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Introduction
The global economy is undergoing a period of major structural change shaped by the acc

elerating energy transition, geopolitical fragmentation, and persistent macro-financial
uncertainty. The transition toward low-carbon energy systems is increasing demand for a
range of industrial metals required for electrification, renewable energy deployment,
power-grid expansion, and advanced industrial applications. In this context, copper has
become one of the most strategically important metals due to its central role in electrici
ty transmission, electric vehicles, renewable energy systems, while molybdenum remains
an important input in high-strength steels, industrial equipment, and energy-related
infrastructure [International Energy Agency, 2021; International Energy Agency, 2024;
Soares et al., 2025]. At the same time, global inflationary pressures, geopolitical tensions,
and financial market volatility have cont-ributed to a significant rise in gold prices, rein-
forcing gold’s traditional role as a safe-haven asset and store of value [Baur & Lucey,
2010; Baur & Smales, 2020; Le Thi Thuy et al., 2024]. These developments have im-
portant implications for mineral-exporting economies. Rising commodity prices can imp-
rove export earnings, strengthen fiscal revenues, and support foreign exchange inflows.
However, they may also deepen export concentration, increase exposure to external
shocks, and reinforce dependence on a narrow set of primary commodities. The develop-
mental significance of commodity price booms therefore depends not only on external
market conditions, but also on domestic institutions, policy choices, and the capacity to
convert temporary gains into long-term structural upgrading [Timbe et al., 2024; Valen-
tine et al., 2024].

The Republic of Armenia represents a relevant case in this regard. Armenia is a small
open economy with a significant mining component in its export structure, particularly
in copper, molybdenum, and gold. This makes the country highly sensitive to shifts in
global commodity markets. At the same time, recent Armenian trade statistics must be
interpreted with caution. Following the Russia—Ukraine war, Armenia experienced a
substantial increase in re-export activity, especially in precious metals, which signifi-
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cantly inflated official import and export values. As a result, recent headline trade data
do not always reflect the actual performance of Armenia’s domestic mining sector [Mi-
nistry of Economy of the Republic of Armenia, 2024-2025; World Bank, 2025].

This distinction is particularly important for gold. Unlike copper and molybdenum,
whose relevance to Armenia’s export structure is more directly linked to domestic mining
and industrial demand, recent gold trade values were heavily affected by transit and in-
termediary trade. Consequently, the relationship between global price dynamics and Ar-
menia’s underlying productive capacity cannot be understood by relying on post-
2022 trade figures alone. A more accurate assessment requires separating the genuine
price effect from the distortion created by re-export flows. Against this back-ground, this
article examines how global structural shifts and commodity price dynamics affect the
prospects for structural transformation in Armenia by the cases of copper, molybdenum,
and gold. The study aims to distinguish between industrial metals whose demand is
increasingly shaped by the energy transition and gold, whose price dynamics are driven
primarily by macro-financial and geopolitical factors. It evaluates Armenia’s exposure to
commodity price changes through a price-revaluation exercise based on the country’s
pre-war export structure and assesses export concentration using the Herfindahl-Hirsch-
man Index (HHI).

The main argument of the article is that Armenia is currently benefiting from a more fa-
vorable global price environment, but this does not automatically imply structural trans-
formation. Higher prices create a real economic opportunity, yet without productive rein-
vestment and diversification they may simply reinforce dependence on a narrow mineral
export base. The paper therefore seeks to show that the developmental outcome of current
commodity dynamics depends less on the existence of favorable prices themselves than
on how the gains are managed and transformed within the domestic economy. The remai
nder of the article is structured as follows. The next section outlines the methodological
approach. This is followed by a review of the relevant literature on energy transition de-
mand, gold as a safe-haven asset, and structural transformation in resource-based eco-
nomies. The analysis section then examines the price-revaluation effect for Armenia’s
key export metals, evaluates export concentration, and discusses the implications for
structural transformation. The final sections present policy implications and conclusions.

Methodology
This study adopts a conceptual and descriptive quantitative approach to examine the imp-

lications of global commodity price dynamics for Armenia’s economic structure. Rather
than relying on econo-metric estimation, the paper combines a focused literature review
with a counterfactual price-revaluation exercise and an export concentration assessment.
This approach is appropriate because the main objective is not to estimate causal relation-
ships at the firm level, but to evaluate how changes in world prices may affect Armenia’s
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export earnings and structural vulnerability under a cleaner and more interpretable analy-
tical framework. The methodology consists of three main components.

First, the article draws on a focused review of recent academic and policy literature on
three related themes: the role of industrial metals in the global energy transition, the safe-
haven function of gold under macro-financial uncertainty, and the relationship between
natural resource dependence and structural transformation. This literature provides
the conceptual basis for distinguishing between copper and molybdenum, which are lin-
ked more closely to industrial and transition-related demand, and gold, whose recent price
dynamics are driven primarily by inflation, financial instability, central bank demand and
geopolitical risk [International Energy Agency, 2021; International Energy Agency,
2024; Baur & Lucey, 2010; Baur & Smales, 2020].

Second, the empirical part of the study is based on a price-revaluation exercise using 2021
as the base-line year. The choice of 2021 is deliberate: it reflects Armenia’s pre-war ex-
port structure and avoids the major distortions that entered Armenian trade statistics af-
ter 2022 due to the surge in re-export activity, especially in gold and other precious metals
[Enterprise Armenia & Ministry of Economy of the RA, 2022; Ministry of Economy of
the RA, 2025; World Bank, 2025]. Using 2021 as a clean benchmark, the paper takes the
export values of copper, molybdenum, and gold and revalues them at more recent inter-
national prices. This makes it possible to estimate how much Armenia’s export revenues
would increase under higher global prices if the country exported approximately the same
underlying metal basket as before the re-export shock. The exercise is therefore illust-
rative and counterfactual: it does not estimate actual recent export volumes, but isolates
the pure revenue effect of higher prices.

Third, the study evaluates Armenia’s export concentration through the Herfindahl-Hir-
schman Index (HHI). The HHI is calculated as:

HHI =) s}

where sis_isi represents the share of each export category in total exports. A higher HHI
indicates a more concentrated export structure and, therefore, greater vulnerability to ex-
ternal shocks. In the context of this paper, the HHI is used to assess whether higher prices
for copper, molybdenum, and gold strengthen Armenia’s export base or instead increase
dependence on a narrow group of mineral commodities. This step is important because
rising export earnings alone do not necessarily imply diversification or structural transfor-
mation. The quantitative analysis relies on publicly available Armenian trade data,
international price data, and official policy reports. For Armenia’s 2021 export structure,
the study uses OEC-based trade statistics reported in recent Armenian academic research,
while international price benchmarks are taken from the World Bank commodity price
database, the World Gold Council, and the U.S. Geological Survey [Mardanyan & Kha-
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chatryan, 2024; World Bank, 2024; World Gold Council, 2026; U.S. Geological Survey,
2021; U.S. Geological Survey, 2025]. The methodology therefore combines domestic
trade structure with international market signals in order to build a clearer picture of
Armenia’s real commodity-price exposure.

This methodological approach has both strengths and limitations. Its main strength lies
in its ability to separate the genuine price effect from the distortion by re-export flows,
thereby providing a more realistic basis for evaluating Armenia’s export dependence and
structural opportunities. At the same time, the approach remains simplified: it does not
incorporate firm-level productivity data, changes in export volumes, or broader general
equilibrium effects. Nonetheless, for the purposes of this study, the combination of con-
ceptual framing, price revaluation, and export concentration analysis provides a robust
and policy-relevant foundation for assessing whether higher global metal prices are more
likely to support structural transformation or deepen resource dependence in Armenia.

Literature review
Energy transition and industrial metals: The recent literature increasingly treats the glo-

bal energy transition as a material-intensive transformation rather than solely an energy-
policy shift. The expansion of renewable energy generation, grid infrastructure, elect-
rified transport, and storage systems requires large volumes of mineral inputs, which has
brought industrial metals back to the center of development and industrial-policy debates.
In particular, copper has emerged as one of the most strategically important materials
because of its central role in electricity transmission, renewable power systems, electric
vehicles, and industrial electrification more broadly [International Energy Agency, 2021;
International Energy Agency, 2024]. The International Energy Agency (IEA) has consis-
tently identified copper among the key minerals required for clean energy technologies
and warns that mineral supply constraints could become a bottleneck for decarbonization
if investment does not keep pace with demand growth [IEA, 2021].

Recent empirical and policy-oriented studies reinforce this view. Soares et al. argue that
the energy transition is significantly reshaping global copper demand and project conti-
nued upward pressure on copper consumption through 2030, driven by renewable energy
deployment and electric mobility [Soares et al., 2025]. Their findings support the broader
argument that copper demand is increasingly structural rather than purely cyclical. This
literature suggests that copper is not simply another traded raw material, but a core input
into the infrastructure of decarbonization [IEA, 2021; Soares et al., 2025].

Although molybdenum receives less standalone attention than copper in the transition lite
rature, it is increasingly recognized as part of the broader family of energy-transition-re-
levant minerals. The IEA explicitly includes molybdenum within the scope of minerals
used in clean energy technologies and related infrastructure [IEA, 2021]. Its importance
derives primarily from its role in high-strength steels, corrosion-resistant alloys, indust-
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rial equipment, and energy infrastructure, which makes it indirectly but meaningfully
connected to electrification and capital-intensive low-carbon systems. This means that
molybdenum demand is shaped less by consumer-facing green technologies and more by
industrial construction, transmission systems, and heavy engineering associated with the
transition [International Energy Agency, 2021].

A second important theme in the literature concerns the tension between rising demand
and limited supply responsiveness. The IEA’s recent outlooks stress that demand for tran-
sition minerals has continued to grow strongly, while supply expansion remains const-
rained by long project lead times, concentration of processing capacity, and investment
uncertainty [IEA, 2024]. This supply-demand imbalance is particularly important for
copper, where recent analyses warn of widening deficits under net-zero pathways [IEA,
2024; Soares et al., 2025]. As a result, price dynamics in industrial metals are increasingly
interpreted as reflecting both cyclical fluctuations and longer-term structural pressures.
For small mineral-exporting economies, this distinction matters because a structurally
tighter market may create medium-term opportunities for export revenue growth and in-
vestment, rather than only temporary windfall gains [IEA, 2024].

From a development perspective, this literature also implies that the benefits of the energy
transition will not be distributed automatically across mineral-producing countries. The
key issue is not only whether a country possesses relevant minerals, but whether it can
translate favorable price and demand conditions into broader industrial upgrading. The
emerging scholarship on critical minerals therefore intersects with older debates on
structural change, productive capabilities, and economic complexity. In this view, a re-
source-rich country benefits sustainably from rising mineral demand only if resource
rents are transformed into investment, diversification, and capability accumulation.
Otherwise, higher prices may simply reinforce enclave extraction and export concentra-
tion [Timbe et al., 2024; Valentine et al., 2024].

For Armenia, this body of literature is especially relevant. Copper and molybdenum
connect the country directly to the industrial side of global transformation, yet the magni-
tude of the developmental benefit depends on domestic institutions, investment patterns,
and the degree to which the mining sector generates spillovers to the wider economy.
This is why the literature on critical minerals alone is insufficient; it must be combined
with research on commodity dependence, export concentration, and structural transfor-
mation [IEA, 2024; Timbe et al., 2024].

Gold, commodity cycles, and resource-based economies: In contrast to copper and mo-
lybdenum, gold occupies a distinct position in the commodity literature. Its price dyna-
mics are shaped less by industrial demand and more by financial, monetary, and geopoli-
tical variables. A substantial body of research treats gold as a hedge and safe-haven as-
set, particularly during periods of heightened uncertainty. Baur and Lucey’s seminal
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study showed that gold can act as a hedge and, under certain conditions, a safe-haven
against losses in financial markets [Baur & Lucey, 2010]. More recent research extends
this argument by showing that precious metals, and gold in particular, respond positively
to geopolitical risk and can protect investors during periods of heightened political
tension and uncertainty [Baur & Smales, 2020].

Recent studies confirm that gold continues to perform this safe-haven role in modern
crisis environments. Evidence from more recent international data indicates that gold re-
tains hedge and safe-haven properties across major markets, although the strength of this
role varies across countries and episodes [Le Thi Thuy et al., 2024]. This literature is es-
pecially important for the present study because it clarifies that the recent rise in gold pric
es should not be interpreted primarily as an effect of the energy transition. Instead, gold
price increases are better understood through the lenses of inflation expectations, global
financial instability, monetary uncertainty, central bank behavior, and geopolitical frag-
mentation [Baur & Lucey, 2010; Baur & Smales, 2020; Le Thi Thuy et al., 2024].

The broader literature on commodity cycles provides an important bridge between in-
dustrial metals and gold. Commodity prices are influenced by both structural and cyclical
forces, including global growth, monetary conditions, geopolitical shocks, and expecta-
tions about future scarcity. In the current period, industrial metals and gold have both ex-
perienced upward price pressures, but for different reasons. Copper is increasingly linked
to electrification and infrastructure demand, while gold reflects uncertainty and portfolio
reallocation under stress [Soares et al., 2025; Le Thi Thuy et al., 2024]. This divergence
is conceptually important for commodity-exporting countries whose export baskets inc-
lude both industrial and monetary metals, because global shocks may affect different
export commodities through different causal mechanisms.

The development literature on resource-based economies helps explain why this dis-
tinction matters at the macroeconomic level. Traditional resource-curse arguments sug-
gest that dependence on natural resources may weaken long-term growth through volatili-
ty, weak institutions, rent-seeking, and deindustrialization. Dutch disease models further
emphasize that commodity booms can appreciate the real exchange rate and crowd out
tradable sectors such as manufacturing. Recent literature, however, has become more
nuanced. Rather than treating natural resource abundance as inherently harmful, newer
studies argue that the negative outcome depends on whether resource wealth is accompa-
nied by weak structural transformation, low economic complexity, and poor policy mana-
gement [Timbe et al., 2024; Valentine et al., 2024; Braunstein, 2025]. In this view, the
key variable is not resource abundance itself, but the economy’s capacity to convert rents
into productive diversification [Timbe et al., 2024]. This shift in the literature is especially
relevant for small open economies. Timbe et al. show that lack of structural trans-
formation is central to the emergence of the resource curse, while Valentine et al. link
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natural-resource dependence to lower economic complexity unless mediated by stronger
financial and developmental institutions [Timbe et al., 2024; Valentine et al., 2024].
Braunstein, writing specifically in the context of critical minerals and decarbonization,
argues that the classic resource-curse framework must now be reconsidered in light of the
new geopolitics of energy transition minerals [Braunstein, 2025]. These contributions
suggest that rising demand for transition-related commodities does not automatically ge-
nerate development. Instead, the developmental outcome depends on industrial policy,
institutional quality, export structure, and reinvestment mechanisms [Braunstein, 2025;
Timbe et al., 2024]. Taken together, the literature points to an important research gap that
is directly relevant to Armenia. There is extensive work on critical minerals and clean
energy transitions, and there is also a large literature on gold as a safe haven and on the
macroeconomics of resource dependence. However, there is much less integrated ana-
lysis of how these distinct commodity price drivers interact within a small mineral-
exporting economy whose export basket includes both transition-relevant indust-
rial metals and safe-haven precious metals [International Energy Agency, 2024; Brauns
tein, 2025]. For Armenia, this gap is significant because the coexistence of copper, mo-
lybdenum, and gold within the export structure creates a mixed pattern of exposure: part
of the external opportunity is tied to decarbonization, while another part is tied to insta-
bility in the global financial and geopolitical environment.

Accordingly, the present study builds on these literatures by examining not only whether
commodity prices are rising, but also why they are rising and what that means for
structural transformation in Armenia. This distinction is essential for policy analysis, be-
cause a price increase driven by long-term electrification demand has different develop-
mental implications from a price increase driven by temporary financial stress or
geopolitical shock [Soares et al., 2025; Le Thi Thuy et al., 2024].

Scientific novelty
The scientific novelty of this study lies in several interrelated contributions.

First, the article develops an integrated analytical framework that links global structural
shifts to commodity price dynamics and, in turn, to the prospects for structural transfor-
mation in Armenia. Unlike narrower approaches that examine either the energy transition
or commodity dependence separately, this study combines both perspectives and shows
how external global processes can influence the domestic development trajectory of a
small open economy.

Second, the paper distinguishes between different categories of export commodities wi-
thin Armenia’s mining sector and analyzes them through separate causal mechanisms. In
particular, copper and molybdenum are examined primarily as industrial metals whose
demand is increasingly shaped by the global energy transition, while gold is treated as a
monetary and safe-haven asset whose price dynamics are influenced mainly by macro-
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financial uncertainty, inflationary pressures, and geopolitical instability. This distinction
allows for a more precise interpretation of Armenia’s external exposure, avoids treating
all mineral price increases as originating from the same source.

Third, the study introduces export concentration analysis into the discussion of structural
transformation in Armenia by incorporating the Herfindahl-Hirschman Index (HHI) in-
dicating structural vulnerability. This makes it possible to assess not only the benefits of
rising commodity prices, but also the risks associated with dependence on a limited
number of export products. In this sense, the article moves beyond a simple discussion of
revenue gains and places commodity price dynamics within a broader framework of
diversification, resilience, and long-term development.

Fourth, the paper provides a policy-oriented interpretation of how commodity price inc-
reases may ge-nerate different development outcomes. It argues that rising prices do
not automatically produce structural transformation, but instead create a conditional op-
portunity whose outcome depends on fiscal management, institutional quality, industrial
policy, and the ability to reinvest resource-based gains into more diversified and produc-
tive sectors. This perspective is particularly relevant for Armenia, where mining plays an
important role in the export structure but where the broader challenge remains how to
convert resource advantages into sustainable long-term growth.

Thus, the novelty of the article lies in its integrated treatment of energy transition, com-
modity price dynamics, export concentration, and structural transformation within the
specific context of Armenia’s mining-based economy.

Analysis
1. Quantitative framework: using the pre-war export structure as the baseline
A major problem in interpreting Armenia’s recent trade statistics is that they were heavily

distorted after the Russia—Ukraine war by re-export flows, especially in gold and other
precious metals. Official data show that in 2024 total exports reached USD 13.1 billion,
while raw or semi-processed gold alone accounted for USD 5.6 billion, or 42.8% of total
exports. At the same time, Armenia imported USD 5.94 billion of raw or semi-processed
gold, equivalent to 34.8% of total imports, strongly suggesting that a significant share of
this trade reflected transit or intermediary operations rather than domestic mining output
[Ministry of Economy of the RA, 2025]. The Ministry’s quarterly outlook for early 2024
is even more explicit: 99.9% of exported gold in the first quarter of 2024 was of non-
Armenian origin [Ministry of Economy of the RA, 2024]. Independent reporting also do-
cumented that large volumes of Russian gold entered Armenia and were later exported to
the United Arab Emirates and other destinations [Hetq, 2024a; Hetq, 2024b]. The World
Bank noted that precious stones, metals re-exports had previously accounted for roughly
one-third of Armenia’s exports before collapsing sharply in 2025 [World Bank, 2025].

10
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Because of this distortion, the most defensible way to introduce a quantitative element
into the research is to take 2021 as the clean benchmark year and then ask the following
counterfactual question: if Armenia exported the same underlying basket of domestically
grounded metals as in 2021, how much export revenue would those metals generate at
current or near-current prices? This isolates the price effect from the re-export effect. For
the 2021 export values, the present analysis uses OEC-based statistics reported in a peer
-reviewed Armenian academic article by Mardanyan and Khachatryan. According to that
source, in 2021 Armenia exported USD 844 million copper ore, USD 127 million molyb-
denum ore, and USD 256 million in gold, for a combined total of USD 1.227 billion
[Mardanyan & Khachatryan, 2024]. The price-revaluation exercise uses the following
benchmarks. For copper, the World Bank Pink Sheet gives an average 2021 price of USD
9,317 per metric ton [World Bank, 2024]. For gold, the same Pink Sheet gives an average
2021 price of about USD 1,801/0z, while your requested current analytical assumption is
USD 4,000/0z [World Bank, 2024]. For molybdenum, a clean annual 2021-t0-2026 series
is less accessible, so I use a transparent approximation based on USGS molybdic oxide
prices: an early-2021 benchmark midpoint of roughly USD 12.35/1b (based on the March
2021 published range of USD 12.0—12.7/Ib) and a recent benchmark of USD 24.9/1b from
August 2025 [U.S. Geological Survey, 2021; U.S. Geological Survey, 2025]. This
produces a consistent ratio-based estimate of the re-venue effect under higher prices.

2. Copper: a strong and clean price effect
Copper remains the clearest case because it was Armenia’s largest metal export before

the war and is directly linked to the country’s own mining sector. Taking the 2021 export
value of USD 844 million and revaluing it at a recent copper price of USD 12,951/mt
against a 2021 benchmark of USD 9,317/mt implies a price increase of about 39.0%. Un-
der this counterfactual, Armenia’s 2021 copper exports would now be worth approxi-
mately USD 1.173 billion, generating an additional USD 329 million in export revenue
from price alone [Mardanyan & Khachatryan, 2024; World Bank, 2024]. This is econo-
mically meaningful. On its own, the copper price effect would increase Armenian export
earnings by a sum equivalent to roughly 11% of total 2021 exports, assuming a total
export benchmark of around USD 3.0 billion for that year [Enterprise Armenia &
Ministry of Economy of the RA, 2022]. The copper result therefore confirms that Ar-
menia’s external opportunity is not merely a by-product of post-war trade rerouting; part
of the gain is real and stems from higher world prices for a metal that Armenia already
exported at scale before the re-export shock [IEA, 2024; Soares et al., 2025].

3. Molybdenum: a significant supporting effect
For molybdenum, the 2021 export value is taken as USD 127 million, again based on

OEC-derived trade data reported by Mardanyan and Khachatryan [Mardanyan & Kha-
chatryan, 2024]. Because Armenia-specific molybdenum price series are less readily
available in a directly comparable annual format, the analysis uses U.S. Geological

11
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Survey published price benchmarks for molybdic oxide as an illustrative proxy. In March
2021, U.S. molybdic oxide prices ranged between USD 12.0 and USD 12.7/lb, implying
a midpoint of USD 12.35/Ib [U.S. Geological Survey, 2021]. In August 2025, the USGS
reported an average molybdic oxide price of USD 24.9/lb [U.S. Geological Survey,
2025]. This suggests an approximate doubling of molybdenum prices over the period.

Applying this price ratio to Armenia’s 2021 molybdenum export value raises the implied
revenue from USD 127 million to approximately USD 256 million, an increase of around
USD 129 million [Mardanyan & Khachatryan, 2024; U.S. Geological Survey, 2021; U.S.
Geological Survey, 2025]. While this estimate is more approximate than the copper cal-
culation, it still demonstrates that molybdenum materially strengthens the overall mining-
price effect and should not be treated as marginal in Armenia’s export structure.

