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Abstract. This study investigates the optimization of industrial investment al-
location in China, addressing the challenges of over-concentration in certain
sectors and inefficiencies in resource distribution. A multi-objective optimization
model is proposed using Sequential Least Squares Quadratic Programming
(SLSQP) to allocate investments across 13 key industries, with the aim of
maximizing GDP while minimizing CO2 emissions. Data from China’s National
Bureau of Statistics (NBS) from 1990 to 2023 is utilized to inform the model.
The results indicate a shift in investment priorities, favoring industries with high
economic returns and low environmental impact, such as information technology
services and finance, while reducing allocations to high-emission sectors like
chemical and metal manufacturing. The study highlights the importance of bal-
ancing economic growth and environmental sustainability in industrial invest-
ment decisions. The optimized allocation supports China's strategic goals out-
lined in the 14th Five-Year Plan and the 2060 carbon neutrality target. This re-
search contributes to the development of a scalable decision-making tool for
policymakers, offering insights into how China can achieve sustainable growth
by optimizing resource distribution across diverse sectors. Future work will re-
fine the model to account for social and strategic factors beyond economic and
environmental considerations.
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1 Introduction

China's industrial sector is undergoing a transformation from traditional manufacturing
to high-tech and service-oriented industries, driven by advances in artificial intelli-
gence, renewable energy and digital infrastructure[1]. Industrial investment is a key
driver of economic growth, with more than trillions of units invested annually in China.
The strategic allocation of these resources is essential to maximise gross domestic
product (GDP) while navigating inter-industry dynamics and coping with market
volatility. Industrial investment optimisation involves allocating capital across differ-
ent sectors (e.g., manufacturing, IT services, and wholesale) to achieve high economic
returns while avoiding excessive concentration of resources that could exacerbate
systemic risks.
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Despite large investment inflows, China's industrial market still faces challenges,
including inefficient resource allocation and over-reliance on certain sectors [2]. Tra-
ditional linear models are unable to capture the non-linear relationship between in-
vestment and GDP output, thus requiring more accurate optimisation techniques.
Recent research has highlighted the potential of computational methods to address
these issues, but few studies have focused on diversification to reduce economic risk
[3]. In this paper, we propose a multi-objective optimisation framework that uses
sequential least squares quadratic programming (SLSQP) to allocate 1 trillion units of
investment across 13 key industries. By incorporating diversification penalties, the
model ensures a balanced allocation of resources while maximising GDP growth.

This study analyses historical investment trends, current market structures, and ex-
isting allocation challenges to provide context for the proposed methodology. Using
data from 1990 to 2023 through SLSQP analysis, this study aims to provide policy-
makers with a scalable decision support tool for strategic economic planning.

2 Historical Investment Trends in China

China’s industrial investment landscape has undergone profound changes from 1990 to
2023, reflecting the nation’s shift from an agrarian economy to a global manufacturing
and high-tech powerhouse. In the 1990s, agriculture, forestry, and fisheries dominated,
comprising over 20% of total investment due to rural development policies. By the
2000s, manufacturing emerged as the leading sector, absorbing 35-40% of investments,
driven by export-led growth and urbanization. This shift fueled an average GDP growth
rate of 9.5% annually from 2000 to 2010.
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Fig. 1. Investment Proportions Across Chinese Industries (1990-2023)

Figure 1 illustrates the increase rate in the share of investment in major industries
from 1990 to 2023, including AF (agriculture, forestry and fisheries), mining, finance,
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other manufacturing, chemical industry, construction, information technology services,
textiles and clothing, food and beverages, WRA (wholesale and retail accommoda-
tions), metal manufacturing, RB (rented business), and electricity supply.

The report shows that by 2023, the share of agriculture will drop sharply to less than
5 per cent, while manufacturing will peak in the 2000s and then stabilise at around 30
per cent. High-tech industries, particularly information technology services, grew from
5 per cent to 12 per cent, reflecting innovation-driven policies, and wholesale and retail
trade also grew, to 10 per cent. Despite these changes, sectors such as mining main-
tained a high level of investment (8-10 per cent) despite lower GDP returns, suggesting
that the allocation to these sectors is not optimal. Figure 1 highlights the need for the
optimisation model to balance the allocation of investment and maximise economic
output, laying the groundwork for advanced computational methods.

3 Current Structure of China's Investment Market

China's industrial investment market in 2023 will be characterised by a dynamic and
uneven allocation of resources across sectors, reflecting both China's economic ambi-
tions and structural challenges. According to China's National Bureau of Statistics
(NBS), the manufacturing sector remains dominant, accounting for around 29 per cent
of total fixed asset investment, down from 35-40 per cent in the early 2000s [4]. The
prominence of this sector underscores its role as a driver of GDP growth, but it is also
plagued by problems such as overcapacity and declining marginal returns, especially in
traditional industries like the energy industry[6]. At the same time, the share of in-
vestment in high-tech sectors has risen from 5 per cent in the 1990s to 14 per cent
today, driven by national strategies such as the Digital China Plan and the 14th
Five-Year Plan [5][7].

