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international competitiveness and
influencing factors
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China, with a long history of cultivating chrysanthemumes, is one of the largest
producers of cut chrysanthemums in the world. The changes in its export volume
of cut chrysanthemums directly affect the supply in the international flower market
and exert competitive pressure on other exporting countries of cut flowers. This
study characterizes the growth, composition and performance of China’s cut
chrysanthemum in the global market using various measures and analytical tools,
and provides an empirical investigation on the influencing factors of China's export
competitiveness of cut chrysanthemum. The results show that over the past 16 years,
China’s export of cut chrysanthemums has maintained a competitive advantage
that peaked in 2019, followed by a gradual decline. Market effects and overall
competitiveness had the most significant impact on China’s cut chrysanthemum
export growth. China’s export of cut chrysanthemums is associated with the
number of new varieties, and China exports more cut chrysanthemums to countries
with larger population size, more geographical proximity, and closer diplomatic
relations. While we do not find significant effect of the Belt and Road Initiatives,
we find that Chinese exporters of cut chrysanthemums tend to choose to export
to China’s partners of free trade agreement. This study then provides policy
suggestions regarding enhancing the international competitiveness of China’s
cut chrysanthemums including promoting innovation strengthening international
cooperation.

KEYWORDS

cut chrysanthemums, international competitiveness, bilateral trade, CMS model, trade
gravity model

1 Introduction

Chrysanthemum (Chrysanthemum x morifolium Ramat.), is one of the world’s four major
cut flowers. As the trade statistics of 2022 shows, they represent 9.77% of the global cut flower
trade market, positioning them as the second-largest cut flower species worldwide (Figure 1).
It has wide applications in landscaping, home gardening, and the pharmaceutical industry,
offering substantial economic and cultural value (Gao et al., 2023). Cut chrysanthemums are
famous for their diverse forms and vibrant colors, making them one of the most economically
valuable flower crops in the global market (Mekapogu et al., 2022). As consumer demand for
diverse and high-quality flowers continues to rise, the market demand for chrysanthemums
is also increasing. The plant’s adaptability and cultivability make it a highly promising flower
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FIGURE 1
Share of chrysanthemums in trade of fresh cut flowers, 2022. Data source: CEPII BACI.

crop, especially in the context of green sustainability and sustainable
agriculture. China is one of the prominent actors in the global cut
chrysanthemum industry. It has a long history of chrysanthemum
cultivation dated back to the 15th Century B.C. Chrysanthemum is
not only a renowned flower originating from China (Zhang and Dai,
2009; Chen et al,, 2023), but also constitutes the largest share in
China’s export of fresh cut flowers (as shown in Figure 1). However,
China faces the issue of having a large cultivation area but lower
export revenues compared to competitors like the Netherlands and
Colombia. Therefore, evaluating China’s position in the global flower
market, its competitiveness, and understanding the influencing factors
are pre-requisites for promoting the development of China’s
chrysanthemum industry.

As global competition intensifies and societal challenges grow,
leading flower-producing nations have conducted significant research
to explore how to drive the development of the global flower industry.
Dutch researchers have examined the characteristics of online flower
trade by analyzing export volumes, price trends, and flower varieties,
while also considering information technology trade mechanisms and
the global value chain context (Patel-Campillo, 20115 Porter, 2003;
Steen, 2010). Other researchers have assessed Ecuador’s floral export
advantages and policies by analyzing agricultural policies, economic
changes, and transportation methods (Vanegas Lopez et al,, 2017;
Guaita-Pradas et al., 2023). Kenyan researchers have utilized Principal
Component Analysis (PCA) to analyze trade trends and market share
within Kenyan cut flower industry (Hughes, 2001; Perry, 2012). The
research conducted by these major flower-producing nations shares a
common goal: to enhance the global competitiveness of their flower
industries and consequently, promote the growth of the global flower
market. As the most traded flower in China’s cut flower industry,
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chrysanthemums serve as a key subject of research on international
competitiveness and influencing factors. This not only provides
theoretical support for Chinas flower industry internationalization
strategy but also offers a framework for improving the competitiveness
of other agricultural products.

