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ARTIFICIAL INTELLIGENCE IN ASSET
PRICING

Aynur Dilan TOSUN!

1. INTRODUCTION

The financial concept of return predictability has been
acknowledged and investigated by many researchers within the
asset pricing literature. Although the predictability of future
returns was considered impossible under the efficient market
hypothesis (EMH) in earlier years, empirical data would hardly
support these claims. One of the main reasons for the failure of
market efficiency is said to be investors’ irrational beliefs, which
may lead to price distortions. Hence, the field of behavioral
finance, which emerged in the 1980s, seeks to provide plausible
explanations for the underlying causes of investors’ irrational
beliefs (Barberis & Thaler, 2003).

Since these arguments concerning market efficiency are
inconsistent with the hypothesis of return unpredictability, many
researchers have investigated factors that can predict future asset
returns. As one of the most widely known and accepted factor
models, the Sharpe-Lintner Capital Asset Pricing Model (CAPM)
estimates the expected returns based on a factor model:
systematic risk. However, it has been intensely argued that a one-
factor model is insufficient to predict returns and hence new
multifactor models have been proposed. For instance, Ross
(1976) introduced Arbitrage Pricing Theory (APT), which later
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paved the way for new multifactor models to be explored. Some
of these well-known and highly utilized factor models for
empirical asset pricing research include the Fama-French-3-
Factor Model (FF3; Fama & French, 1992), Carhart 4-Factor
Model (Carhart, 1997), and the g5 factor model (Hou, Mo, Xue,
& Zhang, 2021). Moreover, various behavioral anomalies have
also been presented and incorporated into factor models (e.g.,
Daniel, Hirshleifer, & Sun, 2020).

Given the increasing number of factors proposed in
alternative factor models, the trade-off between parsimony and
goodness-of-fit has been substantially critical in the asset pricing
literature. Because high-dimensional statistical problems and
multicollinearity are some of the serious drawbacks to properly
link the proposed factors to future asset returns, researchers
navigating “factor zoo” try to find the best possible model that
would efficiently estimate the future returns. To achieve a more
statistically disciplined factor model for both US and
international markets, not only empirical researchers but also
hedge funds have been incorporating artificial intelligence (Al)
tools such as machine learning (ML) into their portfolio
management decisions. Although not limited to the following
methods, these tools provide latent factor extraction and
automated variable selection through algorithms like LASSO.
Modern asset pricing that relies heavily on ML architecture
considers non-linear functionality and time-varying conditional
betas, which eventually differentiate itself from the
aforementioned traditional models. In recent years, there has been
an increasing number of empirical papers dealing with the
predictability of asset returns through machine learning tools.
These tools enable investors to increase their returns as much as
possible by incorporating numerous observed or unobserved
factors into empirical analysis.
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Furthermore, the integration of Al into financial analysis
and investment strategies represents more than a quantitative
improvement over traditional econometric models; it marks a
significant shift in how both individual and institutional investors
receive and handle information. Traditional pricing models face
significant limitations when dealing with high-frequency noise or
non-linear feedback loops. Machine learning architecture
addresses these limitations by detecting complex, high-
dimensional patterns without imposing rigid parametric
assumptions. Consequently, evaluating the efficacy and
adaptability of these Al-driven models is crucial not only for
academic researchers refining asset pricing theory, but also for
both practitioners endeavoring to maximize alpha in global equity
markets. Therefore, although not given in detail, | provide some
of the critical and highly appreciated analyses and the
corresponding findings related to the asset pricing literature here.

The following chapters introduce and discuss the
hypotheses, methodology, empirical analyses and main findings
of some of the recent and prominent finance papers that analyze
the linkage between artificial intelligence and asset pricing:
Chapter 2 gives information on various machine learning tools
and the main conditions to look for when deciding which tool to
use to earn higher returns. Chapter 3 defines Generative Al as one
of the Al techniques that are not only used by individual investors
but also by institutional ones. In Chapter 4, the importance of
human skills is emphasized in terms of elevating the positive
impact of Al adoption. In Chapter 5, the novel Al asset pricing
models are presented and discussed by highlighting their
comparatively better predictive power in forecasting future
returns. In Chapter 6, the problem of dispersion among different
investors’ expectations on the same available information is
argued, and the possible solutions using certain machine learning
tools are proposed. Unlike the papers discussed up to this point,
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Chapter 7 focuses on describing the machine learning
applications and methodology in asset pricing on a global scale.
The last chapter concludes.

2. BEST-PERFORMING MACHINE LEARNING
METHODS

Over the past few decades, we have observed a
revolutionary number of potential return predictors offered in
empirical asset pricing, which has eventually led to a new term
emerging in the literature: the "factor zoo." Traditional
econometric tools often struggle to determine which predictor
works much better than the rest. Researchers and the investors are
also aware that measuring risk premia is a fundamental task in
empirical asset pricing. Hence, they have been using traditional
econometric approaches to gauge the risk premium, but these
approaches face several inevitable challenges: a high risk of
overfitting due to the existence of hundreds of possible stock
characteristics and the nonlinear dependence of risk premia on
firm characteristics.

Based on prior research conducted by Gu, Kelly, and Xiu
(2020), there are certain methods within machine learning
architectures that help investors earn higher returns compared to
other methods by mitigating the challenges indicated. The
criterion for deciding on which method is comparably better is
based on the extent to which this method can improve predictive
accuracy. First, they touch upon the theoretical foundations and
continue with the empirical analysis in which the sample includes
individual equity returns, almost 100 firm-level financial signals,
various macroeconomic indicators and the interactions among all
these features. The dataset covers the period from 1957 to 2016.
The authors evaluate different algorithms including linear
regressions, dimension reduction models, nonlinear tree-based
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ensembles and neural networks, and compare their performance.
According to the main findings, the specific methods of trees and
neural networks were demonstrated to have higher out-of-sample
predictive power. Moreover, the authors find that investors using
neural networks outperformed the market as evidenced by a
higher Sharpe ratio. The results also indicate that machine
learning methods integrate a vast number of possible return
predictors compared to traditional methods. The authors mainly
attribute the superior performance of machine learning methods
over traditional ones to the ability of machine learning to handle
a vast number of predictor variables.

3. GENERATIVE Al USAGE

Besides classical machine learning algorithms in asset
pricing, recent technological advancements have amplified Al
capabilities in analyzing long and unstructured text-based
information instantly. As discussed above, certain other Al
techniques can also boost investment returns much more than
traditional models could have allowed. In line with these
arguments, there are also several papers that investigate the
impact of Al usage by both individuals and fund managers on
investment decisions. Another Al tool that is said to be quite
different from earlier Al tools is Generative Al (GenAl), which is
noted for requiring less complicated training relative to others.
The use of GenAl (such as ChatGPT) and its impact on
investment performance have also been analyzed in empirical
papers.

In one such paper, Sheng, Sun, Yang, and Zhang (2026)
analyze whether the adoption of (GenAl) can create higher
abnormal returns by using a difference-in-differences approach.
Because there is a lack of available data that could lead
researchers to directly investigate the link between GenAl usage
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and investment performance, the authors introduce a novel
measure as a proxy for utilization of GenAl based on hedge
funds’ portfolio holdings and information produced by ChatGPT.
Utilizing this novel measure, they empirically show that hedge
funds with higher ChatGPT usage achieve higher risk-adjusted
returns in the post-adoption period compared to the pre-adoption
period. They also conduct a similar analysis on non-hedge fund
companies but find that Al adoption does not contribute to
significantly higher returns. Furthermore, the authors delve into
the potential drivers of the significantly higher returns achieved
by hedge funds and conduct several alternative tests to validate
their methodology, such as using surveys of hedge fund managers
or including newspaper articles to construct the main proxy
variable.

Although it is clearly observed that reliance on disruptive
technologies could facilitate higher profits for investment
companies, the authors emphasize the importance of the right
combination of new technologies and highly skilled analysts who
can interpret their output. The authors attribute the
outperformance of GenAl to its capability to extract alpha signals
from high-dimensional firm-specific information much faster
than human analysts, its ability to predict future real-time
narratives and its advantage in reducing search costs. While all
these unique features seem to offer clear benefits, they increase
the performance gap between funds capable of implementing
GenAl and those that lack access to such technology.

4. MAN AND MACHINE

While we frequently hear that artificial intelligence is a
pure substitute for financial advisors, some theoretical and
empirical studies highlight the complementary nature of
technological advancements and highly skilled human capital. As
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mentioned in the previous chapter, companies also need skilled
human analysts to gather and interpret data generated by Al tools
to achieve high profits. Relatedly, a recent study conducted by
Cao, Jiang, Wang, and Yang (2024) emphasizes the “man +
machine” combination rather than the theme of “man vs.
machine”.

The authors refer to a vast number of works in the
literature that have argued the possible implications of job loss on
productivity and employment due to advancements in Al-related
tools. In contrast to these works, the authors focus on the potential
performance increase resulting from Al and human synergy. They
examine data on analysts’ price forecasts between 1996 and 2018.
To construct an “Al analyst”, they incorporate firm
characteristics, industry and macro variables and information
related to corporate disclosure along with their interactions into
their machine learning model. Then, they compare the
performance of human analysts and Al analysts in estimating
stock returns.

Itis reported that Al analysts perform much better in their
stock return predictions. However, humans outperform Al
analysts when they have a comparative advantage in states in
which there is high information asymmetry that necessitates
institutional knowledge to handle. The authors also note that
instead of choosing one model over another, creating a synergy
between the two could significantly reduce forecast errors made
by both Al and humans.

Concisely, in addition to showing the advantages of both
Al and human analysts under certain circumstances, they also
document how humans can use their skills for better Al adoption
to avoid making extreme errors in stock return forecasts. That is,
the division of labor in financial analysis where machines focus
on data aggregation automation and humans make strategic
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management decisions would create the highest predictive
accuracy and the greatest investment performance.

5. Al PRICING MODELS

Earlier machine learning tools in finance primarily aimed
to make better forecasts within traditional asset pricing models.
However, current advancements let researchers move beyond
these traditional models and analyze high-dimensional datasets.
The advantage of covering a broad range of asset-specific
information through Al models also enables researchers to
develop new asset pricing models that enhance the future return
predictability.

One of the recently proposed asset pricing models based
on Al tools is the artificial intelligence pricing model (AIPM) by
Kelly, Kuznetsov, Malamud and Xu (2025). In this paper, they
explain the two main attributes of this novel model as its ability
to present a context-related forecast based on information across
various assets and to extend the model parameterization limits.
This model is a simpler linear model that makes complicated
attention mechanisms much easier to comprehend. The authors
also augment this approach with a more advanced AIPM model
that uses nonlinear transformer architecture.

For empirical analysis, the authors gather monthly US
equity data and consider 132 stock-level characteristics from
Jensen, Kelly, and Pedersen (2023). They compare the
performance of several versions of this new model to several
benchmark models such as the six-factor model that augments the
five factors of Fama and French (2015) with a momentum factor,
a four-factor model including the mispricing factor. As carefully
assessed in previous papers, the authors also report out-of-sample
Sharpe ratios and pricing errors for each model. They observe that
the performance of the newly introduced models that incorporate
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attention mechanisms is far better than that of benchmark models
without attention mechanisms. The results, overall, demonstrate
that asset pricing has transitioned towards market-wide neural
architecture rather than standalone firm-level regressions.

6. BELIEF DISAGREEMENT

In addition to the systematic risk and return forecasts,
market efficiency heavily depends on how market participants
interpret  public  information. In  behavioral finance,
heterogeneous expectations among market participants are seen
as a primary mechanism driving market anomalies. Even though
investors have access to the same information, their forecasts and
expectations of returns could differ substantially from one
another. For instance, when there are divergent beliefs and
pessimistic investors face short-sale constraints, assets become
overpriced and the future returns are hypothesized to be lower.
But since investor beliefs are unobservable, this hypothesis is
hard to test empirically. However, investor belief disagreement is
one of the areas that machine learning tools can be useful to help
better explain returns relative to traditional econometric models.

According to Bali, Kelly, Morke, and Rahman (2026),
different machine learning specifications with the same data
inputs could be modeled to represent different investor beliefs
about future returns. The authors create a new measure called
Machine Forecast Disagreement (MFD), defined as the
dispersion in return forecasts across these investor models. This
measure not only aligns with analyst forecast disagreement,
which is a prior measure that proxies for the belief heterogeneity
among analysts, but also outperforms it in terms of stock return
predictability. They calculate their monthly MFD measure from
August 1976 to December 2022 based on past stock
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characteristics. This measure is calculated by finding the standard
deviation of return forecasts among different investors.

The authors document a significant and negative
relationship between the MFD measure and future stock returns.
Specifically, they report that the value-weighted portfolio that
shorts the stocks with the highest MFD and buys the ones with
the lowest MFD vyields an average monthly return of 1.14%.
Moreover, the significant predictive power of MFD cannot be
absorbed by any other firm-level traits and risk factors. These
results are not limited to the US equity market; the negative return
predictability of MFD is also apparent in international equity
markets. In short, this paper contributes to the literature by
introducing a new belief disagreement measure for the cross-
section of stock returns and shows that this measure is associated
with the mispricing factor (Stambaugh, Yu, & Yuan, 2015). This
study reveals that MFD provides an unbiased proxy for market-
wide belief disagreement without relying on human surveys.

7. INTERNATIONAL MARKETS

Up to now, the main analyses of the papers listed above
have focused on the US market. In the asset pricing literature, it
is crucial to understand the investment strategies across countries
outside the US as well. For that purpose, there are various
replication papers that solely conduct similar analyses relevant to
the US market to see whether the findings for the US market are
also corroborated in international markets. Similarly, newly
offered Al-based asset pricing models are applied to international
equity data to see whether there are significant differences
between the traditional and Al-based asset pricing models across
countries. Moreover, researchers utilize machine learning
techniques to pinpoint the best possible predictors among a large

10
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number of stock return predictors that could commonly predict
international stock returns.

In one of these studies, Cakici, Fieberg, Metko and
Zaremba (2023) try to understand whether the machine learning
techniques that generate higher investment gains in the US and
China can consistently predict stock returns across 46 countries.
They also investigate whether there is any difference in the
performance of these techniques in international markets. They
feed the machine learning algorithms with 148 different anomaly
variables and compare 11 different algorithms such as the least
absolute shrinkage and selection operator (LASSO), several
neural networks and ordinary least squares regression (OLS).
First, they demonstrate that every algorithm generates significant
abnormal returns and the performance is much better in
developed markets than in emerging markets. Among the
machine learning algorithms they utilize, the forecast
combination COMB is found to be the best performer. Machine
learning algorithms are found to better predict small-cap stock
returns relative to large-cap stock returns. Importantly, the
authors observe higher Sharpe ratios in most markets compared
to those in the US.

Additionally, the authors discuss how combining certain
individual return predictors enhances the accuracy of the models.
However, the sole contribution of each predictor included in the
analysis varies across countries. That is, machine learning
strategies are generally better executed in developed markets
rather than in emerging ones and the machine learning models
mainly extract predictive power from certain stock characteristics
such as momentum, short-term reversal, value and size. Although
the authors mention the efficiency of machine learning models in
selecting and forming stocks, they emphasize this non-
uniformity. They also highlight the heterogeneity in the

11
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performance of machine learning strategies across different
countries, market segments and model types.

Another valuable study conducted by Fieberg, Liedtke,
Zaremba and Cakici (2025) deploys an instrumented principal
component analysis (IPCA), which was introduced by Kelly,
Pruitt, and Su (2019) to present a new cross-section of the equity
risk premium. Using market returns for the US, 23 developed and
48 emerging markets between January 1993 and December 2021,
the authors demonstrate that IPCA is beneficial for determining
cross-sectional variation in market returns and can be utilized as
a potential investment strategy around the world. However, it is
also important to note that the performance of IPCA, when used
as an investment strategy, is far better in emerging markets rather
than in developed markets. As already mentioned, and intensely
discussed in the asset pricing literature, offering new applications
or determinants to overcome the “factor zoo” is highly important.
Relatedly, IPCA might also diminish the number of parameters
that are needed to predict stock returns as it is shown to link a
wide range of market characteristics to just a few conditional
betas. Specifically, a four-factor conditional asset pricing model
is demonstrated to outperform established factor models in
capturing the cross-country variation.

Similar to the previous international paper, the authors
further analyze the main global “signal zoo” and list size,
momentum, volatility, political risk and valuation as the top five
predictors that determine the return differences. In short,
extending beyond these contributions to literature, a growing
body of recent research examines global asset pricing models and
strives to offer the most efficient predictor on a global scale.
These studies increasingly adopt various machine learning
techniques to conduct empirical analyses, comparing the relevant
outcomes against traditional econometric models.

12
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8. CONCLUSION

We have been observing a great evolution of empirical
asset pricing models that utilize advanced artificial intelligence
and machine learning architectures rather than traditional
frameworks. To overcome the extensive "factor zoo" and vast
number of statistical constraints, recent developments in Al
demonstrate improvements in capturing non-linear interactions,
latent factors, and time-varying risk dynamics. As discussed in
the previous sections and presented through the findings of the
recent empirical studies, various Al tools such as deep neural
networks and tree-based ensembles consistently excel the classic
econometric structures in predicting future equity returns and
producing risk-adjusted alpha.

In addition to the traditional asset return predictions,
utilizing modern Al applications is crucial to developing the most
efficient solutions to these empirical hurdles. On the one hand,
the implementation of Generative Al (GenAl) enables investors
to derive higher risk-adjusted alpha by reducing search costs; on
the other hand, quantitative finance measures like Machine
Forecast Disagreement (MFD) successfully gauge unobservable
investor belief disagreement. However, one should be cautious in
concluding that Al implementation is a simple replacement for
human skills. Conversely, a hybrid "man + machine" combination
achieves the highest predictive accuracy thanks to automated data
aggregation provided by Al and human judgment during periods
of heightened information asymmetry.

Lastly, some empirical studies have been conducted
across global equity markets to examine whether the
outperformance of machine learning applications in investment
strategies in the US market can be generalized to international
equity markets. According to the results presented, we can
observe clear enhancements in spotting the best global return

13
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predictors and achieving higher risk-adjusted alpha values due to
the utilization of recent machine learning models. Although the
performance varies significantly between developed and
emerging economies due to market differences, the positive effect
of new technologies on investment decisions cannot be
understated. For future empirical research, newly developed
models could be tested against the traditional as well as prior Al
models in the US and international equity markets to see whether
the outperformance of these Al tools persists or dissipates.

14
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IKLIM DEGISIKLiGI VE SIGORTACILIK:
TEHDITLER VE FIRSATLAR

Aylin MERCAN ALKAN!

1. GIRIS

Iklim degisikligi gercegi her gecen giin etkisini daha fazla
hissettigimiz, tiim diinyayi etkisi altina alan, atmosferdeki sera
gazi saliniminin artmasi sonucu Diinya’nin ortalama sicakliginda
meydana gelen artistir. Bu sicaklik artisinin  klimatografik,
hidrolojik ve sosyoekonomik bircok etkisi ve sonucu
bulunmaktadir. iklim degisikligi, kurakhgin ve c¢ollesmenin
artmasi, firtina, kasirga gibi asir1 hava olaylarinin daha sik
gergeklesmesi, orman yanginlar1 ve salgm hastaliklarin artmasi,
gida ve su yetersizligi gibi ¢ok genis bir etki alanina sahiptir. Tiim
bu tehlikelerin etkileyebilecegi sektorlerden biri de sigortaciliktir.

Iklim degisikligi riskleri sigorta sirketlerinin son dénemde
en popliler konular1 arasinda yer almaktadir. Bu riskler sonucu
meydana gelen hasarlarin katastrofik boyutlarda olmasi ve
sektoriin 6deme kapasitesinin yetersiz kalabilme ithtimaline kars1
sirketlerin iklim risklerini en dogru sekilde yonetebilmesi dnem
tagimaktadir. Ancak etkisi ¢ok genis bir alana yayilabildiginden
ve tahmin edilmesi ¢ok daha gii¢ oldugundan, kiiresel 1sinmaya
baghh afetlerin gozlemlenmesi, Onlemlerin alinmasit ve
fiyatlandirilmas1 konusunda zorluklar yasanabilmektedir. Bu
riskleri tamamen yok edebilmek mimkin olmasa da meydana
gelebilecek kayiplarin en aza indirilmesinde sigorta sirketlerinin
onemli bir rolii bulunmaktadir.

L Dr. Ogretim Uyesi, Tokat Gaziosmanpasa Universitesi, Turhal Uygulamali

Bilimler Fakiiltesi, Bankacilik ve Sigortacilik, ORCID: 0000-0001-7611-8724.
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Iklim degisikligi ile miicadelede sigorta sektdrii ve
hiikiimetlerin diisik karbonlu ekonomiye gecis silirecinde is
birligi icerisinde olmasi, sektdriin Oniindeki yasal engellerin
kaldirilmas1 6nem tagimaktadir. Ayrica bilimsel ve teknolojik
anlamda tiim gelismelerin takip edilmesi, veritabanlarinin
olusturulmasi, sel haritasi, orman yangimi haritast gibi risk
haritalarinin ~ olusturulmasiyla  beraber  risk  analizleri
yapilabilecek ve underwriting kanalinda fdirtinler dogru
fiyatlandirilabilecektir.

Sigortacilik risk yonetimi ve risk smiflandirilmasi
konusundaki uzmanligiyla kontrol edilmesi neredeyse miimkiin
olmayan hava olaylarinin yaratacagi zararlarin yonetilmesinde
avantajli olan sektdrlerden biridir. Dolu, sel, don, firtina gibi
olaylarin ardindan gerceklesen hasarlar i¢in afet 6ncesi duruma
en hizli sekilde doniis saglayabilmek sigorta ile miimkiin
olabilmektedir. Dolayisiyla iklim degisikligini benimseyerek
tiriinlerini bu risklere entegre bir sekilde gelistiren ve dogru risk
yoOnetim stratejisi belirleyen sigorta sirketleri sektorde varligimni
stirdurebilecektir.

2. IKLIM DEGISIKLiGi NEDIiR?

iklim degisikligi, Diinya'min yerel, bolgesel ve kiiresel
iklimini tanimlayan ortalama hava kosullarindaki uzun vadeli
degisikliklerdir. Bu degisikliklerin ¢ok ¢esitli gozlenen etkileri
vardir. Diinya ikliminde 20. yiizyilin bagindan bu yana goriilen
degisiklikler, 6ncelikle insan faaliyetlerinden, 6zellikle de Dinya
atmosferindeki 1s1 yakalayan sera gazi seviyelerini artiran ve
Diinya'nin ortalama yiizey sicakligmi yiikselten fosil yakitlarin
kullanilmasindan kaynaklanmaktadir (Mitchell, 1989). Insan
tarafindan iretilen bu sicaklik artislarina genel olarak kiiresel
1isinma denilmektedir (iklim Degisikligi Baskanligi, n.d.).
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Sanayi 6ncesi donemden bu yana, insan faaliyetlerinin,
Diinya'nin kiiresel ortalama sicakligini, yilda 0.2 santigrat derece
olmak {izere yaklagik 1 santigrat derece artirdigi tahmin
edilmektedir. Mevcut 1sinma egiliminin ¢ogu, 1950’lerden bu
yana insan faaliyetinin sonucu olarak baslamis ve bu i1sinma
glinlimiizde benzeri gorliilmemis bir oranda ilerlemektedir.
Karbondioksit (CO.) gibi sera gazlari Diinya'nin uzun dalga
radyasyonunu emerek bu enerjinin biiyiik bir kismmi Diinya'nin
ylizeyine geri yansitir. Sera gazlarinin yogunlugu arttikca, 1sman
alt atmosferdeki (troposfer) enerji icerigi de artar. Bu enerji alt
atmosferdeki havanin yani sira, okyanuslart da 1sitir (National
Aeronautics and Space Administration [NASA], n.d.).

iklim degisikligiyle atmosfere daha fazla enerji
yliklenmektedir. Isinan sulardan daha fazla su buharlasir ve daha
sicak bir atmosfer daha fazla nemi emebilir. Bu faktorler siddetli
yagis olasihigini artirir. Atmosferdeki artan nem miktar1 daha
fazla enerji anlamina gelir; bu enerji su dongiisiinii etkiler ve
konvektif sirecleri besler (Thuiller, 2007). Bdlgesel olarak,
O0rnegin Avrupa'da ve gezegenin diger bir¢cok bdlgesinde, iklim
degisikligi asir1 1s1 olaylarina neden olmaktadir. Sera gazlarinin
neler olduguna bakildiginda basta su buhari (H20) olmak (izere,
karbondioksit, (CO2), metan (CHs), diazotmonoksit (N2O) ve
troposfer ile stratosferde bulunan ozon (O3z) gazlart One
cikmaktadir.  Fosil  yakitlarin  kullanilmasiyla  birlikte
karbondioksit salmimi artarken, buzdolab1 ve klima gibi
cihazlardan florin, naylon ve plastik tretiminden diazot monoksit
gazi salinmaktadir (Tol, Winter 2018).
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1850-1900 ortalamasina gore kiiresel sicaklik anomalileri
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Sekil 1. Kiiresel Sicaklik Anomalileri
Kaynak: Munich Re, https:/iwww.munichre.com/en/risks/climate-change.html

Sekil 1 kiiresel sicaklik anomalilerinin uzun dénemde
belirgin bi¢imde yiikseldigini gostermektedir. 20. yilizyilin ilk
yarisinda  sicakliklar  1850-1900 ortalamasinin  etrafinda
dalgalanirken, ozellikle 1970’lerden itibaren pozitif sicaklik
anomalileri surekli ve gicli bir artig egilimine girmistir. Son
yillarda anomalilerin 1 °C’nin {izerine ¢ikarak yaklasik 1,5 °C
seviyelerine yaklasmasi, kiiresel 1sinmanin giderek hizlandigina
isaret etmektedir. Verilere gére 1980 yilindan itibaren gegen en
sicak y1l 2024 yil1 olmustur.

