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This study explores the synergies between marketing strategies, analytical insights, and consumer
Received: 14 Eeb 2024 education in propelling electric vehicle (EV) adoption. We uncover intricate sales patterns in
Accepted: 09 Apr 2024 Tiirkiye’s EV sales data using advanced statistical models such as Autoregressive Integrated
Moving Average (ARIMA), Seasonal ARIMA (SARIMA), and Error, Trend, and Seasonality
(ETS). Tiirkiye’s fully electric vehicle (FEV) sales value was estimated in the next five-year

Keywords period using the ARIMA (4,1,4) model. According to the research results, the FEV sales rate in
Electric vehicle Tiirkiye is expected to increase b_y an average value of 58.2% ir_1 the next five-year per?od, and
adoption, the annual sales amount, excluding Tesla, will be 17459. Findings underscore the efficacy of
Marketing strategies, aligning marketing strategies with analytical insights, demonstrating the significance of education
Sales forecasting, in shaping positive consumer attitudes. Education-driven marketing emphasizing economic
Consumer attitudes, benefits, reduced emissions, and technological advancements is a potent catalyst in overcoming
Sustainable adoption barriers. Digital campaigns, experiential marketing, and sustainability messaging,
transportation validated by our analysis, play pivotal roles in influencing consumer behavior. Strategic

partnerships with energy companies address infrastructure challenges, while incentive-based

marketing, personalized strategies, and after-sales support foster a sense of community and
loyalty. This research contributes a holistic framework for marketers, policymakers, and
stakeholders to navigate the evolving landscape of EV adoption successfully, providing
actionat}Ie insights and paving the way for future research directions in sustainable transportation.

The al s a pivotal transition in the automotive industry, reflecting a growing commitment
to sustairtahility, gMovation, and the mitigation of the impacts of climate change. As the world grapples

has never be€n more pronounced. By their operation, EVs offer a cleaner alternative to their internal
combustion engine (ICE) counterparts, primarily by reducing the emissions of pollutants and greenhouse
gases. This is crucial in urban areas, where air quality has been a persistent public health issue. EVs emit
no tailpipe pollutants, creating cleaner air and a healthier environment [1-3]. Moreover, the significance of
EVs extends beyond environmental benefits. They are at the forefront of automotive technological
advancements, incorporating sophisticated features such as regenerative braking, advanced battery storage,
and highly efficient electric motors. These innovations enhance the driving experience and improve vehicle
efficiency and performance. The reliance on electricity as a fuel source also diversifies energy portfolios,
reducing dependence on fossil fuels and enhancing energy security. With the ongoing improvements in
battery technology, the range of EVs is steadily increasing, making them more viable for a wider range of
consumers [4,5]. The economic implications of EVs are equally noteworthy. The transition towards EVs
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fosters new industries and job opportunities, particularly in battery manufacturing, electric powertrain
production, and charging infrastructure development. This transition supports economic growth and
competitiveness while aligning with global efforts to transition towards low-carbon economies.
Additionally, for consumers, EVs offer potential cost savings in the long term, given their lower operating
and maintenance costs compared to traditional vehicles [6-8]. Furthermore, EVs are critical in the global
effort to combat climate change. The transportation sector is a significant contributor to global greenhouse
gas emissions, and the widespread adoption of EVs represents a tangible action towards reducing these
emissions. As countries worldwide commit to reducing their carbon footprints and adhering to international
agreements like the Paris Accord, EVs’ promotion and adoption become integral to these efforts [9, 10].
The importance of EVs is also reflected in the policy measures being adopted by governments worldwide.
Incentives for EV purchase, investments in charging infrastructure and regulations gavoring clean

transportation are becoming more common. These policies not only encourage the adoption §f EVs but also
signal a strong commitment to sustainable development and environmental steward 2]. The rise
of EVs is a testament to the convergence of environmental sustainability, technpfo noyation, and
economic pragmatism. EVs offer a promising path to reduce environment e energy
diversity, spur economic development, and contribute to the global effo agail ge. As
technology advances and societal acceptance grows, EVs stand poised t central role

in the transportation scenery of the future. The marketing of EVs e i ultifaceted strategy that
transcends traditional automotive marketing, encapsulating the e i
technological innovation, and a transition toward a new era of

towards mitigating climate change and reducing carbon foo arratives around EVs

have become increasingly compelling and diverse, aimed at appgaling spectrum of consumers
with varying priorities and values [13,14]. At the core i emphasis on environmental
benefits. Brands often highlight the zero-emission natur nderscdring their role in reducing air
pollution and combating climate change. This megsage resonat gly with environmentally conscious

consumers who are motivated by the desire to
a key component of a greener future is a powerf

le choices. The portrayal of EVs as
tool in marketing campaigns, aligning the product with

erfaces, to appeal to tech-savvy consumers. The
ome systems, renewable energy sources, and the
broader Internet of Things ecosyst ainting § picture of a connected and efficient future of mobility. By
focusing on the innovative g