4. Gold: very large price upside, but recent trade statistics are unusable as a production

proxy
Gold must be interpreted differently. The recent export surge in Armenian gold trade data

cannot be used as a measure of Armenia’s own mining performance because official data
show that most of the 2024 gold trade was re-exported foreign-origin metal [Ministry of
Economy of the RA, 2024; Ministry of Economy of the RA, 2025]. However, this does
not mean that gold is irrelevant to the paper. It simply means that the correct quantitative
exercise is to apply the new global gold price to the pre-war baseline value of Armenian
gold exports, rather than relying on distorted post-war trade values.

Using the 2021 OEC-based export value of USD 256 million for Armenia’s gold exports
[Mardanyan & Khachatryan, 2024], and revaluing it from the 2021 average price of
roughly USD 1,801/0z to your requested current analytical benchmark of USD 4,000/0z,
the implied export value rises to approximately USD 569 million. This produces an ad-
ditional revenue effect of about USD 313 million [World Bank, 2024]. It is worth noting
that this USD 4,000 assumption is analytically defensible as a “current high-price scena-
rio”: it is above the 2025 annual average of USD 3,431/0z, but slightly below the World
Gold Council’s reported Q4 2025 average of USD 4,135/0z [World Gold Council, 2026].

Thus, even after excluding the re-export distortion, gold still contributes a very large
price-driven up-side to Armenia’s potential export revenues. The crucial point is that the
upside should be attributed to the global gold price environment, not to the inflated
headline gold export figures observed in 2023-2025.

5. Combined result: a three-metal price revaluation
Once the three metals are combined, the quantitative result becomes clearer. Armenia’s

baseline 2021 exports in copper ore, molybdenum ore, and gold totaled USD 1.227 billion
[Mardanyan & Khachatryan, 2024]. Revaluing those same three export categories at the
higher price benchmarks used in this study gives the following results:

Copper: USD 844 million — USD 1.173 billion
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Molybdenum: USD 127 million — USD 256 million
Gold: USD 256 million — USD 569 million

The combined revalued total is therefore approximately USD 1.998 billion, compared
with the base- line USD 1.227 billion. This implies a total price-only increase of about
USD 771 million across the three metals [Mardanyan & Khachatryan, 2024; World Bank,
2024; U.S. Geological Survey, 2021; U.S. Geological Survey, 2025].

Armenia’s Export Revenue from Copper, Molybdenum, and Gold:
2021 Baseline vs Revalued Current-Price Scenario

2000 { ™== 2021 baseline 1998
mmm Revalued at current prices

1750
1500
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Copper Molybdenum Gold Total

Figure 1. Armenia’s export revenue from copper, molybdenum and gold

In proportional terms, the three-metal export basket would be about 62.8% larger under
these higher-price assumptions than it was in 2021. Relative to Armenia’s roughly USD
3.0 billion total exports in 2021, the revalued three-metal basket would amount to about
66.6% of total exports [Enterprise Armenia & Ministry of Economy of the RA, 2022].
This is an analytically important result because it shows that even after removing the re-
export noise, the underlying export revenues are highly sensitive to global metal prices.

6. Interpretation: real opportunity, but also rising concentration risk
The quantitative exercise supports a more balanced conclusion than a simple reading of

post-2022 data on trade. On the one hand, Armenia has a genuine opportunity to benefit
from higher world prices. Even without distorted re-export flows, the country’s pre-war
export structure would generate roughly USD 771 million more revenue from copper,
molybdenum, and gold under current price conditions. This is a substantial sum for a smal
1 open economy and provides real fiscal and external-space potential.

On the other hand, the exercise also highlights a structural vulnerability. The gain comes
mainly from higher prices for a narrow group of mineral exports rather than from broad-
based diversification. In other words, the same external shock that improves Armenia’s
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export earnings may also increase concentration in the export basket. This means that fa-
vorable prices alone do not constitute structural transformation. Structural transformation
would require that the additional mining-related revenues be converted into wider pro-
ductive capabilities — through infrastructure, skills, local supplier development, techno-
logical upgrading, and diversification into other tradable sectors [Timbe et al., 2024;
Valentine et al., 2024]. Otherwise, Armenia may experience higher revenues without
becoming less dependent.

Estimated Additional Export Revenue from Higher Global Prices
Relative to 2021

Additional revenue (USD million)

Copper Molybdenum Gold Total

Figure 2. Estimated additional export from higher global prices

For that reason, the main quantitative conclusion of this section is not simply that Ar-
menia benefits from higher prices. It is that Armenia’s clean, pre-war metal export basket
would now be worth nearly USD 2.0 billion instead of USD 1.227 billion, implying a
price-only gain of around USD 771 million. This number captures the real commodity-
price opportunity much more accurately than the inflated post-war export totals and pro
vides a better empirical base for discussing structural transformation.

To complement the price-revaluation exercise, the level of Armenia’s export concentra-
tion can be assessed using the Herfindahl-Hirschman Index (HHI) and is calculated as
the sum of squared export shares across categories. Using the 2021 pre-war baseline a
dopted in this study, Armenia’s exports are taken at approximately USD 3.0 billion, of
which copper accounted for USD 844 million, molybdenum for USD 127 million, gold
for USD 256 million, and all other exports for the remaining USD 1.773 billion [Enter-
prise Armenia & Ministry of Economy of the RA, 2022]. Accordingly, the HHI can be
calculated as follows:

HHI = (844/3000)? + (127/3000)? + (256,/3000)* + (1773/3000)?
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= 0.4375 or 4,375 when expressed on the conventional 0-10,000 scale. This is a rela-
tively high level of concentration and suggests that Armenia’s export structure was alrea-
dy heavily dependent on a limited number of product groups even before the post-war re-
export distortions. The result is important for the broader argument of the paper: although
higher global prices for copper, molybdenum, and gold may substantially increase Arme-
nia’s export revenues, they do not by themselves imply diversification. On the contrary,
if the additional gains come mainly from a narrow group of mineral exports, the country
may become even more exposed to external commodity-price volatility. Thus, the HHI
result supports the view that favorable price conditions create a real economic opportuni-
ty, but without parallel expansion of the non-mining export base they are more likely to
reinforce export dependence than to produce genuine structural transformation.

Policy Implications

The analysis shows that Armenia is facing a real but conditional opportunity. Even after
excluding the distortion caused by post-2022 re-exports, higher global prices for copper,
molybdenum, and gold significantly increase the potential export revenues of the country.
At the same time, these gains re-main concentrated in a narrow group of mineral commo-
dities and therefore do not automatically imply structural transformation. The main poli-
cy question is how to convert higher mining-related revenues into broader and more
sustainable economic development.

First, Armenia should manage commodity-related windfalls cautiously. Revenues gene-
rated by high international prices are inherently volatile, and treating them as permanent
can increase fiscal vulnerability once prices decline. For this reason, part of the additional
income from mining exports should be managed with a stabilization logic in order to re-
duce procyclical spending and improve resilience to future commodity shocks.

Second, higher export earnings should be redirected toward productive reinvestment. If
the gains are used only for short-term consumption, their long-term effect will be limited.
By contrast, if they are invested in infrastructure, energy, logistics, industrial capabilities,
and technological modernization, they can support wider productivity growth. In the Ar-
menian case, mining revenues should be viewed as a potential source of financing for
broader upgrading rather than as an end in themselves.

Third, export diversification should remain a strategic priority. The HHI analysis con-
firms that Armenia’s export structure is highly concentrated, and the price-revaluation
exercise suggests that higher metal prices may strengthen this dependence even further.
This means that favorable market conditions can improve export earnings while simulta-
neously increasing structural vulnerability. To reduce this risk, Armenia should support
non-mining tradable sectors and encourage new export activities aside the mining sector.
Finally, policy should focus on strengthening domestic linkages around mining. Structu-
ral transformation becomes more likely when mineral extraction supports related activiti
es such as engineering, transport, maintenance, technical services, and skills develop-
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ment. Without such spillovers, mining remains an enclave sector with limited develop-
mental impact. In addition, recent gold re-export dynamics showed that headline export
growth can give a misleading impression of structural improvement. Therefore, official
analysis and policymaking should clearly distinguish between export growth generated
by domestic production and that generated by temporary intermediary trade.

Conclusions

This article examined how global structural shifts and commodity price dynamics affect
Armenia’s economic prospects through the cases of copper, molybdenum, and gold. A
central contribution of the study was to separate the genuine price effect from the distor-
tion created by post-2022 re-export flows. Using the 2021 pre-war export structure as a
baseline, the analysis showed that Armenia’s three-metal export basket would now be
worth nearly USD 2.0 billion instead of USD 1.227 billion, implying a price-only gain of
about USD 771 million. This result confirms that Armenia is benefiting from a signifi-
cantly more favorable global price environment. However, the HHI calculation also
shows that the country’s export structure remains highly concentrated. As a result, higher
commodity prices improve export revenues but do not automatically lead to diversi-
fication or structural transformation. On the contrary, without a broader expansion of the
non-mining export base, they may reinforce existing dependence on a narrow group of
internationally volatile commodities. The main conclusion of the article is therefore ba-
lanced. Armenia is presented with a real economic opportunity, but the developmental
outcome depends on domestic policy choices. If higher mining-related revenues are ma-
naged prudently and reinvested into productive capabilities, diversification, and local
linkages, they can support a more resilient development path. If not, favorable prices may
simply strengthen a re-source-dependent growth model. In this sense, the current period
should be seen not only as a time of high commodity prices, but also as a critical window
for shaping Armenia’s long-term economic trajectory.
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This article examines how global structural shifts and commodity price dynamics affect
Armenia’s economic prospects through the cases of copper, molybdenum, and gold. The
study distinguishes between industrial metals, whose demand is increasingly shaped by
the energy transition, and gold, whose price dynamics are driven mainly by macro-fi-
nancial uncertainty and geopolitical risk. To avoid the distortion caused by post-2022 re-
export flows, the analysis uses Armenia’s 2021 pre-war export structure as a baseline and
revalues it under higher current prices. The results show that Armenia’s combined exports
of copper, molybdenum, and gold would rise from USD 1.227 billion to nearly USD 2.0
billion, implying a price-only gain of about USD 771 million. At the same time, the export
concentration analysis shows that Armenia remains highly dependent on a narrow group
of mineral commodities. The article concludes that higher global metal prices create a
real economic opportunity for Armenia, but without productive reinvestment and diversi-
fication they are more likely to reinforce resource dependence than to generate genuine
structural transformation.
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Introduction
Foreign exchange management is a critical issue for diversified groups of companies, as

daily conversions affect not only accounting results but also operational liquidity, payment
discipline, procurement costs, and the quality of internal cash distribution. In groups where
various subsidiaries simultaneously buy and sell foreign currency through multiple banks,
even small differences in execution rates can accumulate into significant costs. For this
reason, studying centralized foreign exchange management is relevant both for financial
management and for improving the effectiveness of intragroup coordination. This article
is devoted to the development and empirical presentation of an approach to modeling fo-
reign exchange management in a group of companies based on anonymized transaction-
level data. The article is structured as follows: a literature review summarizes the main
scientific approaches used to formulate the purpose of this study; the research methodology
and data used are presented; and the research findings are then presented. The analysis sec-
tion presents the empirical and model results; the concluding sections discuss practical pro-
posals and conclusions.

Research methodology: Mathematical model formulation
The methodological basis of this study is formed by a multi-level view of the problem of

managing foreign exchange operations. Since foreign currency conversions within a group
of companies simultaneously have operational, financial, and optimization dimensions, the
problem is examined at three successive levels. At the first level, descriptive and compara-
tive analysis of actual transactions is used to identify exchange-rate differences among
banks and their effects on execution outcomes. At the second level, the behavioral regulari-
ties of individual companies are examined in terms of the direction of FX flows, net posi-
tions, and temporal structure. At the third level, the problem is formulated as a group-level
optimization task whose objective is to reduce the total cost of foreign exchange conver-
sions through intra-group netting, bank selection, and the consideration of operational
constraints. The empirical basis of the study consists of anonymized primary operational
records of foreign exchange conversions carried out by 49 companies belonging to one di-
versified corporate group and executed through several partner banks. The dataset covers
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2,100 transactions from 2025 through March 2026 and includes transaction dates, currency
directions, executed rates, transaction amounts, and company-level identifiers that were
anonymized for confidentiality. Company names and bank names are not disclosed in the
article; instead, the analysis focuses on comparable behavior, execution quality, and group-
wide coordination effects.

© _ 1, ©
Net;” = In;; — Out;, )

This quantity makes it possible to distinguish between companies that are primarily net
buyers of a given currency and those that are net sellers of that currency. Moreover, the
time series of net positions make it possible to study recurring patterns of FX behavior by
day, month, or other time interval. The objective of this analysis is not only to describe the
financial behavior of individual firms, but also to identify the preliminary possibilities for
intra-group netting. The third stage of the research constitutes the central methodological
core of the study and concerns the modeling of intra-group netting and centralized optimi-
zation. If, at a given point in time, some companies have demand for a currency while
others have supply of the same currency, then an opportunity for intra-group offsetting or

netting arises. If total demand at the group level for a given day is denoted by DEC)—, and

total supply by Sgc), then the maximum possible volume of intra-group netting is deter-
mined by the following expression:

M = min (D{,5{) o)

At the final stage of the methodology, the problem is also considered from a scenario-based
and stochastic perspective. Since future exchange rates and bank quotations are not known
with certainty, it is appropriate to evaluate optimization outcomes not only on the basis of
observed data, but also using random or bootstrap scenarios. For this purpose, empirical
distributions are formed from historical observations, from which possible future quotes
are generated, and for each scenario the external conversion cost is recalculated. The re-
sulting outcomes make it possible to assess not only the average efficiency of optimal al-
location, but also its variability, riskiness, and sensitivity to changes in market conditions.
Thus, the methodology is complemented by a Monte Carlo type simulation assessment,
which makes it possible in the empirical part of the article to compare baseline and cent-
ralized management scenarios.

Literature review
The starting point of the literature is the general theory of foreign exchange risk manage-

ment. Jacques interprets foreign exchange risk as a combination of transaction, translation,
and economic impacts and argues that the primary management objective is to reduce the
negative impact of exchange rate fluctuations on cash flows and firm value [Jacques, 1981,
81-84]. This line of research considers foreign exchange risk management not only as a
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hedging problem but also as a broader issue of organizing financial decision-making within
multinational firms.

A second line of research explains why firms choose particular foreign exchange risk ma-
nagement tools. Kim and Sung show that the choice between internal and external methods
depends on firm size, operational impact, and the relative cost of implementation; in par-
ticular, larger international companies are more likely to use formal risk management me-
chanisms, while internal methods remain important because they are less expensive to imp-
lement [Kim and Sung, 2005, 263-268]. This approach is particularly relevant for groups
of companies, where centralized coordination and netting can replace some external hed-
ging operations.

A third line of research focuses on cash flow optimization and payment netting. Shapiro
demonstrates that multilateral netting can significantly reduce transfer costs and unneces-
sary gross payment flows [Shapiro, 1978, 51-58]. Adkins develops a dynamic determinis-
tic model for international cash management and demonstrates that multicurrency payment
decisions can be formalized as an optimization problem rather than being resolved solely
through decentralized operating procedures [Adkins, 1991, 345-360]. Righetto, Morabito,
and Alem extend this logic by showing how optimization techniques can be used to manage
uncertain cash flows under cost and liquidity constraints [Righetto et al., 2016, 137-152].

A fourth line of research examines the microstructure of the market in which corporate fo-
reign exchange transactions take place. Shaboud, Rim, and Sushko emphasize the fragmen-
ted and multi-platform nature of the modern foreign exchange market [Shaboud et al.,
2023, 1-5]. BIS guidance on execution algorithms emphasizes the increasing importance
of multi-bank execution quality and order allocation logic [BIS, 2020, 1-6], while BIS su-
pervisory guidance on settlement risk emphasizes that foreign exchange decisions should
also take into account counterparty, liquidity, and settlement considerations, rather than fo-
cusing solely on the best apparent quote [BIS, 2000, 1-4]. Results of the existing studies
show that the problem of foreign exchange risk management within a group of companies
lies at the intersection of risk management, internal offsetting, optimization, and
transaction execution quality. An analysis of the results of research on foreign exchange
transaction management allows us to highlight the importance of this issue for diversified
groups of companies and formulate the main objectives of this study as identifying bank-
level differences that represent differences in execution results, analyzing the behavioral
structure of companies' net foreign exchange positions, assessing the potential for intra-
group netting, and discussing the institutional implications of centralized execution.

Scientific novelty
The scientific novelty of the article lies in combining several strands of the literature within

one empirical framework. Unlike studies that examine only exposure measurement, only
hedging choice, or only theoretical netting models, this paper simultaneously analyzes
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transaction-level bank execution, company-level currency behavior, and group-level opti-
mization opportunities. The study therefore links treasury operations with formal modeling
and demonstrates how decentralized FX activity can be transformed into a measurable
coordination problem.

A second novel element is the use of anonymized daily operational data from one diversi-
fied group of companies observed across multiple banks and multiple legal entities. This
makes it possible to evaluate not only the theoretical maximum of intra-group netting, but
also the practical relevance of execution dispersion, timing concentration, and residual ex-
ternal demand. The resulting framework is especially useful for large diversified groups,
including trading, service, and operating subsidiaries that regularly execute FX transact-
tions but do not wish to disclose commercially sensitive identities in academic publication.

The mathematical formulation of the problem is built according to the principle of gra-
dually increasing complexity, starting from the baseline decentralized approach and ending
with constrained centralized optimization and stochastic extended models. Consider a
group of companies consisting of N companies, B banks, and € currencies. Time is
considered in discrete formas t = 1,2, ..., T days or other reporting periods. Let us define
the following indices and parameters.

. i €I =1{12,..,N} company index
. b € B ={1,2,..., M} bank index

. ¢ €K ={1,2,..,C} currency index
. t €{1,2,..,T} time index

It follows from formula (1) that if N eti(’? > 0, then the company has a net inflow or supply

in that currency, whereas if Neti(? < 0, then it is interpreted as net demand for that

currency. Since the external conversion problem is conveniently formulated in the lan-
guage of demand and supply, let us also define:

5{9 = max {Net 2,0}, 3)
DL = max {—Net?,0} @)
Thus, Sl-(’? denotes the volume of currency supplied by the company, while Dl.(‘? denotes

the volume of currency demanded. At the group level, total supply and total demand for a
given currency at a given time will be denoted as follows:

59 = 5459, DO = 5,00 (9
For bank-provided quotations, let us assume that rb(‘ct) describes the unit conversion value
applied by bank b at time t for currency c. In the following models, the system of variables
depends on the scenario under consideration, but the main decision variables will be
represented in the following general way:
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. xl(ft) - the volume of currency ¢ converted through bank b in the external market,
. yl-(;z— the volume of currency c offset or transferred within the group from company

j to company i.
Intra-group netting model
The simplest approach is that each company acts independently and satisfies its own
external FX demand without intra-group netting or centralized bank selection, but from the
point of view of group management, the natural next step is to make use of the possibility
of intra-group netting. If at the same point in time some companies have supply of a given
currency while others have demand for it, then part of these volumes can be offset without
carrying out an external market transaction. At the group level, the maximum possible
intra-group netting volume for a given currency is defined as the minimum of total supply
and total demand:

MO = min (5,0 (6)
In this case, the residual external demand for conversion will be:

RO =0 - m® (1)

Analysis
The empirical analysis was carried out on anonymized foreign exchange conversion data
for 49 companies belonging to one diversified corporate group. The dataset includes 2,100
transactions executed from 2025 through March 2026 and makes it possible to examine the
problem at three mutually connected levels: the level of individual company positions, the
level of currency-specific internal matching, and the level of group-wide external execu-
tion. Since the names of companies and banks are not disclosed for confidentiality reasons,
the analytical emphasis is placed on the structure of flows, the size of offsetting positions,
and the managerial implications of the observed transaction pattern.

The first analytical result is that decentralized foreign exchange behavior creates a measu-
rable duplication of external transactions. During the period under study, gross supply
amounted to 39.94 billion, while gross demand amounted to 35.76 billion. If the companies
are considered separately, each subsidiary tends to solve its own conversion problem
through its own bank relationship and at its own execution rate. From the point of view of
the group as a whole, however, part of this activity is economically unnecessary, because
some companies are sellers of a currency at the same time as other companies are buyers
of the same currency. The maximum possible intra-group netting volume was estimated at
4.69 billion, which means that this amount could have been matched internally before app-
roaching external banks.

The importance of this result becomes clearer when it is interpreted through gross external
activity rather than only through the netted amount itself. A netting volume of 4.69 billion
reduces both sides of the market-facing operation: one company does not need to sell ex-
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ternally and another company does not need to buy externally. Therefore, the potential re-
duction in gross external activity equals 9.38 billion. This is not merely an accounting
effect. It represents a practical reduction in bank spreads, operational workload, confirma-
tion procedures, settlement exposures, and liquidity movements between the group and
external counterparties. In this sense, the economic meaning of the model is that centrali-
zation transforms a set of independent market transactions into an internal allocation prob-
lem plus a smaller residual external conversion problem.

Aggregate netting indicators: The main aggregate indicators can be summarized as fol-
lows: gross currency supply amounted to 39.94 billion, gross currency demand amounted
to 35.76 billion, and maximum intra-group netting amounted to 4.69 billion. This implies
areduction of 9.38 billion in gross external activity, because every internally matched tran-
saction removes both an external purchase and sale from the market-facing process. The
gross netting ratio was 12.38%, while 13.11% of gross demand and 11.74% of gross supply
could be covered through internal matching. These figures show that the effect is finan-
cially material and operationally relevant. The relative indicators confirm that the effect is
substantial even when compared with the large total volume of transactions. A gross net-
ting ratio of 12.38% means that almost one-eighth of all gross currency flows could be eli-
minated from the external market-facing process through coordination alone. Demand co-
verage of 13.11% shows the extent to which the group can satisfy its own currency needs
without external purchases. Supply absorption of 11.74% shows the extent to which inter-
nal currency sellers can be matched with internal buyers. These indicators are useful be-
cause they move the analysis from the absolute size of the group to the quality of treasury
coordination. A group may have large currency turnover, but the managerial question is
how much of that turnover is genuinely external and how much is created by fragmented
internal organization. The results also show that the benefit of centralization should not be
understood as a one-time saving. The same mechanism may operate repeatedly whenever
opposite positions arise inside the group. If companies regularly conduct imports, service
payments, repayments, revenue conversions, or intra-group settlements in different cur-
rencies, the opportunity for matching is reproduced across time. Therefore, even a mode-
rate ratio of internal matching can have a significant cumulative effect over a year. For this
reason, the proposed model should be interpreted not only as a calculation of historical
savings, but also as a diagnostic tool for identifying whether the treasury system is orga-
nized around group-level optimization or around isolated company-level execution.