3. IKLiM DEGISIKLiGININ ETKILERI
Iklim degisikliginin tiim diinyay: etkileyen bir¢ok sonucu
bulunmaktadir. Bunlar siralanacak olursa:

e Tath su kaynaklarmin kurumasi sonucu yasanacak su
sikintist

e Karasal ve tatl su ekosistemlerinin bozulmasi

e Hayvan tiirlerinin yok olmasiyla ekolojik dengenin
bozulmasi
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e Kiy1 sistemleri ve diisiik tabanli alanlarda mercan
resiflerinin yok olmasi

* Kuraklik ve ¢ollesme
* (Gida giivenligi ve gida liretiminin azalmasi

* Sel, firtina, kasirga, hortum gibi asir1 hava olaylarinin ve
dogal afetlerin artmasi sonucu yasanacak can ve mal
kayiplari

* Salgin hastalik, aglik, susuzluk gibi insan saghigini
olumsuz etkileyen olaylarin artmasi

» Gecim ve yoksulluk

* Orman yanginlarinin artmast ve yerlesim yerlerine
sicramast

» Eriyen buzullar nedeniyle yikselen deniz seviyesi
sonucunda algak alanlarmn sular altinda kalarak yok olma
tehlikesi (Demir, 2009; Karaman GoOkalp 2010; Tiirkes,
2022; Delmotte vd. 2018)

Iklim degisikliginin en 6nemli etkilerinden biri asir1 hava
olaylarina bagli olarak dogal afetlerin yasanma sikligmin
artmasidir. Firtina, kasirga, sel ve dolu can kayiplariyla birlikte
biiyiik ekonomik kayiplara yol agmaktadir. 2025 yilinda
gerceklesen 280 adet dogal afet olayindan kaynaklanan kayiplar
235 milyar ABD dolarina ulagsmistir. Bu kayiplarin sigortali tutart
ise 120 milyar dolar olarak gerceklesmistir. 2025 yilinda yaklasik
17.900 kisi yasanan dogal afetler sebebiyle hayatini kaybetmistir.
(Swiss Re Institute, sigma No 1/2026). Ocak ayinda Los
Angeles’ta meydana gelen Palisades ve Eaton yangmlari,
toplamda 40 milyar ABD dolar tutarinda sigortali kayba yol
acarak orman yangmlarinda yeni bir kayip rekoru olusturmustur.
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Katastrofik olaylarin sayisi, 1970-2025
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Sekil 2. Katastrofik olaylarin sayis1 1970-2025
Kaynak: Munich RE, 2026

Sekil 2, 1970-2025 doneminde Kkatastrofik olaylarin
bilesiminde belirgin bir degisim yasandigimi gostermektedir.
Ozellikle dogal afetlerin sayis1 uzun dénemde giiglii bir artis
egilimi sergilemistir. 1970’lerde yillik dogal afet sayis1 yaklasik
30-50 duzeyindeyken, 1990’lardan itibaren 100°0n (Gzerine
cikmig; 2010 sonrasinda ise c¢ogunlukla 160-220 bandinda
seyretmistir. 2025 yilinda dogal afet say1sinin yaklasik 190 olarak
gerceklesmesi, dogal kaynakli katastrofik olaylarin tarihsel olarak
yuksek seviyelerde kalmaya devam ettigine isaret etmektedir.

Tablo 1. Dogal Afet Kaynaklh Ekonomik Kayiplar

BOLGELER MIiLYARABD GSYH
DOLARI %
KUZEY AMERIKA 133 %0,41
AVRUPA 10 %0,03
ASYA 69 %0,16
LATIN AMERIKA 13 %0,19
AFRIKA 2 %0,07
OKYANUSYA/AVUSTRALYA | 6 %0,30
DUNYA TOPLAMI 235 %0,20
10 YILLIK ORTALAMA* 280 %0,25

Kaynak: (Swiss RE, 2026)

Tablo 1’de bolgelere gore dogal afet kaynakli ekonomik
kayiplara ve bu kayiplarm milli gelir icerisindeki payina yer
verilmistir. Verilere goére en yiiksek ekonomik kayip Kuzey
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Amerika bolgesinde gergeklesmistir. Bu kayiplarda, Los Angeles
yanginlart ile yliksek seyreden siddetli konvektif firtina (Severe
Convective Storm — SCS) riskleri belirleyici olmustur. Kuzey
Amerika’dan sonraki en biiylk kayip ise Asya bolgesinde
gerceklesmisti. Asya’daki kayiplar Myanmar’da meydana gelen
ve komsu Tayland’da da kayiplara yol acan depremin yani sira
bir dizi insan kaynakli afetin etkisiyle artis gostermistir.

Hava olaylarindan kaynaklanan kayiplarin altinda yatan
birgok faktor bulunmaktadir. Temel faktor ise artan diinya nifusu
ve ekonomik biiylimeyle birlikte giderek artan kentlesmedir. Son
60 yilda diinya niifusu yaklasik 2,5 kat artmis ve kiiresel reel gayri
safi yurt i¢i hasila yedi kattan fazla biiylimiistiir. Kentsel alanlar
en fazla varlik ve insan yogunlugunu olusturmaktadir. 1950’ lerde
kiiresel niifusun yaklasik %30’u schirlerde yasarken bugiin bu
oran %50 nin iizerine ¢ikmis ve 2050 yilinda bu oranin %70
seviyelerine ulasacagi tahmin edilmektedir (Aon, 2026).

Niifus artisi, ekonomik kalkinma ve kentlesmenin yani
sira dikkate alinmas1 gereken faktorler arasinda arazi kullanimu,
ormansizlasma ve toprak bozulmas: gibi insan kaynakli
degisiklikler bulunmaktadir. Bunlarin hepsi hem meydana gelen
fiziksel hasar hem de iliskili kayiplarin biyiikliigii agisindan
iklimle 1ilgili risklerin etkisini cogaltabilmektedir. Tehlikeye
maruz kalmanm yiiksek oldugu alanlarda, niifus artisi, risk
azaltma altyapismimn eksikligi ile birlestiginde, riskleri daha da
artirabilmektedir (Nobanee et al, 2022). Insan niifusunun
sehirlerde yogunlagmasi risk azaltma yoOntemlerinin yetersiz
kalmasina neden olabilmekte ve afet meydana geldiginde
olusturacagi ekonomik kaybi artirabilmektedir. Ornegin yagis
yogunlugundaki ufak bir artig sehir yiizeyindeki betonlagsmanin
etkisiyle su emilimi saglanamadigindan su baskini ve taskin
hasarlarina neden olabilmektedir. Sehir merkezinde meydana
gelen bir dogal afet, niifusun daha homojen yayildig1 cografi
bolgelere gore daha fazla kayip olusturabilmektedir. Niifus
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oranindaki %]1’lik bir artisin kisi basma diisen ekonomik
kayiplar1 %1,2 arttirdigi tahmin edilmektedir (Swiss RE, 2020).

4. IKLIM DEGISIiKLiGi VE SiIGORTA SEKTORU

Kiiresel 1sinmayla birlikte, onlimiizdeki yillarda hava ile
ilgili olaylardan kaynaklanan ekonomik kayiplarin artmasi
beklenmektedir. Iklimi ve iklim olaylarni diizenleyen fiziksel
stireclerin ¢ogu atmosferin ve okyanuslarin sicakliklarina
baghdir. Sicakliklardaki artis sera gazi salinimi nedeniyle olsun
veya olmasin insanhigin ve diinyanin karsi karsiya kalacagi
riskleri degistirebilecektir. Degisen bu riskler isi riski yonetmek
olan sigorta sirketlerinin de ilk siralarda gelen konularindan
biridir. ( Boliikbasi&Pamukgu, 2005)

Hukumetler, piyasa temelli bir sigorta endstrisinin riski
iistlenme ve aktarmadaki roliinii ve faydalarini giderek daha fazla
kabul etmektedir. Yaygin piyasa temelli sigorta kapsamina sahip
tilkelerin katastrofik olaylarin finansal etkilerinden daha hizl
lyilestigine dair kanitlar artmaktadir; keza makroekonomik
maliyetleri artiran zararlarin sigortasiz kismudir. Ote yandan,
Paris Anlagmasi'nin kabul edilmesiyle birlikte, diisiik karbonlu
bir ekonomiye gecisi desteklemek icin genis bir paydas
yelpazesinde bir dizi girisim ve faaliyet patlamasi olmustur. iklim
degisikligi ve altyapinin karbondan arindirilmasi {izerinde
durulmasi, baz1 hiikiimetlerin ekonomik planlama ve
ticaretleriyle ilgili en ©Onemli o©nceliklerinden biri haline
gelmektedir.

4.1. iklim Degisikligi ve Sigorta Varhklarinda Riskler

Sigorta sirketleri agisindan iklim degisikligi yalnizca
sigortalama faaliyetleri iizerinden degil, yatirim portfoyleri
aracilifiyla da Onemli finansal riskler ortaya c¢ikarmaktadir.
Fiziksel riskler ile diisiik karbonlu ekonomiye gecis siirecinden
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kaynaklanan gecis riskleri, farkli varlik smniflarin1 degisen diizey
ve kanallar Uzerinden etkileyebilmektedir. Sigortacilarin yatirim
portfoylerinde yer alan devlet ve sirket tahvilleri, hisse senetleri,
krediler ve gayrimenkuller hem dogrudan iklim olaylarindan hem
de diizenleyici, teknolojik ve piyasa temelli doniisiimlerden

etkilenebilmektedir. Tablo 2’de bu risklere yer verilmistir.

Tablo 2. iklim Degisikligi Sigorta Varhklar: iliskisi

Varhk Siifi

Fiziksel Risk

Gecis Riski

Devlet

Bir llkenin veya yetki

Tahvilleri alaninin fiziksel risk iklim degisikligine uyum
olayl;vlrlna ne olgudg maruz programlar i¢in ilave kamu
kalc_ilgma_bag_l 1dir. _Ornegln, harcamalarina ihtiyag
Sﬁi;ls;\ég:?&g::; duyulmas1 veya ekonomisi
diizeyde maruz kalan fosil yakitlara yiiksek 6l¢iide
N . bagimli olan iilkelerin bu
ulkelerin bor¢lanma doniisiimden olumsuz
araglari, kiiresel 1sinmanin etkile$nmesi yoluyla ortaya
beklenenden daha hizli ‘kabilir
gerceklesmesi durumunda ¢ )
olumsuz etkilenebilir.

Sirket Risk diizeyi, sirketin

Tahvilleri bulundugu cografi konuma Gecis risklerini veterli
veya faaliyet gosterdigi bi(;(i;n?l de yt')neter%leyen
sektore baglidir. Ornegin, borglularn, tahvil
tartlm se;kt.orune I}lfonehk ihraggilarinin ve/veya karst
Z)I?alrllsrln?; 35;}1 s?l\i%ale taraflarin kredi degerliliginde

ly - iiriin] bozulma meydana gelebilir ve
CIMESL, farimsal Uriniere —y) qurum finansal kayiplara
zarar vermesi ve verimliligi ol acabilir
diistirmesi nedeniyle yolag '
olumsuz etkilenebilir.
Hisse Risk diizeyi, sirketlerin
Senetleri bulundugu cografi konuma

veya faaliyet gosterdigi
sektore baglidir. Ornegin,
taskin riski yiiksek
bolgelerde tesisleri bulunan
sirketlere yapilan
yatirimlar, biiyiik ¢apli bir
sel olay1 sonrasinda hisse
senedi fiyatlarinda 6nemli
deger kayiplarina maruz
kalabilir.

Diisiik karbonlu ekonomiye
gecis stireci finansal
varliklarin degerinde diistise
yol agabilir. Ornegin,
atil/islevsiz hale gelen
varliklar (stranded assets),
karbon veya sera gazi yogun
sektorlerde faaliyet gdsteren
sirketlerin degerini azaltabilir.
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Krediler / Risk diizeyi biiyik él¢lide  Borglularin iklim
Ipotekli cografi konuma baglidir. degisikligiyle baglantili
Krediler Ornegin, taskin veya diger riskleri yeterince
hava olaylarina daha fazla  ydnetememesi durumunda, bu
maruz kalan bolgelerde borglulara kullandirilan
bulunan teminat varliklar1  kredilerin kredi kalitesi
fiziksel risklerden olumsuz bozulabilir ve deger
etkilenebilir. diisiikliigi ortaya ¢ikabilir.
Gayrimenkul Enerji verimliligi diisiik

Risk diizeyi cografi
konuma baghdir. Ornegin,
tagkin riskine daha fazla
maruz kalan bolgelerde
bulunan binalarda
faaliyetlerin kesintiye
ugramas, ilgili ipotekli
krediler agisindan kredi
kayiplarinin artmasi ve
gayrimenkullerin piyasa
degerlerinin diismesi S6z
konusu olabilir.

binalar gegis risklerine daha
fazla maruz kalabilir. Ornegin,
yeni diizenlemelerin tim
gayrimenkullerin daha yiiksek
siirdiiriilebilirlik standartlarini
karsilamasini zorunlu kilmasi
durumunda, bazi varliklar
ekonomik agidan atil hale
gelebilir veya yeni
standartlara uyum saglamak
icin 6nemli tutarlarda yatirim

_yapilmasi gerekebilir.

Kaynak: IAIS, 2021 Raporundan Derlenmistir.

Sigorta endiistrisi, fiziksel riskler ve gecis riskleri olmak
tizere iki grupta iklim degisikligi risklerine direkt olarak maruz
kalmaktadir. Fiziksel risk; sel, firtina, kuraklik, deniz seviyesinin
yiikselmesi, asirt sicakliklar ve benzeri iklim kaynakli olaylarin
dogrudan ekonomik etkilerini ifade etmektedir. Gegis riski ise
ekonomilerin diisiik karbonlu yapiya gegmesi sirasinda politika,
teknoloji, diizenleme ve tiiketici tercihlerindeki degisikliklerden
kaynaklanan finansal risklerdir. Sifir karbon ekonomisine dogru

ilerleyen diinyada, iklim degisikliginin sigorta sektoriin
bilancodaki varlik ve underwriting taraflar1 lizerindeki uzun
vadeli etkisini daha iyi anlamak igin ayrt bir Onemi
bulunmaktadir.

4.2. iklim Degisikligi Kaynakh Dogal Afet Riskleri

2026 yilinin ilk yarisinda dogal afetlerden kaynaklanan
kiiresel sigortali kayiplarin 42 milyar ABD dolari seviyesine
ulastig1 tahmin edilmektedir. Sigorta sektorii, toplam ekonomik
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kayiplarin tahminen %42’sini karsilamig olup, bu oran uzun
donem  ortalamasinin  olduk¢a  tizerindedir. Venezuela’da
meydana gelen deprem dizisi, ekonomik agidan en yiiksek hasara
neden olan olay olmasina karsm, {iilkedeki diisiik sigorta
penetrasyonu nedeniyle s6z konusu kayiplarin yalnizca sinirli bir

boliimiinlin sigorta kapsaminda oldugu degerlendirilmektedir
(Swiss Re, 1/2026).

Diinyanin en hizli 1sinan kitasi olan Avrupa’da, 1950’li
yillara kiyasla sicak gilinlerin sayis1 %64 artmistir. 2026 yilinda
gozlenen rekor diizeydeki sicakliklar ve kurak kosullarn,
Avrupa’nin bazi bolgelerinde orman yangini sezonunun daha
erken baglamasma katkida bulundugu gorulmektedir (Munich
RE, 2026).

Genel olarak degerlendirildiginde, 2026 yilinm ilk
yarisindaki gorece diisiik kayip seviyesine ragmen, sigortali
dogal afet kayiplarindaki uzun vadeli yiikselis egilimi devam
etmektedir. Bu egilimin temel belirleyicileri arasinda ekonomik
varliklarin ve sigortalanabilir degerlerin afet riski tasiyan
bolgelerde yogunlagmasi, varlik degerlerinin yilikselmesi ve dogal
tehlikelerin siklik ve siddetindeki degisimler yer almaktadir.

Kaylplar Sigortal kayip oran
(Milyar ABD Dolari) {
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B sigortali kayiplar Sigortasiz kayiplar @ Toplam kayiplar iginde sigortali kayip oram

Sekil 3. Sigortal1 ve Sigortasiz Ekonomik Kayiplar

Kaynak: Swiss RE, Sigma 1/2026
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Sekil 3, 2017-2026 doneminde dogal afetlerden
kaynaklanan toplam ekonomik kayiplar ile bu kayiplarin sigorta
sektorii tarafindan karsilanan kisminm yillar itibartyla onemli
dalgalanmalar gosterdigini ortaya koymaktadir. Toplam kayiplar
2019 sonrasinda belirgin bigimde yiikselmis, 6zellikle 2023 ve
2025 yillarinda yiiksek seviyelere ulagmistir.

Sigortalt  kayiplarin  toplam  ekonomik  kayiplar
icerisindeki pay1 incelendiginde, oranin donem boyunca %37 ile
%60 arasinda degistigi goriilmektedir. 2019 yilinda %37 ile en
diisiik seviyelerden biri kaydedilirken, 2020 ve 2021 yillarinda bu
oran swrastyla %47 ve %50’ye yikselmistir. 2022 ve 2023
yillarinda oran yeniden %39’a gerilemis, ardindan 2024’te %51°e
ve 2025te %60’a cikarak donem igerisindeki en yiiksek
seviyesine ulagmistir. 2026 yilinin ilk yarisinda ise sigortali
kayiplarin  toplam kayiplar igindeki payr %42 olarak

gerceklesmistir.

Grafigin ortaya koydugu temel sonucglardan biri,
ekonomik kayiplarla sigortali kayiplarin her zaman ayni oranda
hareket etmedigidir. Baz1 yillarda ekonomik kayiplar yiiksek
olmasina ragmen sigortali kayip oranmin gorece diisiik kalmasi,
afetlerin meydana geldigi bolgelerdeki sigorta penetrasyonu,
teminat kapsami ve koruma agigmin farklilasmasiyla
iliskilendirilebilir. Buna karsilik 2024 ve 6zellikle 2025 yillarinda
sigorta sektoriliniin toplam kayiplarin daha biiyiik bir boliimiinii
iistlendigi goriilmektedir.

Dogal afet risklerinin yonetiminde frekans ve siddet
olmak tizere iki temel kriterden faydalanilmaktadir. Kiiresel
1stnma nedeniyle halihazirda hava sistemlerinde ve ¢evrede
meydana gelen degisikliklerin zaman ¢izelgesinin anlasilmasi,
gelecekteki degisikliklerle ilgili tahminleri kolaylagtirmaktadir.
Yavas ve istikrarli degisikliklerin bilinmesi, sigorta sirketlerinin
ve diger paydaslarin esnekligi artirmak i¢in gerekli onlemleri
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almalar1 i¢in zaman tanimaktadir (Mills, 2005). Asir1 hava
olaylarinin istatistiksel olarak degisiklikleri anlamak, seyrek
gerceklesmeleri nedeniyle daha zordur. Bu nedenle iklim
degisikliginin etkisi degerlendirilirken sigorta sirketleri farkli
yaklasimlarda bulunmaktadir. Belirsizligin yiiksek ve verilerin
yetersiz oldugu bu risklerin yonetiminde dikkate alinan zaman
sinirlandirilmali, hali hazirda degisen risk ortami ve yakin
gelecekte beklenen degisiklikler en dogru sekilde tespit edilmeye
calisilmalidir.

Iklim degisikliginin uzun vadeli sonuglarmin anlagilmas,
riski azaltma politikalar1 ve stratejik karar alma i¢in gerekli olsa
da mal sigortalari ve reasiirans tretelerinin kisa vadeli olmasi, risk
goriinimii  ve risk istahinin siirekli ayarlanmasma olanak
tamimaktadir. Bu durum iklim degisikligi risklerini sigorta
sirketleri i¢in yonetilebilir bir konuma getirmektedir. Bununla
beraber, kérliik ve 6demeler dengesinin saglanabilmesi i¢in
hasar gelismelerinin ve risk egilimlerinin dikkatle izlenmesi
gerekmektedir.

Ornegin, ABD’de sigorta piyasasmnin sel ve su baskini
riskinde iklim degisikliginden etkilenmesi beklenmektedir. Ozel
sel tehlikesi olarak haritalandirilmis alanin 2100 yilina kadar
%40-45 oraninda genislemesi beklenmektedir. 2100 yilina kadar
kiy1 seritlerinde police basina ortalama kayip miktarinin %90,
police basma ortalama primin %70 oraninda artmasi
beklenmektedir. Bu gibi tahminlerle sel riski haritalamasinda
iklim degisikligi risklerinin de g6z oniinde bulundurulmasi gibi
degisikliklere  gidilmistir.  Taskina elverisli  alanlardaki
yerlesimlerin tasinmast ve diger bdlgelerde de binalarin sel
riskine gore belirlenen yonetmeliklere gore yapilmasi gibi
stratejik kararlarin alinmasi saglanmistir (Aon, 2026).

Reastirans sirketleri bilangolarinin her iki tarafinda da
iklim degisikligi riskleri ile kars1 karstyadir. Tklim degisikligi ve
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diger makro risk egilimleri baglammda en oOnde gelen
underwriting riski, mevcut riski degerlendirmek i¢in gegmis hasar
verilerine veya eksik/gtincel olmayan modellere dayanarak
sigorta primlerinin potansiyel olarak az tahmin edilmesidir.
Fiyatlandirma konusunda en son bilimsel bulgular1 izlemek ve
modellemek 6nem tagimaktadir (Collier & Lehtonen, 2021).

Sigorta sektorii iklim degisikligi ile miicadelede kritik bir
rol oynamaktadir. Sektor risk bilgisi ve risk fiyatlandirmasi
uzmanh@ saglayarak, yenilikgi risk transfer {rlinleri ve
hizmetleri  sunarak, dagitim  kanallarmi  ve  O6deme
mekanizmalarimi gelistirerek asir1 doga olaylarina ve diger
fiziksel risklere karsi finansal dayanikliliga 6nemli bir katkida
bulunmaktadir. Ayrica, underwriting isleri, yatirim stratejileri ve
karbon ayak izinin aktif olarak azaltilmasi yoluyla diisiik
karbonlu bir ekonomiye ge¢isi desteklemektedir.

5. IKLIM DEGISIKLIGININ YARATTIGI
TEHDITLER VE FIRSATLAR

iklim degisikligi, sigorta sektdrii acisindan yalnizca dogal
afet kaynakli hasarlarin artistyla sinirli olmayan; risk 6l¢timii,
fiyatlama, reasiirans, sermaye yonetimi, yatirnm politikalar1 ve
tiriin gelistirme siireclerini de etkileyen ¢ok boyutlu bir donilisiim
alani olusturmaktadir. Bu doniisiim, sektor agisindan bazi yapisal
kirllganliklart ve digsal tehditleri beraberinde getirirken, ayni
zamanda yeni triinlerin gelistirilmesi, teknolojik kapasitenin
guclendirilmesi  ve iklim uyumuna yonelik ¢ozumlerin
yayginlastirilmasi agisindan 6nemli firsatlar da sunmaktadir. Bu
cercevede, sigorta sektorlinlin iklim degisikligi karsisindaki
konumunu biitiinciil olarak degerlendirmek amaciyla giiclii ve
zayif yonler ile firsat ve tehditler asagidaki SWOT analizi
kapsaminda ele alinmistir.
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Gugla Yonler
Risk dlgme ve fiyatlama
kapasitesi
Risk havuzlama ve
¢esitlendirme mekanizmasi
Reas(rans yoluyla risk transferi
Genis hasar ve maruziyet veri
setleri
Risk azaltic1 davraniglar tesvik
edebilme kapasitesi

Tablo 3. Sigortacihikta iklim degisikligi Riskleri SWOT Analizi

Zayif Yonler
Gelencksel modellerin gegmis
verilere bagimliligt
Cografi ve brang bazinda risk
yogunlagmasi
Model ve veri belirsizligi
Prim artisi ile erisilebilirlik
arasindaki ikilem
Yatirim portfoylerinin iklim
risklerine maruziyeti

Firsatlar
Yeni iklim odakl1 sigorta
iiriinlerinin gelistirilmesi
Koruma ag¢iginin yeni pazar
potansiyeli yaratmast
Iklim adaptasyonunda
sigortanin daha aktif rol
ustlenmesi
Teknoloji ve ileri analitik
uygulamalarinin gelismesi
Kamu—ozel sektor is
birliklerinin gelistirilmesi
Sirdiiriilebilir yatirimlara
yonelim
Risk dnleme hizmetlerinin yeni
bir deger Onerisine doniismesi
Gelismis iklim modelleme ve
yapay zeka uygulamalarinin
yayginlagmasi

Tehditler
Dogal afetlerin siklik ve/veya
siddetindeki artig
Sigortalanabilirligin azalmasi
Koruma ag¢iginin genislemesi
Reaslirans maliyetleri ve kapasite
baskisi
Birbirleriyle iliskili ve es
zamanli hasarlar
Gegis riski ve deger kaybina
ugrayan varliklar
Sorumluluk ve dava risklerinin
artmasi
Iklim risklerinin yatirim
portfoylerinde yeniden fiyatlama
ve deger kaybi yaratmasi
Karbon yogun sektorlerde atil
varlik riskinin artmasi

Kaynak: (Torusdag, 2024; Akalin, 2026; Oztiirk&Dalkilig, 2025;
Lemanski&Watters, 2025; Sood et al., 2023)

Sigorta sektoriiniin iklim degisikligi karsisindaki dnemli
giiclii yonlerinden biri, risklerin O&lgiilmesi, fiyatlanmasi ve
finansal sonuclarmi yonetilmesi konusunda sahip oldugu
kurumsal bilgi birikimidir. Sigortacilik sektorii, diisiik olasilikli
ancak yiksek etkili olaylarin modellenmesi ve bu risklerin genis
portfoylere dagitilmasi konusunda uzun yillara dayanan
deneyime sahiptir. Risk havuzlama ve g¢esitlendirme
mekanizmalari, iklim kaynakli bireysel ve kurumsal kayiplarin
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ekonomik etkisinin daha genis bir tabana yayilmasma katki
saglamaktadir. Buna ek olarak, reasiirans mekanizmasi ozellikle
yiiksek siddetli katastrofik olaylarda sigorta sirketlerinin bilango
tizerindeki yikiinii sinirlandiran 6nemli bir risk transfer aract
niteligindedir (PwC, 2025). Sektoriin genis hasar ve maruziyet
veritabanlarma sahip olmasi, iklim kaynakli risklerin analiz
edilmesi ve gelecege yonelik risk projeksiyonlarmin
gelistirilmesi agisindan Onemli bir avantaj olusturmaktadir.
Ayrica sigorta sirketleri, prim, muafiyet ve teminat kosullarin
risk azaltict onlemlerle iliskilendirerek bireyleri ve isletmeleri
daha direngli davraniglara yonlendirme kapasitesine sahiptir.