Export quantity and value are key indicators for assessing a
product’s international competitiveness. The use of mathematical
models to analyze these indicators is a common approach for
evaluating trade competitiveness and influencing factors. The
Revealed Comparative Advantage (RCA) method, introduced by
Balassa (1965), is one of the most effective approaches to evaluating
global competitiveness and influencing factors. With the growth of
trade globalization, this method has been continuously refined,
leading to the development of alternative indices such as Total
Revealed Comparative Advantage (TRCA) (Tian et al., 2017), Variable
Revealed Comparative Advantage (VRCA) (Wu et al, 2019),
Normalized Revealed Comparative (NRCA) (Shuai et al., 2022), and
Revealed Symmetric Comparative (RSCA) (Laursen, 2015). These
indices are widely used in the competitiveness assessments of various
agricultural products, including coffee (Jalata, 2021), wheat (Ceylan,
2019), and cinnamon (Sari and Divinagracia, 2021). The Constant
Market Share (CMS) model and the Trade Gravity Model are effective
tools for analyzing the factors influencing commodity trade
competitiveness. The multi-level decomposition of the CMS model
helps clarify the export structure of specific products, identify issues
in international trade, and provide valuable references for government
policy-making and problem-solving. It also aids in forecasting and
assessing future trade trends. For instance, Ge Ming and colleagues
used the model to identify drivers of China’s agricultural export
growth and the reasons behind changes in foreign import demand and
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industry structure, playing a key role in enhancing the overall
competitiveness of Chinese agricultural products (Ge et al., 2024).
Additionally, this model has been widely applied in the study of
international competitiveness factors for horticultural exports, rare
earths, and automobile trade (Lu et al., 2015; Zhao, 2022). In contrast
to the CMS model, the Trade Gravity Model incorporates specific
factors such as bilateral trade distance, foreign import demand, and
trade barriers, making more accurate assessments. This allows for the
development of scientific and effective measures to enhance product
international competitiveness. The model has also been extensively
validated in economic modeling (Fracasso, 2014). The advantages of
different mathematical models vary. When used appropriately, these
models can play a significant role in promoting the development of
international trade for commodities.

Using a single model to analyze export trade in-depth has its
limitations. A combination of models is more effective in formulating
targeted policy recommendations to promote trade development. This
study first calculates the RSCA index of major global cut
chrysanthemum exporters to clearly identify China’s market position.
Then, using the Gravity model and CMS model, the specific factors
influencing China’s cut chrysanthemum import and export trade are
identified, which can assist domestic chrysanthemum producers in
developing production plans, investment strategies, and marketing
tactics. This not only provides valuable insights for governments in
formulating trade policies for the flower industry, but also offers a
framework and reference for the analysis of other industries.

2 Data and methods
2.1 Data

This study, based on the International Harmonized System (HS
codes), retrieved bilateral trade data for cut chrysanthemums (HS
060314) from the CEPII BACI database', covering the years from 2007
to 2022. We also use a more detailed trade database from General
Administration of Customs, People’s Republic of China® which is
available at the level of 8-digit HS codes at a monthly frequency from
January 2015 to November 2024. It allows us to compare China’s
export of cut chrysanthemums (HS 06031400) with two other major
types of chrysanthemum products, namely live plants of
chrysanthemums (HS 06029093) and chrysanthemums used primarily
in pharmacy (HS 12119015). Chinas chrysanthemum breeding data
is from the Science and Technology Development Center of the
Ministry of Agriculture and Rural Affairs’. For the gravity model
analysis, we get data for the explanatory variables from the CEPII
gravity database, covering the past 16 years (2007-2022) (Porter, 2012).

2.2 Research methods

First, to fully understand China’s position and export structure
of cut chrysanthemum trade in the global flower market, this study

1 https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37
2 stats.customs.gov.cn

3 www.nybkjfzzx.cn
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conducts a statistical analysis of the foundational data. Based on
this, the study employs the Revealed Symmetric Comparative
Advantage (RSCA) index to examine Chinas comparative
advantage in cut chrysanthemum exports over the past 16 years,
measuring the changes in China’s trade competitiveness. The
RSCA index optimizes the traditional Revealed Comparative
Advantage (RCA) by applying symmetry and standardization,
addressing potential biases and extreme values. This significantly
enhances the objectivity, stability, and accuracy of the
research results.

Secondly, after clarifying the international flower market and
competitiveness of Chinas cut chrysanthemums, we employ a
combination of the Constant Market Share (CMS) model and the
gravity model to further analyze the reasons behind the export growth
and the factors influencing it. The CMS model, through multi-layer
decomposition, breaks down export growth into different effects,
allowing the identification of key causes of trade changes. Combined
with the gravity model, it analyzes the direction and magnitude of
each factor’s impact on trade flow at the bilateral trade level, providing
valuable evidence for trade policy formulation and business
decision-making.

3 Results

3.1 Overview of China'’s cut
chrysanthemum trade

3.1.1 China in the global trade of cut
chrysanthemums

From 2007 to 2022, global exports of cut chrysanthemums
reached $12537.052million. The top five exporting countries were the
Netherlands, Colombia, Malaysia, China, and Vietnam (Figure 2A).
Over this 16-year period, these countries accounted for 89.77% of
global exports, creating a trade dominance among the five nations.
The Netherlands was the largest exporter of cut chrysanthemums,
with its share peaking at 70.37% in 2007. Analysis of the market share
of the top five cut chrysanthemum exporting countries from 2007 to
2022 reveals that although the Netherlands remained the largest
exporter, its share declined over these 16 years. In contrast,
Colombia, Vietnam, and China experienced rapid growth.
Specifically, China’s share of global exports increased from 1.45% in
2007 to 3.67% in 2022, it reached its peak in 2019, accounting for
total exports. Malaysia’s trade in cut chrysanthemums remained
relatively stable, maintaining about a 10% share of global exports
throughout this period. Overall, the combined export share of other
countries also increased, indicating a gradual shift away from the
dominance of the five leading exporters (Supplementary
Appendix Table Al). The global cut chrysanthemum market is
expected to see the emergence of more major trading nations in
the future.