Currency-level interpretation: At the currency level, AMD generated the strongest abso-
lute result: approximately 4.04 billion of possible intra-group netting, with 22.26% of de-
mand and 10.43% of supply covered internally. RUB had a smaller absolute netting vo-
lume, but its supply absorption reached 66.5%, which indicates that targeted internal mat-
ching can sharply reduce external sales in this currency. EUR and USD also demonstrate
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the practical value of centralization. In EUR, 86.95% of demand could be covered inter-
nally, while in USD the corresponding figure was 43.66%. The currency structure of the
results is analytically important because the value of a centralized treasury system depends
not only on the total volume of flows, but also on the currencies in which opposite positions
are concentrated. The strongest absolute netting potential was observed in AMD, where
the possible intra-group matching volume amounted to approximately 4.04 billion. In
AMD, 22.26% of gross demand and 10.43% of gross supply could have been balanced
inside the group. This result suggests that local-currency flows are a central area for opera-
tional coordination. It also indicates that even when subsidiaries operate under the same
group structure, their cash-flow profiles may differ sufficiently to create internal counter-
parties for conversion needs. The AMD result is especially relevant for groups whose sub-
sidiaries have different business models. Some companies may accumulate local-currency
liquidity from sales, while others may require local currency for taxes, payroll, local procu-
rement, or settlement of domestic obligations. Without a coordinating center, these compa-
nies may simultaneously sell and buy through different banks. With a central treasury or
an internal FX company, the same flows can be redirected within the group. The analytical
implication is that the highest-value currency for centralization is not always the currency
with the highest volatility; it may be the currency with the strongest internal coincidence
of supply and demand. The RUB results provide a different but equally useful interpre-
tation. Although the absolute netting volume in RUB was smaller than in AMD, the ab-
sorption rate of supply reached 66.5%. This means that a large part of RUB supply genera-
ted by some companies could be used by other group companies instead of being sold ex-
ternally. From a treasury-management perspective, such a result is important because it
identifies currencies in which external sales can be reduced sharply even if the total amount
is not the largest in the dataset. The indicator is therefore useful for designing currency-
specific rules: high-volume currencies may require broad daily netting procedures, while
currencies with high absorption ratios may require more targeted matching controls.

Relatively high internal coverage ratios were also obtained for EUR and USD. In the case
of EUR, 86.95% of demand could have been covered internally, while the corresponding
figure for USD was 43.66%. These values show that the group contains internal liquidity
that can partially replace bank purchases in major international currencies. The practical
conclusion is that multi-currency management should not be limited to measuring open
exposure after transactions have already occurred. It should begin earlier, at the stage of
planning and collecting expected demand and supply from subsidiaries. When the central
unit receives this information before execution, it can decide which flows should be
matched internally and which residual positions should be sent to external banks.

Time profile of netting opportunities: The time profile of netting opportunities is uneven,
and this unevenness is one of the most important findings for treasury design. If matching
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opportunities were distributed uniformly, a simple monthly consolidation process might be
sufficient. The observed pattern, however, shows that high-value matching windows ap-
pear in specific days and weeks. The largest absolute potential was recorded in the week
of April 14, 2025, when the possible AMD netting volume alone reached approximately
482.0 million. In the weeks of June 2 and June 16, 2025, the gross netting ratio amounted
to 91.83% and 83.68%, respectively. These results indicate that timing is not a technical
detail; it is a direct source of financial value.

The managerial interpretation is that the frequency of centralization should be adapted to
the rhythm of the group's operations. Monthly netting may be administratively simple, but
it can miss short-term coincidences of supply and demand. Daily netting may capture more
opportunities, but it requires stronger data collection, faster approval procedures, and clea-
rer settlement discipline. Weekly netting may be a practical compromise for many corpo-
rate groups. The empirical results therefore support a differentiated approach: currencies
and subsidiaries with frequent opposite flows should be included in a higher-frequency
netting cycle, while less active currencies can be managed through a lower-frequency
procedure. Time concentration also affects liquidity planning. When opposite flows coin-
cide, the group can reduce its need for external liquidity and avoid unnecessary conversion
spreads. When they do not coincide, the treasury center must decide whether to execute
the residual position immediately, hold a short-term open position within approved limits,
or use internal liquidity to bridge the timing difference. This decision cannot be made only
by comparing spot rates. It must also consider settlement dates, cash availability, counter-
party limits, and the risk that expected internal flows may not materialize. For this reason,
the analytical model should be connected with a treasury calendar that records expected
payments, receipts, and conversion requests by company and by currency.

Execution dispersion and bank selection: The analysis of internal netting should be com-
bined with the analysis of execution quality across banks. In a decentralized system, subsi-
diaries may use different banks at different times and may receive different execution rates
for similar conversion needs. Even when the spread difference in one transaction appears
small, the cumulative effect can be significant because the group executes many tran-
sactions across currencies and counterparties. Centralized execution reduces this problem
in two ways. First, it decreases the number and volume of external trades by matching in-
ternal positions. Second, it allows the residual external position to be placed with banks
that offer the best available quotation, liquidity, and settlement conditions. This point is
particularly important because bank selection is not only a question of finding the best no-
minal rate. A large group must also consider execution certainty, settlement risk, operatio-
nal reliability, documentation standards, and concentration limits. A quote that appears
attractive may be less useful if the bank cannot execute the required size, if settlement ar-
rangements are weak, or if the group already has excessive counterparty concentration.
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Therefore, the proposed model should be understood as a two-stage decision system. At
the first stage, internal netting determines the residual demand or supply by currency and
date. At the second stage, the residual position is allocated among external banks according
to execution quality and risk constraints. The empirical findings support this institutional
logic. Since the group has both meaningful internal matching potential and repeated exter-
nal execution needs, the creation of a centralized FX coordination unit would not merely
formalize existing procedures. It would change the economic content of the process. Subsi-
diaries would no longer approach banks independently for every conversion. Instead, they
would submit requests to the central unit, which would aggregate positions, identify inter-
nal matches, calculate residual exposures, compare bank quotations, and execute only the
remaining external volume. This creates a clearer audit trail and gives management a better
basis for evaluating whether the group is paying avoidable spread costs.

Risk and control implications. The strengthening of centralization also creates new control
requirements. Internal netting reduces external volume, but it does not eliminate foreign
exchange risk. If the central unit delays external execution or temporarily holds residual
positions, market risk appears at the level of the treasury center. If internal matches are re-
corded without timely settlement, liquidity risk and internal credit risk may arise between
subsidiaries. If bank allocation is based only on rate comparison, counterparty concentra-
tion and settlement risk may increase. Therefore, the analytical result should be implement-
ted together with clear limits and procedures. At a minimum, the centralized framework
should include daily or weekly reporting of currency demand and supply, rules for the con-
firmation of internal matches, approved settlement dates, limits for open positions, and a
procedure for comparing bank quotations. It should also include a periodic evaluation of
realized execution results against available market alternatives. Such a control system
would make it possible to distinguish between three sources of performance: savings from
internal netting, savings from better bank selection, and risk-adjusted costs caused by ti-
ming or liquidity constraints. Without this separation, management may overestimate the
effect of one factor and underestimate another. The analysis therefore confirms the main
hypothesis of the article: foreign exchange management in a group of companies is not
only a hedging problem, but also a coordination and optimization problem. The data show
that a significant part of external activity can be reduced through intra-group matching, es-
pecially in currencies and weeks where opposite flows coincide. The results also show that
the practical value of the model depends on institutional design. The group needs a central
unit capable of collecting information from subsidiaries, matching internal positions, exe-
cuting residual flows through several banks, and controlling the risks created by cent-
ralization. In this form, the model provides both an analytical measurement of netting po-
tential and a practical basis for redesigning the treasury process.
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Proposal: A practical solution to the problem of managing foreign exchange conversions
in a group of companies may be the creation within the group of a specialized foreign
exchange intermediary company that would operate in two interconnected directions.

The first direction is the concentration and netting of intra-group foreign exchange flows.

In this case, the company becomes a centralized unit that collects the currency demand and
supply of the subsidiaries, performs their matching, and takes only the net residual position
to the external market. In the literature on international cash management, this logic is trea-
ted as a classical way of reducing transfer costs, spread costs, and unnecessary gross pay-
ment flows [Shapiro, 1978, 51-58; Adkins, 1991, 345-360]. The second direction concerns
intermediary or brokerage functions in the external market. The company can simulta-
neously obtain quotations from several banks or liquidity providers, select the best execu-
tion conditions, and split volumes among counterparties. This corresponds to the structure
of the modern FX market, in which execution quality, venue fragmentation, and multi-
bank access play an increasing role [Chaboud et al., 2023, 1-5; BIS, 2020, 1-6]. The
proposed FX company can therefore be characterized as a hybrid structure serving both as
an internal transaction hub for the group and as an external execution coordinator. Such an
arrangement is particularly useful for diversified corporate groups whose subsidiaries dif-
fer by business model but repeatedly generate offsetting currency positions. By entering
the market only with residual positions, the group can reduce total spreads, negotiate better
terms, and establish unified limits for counterparties, concentrations, confirmations, and
settlement controls. In addition to these advantages, the emerging risks must also be asses-
sed. A centralized FX unit would create operational, liquidity, counterparty, and model
risk, and if it holds even short-term open positions, market-risk measurement becomes
necessary. For this reason, the institutional proposal should be accompanied by a dedicated
risk-management framework that includes open-position limits, settlement controls, and
periodic Value at Risk measurement.

Conclusion
The study shows that foreign exchange management in a group of companies should be

viewed not only as a hedging problem but also as a coordination and optimization problem.
Using anonymized operational data on 2,100 transactions from 49 companies during 2025
through March 2026, the article demonstrates that meaningful savings can be achieved
through centralized treasury logic. The empirical results indicate a maximum possible
intra-group netting volume of 4.69 billion and a potential reduction of 9.38 billion in gross
external activity, with especially strong effects in AMD and in weeks where internal supply
and demand closely overlap. These findings imply that the greatest practical benefit of the
proposed framework is for diversified corporate groups whose subsidiaries execute recur-
ring conversions through several banks and therefore face both spread dispersion and avoi-
dable duplication of market transactions. The article shows how centralized intermediary
model improves execution quality, data visibility, and control discipline, provided that it
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is supported by counterparty limits, settlement-risk controls, and market-risk measurement.
In this sense, the main contribution of the article is to connect the analytical estimation of
netting potential with a concrete institutional design for centralized FX management.
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This article examines the problem of foreign exchange management in a group of
compa-nies from the perspective of centralized treasury coordination, intra-group
netting, and exe-cution quality. The study is motivated by the fact that diversified
corporate groups often conduct foreign exchange conversions through several
banks and several subsidiaries at the same time, which creates duplication of
external transactions, uneven execution outcomes, and avoidable spread costs. The
aim of the article is to develop and empirically illustrate a framework that connects
company-level currency behavior, bank-level execution differen-ces, and group-
level optimization opportunities. The empirical basis of the research consists of
anonymized primary operational data covering 2,100 foreign exchange transactions
executed by 49 companies in 2025 through March 2026. Company names and bank
names are not disclosed in order to preserve commercial confidentiality. The
methodology com-bines descriptive comparison of bank execution, analysis of
company net positions by cur-rency and time, and modeling of intra-group netting
under centralized management. The results show that gross supply amounted to
39.94 billion, gross demand to 35.76 billion, and the maximum possible intra-group
netting volume to 4.69 billion. This corresponds to a potential reduction of 9.38
billion in gross external activity. The strongest netting poten-tial was observed in
AMD, while high internal coverage ratios were also identified for EUR and USD.
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Introduction

In the modern world, tourism has long exceeded the boundaries of leisure and has become
a fundamental component of the global economy. In 2025, the contribution of the tourism
sector to global GDP amounted to 11.6 trillion US dollars, representing 9.8% of the world
economy, while the sector supported the creation of 366 million jobs, meaning that one out
of every three new jobs created worldwide was related to the tourism industry [WTTC,
2025]. Gastronomic tourism, as a rapidly developing branch of modern tourism, has ac-
quired particular strategic importance over the last decade. The Committee on Tourism and
Competitiveness (CTC) of the UN Tourism Organization (UN Tourism) defines gastrono-
mic tourism as a type of tourism activity characterized by the visitor’s experience related
to food, associated products, and activities during travel. Gastronomic and wine tourism
create opportunities to stimulate a country’s economic development, involve non-tourism
professional sectors, and provide new applications for the agricultural sector. Gastronomic
tourism performs important function in preserving cultural heritage and creates economic
opportunities, including employment, particularly in rural regions [UN Tourism, 2025].

In the Republic of Armenia, tourism has become one of the dynamically developing sectors
of the economy during recent decades. Armenia’s historical and cultural heritage,
gastronomic traditions, natural environment, and regional characteristics form significant
tourism potential. The inflow of international tourists has increased, while the hotel and
food service establishments have expanded alongside the growing economic activity of the
service sector. However, despite the development of the sector, the quantitative assessment
of the relationship between tourism and economic growth in Armenia remains insufficient-
ly studied.

In economic theory, tourism is considered a demand-generating sector with a multiplier
effect [HowAndWhat.net, 2023]. Tourist expenditures create waves of economic impact
by stimulating the activity of agriculture, construction, retail trade, and other sectors, which
ultimately contribute to nominal GDP growth. Local enterprises supplying food products
to hotels and restaurants experience increased sales volumes during tourism seasons,
accompanied by the creation of new jobs and increased tax revenues for local budgets. As
a result of these processes, tourism has become an important factor in promoting nominal
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GDP growth and economic activity. In particular, the development of gastronomic tourism
strengthens the economic role of the food service establishments by supporting local food
producers, restaurants, and related businesses, thereby creating additional stable demand
within the service market [Editorial GE, 2025].

The main objective of this study is to assess, through the application of econometric
methods, the impact of tourism and food service establishments indicators on the economic
development of the Republic of Armenia. In particular, the research analyzes the
relationship between the number of inbound tourists, revenue generated by Food Service
Establishments, and nominal gross domestic product (GDP). The study is based on official
statistical data covering the period from 2009 to 2024, enabling the observation of long-
term development trends in the sector, including the effects of the 2020 pandemic and
regional crises that caused economic shocks.

The study applies simple and multiple regression models, enabling evaluation of
relationships between variables and yielding econometric coefficients with elasticity-based
interpretations. In addition, correlation analysis, multicollinearity diagnostics using the
Variance Inflation Factor (VIF), and the Durbin—Watson test were conducted to ensure the
statistical reliability and stability of the models. The obtained results make it possible to
identify the structural role of tourism and the service sector in the Armenian economy and
to formulate practical recommendations aimed at improving the effectiveness of tourism
policy.

Methodology

The present study applies econometric and statistical analysis methods to assess the impact
of tourism and the gastronomic sector on the economic growth of the Republic of Armenia.
The research is based on official statistical data covering the period from 2009 to 2024.
Simple regression analysis was applied to evaluate the bilateral relationships between the
number of tourists, revenue generated by food service establishments, and nominal gross
domestic product (GDP). Three separate regression models were constructed to identify
the impact of tourism on food service establishments’ revenue, the impact of food service
establishments’ revenue on nominal GDP, and the direct relationship between tourism and
nominal GDP. Multiple regression analysis was used to assess the simultaneous impact of
tourism-related indicators on nominal GDP. The model included the number of tourists,
revenue generated by hotel and food service establishments, and employment as explana-
tory variables, while nominal GDP at current prices served as the dependent variable.

Pearson correlation analysis was conducted to assess the direction and strength of linear
relationships among the principal economic indicators. In particular, the correlation matrix
was used to evaluate the interrelationship between tourism, hotel and food service estab-
lishments, employment, and nominal GDP, as well as the relationship between food service
establishment activity volumes and macroeconomic indicators at the regional level. The
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Variance Inflation Factor (VIF) was calculated in order to assess the presence of multicol-
linearity among the explanatory variables included in the multiple regression model. The
Durbin—Watson test was applied to evaluate the existence of autocorrelation in the
residuals of the regression models. Prior to conducting the econometric analysis, all
variables were transformed into their natural logarithmic form in order to improve statisti-
cal stability and enable elasticity-based interpretation of the estimated coefficients.

The statistical analyses and econometric calculations were conducted using IBM SPSS
Statistics, Microsoft Excel, and EViews software packages.

Literature review
The relationship between tourism and economic growth has been extensively examined

within the framework of the Tourism-Led Growth Hypothesis (TLGH), which suggests
that tourism can act as a driver of economic development through foreign exchange ear-
nings, investment attraction, and employment creation. Examination of the Armenian case
found evidence supporting the Tourism-Led Growth Hypothesis and concluded that tou-
rism represents an important contributor to economic development and external revenue
generation in the Republic of Armenia [Tovmasyan, 2022].

The empirical literature, however, does not provide entirely uniform conclusions. Brida et
al. argue that tourism may serve as a strategic factor for long-run economic growth, particu-
larly in economies where the tourism sector constitutes an important source of income and
value creation. Their findings indicate that tourism expenditures can contribute directly to
GDP growth through multiplier effects and linkages with other sectors of the economy
[Brida & Pulina, 2010].

In the case of Armenia, tourism receipts demonstrate a significant multiplier effect on eco-
nomic growth. Econometric estimates show that increases in international visitor expendi-
tures generate more-than-proportional increases in real GDP, underscoring the importance
of tourism-related spending for the Armenian economy [Tadevosyan et al., 2023].

Recent studies have also expanded the analysis beyond traditional tourism indicators. In
the case of Armenia, digital technologies and online tourism platforms significantly inf-
luence tourists’ travel decisions and overall travel experiences, while technological moder-
nization contributes to strengthening tourism competitiveness and improving service quali-
ty [Bilan, Tovmasyan & Dallakyan, 2024]. Although the existing literature provides
substantial evidence regarding the relationship between tourism and economic growth,
considerably less attention has been devoted to the specific role of gastronomic tourism
and food service establishments as channels through which tourism affects economic
performance. Consequently, the relationship between tourism activity, food service estab-
lishments, employment, and GDP in Armenia remains insufficiently explored. The present
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study seeks to address this gap through the application of regression and correlation analy-
sis based on official statistical data covering the period 2009—2024.

Scientific novelty
The scientific novelty of the present study lies in the econometric assessment of the impact

of gastronomic tourism on the economic growth of the Republic of Armenia through the
application of regression and correlation analysis methods. The study identifies the rela-
tionship between tourism activity, food service establishments, employment, and nominal
GDP at current prices based on official statistical data covering the period from 2009 to
2024. The research also introduces a combined analytical approach that evaluates both the
direct impact of tourism on economic growth and the indirect impact transmitted through
the development of the hotel and food service sectors. In addition, the study provides a re-
gional correlation analysis of food service establishment activity and macroeconomic indi-
cators, allowing the identification of regional differences in the development of the service
sector and tourism-related economic activity in Armenia.

Analysis
1. Simple Regression Analysis and Its Theoretical Foundations
The selected study period provides an opportunity to examine structural changes in the

economy and to assess the impact of tourism on the main indicators of the country’s socio-
economic development. The analysis was based on the number of inbound and domestic
tourists visiting the Republic of Armenia (Tourists), revenue generated by the food service
establishments (Revenue), and nominal gross domestic product (GDP), expressed in mil-
lion AMD. The data is reliable provided by the Statistical Committee of the RA [Sta-tistical
Committee of the RA, 2025], and serve as an empirical basis for the research.

During the study, it was observed that all variables were characterized by growth trends
and non-linear behavior. Therefore, before conducting the econometric calculations, the
data were transformed using natural logarithms. The application of logarithmic transfor-
mation reduces the magnitude of fluctuations and linearizes the relationships between va-
riables, while also allowing the obtained results to be interpreted in percentage terms from
an economic perspective.

The methodological foundation of the research is based on simple linear regression analy-
sis, the purpose of which is to identify the linear relationship between one explanatory va-
riable and one dependent variable [Montgomery et al., 2021]. Simple regression was selec-
ted for several reasons. First, it ensures analytical simplicity and high interpretability, allo-
wing the assessment of the effect of one factor on another without the inclusion of
additional intervening variables. Furthermore, the method is particularly suitable for time-
series analyses with limited sample sizes, such as the 15-year period (2009-2024) exa-
mined in this study. At the same time, the method provides economically meaningful coef-
ficients that allow the interpretation of elasticity relationships. Simple regression analysis
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is widely applied as a tool for preliminary empirical research, as it can serve as a foundation
for the construction of multiple regression models. In addition, the method itself is simple
both from computational and interpretative perspectives, which increases the applicability
of the obtained results for policy-making and economic decision-making processes.

Within the framework of this study, three separate regression models were constructed.
The first model aims to evaluate the impact of the number of inbound and domestic tourists
visiting the Republic of Armenia on the revenue generated by the food service establish-
ments. Based on the data, the following logarithmic model was constructed:
In (Revenue)=a;+b;In (Tourists)+¢
where [n (Revenue) is the dependent variable, In (Tourists) is the explanatory variable, a;
is the intercept of the model, b; is the regression coefficient reflecting elasticity, and € de-
notes the error term.
As a result of the calculations, the following logarithmic model was obtained:
In (Revenue)=—9.8733+1.4542In (Tourists)
The obtained equation demonstrates that there is a direct and very strong linear relationship
between the number of tourists and the revenue of food service establishments. According
to the model results, the coefficient of determination (R?) is approximately 0.874, which
means that nearly 87% of the variation in food service establishments' revenue is explained
by changes in the number of tourists. This indicates the high explanatory power of the mo-
del and demonstrates that tourism growth in Armenia has a tangible and systemic impact
on the development of the service sector.

Figure 1. Results of the simple regression analysis between the number of inbound and

domestic tourists visiting Armenia and the revenue of food service, 2009-2024!
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! The figure was compiled by the author using Microsoft Excel software based on data obtained
from the Statistical Committee of the Republic of Armenia.
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The regression slope coefficient (b; = 1.4542) [Montgomery et al., 2021] has an important
economic interpretation. It indicates that a 1% increase in the number of tourists leads, on
average, to a 1.45% increase in food service establishments' revenue. This result demonst-
rates that the sector responds more than proportionally to tourism growth, reflecting the
high demand for services and the profitability of the sector. Consequently, tourism may be
considered an important driving factor for the expansion of consumption and service
turnover. The statistical indicators of the model also confirm the reliability of the obtained
results. The p-value of the regression is lower than 0.001, indicating the overall statistical
significance of the model. In addition, the Durbin—Watson statistic [Durbin & Watson,
1950,] was tested using the EViews [IHS Global Inc., 2024], software package, demonst-
rating that no significant autocorrelation was observed in the model, which confirms the
statistical stability of the model and the reliability of the results.