Bununla birlikte, sigorta sektoriiniin iklim degisikligi
karsisinda ¢esitli yapisal zayifliklari da vardir. Geleneksel
aktiieryal modellerin biiylik 06l¢iide gegcmis hasar verilerine
dayanmasi, iklim degisikliginin yaratti§i yeni risk yapisinin
degerlendirilmesinde 6nemli bir sinirlilik ortaya ¢ikarmaktadir.
Iklim degisikligi, gecmiste gdzlemlenen zarar Oriintiilerinin
gelecekte ayn1 bigimde devam etmeyebilecegi, dogrusal olmayan
ve yliksek belirsizlik igeren bir risk ortami yaratmaktadir. Buna
ek olarak, sel, yangin, firtina ve kuraklik gibi olaylarin belirli
cografi bolgelerde yogunlagmasi, portfoy ¢esitlendirmesinin
etkinligini azaltabilmektedir. iklim senaryolarmin uzun dénemli
olmasi, yerel oOlgekte veri eksikliklerinin bulunmasi ve farkli
iklim modellerinin farkli sonuglar iiretmesi de fiyatlama ve
sermaye gereksiniminin belirlenmesini giiclestirmektedir. Bir
diger onemli zayiflik ise risk bazli fiyatlama ile sigortanin
erisilebilirligi arasindaki dengedir. Yiiksek riskli bolgelerde artan
primler, sigorta lirlinlerinin satin alinabilirligini azaltabilmekte ve
bu durum koruma agiginin daha da biiylimesine neden
olabilmektedir. Ayrica sigorta sirketleri, yalnizca yiikiimliliik
tarafinda degil, 6nemli kurumsal yatirimcilar olmalar1 nedeniyle
yatirim portfoyleri lizerinden de fiziksel ve gecis risklerine maruz
kalmaktadir (Insurance Information Institute (111), 2026)
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Iklim degisikligi sigorta sektorii agisindan énemli firsatlar
da yaratmaktadir. Bu firsatlarin basinda, parametrik sigorta,
endeks bazli sigorta, tarim sigortalari, sel ve kuraklik sigortalari
ile yenilenebilir enerji yatirimlarma ydnelik yeni {irlinlerin
gelistirilmesi gelmektedir. Ekonomik kayiplarla sigortali kayiplar
arasindaki farkin yiiksek olmasi, sigorta penetrasyonunun
artirllmas1 acisindan Onemli bir pazar potansiyeline isaret
etmektedir. Aym1 zamanda iklim degisikligi, sigorta sirketlerinin
yalnizca hasar sonrasi tazminat saglayan kurumlar olmaktan
cikarak, risk onleme, iklim adaptasyonu ve afet dayanikliligi
alanlarinda daha aktif bir rol listlenmesine imkan vermektedir.
Uydu goriintiileri, uzaktan algilama, cografi bilgi sistemleri,
yapay zekd ve ileri analitik uygulamalarin gelismesi de risk
secimi, fiyatlama ve hasar tahmini sdreclerinin daha hassas
ylirtitiilmesini miimkiin kilmaktadir. Bunun yaninda kamu ve 6zel
sektor arasinda gelistirilecek ortak risk paylasim mekanizmalari,
yuksek etkili iklim risklerinin daha etkin bigimde yonetilmesine
katki saglayabilir. Sigorta sirketlerinin biiyiik kurumsal
yatirimeilar olmasi da yenilenebilir enerji, iklim direngli altyap:
ve surdlrllebilir finans projelerinin desteklenmesi agisindan
onemli bir firsat sunmaktadir. Ayrica risk miihendisligi, erken
uyar1 sistemleri ve iklim dayamikliligi danigmanhigi gibi
hizmetlerin yayginlagsmasi, sigorta sirketlerinin miisterileriyle
iligkisini yalnizca police ve tazminat ekseninden ¢ikararak daha
kapsaml1 bir risk yonetimi ortakligina doniistiirebilir.

Buna karsilik, iklim degisikliginin sigorta sektori
acisindan olusturdugu tehditlerin basinda dogal afetlerin siklik ve
siddetinde goriilebilecek artis gelmektedir. Sel, orman yangini,
asir1 yagis, sicak hava dalgalart ve siddetli firtina gibi olaylarin
artmasi, hasar frekansi ve hasar siddeti {izerinde yukari yonlii
baski olusturabilir. Bu durum sigorta sirketlerinin teknik
sonuglarini olumsuz etkileyebilir ve sermaye gereksinimlerini
artirabilir. Daha kritik bir tehdit ise bazi bolgelerin veya risk
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gruplarmin ticari agidan giderek daha zor sigortalanabilir hale
gelmesidir. Hasar olasilig1 ve beklenen kayiplarin belirli esiklerin
lizerine ¢ikmasi, primlerin artmasina, teminatlarin daralmasina,
muafiyetlerin ylikselmesine veya bazi risklerin tamamen kapsam
disina c¢ikarilmasina neden olabilir. Bunun sonucunda koruma
acigmin biiylimesi ve ekonomik kayiplarin daha biiyiik
boliimiiniin bireyler, isletmeler ve kamu tarafindan karsilanmasi
s0z konusu olabilir. Katastrofik risklerdeki artis ayni zamanda
reastirans maliyetlerini yuUkseltebilir ve reasiirans kapasitesi
tizerinde bask1 olusturabilir. Buna ek olarak, farkli bolgelerde ve
sektorlerde es zamanli hasarlarin ortaya ¢ikmasi, cografi
cesitlendirmenin etkinligini azaltabilir. Karbon yogun sektorlere
yonelik  diizenlemeler, teknolojik donilisim ve tiiketici
tercihlerindeki degisim ise gecis risklerini artirarak sigorta
sirketlerinin yatirim portfoylerinde ve sigortaladig: isletmelerde
deger kayiplarma yol agabilir. Son olarak, iklim degisikligiyle
baglantili hukuki sorumluluklarin genislemesi ve iklim
agiklamalarina iliskin dava risklerinin artmasi, O6zellikle
sorumluluk sigortalar1 agisindan yeni ve karmasik risk alanlari
yaratabilir.

6. SONUC

Iklim degisikliginin sonuglar1 yalnizca buzullarin erimesi,
deniz seviyesinin yiikselmesi ve iklim kusaklarmin yer
degistirmesi ile sinirl degildir. Kiiresel 1sinmanin devam etmesi;
siddetli firtina, kuvvetli yagis ve kaswrga gibi asir1 hava
olaylarinin daha sik ve daha etkili bicimde ortaya ¢ikmasina, buna
bagl olarak sel, su baskin1 ve tagkin gibi hidrolojik afetlerin
artmasina neden olmaktadir. Uzun siireli yagis azlig1 ise kuraklik
ve ¢ollesme gibi klimatolojik afetlerin siddet, siklik ve etki
alanlarin1  genisletebilmektedir. Bu gelismelerin  ekonomik
kayiplar tizerindeki etkisinin, kentlesme ve niifus yogunlugunun
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belirli bolgelerde artmasiyla birlikte daha da belirginlesmesi ve
cesitli sosyoekonomik sorunlara yol agmasi beklenmektedir.

Calisma kapsaminda gerceklestirilen SWOT analizi,
sigorta sektorliniin iklim degisikligi karsisinda onemli bir risk
yonetimi kapasitesine sahip olmakla birlikte ¢esitli yapisal
kirllganliklar tagidigimi gostermektedir. Risk dlgme ve fiyatlama
yetkinligi, risk havuzlama ve cesitlendirme mekanizmalari,
reaslirans yoluyla risk transferi ve genis hasar veri setleri sektoriin
giiclii yonlerini olustururken; geleneksel modellerin ge¢mis
verilere bagimmliligi, cografi ve brans bazl risk yogunlagmasi,
model belirsizligi ve prim artislarinin erisilebilirlik iizerindeki
etkisi onemli zayifliklar arasinda yer almaktadir. Buna karsilik
iklim odakli yeni sigorta iriinlerinin gelistirilmesi, koruma
acigmnin yeni pazar alanlar1 yaratmasi, ileri analitik ve yapay zeka
uygulamalarinin yayginlagmasi, kamu—06zel sektor is birliklerinin
giiclendirilmesi ve siirdiiriilebilir yatirimlara yonelim 6nemli
firsatlar sunmaktadir. Bununla birlikte dogal afetlerin siklik ve
siddetindeki artig, sigortalanabilirligin azalmasi, koruma agiginin
genislemesi, reasiirans kapasitesi lizerindeki baskilar, iklim
baglantili yatirnm kayiplar1 ve karbon yogun sektorlerde ortaya
cikabilecek atil varlik riski sektor acisindan baglica tehditler
olarak one c¢ikmaktadir. Bu cergeve, sigorta sektoriiniin iklim
degisikligine yalnizca hasar sonrasi finansal telafi mekanizmasi
olarak degil, risk onleme, risk azaltma ve dayaniklilik gelistirme
perspektifiyle yaklasmasi gerektigini ortaya koymaktadir.

Bu dogrultuda sigorta endiistrisinin iklim degisikligini
temel bir ig konusu olarak kurumsallastirmaya devam etmesi,
iklim risklerine kars1 finansal dayamikliligi artirmasi ve
hiikiimetler ile diger kilit paydaslarla is birligi i¢inde diisiik
karbonlu ekonomiye gecis siirecine katkisini genigletmesi 6nem
tagimaktadir. Diistik karbonlu ekonomiye gecisin planli ve
koordineli bicimde ydratilmesi; kamu otoriteleri, duzenleyici
kurumlar, standart belirleyiciler ve 6zel sektoriin farkli aktorleri
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arasinda uyumlu politikalarin gelistirilmesini gerektirmektedir.
Bu kapsamda, sigorta sirketlerinin iklim degisikligine uyum ve
azaltim siire¢lerine daha etkin katki sunmasini engelleyen yapisal
ve diizenleyici sorunlarin ortak mekanizmalar araciligiyla ele
almmas1 gerekmektedir. Ayn1 zamanda toplumun daha rasyonel
risk yonetimi kararlar1 alabilmesini saglayacak sekilde iklim
risklerine iligkin farkindaligin artirilmasi 6nem tasimaktadir.

Sigorta  sektorinin iklim risklerini daha etkin
yonetebilmesi i¢in sosyoekonomik risklerin tanimlanmasi,
Ol¢iilmesi ve bu risklerin azaltilmasina yonelik maliyetlerin analiz
edilmesi gerekmektedir. Iklim kaynakli hasarlarda daha dogru
fiyatlandirma yapilabilmesi i¢in geg¢mis hasar verilerinin
kapsamli ve sistematik bicimde analiz edilmesi Onem
tagimaktadir. Ancak iklim degisikliginin ge¢cmis egilimlerin
Otesine gegen ve dogrusal olmayan riskler yaratabilmesi
nedeniyle yalnizca tarihsel verilere dayali modeller yeterli
olmayacaktir. Bu nedenle tarihsel verilerin ileriye donik iklim
senaryolari, stres testleri ve gelismis modelleme teknikleriyle
desteklenmesi  gerekmektedir. Bu sirecin etkin bigimde
yiritiilebilmesi i¢in kamu kurumlart ve 6zel sektor tarafindan
tiretilen verilerin erisilebilirliginin artirilmasi, ortak ulusal veri
platformlarmin kurulmasi ve veri paylagim politikalarinin
gelistirilmesi 6nemlidir.

Ulke risklerinin daha saglikli yonetilebilmesi ve azaltim
politikalarinin etkinliginin artirilabilmesi acisindan ulusal iklim
risk haritalarinin olusturulmasi ve diizenli olarak gilincellenmesi
gerekmektedir. Ozellikle sel, kuraklik, yangin ve firtma gibi
riskler 6zelinde ayrintili ve giincel haritalama c¢alismalarina
yatirim yapilmasi, hem sigorta sirketlerinin risk degerlendirme
kapasitesini hem de kamu otoritelerinin afet yoOnetimi
politikalarin1 gili¢lendirecektir. Bunun yaninda, sirketlerin iklim
riskleri konusunda bilgi ve farkindalik diizeylerinin artirilmasina
yonelik egitimlerin yayginlastirilmasi  ve toplumun iklim
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degisikliginin fiziksel etkileri konusunda bilin¢lendirilmesi
gerekmektedir.

Gergeklesen bir afet sonrasinda normal isleyise ve
ekonomik faaliyete miimkiin olan en kisa siirede doniilebilmesi
icin 6nceden hazirlanmis senaryolarin, is siirekliligi planlarinin
ve miidahale mekanizmalarinin olusturulmasi 6nem tagimaktadir.
Iklim degisikliginin sigortalilar ve kendi faaliyetleri iizerindeki
olas1 etkilerini erken asamada tanimlayabilen, bu etkileri is
stireclerine, kurumsal risk yonetimi planlarina ve sirket
politikalarina entegre edebilen sigorta sirketleri, yalnizca olasi
kayiplar1 azaltmakla kalmayacak; ayn1 zamanda ortaya ¢ikan yeni
risklerin  yaratti§1 talebi yenilik¢i iiriin ve hizmetlere
doniistiirebilecektir. Bu nedenle iklim degisikligi, sigorta sektorii
acisindan yalnizca artan bir risk kaynagi degil, ayn1 zamanda risk
yoOnetimi, liriin gelistirme, veri analitigi ve siirdiiriilebilir finans
alanlarinda stratejik dontigiimii hizlandiran 6nemli bir unsur
olarak degerlendirilmelidir.
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WHAT DRIVES GOVERNMENT BOND
YIELDS? EVIDENCE FROM ADVANCED
ECONOMIES

Cisem BEKTUR!

1. INTRODUCTION

While government bond yields are a key indicator of
government borrowing costs, they also serve as a significant
measure of a country's fiscal sustainability, debt-servicing
burden, and overall financial conditions. Fluctuations in
government bond yields can impact not only public sector
financing costs but also private sector borrowing costs,
investment decisions, and financial market conditions.
Consequently, identifying the determinants of government bond
yields stands out as a crucial issue for both policymakers and
financial markets. The literature on the determinants of
government bond yields indicates that yields can be influenced by
macroeconomic, fiscal, financial, and institutional factors. In this
context, inflation, economic growth, and government debt are
among the traditional determinants of government bond yields.
Rising inflation can drive up bond yields by prompting investors
to demand higher nominal returns to compensate for potential
future losses in purchasing power. Similarly, it is suggested that
an increase in government debt can exert upward pressure on
bond yields through heightened borrowing requirements and
increased fiscal risk. However, the impact of economic growth on
bond yields is not theoretically unidirectional; while higher

1 Assistant Professor, Sakarya University, Faculty of Political Sciences,
Econometrics Department, ORCID:0000-0001-9220-5932.
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growth can reduce country risk by improving the economic
outlook, it can simultaneously lead to a rise in bond yields by
intensifying inflationary pressures and increasing the likelihood
of monetary policy tightening.

In recent years, there has been growing interest in the role
of economic policy uncertainty and institutional factors in
determining government bond yields. Rising economic policy
uncertainty can reduce predictability regarding future economic
policies, leading investors to demand higher risk premiums and,
consequently, causing government bond yields to rise. However,
this effect may vary depending on a country's institutional
structure. In particular, factors such as the government's policy
implementation  capacity, the effectiveness of public
administration, and institutional credibility can shape investor
expectations regarding a country's future fiscal and economic
conditions. In this context, higher levels of government integrity
and institutional quality are expected to exert downward pressure
on government bond yields by reducing country risk and
borrowing costs.

While existing literature offers significant findings
regarding the determinants of government bond yields, studies
that simultaneously examine macroeconomic and fiscal variables
alongside economic policy uncertainty and government integrity
within the same framework appear to be limited. Furthermore, the
effects of these determinants can vary significantly depending on
countries' fiscal structures, institutional characteristics, and
financial market conditions. Therefore, a comparative analysis
encompassing countries with diverse economic and institutional
structures could contribute to a more comprehensive
understanding of the determinants of government bond yields.
This study examines the determinants of government bond yields
for Australia, Canada, China, France, Germany, Italy, Japan, the
United Kingdom, and the United States over the 2003-2024
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period. It investigates the impact of inflation, government debt,
economic growth, economic policy uncertainty, and government
integrity on government bond yields. Thus, the study aims to
contribute to the literature by addressing traditional
macroeconomic and fiscal determinants in conjunction with
uncertainty and institutional factors.

2. LITERATURE REVIEW

Understanding the factors that determine government
bond yields has attracted significant attention in the literature, as
these yields serve as a fundamental indicator of government
borrowing costs and play a crucial role in shaping fiscal
sustainability, the debt-servicing burden, and general financial
conditions. EXxisting studies generally identify macroeconomic
fundamentals, fiscal conditions, financial market developments,
and institutional characteristics as key determinants of public
borrowing costs. In this context, while inflation, economic
growth, and government debt constitute the traditional
macroeconomic and fiscal determinants of government bond
yields, more recent studies increasingly highlight the roles of
economic policy uncertainty and institutional quality.

Bernoth and Erdogan (2012) have examined the
relationship  between  government bond yields and
macroeconomic variables, such as government debt and budget
balances, across 10 EMU countries during the 1999-2010 period.
They have demonstrated that the impact of government debt on
bond yields varied over time. In a study covering 22 advanced
economies from 1980 to 2010, Poghosyan (2014) has investigated
the determinants of government bond yields and found that bond
yields rise alongside government borrowing in the long run; the
study has also revealed that inflation influences bond yields in the
short run. Paniagua et al. (2017) employed the TVVP-Panel method
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to analyze the effects of key macroeconomic variables on
government bond yields in EMU countries, concluding that the
impact of government debt on yields changes over time. They
have argued that bond yields should be evaluated not only in
terms of macroeconomic factors like debt and growth but also
regarding market confidence in countries and prevailing
uncertainties. Using country-fixed-effects OLS regressions for 10
EMU countries, Afonso et al. (2020) show that European
Commission announcements of higher government debt levels
lead to an increase in sovereign bond yield spreads. Apergis et al.
(2021) have examined government bond yields in Eurozone
countries in terms of fiscal and macroeconomic indicators, as well
as financial and risk indicators. They have demonstrated that
bond yields rise alongside increases in government debt and risk
perception, whereas GDP growth exerts a downward pressure on
bond yields. In their study, Cizkowicz et al. (2025) have
investigated the impact of government debt and budget deficit
variables on government bond yields across EU countries,
confirming that higher government debt leads to increased bond
yields. Nose and Menkulasi (2025) have analyzed the impact of
fiscal policy on domestic government bond yields across 75
developing and emerging market economies, finding that a one-
percentage-point increase in the expected primary budget deficit
raises 10-year bond vyields by approximately 36 basis points.
Furthermore, they have demonstrated that this effect is
particularly pronounced in countries where domestic banks hold
a large share of government debt and that the effect intensified
during the COVID-19 period. Nose (2026) has examined the
impact of fiscal policy expectations on domestic government
bond yields in developing and emerging market economies. The
study shows that the effect is stronger in countries where banks
have high exposure to government debt and that the sovereign-
bank nexus creates a mechanism that drives up public borrowing
costs. Some studies argue that the relationship between
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government debt and yields is non-linear, and that the impact on
yields becomes stronger as debt levels rise (Jaramillo and Weber,
2013; Faini, 2006).

Theoretically, the impact of inflation on bond yields is
such that as inflation rises, bond yields rise correspondingly.
According to the OECD global debt report (OECD, 2026), both
inflation and bond yields rose sharply in most countries following
2022, revealing that a significant portion of high nominal yields
is linked to inflation expectations. In their study, Joyce et al.
(2010) have demonstrated that, in the UK during the post-1992
period, expected inflation and real interest rates are key
determinants of government bond yields. Examining US Treasury
bonds, Duffee (2018) has showed that changes in nominal bond
yields stemmed from expected inflation; however, the author has
also found that inflation expectations are not the dominant
determinant of bond yields, as they accounted for only 10-20%
of the shocks to those yields. Sunal (2022) has investigated the
relationship between inflation and government bond yields in
Turkey for the 2010-2018 period, demonstrating that an increase
in inflation leads to a strong rise in bond yields over the long term,
thereby establishing inflation as a significant determinant of
sovereign bond vyields. By analyzing long-term nominal bond
yields internationally in terms of their real interest rate and
inflation components, Bekaert and Ermolov (2023) show that
while changes in real interest rates are the dominant factor in
movements of nominal bond yields, inflation also constitutes a
significant part of these fluctuations. Another variable with a
significant impact on bond yields is economic growth. Studies in
the literature have not reached a consensus regarding the
relationship between economic growth and bond vyields,
indicating that economic growth can exert both positive
(MaleSevi¢-Perovi, 2016; Poghosyan, 2014) and negative
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(Apergis et al., 2021; Akram and Uddin, 2021) effects on bond
yields.

The impact of economic policy uncertainty on bond yields
is a relatively new topic in the literature and serves as one of the
variables adding originality to this study. An increase in
economic policy uncertainty is expected to drive up government
bond yields by heightening investors' risk perception and the
uncertainty premium. Bindra et al. (2026) have examined the
relationship  between economic policy uncertainty and
government bond yields in India for the period of May 2004 to
July 2023; while they find a negative effect on short-term yields,
they demonstrate that the impact varied across quantiles in the
medium and long term. The IMF’s October 2024 Global
Financial Stability Report (IMF, 2024) indicates that economic
policy uncertainty increases the risk of upward spikes in
government bond yields, an effect that becomes particularly
pronounced in economies with high fiscal wvulnerabilities.
Benlagha and Hemrit (2022) have investigated the relationship
between economic policy uncertainty and government bond
yields in G7 countries, showing that EPU intensifies the
transmission of shocks, particularly regarding two-year bond
yields. The results suggest that economic policy uncertainty can
influence not only the level of bond yields but also the
transmission mechanism of bond market shocks across countries.
Further evidence regarding policy uncertainty is provided by
Yildirim et al. (2026), whose study on 11 advanced economies
concluded that monetary policy uncertainty leads to higher
government bond yields. Another variable we believe
significantly influences government bond yields is government
integrity. Studies in the literature directly examining the
relationship between this variable and government bond yields
are quite limited; research has predominantly focused on the link
between yields and institutional quality. A high score on this
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index, which reflects institutional credibility and the state's
capacity for policy implementation, can contribute to lower bond
yields by reducing the country risk perceived by investors and the
required risk premium (Nose and Menkulasi, 2025). Similarly,
Alter et al. (2026) have examined developing and emerging
market economies over the 2000-2024 period and demonstrated
that increased central bank independence lowers local-currency
government bond yields. Their study has revealed that stronger
institutional credibility contributes to a reduction in government
bond vyields by lowering the risk and maturity premiums
demanded by investors. Likewise, in a study covering European
countries, Cizkowicz et al. (2025) have concluded that low
institutional quality drives up government bond yields.

3. DATA, MODEL AND METHODOLOGY

The study examines policy uncertainty and institutional
credibility alongside the classic determinants of bond markets,
inflation, government debt, and economic growth. To this end,
nine major and financially significant economies (Australia,
Canada, China, France, Germany, Italy, Japan, the United
Kingdom, and the United States) are selected due to their
importance in the global financial system, their large and
developed bond markets, and the fact that they represent diverse
financial and institutional characteristics. The study covers the
period from 2003 to 2024.

The definitions and sources of all the variables employed
in this study are presented in Table 1.
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Table 1. Variable definitions

Definitions Sources

Dependent

variables

YIELD 10-year https://www.investing.com/rates-
government bond bonds/
yield

Independent

variables

DEBT General IMF Data
government debt
(% of GDP)

GOVIN Government https://economicfreedom.heritage.org/
integrity index

EPU Economic policy https://www.policyuncertainty.com/
uncertainty index

INF Inflation rate  World Bank

(Consumer price
index, annual %)

GDP GDP growth rate  World Bank
(annual %)

The following empirical model is estimated:

Yield, = By + ByInDEBT,, + BoInGOVIN,, + B InEPUj, +
BsINF; + BsGDPy + &;¢ (1)

Here, while i denotes the countries, t denotes the time. ¢;; is the
error term. By, 81, B2, B3, Bs, and Bs denote the coefficients of the
constant, INnDEBT, InGOVIN, InEPU, INF, and GDP
respectively. To mitigate potential heteroscedasticity and
improve the normality of the data distribution, all variables are
expressed in their natural logarithmic forms, with the exception
of INF and GDP, which are retained in their original forms.

The descriptive statistics of the variables are displayed in
Table 2. There are 198 observations (22 years and 9 countries) in
total. VIF analysis is conducted to assess multicollinearity among
the explanatory variables. The VIF values ranged from 1.1255 to
1.6575, all remaining below the conventional threshold of 5
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(Porter and Gujarati, 2009). Therefore, the results indicate that
severe multicollinearity is not present in the model.

Table 2. Descriptive statistics

Variables  Mean Max Min Std. Dev. VIF
YIELD 2.698683 6.016750 -0.518500 1.537642

DEBT 93.25444  258.3689  9.665447 54.14832 1.3125
GOVIN 71.80354  95.10000 32.00000 16.58829  1.3096

EPU 170.2603  739.6716  43.03711  109.4711 1.1255
INF 2.061892  8.201290 -1.352837 1.651141  1.1293
GDP 2.200442  14.14999  -10.04790 3.329769  1.6575

Testing the panel model in this study involves four stages.
First, the cross-sectional dependence (CSD) of the variables and
model is examined via CD;,, (Breusch and Pagan, 1980),
CD; -, and Pesaran's CD (Pesaran, 2004) tests, which are:

CD =TYN} §Vl+1ﬁfj CDipy =
1
CDry2 = N(N 1)2 Z] 1+1Pi2j (2)

The hypothesis for the three tests above can be stated as
follows: H,: there is no CSD and H;: there is CSD.

Then, the slope heterogeneity test, proposed by Pesaran
and Yamagata (2008), is applied. The null hypothesis assumes
slope homogeneity, whereas the alternative hypothesis indicates
slope heterogeneity.

Second, the investigation is conducted to determine
whether the variables exhibit a unit root. Pesaran (2007) has
proposed unit root test statistics that can be used in the case of
CSD. The cross-sectionally augmented IPS (CIPS) test is based
on the ADF unit root test and the model is as follows:

Ayir = a; + biyit—1 + Vi1 + diAy: + €4 (3)
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where, y, = N"1 YNy, and Ay, = Nt YN, Ay;,. The cross-
sectional augmented ADF (CADF) is calculated for each section
unit. These test statistics are taken from each section, and the
panel statistic is obtained as follows:

CIPS(N,T) = N~*YN_ t;(N, T) 4)

Here, the null hypothesis of the CIPS test defends the unit
root while the alternative hypothesis defends the stationary.

Afterward, a cointegration relationship is investigated in the panel
model. Westerlund (2008) has proposed two test statistics for the
panel cointegration test called as Durbin Hausman (DH), which
are DHy and DH):

P ~ N2 .
DHy = ?:151(¢i - ¢l) Z?:Z eizt—l (5)

DHy = 5,(¢ - @) T, X1, 02, (6)

The null hypotheses of the DH defend the lack of
cointegration and in the panel. Finally, coefficients are estimated
in the panel model and country-specific. AMG estimator,
proposed by Eberhardt and Teal (2010), that takes into account
CSD and unobservable cofactors problem is utilized for
estimation. Finally, the CCE estimator proposed by Pesaran
(2006) is used to obtain robust results.

4. EMPIRICAL RESULTS

According to the CSD results reported in Table 3, the null
hypothesis is rejected. This means, CSD should be taken into
account during the analysis of both the panel model and the
variables.
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Table 3. CSD Test Results

Variables CD CDpyq CDpyz

YIELD 499.8334*(0.0000)  54.66328*(0.0000)  21.14165*(0.0000)
LNDEBT 549.149*(0.0000) 60.4752*(0.0000) 20.6305*(0.0000)
LNGOVIN  139.256*(0.0000) 12.1689*(0.0000) 8.91497%*(0.0000)
LNEPU 423.220*(0.0000) 45.6343*(0.0000) 20.2296*(0.0000)
INF 407.834*(0.0000) 43.8210*(0.0000) 17.5466*(0.0000)
GDP 374.054*(0.0000) 39.8400*(0.0000) 18.0365*(0.0000)
Panel 313.204*(0.0000) 32.6688*(0.0000) 10.5431*(0.0000)

Note: p-values are represented in the brackets. * p< 0.01.

Subsequently, it is necessary to test the homogeneity of
the slope coefficients. The results obtained using Pesaran and
Yamagata's (2008) homogeneity tests are presented in Table 4,
which indicate heterogeneous slopes. In other words, country-
based analyses should be presented.

Table 4. Slope Homogeneity Test Results

Slope homogeneity Statistics Prab.
A 3.994* 0.0000
Bgaj 4.789* 0.0000

Note: * p< 0.01.

Afterwards, the CIPS unit root test proposed by Pesaran
(2007) is employed to test the stationarity of the variables.
According to the results reported in Table 5, it is observed that all
variables, with the exception of INF and GDP, become stationary
at their first differences, whereas INF and GDP are found to be
stationary at the level.