ICE vehicles, marketers hi9Rlo g-term savings that can be realized through lower operating and
SQ@avernment incentives and tax benefits. This economic argument is tailored
& with the financial aspects of vehicle ownership and looking for cost-

effective transports sOllbigRS [22-25]. Furthermore, the branding and positioning of EVs often reflect a
lifesty i ghd mesE transportation. Marketing campaigns frequently depict EVs as part of a
modegln, active, respgnsible lifestyle, appealing to consumers’ aspirations and identity. This lifestyle
mdrk ectively creates a community around EV brands, fostering a sense of belonging
among ith similar values and interests [26-28]. Customer experience and engagement are

experiences Pat offer consumers a more personalized and informative buying process. Test drives,
interactive showrooms, and immersive online platforms educate consumers about EVs, addressing common
concerns such as range anxiety and charging infrastructure. Marketers aim to build confidence in the
technology by enhancing consumer engagement and easing the transition to electric mobility [29-31].
Social media and content marketing play significant roles in the EV marketing ecosystem. Brands utilize
these platforms to share stories, testimonials, and educational content that demystify EVs and showcase
their real-world performance and benefits. Influencer partnerships and community-driven initiatives further
amplify the message, leveraging social proof and peer influence to encourage consideration and adoption
of EVs [32-35]. Marketing of EVs is a complex and evolving area that integrates environmental advocacy,
technological enthusiasm, economic considerations, lifestyle aspirations, and customer engagement.
Through compelling narratives, innovative marketing strategies, and a focus on the consumer experience,
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EV manufacturers and brands are navigating the challenges and opportunities of introducing a new era of
transportation to a diverse and increasingly receptive global audience. Despite their numerous benefits,
consumers’ hesitations and the spread of misinformation about EVs represent significant barriers to
widespread adoption. These concerns often stem from outdated information, misconceptions, and a lack of
clear, accessible information about the technology and its implications for everyday use. Understanding
these hesitations and misinformation sources is crucial for addressing them effectively and facilitating a
smoother transition to electric mobility [36, 37]. One of the primary hesitations concerns range anxiety, the
fear that an EVs will not have sufficient battery capacity to reach a destination or a charging station. This
anxiety is often exacerbated by misconceptions about the actual range capabilities of modern EVs, which
have significantly improved over the years. However, the persistent narrative of limited range continues to
deter potential buyers despite the average daily commute being well within the range of ggost current EV
models [38,39]. Charging infrastructure is another area of concern for consumers. The perggived scarcity
. While the
infrastructure for EV charging is rapidly expanding and technology advanceme charging
times, the misconception that charging an EV is inconvenient and time-consumj adowing
the progress made in this area [40, 41]. The initial cost of EVs also serves as ny cORsUmers.
The upfront purchase price of EVs can be higher than that of compar i ading to the

perception that EVs are not economically feasible for the average cons ewpoint often overlooks
the long-term savings associated with lower operating and mainte nce and valious incentives and
rebates offered by governments and local authorities to offset t se pyiCe [42,43]. Another

source of hesitation is the concern about battery life a There is a common
misconception that EV batteries degrade quickly and that replac itively expensive. While
ifi the lifespan and durability
of EV batteries, with many manufacturers offering ‘s arrantiés to alleviate these concerns
[44,45]. Misinformation about EVs can also stem from a lack o rity with the technology. Consumers
may have misconceptions about EVs’ perfouflance, safety, and Capabilities compared to traditional
vehicles. Fictions such as EVs not being as poweful or safe as gasoline vehicles persist despite evidence
to the contrary. This lack of understandin leadito skepticism and reluctance to consider an EV for their
next vehicle purchase [46,47]. The environ act of EVs is another area where misinformation is
prevalent. Critics often point to the environmental ¢ ociated with battery production and the sourcing
of electricity from fossil fuels as g€gating the environgental benefits of EVs. While these concerns are not
entirely unfounded, they do not a nt for thy overall reduction in carbon emissions over the vehicle’s
lifetime and the increasing

nd misinformation surrounding EVs. Traditional views of
with resistance to change, can influence consumer attitudes
toward EVs. Addltlonall On can spread through social media, forums, and word of mouth,
perpetuating ficé gcies about EVs [50,51]. Hesitations and misinformation about EVs stem
from various fac uding raffe anxiety, concerns about charging infrastructure and times, perceptions

car ownership and braf18

rns, and cultural resistance to change. Addressing these issues requires
manufacturers, policymakers, and the EV community to provide clear, accurate