From an econometric perspective, the obtained findings reflect the fundamental mecha-
nism through which tourism contributes to the activation of the service sector. The growth
in the number of tourists increases the demand for hotels, restaurants, cafés, and other
service establishments, leading to higher revenues in these sectors. Therefore, food service
establishments' revenue may be considered an important economic indicator characterizing
the intensity of tourism activity.

The second model: The Relationship Between Revenue generated by Food Service
Establishments and Nominal GDP in the Republic of Armenia.
The following model was constructed: In (GDP)=a>+b,In (Revenue)+e, where In (GDP) is

the dependent variable, while In (Revenue) is the explanatory variable. As a result of the

calculations, the following model was obtained:
In (GDP)=10.2955+0.4605In (Revenue)

The obtained results demonstrate that there is a very strong and statistically significant
positive relationship between food service establishments' revenue and nominal GDP. The
high coefficient of determination (R? = 0.986) indicates that approximately 98.6% of the
variation in nominal GDP is explained by changes in food service establishments' revenue.

The slope coefficient (b, = 0.4605) indicates that a 1% increase in food service establish-
ments' revenue leads, on average, to an approximately 0.46% increase in nominal GDP.
This finding confirms that the service sector plays an important role in shaping economic
activity in Armenia. At the same time, the fact that the coefficient is smaller than one de-
monstrates that nominal GDP growth is also influenced by the development of other sectors
of the economy. The obtained results indicate that the food service establishments may be
considered a sensitive indicator of economic dynamics, reflecting the general trends of do-
mestic demand and consumption. From an econometric perspective, this relationship con-
firms that the expansion of the service sector contributes to the growth of economic activity
and the structural development of the economy. Overall, the model results demonstrate that
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the food service establishments have systemic importance within the Armenian economy
and constitute an important component of economic growth.

Figure 2. Results of the Simple Regression Analysis Between Revenue generated by
Food service establishments and Nominal GDP in the Republic of Armenia’
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The statistical diagnostic tests confirm the high reliability of the model and its compliance
with the principal assumptions of classical linear regression. The p-value of the regression
is lower than 0.001, indicating the overall statistical significance of the model and demonst-
rating that the explanatory variable has a statistically significant effect on nominal GDP.
In addition, the Durbin—Watson [Durbin & Watson, 1950] statistic was evaluated using the
EViews software package and indicated the absence of significant first-order autocorrela-
tion in the residuals, suggesting that the residual terms are randomly distributed. From an
econometric perspective, the obtained findings demonstrate that the food service establish-
ments in Armenia represent an important branch of the service sector that stimulates econo-
mic activity. Since the sector’s revenues largely depend on both domestic consumption and
tourism-related expenditures, their growth may be considered a sensitive indicator of the
direction of economic growth. Also, the food service establishments are not only an impor-
tant segment of the consumption chain but also ensure a significant level of employment.

The obtained results are important from the perspective of economic policy, as they de-
monstrate that the promotion of the service sector may contribute to the overall economic
development of the country. Overall, the study confirms that the food service establish-

! The figure was compiled by the author using Microsoft Excel software based on data obtained
from the Statistical Committee of the Republic of Armenia.
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ments constitute one of the key components of the structural and economic stability of the
Armenian economy.

The third model identifies the impact of tourism on nominal GDP. The model is specified
as follows: In (GDP)=a;+bsln (Tourists)+e, where the coefficient (bs) indicates the percen-
tage effect of changes in the number of tourists on nominal GDP, In (GDP) is the dependent
variable, and In(Tourists) is the explanatory variable. As a result of the calculations, the
following logarithmic simple regression model was obtained:

Ln (GDP)=5.8251+0.6645In (Tourists)

The obtained equation demonstrates that there is a positive and statistically significant
relationship between the number of tourists and nominal GDP. According to the regression
results (R? = 0.848), which means that approximately 85% of the variation in nominal GDP
is explained by changes in the number of tourists. This high explanatory power indicates
that tourism constitutes an important component of economic activity in Armenia.

Figure 3. Results of the Simple Regression Analysis Between the Number of Tourists
and Nominal GDP, 2009-2024'
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The results demonstrate a positive and statistically significant relationship between tourism
and nominal GDP. According to the regression model, a 1% increase in the number of tou-
rists leads, on average, to a 0.66% increase in nominal GDP, confirming the important role
of tourism in the growth of economic activity. The fact that the coefficient is smaller than
one indicates that the impact of tourism on nominal GDP is partially proportional, since
economic growth is also influenced by the performance of other sectors of the economy.

! The figure was compiled by the author using Microsoft Excel software based on data obtained
from the Statistical Committee of the Republic of Armenia.
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Nevertheless, tourism remains an important component of economic development. The
statistical indicators of the model confirm its reliability and the applicability of the obtained
results for econometric analysis. The Durbin—Watson statistic, evaluated again using the
EViews software package, indicates the presence of autocorrelation in this case; however,
considering the limited sample size of the data, this does not substantially reduce the analy-
tical value of the model. The growth of tourist flows contributes to the expansion of the
hotel industry, food service establishments, transportation, trade, and cultural services,
generating a multiplier effect across various sectors of the economy. The results demonst-
rate that the development of tourism contributes not only to the expansion of the service
sector but also to the growth of employment and income levels.

Overall, the results of all three regression models jointly indicate that tourism activity and
economic growth in Armenia have developed in an interconnected manner. The increase
in the number of tourists has contributed to the growth of revenue generated by food service
establishments, while the expansion of this sector has stimulated nominal GDP growth.

2. Multiple Regression Analysis: Methodology and Results

The purpose of the multiple regression analysis [Montgomery et al., 2021] is to assess the
impact of tourism on the economic development of the Republic of Armenia. This analysis
is also based on data obtained from the Statistical Committee of the RA in 2009 - 2024.

Through multiple regression analysis, the study examines how the number of inbound tou-
rists, the revenue generated by hotels and food service establishments, and the level of em-
ployment affect nominal gross domestic product (GDP). Correlation and regression analy-
ses [Montgomery et al., 2021] were applied as the principal analytical tools, allowing the
evaluation of the interrelationships between the economic indicators. The analysis is based
on indicators reflecting the economic activity of both the service and production sectors.
These include the number of inbound tourists (persons), revenue generated from the activi-
ties of hotels and food service establishments (million AMD), total employment (persons),
and the country’s nominal gross domestic product (GDP) measured at current prices (mil-
lion AMD). These four indicators were selected because, collectively, they represent the
principal components of the economic chain of tourism: the origin of demand (through the
number of tourists), the expansion of supply (through the scale of hotel and food service
establishment activities), labor potential (through employment), and the final economic
outcome represented by the total volume of produced goods and services in the form of
nominal GDP.

The preliminary examination of the data demonstrated that, during the studied period, al-
most all variables exhibited an upward trend, except 2020, when the pandemic [WHO,
n.d.] and the Artsakh war had a significant negative impact on tourism and overall econo-
mic activity. Despite this temporary decline, the long-term trends indicate a positive inter-
relationship between tourism activity and economic growth.
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Table 1. Dataset Required for the Regression Analysis, 2009-2024!

Year Tourists Revenue of Hotel Industry Employment — persons | Nominal GDP at
arriving in | Establishments and Food Service Current Prices —
Armenia Establishments — million AMD million AMD

2009 586755 34226 1152800 3141651

2010 729260 43401.8 1185200 3460202.7

2011 832746 48854.9 1175100 3777945.6

2012 963035 61061.9 1172800 426460.5

2013 1081984 73265.1 1163800 4555638.2

2014 1203745 83682.8 1133500 4828626.3

2015 1192119 90815.4 1072600 5043633.2

2016 1259657 94387.9 1006200 5067293.5

2017 1494779 112035.7 1011700 5564493.3

2018 1651782 150901.7 1048500 6017035.2

2019 1894377 194257.4 1077400 6543321.8

2020 360338 114333.8 1060100 6181902.6

2021 875772 165828.2 1096800 6991777.8

2022 1665658 212954.1 1145300 8501449.4

2023 2316210 285475.7 1184600 9492514.3

2024 2208179 295052.9 1226061 10193415.3

A quantitative analysis was conducted based on econometric time-series analysis. Since
the variables exhibited growing and non-linear behavior, all indicators were transformed
using natural logarithms. This approach ensured the comparability of the data, reduced the
impact of fluctuations, and enabled the interpretation of the estimated coefficients in terms
of elasticity. In addition, the logarithmic transformation contributed to improving the sta-
tistical stability of the model and reducing the likelihood of heteroskedasticity.

One of the principal assumptions of the multiple regression model is the absence of multi-
collinearity among the explanatory variables. For this purpose, the Variance Inflation Fac-
tor (VIF) [Montgomery et al., 2021] was calculated. The obtained results demonstrated
that the VIF values for all variables ranged between 1.03 and 1.94, which falls within the
acceptable range?®. This indicates that a high degree of linear dependence among the exp-
lanatory variables is practically absent, and therefore, the structure of the model is statis-
tically stable. At the same time, a correlation matrix was constructed in order to evaluate
the direction and strength of the linear relationships among the variables.

The results of the correlation matrix demonstrate that there is a very strong positive linear
relationship between nominal GDP and the revenue generated by hotel establishments and

! The table was compiled by the author based on data obtained from the Statistical Committee of
the Republic of Armenia.

2 If the VIF value exceeds 10, it is considered an indicator of high multicollinearity, which may
threaten the stability of the model. Values ranging between 1 and 5 are regarded as indicating weak
or insignificant intercorrelation and therefore do not create serious problems for the analysis.
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food service establishments (r=0.985), which is fully justified from an econometric
perspective. The hotel and food service sectors directly reflect the scale of tourism activity
and the expansion of the service market, both of which make a substantial contribution to
the formation of nominal GDP.

Table 5. Correlation Matrix Constructed to Identify the Direction and Strength of the
Linear Relationships Among Inbound Tourists, Revenue Generated by Hotel
Establishments and Food Service Establishments, Employment, and Nominal GDP'!

LN (hotels and LN
LN(tourists) restaurants) LN (employed) | (GDP)
LN (tourists) 1
LN (hotels and restaurants) 0.687 1
LN (employed) 0.053 -0.077 1
LN (GDP) 0.628 0.985 0.009 1

At the same time, a moderately strong positive linear relationship was identified between
nominal GDP and the number of inbound tourists (r = 0.628). This indicates that the impact
of tourism on nominal GDP is manifested primarily through indirect channels, particularly
through the development of the service sector. This circumstance also explains the rela-
tively weaker effect of the tourist variable in the regression model, since a considerable
portion of its impact is transmitted through the revenues generated by hotel establishments
and food service establishments. In contrast, the overall employment indicator demonst-
rates a relatively weak relationship both with nominal GDP and with the other independent
variables. However, it should be noted that the present study utilizes the overall employ-
ment indicator rather than sector-specific employment related to tourism or services. In ad-
dition, the seasonality characteristic of the tourism sector, as well as the possible existence
of informal employment, may limit the statistical expression of the actual relationship bet-
ween this indicator and economic outcomes. Nevertheless, the employment variable retains
its economic significance by reflecting the general stability of the labor market and the
functional activity of the economic system.

The results of the correlation analysis are also consistent with the VIF calculations, accor-
ding to which the VIF values of all variables remain within acceptable limits. This indicates
that the problem of multicollinearity is not substantially present in the model and that the
variables are sufficiently independent from one another, thereby ensuring the statistical
stability of the regression model and the reliability of the estimated coefficients. Overall,
the obtained findings characterize the structural features of the Armenian economy, where

! The analysis was conducted by the author using IBM SPSS Statistics software [IBM Corp., 2024]
based on data obtained from the Statistical Committee of the Republic of Armenia.
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the development of tourism stimulates the expansion of the service sector, while the latter
becomes a direct contributor to nominal GDP growth.

3. Correlation Analysis of the Interrelationship Between the Food Service Establishment
Sector and Economic Activity in Yerevan and the Regions of the Republic of Armenia
In recent years, the activities of food service establishments in the Republic of Armenia

have become one of the important indicators of economic activity and social welfare. The
food service establishment sector, which includes restaurants, cafés, fast-food establish-
ments, and hotel food services, directly responds to changes in household income, tourism
flows, and overall economic activity. For this reason, the development of the sector may
be considered an indicator of structural changes in the economy and the expansion of the
service market.

Within the framework of the present study, an economic analysis of the activities of food
service establishments in Armenia was conducted based on the Pearson correlation method
[Pearson, 1895]. The objective of the research is to evaluate the interrelationship between
the service volume of food service establishments and the principal macroeconomic indica-
tors, namely nominal gross domestic product (GDP), nominal GDP per capita, and the level
of employment. Correlation analysis was applied as a preliminary statistical tool to identify
the direction and strength of the relationships among the variables.

The results of the present study demonstrate that, at the national level, the activity volumes
of food service establishments are closely associated with economic activity. The Pearson
correlation coefficient! between nominal GDP and food service establishments is approxi-
mately 0.83, indicating a strong positive relationship. This means that under conditions of
economic growth, food service activities also expand due to increasing levels of consump-
tion and demand. The relationship with nominal GDP per capita is also very strong, at
approximately 0.85. This indicates that improvements in population welfare and increased
tourism flows are directly accompanied by the expansion of the food service market.
However, the regional picture differs considerably. In Shirak, Syunik, and Armavir, the
relationship between the activity volumes of food service establishments and nominal GDP
is very strong, amounting to 0.82, 0.76, and 0.71, respectively. These regions demonstrate
relatively balanced development between the economy and the service sector. In the case
of Shirak, this relationship may be explained by the cultural revitalization of Gyumri and
the active development of tourism infrastructure. In Syunik, the strong relationship sug-
gests that both mining revenues and tourism flows simultaneously stimulate the develop-

! From a statistical perspective, the Pearson correlation coefficient, (r), is calculated on the basis of
the covariance between variables and the ratio of their standard deviations. If two variables
increase simultaneously, the value of (r) is positive and approaches +1, whereas if one variable
increase while the other decreases, the value of (r) is negative and approaches —1. When (1) is close
to zero, this indicates the absence of a clear linear relationship between the variables.
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ment of the food service sector. In Armavir, this relationship may be explained by the ex-
pansion of agricultural production and commercial activity. The reason for this may be the
low population density of the region, the limited scale of demand, or the low concentration
of services within the market. A similar pattern is observed in the case of Vayots Dzor,
where economic activity is largely seasonal and dependent on tourism flows.

The relationship between employment indicators and the activity volumes of food service
establishments is also noteworthy. At the national level, the correlation coefficient is app-
roximately 0.67, representing a positive and moderately strong relationship. However, sub-
stantial regional differences are observed. In Gegharkunik, Shirak, and Yerevan, the rela-
tionship is positive, amounting to 0.57, 0.52, and 0.49 respectively, indicating that in these
areas the expansion of the food service market is accompanied by employment growth.

In contrast, in Kotayk and Lori the relationship is negative, reaching approximately —0.27,
which may be explained by several factors. First, it is possible that productivity growth in
these regions allows larger turnover volumes to be generated with fewer employees. Se-
cond, a high level of informal employment may exist, meaning that actual employment is
not fully reflected in official statistical reports. Third, labor migration may also play a role,
whereby individuals work in other regions while consumption remains concentrated within
their place of residence.

These findings indicate that the food service establishment sector is not only a reflection
of the economy but also one of its structural components. In regions where the relationship
with nominal GDP is strong, economic growth may be considered relatively balanced with
the development of the service market. Conversely, in regions where the relationship is
weak, government policy intervention may be necessary in order to improve market acces-
sibility, develop supply chains, and enhance tourism infrastructure.

The food service establishment sector also possesses significant monitoring value for eco-
nomic policy. Since it rapidly responds to changes in income levels, tourism activity, and
employment, statistical data related to the sector may serve as an early indicator of eco-
nomic fluctuations. For this reason, public authorities may incorporate food service estab-
lishment activity volumes into macroeconomic forecasting systems as an indicator of short-
term economic activity.

In conclusion, it may be stated that the activities of food service establishments in Armenia
are closely connected with economic growth and population welfare. The relationship with
employment demonstrates that the expansion and development of the food service estab-
lishment sector may contribute to job creation, particularly in regions where tourism and
socio-economic development conditions are favorable. Thus, the food service establish-
ment sector may be regarded as an important socio-economic indicator that simultaneously
reflects and stimulates the country’s economic development.
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Table 2. Volume of food service establishment activities and number of employed
persons, 2009-2024!

Region Volume of food service Volume of food service | Volume of food service

es-tablishment establishment activities — | establishment activities

activities—nominal GDP | nominal GDP per capita | — number of employed
Yerevan 0.587 0.576 0.486
Aragatsotn 0.088 0.097 0.180
Ararat 0.374 0.837 0.260
Armavir 0.713 0.697 0.431
Gegharkunik 0.452 0.453 0.569
Lori 0.396 0.685 -0.265
Kotayk 0.669 0.647 -0.268
Shirak 0.816 0.831 0.515
Syunik 0.763 0.768 0.076
Vayots Dzor 0.223 0.254 -0.033
Tavush 0.378 0.402 -0.084
Republic of Armenia 0.827 0.852 0.670

Conclusion
Within the framework of the present study, an econometric assessment of the interrela-

tionship between tourism, the food service establishment sector, and economic growth in
Armenia was conducted through the application of correlation and regression analysis me-
thods. The research was based on official statistical data for 2009 - 2024 and aimed to iden-
tify the role of tourism in the process of the structural development of the Armenian eco-
nomy. The results of the simple regression analysis demonstrated that there is a strong li-
near and statistically significant relationship between the number of tourists and the reve-
nue generated by food service establishments. In particular, it was found that a 1% increase
in the number of tourists leads, on average, to an approximately 1.45% increase in the re-
venue of food service establishments, indicating the high sensitivity of the service sector
to tourism flows. The second regression model demonstrated that the growth of revenue
generated by food service establishments has a positive impact on nominal gross domestic
product (GDP). According to the obtained results, a 1% increase in the revenue of food
service establishments leads to an approximately 0.46% increase in nominal GDP. This
confirms that the service sector, particularly the food service market, constitutes an impor-
tant component of economic activity and domestic demand formation in Armenia.

The results of the third model confirmed the direct impact of tourism on economic growth.
According to the regression estimates, a 1% increase in the number of tourists leads, on
average, to an approximately 0.66% increase in nominal GDP. This finding demonstrates
that tourism in Armenia acts as an important demand-generating factor, stimulating eco-

! The table was compiled by the author using IBM SPSS Statistics software based on data obtained
from the Statistical Committee of the Republic of Armenia.

42



ALTERNATIVE quarterly academic journal

nomic activity through its influence on the development of the hotel industry, food service
establishments, transportation, trade, and cultural services.

The results of the multiple regression analysis and the calculation of the Variance Inflation
Factor (VIF) indicators demonstrated that a high degree of multicollinearity was not ob-
served among the explanatory variables included in the models, as all VIF values remained
within acceptable limits. The findings of the multiple regression analysis further demonst-
rated that the development of tourism is closely associated with the expansion of the service
sector and economic growth. The strongest relationship was identified between nominal
GDP and the revenues generated by hotel establishments and food service establishments,
confirming the important role of the service sector within the Armenian economy. The im-
pact of tourist flows on nominal GDP was manifested primarily through the activation of
the service sector. At the same time, the relatively weak relationship associated with the
employment indicator may be explained by seasonality and the existence of informal emp-
loyment.

The results of the correlation analysis also confirmed the close relationship between the
food service establishment sector and economic activity. At the national level, a strong po-
sitive correlation was identified between the activity volumes of food service establish-
ments and nominal GDP, indicating that the development of the service sector is closely
linked to the country’s economic growth. At the regional level, the strongest interrelation-
ships were observed in the Shirak, Syunik, and Armavir regions, where the development
of tourism and the service sector contributed to relatively balanced economic growth.
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Gastronomic tourism as a factor in promoting economic growth in the Republic of
Armenia: assessment of its impact

Key words: tourism, GDP, regression analysis, econometric modeling, economy of RA, Pearson
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This article is devoted to the assessment of the impact of gastronomic tourism on the econo-
mic growth of the Republic of Armenia. The main objective of the study is to identify,
through the application of econometric methods, the interrelationship between tourism, the
food service establishments, employment, and nominal gross domestic product (GDP)
within the context of economic growth. The study is based on official statistical data co-
vering the period from 2009 to 2024 and includes the number of inbound and domestic
tourists in Armenia (Tourists), revenue generated from public catering establishments (Re-
venue), total employment (persons), and nominal gross domestic product (GDP) measured
in million AMD. The research applies simple and multiple regression analyses, as well as
correlation analysis. The Variance Inflation Factor (VIF) and the Durbin—Watson test were
used to assess the statistical reliability of the econometric models. The findings of the study
indicate that tourism and the gastronomic sector represent significant drivers of the long-
term development of the Armenian economy, the expansion of the service market, and the
promotion of employment. The obtained results demonstrate a statistically significant rela-
tionship between tourism-related indicators and nominal GDP growth, highlighting the im-
portance of tourism policy and the development of gastronomic tourism as strategic di-
rections for sustainable economic development in Armenia.
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Introduction
The welfare state - the idea that governments should actively protect citizens' economic

and social well-being - is under pressure worldwide. Aging populations, rising service de-
mand, shrinking budgets, and growing inequality are forcing governments to find smarter
ways to deliver social protection. At the same time, every citizen interaction with public
institutions generates data. When collected and analyzed at scale, this data becomes a po-
werful resource: revealing who needs help, where services are failing, and how resources
can be better allocated. This article investigates how big data analytics can improve social
policy delivery, comparing experiences from the United States, Germany, Estonia, and
South Korea, and drawing implications for Armenia. The central argument is that big data,
embedded within a governance framework inspired by social market economy principles,
can become a vehicle for more equitable and efficient welfare delivery - but only if sup-
ported by the right institutions, legal safeguards, and political will. The research hypothesis
is that countries integrating big data tools into welfare governance within a social market
economy orientation achieve measurably better outcomes in targeting accuracy, administ-
rative efficiency, and citizen satisfaction. The practical significance is threefold: it offers
Armenian policymakers an evidence-based framework for prioritizing digital investments
in social protection; it demonstrates that Armenia's Digital Armenia strategy and the Mi-
nistry of High-Tech Industry already provide institutional preconditions for meaningful
progress; and it bridges global best practices with local implementation realities.