Table 5. CIPS unit root test results

Variables Level (1(0)) First difference (1(1))
YIELD -2.812 -4.102*

LNDEBT -2.391 -4.031*

LNGOVIN -3.078 -4.307*

LNEPU -2.143 -4.392*

INF -4.169* -

GDP -4.150* -

Note: * denotes the rejection of the null hypothesis at 1% significance level.
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The panel unit root test results indicate that the variables
in the model do not share a uniform order of integration. While
the INF and GDP variables are 1(0), the YIELD, InDEBT,
INGOVIN, and InEPU variables are found to be 1(1). Westerlund
(2008) explicitly addresses the case of stationary explanatory
variables and demonstrates that DH tests maintain appropriate
size properties under these conditions. Consequently, the mixed
1(0)/1(1) integration structure observed in our panel is consistent
with the methodological framework of the DH test; thus, the
Westerlund (2008) DH test is employed to examine the existence
of a long-run equilibrium relationship among the variables, and
the results are presented in Table 6. The results indicate a
rejection of the null hypothesis of no cointegration; in other
words, cointegration exists within the panel model.

Table 6. Panel cointegration test results

DH Test Value p-value
DH_g 4.787 0.0000*
DH_p 8.259 0.0000*

Note: * p< 0.01.

Having established the existence of a long-run relationship, the
long-run coefficients are subsequently estimated. The results of
the AMG and CCE estimations are presented in Table 7, in the
first and second rows, respectively.
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Table 7. AMG and CCE long-run coefficient estimation results

Countries LNDEBT LNGOVIN LNEPU INF GDP
Australia  -.692681***  -2.783911** 1790642 .1703765* -.0578307
-1.879897* -3.34294*** 2927355 .2438232** -.0345934
Canada .3250695 -1.917944 -.512107 .3089122* -.0618757
5.316516**  4.800296***  -.1907401 4613778* .1993813***
China -1.319761 1.163018 -.2353895 .1118161***  -.0119429
.2894512 -2.345762 1.537621***  .2548908* -.1414444
France -1.70627***  1.855749** .6870331* .1275839* -.031295%**
.042064 3.663186* .3652341 1772155 1131744
Germany  -1.850313* 3.384266* 4T733824* .0260291 -.0164708
.3864257 .1337001 4133169** .0072228 -.0031544
Italy -3.420142 -2.83461* 1.246886** .2584917* -.0888882*
-8.348477 -5.577287* 1345947 .3680454* -.2168011**
Japan .982951 -1.55497 -.2137422 -.0320076 -.0314274
6.475134* -2.467916* -.1469271 -.0129291 .0014183
USA -3.652948* -3.438913 .1182075 -.0178893 .0439571
-3.399115**  -.7310752 5573128 .0007639 -.0432175
UK -2.355514**  1.969619 -.3066224 .0236269 -.0092599
-1.564429 1.567574 -1.835762**  -2987671**  .0151272
Panel -1.521067* -.4619661 1596347 .1085488* -.0294482**
-.2980362 -.4778024 .1252651 .1335159***  -.0122344

Note: * p< 0.01, ** p<0.05, and *** p<0.10.

The findings presented in Table 7 reveal significant
heterogeneity across countries regarding the determinants of
YIELD. A statistically significant negative relationship between
DEBT and YIELD is found in Australia and the United States.
Regarding the relationship between GOVIN and YIELD,
statistically significant effects are observed in Australia, France,
and Italy. While a positive relationship is identified for France,
negative relationships are found for Australia and Italy. EPU is
positively and significantly associated with YIELD only in
Germany, whereas its effect is statistically insignificant in the
other countries. A positive and statistically significant
relationship between INF and YIELD is observed in Australia,
Canada, China, and Italy. Consistent with these country-specific
findings, the panel estimation also indicates a positive and
statistically significant effect of INF on YIELD. Finally, GDP is
found to be statistically significant only in Italy, where it has a
negative effect on YIELD.
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5. CONCLUSION AND POLICY
RECOMMENDATIONS

This study examines the key determinants of YIELD for
Australia, Canada, China, France, Germany, ltaly, Japan, the
United Kingdom, and the United States during the 2003-2024
period. It analyses the effects of INF, DEBT, GDP, EPU, and
GOVIN on YIELD. In this context, the study proceeds from the
premise that YIELD can be shaped not only by macroeconomic
and fiscal indicators but also by economic uncertainty and
institutional characteristics.

Empirical findings indicate that the determinants of
YIELD vary significantly across countries. A negative and
statistically significant relationship between DEBT and YIELD is
observed in Australia and the United States. This finding suggests
that an increase in DEBT does not automatically lead to higher
YIELD in every country; rather, this negative relationship
depends on country-specific financial and macroeconomic
conditions. Therefore, when assessing the impact of DEBT on
YIELD, attention should be paid not only to the debt level but
also to debt sustainability, the financing structure, and the
characteristics of the country's financial markets. Results
regarding inflation reveal a more distinct pattern. INF has a
positive and statistically significant impact on YIELD in
Australia, Canada, China, and Italy, and panel results also
indicate that inflation drives up YIELD. This result can be
explained by investors demanding higher nominal yields to
protect their real returns in the face of rising inflation, as well as
by central banks potentially implementing tighter monetary
policy to combat inflation. Consequently, maintaining price
stability is crucial for both macroeconomic stability and keeping
public borrowing costs under control. The impact of GDP,
however, appears more limited and country-specific; GDP is
statistically significant only in Italy, where it exerts a negative
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effect. This result indicates that stronger GDP could reduce the
risk premium on government bonds by enhancing the country's
debt-servicing capacity and improving investor perceptions of
country risk. Regarding EPU, the results reveal that the impact of
uncertainty on government bond markets varies across countries.
The effect of EPU on YIELD is positive and statistically
significant only in Germany. The lack of statistical significance
in the relationship for other countries indicates that the impact of
EPU on YIELD is neither direct nor uniform. The relationship
between EPU and YIELD must be evaluated in conjunction with
factors such as a country's institutional credibility, financial
market depth, and safe-haven status for international investors.
Findings concerning GOVIN also constitute a significant
outcome of the study. While a positive and significant
relationship is observed in France, a negative and significant
relationship is identified in Australia and Italy. The negative
relationship observed in Australia and Italy, in particular, aligns
with the expectation that stronger GOVIN can boost investor
confidence, thereby reducing the country's perceived risk and
public borrowing costs. The positive relationship found in France
is noteworthy, as it demonstrates that the link between GOVIN
and YIELD is not determined solely by the level of institutional
quality but can also be shaped by other macroeconomic or
financial factors.

Based on the study's findings, ensuring price stability is
crucial for keeping public borrowing costs under control. The fact
that inflation drives up YIELD at the panel level suggests that
inflationary pressures can impose an indirect cost on public
finances. Therefore, coordinating monetary and fiscal policies to
support price stability could help limit the rise in borrowing costs,
particularly during periods of high inflation. Second, reducing
EPU is crucial for the stability of government bond markets. The
fact that EPU drives up YIELD, particularly in Germany,
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demonstrates that policy uncertainty can influence investors' risk
perceptions. In this context, it is important for policymakers to
establish predictable and transparent policy frameworks, clearly
articulate fiscal policy objectives, and communicate effectively
with markets regarding policy changes. Third, strengthening
institutional capacity and GOVIN can contribute to lowering
public borrowing costs. The negative relationship observed,
especially in Australia and Italy, highlights the importance of
institutional credibility for investors' assessments of sovereign
risk; furthermore, reinforcing elements such as transparency,
accountability, anti-corruption measures, and the efficient use of
public resources can help reduce risk premiums in government
bond markets over the long term. Finally, policymakers need to
develop country-specific strategies rather than adopting a one-
size-fits-all policy approach. The study demonstrates that the
effects of variables differ across countries, indicating that the
same macroeconomic or institutional factor can yield different
outcomes in different nations. In particular, it may not be
appropriate to evaluate countries with large, deep financial
markets, such as the United States and Japan, within the same
policy framework as countries characterized by high government
debt and distinct risk dynamics. Therefore, when designing
policies for government bond markets, it is essential to consider
a country's fiscal structure, institutional capacity, financial market
depth, and international investor perception in conjunction with
one another.

While this study highlights the importance of jointly
considering macroeconomic, fiscal, uncertainty, and institutional
factors in determining YIELD, future research could address
issues such as examining the distinct components of EPU
separately, or investigating the interaction between GOVIN and
EPU to determine the extent to which institutional quality
moderates the impact of uncertainty on YIELD. Furthermore,
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analysing different bond maturities and crisis periods separately
could contribute to a more detailed understanding of the
heterogeneous dynamics within government bond markets.
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GENERATIVE ARTIFICIAL INTELLIGENCE
IN BANKING: OPPORTUNITIES, RISKS, AND
FUTURE PERSPECTIVES

Nuray ISLATINCE!

1. INTRODUCTION

The banking sector has undergone a substantial
transformation in recent decades, driven by technological
innovation, increasing competition, changing customer
expectations, and the growing importance of data-driven financial
services. Digital technologies have reshaped traditional banking
operations by enabling financial institutions to automate routine
processes, improve service delivery, and develop more
sophisticated approaches to risk management. Within this
transformation, artificial intelligence (Al) has emerged as an
increasingly important technological capability, supporting
activities ranging from credit assessment and fraud detection to
customer relationship management and financial decision-
making. The development of generative artificial intelligence
(GenAl) represents a further stage in this evolution, extending the
potential applications of Al beyond conventional predictive and
analytical functions (Aldasoro et al., 2025).

Unlike traditional Al systems, which primarily focus on
recognizing patterns, classifying information, and generating
predictions, generative Al can produce new textual and other
forms of content, process complex information, summarize
extensive documents, and interact with users through natural
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language. These capabilities are particularly relevant to banking,
where institutional activities involve large volumes of structured
and unstructured information, complex regulatory requirements,
and continuous interaction with customers. Generative Al
therefore offers opportunities not only for automating existing
activities but also for reconsidering how banking services are
organized, delivered, and managed. Its potential applications
include internal knowledge management, regulatory document
processing, customer communication, software development, and
operational decision support (Crisanto, Leuterio, Prenio, & Yong,
2024).

From a broader financial perspective, the integration of
generative Al may also influence the competitive structure and
business models of the banking industry. Access to advanced Al
technologies could facilitate innovation and enable financial
institutions to develop differentiated services. At the same time,
the substantial computational resources and specialized expertise
required for advanced Al systems may increase dependence on
large technology companies and external service providers. Such
dependencies  raise  questions regarding technological
concentration, operational autonomy, and the distribution of
competitive  advantages across  financial  institutions.
Consequently, generative Al should be understood not simply as
an additional technological instrument but as a development with
potentially significant organizational and strategic implications
for banking (Aldasoro et al., 2025; Financial Stability Board
[FSB], 2024).

Despite these opportunities, the adoption of generative Al
introduces important risks that distinguish financial applications
from those in less regulated economic activities. Banking
institutions operate within an environment characterized by strict
requirements concerning confidentiality, consumer protection,
accountability, and financial stability. In this context, inaccurate
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or misleading Al-generated outputs, algorithmic bias, insufficient
model transparency, and unauthorized disclosure of sensitive
information may have serious operational and reputational
consequences. Generative Al models may produce plausible but
factually incorrect responses, commonly described as
hallucinations, thereby creating additional concerns when their
outputs are used in customer communication, financial analysis,
or decision-support activities. Furthermore, difficulties in
explaining model behavior and assigning responsibility for Al-
assisted decisions may complicate existing governance and
compliance mechanisms (Shabsigh & Boukherouaa, 2023;
Crisanto et al., 2024).

The implications of generative Al are equally relevant to
emerging banking markets, including Turkiye. The Turkish
banking sector has experienced significant digital transformation
through the expansion of mobile banking, electronic payment
systems, digital customer services, and increasingly technology-
oriented business processes. Within this evolving environment,
generative Al may offer additional opportunities to improve
operational processes, strengthen customer communication, and
support the development of innovative financial services.
Nevertheless, its effective implementation requires more than
technological investment. Institutional readiness, skilled human
resources, reliable data infrastructures, appropriate risk controls,
and compliance with financial regulations remain essential
considerations. The experience of Turkish banks therefore
provides a relevant context for discussing how international
technological developments may influence banking practices in
an emerging market.

Against this background, the purpose of this chapter is to
examine the opportunities, risks, and future implications of
generative artificial intelligence in banking from a conceptual and
literature-based perspective. The chapter focuses on three
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interrelated issues: the changing role of generative Al in banking
operations, its potential implications for operational efficiency
and business model transformation, and the regulatory and
institutional challenges associated with its adoption. By
considering these dimensions together, the chapter aims to
provide a balanced understanding of generative Al as both a
source of technological opportunity and a potential contributor to
emerging financial risks.

Methodologically, the chapter adopts a narrative and
critical literature review approach, drawing on relevant academic
studies and publications issued by international financial and
regulatory institutions. Rather than measuring the performance of
individual banks or developing an empirical index, it synthesizes
existing knowledge to identify major developments,
opportunities, and challenges associated with generative Al in
banking. Particular attention is devoted to the relationship
between technological capabilities, institutional governance, and
the evolving requirements of financial stability.

2. THE EVOLUTION OF ARTIFICIAL
INTELLIGENCE IN BANKING

The development of artificial intelligence in banking
reflects a broader transformation in the financial sector,
characterized by the increasing importance of information
processing, technological innovation, and data-driven decision-
making. Banks have traditionally relied on information to
evaluate creditworthiness, manage financial risks, allocate
resources, and maintain relationships with customers. As
financial transactions and institutional activities have become
more complex, the ability to collect, analyze, and interpret large
volumes of information has emerged as an important determinant
of operational efficiency and competitiveness. Within this
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environment, artificial intelligence has progressively evolved
from relatively simple rule-based applications into more
sophisticated machine learning systems and, more recently,
generative Al technologies (Aldasoro, Gambacorta, Korinek,
Shreeti, & Stein, 2025).

2.1. From Traditional Artificial Intelligence to
Generative Al

The initial applications of artificial intelligence in banking
were largely associated with rule-based systems designed to
perform clearly defined tasks. Such systems relied on
predetermined instructions and decision rules to evaluate
information and produce standardized outcomes. In financial
institutions, rule-based applications supported activities such as
transaction monitoring, compliance verification, and the
automation of repetitive administrative procedures. Although
these technologies contributed to operational efficiency, their
effectiveness was generally constrained by the rules established
during system development. They were therefore less adaptable
to unfamiliar situations or complex patterns not anticipated by
their designers.

The subsequent expansion of machine learning introduced
a more flexible approach to financial data analysis. Instead of
relying exclusively on explicitly programmed rules, machine
learning algorithms identify statistical relationships within
historical data and apply these relationships to classification,
prediction, and decision-support tasks. In banking, these
capabilities became relevant to credit risk assessment, fraud
detection, customer segmentation, and financial forecasting. The
ability to analyze large and complex datasets enabled institutions
to supplement conventional statistical models with more
sophisticated computational techniques. Nevertheless, the
performance of these applications remained dependent on data
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quality, appropriate model development, and effective validation
procedures (Aldasoro et al., 2025).

The emergence of generative Al represents a further
development in this technological progression. Unlike
conventional predictive applications, which primarily estimate
outcomes or classify observations, generative models learn
patterns and relationships from training data and use them to
produce new outputs. Depending on the model architecture, these
outputs may include text, software code, images, or other forms
of content. Large language models (LLMSs), which constitute an
important category of contemporary generative Al, can interpret
natural language instructions, summarize documents, generate
explanations, and support interactive communication.

The transition toward generative Al should not be
interpreted as the replacement of all conventional Al
technologies. Predictive machine learning remains particularly
relevant to activities involving numerical forecasting, statistical
classification, and transaction-level risk assessment. Generative
Al, by contrast, offers complementary capabilities in information
interpretation, content production, and natural language
interaction. In many banking applications, the greatest potential
may arise from combining these technologies within integrated
systems rather than treating them as competing alternatives.

2.2. Key Characteristics of Generative Al

Generative Al differs from earlier forms of artificial
intelligence in several characteristics that are particularly relevant
to financial institutions. These include its capacity to process
unstructured information, generate context-sensitive content,
support natural language interaction, and assist with a broad range
of knowledge-intensive activities. At the same time, the
underlying complexity of generative models introduces important
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limitations concerning reliability, transparency, and institutional
control.

One of the most significant characteristics of generative
Al is its ability to process and produce natural language. Banking
institutions rely extensively on written information, including
customer correspondence, contractual documents, financial
analyses, risk reports, and regulatory communications.
Generative Al can assist in interpreting these materials and
producing summaries or preliminary explanations. This
capability may reduce the time employees spend searching for
information and performing certain repetitive documentation
tasks. However, institutions must distinguish between generating
plausible language and producing verified financial information,
particularly in activities involving legal obligations or financial
consequences (Shabsigh & Boukherouaa, 2023).

Another important characteristic is the flexibility of
generative Al across different tasks. Conventional Al models are
often developed for specific purposes, whereas general-purpose
generative models can be adapted to multiple applications
through instructions, additional training, or integration with
institutional information systems. A single technological
foundation may therefore support different banking functions,
including customer assistance, internal knowledge management,
document classification, and software development. This
flexibility can reduce the need to develop separate models for
every task, although implementation costs, information security
requirements, and model adaptation needs may limit these
potential advantages.

A further distinguishing feature is the relationship
between generative Al and large-scale technological
infrastructure. The development and operation of advanced
models may require substantial computational resources,
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specialized expertise, and access to external technology
providers. Consequently, financial institutions may rely on third-
party Al services rather than developing all capabilities internally.
This dependence can accelerate technology adoption but may also
create operational concentration risks, data protection concerns,
and challenges regarding accountability. As noted by Crisanto et
al. (2024), the increasing involvement of technology providers in
financial Al applications raises important questions for
governance and regulatory supervision.

Despite their flexibility, generative Al systems are subject
to limitations that must be considered in banking environments.
These models can generate inaccurate information, reproduce
biases embedded in training data, or produce outputs that are
difficult to explain. Their performance may also vary across tasks
and contexts, making systematic evaluation essential. In financial
services, these limitations are particularly important because
apparently minor inaccuracies may influence customer
communications, operational procedures, or financial decision-
making. The use of generative Al therefore requires appropriate
validation, access controls, monitoring arrangements, and clearly
defined responsibilities (Shabsigh & Boukherouaa, 2023).

3. APPLICATIONS OF GENERATIVE Al IN
BANKING

The adoption of generative Al should nevertheless be
distinguished from the broader use of artificial intelligence in
financial services. Many established applications, particularly
credit scoring and fraud detection, continue to rely primarily on
conventional machine learning and statistical methods.
Generative Al may complement these systems by interpreting
documents, supporting communication, and improving access to
institutional knowledge rather than replacing established
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predictive models. Evidence from the Bank of England and
Financial Conduct Authority's 2024 survey indicates that
financial institutions have increasingly adopted Al for internal
process optimization, cybersecurity, fraud detection, and
customer support, while foundation models represent a growing
but still distinct component of overall Al applications (Bank of
England & Financial Conduct Authority, 2024).

3.1. Customer Services and Personalized Banking

Customer services represent one of the most accessible
areas for the application of generative Al in banking. Traditional
digital banking services have relied on websites, mobile
applications, automated telephone systems, and rule-based
chatbots to facilitate customer interactions. Although these
technologies have improved accessibility and reduced
dependence on physical branches, their capacity to respond to
complex or unexpected inquiries has often been limited by
predetermined interaction patterns. Generative Al introduces
more flexible conversational capabilities that may improve the
accessibility, responsiveness, and personalization of digital
banking services.

Large language models can interpret customer questions
expressed in natural language and generate context-sensitive
responses. When integrated with reliable institutional information
systems, these applications may assist customers with inquiries
concerning banking products, account services, payment
procedures, and general financial information. Unlike
conventional chatbots that rely primarily on predefined
responses, generative Al systems can support more varied
interactions and help explain complex financial information in
accessible language. These capabilities may contribute to a more
user-oriented digital banking environment, provided that
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responses are accurate, appropriately controlled, and consistent
with institutional policies (Barr, 2025).

Generative Al also offers opportunities for improving the
efficiency of customer service employees. Rather than replacing
human interaction entirely, Al-supported systems may assist staff
by retrieving relevant information, summarizing previous
communications, preparing preliminary  responses, and
identifying the institutional procedures applicable to particular
inquiries. Such applications may reduce the time required to
resolve routine problems and allow employees to concentrate on
situations involving greater complexity or customer sensitivity. In
this respect, generative Al can function as a complementary
technology that supports employee productivity and service
consistency.

The effectiveness of generative Al in customer-facing
activities depends on several institutional conditions. First, the
information used to generate responses must be accurate, current,
and relevant. Second, customer data must be processed within
appropriate privacy and information-security arrangements.
Third, institutions must establish clear procedures for transferring
inquiries to human representatives when automated systems
cannot provide reliable assistance. These requirements are
particularly important because generative Al may produce
convincing but inaccurate statements, potentially misleading
customers about financial obligations, product characteristics, or
contractual conditions (Crisanto et al., 2024).

Moreover, the expansion of automated customer
interaction raises questions concerning transparency and trust.
Customers should be able to recognize when they are interacting
with an Al-based system and understand the limits of automated
assistance. The availability of human support remains important,
especially for wvulnerable customers, disputed transactions,
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complaints, and complex financial decisions. Consequently, the
contribution of generative Al to customer satisfaction should be
assessed not only through response speed or operational cost
reductions but also through reliability, accessibility, fairness, and
the quality of customer outcomes.

3.2. Credit Assessment and Risk Management

A central distinction must be made between predictive Al
and generative Al in credit evaluation. Conventional machine
learning models are designed to estimate outcomes such as
default probabilities, creditworthiness, or abnormal transaction
patterns. Generative Al does not automatically provide more
reliable estimates of these quantities. Instead, its potential
contribution lies primarily in assisting with the processing of
unstructured information, summarizing credit documentation,
preparing preliminary analytical materials, and facilitating
communication between risk specialists and other banking
departments.

Credit evaluation frequently requires the examination of
financial statements, business reports, contractual documents, and
other qualitative information. Generative Al may support analysts
by extracting relevant information from such documents and
presenting it in structured or summarized formats. In corporate
banking, for example, these applications could facilitate
preliminary reviews of borrower documentation, business
conditions, and financial disclosures. This may reduce the
administrative burden associated with information-intensive
credit processes, although any extracted information must be
checked against original documents before it is used in formal
decisions.

Nevertheless, the use of generative Al in credit-related
activities presents important limitations. Credit decisions directly
affect customers' access to financial resources and may create
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substantial financial and legal consequences. Inaccurate
interpretations,  unsupported  conclusions, or  biased
representations of borrower characteristics could therefore
undermine the quality and fairness of lending decisions. These
concerns are particularly relevant when generative Al systems are
used without adequate controls over data sources, model outputs,
and human review. The United States Government
Accountability Office (2025) identifies lending bias and
cybersecurity vulnerabilities among the risks associated with Al
applications in financial services.

The contribution of generative Al to broader risk
management is similarly dependent on the nature of the task. Risk
management departments process extensive documentation
concerning operational incidents, regulatory developments,
internal controls, and emerging threats. Generative Al may assist
by summarizing incident reports, organizing risk-related
information, and supporting the preparation of internal
monitoring documents. It may also facilitate the interpretation of
regulatory publications and assist employees in identifying issues
requiring further investigation.

3.3. Operational Processes and Decision Support
Systems

Operational processes constitute another important area in
which generative Al may influence the organization and
performance of banking institutions. Modern banks manage
extensive administrative, technological, and regulatory activities,
including document preparation, internal communication,
software development, information management, and compliance
reporting. Many of these processes require employees to interpret
large quantities of information and perform repetitive knowledge-
based tasks. Generative Al offers possibilities for supporting such
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activities through automated text processing, information
retrieval, and the preparation of preliminary outputs.

The growing relevance of Al for internal operations is
supported by evidence from financial-sector surveys. According
to the Bank of England and FCA (2024), 41% of surveyed
financial firms reported using Al to optimize internal processes.
The survey also found that foundation models accounted for 17%
of reported Al use cases. These findings demonstrate the
importance of internal activities in the broader adoption of Al,
although they should not be interpreted as evidence that all such
applications involve generative Al.

One potential  application  concerns  document
management and institutional knowledge processing. Banking
institutions maintain extensive collections of internal policies,
operating procedures, risk reports, regulatory documents, and
technical manuals. Generative Al systems may assist employees
by locating relevant information, summarizing complex texts, and
preparing preliminary explanations of institutional procedures.
When combined with controlled access to verified internal
documentation, these capabilities can facilitate the retrieval and
use of organizational knowledge.

Regulatory compliance represents another potential area
of application. Financial institutions must continuously monitor
regulatory developments, interpret legal requirements, and
maintain records demonstrating compliance with applicable
standards. Generative Al may support compliance professionals
by comparing documents, identifying relevant passages in
regulatory publications, and preparing preliminary summaries of
changes in reporting requirements. Nevertheless, the
interpretation of legal obligations involves institutional and
jurisdiction-specific considerations that require specialist
assessment. Consequently, Al-generated compliance materials
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should be treated as supporting documents rather than
authoritative legal interpretations (Crisanto et al., 2024).

Generative Al may also assist information technology
departments through software code generation, technical
documentation, and the explanation of programming procedures.
Banking systems involve complex technological infrastructures
that require continuous maintenance, security assessment, and
adaptation to changing business requirements. Al-assisted
programming tools may reduce the time needed for certain
development tasks and facilitate the documentation of technical
processes. However, automatically generated code must undergo
appropriate testing, security assessment, and human review
before being incorporated into operational banking systems. The
Bank of England (2025) identifies code generation and
information retrieval among the internal functions through which
generative Al can support productivity improvements in financial
institutions.

Decision support represents a related application. Banking
managers frequently rely on reports, operational indicators, and
analytical summaries to evaluate business performance and
develop institutional strategies. Generative Al may assist in
presenting existing information more clearly, identifying relevant
themes across documents, and preparing preliminary
management reports. It may also enable employees to interact
with authorized institutional databases through natural language
interfaces, potentially reducing barriers to information access.
Nevertheless, the analytical convenience of these systems must
not be mistaken for independent decision-making reliability.

Another important consideration is the dependence on
external technology providers. Many generative Al applications
rely on foundation models, cloud infrastructure, or specialized
services developed outside the banking institution. Although such
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arrangements may facilitate adoption, they can also introduce
information-security risks, service continuity concerns, and
concentration dependencies. Banks must therefore evaluate third-
party arrangements in relation to operational resilience, data
protection, and the continuity of critical services (Financial
Stability Board, 2024).

4. OPPORTUNITIES AND IMPLICATIONS FOR
THE BANKING SECTOR

From a banking and financial management perspective,
the potential contribution of generative Al can be examined
through two interrelated dimensions. The first concerns
operational efficiency and cost advantages, including changes in
employee productivity, administrative expenditure, and the
organization of internal activities. The second involves
competitiveness and business model transformation, particularly
the capacity of financial institutions to develop differentiated
services, strengthen customer relationships, and respond to
emerging technological competition. Although these dimensions
are closely connected, efficiency improvements do not
necessarily result in sustainable competitive advantages. Their
economic consequences depend on implementation costs,
organizational capabilities, market conditions, and the
effectiveness of institutional governance.

