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This paper delves into the dynamics of 

carbon credits within the voluntary market, 
emphasizing their role in global climate 
action post-Kyoto Protocol and EU ETS 
developments. As regulatory frameworks in 
compliance markets have tightened, 
voluntary markets have risen in significance, 
driven by corporate and investor interest in 
environmental sustainability. The study 
provides a comprehensive examination of 
the formation, classification, and drivers of 
carbon financial markets, with a focus on 
forecasting carbon credit prices using the 
Holt-Winters additive seasonal model. 
 
The research outlines the historical 
evolution of carbon markets, originating 
from the Kyoto Protocol, which introduced 
flexible mechanisms such as International 
Emissions Trading (IET), Joint 
Implementation (JI), and the Clean 
Development Mechanism (CDM). These 
mechanisms transformed carbon emissions 
into tradable assets, fostering a dynamic 
market for carbon allowances and credits. 
Following the transition to the Paris 
Agreement, voluntary markets gained 
prominence as countries adopted broader 
climate commitments. Unlike compliance 
markets, voluntary markets operate on a 
non-mandatory basis, enabling 
organizations to offset emissions through 
certified projects. This market is supported 
by standards such as the Verified Carbon 
Standard (VCS) and the Gold Standard. 
 
The paper identifies key factors influencing 
carbon credit prices, including policy 
changes, market scarcity, energy prices, and 
seasonal weather variations. It underscores 
the close relationship between carbon 
emission allowances and carbon credits, 
highlighting the impact of regulatory 
decisions on market behavior. Previous 
studies have largely focused on compliance 
market price drivers, but this paper uniquely 
addresses the voluntary market, noting its 
distinct drivers like corporate environmental 

responsibility and investor demand for 
transparency. 
 
Using time-series data from April 2021 to 
August 2022, the study applies the 
Holt-Winters additive seasonal model to 
forecast short-term carbon credit prices. 
The analysis demonstrates a significant 
correlation between EUA futures prices and 
CBL N-GEO futures prices, with a Spearman 
correlation coefficient of 0.821. This strong 
relationship validates the use of forecasting 
models for understanding price dynamics in 
voluntary markets. The Holt-Winters model 
is particularly suited to capturing the 
seasonal characteristics of carbon credit 
data, achieving an R-squared value of 0.974 
and a root mean square error (RMSE) of 
1.041, indicating high predictive accuracy. 
 
The study concludes that voluntary carbon 
markets play a crucial role in supplementing 
compliance markets by offering flexible 
mechanisms for emission reductions. The 
drivers of voluntary carbon credit prices are 
diverse, including regulatory changes, 
technological advancements, and 
project-level characteristics. The research 
highlights the potential of using advanced 
forecasting models like Holt-Winters to 
provide actionable insights into market 
trends, aiding stakeholders in 
decision-making. 
 
This paper contributes to the understanding 
of carbon financial markets by bridging the 
gap in literature on voluntary market 
dynamics and forecasting. It emphasizes the 
need for further research into the interplay 
between compliance and voluntary markets, 
as well as the integration of market 
mechanisms to achieve global climate goals. 
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