During the same period, the top five importing countries were
the United States, Japan, Russia, and Germany (Figure 2B). These
countries accounted for 72.49% of global imports over the 16 years.
The import demand for cut chrysanthemums from the
United States, Japan, and Germany remained relatively stable, while
Russia and the United Kingdom exhibited significant fluctuations.
Russia’s import demand increased initially but then declined,
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FIGURE 2

Overview of global cut chrysanthemum trade from 2007 to 2022: export trends (A), import trends (B). Data source: CEPII BACI database.
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whereas the United Kingdom showed a consistent decrease in

demand, with its share of global imports falling from 28.71% in
2007 to 21.25% in 2022 (Supplementary Appendix Table A2). The
import share of cut chrysanthemums by other countries is on the
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rise, indicating that new major demand centers are likely to emerge.

As potential growth markets for Chinese cut chrysanthemum

exports, this presents China with increased export opportunities in

the future.
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3.1.2 The composition of China's cut
chrysanthemum trade

Between 2007 and 2022, the international trade of Chinese cut
chrysanthemums experienced significant fluctuations. According
to the CEPII BACI database, since 2007, China’s cut chrysanthemum
trade has shown a rapid upward trend, growing from $9.35 million
in 2007 to $39.13 million in 2022. It peaked in 2021, achieving a
remarkable growth of 432.67%. Similarly, imports of cut
chrysanthemums into China also showed a rapid growth trend.
From a trade balance perspective, China’s export value of cut
chrysanthemums has consistently exceeded its import value,
maintaining a trade surplus over the 16 years. Based on this trend,
the Chinese cut chrysanthemum industry is expected to capture a
larger share of the international market in the future
(Supplementary Appendix Table B1).

To examine the fluctuations in China’s cut chrysanthemum
export market share in key global countries or regions, this study
estimates the export market share of China’s cut chrysanthemums
over the past 16 years (Figure 3) and calculates the standard
deviation of market share changes during this period. Overall,
China’s cut chrysanthemums are primarily exported to Japan and
South Korea, accounting for over 94% of total exports. Over these
16 years, both South Korea and Japan have seen significant
increases in their cut chrysanthemum import volumes. However,
Japan’s import share decreased from 92.48% in 2007 to 70.09% in
2022, while the share of China’s cut chrysanthemum exports to
South Korea rapidly rose from 2.56% in 2007 to 23.75% in 2022,
even surpassing Japan in 2019. Moreover, the import volumes of
both Japan and South Korea have exhibited considerable volatility,
with fluctuations of 17.05 and 16.49%, respectively. This suggests
that changes in the import demand from these countries will
directly affect Chinas cut chrysanthemum export trade.
(Supplementary Appendix Table B2).

10.3389/fsufs.2025.1521709

3.1.3 China's export of other types of
chrysanthemums products

In addition to cut flowers, the export of chrysanthemums also
includes the export of plants and medicinal chrysanthemums. Since
customs data provides trade statistics at the HS8 level, we can analyze
the share and changes of chrysanthemums within the three main
categories of flower products. These three categories include cut
(Fresh (Live
chrysanthemums plants), and plants or plant parts used for medicinal,

flowers cut chrysanthemums), live plants
aromatic, or pesticidal purposes (Flos chrysanthemums). As global
trade data (UNComtrade data) is only available at the 6-digit HS code
level, it is not possible to separate chrysanthemums from the latter two
categories. Therefore, we examined China’s export share in these three
main flower product categories, which indirectly reflects the global
market share of Chinese chrysanthemum plants and medicinal
chrysanthemums to some extent.

Trade data for the period 2015-2024 shows that exports of cut
chrysanthemums and medicinal chrysanthemums account for the
majority of all chrysanthemum products, with live chrysanthemums
having a smaller share. The overall trend (Figure 4A) indicates an
upward trajectory for exports of all three types of chrysanthemum
products, with a noticeable decline in all categories during the 2020-
2023 period due to the global COVID-19 pandemic. Monthly export
data from 2015 to 2024 (Figure 4B) reveals that trade in all three types
of chrysanthemum products follows a seasonal pattern, with overall
exports in the fall and winter months exceeding those in spring and
summer. This pattern can be attributed to the growth characteristics
of chrysanthemums, as most regions in China are unable to achieve
year-round production, resulting in much lower yields in spring and
summer compared to fall and winter. Therefore, improving
chrysanthemum production techniques and creating conditions for
year-round production are

key factors in promoting

chrysanthemum exports.
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3.2 The com Pa rative adva ntage of China's top five cut chrysanthemum exporting countries from 2007 to 2022
export of cut chrysanthemum (Dalum et al., 1998).
The specific calculation formulas are as follows:
3.2.1 Calculation of symmetric revealed
comparative advantage
This study applies Dalum’s method to calculate the Symmetric RCA; = ( X/ th) / ( Xi ! X ) (1)

Revealed Comparative Advantage (RSCA) index using data from the J
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RSCAj; =(RCA;; -1)/(RCA; +1). ©)

In this context, X;; represents the export value of product i from
country j, X; denotes the total export value of flowers from country j,
X, is the total global export value of product i, and X,, is the total
global export value of flowers.