4.1. Operational Efficiency and Cost Advantages

One of the principal potential benefits of generative Al is
the reduction of time devoted to repetitive knowledge-based
activities. Banking employees frequently engage in preparing
reports, reviewing internal documentation, responding to
inquiries, and summarizing financial information. Generative Al
systems may accelerate these processes by producing preliminary
documents, identifying relevant information, and facilitating
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access to organizational knowledge. The resulting time savings
could allow employees to devote greater attention to activities
requiring professional judgment, customer relationships, and
complex problem-solving. The Bank of England (2025) identifies
internal functions, including code generation and information
retrieval, as important areas in which advanced Al may contribute
to productivity improvements in financial institutions.

Evidence from empirical research also suggests that
generative Al can improve performance in selected knowledge-
intensive service activities. Brynjolfsson, Li, and Raymond
(2025), examining the introduction of a generative Al
conversational assistant among 5,172 customer-support agents,
found an average productivity improvement of approximately
15%, measured by the number of issues resolved per hour. The
study also identified substantial differences across employees,
with larger improvements among less experienced and lower-
skilled workers. Although this research was not conducted
specifically within the banking industry, it provides relevant
evidence concerning the potential productivity effects of Al-
assisted customer service activities. Its findings should therefore
be interpreted as evidence from a comparable service
environment rather than as a direct estimate of productivity gains
in banks.

The economic significance of such productivity
improvements depends on how they affect institutional resource
allocation. Reducing the time required to complete a particular
task may lower its unit processing cost, increase service capacity,
or enable employees to undertake additional responsibilities.
However, productivity gains do not automatically translate into
equivalent reductions in overall operating expenditure. Banks
may need to maintain existing staffing levels, expand
technological support functions, or invest in additional controls to
ensure reliable Al implementation. Consequently, improvements
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in task-level efficiency should be distinguished from reductions
in institution-wide costs.

The financial implications of generative Al can be
understood through the relationship between expected operating
benefits and the total cost of technological adoption. Relevant
costs include software licensing, computational resources, cloud
services, data infrastructure, system integration, employee
training, cybersecurity arrangements, and ongoing model
evaluation. In addition, financial institutions may incur
substantial expenditures associated with legal compliance,
governance procedures, and the verification of Al-generated
outputs. The net economic benefit of generative Al therefore
depends on whether measurable improvements in service
capacity, productivity, and quality exceed these direct and
indirect costs.

This distinction is particularly relevant when evaluating
commonly used banking performance indicators. For example,
the cost-to-income ratio measures operating expenses relative to
operating income and is frequently used to assess banking
efficiency. Generative Al may contribute to an improvement in
this ratio if operational savings are sufficiently substantial and are
not offset by additional expenditures or declining revenues.
However, attributing changes in the cost-to-income ratio directly
to Al adoption would require empirical evidence controlling for
other factors, including business expansion, macroeconomic
conditions, funding costs, and changes in revenue composition.
Therefore, the potential financial benefits of generative Al should
not be interpreted as established improvements in bank
profitability without institution-specific evidence.

The adoption of generative Al may also influence
employee capabilities and organizational learning. By making
institutional information more accessible, Al-supported tools can
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assist employees in performing unfamiliar tasks and acquiring
operational knowledge. The findings of Brynjolfsson et al. (2025)
suggest that generative Al assistance may facilitate learning and
reduce certain performance differences between more and less
experienced employees. In banking, such potential benefits could
support professional development and internal knowledge
transfer. However, excessive reliance on automated systems may
weaken independent analytical judgment if employees are not
adequately trained to question and verify Al-generated
information.

3.3. Competitiveness and Business Model
Transformation

Beyond operational efficiency, generative Al may
influence the competitive dynamics of banking by changing how
financial institutions develop services, interact with customers,
and organize business activities. The increasing availability of
digital financial technologies has already intensified competition
between traditional banks, financial technology companies, and
other technology-oriented service providers. Generative Al may
further accelerate this transformation by reducing selected
information-processing barriers and enabling more sophisticated
forms of digital interaction.

The competitive significance of generative Al may instead
depend on how effectively banks combine technological
capabilities with institution-specific resources. These resources
include customer relationships, proprietary information,
organizational expertise, regulatory knowledge, established
distribution channels, and institutional reputation. A bank that
integrates generative Al into reliable internal knowledge systems
and well-designed service processes may be better positioned to
derive value from the technology than an institution that adopts
comparable models without complementary organizational
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investments. Accordingly, the competitive implications of
generative Al should be examined through the interaction
between technological innovation and institutional capabilities.

The evolution of Al may also influence the traditional role
of banks as financial intermediaries. Financial intermediation
depends substantially on collecting, processing, and interpreting
information concerning borrowers, depositors, financial products,
and market conditions. Aldasoro et al. (2025) argue that advances
in Al-driven information processing have important implications
for financial intermediation, payments, asset management, and
other functions of the financial system. Within banking,
generative Al may support the interpretation of information and
communication of financial products, although its implications
for core credit allocation decisions remain dependent on the
reliability of analytical models and institutional oversight.

Generative Al may also facilitate new forms of
collaboration between banks and financial technology providers.
Rather than developing every technological capability internally,
banks may incorporate externally supplied Al services into their
existing digital infrastructures. Such arrangements can accelerate
innovation by providing access to advanced technologies and
specialized expertise. However, they may also alter the
distribution of value within financial service ecosystems,
particularly when technology providers control critical models,
computational resources, or customer-facing interfaces.

The concentration of advanced Al capabilities among a
limited number of technology providers represents an important
strategic consideration. Developing and maintaining large-scale
foundation models requires substantial investment, specialized
personnel, and computational infrastructure. Smaller financial
institutions may therefore face disadvantages in developing
proprietary solutions, while larger banks may possess greater
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financial and organizational resources for technological
integration. At the same time, externally supplied Al services may
enable smaller institutions to access sophisticated capabilities
without undertaking the full costs of model development. The
competitive effect of generative Al is consequently ambiguous
and depends on market structure, provider access, pricing, and
institutional implementation capabilities.

Evidence from the United Kingdom illustrates the
growing importance of Al adoption across financial services. The
joint Bank of England and Financial Conduct Authority (2024)
survey reported that 75% of responding financial firms were
already using some form of Al, while a further 10% intended to
adopt it within the following three years. Among participating
international banks, the reported adoption rate was 94%.
However, these figures encompass different forms of artificial
intelligence and should not be interpreted as generative Al
adoption rates. The survey also found substantial variation in the
number of Al use cases across institutions, indicating differences
in the scale and breadth of technological implementation.

Another important dimension concerns the transformation
of organizational structures and professional responsibilities.
Generative Al may change the composition of tasks performed by
banking employees, particularly in administrative functions,
information services, technology development, and internal
reporting. Rather than producing a uniform substitution of human
labor, Al adoption may lead to the reallocation of responsibilities
between employees and technological systems. The resulting
organizational changes are likely to increase the importance of
professional skills related to data interpretation, digital systems,
risk assessment, and Al governance. Although automation may
reduce demand for certain repetitive tasks, the overall
employment effects remain uncertain and depend on institutional
strategies and broader economic conditions.
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The emergence of more advanced Al systems may
eventually extend these changes beyond individual support
activities. The Bank of England (2025) notes that increasingly
sophisticated Al could become more involved in core financial
decisions, including credit and insurance underwriting. Such
developments may influence the organization of financial
services and the allocation of capital. Nevertheless, greater
reliance on Al in economically significant decisions would also
increase the importance of transparency, risk controls, and
accountability. The transformation of banking business models
therefore cannot be evaluated independently of the institutional
and regulatory safeguards necessary for maintaining financial
stability.

4. RISKS AND REGULATORY CHALLENGES

The integration of generative artificial intelligence into
banking raises questions that extend beyond technological
performance and operational efficiency. Banks operate under
prudential, legal, and supervisory requirements intended to
protect depositors, maintain confidence in financial
intermediation, and limit risks to the wider financial system. A
technological failure that might cause inconvenience in another
industry can have considerably greater consequences when it
affects access to financial services, the confidentiality of
customer information, or the reliability of credit-related
decisions. For this reason, the evaluation of generative Al in
banking must consider both the risks arising from the technology
itself and the institutional conditions under which it is deployed.

An important distinction concerns whether generative Al
creates entirely new categories of financial risk or changes the
characteristics of risks that banks already manage. Crisanto,
Leuterio, Prenio, and Yong (2024) argue that many Al-related
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concerns can be addressed within established regulatory
frameworks, although generative Al introduces particular
difficulties associated with unreliable outputs and human
perceptions of machine-generated information. The Financial
Stability Board (FSB, 2024) approaches the issue from a broader
financial stability perspective, emphasizing the possibility that
technological dependencies, model weaknesses, and cyber
vulnerabilities may reinforce one another as Al becomes more
widely adopted. These perspectives are complementary: existing
risk management principles remain relevant, but their application
may require substantial adaptation when banks introduce
increasingly complex generative systems.

3.3. Data Security, Model Errors, and Algorithmic
Bias

Data security is among the most immediate concerns
associated with generative Al applications in banking. Financial
institutions  process  confidential customer information,
transaction records, credit documentation, and commercially
sensitive data. Introducing generative Al into these activities
creates additional questions about how information is transferred,
stored, accessed, and potentially incorporated into external
technological environments. The risks may be particularly
significant when employees use third-party applications without
clearly defined institutional controls.

Consider the use of generative Al to summarize a
corporate borrower's financial documentation. Although the
application may reduce the time required to prepare a preliminary
credit report, the documents could contain commercially sensitive
information or personal data. If such information is transferred to
an external service without appropriate safeguards, operational
convenience may come at the expense of confidentiality. This
illustrates a central challenge for financial institutions: the value
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of automated information processing cannot be assessed
independently of the security arrangements governing access to
institutional data.

The security implications also extend to the technology's
interaction with external information. Generative Al applications
that retrieve and interpret documents may encounter manipulated
content or instructions designed to influence their behavior. Such
vulnerabilities can create opportunities for unauthorized
information disclosure, misleading outputs, or interference with
established workflows. Autio et al. (2024), in the NIST generative
Al risk profile, identify information security, data privacy, and
the reliability of generated content as important considerations in
the management of generative Al risks. In banking, these
concerns reinforce the need for controlled information access,
systematic testing, and restrictions on the use of confidential data.

Model reliability presents a related but analytically
distinct problem. Generative Al systems may produce responses
that are linguistically convincing while containing incorrect facts,
unsupported interpretations, or fabricated references. Such
outputs are particularly problematic in banking because
employees and customers may associate articulate explanations
with reliable expertise. An inaccurate summary of a loan
agreement, an incorrect interpretation of a regulatory
requirement, or a misleading explanation of a financial product
could have consequences that exceed the immediate
technological error.

The phenomenon commonly described as hallucination
illustrates the difference between generating plausible content
and producing verified information. In conventional predictive
models, performance can often be assessed against defined
outcomes using established statistical measures. Evaluating
generative Al may be more difficult because the relevance and
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accuracy of a response depend on its context, the information
available to the model, and the task being performed. A system
that produces acceptable summaries of routine correspondence
may be unsuitable for interpreting complex financial contracts.
Banks must therefore establish application-specific standards
rather than assuming that satisfactory performance in one activity
demonstrates reliability across others.

Model risk is not new to banking, but generative Al may
complicate established validation practices. Financial institutions
have long evaluated quantitative models used in credit, market,
and operational risk management. Generative models introduce
additional challenges because their outputs may vary with
changes in instructions, contextual information, and system
configurations. Performance assessment should consequently
consider not only technical accuracy but also consistency,
reproducibility, and the consequences of errors in particular
banking activities. As Crisanto et al. (2024) emphasize, model
governance and the availability of appropriate expertise remain
important supervisory concerns.

Algorithmic bias represents another challenge, especially
when Al-generated information contributes to decisions affecting
customers. Bias may arise from the characteristics of training
data, the representation of particular groups, or the way a
technological system interprets and presents information.
Although these concerns are frequently associated with predictive
credit-scoring models, generative Al may also reproduce
problematic assumptions in customer communications, analytical
summaries, or recommendations provided to banking employees.

The consequences depend on how the technology is
incorporated into decision-making. An inaccurate explanation in
a general information service may be corrected relatively easily,
whereas a biased assessment influencing access to credit may
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have more serious implications. Banks should therefore
distinguish between applications that merely assist in organizing
information and those whose outputs materially influence
decisions concerning customers' financial opportunities. The
latter require more demanding validation and accountability
arrangements.

The concentration of technological services among
external providers introduces an additional dimension to these
risks. Banks may obtain advanced generative Al capabilities
through cloud-based platforms, externally developed foundation
models, or specialized financial technology firms. Outsourcing
may reduce development costs and improve access to
technological expertise, but it does not eliminate responsibility
for the resulting operational risks. Moreover, dependence on a
limited number of providers can expose several institutions to
similar service disruptions, technological weaknesses, or security
incidents.

The FSB (2024) identifies third-party concentration and
interconnectedness among the vulnerabilities that may become
more important as Al adoption expands. From an individual
bank's perspective, the immediate concern is the continuity and
security of outsourced services. From a financial stability
perspective, the concern is that a disruption affecting a widely
used provider could simultaneously influence numerous financial
institutions. The distinction matters because risks that appear
manageable at the institutional level may become more
consequential when similar dependencies are shared across the
financial system.

These considerations suggest that the management of
generative Al risks should be proportionate to the importance of
the activity involved. Low-impact administrative applications
may require relatively straightforward controls, whereas systems
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supporting credit decisions, customer communications, or critical
operations demand more extensive validation and monitoring.
The relevant question is not whether generative Al can be made
entirely free of error, but whether banks can identify its
limitations and prevent those limitations from producing
unacceptable financial, operational, or customer outcomes.

3.4. Ethical Concerns and Regulatory Approaches

The ethical implications of generative Al are closely
connected to the responsibilities that banking institutions have
toward customers, shareholders, regulators, and the broader
economy. Transparency, fairness, accountability, and privacy
have long been important considerations in financial services.
Generative Al makes these responsibilities more difficult to
administer when decisions or communications involve outputs
from complex models whose internal processes may not be fully
interpretable.

Transparency is particularly important in customer-facing
applications. Customers may not always recognize whether
financial information has been prepared by an employee or
generated through an automated system. The difficulty becomes
more pronounced when conversational applications produce
responses resembling those of a knowledgeable banking
representative. If customers place excessive confidence in such
outputs, the distinction between general information and
individualized financial advice may become unclear.

Ethical concerns also arise within the organization.
Employees may become increasingly dependent on automated
assistance, particularly when generative systems offer immediate
answers to complex questions. While this may improve
productivity, it could weaken independent verification if
employees begin to accept generated information without
sufficient scrutiny. Human oversight should therefore involve

87



Finans Alaminda Giincel Konular ve Akademik Degerlendirmeler

more than requiring an employee to approve an output.
Meaningful oversight depends on whether the employee has
adequate expertise, access to relevant information, and the
authority to question or reject the system's recommendations.

These concerns have encouraged regulators to examine
the adequacy of existing financial rules. One approach is to apply
established requirements concerning operational risk, consumer
protection, data governance, and institutional accountability to Al
applications. This approach recognizes that financial institutions
remain responsible for their activities irrespective of the
technologies used to perform them. Crisanto et al. (2024) observe
that many financial authorities have relied primarily on existing
regulatory arrangements, while identifying areas in which
additional guidance may be necessary, including model
governance, specialized expertise, and third-party service
relationships.

The European Union has adopted a more explicit
framework for certain Al applications through Regulation (EU)
2024/1689, commonly known as the Al Act. Its risk-based
structure is especially relevant to banking because Annex IlI
identifies Al systems intended to evaluate the creditworthiness of
natural persons or establish their credit scores as high-risk
systems, subject to the qualifications and exceptions established
by the regulation. Systems used for detecting financial fraud are
expressly excluded from that particular Annex Ill category. The
distinction demonstrates that regulatory obligations depend on the
intended purpose of an Al system rather than simply on its use by
a financial institution (European Parliament and Council of the
European Union, 2024).

The implications of this approach are important for
generative Al. A conversational tool used to explain general
banking procedures does not necessarily have the same regulatory
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classification as an Al system intended to determine an
individual's creditworthiness. Similarly, a general-purpose model
may be incorporated into different applications with substantially
different risk characteristics. Banks must therefore assess the
specific function performed by the technology and the applicable
legal requirements. Treating every Al application as subject to
identical obligations would be as misleading as assuming that the
use of generative Al falls outside existing financial regulation.

Digital operational resilience is another area of regulatory
importance. In the European Union, Regulation (EU) 2022/2554,
known as the Digital Operational Resilience Act (DORA), has
applied since 17 January 2025. Its framework addresses
information and communication technology risk management,
operational incidents, resilience testing, and third-party
technology dependencies. Although DORA is not a regulation
devoted specifically to generative Al, its requirements are
relevant where financial institutions rely on Al-enabled
technological services as part of their operational infrastructure
(European Parliament and Council of the European Union, 2022).

International supervisory principles provide a further
foundation for managing these risks. The Basel Committee on
Banking Supervision (BCBS, 2021) emphasizes governance,
business continuity, third-party dependency management,
incident response, and information technology resilience in its
principles for operational resilience. These considerations apply
to banks' capacity to maintain critical operations during
disruptions and are relevant when Al applications become
integrated into essential business processes. The adoption of
generative Al therefore needs to be considered within banks'
existing operational resilience arrangements rather than managed
as a separate technological initiative.
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At the organizational level, responsibility begins with
senior management and the functions charged with risk oversight.
Banks need to determine which generative Al applications are
appropriate for their activities, establish procedures for approving
and monitoring their use, and identify the individuals accountable
for resulting decisions. Internal policies should address
information security, model assessment, employee training,
customer communication, and relationships with external
providers. These arrangements are most effective when
incorporated into established governance processes rather than
treated as administrative requirements separate from normal
banking operations.

From a broader perspective, the central regulatory
challenge is to ensure that technological innovation does not
weaken the reliability of financial intermediation. Excessively
restrictive approaches may discourage useful applications,
particularly where generative Al could improve access to
information and the efficiency of financial services. Conversely,
inadequate oversight may allow institutions to adopt systems
whose limitations are poorly understood. The appropriate balance
depends on the economic importance of the activity, the potential
consequences of technological failure, and the ability of the
institution to monitor and control the risks involved.

5. GENERATIVE Al IN THE TURKISH BANKING
SECTOR AND FUTURE PERSPECTIVES

The Turkish banking sector provides an interesting setting
for examining the development of generative artificial
intelligence within an increasingly digitalized financial system.
Over the past decade, technological investment, the expansion of
mobile banking, and improvements in payment infrastructure
have altered how banks interact with customers and organize their
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services. These developments have established an institutional
and technological foundation for more advanced applications,
including generative Al. Nevertheless, the existence of
sophisticated digital infrastructure does not necessarily indicate
widespread adoption of generative technologies. Digital banking
maturity and generative Al capabilities should be treated as
related but distinct dimensions of technological transformation.

The scale of digital financial activity in Turkiye illustrates
the importance of this distinction. The Banks Association of
Tarkiye (2025) publishes sector-wide statistics on digital,
internet, and mobile banking, documenting the expansion of
electronic banking channels. The Central Bank of the Republic of
Tirkiye (2026) also reports substantial activity through the
country's instant payment infrastructure. In 2025, the Funds
Transfer System for Instant and Continuous Transfer of Funds
(FAST) processed approximately 5.4 billion transactions with a
total value of TRY 43.23 trillion. By the end of that year, the
system had 49 participants, including banks and non-bank
payment service providers. These figures demonstrate the scale
of Turkiye's digital payment ecosystem, although they do not
measure generative Al adoption directly.

The significance of these developments lies in the
changing nature of banking services. As financial transactions
increasingly take place through electronic channels, banks must
manage larger volumes of customer interactions, operational
information, and digital service requests. This environment
creates opportunities for generative Al applications capable of
interpreting natural language, retrieving relevant information, and
assisting employees with knowledge-intensive activities. Unlike
digital payment infrastructure, however, generative Al does not
primarily concern the execution of transactions. Its contribution
is more closely associated with the information, communication,
and organizational processes surrounding financial services.
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Recent disclosures by Turkish banks indicate that some
institutions have begun incorporating generative Al into both
internal operations and customer-facing services. Akbank's 2025
Integrated Annual Report describes the use of a generative Al-
based employee assistant designed to facilitate access to
institutional knowledge. According to the bank, its Akbankli
Assistant responds to more than 30,000 employee queries each
month, with a reported accuracy rate exceeding 90%. The report
also describes the development of specialized assistants and
agentic Al applications across different organizational functions
(Akbank, 2026).

This example highlights a potentially important direction
in the application of generative AIl. Rather than focusing
exclusively on customer-facing automation, banks may initially
obtain practical benefits by improving the accessibility of internal
information. Financial institutions maintain extensive collections
of operational guidelines, product documentation, compliance
procedures, and technical instructions. Employees frequently
need to consult these materials while performing their
responsibilities. A controlled generative Al assistant may reduce
the time required to retrieve relevant information and improve the
consistency of internal communication. However, institutionally
reported accuracy rates should not be interpreted as independent
evidence of financial performance improvements. Such claims
require evaluation against clearly defined testing procedures and
operational outcomes.

Garanti BBVA offers a different illustration of the
evolving relationship between generative Al and digital customer
services. In its public reporting, the bank describes the integration
of generative Al into business processes, while its public
disclosures emphasize the development of Al-supported
customer interaction through its digital assistant, Ugi (Garanti
BBVA, 2026). The bank reported that the assistant supported
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more than eight million customers during 2025 and handled more
than 73 million conversations. These figures illustrate the scale of
Al-supported customer communication at a major Turkish bank,
although conversation volumes alone cannot establish
improvements in  customer satisfaction or operational
profitability.

The experiences of Akbank and Garanti BBVA suggest
that generative Al may develop along two complementary paths
within Turkish banking. One involves internal applications
intended to improve employee productivity, organizational
knowledge management, and operational processes. The other
concerns customer-facing systems designed to facilitate
communication and improve the accessibility of banking
services. The distinction is relevant because these applications
involve different implementation costs, operational risks, and
criteria for evaluating performance. While an internal knowledge
assistant may be assessed through information retrieval accuracy
and employee productivity, customer-facing applications also
require consideration of service reliability, accessibility,
customer protection, and the quality of financial information
provided.

These examples should not, however, be generalized to
the entire Turkish banking sector. The pace and scope of
generative Al adoption may differ considerably across
institutions, depending on financial resources, technological
infrastructure, institutional strategy, and access to specialized
personnel. Large banks may possess advantages in implementing
advanced applications, particularly where integration requires
significant investment in data systems, cybersecurity, and
organizational expertise. Smaller institutions may instead rely
more heavily on externally developed technologies. Such
arrangements can reduce entry barriers but may increase
dependence on third-party providers.
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From a regulatory perspective, the adoption of generative
Al must be considered within Turkiye's existing banking
supervision and information systems framework. The Banking
Regulation and Supervision Agency's Regulation on Banks'
Information Systems and Electronic Banking Services establishes
requirements concerning information systems management,
electronic banking activities, and related controls (Banking
Regulation and Supervision Agency [BRSA], 2020). Although
the regulation was not developed specifically for generative Al,
its emphasis on information systems security and risk
management remains relevant to banks incorporating advanced
Al applications into their operations.

The future development of generative Al in Turkish
banking is likely to depend on three closely connected factors: the
economic value of Al-supported processes, the availability of
institutional capabilities, and the effectiveness of risk governance.
Economic value requires more than demonstrating that a system
can perform a task. Banks must determine whether its use
produces measurable improvements in service quality, processing
time, or operating costs after accounting for implementation and
monitoring expenditures. Similarly, technological investment
must be accompanied by employee training and organizational
adaptation if Al applications are to become sustainable
components of banking operations.

The development of agentic Al introduces a further
possibility. Unlike systems designed primarily to generate
responses, agentic applications may coordinate multiple tasks and
interact with authorized software tools to perform parts of an
operational process. In banking, this could eventually support
more integrated administrative workflows, document processing,
and internal service operations. Nevertheless, granting
technological systems greater operational autonomy introduces
additional questions concerning authorization, responsibility, and
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the prevention of unintended actions. Applications involving
customer assets or legally significant decisions would require
particularly stringent controls.

For Turkiye, the development of generative Al also raises
questions about the availability of reliable Turkish-language
financial information, the protection of customer data, and the
suitability of internationally developed models for domestic
banking  practices.  Financial terminology, contractual
arrangements, and regulatory requirements are influenced by
national institutional characteristics. A model that performs
satisfactorily in a general international setting may require
additional testing before it can be used reliably for Turkish
banking  documentation or customer communication.
Accordingly, localization should be understood as a matter of
technical validation and regulatory accuracy rather than language
translation alone.

The available evidence points to an emerging but uneven
transformation. Turkish banks have established extensive digital
service infrastructures, while selected institutions have reported
concrete generative Al applications. However, public disclosures
do not yet provide a sufficiently standardized basis for
determining the sector-wide contribution of these technologies to
profitability, cost efficiency, or operational resilience. More
systematic empirical research would be required to establish
whether reported technological innovations translate into
sustained financial and organizational improvements.

6. CONCLUSION

Generative artificial intelligence is becoming an important
component of technological change in banking, but its
significance cannot be adequately understood through
technological capabilities alone. The ability to generate text,
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interpret complex documents, and support knowledge-intensive
activities creates opportunities for financial institutions to
reorganize selected operations and improve service delivery.
Whether these capabilities produce lasting economic benefits,
however, depends on how effectively banks integrate them into
established business processes and manage the risks associated
with their use.

A central finding of the literature examined in this chapter
is that generative Al differs from conventional predictive
technologies in both its potential applications and its limitations.
Traditional machine learning remains essential for activities such
as credit scoring, fraud detection, and quantitative risk
assessment. Generative Al contributes primarily through
information processing, document interpretation,
communication, and decision support. Its practical value
therefore lies less in replacing established analytical systems than
in complementing them and improving the way financial
institutions use information. This distinction is especially
important  when  evaluating claims about  Al-driven
transformation in banking, since improvements associated with
conventional machine learning cannot automatically be attributed
to generative technologies.

From a financial management perspective, the economic
case for generative Al rests on its capacity to improve
productivity, reduce selected administrative costs, and strengthen
the delivery of financial services. Nevertheless, efficiency gains
at the level of individual tasks should not be confused with
improvements in bank profitability. Investments in technological
infrastructure, system integration, employee training, model
validation, and information security may offset some of the
anticipated savings. Furthermore, the availability of similar Al
technologies across competing institutions may limit the
sustainability of any advantage derived from their adoption. The
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long-term economic contribution of generative Al will therefore
depend on measurable outcomes rather than the scale or visibility
of technological investment.