Despite these changes, there are still significant imbalances in the investment mar-
ket. Carbon-intensive sectors such as mining (9 per cent) and metal manufacturing (7
per cent) attract large amounts of capital despite their environmental costs and eco-
nomic inefficiencies, compared to newer sectors such as financial services (8 per cent)
and wholesale and retail (11 per cent) [4]. Moreover, Wang and Cao highlight that
resource misallocation in China's energy industry, with an annual average efficiency
loss of 29.3% from 2002 to 2021, further underscores the need for optimized resource
allocation [6]. These findings suggest that there is an urgent need for China to optimise
its investment strategy to achieve the twin goals of economic growth and environ-
mental sustainability.

Structural challenges complicate the investment environment. State-owned enter-
prises (SOEs) dominate investment market and tend to favour strategic sectors over
market-driven opportunities[8]. The expansion of SOEs has the potential to suppress
the development of creativity of private enterprise[9]. In addition, regional disparities
persist, with eastern provinces such as Zhejiang and Shanghai accounting for 45% of
total investment, while inland regions lag behind, exacerbating economic inequality
[4]. These problems highlight the need for multi-objective optimisation approaches,
such as the SLSQP framework proposed in this study, to ensure a balanced and efficient
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allocation of resources. By addressing these structural inefficiencies, China's industrial
sector can achieve sustainable and resilient growth.

4 Problem

China's industrial investment market, despite its growth, continues to face significant
challenges in three main ways.

Over-concentration in sectors: Investment is over-concentrated in a few sectors,
with manufacturing (e.g., metal manufacturing) and IT services together absorbing
more than 48 per cent of total funding, as discussed in Section 3, thereby increasing the
economic risks associated with sector-specific shocks. This concentration leaves sec-
tors such as agriculture, forestry, livestock and fisheries (AF) severely underfunded at
3.5 per cent, stifling economic diversification.

Misplaced Sectoral Priorities: High investments (8-9 per cent) in sectors such as
mining and electricity supply persist despite the fact that these sectors contribute less to
GDP than high-return sectors such as wholesale and retail accommodation (WRA).
This mismatch reflects inefficiencies in the allocation of capital and weakens the
overall economic growth potential.

Inter-industry dynamics and complexity: Intricate interdependencies between in-
dustries, such as the reliance of rental business (RB) on digital infrastructure IT ser-
vices, complicate investment decisions. These dynamics require sophisticated model-
ling to capture the cascading impact of cross-industry investments.

5 SLSQP Application in Investment Allocation

This study uses the Sequential Least Squares Programming (SLSQP) method to opti-
mize investment allocation across 13 Chinese industries for 2023, balancing economic
growth with environmental sustainability. SLSQP determines optimal investment
proportions to maximize economic output, measured by total value added, while
keeping CO; emissions within acceptable limits. This section explores the SLSQP
methodology, its application, the optimized investment proportions compared to his-
torical data, and the implications for China's economic and environmental policies.

5.1 Methodology

5.1.1 Overview of SLSQP. Sequential Least Squares Programming (SLSQP) is an
optimisation technique for nonlinear problems with interrelated objectives and con-
straints. It effectively balances objectives such as maximising economic efficiency and
environmental constraints. SLSQP uses a gradient-based approach to iteratively im-
prove the solution, approximating the relationship between the variables to satisfy the
defined objectives and constraints.

SLSQP can handle both equality constraints (conditions that must be fully satisfied)
and inequality constraints (conditions that are within a certain range) and is therefore
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suitable for investment allocation. Here, the total investment has to be fully distributed
among industries and CO; emissions have to be kept below a critical value. Compared
to methods such as genetic algorithms, SLSQP converges faster, even if there are many
variables. With 13 industries and multiple constraints, SLSQP is a practical tool for this
study.

5.1.2 Problem Setup. The problem optimises the distribution of investments across 13
Chinese industries: Agriculture, Forestry, Livestock and Fisheries (AF), Mining, Fi-
nance, Other Manufacturing, Chemical Industry, Construction, Information Technol-
ogy Services, Food and Beverage, Wholesale, Retail and Accommodation (WRA),
Metal Manufacturing, Real Estate and Business (RB), Electricity Supply, and Ma-
chinery Manufacturing. The objective is to maximise gross value added (GVA), re-
flecting the contribution to China's GDP, while ensuring that CO, emissions do not
exceed 110% of the 2023 CO, damage value.

Optimisation includes several conditions: the Gross Investment Ratio (GIR) must be
100%, CO, emissions must remain within environmental limits (based on sectoral
value added and impacts), and the ratio must be non-negative for each sector. These
ensure a practical solution that meets both economic and environmental objectives.