3.2.2 Results and analysis

After analyzing the trade situation of major countries in the global
cut chrysanthemum trade, it was found that China’s main competitors
are the Netherlands, Colombia, Malaysia, and Vietnam. Based on this,
it is necessary to further understand China’s position in the global
floral trade. Therefore, this study calculates the RSCA indices for the
Netherlands, Colombia, Malaysia, Vietnam, and China from 2007 to
2022 (Figure 4).

The study found that, despite the global financial crisis in 2008,
the RSCA indices for the five countries were all above zero, indicating
a competitive advantage and suggesting that the financial crisis had
a minimal impact on the export trade of cut chrysanthemums.
Notably, while the Netherlands is the largest exporter of cut
chrysanthemums globally, its comparative advantage was relatively
weak, with no comparative advantage (RSCA <0) during 2016-2018.
In contrast, Malaysia and Vietnam demonstrated a strong
comparative advantage, significantly surpassing the Netherlands,
Colombia, and China, and remained relatively stable over the
16 years. Colombia’s RSCA index exhibited minimal fluctuations over
the 16 years, showing a generally increasing trend. Chinas cut
chrysanthemum trade has consistently shown a comparative
advantage but with the highest volatility. The RSCA value increased
rapidly from 0.018 in 2007 to 0.332 in 2013, then sharply fell to
0.15 in 2014. It recovered to previous levels and experienced stable
growth from 2015 to 2019, peaking in 2019. However, it declined in
2020 following the global outbreak of COVID-19, indicating a
significant negative impact on China’s cut chrysanthemum exports
due to the pandemic. Overall, the export of Chinese cut
chrysanthemums has shown a rapid growth trend over these 16 years,
indicating an increasingly optimized export structure. This suggests
significant future breakthroughs and a substantial opportunity for
China to capture a larger share of the global cut chrysanthemum
market (Supplementary Appendix C).

3.3 Decomposing the growth of China’s
cut chrysanthemum export

3.3.1 Constant market share model analysis

This model compares a country’s export value, product structure,
and market structure with the global export value, product structure,
and market structure during the same period, and it decomposes
export growth into two levels. The first level of decomposition includes
structural effects, competitiveness effects, and second-order effects.
The second level further breaks down structural effects into growth
effects, market effects, product effects, and structural interaction
effects; competitiveness effects are divided into overall competitiveness
effects and specific competitiveness effects; and second-order effects
are divided into pure second-order effects and dynamic second-order
effects (Jepma, 1989).
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Since a single product is not influenced by product effects and
structural interaction effects, this study excludes these effects based on
Jempa’s hierarchical decomposition of the CMS model. The specific
calculation formulas and CMS decomposition details can be found in
Supplementary Appendix D.

3.3.1.1 Phases of constant market share evaluation

In this study, to accurately assess the market competitiveness of a
specific product and develop precise trade strategies, only data based
on HS Code 060314 (cut chrysanthemums) was selected as the
sample. Trade data was sourced from the CEPII BACI database. In this
study, China’s cut chrysanthemum trade refers to the export value
from mainland China, excluding exports from Hong Kong, Macao,
and Taiwan.

This study spans from 2007 to 2022. According to data from the
CEPII BACI database, during this period, China exported cut
chrysanthemums to 71 countries. However, only eight countries—
Japan, South Korea, the Philippines, Thailand, Singapore, Brunei,
Bangladesh, and Malaysia—imported cut chrysanthemums from
China every year. Given the long study period, the study period was
divided into five intervals, each spanning three years, for separate
analysis. (The 2019-2022 period, however, was extended to four years
due to the impact of the global COVID-19 pandemic.) This approach
aims to better explore the variations in the significance of factors
influencing Chinas global cut chrysanthemum exports at
different times.

3.3.1.2 Results and analysis

Table 1 presents the results of the CMS model for China’s cut
chrysanthemums across five periods: 2007-2009, 2010-2012, 2013-
2015,2016-2018 and 2019-2022.

The results of the CMS model indicate that: Over the past 16 years,
the growth of China’s cut chrysanthemum exports has been highly
variable. During the periods of 2013-2015 and 2019-2022, export
growth was unstable, with a pattern of decline followed by recovery.
However, from 2007 to 2022, the overall trend for cut chrysanthemum
export growth has been steadily upward. The growth of China’s cut
chrysanthemum exports is influenced by structural effects,
competitiveness effects, and second-order effects. Among these,
structural effects contribute the most to export growth, followed by
competitiveness effects, with second-order effects having the least
impact. To understand the reasons behind these results, this study will
analyze the structural effects, competitiveness effects, and second-
order effects in detail.