Methodology
This article uses a qualitative comparative analysis (QCA) approach, supplemented by se-

condary quantitative data, comparing four countries selected to represent different welfare
regime types and levels of digital maturity. The selection follows a most-different systems
design [Rihoux, Ragin, 2009, 19-21], with countries varying substantially in size, income,
welfare tradition, and governance context. Data sources include OECD digital government
reports (2020-2024), World Bank governance indicators, UN EGDI scores, Eurostat social
protection data, and for Armenia specifically, the Statistical Committee of the Republic of
Armenia and the World Bank Armenia Digital Economy project reports. The analysis
proceeds in two stages: cross-country comparison of digital governance indicators,
followed by a structured assessment of Armenia's capabilities and gaps.
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Literature review
What has changed in the last two decades is not governments' reliance on data - that is

longstanding - but the scale, speed, and variety of data now available, what scholars call
"big data" [Laney, 2001, 1]. Mayer-Schonberger and Cukier (2013) were among the first
to explore its implications for public institutions, arguing that the shift from small samples
to whole datasets fundamentally changes decision-making [Mayer-Schonberger, 2013, 6—
8]. Dencik et al. (2019) introduced "data welfare" - the idea that access to and control over
data is itself a social good government should actively manage [Dencik, et al., 2019, 266].

Esping-Andersen's welfare state typologies remain foundational [Esping-Andersen, 1990,
26-29]: social democratic states tend toward centralized data systems and stronger privacy
protections, while liberal welfare states show more fragmented approaches. The social
market economy concept provides a complementary lens - markets as the primary engine
of activity, but the state correcting market failures and ensuring social cohesion [Eucken,
2004, 52-54]. In the digital age, this means data-driven administration oriented toward
fairness and inclusion, not merely efficiency.

Estonia's X-Road platform has attracted considerable scholarly attention as a model of di-
gital public service transformation [Lips, 2020, 87—89], while South Korea's integrated so-
cial information systems demonstrate the potential of data-driven poverty targeting [Kim,
Lee, 2022, 101]. For post-Soviet economies, digital divides between citizens and institu-
tions remain a significant barrier [Mossberger, et al., 2021, 114—116], and studies of Arme-
nia's digital transformation, while growing, remain limited [World Bank, 2023, 7-9]. The
key gap this article addresses is the absence of a framework connecting big data governance
specifically to welfare state functions in small transition economies.

Scientific novelty
The scientific novelty of this article lies in three interconnected contributions. First, it deve-

lops an original analytical framework that connects big data governance specifically to
welfare state delivery functions in the context of small post-Soviet transition economies -
a combination that has not been systematically addressed in the existing literature. Second,
it applies the social market economy model as a normative lens for evaluating digital wel-
fare governance, extending this theoretical tradition into the domain of data-driven public
administration for the first time. Third, it produces a structured comparative assessment of
four distinct national models - the United States, Germany, Estonia, and South Korea - and
translates their lessons into a concrete, context-specific roadmap for Armenia, filling a
practical gap in the literature on digital transformation in the South Caucasus region. Toge-
ther, these contributions advance both the theoretical understanding of data-driven gover-
nance and its practical application in economies that are simultaneously navigating fiscal
constraints, institutional reform, and digital modernization.
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Analysis
Table 1 presents key indicators across the four comparator countries and Armenia. The
data reveals significant variation in both digital readiness and welfare outcomes.

Table 1. Digital Governance and Welfare Delivery (2023)

Country UN EGDI Score ggzili‘(ll (% Gl;l;;) tection ]C)i)g\:ige (%) 1D
United States | 0.91 18.7% 72%
Germany 0.88 25.9% 68%
Estonia 0.93 15.2% 99%
South Korea 0.96 12.4% 99%
Armenia 0.71 9.1% 61%

Sources: UN E-Government Survey 2024 [UN, 2024, p. 67]; OECD Social Expenditure Database 2023
[OECD, 2023, p. 45]; World Bank Development Indicators 2023 [World Bank, 2023, p. 12]; Statistical
Committee of the Republic of Armenia 2023 [Statistical Committee RA, 2024, p. 34].

The data shows a clear positive relationship between digital infrastructure maturity and
welfare targeting accuracy. Estonia and South Korea, which both have near-universal digi-
tal ID coverage and highly integrated public data systems, achieve the highest targeting ac-
curacy scores. Germany, with its well-established social market economy tradition and
strong institutional capacity, performs well despite a lower EGDI score - suggesting that
institutional quality can partially compensate for technological gaps. The United States
presents a more fragmented picture: a high EGDI score but moderate targeting accuracy,
reflecting the decentralized and often disconnected nature of American social policy.

Armenia scores lowest on all indicators, with a particularly notable gap in digital ID co-
verage (61%) and targeting accuracy (4.2/10). However, it is important to note that Ar-
menia has made measurable progress: its EGDI score improved from 0.59 in 2016 to 0.71
in 2024, reflecting genuine reform momentum.

Across all four comparator countries, the integration of cross-sectoral data systems has
been a key driver of improvements in welfare delivery. Table 2 summarizes the main
approaches used. The variation in efficiency gains reflects both the design of the systems
and the governance context in which they operate. Estonia's X-Road, built on a "once-
only" data principle (citizens share data once and institutions exchange it automatically),
is widely regarded as the gold standard. South Korea's system is notable for its focus spe-
cifically on poverty profiling, using predictive analytics to identify households at risk be-
fore they reach a crisis point.
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Table 2. Data Infrastructure Models for Welfare Governance

Country Core Platform Key Feature Reported ]?fficlency
Gain
Federal Data Strategy / Cross-agency data ~12% reduction in
USA SNAP data s stenglz sharing for benefits im ro0 er payments
Y verification proper pay
Kerndatensatz / Centralized social ~18% faster claim
Germany . . .
ELSTER insurance data registry processing
B - o .
Estonia X-Road Real-time 1nteropergb111ty 40% rc?ductlon in
across all agencies admin costs
South Social Information Integrated household ~30% improvement in
Korea System poverty profiling targeting accuracy

Sources: U.S. Government Accountability Office [GAO, 2022, p. 23]; Bundesministerium fiir Arbeit und

Soziales [BMAS, 2023, p. 41]; Lips [2020, p. 87]; Kim, Lee [2022, p. 101672].
Germany's experience is particularly instructive for Armenia: its data integration approach
was built gradually over decades, starting with well-defined legal frameworks for data sha-
ring between social insurance funds and later expanding to broader interoperability. This
incremental approach may be more realistic for countries with limited institutional capacity
than attempting to replicate Estonia's comprehensive model all at once. The US case high-
lights a cautionary tale: large investments in digital systems do not automatically translate
into welfare gains if the underlying governance structure remains fragmented. It has hund-
reds of separate benefit programs administered at federal, state, and local levels, and data
sharing between them remains limited. This fragmentation reduces targeting accuracy and
creates significant administrative burden for citizens. Table 3 below illustrates the relation-
ship between social protection spending as a share of GDP and the estimated share of that
spending that reaches the intended beneficiaries - a measure of transfer efficiency. Count-
ries with more integrated data systems tend to achieve higher transfer efficiency even with
different levels of total spending.

Table 3. Social Protection Spending vs. Transfer Efficiency (2023)

Country Social Spend (% GDP) [Est. Transfer Efficiency (%) Data Integration Level
Estonia 15.2% 88% Very High

South Korea 12.4% 85% Very High

Germany 25.9% 79% High

United States 18.7% 68% Medium

Armenia 9.1% 51% Low-Medium

Sources: World Bank Social Protection & Labor Database 2023 [World Bank, 2023, p. 18]; OECD Benefits
and Wages Database 2023 [OECD, 2023, p. 78], Statistical Committee of the Republic of Armenia
[Statistical Committee RA, 2024, p. 29]. Note: Transfer efficiency estimates are composite assessments based
on the share of social protection expenditure reaching the primary target population.
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The data points to an important insight: higher spending does not automatically produce
better outcomes. Estonia spends considerably less on social protection than Germany
(15.2% vs 25.9% of GDP) yet achieves higher transfer efficiency. The key differentiator is
not the level of resources but how effectively those resources are directed to the right
people at the right time - a function where data analytics plays a decisive role.

For Armenia, which has both the lowest spending and the lowest efficiency in this compa-
rison, the implication is clear: simply increasing the social protection budget without imp-
roving the data infrastructure and targeting mechanisms will produce limited results. In-
vestment in digital systems must accompany - and indeed precede - increases in social
spending.

Discussion of results. The findings confirm the research hypothesis: systematic integration
of big data into welfare governance produces better outcomes in targeting accuracy,
administrative efficiency, and service quality. However, the relationship is not automatic -
institutional environment quality matters enormously.

The social market economy framework proves useful here precisely because it refuses to
separate economic and social goals. Big data, from this perspective, is not a cost-cutting
tool but an instrument for realizing social governance more fully. Germany's data systems
were built as instruments of fairness - ensuring entitlement accuracy and accountability -
producing more durable and trusted systems than purely instrumentalist approaches. South
Korea's proactive poverty profiling reflects the principle that the state has a duty of care,
not merely a mechanical distribution function. The US fragmentation shows that no
algorithmic sophistication can substitute for the policy coordination needed to build
interoperable systems.

For post-Soviet transition economies including Armenia, the legacy of Soviet administra-
tive culture creates both opportunities and obstacles. Citizens expect active state social
protection, providing political legitimacy for welfare state functions. But institutional trust
is low, and concerns about surveillance and data misuse are real given historical experience
with state intervention. This means transparency and accountability mechanisms are not
optional extras - they are essential prerequisites for public acceptance.

Implications for Armenia. Armenia presents a genuinely promising case. Its small geogra-
phic size and centralized administrative structure mean interoperability reforms require
fewer coordination layers than in larger federal systems. Internet penetration exceeds 78%
[Statistical Committee RA, 2024, 34], creating strong demand-side conditions for digital
public services. A diaspora-linked technology sector and growing domestic IT industry
provide a talent pipeline for public sector digitalization. The Information Systems Agency
of Armenia already works actively on digitalization, providing a solid institutional base for
further development. These advantages represent a genuine strategic foundation for buil-
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ding a modern digital welfare state. Table 4 maps Armenia's current status against the key
building blocks of data-driven welfare governance.

Table 4. Armenia: Current Status and Priority Actions for Data-Driven Welfare

Governance
Building Current Status Priority Action Reference
Block (Armenia) y Model
. 0, 5 .
Digital ID Partially dev.el(.)ped (§1 %0 Expand to full.populgtlon, Estonia (X-
coverage); biometric integrate with social
Infrastructure . . Road)
passport system in place registry
Interoperable Fragmented across Deve.lop ur.nﬁ.ed social
. . registry linking tax,
Social agencies; limited real- . South Korea
Registry time data sharing health, pension, and
employment data
Leeal Data Personal Data Protection | Strengthen data protection Germany
5 Law (2015) exists but | authority; develop sectoral (DSGVO
Framework . . .
enforcement is weak data-sharing protocols alignment)
Algorlthmlc Minimal use; As001a1 Pilot AI?ass¥sted poverty South Korea /
Targeting | transfers primarily based profiling in selected .
Estonia
Tools on manual assessments marzes
o Limited data science Invest in civil servant Estonia (e-
Institutional s . o .
Capacit skills in public sector; digital literacy; establish Governance
pactty training gaps GovTech unit Academy)
Low general institutional Condgct p ubllc.
. . consultations; publish Germany / EU
Public Trust | trust; privacy concerns L
. algorithmic impact GDPR model
among population
assessments

Sources: World Bank Armenia Digital Economy Diagnostic Report [World Bank, 2023, p. 44]; UN E-
Government Survey 2024 [UN, 2024, p. 112]; Statistical Committee of the Republic of Armenia [Statistical
Committee RA, 2024, p. 34]; Lips [2020, p. 134].

Five concrete recommendations follow. First, develop a unified social protection registry
- a single interoperable database linking income, employment, health, and housing data -
as the foundational infrastructure. South Korea's Haengbok-e-eum offers a proven model
adaptable to middle-income contexts. Second, update the 2015 Personal Data Protection
Law to align with European standards, both as a matter of citizens' rights and as a pre-
requisite for international data cooperation. Third, frame Armenia's digital welfare strategy
explicitly within a social market economy orientation - combining efficiency with social
justice - which shapes evaluation metrics and improves public acceptance. Fourth, adopt a
phased implementation approach: piloting data integration in a single marz before national
rollout allows learning and adaptation without overextending limited institutional capacity.
Fifth, invest in human capital alongside technology - a dedicated GovTech unit modeled
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on Estonia's e-Governance Academy could serve as a center of excellence across
ministries.

Conclusion
This article has examined how big data analytics can strengthen welfare state governance,

drawing on comparative evidence from the United States, Germany, Estonia, and South
Korea to develop implications for Armenia. The central finding is that data-driven welfare
governance, embedded within a social market economy framework, can significantly
improve the efficiency, equity, and quality of social protection delivery. Estonia and South
Korea demonstrate that lower spending combined with high data integration outperforms
higher spending with fragmented systems.

The research hypothesis is confirmed: digital integration produces measurable improve-
ments in targeting accuracy and administrative efficiency. But technology is not sufficient
alone - institutional quality, legal frameworks, and public trust are equally critical.

For Armenia, the outlook is genuinely optimistic. The country does not need to start from
zero: its EGDI score growth from 0.59 to 0.71 since 2016, its functioning e-government
portal, biometric identity infrastructure, active Information Systems Agency, and Digital
Armenia strategy are all concrete assets. The task is to connect these existing investments
into a coherent, welfare-oriented data governance architecture. Within a realistic 5-7 year
horizon, concerted investment in unified social registries, data protection frameworks,
algorithmic targeting capacity, and public sector human capital could move Armenia from
a fragmented digital landscape to an integrated, efficient, and equitable welfare delivery
system - one that serves as a model for other small post-Soviet transition economies.
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Big data and the digital welfare state: rethinking social policy delivery in small transition
economies: the case of Armenia
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The rapid growth of digital technologies and the accumulation of large datasets have ope-
ned new possibilities for how governments design and deliver social services. This article
explores the intersection of big data analytics and welfare state functions, with a focus on
small transition economies that face the dual challenge of modernizing their public admi-
nistration while managing limited fiscal resources. Drawing on comparative evidence from
the United States, Germany, Estonia, and South Korea, the study examines how data-dri-
ven approaches have reshaped social policy delivery in different governance contexts. The
article argues that the social market economy model - with its emphasis on balancing eco-
nomic efficiency and social protection - provides a useful theoretical lens for evaluating
the potential of big data in welfare governance. For Armenia, which is at an early but pro-
mising stage of digital transformation, the implications are significant: targeted investment
in data infrastructure, interoperable public registries, and algorithmic tools for social targe-
ting could substantially improve the efficiency and equity of state transfers and services.
The article identifies key prerequisites for successful implementation, including legal
frameworks for data protection, institutional capacity, and public trust.
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Introduction
In modern financial reporting, deferred taxes are viewed not only as a technical outcome

of tax accounting, but also as an important information indicator of future tax obligations,
accounting estimates, and the quality of financial results. According to IAS 12 Income
Taxes, deferred tax assets and liabilities arise from temporary differences between the
carrying amounts of assets and liabilities and their tax bases. A deferred tax liability is
recognized when the recovery of an asset or the settlement of a liability will lead to
additional tax payments in future periods, while a deferred tax asset is recognized when a
future reduction in the tax burden or a tax benefit is expected [IFRS Foundation, 2026,
n.d.].

Deferred taxes are especially important in capital-intensive sectors where property, plant
and equipment are among the main items in the financial statements. The energy sector is
such a sector: power plants, transmission and distribution networks, substations, produc-
tion facilities, and technological equipment have high value, long useful lives, and are often
affected by revaluations, impairment, or different depreciation approaches [Baker &
Clendon, n.d., n.p., Hanlon et al., 2014, 87-99]. Under these conditions, differences bet-
ween financial accounting and tax accounting can significantly affect deferred tax liabi-
lities, income tax expense, and profitability indicators.

International studies show that deferred taxes may have informational value for investors,
analysts, and other users of financial statements. The systematic literature review by Gor-
litz and Dobler shows that empirical studies over the last three decades have mainly exa-
mined the value relevance of deferred taxes and their relationship with earnings mana-
gement. The authors also note that research on deferred taxes has mostly focused on deve-
loped markets, especially the United States, while the experience of small and developing
economies has received comparatively less attention [Gorlitz & Dobler, 2023, 113-165].
This makes it relevant to examine the relationship between deferred taxes and financial
results using the Armenian energy sector as an example.
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The study of deferred taxes in Armenian energy sector companies is also important because
these companies operate not only in a market environment but also in a regulated environ-
ment. The financial results of energy companies may depend on tariff regulation, invest-
ment programs, debt burden, exchange rate differences, accounting for property, plant and
equipment, and state policy. In this context, assessing the relationship between deferred
taxes and profitability indicators makes it possible to identify how temporary differences
and their tax consequences are reflected in companies’ financial results.

The aim of the article is to evaluate the relationship between deferred tax liabilities, de-
ferred tax assets, deferred tax expense/income, and profitability and tax burden indicators
in Armenian energy sector companies. The research objects are Armenian Nuclear Power
Plant CJSC (ANPP), High Voltage Electric Networks CJSC (HVEN), and Yerevan Ther-
mal Power Plant CJSC (YTPP). Pearson correlation analysis and simple linear regression
models are used to determine the direction and strength of the relationship between changes
in deferred taxes and profitability, income tax expense, tax burden, and property, plant and
equipment.

Methodology
The research objects are three companies in the Armenian energy sector: Armenian

Nuclear Power Plant CJSC (ANPP), High Voltage Electric Networks CISC (HVEN),
Yerevan Thermal Power Plant CJSC (YTPP).

The information base of the study consists of the published financial statements of the se-
lected companies. The analysis includes the years for which the financial statements con-
tained the necessary data. The total sample consists of 19 observations. Since data on de-
ferred tax assets or liabilities were not complete for some companies and years, calcu-
lations were made only for paired observations where both the independent and dependent
variables were available.

The following indicators are used in the study:
Table 1. Variables Used in the Study

Code Variable name

DTL Deferred tax liabilities

DTA Deferred tax assets

DTE Deferred tax expense/(income)
NP Net profit/(loss)

Income tax expense/(benefit)

Property, plant and equipment
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E Accumulated loss/retained earnings
NetDT Net deferred tax
TaxBurden Tax burden
Return on assets

Return on equity

Source: compiled by the author based on the database created from the financial
statements.

Pearson’s correlation coefficient is used for the correlation analysis:
r =cov(X,Y)/oxoy (1)

where

r is the correlation coefficient,

X is an independent variable related to deferred taxes,

Y is a profitability or tax burden indicator.

In the main model, DTE is selected as the independent variable, while ITE is selected as
the dependent variable.

For the regression analysis, a simple linear model is used:
Y=a+bX 2

where

Y is the dependent variable,

X is the independent variable, a is the intercept,

b is the regression coefficient.

Literature
The theoretical basis for accounting for deferred taxes is IAS 12 Income Taxes. The stan-

dard applies a balance sheet approach, according to which deferred tax is determined based
on temporary differences between the carrying amounts of assets and liabilities and their
tax bases. According to the IFRS Foundation, a deferred tax liability arises when an entity
will pay tax in the future as a result of recovering the carrying amount of an asset or settling
a liability, while a deferred tax asset arises when future tax payments will decrease or when
the entity has unused tax losses or tax credits [IFRS Foundation, 2026, n.d.]. This approach
links deferred taxes not only to the current year tax calculation, but also to the entity’s
financial position and future tax consequences.
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According to the Deloitte IAS Plus explanation, deferred tax assets and liabilities are
measured using the tax rates expected to apply when the asset is realized or the liability is
settled. They are not discounted, which means that deferred tax amounts presented in
financial statements reflect future tax consequences without considering the time value of
money [Deloitte, n.d.]. This is important for the present study because, in the case of long-
term assets in the energy sector, the reversal of temporary differences may take place over
a long period.

From the ACCA methodological perspective, a deferred tax liability can be understood as
a tax payable in the future that arises when an entity receives a tax benefit in the current
period, but this benefit will reverse later. Baker and Clendon present a classic example of
deferred tax through the accounting for depreciable non-current assets, where accounting
depreciation and tax depreciation are calculated using different rates or methods. If tax
depreciation exceeds accounting depreciation in the early years, the entity receives an early
tax benefit, but the difference reverses later and creates an additional tax burden [Baker &
Clendon, n.d.]. This explanation is particularly relevant to the energy sector, where the
high value of property, plant and equipment may create significant temporary differences.

One important direction of empirical research on deferred taxes is the study of their value
relevance. Chludek examined the effect of deferred taxes on firm value in an IFRS
environment and showed that investors do not always perceive deferred taxes as a clear in-
dicator of future tax cash flows. Her study indicates that different components of deferred
tax assets and liabilities may have different informational value, and in some cases their
value relevance is limited [Chludek, 2011, 1-25]. This approach is important because the
results of the present study also show that the relationships between deferred taxes and fi-
nancial indicators are not uniform across all companies.

Hanlon, Navissi, and Soepriyanto studied the value relevance of deferred taxes arising
from asset revaluations. Their research is important in the context of the energy sector
because revaluations of property, plant and equipment in capital-intensive companies may
create large, deferred tax liabilities. The authors show that deferred tax information related
to asset revaluations may provide additional value to users of financial statements, because
it reflects the future tax consequences of differences between the accounting value and the
tax base of assets [Hanlon et al., 2014, 87-99].

In their systematic review of empirical literature on deferred taxes, Gorlitz and Dobler
identify two main research directions: value relevance and earnings management. They
note that deferred tax studies often examine whether deferred tax assets and liabilities can
explain market value, future earnings, or earnings-smoothing behavior by management
[Gorlitz & Dobler, 2023, 113—165]. Their study also emphasizes that deferred taxes may
contain both useful information and subjective estimates, because the recognition of
deferred tax assets often depends on forecasts of future taxable profit.

56



ALTERNATIVE quarterly academic journal

In the context of earnings management, Schrand and Wong examined the use of valuation
allowances for deferred tax assets in the banking sector and showed that this tool may be
used for earnings management purposes [ Schrand & Wong, 2003, 579-611]. Although that
study concerns another sector, its logic is also important for energy companies, because
recognizing deferred tax assets requires management estimates about future taxable profit.
Therefore, analysis of deferred taxes can reveal not only tax consequences, but also the
quality of accounting estimates.

Modern studies continue to discuss the value relevance of deferred tax assets. A study
based on German HDAX companies shows that the informational value of deferred tax as-
sets for investors may be limited or not uniform, depending on the reporting environment
and company-specific characteristics [Zimmermann, 2024, 82-92]. This again indicates
that the impact of deferred taxes should be assessed within the conditions of a specific
sector and market.

