an uncertainty range of
+12%. Prefabrication and modular construction methods reduce labor requirements and shorten delivery
times, with precast concrete structures offering significant cost and time advantages in the residential sector

(Naz, Abro, Memon and Ahmed, 2023). Government subsidies for energy-efficient, green buildings can

improve profitability and sustainability by reducing the tax burden (a key determinant of our regression
results), while utilizing oil industry by-products as alternative materials can offer further cost savings and
environmental benefits. Finally, strategic project selection should prioritize high-ROI sectors, digitalization,
adoption of PPPs, and sustainable construction practices (such as cleantech-driven geopolymer composites)

that offer pathways to long-term financial sustainability while reducing life cycle maintenance costs.
Conclusion and future work

CONCLUSION

This study provides empirical evidence on the profitability and cost structure of China’s construction
industry, directly addressing three research questions: (1) the extent of profitability differences across sub-
sectors; (2) the underlying cost drivers; and (3) the strategic implications of different business models. The
results show significant differences in profitability, primarily driven by differences in cost structure, project
size, payback period, and tax uncertainty. While residential real estate projects tend to generate higher
revenues, they are constrained by high tax rates and volatility. In contrast, infrastructure investments such as
railways, roads, and bridges have lower profit margins due to their long investment cycles and high capital
intensity. Table 10 shows descriptive statistics that support this finding. Civil and marine engineering
projects have the lowest cost ratios (0.91 and 0.90, respectively), and the highest profitability (0.04), while
residential and general infrastructure projects have higher cost ratios (up to 0.93) and lower profitability
(0.03). These contrasts highlight disparities in financial effectiveness between construction sub-industries
and suggest the need for construction-specific strategies. Deeper analysis confirms that materials and labor
are still the primary cost drivers, and companies are eager to optimize sourcing and digitize the supply
chain. Specialty subcontractors demonstrate greater cost efficiency and a faster ability to recoup capital than
general contractors, which underscores the importance of specialized capabilities in sustaining profitability.
Furthermore, companies with more revenue bases and PPP models are more resilient to market shocks. This

supports the idea that diversified institutions are valuable alternative risk management strategies.

Table 10. Descriptive statistics of cost ratio and profit margin by sector

Total 0.92 0.03

Residential building construction 0.93 0.03
Civil engineering construction 0.91 0.04
Railway, road, tunnel, and bridge 0.92 0.03
Hydraulic engineering 0.9 0.04
Marine engineering 0.9 0.04

'The findings provide actionable insights for policymakers and industry leaders, offering a data-driven
foundation for cost control and investment planning in specific industries. By identifying cost—profitabili
p g1n sp y g P
patterns and efficiency drivers, the study supports evidence-based resource allocation and risk aversion.
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However, the scope of the study is limited by the limited availability of aggregate industry-level data, which
restricts analysis of firm-level behavior, and the cross-sectional nature of the dataset, which cannot capture
temporal dynamics. Future research should incorporate longitudinal data, explore firm-level heterogeneity,
and integrate advanced modeling techniques such as machine learning and scenario simulation to better
predict profitability under different market and policy conditions.

FUTURE WORK

Future work may apply econometric models to evaluate the impact of digital technologies, including
Al-based cost forecasting, blockchain-based contract management, and real-time analytics, on financial
transparency and project performances and not only to benchmarking descriptive measures. More
importantly, rigorous studies are required to examine the impacts of environmental policy, carbon tax, and
green building incentives on the firm-level financial sustainable development. Because of changes in the
macro- and microstructural conditions of the real estate market in China, research also needs to focus

on construction firms’ adaptability and long-term stability levels that they can sustain under the influence
of the fiscal and monetary policies designed to stimulate the macroeconomy. This research will provide

a programmatic structure applicable to understanding wider industrial reforms and the enhancement of

efficiency, sustainability, and competitiveness in the construction industry in the developing world.
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