3.3.1.2.1 Structural effect

The variation in structural effects closely mirrors the fluctuation
in export growth, displaying a complex pattern of initial growth,
followed by a sharp decline, a subsequent surge, and then a decrease.
This pattern closely resembles the changes in the number of patent
applications for chrysanthemum breeding and cultivation in China,
indicating that innovations in chrysanthemum breeding and
cultivation technologies have a positive impact on the development of
China’s cut chrysanthemum export trade. The fluctuation in growth
effects is more aligned with the degree of fluctuation in structural
effects, indicating that the overall increase in global cut
chrysanthemum imports has stimulated China’s cut chrysanthemum
export trade. In the first four phases, the contribution of market effects
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TABLE 1 Decomposition of export growth of China’s cut chrysanthemum.
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2007-2009 2010-2012 2013-2015 2016-2018 2019-2022
Export Contribution Export Contribution Export Contribution Export Contribution Export Contribution
value (%) value (%) value (%) value (%) value (%)
(m.USD) (m. USD) (m. USD) (m. USD) (m. USD)

Export growth 3184.791 10590.198 51.841 14328.238 ~760.778
Structural effect 2891.279 90.78 8152.960 76.99 2691.983 5192.77 13018.961 90.86 ~374.171 49.18
Growth effect —472.363 -14.83 862.141 8.14 —3424.898 —6606.54 4267.996 29.79 2150312 —282.65
Market effect 3363.642 105.62 7290.819 68.84 6116.881 11799.31 8750.965 61.07 —2524.483 331.83
Competitiveness
E 261.081 8.20 1777.555 16.78 —1528.531 —2948.50 1074.081 7.50 1654.300 —217.45
effect
Overall
competitiveness 3589.331 112.70 7948.022 75.05 2830.326 5459.63 9778.775 68.25 —1143.101 150.25
effect
Specific
competitiveness -3328.25 ~104.50 —6170.467 —58.27 —4358.857 —8408.13 —8704.694 —60.75 2797.401 —367.70
effect
Second-order effect 32431 1.02 659.683 6.23 —1111.611 —2144.27 235.196 1.64 ~2040.907 268.27
Pure second-order

—13.237 —0.42 88.940 0.84 186.791 360.32 146.584 1.02 12.347 —1.62
effect
Dynamic second-

45.668 143 570.743 5.39 —1298.402 ~2504.59 88.612 0.62 ~2053.254 269.89
order effect
Total 3284.791 100.00 10590.198 100.00 51.841 100.00 14328.238 100.00 ~760.778 100.00

*Data source: CEPII BACI database.
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to the growth of China’s cut chrysanthemum exports far exceeded that
of growth effects. Notably, in the first and third phases, the significant
contribution of market effects offset the negative impacts of growth
effects. However, in the final phase, the contribution of growth effects
surpassed that of market effects. Overall, market effects played a
role in the growth of Chinas cut

crucial driving

chrysanthemum exports.

3.3.1.2.2 Competitiveness effect

The impact of competitiveness effects on Chinas cut
chrysanthemum exports is analyzed by observing the dynamic
changes in both overall and specific competitiveness effects. Positive
competitiveness effects indicate that an increase in overall
competitiveness contributes positively to China’s cut chrysanthemum
exports, and vice versa. From 2007 to 2012, the competitiveness of
China’s cut chrysanthemum exports showed rapid growth. This was
followed by a sharp decline during 2013-2015, which was then quickly
reversed. Overall competitiveness effects, in the second-order
decomposition of various effects, contribute second only to market
effects. It is the second most significant factor in enhancing the growth
of China’s cut chrysanthemum exports. The contribution value was
positive in the first four phases, indicating an overall increase in
China’s cut chrysanthemum competitiveness in the global market.
However, in the fifth phase, the overall competitiveness was negative.
The contribution value of specific competitiveness effects varies across
the five phases. From 2007 to 2018, specific competitiveness effects
suppressed the growth of China’s cut chrysanthemum exports. In
contrast, from 2009 to 2022, specific competitiveness effects drove the
growth of cut chrysanthemum exports, offsetting the losses caused by
overall competitiveness effects during this period.

3.3.1.2.3 Second-order effect

The second-order effect represents the growth in exports resulting
from the interaction between structural and competitiveness effects,
and its analysis serves a corrective function. During the periods of
2013-2015 and 2019-2022, second-order effects had the greatest
impact on suppressing the growth of China’s cut chrysanthemum
exports. In contrast, during 2007-2009 and 2016-2018, second-order

10.3389/fsufs.2025.1521709

effects had minimal impact on export growth. The period of 2010-
2012 saw some positive influence of second-order effects on cut
chrysanthemum exports. The pure second-order effects were not
significant across the various phases. The impact of second-order
effects on China’s cut chrysanthemum exports primarily arises from
dynamic second-order effects. Overall, the role of second-order effects
in regulating China’s cut chrysanthemum exports is relatively minor.

3.4 The influencing factors

3.4.1 Pearson correlation analysis

This study, using data from the Science and Technology
Development Center of the Ministry of Agriculture and Rural Affairs
(Figure 5), examined the number of new chrysanthemum variety
applications in China from 2007 to 2022. Pearson correlation analysis
was conducted to assess the relationship between the number of new
variety applications and China’s cut chrysanthemum export value. The
results indicate a strong positive correlation (r = 0.8345), suggesting
that the development of new chrysanthemum varieties significantly
contributes to the growth of cut chrysanthemum exports and is a key
factor in enhancing China’s trade competitiveness in this sector
(Supplementary Appendix E).