5.1.3 Implementation Process. SLSQP optimisation was implemented in Python using
the Scientific Computing Library. The process takes historical investment ratios for the
year 2023 as initial values. The algorithm iteratively adjusts these proportions, as-
sessing economic output and CO, impact at each step, aiming to maximise total value
added while keeping emissions within limits, with the proportions summing to 100%.

In estimating CO» impacts, it is assumed that each sector's emissions are propor-
tional to its value added, with equal weights given to each sector. In practice, the
weights should reflect the specific carbon intensity, but due to data limitations, uniform
weights were used. The algorithm was repeated until a ratio that met the economic and
environmental objectives.

5.2 Results and Comparison

The SLSQP optimization results are shown in Figure 2, a bar chart titled "Optimized vs
Historical Investment Proportions (2023)." It compares optimized proportions (blue)
with historical proportions (orange) for the 13 industries, with percentage labels on
each bar. The chart highlights significant changes, reflecting a shift towards a sus-
tainable and efficient allocation.

Optimisation has resulted in a higher proportion of investment in sectors with high
economic returns and low environmental impact. Allocations to information technol-
ogy services and finance have increased. IT services are key to China's digital economy
and are prioritised for their high value-added and low CO; emissions, in line with
technology-driven growth. The financial sector has also received more investment due
to its economic contribution and low carbon intensity.
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Optimized vs Historical Investment Proportions (2023)
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Fig. 2. Investment Proportions Optimization Result

In contrast, the share of high-CO» emitting sectors such as the chemical industry and
metal manufacturing has declined. The chemical industry, which produces fertilisers
and plastics, and the metal manufacturing industry, which produces steel and alumin-
ium, are both energy-intensive and carbon-emitting industries. The model reduces their
investment ratios to meet CO, constraints and shifts resources to more environmentally
friendly sectors.

The investment ratios in 2023 reflect a traditional strategy that prioritises sectors
such as machinery manufacturing and construction. Machinery manufacturing, which
produces heavy machinery, has historically had a large share, but has been cut back due
to its high carbon intensity. Construction, which is critical to infrastructure, is also
reduced due to its environmental footprint.

The optimised allocation meets the CO, constraints and the estimated impact is 8.5%
lower than the 110% limit on CO, damage values in 2023. This demonstrates that the
SLSQP effectively balances economic and environmental objectives to support sus-
tainable development without sacrificing output.

5.3  Analysis

The SLSQP application provides insights into the alignment of China's economic
growth with the SDGs. The optimised ratios support national policies such as the 14th
Five-Year Plan (2021-2025), which emphasises digital infrastructure and green indus-
tries. Increased investment in information technology services helps China shift to a
technology-driven economy that promotes innovation and productivity while mini-
mising environmental impacts.

Increased investment in the financial sector strengthens its role in mobilising capital
and funding green initiatives such as renewable energy projects, helping China to meet
its 2060 carbon neutrality target, but a more refined strategy is needed when investing
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in the financial sector due to the volatility of its output. Reducing investment in
high-emission sectors such as chemicals and metal manufacturing is consistent with
carbon reduction efforts. The SLSQP's reallocation of resources supports a low-carbon
transition, although it may reduce output in these sectors, which could affect em-
ployment. Policymakers should consider interventions such as retraining programmes.

The construction sector has seen a reduction in allocations but remains essential to
infrastructure development. Optimisation suggests the adoption of sustainable prac-
tices, such as green building materials, to balance growth and environmental concerns.
Similarly, the reduction in investment in machinery manufacturing highlights the need
for innovation, such as the adoption of low-energy, automated technologies.

6 Conclusion

This study proposes a multi-objective optimisation framework using Sequential Least
Squares Quadratic Programming (SLSQP) to address the challenge of allocating in-
dustrial investment in China, balancing economic growth with environmental sus-
tainability. The SLSQP model efficiently maximises economic output measured in
terms of gross value-added (GVA) while adhering to carbon dioxide (CO,) emission
constraints, as evidenced by its optimal allocation across 13 key industries. The find-
ings argue in favour of increased investment in high-return, low-emission industries
such as IT services and finance, which is in line with China's 14th Five-Year Plan and
2060 carbon neutrality target. Conversely, reducing investment in carbon-intensive
sectors such as chemical and metal manufacturing highlights the need for a strategic
shift to green industries.

The findings highlight the potential of advanced calculation methods to guide pol-
icymakers towards sustainable economic development. However, limitations such as
simplified CO impact estimates and the influence of external economic factors also
raise areas for further refinement. At the same time, the results of this model are all
based on the data level only and do not take into account the impact of humanities,
social sciences and strategic factors, so that by adopting these strategies, China can
reduce economic risks, improve resource efficiency and develop a resilient low-carbon
industrial landscape that ensures balanced and sustainable development in the future.
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