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ANALYSING ECONOMIC GROWTH AND ENVIRONMENTAL
QUALITY: A CLASSICAL AND BAYESIAN APPROACH

Abstract: This empirical study investigates the intricat&atienship between the ecological environment and
economic growth within the context of Zhejiang An@e, China - a region characterised by its rapihnisation
and significant economic development. By analysiata spanning from 2011 to 2020, the research expfie
Environmental Kuznets Curve (EKC) model, which hypsises an inverted U-shaped relationship between
environmental degradation and economic growth, iwithoth classical and Bayesian statistical framéwdo
examine the province’s per capita GDP. Findingsnfitooth statistical approaches reveal a distinctetation
between economic progression and environmentalitons, underscoring the Environmental Kuznets @urv
hypothesis. Additionally, this study conducts a panative analysis between Vector AutoregressionRYAnd
Bayesian Vector Autoregression (BVAR) models tolexte their predictive capabilities concerning ifierplay
between ecological health and economic advancemefitejiang. The BVAR model, with its incorporatiaf
Bayesian statistics, demonstrates superior for@cagirecision, providing valuable insights into tbgnamics
governing the relationship between economic graawith the ecological environment in Zhejiang Province
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I ntroduction

In the wake of China’s economic reforms and thadral@velopment along its coast,
Zhejiang Province emerges as a vital subject fptaging the delicate equilibrium between
economic expansion and ecological preservatiora Asacon of China’s economic ascent,
Zhejiang has embraced a high-consumption, highstarisdevelopment pattern, resulting
in substantial ecological strains and resourceirstr®esource strain refers to the
over-extraction and depletion of natural resousigsh as water, minerals, and fossil fuels.
Ecological strains include the degradation of ail avater quality, loss of biodiversity, and
soil erosion caused by industrial emissions, dsfat®n, and urban sprawl [1, 2]. This
approach, characterised by intensive resource hss, precipitated an ecological
predicament underscoring the imperative for hargiaogi economic growth with
environmental stewardship [3]. To ensure the rditgbof our analysis, we utilised the
Total Environmental Quality Index data from the j4eg Environmental Yearbooks
(2011 - 2020) and per capita GDP data from the ighgj Statistical Yearbooks
(2011 - 2020). Both sources are published by thgjiaihg Provincial Bureau of Statistics,
adhering to national standards and undergoingaigoguality checks and audits to ensure
accuracy and reliability. The environmental datacenpasses parameters such as air
quality, water quality, and waste management, ctdld using standardised monitoring
equipment and methodologies. Future studies coeldefit from including additional
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environmental indicators such as biodiversity nestrand soil quality. These additional
metrics would provide a more holistic understandofgthe ecological conditions and
enhance the robustness of the analysis. The ecoraata includes detailed GDP figures,
sectoral contributions, and population data, coetpithrough systematic data collection
processes and validated through periodic revisamd external audits. These measures
ensure the robustness of the datasets and thebititgdhf the findings presented in this
study.

Within its journey of rapid economic advancemenhefang addresses the dual
challenges of sustaining economic growth and ntitigaecological and environmental
issues [4, 5]. A notable stride towards ecologaalelioration is the reduction of PM2.5
levels by 3.2 % in 2020 relative to 2019, alongsidbieving national air quality standards
across most of the province [6-8].

Efforts in water management have also borne fruith 91.4 % of water sources
achieving I-lll grade status, indicative of enhath@eater quality and fulfillment of essential
water environmental functions [9, 10]. The provimtsmonstrates a strong commitment to
providing safe drinking water, particularly in urbkpcales [11, 12].

In tackling solid waste challenges, Zhejiang ha®ced a robust treatment
infrastructure. By 2020, the province boasted 2G&ahdous waste treatment and
151 domestic waste management facilities, showgaaircomprehensive and balanced
waste treatment strategy [12, 13].

Despite its constrained size and resources, Zhpjs achieved notable economic
progress [14, 15]. Yet, this advancement has edtaibnsiderable resource consumption,
elevated input expenses, and significant environahedegradation, challenging the
ecological equilibrium [16]. In response, local lawities have stressed the necessity of
melding economic progress with ecological consémathough studies in this domain are
sparse [17, 18].

This study aims to fill the existing knowledge gbp examining the relationship
between Zhejiang’s ecological environment and eowoogrowth using classical and
Bayesian statistical methods. The selection ofethgthodologies is grounded in their
complementary strengths. Classical statistics, wiith frequentist approach, provides
straightforward hypothesis testing and confidengervals, making it suitable for initial
data analysis and model verification. Converselgydsian statistics offer a robust
framework for incorporating prior knowledge and i with parameter uncertainty,
enhancing the depth and reliability of the infer@nprocess. This dual approach allows for
a comprehensive analysis that leverages the shengft both methodologies to better
understand the complex relationship between ecangnowth and environmental quality.
It endeavors to provide a neutral evaluation of pinevince’s ecological dilemmas and
insights into achieving sustainable economic dgwalent in tandem with ecological
well-being. This inquiry holds particular relevanéer Zhejiang, laying an empirical
groundwork for informed policy formulation and <sis@ble developmental
initiatives [19, 20].