3.4.2 Gravity model analysis

The CMS model reveals that market effects and overall
competitiveness effects have the most significant impact on the
changes in China’s cut chrysanthemum exports. To further analyze the
factors influencing China’s cut chrysanthemum exports, this study
uses a gravity model of trade with balanced panel data.

The explanatory variables include the GDP and population of
the importing countries [Ln (GDP) and Ln (population)], whether
the importing country has joined the Belt and Road Initiative [BRI
(t)] or has an free trade agreement in force with China [FTA (t)], the
importing country’s cut chrysanthemum imports from other
countries [Ln (ROW)], whether the importing country is a member
of the WTO (WTO_member), the diplomatic relations between the
importing countries and China (Diplo_disagreement), the distance
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between the importing countries and China [Ln (distance)],
whether the importing countries and China share a border
(Contiguous), and whether they have a common official language
(Common_language). Considering the possibility that the trade
agreements or the Belt and Road Initiative have a lagged effect on
trade, the one-year lag of the FTA and BRI variables are also
included [FTA (t-1) and BRI (t-1)]. Three different models are used
to test the impact of these indicators on China’s cut chrysanthemum
export. The first one uses the natural logarithm of export value as
the dependent variable. To consider the zero trade values, we also
replace the dependent variable with the natural logarithm of the
export value plus one. We also examine the influencing factors on
the probability that China has a positive export of cut
chrysanthemum to the exporting country in any given year during
the sample period. All the regressions include the year fixed effect
to control for any China-specific factors such as the GDP of China,
as well as any factors that are common to all importing countries
such as the exchange rate of the US dollar. The results are shown in
Table 2. The following conclusions are drawn from the
regression analysis.

While the coefficient of the GDP of China’s cut chrysanthemum
export destinations is not significantly different from zero, the
coeflicients for Ln (population) are significantly positive in the first
two regressions. This indicates that a larger population size or more
imports from other countries of China’s cut chrysanthemum export
destinations is associated with larger import of cut chrysanthemum
from China. A larger population size of the importing country leads
to greater demand for chrysanthemums, thereby enhancing the export
of China’s cut chrysanthemum to that country (Figure 6).

The regression coefficient for the total cut chrysanthemum
imports in the importing countries is significantly positive, consistent
with the expected direction. Both models’ coefficients pass the 1%
significance level test, indicating that for every 1% increase in the cut
chrysanthemum imports of China’s export destinations, China’s cut
chrysanthemum exports increase by 43.95 and 7.51%. Therefore,
Chinese chrysanthemum exporters can adjust their export strategies
based on the import levels of cut chrysanthemums in the destination
countries to achieve greater export growth.

The regression coefficients for both the distance between the
importing countries and China and whether the country shares a
border with China are significantly negative, indicating that the
geographical distance, as the gravity model indicate, restricts the
development of bilateral trade, especially for fresh cut flowers for
which fast delivery is crucial. Greater geographical distance increases
the trade costs for the exporters, as well as the trade risks and prices,
leading to a negative impact on Chinas chrysanthemum exports to the
destination country.

Besides transportation costs, there are other trade barriers related
to trade policies that Chinese exporters need to overcome, such as
tariffs and sanitary and phytosanitary (SPS) measures imposed by the
importing countries. In Model (2) and Model (3), after considering
the zero trade values, the WTO membership and the free trade
agreement, which effectively decrease the trade policy barriers of the
importing countries, both show significantly positive effect on China’s
export of cut chrysanthemums to the importing country. On the other
hand, we do not find significant positive effect regarding the
participation in the Belt and Road Initiative (BRI), suggesting that
even though BRI membership might bring long term benefits to
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TABLE 2 The regression results of the gravity model for China's cut
chrysanthemum export.

(1) (2) (3)
VARIABLES Ln (value) Ln Prob
(value+1) (value>0)
Ln (GDP) —0.1016 —0.0140 0.0313%**
(0.1940) (0.0200) (0.0060)
Ln (population) 0.5257%%* 0.1057*** —0.0086
(0.1470) (0.0213) (0.0061)
Ln (ROW) 0.4395%** 0.0751%** 0.0121%%*
(0.0626) (0.0141) (0.0027)
BRI (t-1) —0.7279 —0.1614 —0.0045
(0.5454) (0.1025) (0.0332)
BRI (t) —0.1243 —0.2334%% —0.0003
(0.5034) (0.0984) (0.0291)
FTA (t-1) —1.1744 —0.6886 —0.0478
(1.1208) (0.5964) (0.1236)
FTA (t) 1.4669 1.0700% 0.2357*
(1.1208) (0.5767) (0.1203)
WTO_member 0.2358 0.4071%%* 0.0961%3*
(0.5499) (0.0599) (0.0157)
Diplo_disagreement —0.8627%%** —0.4366%** —0.0885%**
(0.2482) (0.0494) (0.0143)
Ln (distance) —4.0777%%* —1.7132%%* —0.2936%**
(0.1721) (0.1376) (0.0163)
Contiguous —2.2907%#%* —1.45597%%% —0.0151
(0.3580) (0.1808) (0.0402)
Common_language 0.7978* 0.7245%%* 0.3125%**
(0.4122) (0.3058) (0.0325)
Constant 30.8483##* 14.9690%** 2.2493%%%
(3.1036) (1.2482) (0.1593)
Year fixed effect YES YES YES
Observations 331 2,318 2,318
R-squared 0.710 0.498 0.409