The analysis also indicates that risk management is
inseparable from the economic value of generative Al. Inaccurate
outputs, data confidentiality concerns, algorithmic bias, and
dependence on external technology providers may undermine the
benefits of otherwise efficient applications. These risks acquire
particular significance in banking because errors can affect
customers' financial interests, regulatory obligations, and
institutional confidence. Existing approaches to operational risk
management, model governance, and digital resilience provide an
important foundation for addressing such concerns. Their
effectiveness, however, depends on whether institutions adapt
established controls to the distinctive characteristics of generative
systems.

The Turkish banking sector illustrates both the
opportunities and the uncertainties associated with this transition.
The expansion of digital financial services has created favorable
conditions for introducing more advanced information-
processing technologies. Public disclosures from selected Turkish
banks also indicate that generative Al is beginning to support
internal knowledge management and customer communication.
Nevertheless, the available evidence does not yet establish
whether  these applications have produced sustained
improvements in profitability, cost efficiency, or competitive
performance across the sector. The distinction between reported
technological adoption and independently measurable economic
outcomes remains particularly important.

For Turkish banks, a gradual and application-specific
approach may offer a more defensible strategy than the rapid
expansion of generative Al across all business functions. Initial
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applications can be evaluated according to their operational
relevance, implementation costs, reliability, and exposure to
financial and regulatory risks. More consequential uses,
particularly those affecting credit decisions or customer rights,
require stronger validation and accountability arrangements. The
development of qualified personnel and institution-specific
technological expertise will be equally important, particularly
where internationally developed models must be adapted to
Turkish-language financial documentation and domestic
regulatory requirements.

This chapter has adopted a conceptual and literature-based
approach and does not provide an empirical measurement of
generative Al's effects on banking performance. Its conclusions
should therefore be interpreted as an assessment of emerging
opportunities and institutional challenges rather than evidence of
established causal relationships. Future research could contribute
to this discussion by examining the relationship between
generative Al adoption and bank-level financial indicators,
including operating expenses, cost-to-income ratios, productivity,
and service quality. Comparative studies across banking systems
could also clarify how institutional characteristics and regulatory
environments influence the economic consequences of Al
implementation.

Ultimately, generative Al should be regarded neither as an
inevitable solution to the operational challenges of banking nor as
a technological development whose risks necessarily outweigh its
benefits. Its significance lies in the possibilities it creates for
combining advanced information-processing capabilities with
established financial expertise. The institutions most capable of
benefiting from this transformation will not necessarily be those
adopting the greatest number of Al applications, but those able to
demonstrate that their investments improve banking operations
while preserving reliability, accountability, and customer trust.
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OTONOM VE TOKENIZE FINANSIN SISTEMIK
RiISK MIMARISi: YAPAY ZEKA AJANLARI,
LiKiDiTE ESZAMANLILIGI VE FINANSAL

ISTIKRAR

Eda KAYHAN!
Younes GHOLIZADEH?

1. GIRIS

Finansal sistemin yeni evresini anlamak i¢in dijitallesme,
otomasyon ve tokenizasyon ayni islem sayilmamalidir.
Dijitallesme kayit ve iletisim siireglerini elektronik ortama tasir;
otomasyon gorevleri 6nceden tanimli kurallarla insansiz yiiriitiir;
tokenizasyon miilkiyet veya ekonomik haklarin programlanabilir
dijital temsilini islem mantigiyla birlikte hareket ettirir; otonom
finans ise karar islevini giderek algoritmik aktdrlere devreder.
Sistemik risk acisindan asil evrim, karar, islem, teminat ve
uzlasma arasindaki siirenin kisalmasidir.

Geleneksel mimaride bu asamalar arasindaki kurumsal
katmanlar maliyet {retir, ancak gecikme, dogrulama, insan
kontrolii ve likidite tamponu islevi de goriir. IMF’nin 2026
degerlendirmesine goére tokenizasyon atomik uzlasma, stirekli
likidite yonetimi ve gomili uyum yaratabilir; fakat hiz,
yogunlasma ve parcalanma yoluyla istikrar risklerini de
biiyiitebilir (IMF, 2026a). Ayn1 6zellik iki sonu¢ dogurur: hizl
uzlasma kars taraf riskinin ac¢ik kalma siiresini kisaltirken stres
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altinda  teminat ¢agrilarin1  eszamanli  hale  getirebilir;
programlanabilir uyum operasyonel hatay1 azaltirken hatali kodu
cok sayida islemde ayn1 anda ¢alistirabilir.

Sistemik riske “biiylik kurum” yaklagimimmin yaninda
“kritik bagimlilik” boyutu da eklenmelidir. Ayn1 temel modeli,
veri saglayicisini, bulut altyapisini veya token platformunu
kullanan hukuken ayr1 kurumlar ekonomik olarak tek bir
teknoloji diigiimiine baglanir. 2026 IMF degerlendirmeleri de
riskin  yalnizca model performansindan  degil  ortak
bagimliliklardan dogdugunu vurgular (IMF, 2026b). Bolim
teknoloji iyimserligi veya kotimserligi savunmaz; finansal
inovasyonun  hangi  kosullarda dayanikliigi  artirdigini,
hangilerinde kirilganlig1 biiytittiigiinii ayn1 ¢ergevede inceler ve
literatiirii finansal islemin yagam dongiisiine gore birlestirir.

Makine O6grenmesi yiiksek boyutlu tahminlerde onemli
kazanimlar saglar (Gu, Kelly ve Xiu, 2020; Bianchi, Biichner ve
Tamoni, 2021; Drobetz ve Otto, 2021), ancak mikro diizeyde
daha iyi tahmin makro diizeyde daha diisiik risk anlamina gelmez:
Danielsson, Macrae ve Uthemann (2022) ile Svetlova (2022),
ortak veri, hedef fonksiyonu ve model mimarisinin davranigsal
korelasyonu artirabilecegini agiklar. Tokenizasyonu Adrian
(2026) piyasa altyapisinda yapisal doniistim olarak, Agur ve
Copestake (2025) politika tasarimi agisindan, Chiu vd. (2026) ise
token’1n temsil ettigi hak tizerinden ele alir.

Olgek heniiz smirlidir, biiyiime egilimi ise énemlidir.
ECB’nin 2026 degerlendirmesine gore kamu blokzincirlerinde
temsil edilen tokenize varliklarin degeri 2024 basindaki yaklasik
7,4 milyar avrodan Subat 2026’da yaklasik 38 milyar avroya
yukselmistir (Sekil 1); kiiresel finansal varlik stoku ise yiizlerce
trilyon avrodur. Tokenizasyon heniiz sistemi doniistiirecek
biiytikliikte degildir, ancak entegrasyon hizi sistemik etkilerin
bugliinden izlenmesini  gerektirir. ECB, tokenizasyonun
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geleneksel likidite ve kaldirag risklerini ortadan kaldirmak yerine
bazi kosullarda hizlandirabilecegini vurgular (ECB, 2026a).
Bolimiin temel iddiasi, sistemik riskin bilango toplamlarindan
cok kararlarin korelasyonunu, uygulanma hizin1 ve ortak dijital
altyapilar1 igeren bir ag sonucu oldugudur.

Sekil 1. Tokenize Varlik Piyasasinin Biiyiimesi
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Kaynak: ECB (2026a); degerler kamuya agik tokenize varlik piyasasina
iliskin ECB degerlendirmesindeki yaklasik degerlerdir.

2. OTONOM FINANSIN GELISIMI VE YAPAY
ZEKANIN FINANSAL KARAR MIMARISi

Otonom finans iiretken yapay zekdyla baslamaz; kural
tabanli kredi skorlari, algoritmik islem, robo-danigmanlik,
dolandiricilik  tespiti ve piyasa gozetimi uzun siiredir
kullanilmaktadir. Makine 6grenmesi bu mimariye yiiksek boyutlu
veri ve dogrusal olmayan iliskiler eklemistir (Gu, Kelly ve Xiu,
2020; Bianchi, Blichner ve Tamoni, 2021; Drobetz ve Otto, 2021,
Karolyi ve Van Nieuwerburgh, 2020). Derlemeler uygulamalarin
varlik fiyatlama ve portfoy yonetiminden kredi, dolandiricilik
tespiti, risk yonetimi ve uyuma uzandigini gosterir (Bahoo vd.,
2024; Cao & Zhai, 2022; Kadam vd., 2026). Alonso-Robisco ve
Carbd (2022) kredi portfoylerinde sermaye tasarrufunu, Fraisse
ve Laporte (2022) yapay =zekd yatinmlarimin sermaye
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gereksinimleriyle  iliskisini  ele alir.  Ancak tahmin
dogrulugundaki artig sistemik dayanikliligi otomatik olarak
artirmaz; ayni bilgi avantajinin ¢ok sayida kurumda eszamanli
kullanim1 ortak pozisyon riskini biiyiitebilir. Easley vd. (2021)
mikro yapinin makine ¢aginda bilgi isleme ve islem davranisi
bakimindan yeniden sekillendigini tartisir.

“Ajan” kavrami burada 6nem kazanir: yapay zeka ajani
yalnizca tahmin yapan model degil, veri toplayan, durumu
degerlendiren, hedef fonksiyonuna gore secenekleri siralayan,
karar veren ve yetki dahilinde eylem baslatan yazilim bilesenidir.
Dogrudan emir vermese de yatirim kararinin girdisini iireten bir
bliyiik dil modeli (LLM) tabanli haber sistemi ajan ekosisteminin
parcasidir. Uretken modeller yapilandirilmamis metinlerin hizla
islenmesini saglar; potansiyelleri finansal karar destekte
tartisitlmaktadir (Eisfeldt ve Schubert, 2025; Chen, 2023;
Fatouros vd., 2025; Kirtac ve Germano, 2024; Wang ve Li, 2024,
Jadhav ve Mirza, 2025; Sai vd., 2025). Finansal istikrar a¢isindan
kritik konu modelin tekil dogrulugundan ¢ok ayni haber akisina
verilen tepkilerin korelasyonudur: kurumlar benzer temel model,
veri ve optimizasyon hedefi kullaniyorsa bilgi isleme
maliyetindeki  diisiis  karar  ¢esitliliginin  azalmasiyla
sonuclanabilir. Ajanlar fiyat diisiisiinii ayn1 anda risk azaltma
sinyali sayarsa ilk soktan bagimsiz olarak likidite (zerinde
dogrusal olmayan baski olusur. Danielsson, Macrae ve Uthemann
(2022) ortak davranig ve model bagimliliklarina, Svetlova (2022)
etik ve yonetisim sorunlarinin sistemik boyutuna dikkat ¢eker.

Hiz tek basina risk degildir; hiz ile korelasyon
birlestiginde sok yayilma kapasitesi artar. Bu ylizden iki soru
birlikte sorulmalidir: yapay zeka bireysel karar kalitesini artirir
mi, ve yayginlasmasi kurumlar aras1 davranis cesitliligini artirir
mi1 yoksa azaltir m1? Ilkine olumlu yanit ikincisinin de olumlu
olacagini garanti etmez. Agiklanabilirlik de bu noktada
belirleyicidir: LLM’nin gerekge iiretebilmesi kararin gercekten
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aciklanabilir oldugunu géstermez (Chen vd., 2023; Cernevigiené
ve KabaSinskas, 2024; Weber, Carl ve Hinz, 2024; Klein ve
Walther, 2024; Issa vd., 2025). Bu boliimde agiklanabilirlik etik
bir ilkeden c¢ok, sistemik riskin kaynagimi tespit edebilme
kapasitesi olarak incelenir.

3. TOKENIZASYONUN FINANSAL PiYASA
ALTYAPISINI DONUSTURMESI VE
LITERATURDEKI YERI

Tokenizasyon, varligin kendisi ile islem kurallarinin ayni
dijital nesnede birlegsmesine izin veren bir mimaridir. IMF’nin
2026 g¢alismas1 miilkiyet ve transferin programlanabilir defterde
dogrudan temsil edildigini; akilli sozlesmelerle teslimat-karsilig
Odeme, teminat cagrist ve kupon O6demesinin
otomatiklestirilebildigini  aciklar (Adrian, 2026). Piyasa
geleneksel piyasalarin yaninda kiicliktiir: ECB’ye gore Uste
aciklanmak iizere tokenize varliklar 2024 basindaki yaklasik 7,4
milyar avrodan Subat 2026°da yaklasik 38 milyar avroya ¢ikmis,
2025 sonundaki yaklasik 241 trilyon avroluk geleneksel varlik
stokunun yaninda hala kiiclik kalmis, ancak tahvil ve para
piyasast fonlarinda kullanim genislemistir (ECB, 2026a).
Dolayisiyla bugiinkii mutlak biiytikliik ile gelecekteki mimari
Oonem ayristirilmalidir.

Ekonomik vaat; kisalan ihra¢ ve uzlasma, pargali temsille
erisim, 0deme-teminat-uyum arasindaki otomatik baglant1 ve
tiriinlerin ayn1 programlanabilir ortamda birlesmesidir. Bunun
gerceklesmesi ikincil piyasa likiditesine, birlikte ¢alisabilirlige,
hukuki kesinlige ve giivenli uzlasma varligina baglidir (Banu vd.,
2026). Likidite ve vade uyumsuzlugu, kaldirag, baglantililik ve
operasyonel kirillganlik tokenizasyon ortaminda da siirer.
Tokenize para piyasasi fonlarinda hizli uzlasma ve 7/24 erisim
verimlilik saglayabilir; token’larin teminat olarak kullanimi ise
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stres doneminde satig ve teminat ¢agrilarini hizlandirabilir (Born
vd., 2026). Kural islemin i¢ine kodlandiginda insan hatasi
azalabilir, ancak hatali kod, oracle veya siber saldir1 otomatik
yayilabilir; akilli s6zlesme giivenligi, test edilebilirlik ve acil
durdurma mekanizmasi sistemik risk yoOnetiminin pargasina
dontsiir. Belkhiria, Abid ve Khiari (2026) tokenize tahvil
orneginde islem maliyeti ve ¢evresel etkiye iligkin ampirik kanit
sunar; faydalar piyasanin her katmaninda ayni biiyiikliikte ortaya
c¢ikmaz. 7/24 islem de zaman boyutunu giiclendirir: kapanis
saatleri ve uzlagma pencereleri geleneksel piyasalarda sok
yayilmasini erteler, slirekli piyasada bu tamponlar zayiflar ve
stres doneminde teminat cagrilari, tasfiyeler ve yeniden
dengeleme ayni araliga sikigabilir.

IMF (2026¢), baz1 saklama, takas, teminat ve raporlama
islevlerinin koda devredilebilecegini, hukuki kesinlik, yonetisim
ve hesap verebilirlik gerektiren islevlerin ise kurumsal kalacagini,
yani ortaya ¢ikacak yapinin hibrit oldugunu savunur. Chiu vd.
(2026) ile Davé, Donmez ve Gkatzimas (2026) tokenizasyonu
teknik yenilikten ¢ok kurumsal finansal islevlerin yeniden
orgiitlenmesi olarak degerlendirir. Tablo 1, tokenizasyonun
kullanim alanlarii ve sistemik risk baglantilarini 6zetler.

Tablo 1. Tokenizasyonun Temel Kullammm Alanlar: ve Sistemik
Risk Baglantilar: (2026)

Kullanim alam

Tokenize tahvil

Tokenize para
piyasasi fonu

Tokenize teminat

Tokenize
mevduat/para

Akilh sozlesmeli
finans

Verimlilik kanali

Daha hizli
ihrag/uzlagsma

Hizli transfer, 7/24
erisim
Programlanabilir
margin

Programlanabilir
6deme

Otomatik uyum ve
islem

Yeni risk kanal
Ikincil piyasa likiditesi
Likidite uyumsuzlugu,

teminat zinciri

Eszamanli satis, pro-
dongusellik

Likidite kagis1,
baglantililik

Kod hatasi, oracle ve
yonetisim riski
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izlenmesi gereken
gosterge

Yayilma, islem hacmi,
piyasa derinligi

Ceza, teminat
kullanimu, likidite

Teminat ¢agrilari,
zorunlu satiglar

Akislar, rezerv
kompozisyonu

Olaylar, ylkseltmeler,
duraklatma
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Mevcut literatiir i¢ kiimede gelismistir. Yapay zeka-
finans aragtirmalari tahmin, portfoy, kredi ve risk kararlarina
(Bahoo vd., 2024; Cao ve Zhai, 2022; Kadam vd., 2026),
tokenizasyon ve dagitik defter arastirmalar1 ihrag, uzlasma,
likidite ve teminata (Adrian, 2026; Agur ve Copestake, 2025;
Chiu vd., 2026), sistemik risk literatiirii kaldirag, baglantililik ve
kurumlar aras1 korelasyona odaklanir (Danielsson, Macrae ve
Uthemann, 2022; Hansen ve Lee, 2025; Li, 2026). Makine
ogrenmesinin yontemsel giicli Gu vd. (2020), Bianchi vd. (2021),
Drobetz ve Otto (2021) ve Bagnara (2024) tarafindan, mikro
yapidaki degisim Easley vd. (2021) tarafindan ele alinir. FinTech
yazini teknolojinin etkisinin tek yonlii olmadigini, kurumsal
kosullara bagl oldugunu gosterir (Thakor, 2020; Stulz, 2022;
Claessens vd., 2024; loannou, Wojcik ve Urban, 2024; Safiullah
ve Paramati, 2022). Bu baglamda arastirma boslugu sudur: yapay
zeka karar mimarisini, tokenizasyon islem ve uzlasma mimarisini
doniistiiriirken iki doniisiimiin ortak etkisinin piyasa likiditesi
tizerinden sistemik riske nasil c¢evrildigi biitiinlesik bigcimde
modellenmemistir. Boliimiin 6zgtinligii “ilk ¢aligma” iddiasinda
degil, karar korelasyonu, islem/teminat eszamanlilig1 ve tokenize
altyap1 bagimliligin1 ayni nedensel zincirde birlestirmesindedir.
Risk etkisi de dogrusal olmayabilir ve esik etkileri icerebilir.

4. AJAN-LIKIDITE-TOKEN CERCEVESI

Cerceve dort katmanlhidir: veri ajanin algi alanim
olusturur; ajan veriyi sinyale ve karara doniistiiriir; karar emir
akisina, fiyat degisimine ve likidite kosullarina doniisiir; token
altyapisi teminat, 6deme, transfer ve uzlagsmay1 programlanabilir
bicimde ydritiir. Sistemik risk burada sok-sonug iliskisi degil,
geri beslemeli bir dongiidiir: fiyat diisiisii tokenize teminatin
degerini azaltir, akilli s6zlesme teminat ¢agrisi baslatir, cagr1 yeni
satig emirleri {iretir, ajanlar bu satislar1 ek risk sinyali olarak
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algilar ve dongii giiclenir. Mekanizma klasik kaldira¢ ve likidite
kanallarim1 ortadan kaldirmaz; onlar1 daha hizli ve otomatik bir
altyapiyla birbirine baglar.

Cerceve sistemik riskin “kurum art1 ag art1 kod” tg¢listyle
izlenmesini  Onerir: kurum dlzeyinde sermaye, likidite ve
kaldirag; ag diizeyinde ortak veri, model ve platform
bagimliliklari; kod diizeyinde sozlesme mantigi, giincelleme
yetkileri, oracle bagimliliklari ve acil durdurma islevleri. Sekil 2
bu mantifi Ozetler; oklar oOlgiilmiis nedensel etkileri degil,
arastirilabilir mekanizmalari gosterir. Ayni1 yonde karar vermek
(korelasyon) ile kararlarin ayni anda uygulanmasi (eszamanlilik)
birlikte yiiksek oldugunda risk biiyiir. Model ¢esitliligi ise model
sayistyla degil, karar korelasyonundaki gergcek farklilasmayla
olculmelidir.

Sekil 2. Ajan—Likidite-Token Cercevesi

Al Ajanlar Piyasa Mikro Yamsi Token Altyapisi
veri — sinyal — karar emirler — likidite — fivat programlanabilir islem

Sistemnik Sonug
korelasyon + egzamanhihk

Riskin temel mekanizmasi: karar stiresinin kisalmasa +
ortak model/teminat/altyap: bagimhhginin artmasy

Cercevenin bes mekanizmasi vardir. Birincisi model
korelasyonudur: benzer veri, model ve hedef bagimsiz goriinen
kararlar1 ortak sinyalin farkli uygulamalarina doniistiiriir. ikincisi
likidite eszamanliligidir: ayn1 anda verilen risk azaltici emirler
piyasa derinligine baski yapar. Ugiinciisii tokenize teminattir:
deger diislince akilli sozlesme ek teminat ¢agrisi yapar, yetersizse
otomatik  tasfiye gerceklesir. Dordiinciisti altyapi
yogunlagmasidir:  kurumsal ¢esitlilik teknolojik  ¢esitlilik

109



Finans Alanminda Giincel Konular ve Akademik Degerlendirmeler

anlamina gelmez. Stulz (2022), Thakor (2020) ve Safiullah ve
Paramati (2022) FinTech ve BigTech iliskilerinin bankacilik
yapisint doniistiirdiiglinii  gosterirken boliim ayni1 tartismayi
sistemik  teknoloji  bagimhiligma  genisletir.  Besincisi
aciklanabilirlik ve denetim izidir: stres olayinda diizenleyicinin
“hangi model, veri, esik ve otomatik kural bu islemi tetikledi?”
sorusunu yanitlayabilmesi gerekir; Batool, Zowghi ve Bano
(2025), Issa vd. (2025) ve Weber, Carl ve Hinz (2024) yonetisim
ve agiklanabilirligin 6nemini vurgular. Tablo 2 boélumun temel
katkisin1 mekanizmalar {izerinden dzetler.

Tablo 2. Boliimiin Temel Katkisi

Risk kanali Al tarafindaki Token/piyasa Olasi
tetikleyici tarafindaki sistemik
aktarim sonug
Model Ortak Benzer emir Korelasyon
korelasyonu model/veri/hedef yoni ve volatilite
artis1
Likidite Ayni anda risk Emir Fiyat-likidite
eszamanlihgi azaltma yogunlugu, geri
ayllmanin beslemesi
geniglemesi
Programlanabilir Risk skorunun Otomatik Teminat satig
teminat hizli teminat sarmalt
glncellenmesi cagrisi/tasfiye
Altyapi Ortak Tek diigiimde Capraz
yogunlasmasi model/bulut/veri operasyonel kurum
bagimliligi kesinti bulagmasi
7/24 islem Surekli sinyal Piyasa kapanis | Sok yayilma
Uretimi tamponunun hizinin
kalkmasi artmasi
Aciklanabilirlik Karar Otomatik Kriz
agig1 gerekgesinin islemin yonetiminde
izlenememesi kaynagimin gecikme
belirsizligi

Risk bu nedenle teknolojinin tek basina tasidigi bir 6zellik
degil, karar ile islemin baglanma bi¢iminden dogar. Sekil 3,
otonom ajanlarin ve tokenize altyapilarin riskinin tek noktada
degil, birbirine baglh katmanlarda biriktigini gdsterir: ajan
katman1 model korelasyonu ve ortak sinyal riskiyle, piyasa mikro
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yapist katmanit yayilma ve derinlik gibi erken uyarn
degiskenleriyle, token altyapist katmani kod ve otomatik margin
cagrist kaynakli operasyonel riskle, yoOnetisim katmani ise
gecikmis miidahale ve saydamlik sorunlariyla 6ne ¢ikar. Sonucta
bulagma, geri besleme dongiisii, volatilite ve zorunlu satislar
CoVaR, SRISK ve ag merkeziligi gibi gostergelerde goriiniir hale
gelir.

Sekil 3. Ajan-Likidite-Token Mekanizmasimin Katmanlar

vERI I‘IYA:\/\
Haber = fiyat » | Algila . taliin _—e MIKROYAPISI
bilango = metin et — karar ver Emir . likicite .

fiyeant

/

KORELASYOMN ESEAMAMNLILIK
Cartak model £ —. Hizh emir = |
ortak veri hizl teminat

SISTEMIK SOMNUG
Likidite goku =
bBulagima =
geri besleme

5. FINANSAL ISTIKRAR ACISINDAN
VERIMLILIiK-KIRILGANLIK DENGESI

Otonom ve tokenize finansin istikrar etkisi iki karsit
mekanizmanin birlikte ¢alismast nedeniyle belirsizdir. Normal
kosullarda hiz faydalidir: ECB, tokenizasyonun islem
verimliligini ve biitiinlesmis bir Avrupa dijital sermaye piyasasini
destekleyebilecegini, ancak ikincil piyasa likiditesinin hala sinirh
oldugunu belirtir (ECB, 2026b). Stres kosullarinda ise
gecikmenin sagladigi istemsiz tampon ¢oziiliir; IMF’ nin 2026
degerlendirmesine gore siireclerin dakikalar veya saniyeler i¢inde
tamamlanmasi siirtlinmeyi azaltirken likidite ihtiyacinin gergek
zamanli ortaya ¢ikmasina, teminat cagrilarinin
otomatiklesmesine ve basarisizliklarin kurumlar tepki vermeden
yayilmasina yol acabilir (IMF, 2026d). “7/24 likidite” ile “7/24
derin likidite” ayn1 anlama gelmez; gece veya hafta sonu likiditesi
inceyse eszamanli otomatik emirler fiyat etkisini buyuttr. Siber
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risk de bu mimarinin pargasidir: IMF’ye gore yapay zeka
kaynakli siber riskin sistemik boyutu saldirilarin yeniliginden ¢cok
ortak altyapilarin Olgek etkisinden dogar (IMF, 2026d).
Dolayisiyla iliski dogrusal degildir; aymi 6zellik diisiik
kullanimda net fayda yaratirken belirli bir yayginlik esiginden
sonra ortak bagimlilik ve korelasyon nedeniyle risk artiric1 hale
gelebilir. Fu ve Mishra (2021) FinTech benimsemesinin kriz
kosullarinda hizlandigini, Ioannou, Wojcik ve Urban (2024)
FinTech-finansal istikrar iligkisinin kurumsal baglama duyarli
oldugunu gosterir.

Bankacilikta yapay zekd risk Ol¢limii ve sermaye
kullanimini iyilestirebilir: Baffour Gyau vd. (2024) banka
performansma, Alonso-Robisco ve Carbé (2022) kredi
portfoylerinde sermaye verimliligine isaret eder. Ancak benzer
modellerin ayni1 anda genis 6lgekte kullanilmasi bankalarin ayni
sokta ayn1 yonde kredi kosullarini sikilagtirmasina yol agabilir;
mikro diizeyde daha iyi risk yonetimi makro diizeyde kredi pro-
dongiiselligini artirabilir (Danielsson, Macrae ve Uthemann,
2022). Tokenize tahvil, para piyasast fonu ve teminat
senaryolarinda da benzer bir ikilik vardir: token’in 24 saat islem
gormesi temel varligin ayni hizda nakde doniisebilecegi anlamina
gelmez, bu ylizden token likiditesi ile temel varlik likiditesi ayr1
Olgiilmelidir. Sekil 4, ajan-likidite etkilesiminin baslica risk
yogunluklarini normal ve stres donemi i¢in kavramsal olarak
karsilastirir.