In the transformative landscape of the automotive industry, the adoption of Electric Vehicles (EVs) stands
out as a critical avenue toward sustainable transportation. As environmental concerns intensify,
understanding the intricate dynamics of EV adoption becomes paramount. This study explores the
multifaceted realm of EV marketing, consumer behavior, and the integration of analytical insights to propel
adoption. Central to this inquiry are pivotal questions that guide our investigation. How can marketing
strategies be aligned with analytical insights to enhance EV adoption? What role does education play in
shaping consumer attitudes towards EVs? How do factors such as social media, experiential marketing, and
sustainability messaging influence the adoption of Electric Vehicles?
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The primary objective is to comprehensively examine the integration of marketing strategies with analytical
insights, emphasizing the effectiveness of education in shaping consumer behavior. The study aims to
elucidate the impact of various marketing approaches, from digital campaigns to strategic partnerships, and
assess their alignment with analytical models to drive positive attitudes and widespread EV adoption. This
research endeavors to bridge gaps in the current literature by offering a holistic understanding of the
interplay between marketing strategies, analytical insights, and consumer education in the context of EV
adoption. Significantly, the study strives to provide actionable insights for marketers, policymakers, and
industry stakeholders to successfully navigate the dynamic landscape of electric mobility.

The research design adopts a multifaceted approach. Leveraging time series analysis, we apply ARIMA,
SARIMA, and ETS models to Tiirkiye’s EV sales data, offering a detailed understanding gf sales patterns.
Complementing this, qualitative assessments delve into the impact of educational marketingy social media,

SARIMA, and ETS, are employed to unravel Tiirkiye’s EV sales patterns. These mpde ilita a nuanced
interpretation of sales trends, capturing periodic and seasonal variations. Qualji@bi i
in-depth exploration of the impact of educational marketing, social media
messaging on consumer perceptions and behavior. The paper unfolds ing with this
introduction to establish the research’s context, questions, and objecti ubsefulent sections delve into a
comprehensive literature review detailing the current state of knowfedg ting and adoption.

are presented and discussed in the subsequent sections, leadin i thesizes key insights,
highlights limitations, and suggests avenues for future research. TRi roach ensures a coherent

itical for stakeholders in the automotive industry,
policymakers, and consumers as they transi traditional ICE vehicles to electric mobility solutions

[52,53].

Cost as a Pivotal Factor: i price of EVs, though decreasing, remains higher than
comparable gasoline vehicl i iaftieterrent for buyers. However, TCO, including fuel costs,
maintenance, and potenti i favors EVs in the long run. Consumer perceptions of value

Technological : ancements in battery technology, electric drivetrains, and charging
infrastructure si i

emissions, E}¥s appeal to environmentally conscious consumers. Considering EVS’ entire lifecycle
environmental impact, including battery production and electricity generation, also factors into the adoption
equation [55,56].

Government Policies: Government policies are critical in shaping the EV market. Incentives such as tax
rebates, grants, and subsidies can make EVs more financially attractive. Infrastructure investments,
including public charging networks and regulations like zero-emission vehicle mandates, create a
supportive environment for EV adoption. However, the absence of supportive policies or regulatory barriers
can hinder EV market growth [57,58].
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Sociocultural Influences: Social norms, cultural attitudes, and consumer awareness influence EV
adoption. Peer influence, media portrayal, and societal trends can sway consumer attitudes toward EVs.
The perceived fashionability, innovation, or social responsibility associated with EVs significantly affects
their adoption. The role of early adopters and influencers in shaping public perceptions is crucial [59, 60].

Charging Infrastructure: The availability and accessibility of charging infrastructure are vital for
practical EV ownership. Concerns about the availability of charging stations, particularly for long-distance
travel, can inhibit adoption. Developing a widespread, reliable, and convenient charging infrastructure is
essential for encouraging EV uptake [61-63].

Range Anxiety and Misinformation: Concerns about the driving range of EVs and the feg of running out

understanding about EV technology, performance, and benefits can impede

tion.\Educational
initiatives and transparent communication from manufacturers and governments i

| 1§ dispelling

broader audience and meet diverse consumer needs, thereby drivin
strategies on consumer behavior is profound and multifaceted,
and ultimately driving the decision-making process regardin

jor: Marketing strategies significantly influence
lighting key attributes such as zero emissions, low

E of the primary objectives of EV marketing strategies is to address
s and concerns, such as range anxiety, charging infrastructure availability,

hase intentions by emphasizing the alignment of EVs with consumer values, such as
environme onsibility, innovation, and modernity. Marketers can appeal to specific consumer groups
through targef€d messaging and segmentation, shaping preferences and strengthening purchase intentions
[73,74].