Materials and methods

Our examination of Zhejiang Province, anchored madfrom 2011 to 2020,
meticulously explores the Total Environmental Quydindex in conjunction with per capita
GDP. The selection of this data range is due tcsitpeificant economic and environmental
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changes that occurred during this decade, includapjd urbanisation, industrialisation,
and implementation of environmental regulationskimg it a critical period for analysing
the dynamic relationship between economic growtth environmental quality. The Total
Environmental Quality Index data was obtained frdhe Zhejiang Environmental
Yearbooks (2011-2020), published by the ZhejiangviPcial Bureau of Statistics. This
dataset includes comprehensive environmental paeasnguch as air quality, water quality,
soil quality, and waste management, collected ustagdardised monitoring equipment
and methodologies in line with national standa®e per capita GDP data was sourced
from the Zhejiang Statistical Yearbooks (2011-2028s0 published by the Zhejiang
Provincial Bureau of Statistics. This dataset idekl detailed economic indicators,
including GDP, sectoral contributions, and popolatilata, compiled through rigorous data
collection processes and validated through periodidsions and external audits. Both
datasets have been cross-referenced with indeperefants from research institutions and
international databases to further verify theinatality. By converting the baseline per
capita GDP into logarithmic values, we aim to ndtly variance inconsistencies, thus
enhancing the reliability of the Total Ecologicalironment Quality Index.

Through regression analysis, the study undersateestatistical significance of the
model parameters, affirming a robust fit and theddsility of our findings. While specific
error metrics such as Root Mean Square Error (RM8iH) Mean Absolute Error (MAE)
were not included in the initial analysis, the @lemodel accuracy is supported by the
minimal discrepancies observed between actual arstdisted values. Incorporating these
specific metrics in future analyses will be conside to provide an even more
comprehensive validation of the model's accurackisTis evident from the negligible
discrepancies between actual and forecasted vahffisning our model’'s capacity to
accurately reflect the ecological-economic inteypldthin Zhejiang Province.

Incorporating Bayesian statistics, our approaclemjgs from traditional methods by
integrating prior knowledge with observed data,ldjiy a comprehensive posterior
distribution. The prior distributions in this studyere determined based on historical data
and expert knowledge relevant to the ecological andnomic variables of Zhejiang
Province. Specifically, informative priors were dséeveraging data from previous studies
and reports to set realistic and contextually appate priors. These priors were selected to
reflect existing knowledge while being broad enoughallow the data to significantly
influence the posterior distributions. The impadt these priors on the posterior
distributions is substantial, as they provide anftation that shapes the initial estimates and
guides the Bayesian updating process. This result®sterior distributions that are more
robust and reflective of both prior knowledge amavrdata, enhancing the reliability of the
inferences drawn. Despite the requirement for sijglated computational tools, this
approach enriches our understanding, offering anceth perspective of the ecological and
economic phenomena.

Additionally, the construction of Vector Autoregsen (VAR) models allows for
an in-depth exploration of the unfettered relatiops between environmental and
economic factors. This analytical tool is cruciar funraveling the complex web of
development dynamics in Zhejiang, shedding lightl@economic growth and ecological
sustainability nexus.

This research delivers an extensive empirical amlgf Zhejiang’'s ecological and
economic trajectory, employing both classical amydsian statistics to present a thorough
narrative of regional development. Our findings @agise the essential equilibrium
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between economic progress and ecological conservatligning with the broader goals of
sustainable development.

This study embarks on a comprehensive journey tjirdhe literature, encompassing
books, journals, and theses, to uncover the dewedopal arc of waterfront open spaces
both domestically and internationally. By siftingraugh and categorising this wealth of
information, the research hones in on theoriesaodimount importance to the planning and
design of waterfront open spaces, establishing l&d doundation for the inquiry.
Representative cases of waterfront open spacessacitees of varying sizes are scrutinised
through comparative analysis, pinpointing distimetifeatures and challenges specific to
those in small and medium-sized cities. This anslgst only uncovers the unique aspects
and issues of these spaces but also sets theiatiréat this paper’s research focus.