Robust standard errors in parentheses. *#*, **, * denote significance levels of 1, 5, and 10%,
respectively.
Data source: CEPII BACI and CEPII gravity database.

bilateral relations or to the trade of other types of products, it does not
have a notable impact on China’s export of cut chrysanthemums.
There are two more interesting variables that are found to have
significant effect on China’s export of cut chrysanthemums, Diplo_
disagreement and Common_language. The coeflicients for diplomatic
relations are significantly negative. Since a larger value of the variable
Diplo_disagreement means worse diplomatic relations between the
importing country and China, this result suggests that improving the
bilateral diplomatic relations will enhance Chinas export of cut
chrysanthemums to the importing country. The coefficients for the
common language variable are significantly positive, as common
language not only means much less communication costs, but also
captures the similarity in culture between the importing country and
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FIGURE 6
Correlation analysis of new variety applications and cut
chrysanthemum export value.

China, which can affects the consumers’ preference toward
Chinese chrysanthemums.

4 Discussion
4.1 Discussion of the empirical findings

China’s share of the global cut chrysanthemum trade grew
from 1.45% in 2007 to 3.67% in 2022, it reached its peak in 2019
(5.83%), showing a strong growth trend. Despite this, China’s
export share remains relatively small, with significant room for
improvement compared to other leading exporting countries. The
export structure analysis reveals that China faces a high
concentration in its export markets, with a heavy reliance on Japan
and South Korea. This dependency makes China’s exports highly
vulnerable to market demand fluctuations. Therefore, reducing
reliance on a single market and seeking more stable and diversified
markets is crucial for the development of China’s cut
chrysanthemum industry.

The RSCA analysis of global cut chrysanthemum competitiveness
shows that, while China’s comparative advantage grew significantly
from 2007 to 2022, Malaysia and Vietnam exhibited more pronounced
and stable comparative advantages in the global market. Moreover, the
RSCA index for China’s cut chrysanthemums showed a declining
trend after 2014 and again after 2019. A comparison with existing
literature reveals that Chinas cut chrysanthemum trade is highly
sensitive to global economic fluctuations. In 2014, global economic
growth slowed, and the outbreak of COVID-19 in 2019 significantly
impacted the global economy (Siche, 2020), leading to decreased
demand, disrupted supply chains, and export restrictions on flowers
(Prantik 2022).

chrysanthemum exports dropped significantly, only beginning to

and Arghya, During this period, Chinas
recover after 2023. A study comparing Ethiopias flower industry
competitiveness before and after the COVID-19 pandemic found that
the upward trend in Ethiopias comparative advantage slowed
significantly after the pandemic. Similarly, flower trade in major
flower-producing countries such as the Netherlands, Colombia,
Kenya, and Ecuador was also impacted by the global pandemic
(Worku et al., 2023), consistent with the findings of this study.
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The CMS model analysis of China’s cut chrysanthemum export
growth indicates that exports face volatility and instability, primarily
influenced by changes in international market demand and production
technology. The structural effect plays a dominant role in export
growth, particularly the market effect. While the competitiveness
effect has generally driven export growth, it experienced a decline
2013-2015),
sustain continuous

during certain periods (such as and overall

did not
Additionally, the second-order effects were minimal, primarily

competitiveness improvement.
reflecting cyclical fluctuations. In analyzing the factors influencing
export competitiveness, this study found that Chinas cut
chrysanthemum trade competitiveness faces several challenges.
Firstly, the growth in the GDP of destination countries has not
contributed to the growth of China’s trade competitiveness. Although
population size and the import value of the destination country
positively affect exports, increased transport distance adds to costs
and risks. Furthermore, the positive impact of the Belt and Road
Initiative on China’s cut chrysanthemum trade competitiveness has
been insignificant.

In summary, this study uses the RSCA index to assess China’s
comparative advantage in cut chrysanthemum exports. Compared
to existing agricultural product competitiveness research (Long,
2021; Hoang, 2020), the RSCA index optimizes the RCA value by
applying symmetry and standardization, addressing potential biases
and extreme values, thereby making the results more objective,
stable, and accurate. This method is particularly important in
evaluating the global competitiveness of products in a globalized
and complex market environment (Zhou and Tong, 2022). In
exploring the factors influencing trade competitiveness, this study
adopts the MAS model in conjunction with the gravity model.
Compared to existing research, this study takes a more macro-level
approach to examine the factors affecting cut chrysanthemum trade
This
governments and businesses in formulating solutions to existing

competitiveness. perspective is more beneficial for

issues in international trade.