In summary, the international literature considers deferred taxes from three main pers-
pectives. First, they are an accounting category regulated by IAS 12 and arising from tem-
porary differences. Second, they form part of the informational content of financial state-
ments, because they may affect income tax expense, future tax payments, and the assess-
ment of firm value. Third, they may reflect management estimates and the influence of
accounting policy on earnings quality. This theoretical basis makes it possible to view the
relationship between deferred taxes and profitability indicators in the Armenian energy
sector as an important and relevant research issue [Chludek, 2011, 1-25; Gorlitz & Dobler,
2023, 113-165; Schrand & Wong, 2003, 579-611].

Scientific novelty
The scientific novelty of the article is that the relationship between deferred taxes and pro-

fitability indicators in the Armenian energy sector is considered not only theoretically but
also empirically, using data from publicly available financial statements. The study may
be useful for financial statement analysts, auditors, tax consultants, and financial manage-
ment specialists in the energy sector.

The article is also novel because it focuses on Armenian energy sector companies, which
operate in a capital-intensive and regulated environment. In this sector, property, plant and
equipment, depreciation differences, investment programs, and tariff regulation may have
an important influence on deferred taxes. Therefore, the study provides sector-specific
evidence and can be useful for financial statement analysts, auditors, tax consultants, and
financial management specialists.

Research Aim, Objectives, Hypotheses
The aim of the study is to empirically assess the relationships between deferred taxes and

financial results in Armenian energy sector companies by combining the theoretical app-
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roach of IAS 12 with actual data from company financial statements. The objectives of the
study are to create a comparable database, calculate profitability and tax burden indicators,
conduct Pearson correlation analysis, build simple linear regression models, and interpret
the results in the context of the international literature.

Based on the literature review, the following research hypotheses are formulated:

Hypothesis 1. There is a positive relationship between deferred tax expense/income and
total income tax expense. This hypothesis follows from the logic of IAS 12, because
income tax expense is formed from current and deferred tax components. If deferred tax
expense increases, total income tax expense is also expected to increase.

Hypothesis 2. There is a positive relationship between deferred tax liabilities and the value
of property, plant and equipment. This hypothesis is supported by Baker and Clendon’s
example of depreciable non-current assets, as well as by the study of Hanlon, Navissi, and
Soepriyanto, where deferred taxes arising from asset revaluations are treated as value-rele-
vant information in financial reporting.

Hypothesis 3. The relationship between deferred tax assets and profitability indicators may
be non-uniform. The studies by Chludek and by Gorlitz and Dobler show that the infor-
mational value of deferred tax assets depends on the probability of future taxable profit,
accounting estimates, and market conditions. Therefore, in the Armenian energy sector this
relationship may differ across companies.

Hypothesis 4. In capital-intensive energy companies, deferred taxes may be more strongly
related to property, plant and equipment and the tax burden than directly to ROA or ROE
profitability indicators. This is because, in the energy sector, the main source of temporary
differences is often not current operating profit, but the difference between the accounting
value and the tax base of long-term assets.

Analysis
The correlation analysis results show that the relationships between deferred taxes and
financial indicators differ by company in terms of strength and direction.

The tables below are prepared in the logic of SPSS Correlations output and include Pearson
1, Sig. (2-tailed), and the number of observations.

For ANPP, the explanatory power of the model between deferred tax expense/income and
income tax expense is very high: R = 0.995. This means that about 99.5% of the variation
in income tax expense in this model is explained by changes in deferred tax expense /
income. This result shows that the deferred tax component plays an important role in the
formation of ANPP’s tax result.
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Table 2. Correlations (Pearson) - ANPP

Company | X Y N | Pearsonr | Sig.(2- Interpretation
tailed)

ANPP DTL NP 7 | 0.090 0.848 very weak
positive

ANPP DTA ROA 0 |- - insufficient data

ANPP DTL ROE 7 | 0.154 0.742 very weak
positive

ANPP DTE ITE 7 | 0.998 <.001 very strong
positive

ANPP DTL PPE 7 | 0.722 0.067 strong positive

ANPP DTA RE 0 |- - insufficient data

ANPP NetDT | TaxBurden | 7 | -0.963 <.001 very strong
negative

Sig. < .05 values are interpreted as statistically significant.

At the total sample level, R? for the same relationship is 0.709, which is also a high value.
This means that changes in deferred tax expense/income explain about 70.9% of the
variation in income tax expense. This result confirms that deferred taxes can be considered
an important component in the analysis of income tax expense.

Table 3. Correlations (Pearson) - HVEN

Company X Y N Pearson Sig. (2-  Interpretation
r tailed)

HVEN DTL NP 3  -0.860 0.341 strong negative

HVEN DTA ROA 5 0712 0.177 strong positive

HVEN DTL ROE 3 -0914 0.266 very strong
negative

HVEN DTE ITE 6 0265 0.612 very weak
positive

HVEN DTL RRE 3 0971 0.153 very strong
positive
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HVEN DTA RE 5 0.803 0.101 strong positive
HVEN NetDT TaxBurden 6  0.165 0.754 very weak
positive

Relationships with small n should be interpreted with caution.

For HVEN, the R? of the regression model between deferred tax liabilities and property,
plant and equipment is 0.943. This indicates that changes in deferred tax liabilities are
strongly associated with changes in the value of property, plant and equipment. Such a
result is economically logical for the energy sector because differences between accounting
depreciation and tax depreciation of property, plant and equipment can create significant
temporary differences.

Table 4. Correlations (Pearson) - YTPP

Company X Y N Pearsonr Sig. (2-  Interpretation
tailed)

YTPP DTL NP 0 - - insufficient data

YTPP DTA ROA 6 -0.027 0.959 very weak
negative

YTPP DTL ROE 0 - - insufficient data

YTPP DTE ITE 6 00915 0.011 very strong
positive

YTPP DTL PPE 0 - - insufficient data

YTPP DTA RE 6 0.181 0.731 very weak
positive

YTPP NetDT TaxBurden 6 0.909 0.012 very strong
positive

Where data are missing, no coefficient was calculated.

For YTPP, the R? between net deferred tax and the tax burden is 0.827, showing high
explanatory power. However, this result should be interpreted with limitations, because the
tax burden indicator is sensitive to profit before tax, and in a small sample individual year
fluctuations may have a strong influence on the results.
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Table 5. Correlations (Pearson) - Total Sample

Company X Y N  Pearson Sig. (2-  Interpretation
r tailed)

Total DTL NP 10 -0.355 0.314 L

Total DTA ROA 11 0.266 0.429 very weak
positive

Total DTL ROE 10 -0.331 0.350 weak negative

Total DTE ITE 19 0.842 <.001 strong positive

Total DTL PPE 10 0.576 0.081 moderate
positive

Total DTA RE 11 0.203 0.549 very weak
positive

Total NetDT TaxBurden 19 0.225 0.355 very weak
positive

The main statistically significant relationship in the total sample is the DTE-ITE

The correlation results show that, at the total sample level, the relationship between DTE
and ITE is strong and statistically significant: r=0.842, p <.001. This confirms Hypothesis
1. The same relationship is also strong and significant for ANPP and YTPP. In the case of
HVEN, the relationship between DTL and PPE is r = 0.971, but p = 0.153, which is not

relationship.

statistically significant due to the small number of observations.

The main regression model is constructed for the total sample, where the dependent
variable is income tax expense and the independent variable is deferred as a tax ex-

pense/income.
Table 6. Model Summary - Total Sample
Model R R Square  Adjusted R Square  Std. Error of the Estimate
1 0.842 0.709 0.692 470,330.0

Dependent variable: ITE; independent variable: DTE.
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Table 7. ANOVA - Total Regression Model

Model Sum of Squares df Mean Square F Sig.
Regression 9,156,182,942,784.1 1 9,156,182,942,784.1 41.391 <
.001
Residual 3,760,575,848,013.6 17 221,210,344,000.8
Total 12,916,758,790,797.7 18
F=41.391, p <.001, which shows the statistical significance of the model.
Table 8. Coefficients - Total Regression Model
Model Unstandardized B Std. Error Standardized t Sig.
Beta
(Constant) 269,650.5 108,050.6 2496  0.023
DTE 1.041296 0.161853 0.842 6.434  <.001

Regression equation: ITE = 269,650.5 + 1.041296 x DTE.

Regression analysis makes it possible not only to assess the direction and strength of the
relationship, but also to determine the extent to which changes in the independent variable
explain variation in the dependent variable.

The results of the analysis show that the impact of deferred taxes on financial indicators in
Armenian energy sector companies is not uniform. In some companies, deferred tax
liabilities are related to the value of property, plant and equipment, while in other cases the
strongest relationship is observed between deferred tax expense and income tax expense.

The results confirm that deferred taxes are an important component of financial statement
analysis for Armenian energy sector companies. At the total sample level, the high r and
R? values for the DTE-ITE relationship are logical because income tax expense consists of
current and deferred tax components, which is consistent with the balance sheet approach
of IAS 12 [IFRS Foundation, 2026, n.d., Deloitte, n.d.] Therefore, changes in deferred tax
expense/income may significantly affect the reported income tax expense for the reporting
year.
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Table 9. Regression Summary by Company and for the Total Sample

Company | Model N |r Sig. R F Equation
ANPP DTE ->ITE | 7 0.998 | < 0.995 | 1,076.7 | Y = 213876 +
.001 1.007929X
ANPP NetDT > | 7 - < 0.927 | 63.271 | Y =0.286-0.000000X
TaxBurden 0.963 | .001
ANPP DTL ->PPE | 7 0.722 | 0.067 | 0.522 | 5.460 Y = 72,063,490.3 +
30.053184X
HVEN DTL ->PPE | 3 0.971 | 0.153 | 0.943 | 16.602 | Y = 107,759,367.8 +
3.712452X
HVEN DTL > |3 - 0.266 | 0.835 | 5.058 Y =0.504 - 0.000000X
ROE 0.914
HVEN DTA>RE | 5 0.803 | 0.101 | 0.645 | 5.462 Y = 219889.6 +
16.455102X
YTPP DTE ->ITE | 6 0.915 | 0.011 | 0.837 | 20.596 | Y = 462,089.7 +
1.235673X
YTPP NetDT > | 6 0.909 | 0.012 | 0.827 | 19.063 | Y=1.235+0.000001X
TaxBurden
Total DTE->ITE | 19 | 0.842 | < 0.709 | 41.391 [ Y = 1269,650.5 +
.001 1.041296X

The table includes the most interpretable models.

For ANPP, the DTE-ITE relationship is almost complete: r = 0.998, R2=0.995. This shows
that, during the period observed, changes in the company’s income tax expense were
largely driven by the deferred tax component. For HVEN, the DTL-PPE relationship is
very strong, r = 0.971, although it is not statistically significant because of the small
number of observations. Nevertheless, this result is economically understandable because
high-voltage electric networks are capital-intensive infrastructure, and differences between

the accounting and tax values of property, plant and equipment are among the main sources
of deferred taxes [Baker & Clendon, n.d., n.p.; Hanlon et al., 2014, 87-99].

For YTPP, the DTE-ITE relationship is also statistically significant: r = 0.915, p=0.011.
This shows that deferred tax items also play a significant role in the formation of income
tax expense in the case of a thermal power plant. The high value of the NetDT - TaxBurden
relationship, r = 0.909, may indicate that changes in net deferred tax were accompanied by
changes in the tax burden.

In the context of international literature, the results are consistent with the view that
deferred taxes may have informational value for users of financial statements. They reflect
future tax consequences that arise from assets, liabilities, income, and expenses recognized
in current financial statements.
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Limitations

The main limitations of the study are the small sample size and missing data for some
variables. The correlation and regression results show the strength and direction of
relationships, but they do not prove causality. In addition, the models do not include the
possible effects of tariff regulation, debt burden, exchange rate differences, investment
programs, and state support.

Conclusion
The results of the study show that deferred taxes in Armenian energy sector companies

have not only accounting and technical significance, but also analytical significance. They
reflect the effect of temporary differences between financial accounting and tax accounting
on tax expense, financial results, and the accounting for capital-intensive assets. This is
consistent with the balance sheet approach of IAS 12 [IFRS Foundation, 2026, n.d.,
Deloitte, n.d.].

The correlation and regression analysis shows that, at the total sample level, there is a
strong positive relationship between deferred tax expense/income and income tax expense:
r=0.8419, while the explanatory power of the regression model is R?=0.7089. This means
that the deferred tax component plays a significant role in the formation of total income
tax expense and can explain a substantial part of its variation.

The results at the individual company level also confirm the importance of deferred taxes.
For ANPP, the relationship between deferred tax expense/income and income tax expense
is almost complete: r = 0.998, R = 0.995, indicating that the deferred tax component has
a decisive influence on the formation of tax expense in that company. For HVEN, the very
strong positive relationship between deferred tax liabilities and property, plant and
equipment, r = 0.971, shows that in capital-intensive companies the accounting features of
property, plant and equipment may create significant temporary differences and, as a result,
deferred tax liabilities. For YTPP, the strong positive relationship between net deferred tax
and the tax burden, r = 0.909, indicates that deferred taxes may also affect the relative
assessment of the tax burden.

The findings are consistent with the logic of IAS 12 Income Taxes, according to which
deferred taxes arise from temporary differences between the carrying amounts of assets
and liabilities and their tax bases. In the energy sector, such differences are especially
expected because the sector is characterized by a large volume of property, plant and
equipment, long-term assets, specific depreciation practices, and large investment
programs.

The study shows that deferred tax analysis can be used as a tool for deeper assessment of
financial statements, which is consistent with international research suggesting that
deferred tax items may have value relevance and informational significance [Chludek,
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2011, 1-25; Gorlitz & Dobler, 2023, 113-165; Hanlon et al., 2014, 87-99]. It makes it
possible to identify not only the current tax burden of an entity, but also future tax
consequences, differences between financial and tax accounting, and the effect of
accounting for property, plant and equipment on income tax expense.

Overall, deferred taxes can be considered an important informational element in the
financial statements of Armenian energy sector companies. At the same time, when
interpreting them, it should be taken into account that the recognition of deferred tax assets
may depend on management estimates of future taxable profit and, therefore, may in some
cases be associated with subjectivity in accounting estimates [ Error! Reference source
not found.1]. Their analysis makes it possible to assess more fully companies’ tax position,
the structure of income tax expense, the effect of accounting for property, plant and
equipment, and the possible risks of future tax obligations.
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Correlation and regression analysis of deferred taxes and profitability indicators in Armenian energy
sector companies
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The purpose of this article is to study and assess the relationship between deferred tax as-
sets, deferred tax liabilities, deferred tax expense/income, and the indicators of profi-
tability, income tax expense, tax burden, and property, plant and equipment in Armenian
energy sector companies. The theoretical basis of the study is the balance sheet approach
of IAS 12 Income Taxes, while the empirical basis is the financial statement data of Ar-
menian Nuclear Power Plant CJSC (ANPP), High Voltage Electric Networks CJSC
(HVEN), and Yerevan Thermal Power Plant CJSC (YTPP). Pearson correlation coeffi-
cients and simple linear regression models are used for the analysis, and the results are
presented in an SPSS-style format. The results show a strong positive relationship between
deferred tax expense/income and income tax expense. At the company level, deferred tax
liabilities may also be closely related to property, plant and equipment and the tax burden.
The findings suggest that deferred taxes can be used as an important tool for deeper finan-
cial statement analysis in capital-intensive and regulated sectors.
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Introduction
The worldwide energy transition has become one of the defining economic and social

changes across the globe in the twenty-first century. Motivated by climate mitigation tar-
gets, technology advancement and changing regulatory landscapes, governments and cor-
porations around the world are rapidly expanding investment in low-carbon technologies
(e.g., electric vehicles (EVs), renewable energy generation, battery storage systems and
electricity grid infrastructure). The energy transition — although usually considered as a
change of the sources of energy — is also an evolution in commodity demand, which deve-
lops, now necessarily and increasingly, a new focus on an ensemble of minerals commonly
known as critical metals. Critical metals such as lithium, cobalt, nickel, and copper play an
indispensable role in enabling energy transition technologies. Lithium, cobalt and nickel
are critical materials for lithium-ion batteries that power EVs and ESSs, while copper is a
basic ingredient in electrification, grid expansion, renewable energy installations and elect-
ric mobility. With these technologies increasingly being rolled, demand for critical metals
has surged in recent years and changed commodity markets with wider strategic implica-
tions for market participants as well policy makers near and far.

Unlike traditional fossil energy products, critical metals have concentrated supply chains,
long lead times for investment, and high political and environmental risks. Mining and mil-
ling—refining operations also tend to be highly concentrated in a few countries, leading the
global supply chain to greater political risk, trade disruptions, and regulatory uncertainty.
And, meanwhile, the processing and refining of several key metals are heavily concent-
rated amongst a small number of players, further compounding vulnerabilities across these
supply chains. These structures give cause for asking important questions about the capa-
city of global markets to serve growing demand in a secure and sustainable way.

Rising volumes of energy transition technologies have resulted in a structural shift in de-
mand for essential metals yet supply in these markets is characterised by long development
cycles, high geographical concentration and regulatory complications. A core issue is the
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gap between increasing demand signals and a supply chain’s ability to effectively fulfill
them. Although governmental policies, e.g., electric vehicle subsidies, renewable power
targets and industrial plans for clean technologies have increased the growth of demand,
mining and refining capabilities on critical metals cannot easily be expanded technically
or environmentally nor socially. This generates the continuing danger of bottlenecks in
supply which could be expressed through price volatility, trade disruption and strategic
confrontation between consuming regions.

Moreover, the concentration of these production and refining centres in a few nations
creates systemic weaknesses. In fact, for a number of critical metals, mining is controlled
by a handful of producers and refining capacity is frequently more concentrated still. This
calls into question both supply security, es-pecially in a time of geopolitical rivalries and
trade decoupling. In spite of the increasing awareness being raised on these problems, prior
research studies often lay emphasis on price transmission, structure of supply chains and
policy measures as separate analytical dimensions. This piecemeal strategy restricts the
ability to monitor how energy transition developments are reflected in price performance
and strategic vulnerabilities of critical metal supply chains.

The main aim of the article is to investigate how critical metals fit into the landscape of the
global energy transition, with a special emphasis on dynamic price dynamics and strategic
supply chain structure inter-play. With the rise of low-carbon technologies, critical metals
are now playing more prominent roles in industrial policy, geopolitics and commodity mar-
kets. The goal of this research is to provide insight into these phenomena by combining
qualitative supply chain analysis with quantitative market-based evidence.

Methodology
This article applies a mixed-method methodology in order to examine the strategic vulner-

abilities of critical metal supply chains in the context of the global energy transition. The
study combines qualitative compa-rative case study analysis with descriptive quantitative
tools, allowing to assess both structural features of supply chains and selected indicators
of concentration. The use of mixed methods is intended to complement qualitative discus-
sion about supply chains and policy with quantitative analysis of concentration calculation.
Rather than aiming for a complex methodology, the study seeks for clarity and transparen-
cy to keep alignment with the purpose of the research.

The key qualitative method is a comparative case study analysis centered on four critical
metals: lithium, cobalt, nickel and copper. These metals were selected because they play a
fundamental role in energy transition technologies and display distinct supply chain pat-
terns. Lithium, cobalt and nickel are more di-rectly linked to battery manufacturing and
electric mobility, while copper has a broader systemic role in electrification and electricity
infrastructure. By comparing these cases, the analysis identifies both common trends and
metal-specific patterns in supply concentration, processing structures and exposure to stra-
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tegic risk. In addition to the case study approach, the article incorporates policy analysis
in order to explain how government interventions shape critical metal supply chains. To
complement the qualitative analysis, the article applies supply concentration metrics to
assess structural vulnerabilities in critical metal supply chains. Concentration measures
provide a numerical representation of how dependent global supply is on a limited number
of producing or processing countries and therefore help identify potential exposure to geo-
political risk, regulatory shocks and supply disruptions. The analysis focuses on two key
stages of the supply chain: mining production and refining or processing capacity. These
stages are selected because they represent the most critical bottlenecks for metals used in
energy transition technologies.

HHI =) s}

Supply concentration is measured using the Herfindahl-Hirschman Index (HHI), calcula-
ted as the sum of squared country shares in global production or refining capacity. Higher
HHI values indicate greater concentration and lower diversification. For each metal, HHI
values are calculated separately for mining and refining, using data for the top producing
and processing countries only. Specifically, the analysis includes the five largest count-
ries at each stage, which together account for the substantial majority of global output. The
interpretation of HHI values follows commonly used thresholds from industrial organiza-
tion literature, where values below approximately 1,500 indicate relatively low concent-
ration, values between 1,500 and 2,500 indicate moderate concentration, and values above
2,500 indicate high concentration. In this article, these thresholds are used as indicative
benchmarks rather than strict classifications. High concentration is interpreted as a signal
of structural vulnerability, particularly when dominance is concentrated in countries facing
political, regulatory or environmental constraints.

The data used in the analysis are drawn from publicly available international sources. Pro-
duction data are mainly taken from the U.S. Geological Survey, refining and processing
data are based on publications of the United Nations Conference on Trade and Develop-
ment, complemented with industry reports where applicable. The HHI metrics are descript-
tive and are not included in econometric models. Their purpose is to supplement the quali-
tative analysis by measuring supply chain features discussed descriptively and by identi-
fying where strategic vulnerabilities are most likely to emerge.

Literature review

The world’s ongoing energy transition — the transition from fossil-based energy systems to
low-carbon al-ternatives — has brought a materials dimension to decarbonisation strategies.
After the initial focus on energy sources and emissions, policy and academic debates have
increasingly been devoted to the physical inputs needed to scale up clean energy techno-
logies. Renewable electricity, EVs, battery storage and po-wer grids are all far more mine-
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ral- and metal-intensive than traditional fossil-fuelled technologies. Consequently, the suc-
cess of the energy transition is increasingly reliant on the accessibility, affordability and
security of supply of a group of materials generally known as critical metals [International
Energy Agency (IEA), 2021; World Bank, 2023].

The concept of critical metals is not related to a specific, fixed, or generally accepted list
of elements. Rather, criticality is commonly described in terms of two primary dimensions:
economic importance and supply risk. Economic importance refers to the contribution that
a material makes to important industries and strategic technologies, and supply risk indi-
cates the potential for disruption as a result of production concentration in certain geo-
graphies, governance issues, environmental constraints or lack of substitutability. Based
on this framework, institutions such as the European Commission and the U.S. Depart-
ment of Energy periodically update lists of critical raw materials to reflect changes in tech-
nology, markets, and geopolitical conditions [European Commission, 2023; U.S. Depart-
ment of Energy, 2023].