Interactive and Experiential Marketing: Interactive and experiential marketing strategies, such as test
drives, virtual reality experiences, and interactive digital platforms, allow consumers to engage with EVs
tangibly. These experiences can be instrumental in changing consumer behavior, providing a direct, hands-
on understanding of EV features and capabilities, dispelling fiction, and reinforcing positive perceptions
[69].

Fostering Brand Loyalty: Effective marketing can foster brand loyalty and turn EV owners into advocates
for electric mobility. Satisfied customers are more likely to share their positive experiences, contributing to
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word-of-mouth marketing and influencing potential buyers’ behavior. Building a community around a
brand or product can amplify this effect, creating a network of advocates who actively promote EV adoption
[75,76].

Combating Misinformation: Misinformation about EVs poses a significant challenge to their adoption,
affecting consumer perception and behavior. Combatting this misinformation through accurate, accessible,
and persuasive information is crucial for transitioning consumer perceptions, fostering positive attitudes
towards electric mobility, and accelerating the transition towards a more sustainable transportation future.
3. THE EXPANDING EV MARKET

3.1. Electric Vehicles in the Automotive Market

As global environmental concerns due to climate change intensify, the transp,
contributor to greenhouse gas emissions, is undergoing significant :
infrastructure works and research and development studies for EVs have pay e commercial
spread of these vehicles. The global market share of EVs is expected to ri i 0 a projected
22% by 2030, with global sales reaching 4.5 million units in 2020, acco@iti proximately 5% of the
global light vehicle market. Projections suggest a substantial increasg’i s, reaching 10 million units

, @ major

nd thé European Union. The global
China at the forefront, followed by
Table 1 [78-81].

Table 1. Ranking of the electric vehicle
Ranking | Electric Vehicle Market

industry by country [81
\ehicle Industry

1 Norway Chipa

2 China an

3 Switzerl Germany
4 Sweden USA

5 ) Korea

6 France

7 India

8 7 Italy

The marke f electric vehicles in the Turkish automobile market remains minimal due to the absence
of infrastructPre, legal rules, incentives, and policies. Gasoline cars continue to dominate, but electric
vehicles have seen a substantial surge in the market. Notably, the sales of electric vehicles skyrocketed by
an impressive 862.8%, contributing to a rise in their overall market share from 1% to 5.9%. Electric and
hybrid vehicles combined now account for 16.4% of the entire market, indicating an increasing acceptance
of electric automobiles in Tirkiye.

The surge in electric vehicle sales holds environmental significance, as these vehicles emit fewer carbon
emissions, contributing to improved air quality and the global effort to combat climate change.
Simultaneously, the rise in electric vehicles enhances energy autonomy, as these cars, powered by local
energy resources, reduce dependency on energy imports. The sales numbers for 100% electric brands in the
Turkish market reveal notable trends. Renault Zoe remains the top-selling vehicle, while BMW achieved
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the most sales among all brands. Opel, offering electric models such as Corsa and Mokka, achieved a
substantial sales milestone. Despite not disclosing sales statistics, Tesla’s initiation of sales and marketing
operations in Tirkiye is noteworthy [82]. Consistent availability of automobiles responding to high
customer demand contributes to sustained market growth. During the first half of the year, the number of
electric cars sold surpassed the combined total of the previous year and was about five times higher than
the number sold in the previous year’s first half. Projections suggest a significant growth in the Turkish
electric car market for 2024.

Table 2 illustrates the sales of electric vehicles in Tiirkiye from 2016 to 2023, excluding Tesla sales. The
data reveals a consistent upward trend in electric vehicle sales year over year. In 2023, electric car sales
experienced a remarkable increase of 844%, totaling 72,179 sales. The first month of 2024 continued this
trend with 3,973 electric cars sold [82,83].

Table 2. Sales of electric vehicles in Tiirkiye from 2016 to 2023 (excluding Tesla

Type 2016 | 2017 | 2018 2019 2023
FEV 44 77 155 222, 10166
Plug-in HEV 83 27 39 1045 2567

HEV 867| 4424 3837 19126 35348

Total 994 4528 4031 24217 28381 48081

ric Vehicles (EVs) are crucial for accelerating adoption and
. These strategies must address EVs’ unique characteristics, evolving
sumer concerns. Combining traditional and innovative methods, a

e to prevalent misinformation and lack of awareness about EVs. Providing
tion about their benefits and functionalities is crucial. This highlights environmental

Digital and social media campaigns leverage online platforms for targeted outreach. Marketers reach
diverse audiences through social media campaigns, interactive websites, and engaging content. These
platforms disseminate narratives, testimonials, virtual test drives, and comparisons, fostering two-way
communication and community building [88-90]. Experiential marketing allows consumers to experience
EVs firsthand through events and test drives. These experiences dispel doubts about performance and
usability, particularly addressing range anxiety and charging concerns [91,92].