Sekil 4. Ajan—-Token Etkilesimi

T —

Not: Degerler kavramsal risk yogunlugunu gostermektedir; ampirik risk skoru
degildir.
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Sekil 5, ortak sinyalle baslayan, eszamanli emir, likidite
daralmasi ve teminat/margin c¢agrisi ilizerinden zorunlu satisa
ulasan, oradan yeniden ortak sinyale donen kendini besleyen
sarmalt gosterir. Hizlanan karar ve otomatik teminat
mekanizmasi soku fiyatlamadan likiditeye ve teminata tastyarak
manuel miidahale veya devre kesiciler gibi geleneksel araclarin
devreye girme firsatini daraltir. Bu nedenle sistemik risk yalnizca
sokun biiyiikliigiinden degil, otomatik mekanizmalarla yayilma
hizindan kaynaklanir ve denetleyiciler “devre kesici” ve
“gecikmeli teminat” gibi makro ihtiyati araglara odaklanmalidir.

Sekil 5. Otonom ve Tokenize Finans Altinda Sistemik Geri
Besleme Dongusu

Hizlanan karar ve otomatik teminat mekanizmas, goku
fivatlamadan likiditeye ve teminata tagivabiliv.

Not: Sekil kavramsal geri besleme mekanizmasini gosterir; oklar ampirik
katsayilar1 temsil etmez.

6. TEST EDILEBILIR ONERMELER VE
GELECEKTEKI AMPIiRIK ARASTIRMA
GUNDEMI

Boliim kavramsal olmakla birlikte mekanizmalarin
ampirik olarak sinanabilir olmasini1 da saglar. Birinci Onerme,
yapay zekd yogunlugu ile sistemik risk arasindaki iliskinin
dogrusal olmayabilecegidir; karesel terim veya esik regresyonu,
bagimli degisken olarak CoVaR, SRISK, expected shortfall,
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likidite ac1g1 veya ag merkeziligi kullamilabilir. Ikinci énerme
model cesitliliginin riski diisiirebilecegidir; cesitlilik algoritma
sayistyla degil karar korelasyonu, pozisyon benzerligi ve stres
donemindeki ortak tepkiyle o6lciilmelidir. Uglincli 6nerme
tokenize teminat yogunlugu ile yapay zeka kaynakli karar
korelasyonunun etkileserek sistemik likidite riskini artiracagidir:
Risk = 1 Al + B2 Token + B3 (AlxToken) + kontroller. Pozitif ve
anlaml s, iki teknolojinin etkilesimli risk kaynaklari oldugunu
destekler. Doérdiincii Onerme aciklanabilirlik ve
denetlenebilirligin bagimsiz bir degisken olarak incelenmesidir;
denetim izi biitiinligli, model versiyonlamasi, insan gecersiz
kilma kapasitesi ve olay raporlama gosterge olabilir. Besinci
onerme 7/24 tokenize piyasalarin sok yayilma hizini
artirabilecegidir; olay incelemesi, yiiksek frekanslhi yerel
projeksiyonlar veya Hawkes siirecleri uygundur. Onermelerin
Ozeti Tablo 3’te verilmistir.

Tablo 3. Onermeler

Onerme | Bagimsiz degisken Bagimh Olglim 6nerisi
degisken
H1 Al kullanim Piyasa Al yatirim, model
yogunlugu korelasyonu / | ¢agrilari, diizenleyici
likidite riski bildirimler
H2 Model gesitliligi Stres Karar sinyali
déneminde korelasyonunun tersi
ortak satis
H3 Tokenize teminat Yayilma, Teminat kullanim
yogunlugu x Al derinlik, orani ve yiiksek
korelasyonu volatilite frekansli emir verisi
H4 Denetim izi / Sok sonrasi Model kayitlart,
agiklanabilirlik toparlanma agiklama kalitesi,
mudahale siresi
H5 24/7 token islem Sok yayilma Dakika/saniye bazli
yogunlugu hiz1 olay caligmast

Testler i¢in lic veri katmam birlestirilmelidir: kurum
diizeyi (yapay zeka kullanimi, model tiirli, dis model saglayicisi,
yOnetisim kapasitesi), piyasa mikro yapisi (alig-satig farki, emir
dengesizligi, derinlik, volatilite, likidite geri doniis siiresi) ve
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tokenize finans verisi (piyasa degeri, islem hacmi, teminat
kullanimi, platform baglantilari, akilli sézlesme olaylar1). Merkez
bankas1 kararlari, banka stresleri veya kripto/finansal piyasa
soklari etrafinda olay ¢alismalar1 ve ag temelli modeller 6zellikle
onemlidir; tek bir “yapay zeka sistemik risk endeksi” yerine ¢oklu
gosterge yaklagimi 6l¢iim hatasini azaltir. Tablo 4, 6nermeler i¢in
Onerilen degisken mimarisini gosterir.

Tablo 4. Test Edilebilir Onermeler icin Onerilen Degisken

Mimarisi

Onerme Bagimsiz Etkilesim/esi | Bagimh Olasi

degisken k degisken | yontem
P1: Al Al kullanim A%/ esik CoVaR, FE, esik
yogunlugu — | yogunlugu SRISK, panel
sistemik risk ES
P2: Cesitlilik Model Karar Likidite Panel +
— daha diisiik | heterojenligi korelasyonu | riski ag
korelasyon
P3: Token Token teminat | AlxToken Likidite Etkilesi
teminati x AI | yogunlugu acig1 m
korelasyonu modeli
P4: Denetlenebilirl | Insan Stres Olay
Aciklanabilirli | ik / XAl midahalesi kaybi / analizi /
k — toparlanm | stres
dayamklilhk a testi
P5: 24/7 — Siirekli islem Piyasa Sok HF olay
daha hizh Derinligi yayilma caligmas
bulasma suresi 1

7. DUZENLEME, YONETISIM VE FINANSAL
ISTIKRAR POLITIKASI

Otonom ve tokenize finansin diizenlenmesi yalnizca
teknoloji sirketlerini veya kripto piyasalarini hedeflememelidir;
risk geleneksel bankalar, varlik yoneticileri, takas kurumlari,
bulut ve temel model saglayicilar1 ile token platformlarinin
kesisiminde olusur. Bu nedenle islevsel ve risk-temelli yaklagim
teknolojinin etiketinden ¢ok yerine getirdigi finansal fonksiyonu
esas almalidir. Birinci alan model yonetisimidir: kurumlar
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modelleri performansin yaninda ortaklik ve bagimlilik agisindan
da izlemeli, diizenleyiciler model envanterleri, kritik t¢tinci taraf
bagimliliklari, model degisiklikleri ve stres testleri hakkinda
sistematik bilgi istemelidir. Ikinci alan akilli sdzlesme ve token
altyapisidir: s6zlesmeyi kimin giincelleyebildigi, hatali islemin
nasil durdurulacagi, oracle verisinin nasil dogrulandig1 ve yasal
nihai uzlagsmay1 kimin garanti ettigi agik olmalidir; IMF’nin 2026
yaklagimina gore kodun islevleri devralmasi yonetisim ihtiyacini
ortadan kaldirmaz, hukuki kesinligi ve hesap verebilirligi daha
onemli kilar (IMF, 2026a). Ugiincii alan likidite tamponlaridir:
tokenize teminat 7/24 kullanilabiliyorsa stresin yalnizca
geleneksel islem saatlerinde ortaya ¢ikacagr varsayimi
gecersizlesir; hafta sonu ve gece likiditesi, otomatik teminat
cagrilar1 ve stablecoin veya tokenize para piyasast fonu
baglantilar stres testine alinmalidir. Dérdiincii alan kritik tigiincii
taraf saglayicilarin denetlenmesidir; bir saglayicinin kesintisi cok
sayida kurumu ayn1 anda etkiliyorsa kurum bazli denetim yetersiz
kalir, bu nedenle toplu stres testleri, hizmet siirekliligi standartlari
ve olay bildirimleri gerekir (IMF, 2026e). Diizenleme ayrica
inovasyonu engellemeden given vermelidir: ECB, DLT
altyapisinin merkez bankas1 parasiyla gilivenli uzlagmaya
baglanmasin1 ve birlikte calisabilir bir Avrupa dijital finans
ekosistemini 6ne surer (ECB, 2026b).

Diizenleyici yaklagim tii¢ katmanli olmalidir: kurum
(sermaye, likidite, yonetisim), fonksiyon (kredi, piyasa yapiciligi,
teminat, ddeme) ve altyap1 (model saglayicisi, bulut, veri, token
ag1, akilli sézlesme). Insan gozetimi, model dogrulama, siiriim
takibi, wveri kalitesi, stres testi ve givenli durdurma
mekanizmalar1 temel araglardir; modeller yalnizca normal
donemde degil, likiditenin daraldigi donemlerde de test
edilmelidir. Hansen ve Lee (2025) iiretken yapay zekanin finansal
istikrar agisindan davramigsal ve piyasa temelli sonuglarini, Li
(2026) etik ve sistemik riskleri biiyiitebilecek mekanizmalari ele
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alir; bu literatiir model yonetisiminin istikrar politikasinin pargasi
olmasi gerektigini destekler. Token platformlar: finansal piyasa
altyapist islevi bakimindan degerlendirilmeli, ayni token’in
birden fazla teminat zincirinde kullanimi izlenebilir olmalidir.
Konuyla ilgili 2026 politika eksenleri Tablo 5’te 6zetlenmistir.

Tablo 5. 2026 Politika Giindeminde One Cikan Diizenleyici

Eksenler
Kurum/cergeve | 2026 odag Finansal Bolumdeki
istikrar karsihg
baglantisi
IMF — Tokenize | Programlanabilir Hiz ve Token katman
finans finans, gtivenli yogunlagsma
uzlasma, kod riskleri
yonetisimi
ECB - Digital DLT, merkez Likidite ve Piyasa mikro
sermaye bankasi parasiyla entegrasyon | yapist
piyasasi uzlagma, ikincil
likidite
IMF - Al & Ortak Al/cloud Teknoloji Ag katmani
siber risk bagimliliklar soku ve
bulasma
IMF - FMI Hibrit teknoloji- Hukuki FMI/y6netisim
evrimi kurum modeli kesinlik ve
yOnetisim
Makro ihtiyati Sistem ¢apinda Korelasyon Sistemik
yaklagim stres testleri ve ortak izleme
bagimlilik

8. BOLUMUN LITERATURE KATKISI,
SINIRLILIKLAR VE SONUC

Boliimiin katkis1 bes baslikta toplanir. Ilki kavramsaldur:
yapay zeka-finans ve tokenizasyon-finans literatiirlerinde ayri
gelisen iki teknoloji, “karar motoru” ve “programlanabilir islem
motoru” olarak aymi sistemik risk zincirine baglanmis, etki
teknolojilerin tek tek 6zelliklerinden ¢ok aralarindaki etkilesim
lizerinden tanimlanmistir. ikincisi sistemik risk perspektifidir:
model korelasyonu, likidite eszamanliligi, tokenize teminat ve
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altyapt yogunlagsmasit ayni mekanizmada ele alinmis, O6l¢iim
birimi kurumdan aga ve koda genisletilmistir. Uciinciisii
verimlilik ile istikrar iligkisinin kosullu oldugunu acikc¢a ileri
siirmesidir; etki dogrusal olmayabilir ve kullanim yogunlugu
veya korelasyon esiklerinden sonra degisebilir. Dordiinciisii
Olctimsel katkidir: model kullanim yogunlugu, karar korelasyonu,
tokenize teminat yogunlugu, kritik altyapir saglayicisi
yogunlagmasi ve stres doneminde islem hizlanmasi olmak {izere
bes gosterge grubu Onerilmis, aciklanabilirlik finansal istikrarin
operasyonel gostergesi olarak yeniden konumlandirilmistir.
Besincisi diizenleyici niteliktedir: kurum bazli gézetimin yaninda
ortak model, veri, bulut ve token altyapr aglarinin izlenmesi
Onerilmis, kavramsal tartisma Olgiilebilir hipotezlerle ampirik
makalelere baglanmistir. Yenilik iddias1 “daha ©nce hig
incelenmemis konu” degil, daginik literatiiriin tek nedensel
zincirde birlestirilmesi ve bu zincirin hangi verilerle
sianabileceginin gosterilmesidir.

Siirliliklar da vardir. Calisma yeni bir mikro veriyle
nedensel tahmin yapmaz; mekanizmalar literatiirden tiiretilmis
sinanabilir 6nermelerdir. Yapay zekd kullannmini dogrudan
olcmek zordur, clnki raporlarda *“yapay zeka” ifadesinin
gecmesi ger¢ek kullanimi garanti etmez. LLM slrimd, istem ve
kullanim tarihi raporlanmadiginda tekrarlanabilirlik sinirl kalir.
Tokenize piyasalar erken asamadadir ve izinli ag verilerinin
onemli bolimi kamuya acik degildir. Sistemik risk c¢ok
boyutludur; tek bir bilesik endeks 6l¢liim hatas1 yaratabilir.

Sonug olarak asil doniisiim finansin daha dijital olmasi
degil, kararla islemin daha kisa bir aralikla baglanmasi, islemle
teminatin programlanabilir hale gelmesi ve ¢ok sayida aktoriin
ortak dijital altyapilara baglanmasidir. Bu siirecler diisiik
korelasyonla calisirsa verimlilik ve dayaniklilik birlikte artabilir;
ortak model, teminat ve altyap1 nedeniyle korelasyon yiikselirse
ayn1 mimari kirilganligi biiyiitiir. Bu nedenle “kontrollii otonomi”
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ve “dayanikli programlanabilir finans” benimsenmeli; risk
limitleri, denetim izi, model dogrulama ve durdurma
mekanizmalar1 ~ korunmalidir.  Tokenize finans yalnizca
varliklarin blokzincirde temsili degil, piyasa altyapisinin yeniden
tasarimi  olarak degerlendirilmelidir. Basari, teknolojinin
yayilmasini engellemekte degil, dlgeklenme asamasindaki ortak
riskleri erken tespit etmektedir. “Ajan-likidite—token” cercevesi
bu nedenle bir siniflandirmadan ¢ok, finansal ekonomi, ag bilimi,
veri bilimi ve duzenleyici calismalarin kesisiminde test
edilebilecek bir aragtirma mimarisidir.
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FIRMALARIN ESG PERFORMANSINI
SEKILLENDIREN ULKE DUZEYINDEKI
KURUMSAL FAKTORLER: KAVRAMSAL BiR
DEGERLENDIRME!

Ece OZMEN?
Ilhan CAM3

1. GIRIS

Gilinlimiliz diinyasinda artan iklim riskleri, farklilasan
toplumsal ve iktisadi kirilganliklar ve degisen toplum beklentileri
firmalarin deger algisini belirgin sekilde degistirmistir. Ekonomik
rasyonellige dayanan klasik kar maksimizasyonu anlayist
doniisen pazar dinamikleri karsisinda sorgulanir hale gelmis,
yerini ¢evreyi gozeten kurumsal yonetisim anlayigina birakmustir.
Bu doniigiim siireci stirdiiriilebilirlik olgusunu imaj yonetimi ve
goniilliiliik esasina dayali bir tercih olmaktan ¢ikarmig firmalarin
olusabilecek risklere karst dayanikliligini arttiran ve firmalarin
pazardaki kalicih@imi pekistiren stratejik bir gereklilik haline
gelmistir. S6z konusu baglamda Wang ve Kong (2016), yiiksek
stirdiiriilebilirlik performansina sahip isletmelerin piyasadaki
belirsizlik ve dalgalanmalara karsi daha giiglii bir direng ve uyum
kabiliyeti sergiledigini; bu durumun firmalar1 paydaslar nezdinde
daha cazip kilmanin yani sira finansal getirilerini de pozitif yonde

1 Bu cahisma, Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK)
tarafindan 225K999 numarali proje ile desteklenmistir. Projeye verdigi destekten
otiirii TUBITAK ’a tesekkiirlerimizi sunariz.

2 Lisans Oprencisi, Gebze Teknik Universitesi, Isletme Boliimii, ORCID: 0009-
0009-7154-0892.

3 Dog. Dr., Gebze Teknik Universitesi, Isletme Boliimi, ORCID: 0000-0002-3076-
0639
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destekledigini ileri slirmektedir. Siirdiriilebilirlik odakli
kurumsal uyum siirecinde g¢evresel, sosyal ve yonetisim (ESG)
yaklagimi firmalarin stirdiirtilebilirlik performansini
degerlendirirken Onem kazanmaktadir. ESG yaklasimi;
isletmelerin c¢evresel, sosyal ve yonetisimsel boyutlardaki
uygulamalarin1  entegre bir bicimde inceleme imkani
sunmaktadir. Biitiinciil bir analitik ¢erceve ¢izen ESG kavramu;
isletmelerin ve sermaye piyasasi aktorlerinin siirdiiriilebilirlik
eksenli risk ve firsatlar stratejik iy modellerine, sermaye tahsis
streclerine ve yonetsel karar alma mekanizmalarina ne diizeyde
dahil ettigini yansitmaktadir (Gillan vd., 2021).

ESG yaklasim kiiresel diizeyde kabul gérmesine ragmen
firmalar aras1 Onemli farkliliklar olusturabilmektedir. Bu
farkliliklarin agiklanmasinda firma biiyiikliigii, yonetim anlayist,
yonetim stratejileri gibi firma duzeyindeki faktorler etkili
olabilmektedir. Ancak firmalarin stirdiiriilebilirlik
uygulamalarin1 yalnizca firma diizeyi ozelliklerle agiklamak
yeterli olmayabilir. ESG uygulamalarindaki farkliliklarin
gerekgelendirmek  i¢in  firmalarin  faaliyet  gosterdikleri
cevreninde dikkate alinmasi gerekmektedir. loannou ve Serafeim
(2012); mevcut kurumsal sosyal performans derecelendirme ve
stralamalariin, ilgili performans diizeylerinin yalnizca firma ve
sektor dinamikleriyle sinirhh kalmayip ulusal diizeyde de kayda
deger bir farklilasma gOsterdigini ortaya koydugunu
belirtmektedir. Nitekim ilgili yazinda Ortas vd. (2015); ayrisan
kurumsal yapilara sahip lilkelerde faaliyet gosteren isletmelerin,
BM Kiiresel Ilkeler Sézlesmesi’nin (UNGC) ayni prensiplerine
ortak taahhiit vermeleri durumunda dahi, ESG performansinda
firma diizeyinde farkli Oncelikler benimsedigini ortaya
koymaktadir.

Boliimiin temel amaci firmalarin ESG performanslarin
sekillendiren faktorleri yalmizca firma i¢i belirleyicilerle
siirlandirmayip {iilkelerin kurumsal yapilarmi ve ¢evresel
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dinamiklerini de dikkate alarak tartismaktir. Bu kapsamda
faaliyet gosterilen iilkenin diizenleyici ve yasal yapisi, kurumsal
kalitesi, yonetisim yapisi, ulusal kiiltiirii, normatif baskilar ile
sirdiiriilebilirlik ~ diizenlemeleri ve raporlama standartlar
incelenecektir. Bunun yani sira s6z konusu unsurlarin yarattigi
normatif, bilissel ve diizenleyici baski mekanizmalarinin
firmalarin siirdiirtilebilirlik  tercihlerini nasil sekillendirdigi
tartigilacaktir.

Bolim genel olarak bes ana kisimdan olugmaktadir.
Girisin ardindan ilk kisimda ESG ve ESG performansi kavrami
incelenecektir. Uciinci kisimda kurumsal teoriye ve iilke
diizeyindeki kurumsal ¢evre dinamiklerine odaklanilmaktadir.
Takip eden kisimlarda firmalarin ESG performansini
sekillendiren {ilke diizeyindeki faktorler sirasiyla; diizenleyici
kurumlar ile yasal cerceve, kurumsal kalite ve yonetisim
kapasitesi, ulusal kiiltiir ve normatif baskilar ile siirdiiriilebilirlik
diizenlemeleri, raporlama standartlar1 ve piyasa dinamikleri
derinlemesine incelenmektedir. Besinci kisimda ise mevcut
literatiirdeki bosluklar dogrultusunda gelecekteki galismalar igin
oneriler degerlendirilerek bolim tamamlanmaktadir.

2. ESG PERFORMANSI KAVRAMI VE
FIRMALAR ACISINDAN ONEMIi

2.1. ESG Kavrami ve Temel Boyutlar:

Sirketlerin ¢evresel etkilerini, paydaslarla iligkilerini ve
yonetimsel seffafliklarini birlikte degerlendiren ESG anlayisi;
isletmelerin siirdiiriilebilirlik diizeyine ¢ok boyutlu bir bakis agisi
kazandirmaktadir. Literatiirde ESG kavramimin ortaya c¢ikisi,
Birlesmis Milletler Kiiresel Ilkeler Sozlesmesi (UN Global
Compact) tarafindan yayimlanan 2004 tarihli Who Cares Wins
raporuyla iligkilendirilmektedir. S6z konusu rapor, ESG
faktorlerinin yatirim kararlar1 ve finansal degerleme siireclerinde
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dikkate alimmasini tesvik eden Onemli bir cer¢eve ortaya
koymustur (UN Global Compact, 2004). ESG yaklasimi
firmalarin stratejik kararlarini dar kapsamli ve kisa vadeli finansal
getirilerin  Otesine tastyarak, uzun vadeli deger yaratma
potansiyellerini ve piyasadaki kabul gdrme zeminlerini
guclendirmeyi hedefler. Nitekim ilgili literatlirdeki calismalar,
isletmelerin  ESG  uygulamalarm1  benimsemesinde, bu
faaliyetlerin uzun doénemli finansal performans Uzerindeki
potansiyel olumlu c¢iktilarimin belirleyici bir rol oynadigini
gostermektedir (Eccles ve Serafeim, 2013; Wang ve Bansal,
2012). Ortaya konan bu cgergeve firmalarin siirdiiriilebilirlik
performansini ii¢ temel boyut araciligiyla stratejik karar alma
siirecine entegre eden bir yonetim anlayisi ortaya koymustur. S6z
konusu {i¢ temel boyut; cevresel, sosyal ve yoOnetisimsel
faktorleridir. Bu ¢ boyutun birlikte degerlendirilmesi, firmalarin
stirdiiriilebilirlik performansinin kapsamli ve ¢ok boyutlu analiz
edilmesine olanak tanir.

Cevresel boyut, firmalarin kurumsal faaliyetlerinin dogal
cevre lzerindeki dogrudan ve dolayli yansimalarimi
kapsamaktadir. Liu vd. (2022) ile Nguyen vd. (2022) kurumsal
cevresel performansi; sirketlerin emisyonlar1 azaltmasi, ¢evresel
inovasyonu kendi politika ve prosediirlerine entegre etmesi gibi
cevresel zorluklar1 ele alma bi¢imi olarak tanimlamaktadir. Bu
dogrultuda karbon ayak izi, kaynak ve enerji kullanimi, iklim
kriziyle miicadele gibi 6nemli bagliklar degerlendirilmektedir.
Firmalarin ¢evresel zararlar1 hafifletmeye yonelik gelistirdikleri
strdurdlebilirlik stratejileri ve uygulamalar bu boyutun temel
performans gostergeleri olarak o6ne ¢ikmaktadir. Liang ve
Renneboog (2017), sosyal boyutu; isletmelerin insan sermayesini
giiclendirme, is giivenligini saglama ve operasyonel zincirdeki
calisma standartlarini iyilestirme sorumluluklarinin &tesinde;
miisteri odakli {riin kalitesi, bilgi giivenligi ve paydas
etkilesimini de igeren stratejik bir cerceve olarak
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tanimlamaktadir. Kurumsal yonetisim boyutu, yonetimin ¢agdas
kurumsal yonetigim ilkeleri ile kurumsal davranis standartlarini
hayata gec¢irme kapasitesini yansitir. S0z konusu boyut;
hissedarlara uzun donemli deger yaratabilmek gayesiyle yonetim
kurulu ¢esitliligi, cinsiyete dayali iicret adaleti, is ahlaki ve
kurumsal seffaflik gibi stratejik parametreleri merkezine
almaktadir (Crespi ve Migliavacca, 2020). Bu dogrultuda ESG
yaklagimi; firmalarin yalnizca gevresel sorumluluklarini degil,
toplumsal paydaslarla kurdugu iligkileri ve kurumsal yonetisim
kalitesini de analiz eden kapsamli bir analitik c¢erceve
sunmaktadir.

2.2. Firma ESG Performansi

Kurumsal ESG performansi, firmalarin ¢cevresel, sosyal ve
yonetisim  boyutlarinda  benimsedigi faaliyetleri ve bu
faaliyetlerin somut sonuclarinin degerlendirilmesini ifade eder.
ESG performans; isletmelerin ¢evresel, sosyal ve yonetisimsel
alanlarda tirettigi kurumsal ¢iktilarin basta hissedarlar, ¢alisanlar
ve yerel topluluklar olmak iizere ¢esitli paydas beklentileri
ekseninde sistematik bigcimde oOlglimlenmesini ve analiz
edilmesini ifade eder (Orlitzky vd., 2017) . Bu nedenle ESG
performansi, firmalarin sirdiiriilebilirlik ~ konusundaki
yaklagimini ortaya koyan temel gostergelerden biri olarak one
cikmaktadir.

ESG performansi kurumsal risk yonetimi siiregleriyle
dogrudan iliskilidir. Giiniimiizde ESG uygulamalari, risk
yonetimi sireclerine entegre edilerek kurumsal ve marka
itibarinin korunmasinda kritik bir ara¢ haline gelmistir; bu
dogrultuda firmalarin siirdiriilebilir rekabet avantaji elde
etmelerine yonelik stratejik bir unsur olarak
degerlendirilmektedir (Jackson ve Apostolakou, 2010). ESG
alanlarindaki sorunlarin erken dénemde belirlenmesi firmalarin
karsilasabilecegi ¢esitli risklerin azaltilmasina katki saglayabilir.
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Risklerin erken tespiti olasi kayiplar1 engellerken ayn1 zamanda
firmanin uzun vadeli siirdiiriilebilirligine katki saglamaktadir.

Firmalarin ESG performansi, firma i¢i stratejik tercihler
ve yonetsel uygulamalarin yani sira faaliyet gosterilen kurumsal
cevrenin  Ozellikleriyle de sekillenebilmektedir. Benzer
ozelliklere sahip ve aynmi sektorde yer alan firmalarin ESG
performanslarinin  farkli olmasit s6z konusu performansin
yalnizca firma diizeyindeki faktorlerle agiklanamayacagini ortaya
koymaktadir. Bu baglamda firmalarin iginde bulunduklar
hukuki, sosyal, ekonomik ve kurumsal ¢evre belirleyici bir rol
ustlenmektedir. Cai vd. (2016), uluslararasi diizeyde firmalarin
ESG  derecelendirmelerindeki ~ farkhiliklarin firma  i¢i
dinamiklerden ziyade makro cevre faktorleriyle sekillendigini
ortaya koymaktadir. Buna gore firma diizeyindeki 6zellikler s6z
konusu ayrigmay1 acgiklamada yetersiz kalirken; ekonomik
gelismislik, ulusal kiiltiir ve kurumsal yap1 gibi iilke diizeyindeki
makro degiskenler isletmelerin ESG performansini belirleyen
temel itici giigler olarak 6ne ¢ikmaktadir. Bu dogrultuda ulusal
diizeydeki faktorler, firma ESG performansini degerlendirmede
onemli bir degisken olarak ©One ¢ikmaktadir. Bu baglamda
kurumsal teori, iilke diizeyindeki ¢evresel kosullarin firmalarin
ESG performansini nasil sekillendirebilecegini agiklayan 6nemli
bir teorik temel sunmaktadir.