In the energy transition, lithium, cobalt, nickel and copper have garnered significance as
they are critical for deployments of electrification and energy storage solutions. Lithium is
a key ingredient in lithiumion batteries, which dominate EV and stationary storage mar-
kets. Cobalt and nickel are ingredients in several battery chemistries that boost energy den-
sity and performance, so they are critical inputs for long-range electric vehicles. Copper,
while not directly related to battery chemistry, is a substance of utmost necessity for elect-
rification more generally due to its wide application in power grids, renewable energy dep-
loyments, transformers, electric motors and EV charging infrastructure [IEA, 2021; IEA,
2024]. One reason critical metals matter for the energy transition is the mineral intensity
of clean energy technologies. According to the International Energy Agency, EVs need
more minerals per unit of capacity than internal combustion engine vehicles, and renewable
power technologies and electricity networks also need large amounts of metals for their
construction and installation. This means that decarbonisation pathways which are consiste
nt with climate targets will entail significantly higher cumulative demand for many metals,
even if material efficiency and recycling is improved [IEA, 2021]. Further supporting such
a perspective, the World Bank calculates that, in order to reach global climate goals, pro-
duction may need to multiply by dozens of times for certain minerals [World Bank, 2023].

Rising demand for strategic metals has added to market instability. The IEA’s Global Criti-
cal Minerals Outlook has highlighted episodes of rapid price escalation followed by a
course correction in battery materials, captured by a combination of rising demand, supply
shortages, speculative behaviour and evolving policy expectations [IEA, 2024]. This cont-
rasts with historical commodity cycles, where the growth of demand was more closely tied
to macroeconomic shifts than to policy-driven structural trends. Accordingly, price signals
may not elicit timely supply responses, especially given the long start-up periods for de-
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veloping new mining and smelting capacity. The structure of the supply chain is a key
determinant of how critical are these metals. It is not only the upstream mining stage that m
atters, but also the midstream processing and refining stages. Refining capacity, in many
cases, is even more geographically concentrated than mining, providing potential choke-
points that could disrupt global supply even when raw material supplies are adequate.
These structural features give rise to concerns that supply chains could become stumbling
blocks rather than enablers for the energy transition, particularly amid escalating geopoliti-
cal risks and trade splintering [IEA, 2024; IRENA, 2023].

To address this risk, governments are moving to direct both industrial and trade policies
toward securing access to key metals. A more active industrial policy in raw materials is
reflected in the European Union’s Critical Raw Materials Act, which seeks to alleviate stra-
tegic dependencies while securing supply sources and bolstering domestic processing ca-
pabilities [European Commission, 2023]. The United States has similarly identified key
materials as a strategic priority for the energy sector and has pursued initiatives to support
domestic and allied supply chains [U.S. Department of Energy, 2023]. Such policy res-
ponse demonstrates that critical metals are increasingly thought of in strategic and geopo-
litical terms rather than merely as commodities transacted on world markets.

Critical metals in the energy transition exhibit highly concentrated global supplies as a
defining feature. In contrast with many conventional commodities, for which production
and processing are more widely distributed, key steps in the extraction, processing and
refining of critical metals take place in a few countries. This concentration presents geopo-
litical and strategic risks that may exacerbate market volatility and erode supply reliability,
especially at times of political tension or policy interference. The refining capacity for a
number of battery metals is much more geographically concentrated than mining output,
providing chokepoints that have the potential to destabilize global supply even when raw
material production is in place [Bridge & Faigen, 2022].

Recent research also emphasizes the increasing importance of geo-economic competition
in critical metal supply chains. With energy transition technologies emerging as strategic
products, critical metals are more likely to be viewed as tools of economic statecraft than
neutral resources that trade on market fundamentals alone. Farrell and Newman describe
this as “weaponized interdependence,” in which control over critical nodes within global
economic networks provides states with levers for coercion [Farrell & Newman, 2019]. In
tightly packed critical metal supply chains, these dynamics leave import-dependent regions
doubly exposed. Governance and institutional quality in producing areas also matter, since
regime instability, regulatory uncertainty and social unrest can affect supply reliability and
investor confidence [EITI, 2023]. Critical metals markets are increasingly shaped by go-
vernment policy and industrial strategy in the wake of the energy transition. Policies such
as electric vehicle subsidies, renewable energy targets, carbon pricing and requirements
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for grid expansion all drive demand for metals used in batteries, electrification and clean
power systems. At the same time, governments intervene on the supply side through indust-
rial policies focused on mining, refining and processing capacity, especially in re-
gions concerned about dependence on foreign suppliers [Aghion et al., 2016; Dechezleprét-
re & Sato, 2017; Evenett & Fritz, 2022]. Trade and investment policies such as export rest
rictions, local content requirements and investment screening mechanisms can influence
where and how critical metals are produced and processed, while also increasing price vo-
latility and uncertainty in concentrated markets [Bown, 2021; Evenett & Fritz, 2022].

The acceleration of the energy transition has also significantly altered corporate behavior
across critical metal value chains. Firms face a market environment characterized by long-
term growth expectations, heightened price volatility, supply chain concentration and poli-
¢y uncertainty. In response, corporate strategies have evolved beyond traditional short-
term optimization toward approaches focused on securing supply, managing risk and posi-
tioning for structural market change. Among the leading corporate responses has been ver-
tical integration, with mining companies moving downstream into processing and refining,
while battery and automotive manufacturers move upstream to secure raw materials [Wil-
liamson, 1985; Bridge, 2008]. Long-term offtake agreements, geographic diversification
and stronger risk management have also emerged as core strategic tools [Humphreys, 2020;
Gibbon & Ponte, 2005]. Commodity trading companies play an essential role in bridging
geographically separated suppliers and buyers, managing logistics and financing, and ac-
ting increasingly as risk intermediaries in politically sensitive critical metal markets
[Trafigura, 2018].

Despite the growing literature, several gaps remain. First, research concentrates either on
supply-side risks or on demand projections based on energy transition scenarios, while of-
fering fewer explicit connections between these structural features and observed price dy-
namics. Second, despite extensive qualitative evaluations of supply chain risks, there is li-
mited systematic empirical evidence on how prices react to policy changes. Third, critical
metals are often treated as a homogeneous group even though their market structures,
applications and trading characteristics differ significantly. Finally, there is still insuffi-
cient integration of qualitative supply chain analysis with quantitative market evidence.
This is the gap the present study addresses by combining case-study analysis of critical
metal supply chains with evidence on prices, policy events and concentration measures in
order to provide a more integrated and market-responsive view of the strategic role of
critical metals in the energy transition [Pindyck, 2001].

Scientific novelty
The scientific novelty of this article lies in its integrated and metal-specific approach to the

study of critical metals in the context of the global energy transition. While existing lite
rature often discusses critical metals as a broad and homogeneous group, this study
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demonstrates that lithium, cobalt, nickel, and copper differ significantly in their supply
chain structures, price behavior, and exposure to policy and geopolitical risk. In this sense,
the article moves beyond generalized discussions of critical raw materials and provides a
more differentiated interpretation of strategic vulnerabilities across metals.

A second contribution of the article is the combination of qualitative supply chain analysis
with quantitative concentration metrics. In particular, the study incorporates Herfindahl
—Hirschman Index (HHI) calcula-tions for both mining and refining stages, which makes
it possible to identify structural bottlenecks more clearly and to show that refining concent-
ration is often a more serious vulnerability than mining con-centration alone. This helps
bridge the gap between descriptive supply chain discussions and measurable indicators of
concentration risk.

Finally, the article contributes to the literature by presenting a strategic vulnerability frame-
work that links supply concentration, geopolitical exposure, and policy-driven market
change within a single analytical perspective. By doing so, it provides a more integrated
understanding of how critical metal markets func-tion under the accelerating energy transi-
tion and offers conclusions that are relevant not only for academic discussion, but also for
policymakers, commodity traders, and industry participants.

Analysis

The (Jl)ualitative case studies and the HHI concentration results together show that critical
metal supply chains differ significantly in structure, exposure to risk, and strategic vulne-
rability. Although lithium, cobalt, nickel, copper are all essential to the energy transition,
they do not face the same types of constraints. The case studies reveal wide variation in
upstream mining concentration, downstream refining bottlenecks, and vulnerability to
political and regulatory uncertainty. These structural asymmetries help explain why critical
metals should not be treated as a homogeneous category and why strategic vulnerability
emerges in different ways across markets.

Lithium represents a case where downstream dependence is more severe than upstream
scarcity alone would suggest. The qualitative analysis shows that lithium has become
indispensable for battery technologies and therefore occupies a central place in the energy
transition. At the same time, the lithium supply chain is characterized by a strong concen
tration of refining and chemical conversion capacity, which creates a structural chokepoint
between raw extraction and battery-grade products. This finding is strongly reinforced by
the HHI results. Lithium mining shows a highly concentrated structure, with an HHI of
3,034.0, indicating meaningful upstream concentration. However, lithium refining exhibits
very high concentration, with an HHI of 5,555.0. This means that even where mining is
distributed across several countries, access to processed lithium remains heavily dependent
on one dominant refining jurisdiction. The combined evidence therefore suggests that the
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major strategic vulnerability in lithium lies less in extraction alone and more in downstream
processing and refining control.

Cobalt emerges as the most structurally vulnerable of the four metals. The qualitative case
study highlights the exceptional concentration of cobalt mining in a single producing
country, together with governance concerns, regulatory uncertainty, and geopolitical
sensitivity. These factors make cobalt particularly exposed to supply disruption and policy-
driven market instability. The HHI results strongly confirm this assessment. Cobalt mining
displays extreme concentration, with an HHI of 5,704.3, the highest among all metals
analysed. Cobalt refining also shows extreme concentration, with an HHI of 5,426.0. The
combination of these two values indicates compounding concentration risk across the value
chain, making cobalt uniquely exposed to geopolitical and policy-related disruptions. This
is why cobalt is consistently identified as one of the most strategically sensitive metals in
the energy transition. The qualitative and quantitative findings therefore point in the same
direction: cobalt’s vulnerability is rooted both in upstream geographical dependence and
in downstream industrial concentration.

Nickel presents an intermediate case. The qualitative evidence suggests that nickel has
become increasingly important because of its role in high-nickel battery chemistries and
the wider expansion of electric mobility. At the same time, its supply chain is shaped by a
mixture of industrial concentration, evolving processing capacity, and policy-related un-
certainty. The HHI analysis shows that nickel mining exhibits a high level of concentration,
with an HHI of 3,815.3, reflecting the dominant role of a limited number of producers.
Nickel refining also displays a highly concentrated structure, with an HHI of 2,685.0,
which exceeds the threshold for high concentration. Compared with cobalt, nickel is less
extreme, but the pattern still indicates that both upstream and downstream segments are
exposed to structural constraints. The case study therefore supports the view that nickel is
strategically important not only because of demand growth from batteries, but also because
limited processing diversification can create bottlenecks in battery-grade material supply.

Copper stands apart from the other three metals. The qualitative case study presents copper
as the broadest and most systemically important metal in the energy transition because of
its role in electrification, grid expansion, renewable power systems, electric motors, and
charging infrastructure. Unlike lithium, cobalt, and nickel, copper is not tied to one narrow
technological use, but rather to the wider electrification of the economy. The HHI results
show that copper mining exhibits the lowest concentration, with an HHI of 968.8, indica-
ting a relatively diversified global mining base. However, copper refining exhibits a high
concentration, with an HHI of 3,193.5. This divergence is one of the most important
findings of the analysis. It demonstrates that even a metal with diversified upst-
ream production can still face strategic vulnerabilities when downstream processing is
more concentrated. Thus, copper appears less vulnerable at the mining stage than the
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battery metals, but still exposed through refining, industrial policy, and the broader chal-
lenge of ensuring sufficient processed supply for accelerating electrification demand.

The comparative interpretation of the HHI results reveals several clear patterns. First, re-
fining concentration is in most cases at least as important as mining concentration, and in
some cases more important.  Lithium is the clearest example of this asymmetry: although
mining is already concentrated, the refining stage represents the more severe chokepoint.
Second, cobalt is exceptional because it is extremely con-centrated at both stages, which
creates a compounded form of structural vulnerability. Third, copper shows that relatively
diversified mining does not eliminate strategic risk if refining remains concentrated. Fi-
nally, nickel occupies an intermediate position, with substantial but less extreme concent-
ration than cobalt. Taken together, these patterns show that supply chain vulnerabilities in
critical metals are driven not only by geological scarcity, but also by institutional and in-
dustrial concentration, particularly at the refining stage.

The broader qualitative findings of the thesis reinforce this interpretation. The accelerating
global energy transition has elevated lithium, cobalt, nickel, and copper to strategic impor-
tance, yet the rapid growth in demand for these materials is unfolding within supply chains
marked by long development cycles, pronounced geographical concentration, environmen
tal and governance risks, and deepening geopolitical tensions. These structural features he
Ip explain why supply security has become a central concern of industrial policy and why
governments increasingly seek to diversify sources of extraction, expand domestic or allied
refining capacity, and reduce dependence on dominant processing hubs. The case studies
therefore show that critical metals are not only inputs into clean technologies, but also
strategic assets within a more contested global economic environment.

Supply Concentration Comparison Across Metals
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Figure 1. Supply concentration across metals
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Taken together, the qualitative case studies and HHI analysis support the central argument
of the article: the energy transition is creating not only new demand for critical metals, but
also new forms of strategic vulnerability rooted in concentrated and unevenly distributed
supply chains. The results indicate that these markets cannot be understood through tradi-
tional commodity frameworks alone. Instead, they increasingly reflect a policy-driven and
strategically contested environment in which supply chain resilience, geopolitical
alignment, and downstream industrial capacity play central roles. In this sense, the analysis
shows that the most important bottlenecks in critical metal markets are often not simply
where the resource is mined, but where it is refined, processed, and controlled.

Policy advice
The findings of this study suggest that policy responses to critical metal vulnerability

should move beyond a narrow focus on raw material access and instead address the full
supply chain. Securing mining output alone is not sufficient if refining and processing re-
main heavily concentrated in a limited number of jurisdictions. The HHI results and qua-
litative case studies show that downstream concentration often represents the more serious
strategic bottleneck, particularly for lithium and cobalt. For this reason, policymakers
should place greater emphasis on diversifying refining and processing capacity, not only
extraction. This requires support for domestic and allied-country investment in midstream
capacity, as well as stronger long-term industrial strategies aimed at reducing dependence
on dominant processing hubs.

At the same time, governments should strengthen cooperation with a number of reliable
producing and processing partners and promote greater transparency, resilience, and coor-
dination across supply chains. Policies aimed at accelerating the deployment of clean ener-
gy technologies should be accompanied by policies that secure the material basis of that
transition. Environmental, social, and governance standards should remain central, because
long-term supply security depends not only on increasing volumes, but also on the resi-
lience, legitimacy, and sustainability of supply chains. In this sense, critical metals policy
should be designed not only as a resource-access strategy, but also as an industrial,
geopolitical, and strategic resilience policy.

Conclusions
This article has shown that the energy transition is creating not only a structural increase

in demand for critical metals, but also new forms of strategic vulnerability rooted in
concentrated and unevenly distributed supply chains. The comparative case studies of li-
thium, cobalt, nickel, and copper, together with the HHI results for mining and refining,
demonstrate that these metals differ significantly in their concentration levels, supply chain
structures, and forms of strategic exposure. Cobalt emerges as the most structurally vul-
nerable metal due to extreme concentration at both mining and refining stages, lithium
shows especially high dependence at the refining stage, nickel remains exposed through
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concentrated upstream and downstream structures, and copper, although more diversified
in mining, still faces downstream concentration risks.

Overall, the results confirm that critical metals should not be treated as a homogeneous
group and that their markets cannot be understood only through traditional commodity
frameworks. Instead, they increa-singly reflect a policy-driven and strategically contested
environment in which supply chain resilience, downstream industrial capacity, and geo-
political alignment play central roles. By combining qualitative case study analysis with
HHI-based concentration measures, the study provides a more integrated understanding of
how strategic vulnerabilities emerge across critical metal markets. The central conclusion
is that refining and processing capacity are often the key sources of structural dependence
and that future responses to critical metal insecurity must address these downstream bottle-
necks if supply security is to keep pace with the accelerating global energy transition.
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This article examines the strategic role of critical metals in the global energy transition,
with a focus on lithium, cobalt, nickel, and copper. The study applies a mixed-method
approach combining qualitative comparative case study analysis with Herfindahl-
Hirschman Index (HHI) calculations for mining and re-fining concentration. The findings
show that critical metal supply chains are characterized by uneven and highly concentrated
structures, with refining often representing a more serious bottleneck than mining. Cobalt
appears as the most structurally vulnerable metal due to extreme concentration at both
stages, while lithium shows especially high dependence on refining capacity. Nickel also
displays significant concentration risks, whereas copper, despite a more diversified mining
base, remains exposed through downstream concentration. The results suggest that critical
metals should not be treated as a homogeneous group and that their markets are
increasingly shaped by geopolitical risk, industrial policy, and strategic competition. The
article concludes that supply security in the energy transition depends not only on access
to raw materials, but also on the diversification and resilience of downstream processing
and refining capacity.
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Introduction
The post-2022 relocation of skilled labor and capital from the Russian Federation redistri-

buted roughly 800,000 people — with a high share of information-technology profession-
nals — across small open economies in the South Caucasus, Central Asia, the Balkans, and
the Gulf [Kamalov et al., 2025, 8-14; OECD, 2024, 24-31]. Armenia, with a developed
pre-shock IT ecosystem and visa-free entry for Russian citizens, became one of the main
destinations, receiving an estimated 110,000 arrivals in 2022, including around 50,000 IT
professionals and approximately 2,000 relocating firms, alongside nearly USD 1.75 billion
in transfers [APRI Armenia, 2023; Sandoyan et al., 2024, 545-548]. Importantly, the shock
was bidirectional: the partial reversal beginning in 2024 provides rare variation within the
same cohort and sector.

Following the initial expansion of the high-tech sector, the expatriate technology work-
force declined by approximately 12 percent, while the number of original arrivals remain-
ning in the country fell to around 60,000 by the end of 2024. Conventional migration eco-
nomics would predict a proportional decline in sectoral gains. However, Armenia expe-
rienced a different outcome: the share of local-origin employees increased to roughly 81
percent, active high-tech firms continued to grow, and aggregate output remained stable
[Manukyan, 2025; Ministry of High-Tech Industry, 2025]. This divergence challenges
frameworks that view migration shocks as one-directional or assume symmetric reversal,
creating an important empirical puzzle for small open economies.

Armenia provides a unique setting for examining this phenomenon. The 2022 inflow rep-
resented approximately 3.7 percent of the resident population, entered an existing techno-
logy ecosystem, and was followed by measurable outflow — an uncommon combination
in contemporary migration episodes.

To explain this asymmetry, this article introduces the Selective Migrant Retention Effect,
a mechanism whereby the reversal phase of a skilled-migration shock disproportionately
sheds less-embedded migrants while retaining those with stronger professional, capital,
social, institutional, and market ties. The framework argues that long-term sectoral gains
depend not on the size of the initial inflow but on the degree of migrant embedding
achieved during the expansion phase. Extending the author’s previous work on incentive
mechanisms in small open economies [Zakharyan, 2025, 67—69], this article analyzes mig-
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ration shocks with endogenous reversal selection, presents the natural-experiment frame-
work, develops the theoretical contribution, examines Armenian evidence, and derives
policy implications for economies exposed to geopolitically driven migration shocks.

Methodology
This study employs a conceptual and qualitative research design based on 3 components:

1. A focused interdisciplinary review (2016-2025) integrating four strands of literature:
skilled migration and migration economics, return-migration selectivity [ Dustmann & Gor-
lach, 2016, 98—136], innovation and knowledge-spillover dynamics [ Audretsch & Belitski,
2022, 1329-1357], and macroeconomic responses to large external inflows [IMF, 2024,
12-18; EBRD, 2023, 4-12].

2. A triangulated analysis of macroeconomic and sectoral evidence from official national
and international sources, including the Statistical Committee of the Republic of Armenia,
the Central Bank of Armenia, the Ministry of High-Tech Industry, and international finan-
cial institutions [IMF, 2024, 6-18; EBRD, 2023, 4-12; World Bank, 2024, 4-8].

3. The development of a new theoretical mechanism — the Selective Migrant Retention
Effect — together with its testable implications and a framework for future empirical eva-
luation.

The study follows an abductive approach, moving from an observed empirical pattern —
the persistence of Armenia’s high-tech sector despite the partial departure of the migrant
cohort that initially fueled its expansion—to the formulation of a mechanism capable of
explaining that outcome. A conceptual stage is appropriate because firm-level microdata
remain largely inaccessible and the available time series are relatively short. Accordingly,
the article seeks to establish a theoretical foundation rather than estimate causal effects
directly. Armenia’s post-2022 experience can be treated as a natural experiment for four
reasons. First, the migration shock was largely exogenous, resulting from geopolitical
events external to Armenia’s domestic economy [Kamalov et al., 2025, 8-14]. Second, the
inflow occurred in two clearly identifiable waves during 2022. Third, the subsequent par-
tial outflow from 2024 provides rare bidirectional variation within the same cohort. Finally,
comparable recipient countries — including Georgia, Kazakhstan, Serbia, and Moldova —
offer potential counterfactual cases for future empirical analysis.

The framework links migration inflows, migrant embedding, and long-term sectoral out-
comes. Sectoral capacity is assessed through indicators such as firm counts, employment,
turnover, and exports, while embedding is approximated through observable ties across
five dimensions — professional, capital, social, institutional, and market. The central hypo-
thesis is that the durability of sectoral gains depends not on the gross size of the inflow but
on the degree of embedding achieved during the expansion phase. This proposition differ-
rentiates the framework from conventional before-and-after analyses and provides a basis
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for future causal testing using synthetic and staggered difference-in-differences approaches
[Arkhangelsky et al., 2021, 4088—4118; Callaway & Sant’Anna, 2021, 200-230].

Literature Review
Research consistently shows that high-skilled migration promotes innovation, producti-

vity, and entrepreneurship in host economies. Immigrant inventors contribute substantially
to patenting and generate complementarities with native workers [Bernstein et al., 2024,
12-25], while evidence from immigration liberalization confirms positive innovation ef-
fects [Beerli et al., 2021, 985-1000; Kerr, 2018, 45—72]. However, this literature primarily
examines migration inflows and provides limited explanation of how sectors respond when
such inflows partially reverse.

The return-migration literature demonstrates that mobility decisions are selective and inf-
luenced by skills, integration, and economic conditions [Dustmann & Goérlach, 2016, 98—
136], but it does not address large-scale, geopolitically driven migration shocks. Similarly,
innovation research emphasizes the role of local embedding and knowledge spillovers in
sustaining technology clusters [Audretsch & Belitski, 2022, 1329-1357], while macroeco-
nomic studies focus mainly on managing large external inflows rather than on the persis-
tence of sectoral gains after reversal [IMF, 2024, 12—-18; EBRD, 2023, 4-12].