Fieldwork and photographic interviews delve inte tturrent state and dilemmas of
waterfront open spaces in smaller urban settingggrating these fresh insights with
previously gathered data to pave the way for moodopind investigations. In a practical
application of the derived strategies, the LluviedR waterfront in Dancheng County is
selected for an optimisation case study, servin@ asal-world testbed for the proposed
planning and design enhancement directions.

Central to the discourse on open spaces are tlieedgbns of open, exterior, and
public spaces, as outlined in Table 1. These tewh#ie overlapping in some aspects, are
distinguished by their unique characteristics aadehbeen defined variously by scholars
over different research periods, reflecting thgiedfic study focuses and theoretical
frameworks. The terms "open space" and "open sp@cesumably, the latter should refer
to another concept, possibly "public space" or éexdl space”, given the context) are
prevalent in international academia. The semantalyais reveals that "openness" in this
context implies the removal of barriers and restits, highlighting the freedom of
movement and access, whereas "open" suggests wratbdt views, prioritising visual
freedom. Though their focal points differ, thesena@pts often merge in research across
various countries, underpinning explorations irgat&l openness.

Table 1
Proportion of waterfront open space

Number of spaces|-]
Typeof space High Normal Low
Open space 10 5 0
Qutside space 6 3 0
Public space 5 2 0

Yoshiharu Ashihara, a renowned Japanese architéictduced the notion of "external
space", defining it as a man-made spatial envireniromafted with intent, offering a more
purposeful and meaningful connection than natupalces. This conceptual framework
enriches the discourse on open spaces, guidingxpieration of waterfront open spaces
with an emphasis on their public, accessible, asdally engaging qualities.

Public space encompasses a wide array of intetjmnesa ranging from narrowly
defined areas of frequent communal activity to bevaurban environments that incorporate
a variety of public amenities. In its more confingehse, public space typically refers to
outdoor areas like parks, squares, and venuessthgiort everyday social interactions.
These spaces are often categorised into two tyjes1 spaces such as parks and squares,
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and specialised spaces like sports facilities. Qarger scale, the concept of public space
broadens to include city-wide infrastructure likgbpc buildings, green belts, and shopping
districts.

The term "waterfront" is commonly understood in Wées contexts as the part of
a town or land adjoining bodies of water such asskakes, or rivers. According to Guo
Hongyu’s "Urban Waterfront Landscape Design Rese€awvaterfronts are defined from
a human-centric perspective as water spaces anddjoéning lands within a distance
conducive to human interaction, typically rangimgni 200 m to 300 m, with an inviting
range of 1 km to 2 km, or a 15 to 30-minute walkaté/fronts are further classified based
on their proximity to water bodies into riverfrontssersides, lakesides, and seafronts. This
study focuses specifically on riverfronts, thoseaar close to rivers, considering them as
vital parts of urban spaces that connect with rivaters within a defined spatial extent.

Resultsand analysis

This study explores the relationship between edoédgconditions and economic
growth in Zhejiang Province, drawing on 2020 datarf the Zhejiang Environmental and
Statistical Yearbooks. In 2020, Zhejiang’s GDP gl®wB.5 % to 6,459.6 billion yuan, with
notable development in the service sector. Oved ZWR0, the GDP doubled, highlighting
rapid economic progress. The sectoral compositfoBDP includes 3.2 % from primary,
41.1 % from secondary, and 55.7 % from tertiaryustdes, emphasising the service
sector’'s dominance.

For analysing the Environmental Kuznets Curve (EK@js research utilises the
Johansen cointegration test, employing Bayesianistta for a refined analysis.
This approach contrasts with conventional methodering a detailed view of
the ecological-economic relationship in Zhejiarggshown in Table 2.

Table 2
Bayes cointegration test result
Null hypothesis Trace Trace statistic Characteristic A-, max 1%
cointegr ation coefficient statistics 1% cut-off statistics threshold
0 r=0 81.52 34.94 58.21 26.01
Nolessthanone | r<1 23.16 20.12 19.85 17.89
Not less thantwo | r<2 3.95 6.58 4.16 6.53

The results of the Bayes cointegration test areedisn Table 2 above, and the
Ho : R = 0,r < 1 Johansen likelihood given in the hypothesis is @igthan the 1 %
significance level cut-off value compared with thighest eigenvalue statistic and trace
statistic, so it can be concluded that the hypashissnot valid. However, the hypotheses
corresponding to thél, : r < 2 statistic are all below the 1 % significanceelegut-off,
indicating that theHy hypothesis is supported. Therefore, the cointegrainecdote is 2,
which means that there are two cointegration eqostiand the results are equivalent to the
results of the classical statistical cointegratiest, and both methods can accurately judge
the cointegration relationship and the number ahtegration relations, and verify the
equilibrium relationship between the environmerd #re economy.