Partnerships and collaborations enhance EV marketing by developing charging infrastructure and
promotional campaigns. Strategic collaborations with energy companies, governments, and influencers
broaden consumer appeal [93-95]. Incentive-based marketing highlights incentives like tax credits and
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rebates to make EVs financially attractive. Communicating economic benefits and long-term cost savings
influences purchasing decisions [86,95,96]. Customization and personalization create a personal connection
with EVs by offering tailored options and personalized experiences. Personalized marketing based on
consumer data increases message relevance [97,98]. Sustainability and corporate responsibility resonate
with environmentally conscious consumers. Marketing campaigns emphasizing EVs’ role in combating
climate change and contributing to a sustainable future foster a positive brand image [99,100]. After-sales
support and community building contribute to positive word-of-mouth marketing. Providing excellent
support and fostering community among EV owners creates brand advocates [101,102]. Effective
communication strategies for electric car marketing must inform, engage, and inspire consumers,
addressing common misconceptions and resonating with diverse values and needs. Clear and transparent
information provides factual data to address concerns and build trust [103,104]. Storytelling emotionally
connects with consumers, sharing success stories and positive impacts of EV ownérsiip [105-107].

Educational content and thought leadership establish brand authority and ppdii iiformation
[110,111]. Interactive and engaging formats utilize technology to simulate

[114,115]. Utilization of multiple channels ensures comprehensive
[116,117]. Community engagement and involvement foster br

thly FEV sales data in Tiirkiye from 2016 to 2023. The data provide
evolutio\ of electric vehicle adoption. The dataset also includes
ic indiPators and environmental policies, that may influence EV

insights into the country’s temp
relevant external factors, s
sales.

ethodology is employed to model the stationary time series of FEV
IMA model construction—Model Definition, Parameter Estimation and
» and Model Utilization—are meticulously followed. An iterative process
Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) to

SARIMA Modeling: Building upon ARIMA, the SARIMA model is implemented to capture and forecast
seasonality within the FEV sales data. The process involves extending the ARIMA model to include
seasonal components. The chosen SARIMA model is assessed based on statistical measures such as
Standard Error of Regression, AIC, BIC, Hannan-Quinn, and MAPE. The Generalized Dickey-Fuller
(ADF) test ensures the time series’ stationarity.

4.3. ETS Modeling

The ETS model, encompassing Error, Trend, and Seasonality components, forecasts future values using the
series’ inherent patterns. The Exponential Smoothing class is utilized to define the ETS model.
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4.4, Forecasting and Comparison

In the forecasting phase, the ARIMA (4,1,4) model is applied to estimate Tiirkiye’s FEV sales for the next
five years (2024-2028). Furthermore, the SARIMA (1,0,1)(0,1,1)96 model is compared with other models
and evaluated based on its predictive performance. Error bars in Figure represent the range of uncertainty,
indicating potential variations in FEV sales due to future marketing methods.

5. RESULTS

5.1. ARIMA and SARIMA

In the study, ARIMA and SARIMA methodologies are used to analyze Tiirkiye’s electric VeRicle sales data
from 2016 to 2023. A time series is a collection of data points recorded and obsery€d seq ntially over
time. The ARIMA method is a commonly employed technique for modeling stgtio eNgeries. The
strategy, coined by George Box and Gwilym Jenkins, is alternatively referred
method. ARIMA models are time series models focusing on analyzing and
high accuracy. The Box-Jenkins process for constructing ARIMA model wing stages:
The four main stages of the process are: (1) Model Definition, (2) Par. ation and Selection, (3)
Model Validation, and (4) Model Utilization.