3. KURUMSAL TEORIi

Kurumsal teori; firma davraniglarinin yalnizca igsel
faktorler ve ekonomik amaglar ile agiklanamayacagini, faaliyet
gosterilen kurumsal g¢evrenin olusturdugu norm ve beklentiler
dogrultusunda sekillendigini savunur. Brammer vd. (2012),
kurumsal cerceveyi bireyler ile organizasyonlarin kararlarini
sekillendiren, sinirlayan ve kolaylastiran bir sistem olarak ele
almaktadir. Bu baglamda kurumlar; yasal diizenlemeler gibi
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bicimsel unsurlar ile kiltiirel normlar ve ortak kabuller gibi gayri
resmi mekanizmalarin olusturdugu ¢ok boyutlu bir yapiy1 ifade
eder. Diger taraftan, s6z konusu kurumsal ¢evrede isletmelerin
yonetsel uygulamalari benimseme motivasyonlar1 zamanla
degismektedir. Kennedy ve Fiss (2009), uygulamalar1 erken
benimseyen orgutlerin verimlilik, gec benimseyenlerin ise
mesruiyet kaygisiyla hareket ettigini one siiren geleneksel iki
asamali1 agiklamanin, benimseme giidiileri arasindaki iligkiyi asir1
basitlestirdigini savunmaktadir. Bu ¢ergevede erken benimseme,
uygulamanin bir firsat olarak degerlendirilmesi ve ekonomik ve
sosyal kazanimlar elde etme istegiyle; ge¢ benimseme ise
uygulamay1 benimsememenin bir tehdit olarak algilanmasi ve
ekonomik ve sosyal kayiplardan kaginma istegiyle
iliskilendirilmektedir.

Kurumsal ¢evre, firmalarin mesruiyet arayisinda maruz
kaldig1 ¢ok boyutlu baski ve beklentilerin sekillendigi alani ifade
eder. Bu ¢evre igerisinde zorlayici, normatif ve taklitci baskilar
bulunmaktadir. Kurumsal teoriye gore zorlayici baskilar; devlet
veya diizenleyici otoriteler gibi kilit aktorlerin uyguladig: yasal
yaptirimlar, kurallar ve gayri resmi toplumsal beklentiler
araciligiyla oOrgiitsel davramiglar sekillendirir (DiMaggio ve
Powell, 1983). Normatif es bi¢imlilik, oOrgiitlerin mesleki
kuruluglar, egitim kurumlar1 ve profesyonel aglar tarafindan
gelistirilip mesrulastirilan standartlara ve ilkelere uyum saglama
stirecini ifade eder (DiMaggio ve Powell, 1983). Taklit¢i es
bicimlilik, cevresel belirsizliklerle karsilasan orgiitlerin bu
belirsizligi agmak amaciyla kendi sektorlerinde veya farkl
alanlarda basar1 elde etmis oncii kurumlarin pratiklerini 6rnek
alip taklit etmesi siirecini ifade eder (Beddewela ve Fairbrass,
2016). Bu ii¢ temel baski tiirii firmalarin stratejik kararlarini ve
kurumsal uygulamalari1  sekillendirmede belirleyici  rol
oynamaktadir.
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Kurumsal baskilarin ve beklentilerin niteligi, tilkelerin
sahip oldugu kurumsal yapilara bagli olarak degiskenlik gosterir.
Bu dogrultuda hukuki yapi, kurumsal kalite, yonetisim yetkinligi
ve toplumsal normlar llke diizeyindeki kurumsal ¢evrenin temel
unsurlart olarak degerlendirilebilir. Hukuki yapi firmalarin
uymak zorunda oldugu yasal sinirlar1 belirlerken, kurumsal kalite
ve yonetisim yetkinligi s6z konusu yasal sinirlarin uygulanma ve
yaptirim giiclinii belirler. Toplumsal normlar ise isletmelerin
uygulamalarina yonelik kabul goéren davramig kaliplarmi ve
beklenti diizeyini sekillendirmektedir.

Kurumsal c¢evrenin  firma faaliyetleri  Uzerindeki
belirleyici etkisi, firmalarin ESG pratiklerine de dogrudan
yansimaktadir.  Firmalarmm  surdirdlebilirlik  alanlarinda
gerceklestirdikleri stratejik uygulamalar, faaliyet gosterdikleri
kurumsal gevrenin olusturdugu beklentilerden
etkilenebilmektedir. Nitekim Cai vd. (2016), kurumsal sosyal
performans diizeyinin; kisi basina diisen gelirin yiiksek oldugu,
sivil ve siyasal haklarin giivence altina alindigi ve Kkiiltiirel
dokunun o&zerklik ile uyum degerleri etrafinda sekillendigi
kurumsal ckosistemlerde kayda deger Ol¢iide daha glcli
oldugunu gostermektedir. Benzer sekilde seffaflik, calisan
haklar1, hesap verilebilirlik ve kurumsal yonetim ilkelerine iliskin
beklentiler de firmalarin sosyal ve yonetisim boyutundaki
performans diizeyini sekillendirebilir.

Bu durum, firmalar aras1 ESG performans farkliliklarinin
yalnizca firma i¢i degiskenlerle indirgemenin yetersiz kalacagini
ortaya koymaktadir. Bu nedenle firmalarin ESG performansini
sekillendiren iilke diizeyindeki kurumsal faktorlerin ¢ok boyutlu
bir bakis agistyla incelenmesi gerekmektedir. Bu dogrultuda sz
konusu faktorler bir sonraki bolimde; dizenleyici kurumlar ve
yasal cerceve, kurumsal kalite ve yonetisim kapasitesi, ulusal
kiiltiir ve normatif baskilar ile siirdiiriilebilirlik diizenlemeleri ve
piyasa baskilari ¢ercevesinde degerlendirilecektir.
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4. FIRMALARIN ESG PERFORMANSINI
SEKILLENDIREN ULKE DUZEYINDEKI
KURUMSAL FAKTORLER

4.1. Duzenleyici Kurumlar ve Yasal Cerceve

Ulke diizeyindeki kurumsal faktorler icerisinde yer alan
diizenleyici kurumlar ve yasal c¢ergeve, firmalarin ESG
uygulamalarin1  bigimlendiren temel wunsurlar olarak one
cikmaktadir. Firmalarin faaliyet gosterdikleri iilkede mevcut olan
ESG alanindaki diizenlemeler, firmalarin uymakla yilikiimli
oldugu vyasal smirlart belirlemekte ve silirdiiriilebilirlik
uygulamalarindaki kabul edilebilir alt sinirlar1 belirlemektedir.
Bu nedenle yasal cerceve, firmalarin ESG uygulamalarinin
yalnizca igsel ve goniillii tercihler olmaktan c¢ikararak, yasal
yikiimliilikler ve uyulmasi gereken standartlar araciligiyla
sekillenmesini kaginilmaz hale getirmektedir. Chih vd. (2010),
2003-2005 doneminde 34 iilkedeki 520 finansal firmay:
inceledikleri c¢aligmalarinda, hukuki yaptirim giiciiniin daha
yiiksek oldugu iilkelerde finansal firmalarin kurumsal sosyal
sorumluluk faaliyetlerine daha fazla yoneldigini, hissedar
haklarinin daha giiclii oldugu iilkelerde ise bu faaliyetlere
katilimin daha diisiik oldugunu bulmustur. Bu bulgular, hukuki
yapinin farkli unsurlarimin siirdiiriilebilirlik faaliyetlerini farkl
diizeylerde ve yonlerde etkileyebilecegini gostermektedir.

Ozellikle cevresel ve  siirdiiriilebilirlik  odakli
diizenlemeler; firmalarin iiretim siiregleri, kaynak verimliligi, atik
yonetimi ve ¢gevresel raporlama uygulamalari iizerinde belirleyici
bir etkiye sahiptir. Kamu otoriteleri tarafindan yiiriirliige konan
yasal dizenlemeler ve kurumsal yiikiimliliikler, firmalarin
cevresel etkilerini azaltic1 ve dogal kaynaklara yonelik risklerini
hafifletici uygulamalar benimsemesinde 6nemli bir rol
oynamaktadir. Bu tiir yasal miidahaleler, c¢evresel
sorumluluklarin firmalarin is siireclerine entegre edilmesini
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zorunlu kilan belirleyici bir itici gii¢ niteligindedir. Nitekim Luo
vd. (2024), Avrupa iilkeleri ve ABD gibi gelismis piyasalardaki
siki ¢evresel diizenlemelerin, isletmelerin ESG verilerini
paydaslarina seffaf ve etkin bigimde iletmesini zorunlu kildiginz;
bu durumun da karsilikli giiveni pekistirerek paydas is birligini ve
destegini giiclendirdigini ortaya koymaktadir. S6z konusu
diizenleyici baskilarin kiiresel boyuttaki etkisine dikkat ceken
Khan vd. (2015) ise ev sahibi iilkelerdeki siki1 ¢evre mevzuatinin,
cok uluslu igletmeleri yasal uyumun yani sira yerel paydas ve
ortaklarla uyum iginde caligmaya mecbur biraktigini ortaya
koymaktadir.

Ne var ki yasal diizenlemelerin varligi tek basina
firmalarin davraniglarim1 sekillendirmede yeterli olmamaktadir.
S6z konusu diizenlemelerin uygulanmasi, denetlenmesi ve ihlal
durumunda cezai yaptirimlarin etkinligi kritik bir 6neme sahiptir.
Guclu  denetim  ve yaptinm yapisi, firmalarin  hukuki
yiikiimliiliiklere uyum konusundaki farkindaligini ve ciddiyetini
arttirabilir. Buna karsilik diizenlemelerin uygulama ve denetim
kapasitesinin yetersiz kaldigi durumlarda, firmalarin uyum
diizeyleri belirgin sekilde ayrisabilir. Bu nedenle duzenleyici
kurumlarin yaptirnm ve denetim giicii, yasal ¢ergevenin firmalar
tizerindeki etkinligini ortaya ¢ikaran belirleyici bir unsur olarak
degerlendirilebilir. Bu dogrultuda Campbell (2007), isletmelerin
kurumsal surddrulebilirlik ilkelerine uygun hareket etme
egiliminin; giiglii ve etkin yasal mekanizmalarin varliginda ve
bilhassa bu diizenlemelerin kamu, 6zel sektor ve sivil paydaslar
arasindaki kurumsal uzlas1 ve miizakere zemininde sekillendigi
durumlarda belirgin sekilde yiikseldigini ileri strmektedir.
Benzer sekilde Luo vd. (2024), baglayic1 yasal standartlarin
hakim oldugu kurumsal ¢evrelerde kamu otoritelerinin,
isletmelerin ¢evresel ve sosyal sorumluluklarina dair asgari
toplumsal beklentileri mevzuata entegre ettigini ve bu dogrultuda
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zorunlu siirdiiriilebilirlik raporlamasi gibi yaptirim giicii yiiksek
politikalar1 hayata gegirdigini belirtmektedir.

Bu dogrultuda diizenleyici kurumlar ve yasal g¢ergeve,
firmalarin ESG uygulamalarin1t sekillendiren 6nemli {ilke
diizeyindeki faktorlerden biridir. Buna karsin firmalarin ESG
uygulamalarin1 sekillendiren kurumsal c¢evre yalnizca yasal
diizenlemeler ile agiklanamaz. Ayni1 yasal diizenlemelerin farkli
tilkelerde farkli sonuglara yol agabilmesi; kurumsal kalite, hesap
verilebilirlik, yonetsel seffaflik ve yonetisim kapasitesi gibi
unsurlarin da dikkate alinmasini gerektirmektedir. Bu nedenle bir
sonraki bolimde kurumsal kalite ve yonetisim kapasitesinin firma
ESG uygulamalar tlizerindeki etkisi incelenecektir.

4.2. Kurumsal Kalite ve Yonetisim Kapasitesi

Ulke diizeyindeki kurumsal faktdrlerin firmalarm
cevresel, sosyal ve yonetisim (ESG) uygulamalar iizerindeki
etkisi, yalnizca yiiriirliikkteki yasal diizenlemelerle sinirlt degildir.
S6z konusu diizenlemelerin ne derece hayata ge¢irildigi ve kamu
kurumlarinin yonetsel yetkinligi, firmalarin siirdiiriilebilirlik
davraniglarini yonlendiren onemli degiskenler arasinda yer
almaktadir. Kurumsal kalite, genel itibariyla bir iilkedeki
kurumlarin kural koyma, bu kurallar1 uygulama ve denetleme
yetkinligini ifade etmektedir. Bu dogrultuda Wiig ve Kolstad
(2010), siyasi istikrarin yiiksek oldugu iilkelerdeki paydaslarin,
karar alma sureglerinde uzun vadeli surddrilebilirlik
uygulamalarini ve kurumsal ESG performansini daha fazla agirlik
verme egilimi gosterdigini One siirmektedir.

Kamu kurumlarmin kurumsal etkinligi ve ydnetsel
kapasitesi, yasal dizenlemelerin firmalar Uzerindeki etkisinin
belirlenmesinde énemli bir rol oynayabilmektedir. Duzenleyici
ve denetleyici kurumlarin teknik ve idari agidan yetkin bir
denetim altyapisina sahip olmasi siirdiiriilebilirlik odakli yasal
diizenlemelerin  uygulamasin1  ve  denetimini  dogrudan
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desteklemektedir.  Ozellikle cevresel normlara uyumun
denetlenmesi, ¢alisma kosularinin takibi ve kurumsal raporlama
gerekliliklerinin uygulanmasi, kamu kurumlarinin kurumsal
etkinligi ve yonetsel kapasitesiyle dogrudan baglantilidir.
Nitekim literatlirde kamu otoritelerinin bu yaptirim siireglerini
yalnizca bigimsel mevzuatla sinirli tutmayip; vergi, tesvik ve
harglar gibi mali araglarin (Nyquist, 2003) yan1 sira raporlama
yiikiimliiliikleri, faaliyet izinleri ve performans kisitlamalari
(Glachant  vd., 2002) aracihigiyla da isler kildig:
vurgulanmaktadir. Bu dogrultuda, yasal diizenlemeler agisindan
benzerlik gosteren iilkeler arasinda bile kamu kurumlarinin
uygulama ve denetim kapasitesindeki farkliliklar, firmalarin
kurumsal baskilara verdigi stratejik tepkilerin ve strdurdlebilirlik
uygulamalarinin  ayrismasina neden olabilmektedir. Bu
dogrultuda Valentine vd. (2006), kamu otoritelerinin kurumsal
sosyal sorumluluk ve surddrilebilirlik pratiklerini destekleyici
pasif bir konumdan ¢ikarak, ilgili tilkelerde baglayici nitelikteki
etik norm ve standartlarin tesisine liderlik etmesi gerektigini 6ne
stirmektedir.

Sonug olarak uUlkelerin yonetisim kapasitesi, firmalarin
ESG uygulamalarin1 yasal diizenlemelerin uygulanma ve
denetleme mekanizmasi Uzerinden sekillendirmektedir. Hukukun
ustiinliigii, seffaflik, hesap verebilirlik ve kamu kurumlarinin
kurumsal etkinligi, firmalarin karsilagtigi kurumsal beklentilerin
yaptirim giiclinii  arttirmakta ve siirdiiriilebilirlik ilkelerinin
kurumsal siireglere ne diizeyde entegre edildigini belirlemektedir.

4.3. Ulusal Kiiltiir, Normatif Baskilar ve Toplumsal
Beklentiler

Ulusal kiiltiir, firmalarin faaliyet gosterdikleri toplumsal
cevrede hangi eylemlerin kabul edilebilir veya beklenen
oldugunu belirleyen iilke diizeyindeki temel unsurlardan biridir.
Toplumsal degerler, inan¢ kaliplar1 ve sosyal davranis yapilari
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tilkeler arasinda degiskenlik gosterdiginden dolayr firmalardan
beklenen cevresel ve sosyal sorumluluklarin kapsami ve niteligi
de farklilagmaktadir. Bu nedenle firmalarin ESG uygulamalari
yalnizca yasal diizenlemeler ve kurumsal kalite ile
sinirlandirilmamali; faaliyet gosterilen toplumun normlari ve
deger yargilariyla birlikte ¢ok boyutlu bir bakis acisiyla
degerlendirilmelidir. Nitekim Brammer vd. (2012), s6z konusu
yapimin yalnizca yasa ve sektorel birlikler gibi resmi kurumsal
mekanizmalarla simirli kalmayip; toplumsal degerler, kiiltiirel
kabuller ve geleneksel normlar gibi gayri resmi kurumsal
unsurlarin da isletmeler iizerindeki belirleyici bir rol oynadigini
savunmaktadir.

Ulusal kdltirin firmalar Gzerindeki belirleyici etkisi,
toplumsal deger ve normlarin sekillendirdigi normatif baskilar
araciligiyla goriiniirliikk kazanmaktadir. Nitekim bir uygulamanin
toplum tarafindan uygun ve sorumlu bir davranig olarak kabul
gormesi,  firmalarin  stratejik  Onceliklerini  dogrudan
sekillendirmektedir. Ozellikle ¢evrenin korunmasi, ¢alisan
haklari, is saghigr ve kurumsal etik alanindaki toplumsal
duyarliligin artmasi firmalarin bu bagliklarda daha fazla
sorumluluk tistlenmesini saglamaktadir. S6z konusu normatif
baskilar, firmalarin ESG uygulamalarini toplumsal mesruiyet
kazanma ve pekistirmenin temel bir araci olarak gormelerine
zemin hazirlamaktadir. Bu dogrultuda Jamali ve Neville (2011),
yiikselen piyasalardaki sirketlerin formel yasal diizenlemelerden
ziyade normatif kurumsal baskilara karsi daha duyarl oldugunu;
orgiitsel mesruiyetlerini ise séz konusu toplumsal deger ve
beklentilere uyum saglayarak tesis ettiklerini ortaya koymaktadir.

Normatif baskilarin kapsami, ¢oklu paydas beklentileri ve
yonlendirmeleri dogrultusunda genislemektedir. Calisanlar,
tiketiciler ve yatirimcilar firmalarin ¢evresel ve sosyal
konulardaki uygulamalarini izleyerek bu eylemlerin toplumsal
mesruiyetini degerlendirmeye tabi tutmaktadir. Nitekim Helfaya
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vd. (2023), kurumsal kiiltiire basariyla entegre edilen
stirdirtilebilirlik temelli is stratejilerinin, isletmelerin farkli
paydas gruplarindan gelen ¢ok boyutlu talepleri karsilamasini
kolaylastirdigin1 vurgulamaktadir.

Sonug itibartyla wulusal kiiltiir, toplumsal degerler,
normatif baskilar ve paydas beklentileri firmalarin ESG
uygulamalarin1 sekillendiren {ilke diizeyindeki temel kurumsal
faktorler arasinda degerlendirilebilir. S6z konusu unsurlar,
firmalarin yalnizca yasal diizenlemelerle degil, toplumsal cevre
tarafindan kabul goren davranis kaliplarina ve paydas
beklentilerine uyum saglamaya yoneltmektedir.

4.4, Surdaradlebilirlik Dizenlemeleri, Raporlama
Standartlar ve Piyasa Baskilari

Strdiiriilebilirlik diizenlemeleri, raporlama standartlar1 ve
piyasa temelli baskilar, firmalarin ESG uygulamalarini
sekillendiren tilke diizeyindeki unsurlar arasinda
degerlendirilebilir. ~ Ulkelerin  siirdiiriilebilirlik ~ alaninda
belirledigi yasal ve diizenleyici standartlar, firmalarin ¢evresel ve
sosyal sorumluluk alanlarina iligkin belirli Olgiitlere uyum
saglamalarini gerektirebilmektedir. Nitekim giiclii bir diizenleyici
yapiya sahip kurumsal c¢evrelerde devletler, toplumun
firmalardan bekledigi temel c¢evresel ve sosyal sorumluluk
standartlarin1 kanunlastirarak kurumsal eylemleri baglayici hale
getirmekte; zorunlu Kurumsal Sosyal Sorumluluk ve ESG
bildirim  diizenlemeleriyle firmalar  {izerinde = dogrudan
diizenleyici baski olusturmaktadir (Luo vd., 2024).

ESG raporlamasi, firmalarin stirdiirtilebilirlik
performansimin seffaflasmasinda 6nemli bir rol oynamaktadir.
Firmalarin ESG alanlarindaki uygulamalarina iliskin kapsamli
veri sunmast paydaslarin firmanin siirdiiriilebilirlik performansini
rasyonel sekilde degerlendirilmesine olanak saglamaktadir.
Connelly vd. (2011), isletmelerin yonetim ile paydas gruplari
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arasindaki  bilgi asimetrisini  hafifletmek ve  Orgiitsel
mesruiyetlerini pekistirecek olumlu kurumsal sinyaller iletmek
amaciyla goniillii veya ilave veri bildirimlerine basvurdugunu
vurgulamaktadir. Ozellikle yatirimcilar agisindan ESG verilerinin
erisilebilir ve karsilastirilabilir nitelikte olmasi, yatirim
kararlarinda siirdiiriilebilirlik kriterlerinin yatirim analizlerine
entegre edilmesini kolaylastirabilir.

Standart raporlama cergeveleri, ESG agiklamalarinin
belirli bir disiplin ve seffaflik i¢inde hazirlanmasina katki
saglayabilir. Zaman vd.’nin (2022) gelismekte olan Asya
piyasalarina odaklanan ¢alismasinda ortaya koydugu iizere, kamu
otoritelerinin yiiriirliige koydugu diizenleyici reformlar ESG ile
ilgili kurumsal pratikleri doniistiiriicii etkiye sahip olmustur. Bu
baglamda Cin’de  Sanghay ve  Shenzhen  borsalari
stirdiiriilebilirlik raporlama ilkelerini glincelleyerek 2008 yili
itibariyla kote sirketler nezdinde ESG bildirimlerini zorunlu
kilmistir (Ioannou ve Serafeim, 2019).

Firmalarin ESG performansini sekillendiren bir diger
unsur ise piyasa baskilaridir. Sektorel dinamikler, ESG alanindaki
asgari standartlarin yayiliminda belirleyici bir rol tistlenmektedir;
zira isletmeler bu siiregte ya yasal diizenlemelerin dayattigi
zorlayict baskilara uyum saglamakta ya da sektordeki oOncii
rakiplerini model alarak sektor igi baskilara yanit vermektedir
(DiMaggio ve Powell, 1983). Dolayisiyla piyasa aktorlerinin
tirettigi bu baskilar firmalar1 yalnizca yasal diizenlemelere degil,
aynt zamanda degisen piyasa kosullarina uyum saglamalarina
tesvik edebilir.

5. SONUC

Bu boliimde, firmalarin ESG performansimi belirleyen
unsurlarin yalnizca firma diizeyindeki oOzellikler ve stratejik
tercihler iizerinden degerlendirilmesinin yeterli olmadigi,
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firmalarin faaliyet gosterdikleri iilkenin kurumsal yapisinin da
dikkate alinmasi gerektigi ileri stiriilmektedir. Bu dogrultuda tilke
diizeyindeki kurumsal yapi; diizenleyici kurumlar ve yasal
cerceve, kurumsal kalite ve yonetisim kapasitesi, ulusal kiiltiir,
normatif baskilar ve toplumsal beklentiler, raporlama standartlari
ve piyasa baskilar1 gibi unsurlar1 iceren ¢ok boyutlu bir yapi
olusturmaktadir. S6z konusu unsurlar, firmalarin faaliyet
gosterdikleri kurumsal cevrede maruz kaldiklar1 beklenti ve
baskilarin  niteligini  belirleyebilmekte  ve  firmalarin
strddralebilirlik uygulamalarini sekillendirebilmektedir.

Ulke diizeyindeki yasal ve kurumsal diizenlemelerin
firmalarin ESG performansi tizerindeki etkisi, yasal zorunluluklar
tizerinden ortaya c¢ikabildigi gibi (Luo vd., 2024), (lke
diizeyindeki kurumsal faktorlerin firma davranislari tizerindeki
asil belirleyiciligi diizenleyici, normatif ve biligsel mekanizmalar
araciligiyla  sekillenmektedir  (Scott, 2014). Diizenleyici
mekanizmalar, firmalarin uymakla yiikiimlii oldugu yasal
diizenlemeler ve kurumsal cergeve aracilifiyla ortaya cikan
baskilar ifade etmektedir. Normatif mekanizmalar ise toplumsal
degerler, mesleki standartlar ve mesruiyet zemininde paydaslarin
firmalardan bekledigi davraniglar dogrultusunda
sekillenmektedir. Bilissel mekanizmalar ise belirsizlik kosullar
altinda faaliyet gosteren firmalarin risklerini en aza indirmek igin
kurumsal mesruiyet kazanmis 6ncii firmalar taklit ederek sektor
normlarina uyum saglamasiyla iligkilidir.

Bu cergevede, bolim kapsaminda  yapilan
degerlendirmeler dogrultusunda su onermelere ulasilmistir. (1)
Ulke diizeyindeki diizenleyici kurumlarin etkinliginin artmasi ve
yasal cercevenin giliclenmesi, firmalarin ESG performansini
artirabilir. (2) Ulke diizeyindeki kurumsal kalite ve yonetisim
kapasitesinin = giiclenmesi, firmalarin ESG uygulamalarin
destekler ve ESG performansini artirabilir. (3) Ulusal kultdr,
toplumsal normlar ve paydas beklentilerinden kaynaklanan
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normatif baskilarin giiclenmesi, firmalarin ESG uygulamalarin
artirabilir. (4) Surdardlebilirlik duzenlemelerinin, raporlama
standartlarinin ve piyasa baskilarinin giiglenmesi, firmalarin ESG
performansini artirabilir.

Ortaya konan Onermeler ve kuramsal degerlendirmeler
ileride yapilacak calismalar i¢in farkli arastirma alanlan
sunmaktadir. S6z konusu kuramsal c¢ergeve; farkli iilkeler,
kurumsal rejimler ve sektorler arasinda karsilastirmali analizlerin
gerceklestirilmesine  olanak tanimaktadir. Bu dogrultuda
gelecekteki arastirmalarin, lilke diizeyi faktorlerin firmalarin ESG
performansi {izerindeki roliiniin ampirik olarak analiz edilmesi,
degerlendirilen iliskilerin daha somut ve kapsamli kanitlarla
aciklanmasina olanak saglayacaktir.

Gelecek arastirmalar i¢in 6ne ¢ikan ilk alan, tilkeler arasi
karsilastirmali  arastirmalardir.  Ulkelerin  hukuki  yapilari,
diizenleyici kurumlarin etkinligi, kurumsal kalite diizeyleri ve
yonetisim  kapasiteleri ~ belirgin ~ bicimde  degiskenlik
gostermektedir. S6z konusu kurumsal farkliliklarin firmalarin
ESG uygulamalarint nasil big¢imlendirdigi tlkeler arasi
arastirmalar araciligiyla test edilebilir. Ozellikle ayn sektorde
faaliyet  gosteren  sirketlerin  farkli  {lkelerdeki ESG
performanslarinin kiyaslanmasi, iilke diizeyindeki faktorlerin
belirleyici roliiniin ortaya konmasina olanak saglayacaktir.
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