Therefore, the estimation effect of the classitatistical EKC model and the Bayesian
statistical EKC model is very ideal, and the resaltained by the two models are similar,
and the prediction performance and fitting degrbioed under the premise of a certain
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sample size are ideal, which can accurately reptebe relationship between economic
growth and ecological environment.

The statistics of the overall effect test of the R/Anodel parameter estimation
obtained are listed in the following table, indhugl the residual covariance, the residual
covariance matrix determinant, AIC, the log-likeldd function and the SC, as shown in
Table 3.

Table 3
The overall effect test results of the VAR model
Statistics Residual covariance matrix Resqlual Log-l|ke!|hood AIC c
deter minant covariance function
Test 3.62-10" 0.38-10" 169.2384 -10.2324 -10.00122
results

This research constructs an environmental-econdraictor Autoregression (VAR)
model with three endogenous variables, settinghglesilag for the variable, encompassing
20 parameters within the Bayesian Vector Autoresioes (BVAR) framework, each
requiring estimation. The dataset comprises ZhgjRrovince’'s annual figures from 2011
to 2020, yielding ten observational points.

The investigation compares the efficacy of standérdtor Autoregression (VAR) and
Bayesian Vector Autoregression (BVAR) models witttie context of environmental and
economic dynamics, emphasising their predictiveabdipies. The findings highlight the
BVAR model’s superior performance over its VAR ctarpart in forecasting the variables
linked to the non-restrictive VAR model, particljathe LNEI variables. This advantage is
credited to the Bayesian methodology, which integraprior knowledge and views
parameters as variables susceptible to randomsigasjcantly diminishing forecast errors.
This suggests that the incorporation of prior infation can markedly refine the predictive
precision of models examining environmental-ecomoimtieractions.

Results from regression tests of sub-equationshduraffirm the BVAR model's
enhanced predictive accuracy over the conventideR model, particularly regarding
unbiased predictions derived from stochastic pbéiimn terms. This enhancement in
prediction accuracy and model stability stems fitie assimilation of prior data into the
VAR framework.

Centered on Zhejiang Province, the study delves til ecological-economic nexus
from both classical and Bayesian statistical lend®g selecting key indicators of
environmental quality, constructing both classi¢AlR and Bayesian BVAR models, and
utilising data on Zhejiang’s ecological and ecormonaispects, the research conducts
a thorough empirical evaluation. The integrationtieé Minnesota prior in the BVAR
model defines the optimal hyperparameters courigliyp elevating the model’s predictive
precision.

In essence, employing both classical and Bayediatistical approaches provides
a comprehensive methodology for data analysis, w#hitn Bayesian statistical model
particularly enriching the research’s precisionughBayesian statistics emerge as a more
potent instrument for accurately forecasting therlay between ecological conditions and
economic development in Zhejiang Province.
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Conclusion

This study develops Environmental Kuznets Curve {Elhodels using classical and
Bayesian statistical approaches, with per capitd®@ata from Zhejiang Province for the
years 2011 to 2020, as reported in the ZhejiandisBtal Yearbook. The classical
statistics-based EKC model exhibits a strong itndnstrated by a minimal sum of square
deviation of 0.032 between the standard deviatibregression and residuals, indicating
precise estimations. In parallel, the Bayesiaristiedé-based EKC model accurately aligns
posterior values with Bayesian estimates, valiggtive model’s accuracy.

Additionally, a classical Vector Autoregression (WAmodel is formulated to explore
the environmental-economic nexus. Test statistims farameter estimation, such as
residual covariance, the determinant of the residogariance matrix, Akaike Information
Criterion (AIC), log-likelihood function, and SchwaCriterion (SC), confirm the model’s
capacity to effectively represent the environmeatainomic interactions.

The research further advances by constructing ae®ay Vector Autoregression
(BVAR) model tailored to the environmental and emmic dynamics of Zhejiang
Province, calibrated with 10 observational datanfgofor the refined selection of parameter
values. Based on our findings, we recommend palitiat emphasise sustainable economic
practices, stricter environmental regulations, mdeased investment in renewable energy
to ensure balanced and sustainable developmens Tdel showcases enhanced
predictive performance. Upon comparing the VAR BMAR models, it is evident that the
Bayesian-infused BVAR model surpasses the classiéd in predictive efficacy. This
demonstrates the BVAR model's superior ability tretast the intricate relationship
between the ecological environment and economicwiirowithin the province,
underscoring the benefits of integrating Bayesiatistics for greater model precision and
reliability. Potential future research directiomelude exploring the impact of additional
environmental indicators such as biodiversity aodl guality, extending the analysis to
other regions for comparative studies, and invasitig the long-term effects of specific
policy interventions on the ecological-economicapake.
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