DATE  FEV Month
DATE
2016-01-01  2016-01-01 16 1 2016
2016-02-01 2016-02-01 18 2
2016-03-01 2016-03-01 21

2016-04-01 2016-04-01 25 4

2016-05-01 2016-05-01 27 5 2016
2023-08-01 2023-08-01 10101 & 2023
2023-09-01 2023-09-01 10152 9 2023
2023-10-01  2023-10-01 10160 10 2023
2023-11-01  2023-11-01 10164 11 2023
2023-12-01 2023-12-01 10166 12 2023

Mopthly FEV sales between 2016 to 2023

The dataset inc 1) showing monthly FEV sales data from 2016-2023. Additionally,

PAC ertain the optimal lag order for the autoregressive (AR) model. The quantity of non-
Zero conneati i the PACF dictates the appropriate inclusion of AR delays. The ACF correlogram is
employed t rtain the appropriate number of MA lags. Non-zero correlations suggest the inclusion of
lags. If the ACF reaches its maximum value at a specific delay g and then abruptly decreases and resets, it

indicates a good fit for the moving average (MA(q)) model. Conversely, the PACF reaches its highest value
at a specific delay p. It abruptly stops, indicating a good fit for the AR model with order p. If the values of
ACF and PACF satisfy all k requirements. It is appropriate to use the ARMA (p,q) model. In certain
instances, when the ACF and PACF functions are inadequate, additional criteria such as BIC (Bayes
Information Criterion) and AIC are employed to ascertain the values of the p and g coefficients in the model
series. In particular research, a natural logarithmic transformation can convert exponential and linear
growth. The statistical measures of Mean Absolute Percentage Error (MAPE) and the equality coefficient
were employed to ascertain the most appropriate approach for the model. The model selected had a Theil
equality coefficient value below one and the lowest MAPE, Akaike Criterion, Hannan-Quinn, and Schwarz
Criterion values compared to the other models [122, 123].
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Models exhibiting MAPE values below 10% are categorized as highly proficient, models ranging from 10-
20% are classed as proficient, models with values between 20-50% are considered satisfactory, and models
over 50% are labeled as inaccurate and defective. When the Theil Inequality Coefficient is zero, the model’s
optimal predictive capability is signified. However, this value should be as little as feasible, preferably less
than 1. The initial step in doing a time series analysis involved testing the stationarity of the series [124].
The data were rendered stationary using the application of the ADF test, a unit root test type [125-127].

Several model trials have been conducted to ascertain the suitable model for prediction. The most suitable
model for describing the series has been examined among the available possibilities. The model was
selected based on its Theil equality coefficient value below one and its lowest MAPE, ike Criterion,
Hannan-Quinn, and Schwarz Criterion values compared to other models. The computédWyalues for the
tested models are provided below [124, 128, 129].

The Standard Error of Regression for ARIMA (1,1,1) is 0.052835. The AIC
Criterion (SBC) is -2.714282, and the Hannan-Quinn is -2.849174. The M is 92 eil’s U
is 0.987916. The Standard Error of Regression for ARIMA (2,1,2) is 0.0 . 906258. The
Schwarz Criterion (SBC) is -2.654920. The Hannan-Quinn criterion is is 92.82670,
and Theil’s U is 0.990749. The Standard Error of Regression for ) is 0053650. The AIC is
-2.866809, the Schwarz Criterion (SBC) is -2.674833, and the H IS -2. :
92.33305, and Theil’s U is 0.956860. Figure 2 shows the sp i ” The spectral analysis

10000

6000

FEV

4000

2000

016 2017 2018 2019 2020 2021 2022 2023

Figure 2. Spectral analyses graph of the FEV sales data
5.2. ETS Madel

ETS model is an abbreviation for “Error, Trend, Seasonality” components and is a forecasting method used
to analyze time series data. The ETS model predicts future values using the series’ error, trend, and
seasonality components. Considering these three components, the model produces a smoothed version of
the data, which is used to predict the future behavior of the time series. ETS models are mainly used when
seasonality and trends exist in time series data. This model is an effective tool for analyzing and forecasting
time series data by providing flexibility to different trend and seasonality structures. This study defines an
ETS model using the Exponential Smoothing class. Figure 3 shows the seasonal results of the ETS model.
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Moving Average of the series

4 month Moving Average 6 month Moving Average
10000 1 = original 10000 | = original
= Moving Average —— Moving Average
8000 8000
6000 6000
4000 4000
2000 2000
0 0
2016 2017 2018 2019 2020 2021 2022 2023 2024 016 2017 2018 2019 2020 2021 2022 2023 2024
8 month Moving Average 12 month moving average
10000 { — original 10000 { — original
=  Moving Average -  Moving Average
8000 8000
6000 6000
4000 4000
2000 2000
0 0
2016 2017 2018 2019 2020 2021 2022 2023 2024 2016 2017 2018 2019 2020 2021 2022 2023 2024
~

Figure 3. Seasonal moving average o

hypothesis that a unit root exists in a time series sample.
the test version but is usually stationarity or tren
than 0.05, we cannot reject the null hypothesi
was prepared to examine this analysis moye de

ince the p-value is more significant
d we can say that the data is not stationary. ACF chart
ly. ACF is a bar chart of the correlation coefficients

e Electricity consumption i@lincreasing every year (along with the number of electric vehicles).
e We can see monthly seasort@lity. Electrigity demand is high in July and August (as electric vehicle
usage and sales vg i