4.2 Policy implication

In global flower trade, government policies play a crucial role in
enhancing the export trade and competitiveness of cut
chrysanthemums (Vanegas Lopez et al, 2017). In recent years,
Vietnam’s cut chrysanthemum trade has grown rapidly, making it
one of the top five global exporters. Its policies provide significant
insights for China’s trade policy formulation. The Vietnamese
government actively supports the agricultural sector by establishing
large-scale production bases and integrating product processing
with marketing strategies. This approach has effectively improved
policy and infrastructure, while creating a transparent, stable, and
favorable marketing environment, which has enhanced the
competitiveness of businesses within the value chain (Tran and
Nguyen, 2018; Angyu et al, 2021). To improve China’s cut
chrysanthemum production and quality, several policies have been
introduced since 2018, such as promoting “smart agriculture” and
“technology-driven agriculture” (Hua, 2021; Liu, 2023). Additionally,
in 2020, China signed the Regional Comprehensive Economic
Partnership (RCEP) with multiple countries, offering tariff
reductions on imports and exports between member states.
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Furthermore, mechanization has a positive impact on production
(Rizwan et al., 2020). China’s government subsidies for purchasing
agricultural machinery have greatly contributed to improving
productivity and product quality (Yang et al., 2019). However,
China’s flower trade still faces challenges such as insufficient variety
innovation, low conversion rates of flower technology achievements,
gaps in the modernization of production technologies and
equipment compared to international standards, an incomplete
market circulation system, underdeveloped flower information
systems, untapped potential in flower culture, and weak policy
support. To address these challenges, this study proposes several
policy recommendations aimed at promoting the development of
China’s flower industry.

To advance independent innovation in the floral industry, it is
essential to integrate domestic research resources, improve the variety
innovation mechanisms, strengthen germplasm resource protection,
solidify the foundation of seed industry development, and enhance
seed production technology and scientific research. In improving the
floral industry’s supply chain system, it is crucial to build strengths in
the supply chain, cultivate new floral industries and business models,
innovate modern floral trading patterns, enhance marketing
networks, and optimize logistics and distribution networks.
Strengthening technological innovation in the floral industry requires
enhancing research, encouraging corporate innovation, emphasizing
collaborative efforts, and advancing institutional innovation.
Improving floral quality involves optimizing industry structure,
increasing the supply of high-quality products, strengthening quality
supervision, and fostering brand innovation in the floral sector. To
address the lag in the digital development of the floral industry, the
government should improve the statistical system for modern floral
industries, establish a digital platform, and build an internet
infrastructure for the sector. To tap into the potential of Chinese
floral culture, it is vital to enhance cultural research and innovation,
increase publicity efforts, enrich themed cultural activities, and
integrate floral culture into both production and daily life.
Furthermore, the government should promote the upgrading of floral
consumption by balancing supply and demand dynamics, nurturing
new  growth international

points, and  strengthening

trade cooperation.

5 Conclusion

This study aims to accurately assess Chinas position and trade
competitiveness in the global flower trade, while further exploring the
that of Chinas
chrysanthemum trade.

factors influence the competitiveness

To achieve this, the study employs a multi-model approach
combining the RSCA index, MAS model, and trade gravity model to
conduct statistical analysis of data obtained from the CEPII BACI
database. The results of this multi-model analysis reveal that the
Netherlands, Malaysia, Colombia, and Vietnam are the largest
competitors of China’s cut chrysanthemum exports. From 2007 to
2022, China’s competitiveness in the global flower industry showed
rapid growth, with market effects and overall competitiveness having
the most significant impact on China’s cut chrysanthemum exports.
Factors such as the number of new varieties, the population size of
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importing countries, and import value positively influence China’s cut
chrysanthemum exports, while the geographical distance between
countries negatively impacts exports.

The results of this study provide valuable guidance for the
development of China’s chrysanthemum industry. First, by
analyzing the total export volume and trade value of cut
chrysanthemums,  this  study  measures international
competitiveness, thereby enhancing the understanding of
competitiveness analysis. This study innovatively employs a
comparative approach to analyze China’s chrysanthemum industry’s
competitiveness in the international flower market from multiple
perspectives, thus broadening the research scope. It also provides
methodological insights for the assessment of global commodity
trade competitiveness and the study of influencing factors.
Furthermore, the findings offer deep insights for both academia and
the industry in clarifying the positioning, development path, and
competitive strategies of China’s chrysanthemum industry in the
global market, laying a theoretical foundation for future in-depth
research. Additionally, this study reveals the factors influencing cut
chrysanthemum trade competitiveness from a macro perspective,
offering high-value reference points for the formulation and
improvement of import-export trade policies between countries.

Although this study provides a dynamic analysis of China’s cut
chrysanthemum trade from a global competitiveness perspective,
several limitations remain. First, the granularity and timeliness of data
sources represent inherent limitations in research of international
trade. Therefore, to provide more timely information and deeper
analysis on the trade of cut chrysanthemums, future research on this
topic can build upon the analysis presented in this study with more
detailed and up-to-date data. For example, firm level data in recent
years will allow a more comprehensive investigation into the
determinants of China’s export of cut chrysanthemums. Secondly,
while this study identified a series of factors that affect China’s
chrysanthemums export, the factors influencing China’s global
competitiveness in chrysanthemum trade that we consider in this
study is far from complete, which is largely due to the availability of
data. Future research can explore a broader range of factors from
many other perspectives, such as intellectual property protection,
protection of new varieties, climate change, cross border e-commerce
and so on.
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