The additi el is linear, where the same amount consistently changes over time. A linear trend is a
straight line. A'linear seasonality has the same frequency (cycle width) and amplitude (cycle height).
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FEV seasonal trend resid

DATE
2016-01-01 160 0.951899 NaN NaN
2016-02-01 180 0910172 NaN NaN
2016-03-01 21.0 0.866167 NaN NaN
FEV 2016-04-01 250 0.855510 NaN NaN

10000 -

, ' ' ' ' ' ' | 2016-05-01 27.0 0924173 NaN NaN
2016 2017 2018 2019 2020 2021 2022 2023 2016-06-01 33.0 0.967858 NaN NaN

b=
£ %01 // 2016-07-01 360 1.034720 32.916667 1.056972

016 2017 2018 2019 2020 2021 2022 2023 2016-08-01 380 1157314 35208333 0932582
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Multiplicative Model (multiplicative model)
A multiplicative model suggests multiplying the

y(t) = Level * Trend * Seasonality * Noise

or decreases over time.

This study separated Time
electric vehicles betweg
given in Figure 5 to Help
seen especially. The most
summer time.

ferred to the SARIMA model. The ADF time series result is
S model. In Figure 5, sales increases and peak values can be
crease of the FEV sales, except for Tesla, is obtained in 2020
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Figure 5. ADF time series
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The trend and seasonality information obtained from the series looks reasonable. Interestingly, the residuals
also represent a period of high variability in the time data series in the summer of 2020 (due to the high
increase in sales). When the ADF and PADF results of the series were examined, it was seen that the
expected results before ETS were obtained by distributing the residues. Autocorrelation and partial
autocorrelation results are also given in Figure 6.

Autocorrelation Partial Autocorrelation
10 4 10 4
08 1 08 1
06 06
04 04
[l -1 | i
It

: I .
N U MR

6 % lb 15 20 2'5 0 5 10 15 20 5

Figure 6. ADF and PADF results of the FE

As seen in the figure, the BIC value of the model is 17.875. BIC4S u quality of the model
and generally produces results similar to AIC. A low BIC valU&indi odel fits and explains
the data well enough without overfitting. Quinn Informgtion Cigerion i in model selection and is
calculated as 21.002. This indicates that the model ca| nd has an appropriate model

complexity. Covariance Type: The covariance type of th ‘up’; This indicates that the ‘outer
product of gradients’ method calculates the mod eter estimates.

FEV sales data were ana

)
:@ 23.,2% in the next five-year period, and the annual sales amount,
a, will be 1748@(Table

to increase by an avera
excluding Tesl

Table 3. Full E\Mkiy petween 2016 and 2023 and forecasting between 2024-2028

2016 44
20\
2018 155
2019 W 222
2020 1579
2021 2846
2022 8210
2023 10166
2024 11520
2025 12956
2026 14598
2027 15989

2028 17459
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Figure 7. 5-year FEV sales number forecawjbetv(een 2016 and 2023
When the margin of error in the analysis is cal@lilated as the deviatfon/margin of error compared to the
change in previous values and included in the fogcast value, the new 5-year forecast data can be seen in
Figure 7 by including the margin of error rdin@to past data. The forecast models were developed using
the periodic ARIMA (SARIMA) technidue. termined that the SARIMA (1,0,1) (0,1,1) 96 model,
which incorporated weekly delays, achieved the lo cast error values for the given time series. These
findings indicated that the changeglin FEV sales were gomparable to those observed in the previous month.
Hence, itis evident that i incorpofa is crucial in short-term forecasting models for FEV sales.

Based on the mvestlgatlon the same SARIMA model is appropriate for time series
ed using monthly lag and yearly lag values (96 and 12), it

was observed that mod8 yielded superior outcomes within the same model category.
Specifically, the value of F one year ago held greater significance than the preceding value.
Based on the test data perfor pces of the models, it is evident that they are suitable for predicting short-
term changes in F Future research can involve the development of novel models utilizing
other modelling t net conducting comparisons with the SARIMA models established in this
study mste ’ f employing identical models for time series analysis, more efficient models can be
devi Qistinct models for each series.

The va panied by error bars, represented by closed black lines at both ends, indicating the
ased on past data. The error value, determined by artificial intelligence, is precisely
74.97%. Basgfon future marketing methods, it signifies the upper and lower bounds of the FEV sales rate
during the next five years. Based on marketing methods, the figure indicates that the FEV sales rate in the
next five years can surpass an annual threshold of 30 thousand units or decline to a lower threshold of 5
thousand units if incorrect techniques are implemented.

6. DISCUSSION

The results obtained from ARIMA and SARIMA models provide valuable insights into the patterns and
trends within Tiirkiye’s EV sales data from 2016 to 2023. The time series analysis, utilizing ARIMA, helps
uncover significant aspects of the EV market, setting the stage for a comprehensive discussion on the
implications and strategic considerations for stakeholders in the electric mobility landscape and applying
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ARIMA and SARIMA methodologies allowed for a deep dive into the dynamics of EV sales in Tirkiye.
The analysis reveals consistent monthly fully electric vehicle sales growth, as illustrated in Figure 1. The
models, selected based on Theil equality coefficient and MAPE values, highlight the efficacy of ARIMA
(4,1,4). The spectral analysis graph in Figure 2 further aids in identifying periodic or seasonal components
in the data. The study goes beyond the quantitative aspects by emphasizing the importance of choosing a
model with a Theil equality coefficient below one and minimal MAPE values. Additionally, the results
showcase the significance of factors like economic indicators and environmental considerations, as
supported by the literature [123]. Introducing a multiplicative model for the Time Series Data sheds light
on the trend and seasonality components, providing a more nuanced understanding of the EV market
dynamics.

The ETS model brings an additional layer of analysis, incorporating the "Error, Trén
components. Figure 3 displays the seasonal moving average, while Figure 4 delves i
and residual components, contributing to a comprehensive evaluation of the model;
linear nature of the multiplicative model allows for a more flexible representati
The ADF time series result in Figure 5 aligns with the observed increase i
summer of 2020. The residuals analysis, as depicted in Figure 6, underli saaglity to capture
variations, reinforcing its effectiveness. The discussion around the and Quinn Information
Criterion adds rigor to the evaluation, establishing the suitabili S maqgdel for time series
forecasting.

Seasonality"
d, seasonal,

The forecasting section utilizes ARIMA (4,1,4) to predict FEV etween 2024 and 2028
The analysis suggests a robust growth rate, averaging 5 i ng the FEV market as a key
player in the future. The incorporation of error bars in mpbasizes the uncertainty range based on

past data, offering a realistic perspective on the potential variati ales. The discussion extends beyond
itati icti izi stakeholders. It underscores the

acknowledging the uncertainty inherent in
In synthesizing the results, the discyssion connects

The results and subseg i y contribute to a nuanced understanding of EV sales dynamics

¢ ights for industry players, policymakers, and researchers. Future
research avenu : ternatlve modeling technlques and conduct comparatlve analyses further
to enhance the

integrated approa tical insights guide strategic decisions, fostering sustainable growth in the

Ve investigation into electric vehicle adoption in Tirkiye unfolded the intricacies of
integrating eting strategies with analytical insights and educational endeavors to drive EV adoption.
The alignment of marketing strategies with analytical models, including ARIMA, SARIMA, and ETS,
provided a nuanced understanding of patterns and trends in Tiirkiye’s EV sales. Educational marketing
emerged as a transformative force, reshaping consumer attitudes by emphasizing economic benefits,
reduced emissions, and technological advancements. The study addressed the pressing need for a holistic
understanding of consumer behavior, market dynamics, and external influences for effective EV marketing.
The findings underscore the pivotal role of education in shaping consumer behavior and the potential for
collaborative strategies in overcoming industry challenges. The study resonates with the global push toward
sustainable transportation and is relevant to policymakers, industry stakeholders, and researchers.
Acknowledging the transparency and contextual interpretation, certain limitations of the study are
recognized. These include the reliance on historical data, potential contextual variations, and the dynamic
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nature of consumer preferences. These constraints provide avenues for future research to refine and expand
our understanding. Future research could delve into the long-term effects of educational campaigns, the
evolving role of digital platforms in marketing, and the dynamic nature of consumer preferences in the
ever-changing electric mobility landscape that will contribute to a more nuanced understanding of EV
adoption factors. Emphasizing educational initiatives, strategic marketing partnerships, and responsive
communication strategies emerges as a strategic approach for navigating the evolving electric mobility
landscape. These strategies can directly influence consumer attitudes and drive widespread EV adoption.
This study emphasizes integrating marketing strategies, analytical insights, and educational endeavors. This
synthesis is pivotal for successfully addressing consumer hesitations, fostering positive attitudes, and
navigating the evolving landscape of electric mobility. By integrating diverse elements, this study
contributes to the transformative journey toward sustainable transportation and pavesgthe way for a
sustainable and environmentally responsible future. Consideration of the educational impacy, collaborative
strategies, and the dynamic nature of consumer behavior should guide future initigi promoting
electric mobility that contribute to a greener, more sustainable future.
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