Studies on Armenia document the scale and external drivers of the post-2022 migration
shock [Kamalov et al., 2025, 8—14; Sandoyan et al., 2024, 545-560; 2025, 4-18], while in-
ternational institutions interpret the adjustment as transitional [IMF, 2024, 6-18; EBRD,
2023, 4-12]. Although modern causal approaches provide suitable tools for future eva-
luation [Arkhangelsky et al., 2021, 4088—4118; Callaway & Sant’Anna, 2021, 200-230],
existing literature does not explain why sectoral capacity may persist after a skilled-mig-
ration reversal. This article addresses this gap through the Selective Migrant Retention

Effect.

Scientific novelty
The novelty of this study lies in addressing a gap across several established research areas.

Existing literature has examined the benefits of skilled migration for host economies [Bern-
stein et al., 2024, 12-25; Beerli et al., 2021, 985-1000], the effects of skilled emigration
on source countries [Anelli et al., 2023, 218-252], selective return migration [Dustmann
& Gorlach, 2016, 98-136], and the role of local embedding in innovation ecosystems
[Audretsch & Belitski, 2022, 1329—-1357]. However, these approaches do not explain how
a high-skilled migration shock evolves during its reversal phase. The post-2022 Armenian
case provides a rare setting to study this process due to the combination of an exogenous
shock, large-scale inflow, pre-existing technology capacity, and subsequent partial rever-
sal. The study makes five main contributions:

1. Theoretical contribution. The article introduces the Selective Migrant Retention Effect,
a new mechanism explaining why migration-driven sectoral gains may persist after partial
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outflow. It shifts the focus of migrant selection from the initial migration decision to the
reversal phase and conceptualizes embedding as a dynamic factor determining long-term
retention.

2. Empirical contribution. The study documents the Armenian post-2022 pattern in which
a declining expatriate workforce coincided with a rising local-origin workforce share,
continued growth in firm numbers, and stable sectoral output, revealing an asymmetry not
explained by existing frameworks.

3. Methodological contribution. The article develops an approach for measuring migrant
embedding through observable indicators and proposes a natural-experiment framework
based on the two-wave inflow, subsequent reversal, and comparable recipient countries.
4. Integrative contribution. The study connects migration economics, return migration,
innovation and entrepreneurship economics, and macroeconomic adjustment literature into
a unified life-cycle framework explaining how temporary migration shocks can generate
lasting structural effects.

5. Policy contribution. The article reframes migration shocks as opportunities requiring
proactive embedding policies rather than only short-term management, suggesting that
strengthening local integration during the inflow phase is essential for converting tempo-
rary migration into durable economic capacity.

Together, these contributions provide a new theoretical and empirical perspective on how
small open economies can transform temporary skilled-migration shocks into long-term
innovation capacity. The Armenian case therefore serves not only as a country-specific
analysis but also as a basis for a broader and testable framework applicable to similar
economies facing geopolitically driven migration shocks.

Analysis

The analysis evaluates the observed evidence against the proposed mechanism. The post-
2022 migration shock was exceptional in scale and composition: Armenia received around
110,000 arrivals from Russia in 2022, including approximately 50,000 IT professionals
and 2,000 relocating firms, concentrated in two waves following the invasion of Ukraine
and the partial-mobilization announcement [APRI Armenia, 2023; Kamalov et al., 2025,
11-14]. This timing provides a rare setting for studying both the expansion and reversal
phases of a migration shock. The macroeconomic effects followed patterns identified in
the inflow literature: transfers reached approximately USD 1.75 billion, the dram apprecia-
ted by about 25 percent, and monetary policy tightened sharply to contain inflationary pres-
sure [Sandoyan et al., 2024, 547-550; IMF, 2024, 6-11; EBRD, 2023, 4-9]. At the sectoral
level, the ICT component of GDP increased by roughly 32 percent in the first three quarters
0f 2022, while IT company registrations grew substantially [World Bank, 2024, 5-8; APRI
Armenia, 2023]. By 2024, high-tech turnover reached approximately USD 2.3 billion,
exports approached USD 877 million, employment exceeded 58,000, and average techno-
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logy-sector wages substantially exceeded the national average [Manukyan, 2025; Ministry
of High-Tech Industry, 2025; Statistical Committee of the Republic of Armenia, 2025].

From 2024, the expansion partially reversed: expatriate IT employment declined by about
12 percent, total arrivals remaining in Armenia fell to approximately 60,000, and GDP
growth slowed from 12.6 percent in 2022 and 8.3 percent in 2023 to 5.9 percent in 2024
[Statistical Committee of the Republic of Armenia, 2025; Manukyan, 2025; World Bank,
2024, 4-7]. However, the sector demonstrated asymmetric resilience: the local-origin emp-
loyment share increased to roughly 81 percent, active firm numbers continued to grow, and
output remained stable [Manukyan, 2025; Ministry of High-Tech Industry, 2025]. While
the employment-share increase partly reflects workforce composition, continued firm
growth and output stability indicate genuine persistence of sectoral capacity.

The Selective Migrant Retention Effect explains this persistence through differential em-
bedding. During reversal, migrants with weaker local ties are more likely to exit, while
those embedded across the five dimensions — professional, capital, social, institutional,
and market — face higher exit costs and remain. These ties take concrete forms such as
professional networks, business ownership and capital investment, family connections,
institutional integration, and local market relationships, and because they reinforce one
another, a temporary inflow can generate longer-term structural capacity.

The mechanism extends existing theories in several directions. It adds a dynamic dimen-
sion to innovation research by treating resilience, rather than only formation capacity, as a
defining characteristic of innovation ecosystems [ Audretsch & Belitski, 2022, 1329-1357].
It explains labor-market spillovers through knowledge transfer from migrant professionals
to local workers [Bernstein et al., 2024, 12-25; Beerli et al., 2021, 985-1000], clarifies
why embedded migrant-founded firms are more likely to persist [Kerr & Kerr, 2020], and
identifies embedding depth rather than inflow size as the key determinant of durable trans-
formation.

A comparative framework with Georgia, Kazakhstan, Serbia, and Moldova provides a ba-
sis for future testing. These countries experienced similar migration shocks but differ in
institutional conditions affecting embedding, including residency, business access, proper-
ty rights, and ecosystem maturity. The mechanism predicts stronger persistence where dee-
per embedding is easier to achieve.

The framework generates several testable predictions: migrants who remain should demon-
strate higher levels of professional, capital, social, institutional, and market embedding;
long-term sectoral capacity should correlate more strongly with embedding depth than with
total arrivals; and cross-country differences should reflect institutional conditions. These
hypotheses can be examined through synthetic and staggered difference-in-differences
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approaches once micro-level data become available [Arkhangelsky et al., 2021, 4088—
4118; Callaway & Sant’Anna, 2021, 200-230].

The policy implication is that migration windfalls should be managed proactively. While
conventional measures such as sterilization, reserves, and macroprudential tools address
short-term pressures [IMF, 2024, 12—18], long-term gains depend on strengthening embed-
ding during the inflow phase. Relevant instruments include local hiring incentives, accele-
rated residency pathways, support for migrant—local business integration, and family adap-
tation measures. Armenia’s 2025-2031 policy framework already incorporates elements
of this approach, such as a 60 percent personal-income-tax reimbursement for new hires
[Ministry of High-Tech Industry, 2025].

The analysis has several limitations. The mechanism is derived from a single ongoing case
and requires broader empirical validation. Available evidence relies mainly on aggregate
indicators rather than firm-level data, and some measures — such as local-origin employ-
ment share — contain compositional effects. Moreover, the 20222023 expansion was
strongly influenced by external factors [Sandoyan et al., 2024, 545-560]. Therefore, the
framework applies primarily to cases involving large skilled-migration shocks, capable
host ecosystems, and institutions that enable deep migrant embedding.

Conclusions
This article has analyzed the post-2022 inflow of Russian technology professionals, entrep-

reneurs, and firms to Armenia as a natural experiment on high-tech sector formation in a
small open economy. Despite a roughly 12 percent contraction of the expatriate workforce
in 2024, local-origin participation rose to about 81 percent, active firm counts kept gro-
wing, and output stabilized — outcomes that standard migration economics does not pre-
dict and existing frameworks cannot explain.

Its central contribution, the Selective Migrant Retention Effect, holds that the reversal
phase of a skilled-migration shock selectively sheds the least-embedded migrants and re-
tains those with the deepest professional, capital, social, institutional, and market ties, ex-
tending the author’s prior work [Zakharyan, 2025, 67-69] from steady-state to dynamic
analysis under exogenous shocks with endogenous reversal selection. For theory, it integ-
rates four literatures into a unified framework for the durability of sectoral gains from skil-
led-migration shocks; for empirical work, it yields predictions operationalizable through
firm-level microdata and cross-country comparison; for policy, it reframes windfall mana-
gement as preventive — securing durability in advance by deepening embedding during
the inflow, rather than by attracting migrants or sterilizing inflows alone.

Further research should estimate the mechanism formally via synthetic and staggered dif-
ference-in-differences [Arkhangelsky et al., 2021, 4088—4118; Callaway & Sant’Anna,
2021, 200-230] across Armenia, Georgia, Kazakhstan, Serbia, and Moldova, testing the
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predicted embedding indicators. As geopolitically driven migration recurs, the question the
Armenian episode poses — not whether a windfall arrives but whether its gains can be
made to last — will face a growing number of small open economies, and the framework
here provides the foundation for measuring whether that conversion occurs.
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Migration as a catalyst for high-tech sector growth: Armenia’s post-2022 natural
experiment
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The redistribution of highly skilled labor and capital from the Russian Federation following
the outbreak of the Russian-Ukrainian war in 2022 created a unique opportunity to assess
the impact of migration shocks on the development of the high-tech sector. In 2022, app-
roximately 110,000 migrants entered the Republic of Armenia, including around 50,000
information technology specialists and nearly 2,000 relocated companies. As a result, the
country’s high-tech sector experienced rapid expansion, followed by a partial decline be-
ginning in 2024 as a portion of migrants subsequently emigrated. Conventional theories of
migration economics suggest that such an outflow should lead to a proportional reduction
in sectoral capacity. However, Armenia’s experience reveals a different pattern: the share
of locally sourced labor continued to increase, the number of operating firms kept growing,
and the sector’s gross output remained relatively stable. To explain this phenomenon, the
article introduces the concept of the Selective Migrant Retention Effect, according to which
migrants who are more deeply integrated into the host country’s economic and institutional
environment are more likely to remain during the reverse migration phase, whereas less
integrated migrants are more likely to leave. Consequently, a temporary migration inflow
may generate long-term structural transformation. Treating the 2022-2025 two-sided mig-
ration shock as a natural experiment, the study integrates theoretical perspectives from
migration economics, human capital theory, knowledge spillover literature, and innovation
ecosystem research into a unified analytical framework. It develops testable propositions
and offers policy recommendations for small open economies exposed to geopolitically in-
duced migration shocks.
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Introduction

The key objective of debt sustainability analysis is to assess whether the state can continue
to service its debt obligations without the need for drastic adjustments that would disrupt
the economic system. In the case of the Armenia, this issue became clear in 2020, when
the public debt/GDP ratio exceeded the maximum threshold set by law for the first time.
This process was mainly due to the fiscal expansion aimed at overcoming the COVID-19
pandemic and a 7.2% decline in GDP [Charaia & Papava, 2021]. As of 2025, the ratio has
improved to 49.0%, and this formed the reserve of 11 percentage points against the 60%
threshold.

Although the recovery is initially positive, a closer look at the underlying factors suggests
systemic risks. Over the past three decades, the Armenian economy has experienced two
notable periods of declining debt-to-GDP ratios: 2002-2008 and 2022-present. In both
cases, the appreciation of the Armenian dram against the US dollar led to a decline in the
monetary terms of external debt, which was accompanied by a nominal increase in GDP,
increasing the denominator of the ratio. At the same time, in both episodes, the significant
improvement in the ratio was accompanied by a steady increase in the absolute volume of
foreign currency debt. This analysis documents the structural differences between these
two periods and assesses the resilience of the current fiscal position to macroeconomic
shocks.

The previous two papers in the research series have formed an analytical framework. First
[Israelyan, 2025] study recorded five structural breaks in the monthly debt series and
identified three fiscal regimes over the period 2016-2025. The second [Israelyan, 2026]
study uses vector autoregressive analysis to prove that external debt is the driver of
domestic debt growth, and not vice versa. In addition, it is shown that the decrease in the
external component of the debt structure from 79% to 52% and the corresponding increase
in domestic debt in 2016-2025 were the result of targeted state policy, rather than
mechanical substitution. The time horizon considered in this article is expanded to 1998,
focusing on the study of the state’s fiscal position and not just debt dynamics.
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Methodology

The long-term debt/GDP ratio was calculated using two different sources. For the years
1998-2018, the annual indicators published by the Ministry of Finance were used. For the
period 2019-2025, the indicator was recalculated based on the monthly debt statistics
expressed in drams as of the end of December of each year and the annual indicators of
nominal GDP published by the Statistical Committee of Armenia. As a result of the
recalculation, a ratio of 49.0% was obtained for 2025, instead of the official 54.3% of the
Ministry of Finance. This deviation is due to the choice of denominator: the official
statistics are based on planned GDP, and the recalculation is based on actually recorded
GDP. The recalculated values are used in the rest of the analysis.

The decomposition of annual changes in the debt/GDP ratio was carried out using standard
fiscal accounting approaches.

Dy — D,_ D;_ G
ADIY) = t Y t 1+_(Yt 1) t
Y t-1

The numerator effect reflects the absolute change in nominal debt, adjusted for the size of
GDP. In the case of emerging markets like Armenia, it includes not only net new
borrowing, but also the currency revaluation of foreign currency debt due to exchange rate
fluctuations. The denominator effect reflects the mechanical decrease in the ratio due to
nominal economic growth (G, which includes both real growth and inflation) in the case
of unchanged debt volumes. In the case of rapid nominal GDP growth, the denominator
effect can generate a significant decline in the ratio even in the conditions of attracting new
debt.

The purpose of the stress test is to assess the resilience of the debt-to-GDP ratio at the end
of 2025 to a combined shock of dram depreciation and GDP contraction. External debt is
revalued on the assumption that the entire external position expressed in drams is sensitive
to the USD/Dram exchange rate. GDP was adjusted by the factor (1+6g), where §, takes
the values {0,—0.05,—0.072,—0.10, —0.15}. The magnitude of the economic downturn
in 2020 is modeled under the -7.2% scenario. The resulting matrix allows for the analysis
of currency and economic shocks that could lead to a breach of the 50% warning or 60%
maximum thresholds. Given the limited number of observations, the results should be
considered as scenario-based, rather than structural, forecasts aimed at maintaining current
trends, and the confidence intervals reflect the uncertainty surrounding the baseline
scenario [Tavadyan, 2022; Tavadyan & Tavadyan, 2023].

Literature review

The methodology of the International Monetary Fund and the World Bank is based on one
key question: is the primary balance required to stabilize debt realistic, given the fiscal
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history of the country [Cassimon et al., 2017, 4]. According to the study by Zucker-
Marques et al. [2024], the mechanical application of this approach can mask the systemic
vulnerabilities inherent in developing economies. This is important in cases where reva-
luation risks arise due to large foreign exchange positions. For countries with market
access, Gill & Pinto [2024] also concluded similarly, noting that the volatility of capital
flows determines debt dynamics no less than the primary balance does. The IMF’s MAC
SRDSF clarifies this. In particular, it highlights the factors of foreign currency debt
revaluation, which significantly determine the dynamics of small open economies [Eichen-
green et al., 2007, 122]. By studying historical patterns, Reinhart & Rogoft [2009, 21]
record that rapid borrowing and appreciation of the national currency usually precede ex-
ternal debt crises. Such developments artificially improve the nominal ratio, so that on en-
tering a crisis, the country’s macroeconomic indicators may appear outwardly stable. Tran
[2018, 375] estimates the debt threshold for emerging markets at 40-55%, which is lower
than the maximum level of 60% set in Armenia. In essence, the risk begins significantly
earlier than the legislatively established threshold.

The impact of economic growth is two-fold. As evidenced by the studies of Greiner &
Fincke [2015], nominal growth reduces the debt burden by increasing the denominator.
However, this effect is neutralized as the debt volume increases, since interest payments
absorb a larger part of the primary surplus. Fournier & Fall [2015] locate the same problem
from a different aspect: at a certain high level of debt, the primary balance ceases to
respond. In the context of the Republic of Armenia, Babajanyan et al. [2022, 7] developed
the New-Keynesian “Ararat” model of fiscal policy. At the same time, A. Z. Grigoryan
[2025] assesses the absence of an independent debt management agency as a fundamental
institutional gap, and Matevosyan et al. [2025] emphasize the need for a clarification of
the medium-term strategy. Panizza [2008, 2] notes another risk that is directly applicable
in this case: the transition from external to internal borrowing in the face of a narrow base
of domestic investors leads to the replacement of currency mismatch with another
vulnerability. The study by Karapetyan [2021] confirms the existence of this vulnerability
in Armenia, where the concentration of government bonds in the banking system is
crowding out private lending. The comparison of the two periods in this analysis is based
on the works of Reinhart & Rogoff [2009] and Olari & Lobanov [2020]. According to the
latter, Armenia’s debt position formed mainly under the influence of external shocks,
rather than domestic fiscal decisions.

Armenia’s legislation sets three main restrictions. The state debt should not exceed 60% of
GDP. The 2014 fiscal rule fixed this maximum threshold within the framework of the IMF
Stand-By Agreement. The 50-60% range is a warning zone, under which the deficit
restrictions are tightened, forming a safety cushion of 10 percentage points before reaching
the hard threshold. The separate guidelines of 25% of GDP for external debt and 20% for
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domestic debt are mostly analytical, not mandatory [A. Z. Grigoryan, 2025]. Due to the
pandemic, a violation of the above two legislative restrictions was recorded. In particular,
the ratio crossed the 50% threshold in mid-2019, reached its maximum level of 67.4% in
late 2020, and decreased below 50% only at the end of 2022. The IMF’s 2019 program
implemented a targeted policy to abandon external preferential lending and develop the
domestic government securities market [Babajanyan et al., 2022]. As a result, as of 2025,
the share of domestic debt in the overall structure reached 52%, up from 21% in 2016
[Israelyan, 2026]. Whether this structural shift contributes to or harms stability is deter-
mined by the combined interest rates, maturity, and currency profile of the two instruments.

Analysis

Figure 1 presents the long-term dynamics of the indicator, where three clear phases are
distinguished. In 1998-2008, the ratio decreased from 45.2% to 14.6%, which was due to
high economic growth (an average of 12.5% per year), the appreciation of the Armenian
dram, and the provision of a primary budget surplus. As a result of the global financial and
economic crisis of 2009, the decline in external demand (a 14.2% reduction in GDP) and
a sharp increase in external borrowing led to an increase in the indicator to 40.2% as of
2012. As a result of a second gradual decrease, the indicator amounted to 44.1% in 2015,
after which the fiscal pressures generated in 2019-2020 again led to a sharp increase.

The 2020 breach was the first time the debt-to-GDP ratio exceeded the 60% legislative
threshold since its adoption. Fiscal spending to combat the COVID-19 pandemic (7.3% of
GDP) and a 7.2% contraction in the economy led to a 13.7 percentage point increase in the
ratio in just one year, bringing it to 67.4%.

The quarterly data in Figure 2 show that the ratio reached its maximum level (around 68%)
in the fourth quarter of 2020, gradually decreasing until 2022. As of the first quarter of
2026, it was around 48%, partly due to the additional appreciation of the dram at the
beginning of the year.

The study of the entire period proves that the primary budget balance has never conditioned
the dynamics of debt. The declines and increases were mainly formed as a result of fluc-
tuations in the denominator and exchange rate, and not as a result of targeted fiscal policy.
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Armenia: Public Debt-to-GDP (1998-2025)
Grey band = 2020-2021 shock period; dashed lines = fiscal rule thresholds
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Debt / GDP

1998 2002 2006 2010 2014 2018 2022 2026

Figure 1. Armenia: Public Debt-to-GDP Ratio (1998-2025)

Quarterly Debt-1o-GDP (trailing 12-month GDP denominator, 2017-2026)
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2019 2020 2021 2022 2023 2024 2025 2026

Figure 2. Quarterly Debt-to-GDP with Trailing 12-Month GDP (2017-2026)

Figure 3 presents the structure of external and domestic debt according to the established
benchmarks. The share of external debt in GDP reached its maximum point, around 38%,
in 2020 and 2021, significantly exceeding the 25% target, but decreased to 24% in 2025.
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In parallel, domestic debt crossed the 20% threshold in 2022 and amounted to around 25%
in 2025, effectively exceeding its own safety margin.

This structural shift has systemic implications. While in 2016 risks were concentrated only
in the external debt sector (domestic debt was only 7% of GDP), in 2025 this scenario was
opposite. The nature of the risk has transformed, moving from currency mismatches to the
field of limitations on the absorption of domestic financing. This observation is
substantiated by the Karapetyan [2021] study, according to which the placement of
government securities in the banking system already leads to a distortion of private lending.

This structural shift may at first glance be seen as diversification, but from a risk
assessment perspective, it demonstrates that there is no longer any type of shock that would
not have a negative impact on the state balance sheet. External debt generates currency
risk, while domestic debt, while neutralizing the direct impact of dram depreciation,
generates refinancing and absorption risks, as it must be continuously allocated to the
limited domestic banking and pension systems.

Debt Components as % of GDP vs. Economic Security Thresholds (2016-2025)

B0%

25% external security

Debt Component / GDP
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=8~ Domestic Debt/GDP =@= External Debt/GDP

Figure 3. Debt Components as Share of GDP vs. Economic Security Thresholds (2016-
2025)

Of particular note are the two periods with extremely different results. In 2020, the ratio
increased by 13.7 percentage points, where the impact of nominal debt growth was 9.8
percentage points, and the economic downturn (denominator) effect was 3.9 percentage
points. The opposite occurred in 2022, when the ratio decreased by 14.1 percentage points.
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This reduction was due to a 6.1 percentage point decrease in the absolute value of debt
(mainly as a result of the revaluation of external debt) and an unprecedented 12.6% growth
in GDP, which provided an additional 8.0 percentage points decrease due to the
denominator effect.

The net change in 2023-2025 was almost zero. GDP growth of about 7% generated a
downward effect of 3.5 ppt per year, which was completely neutralized by the continued
accumulation of debt (about 2.5 ppt per year). In essence, the indicator is not decreasing,
but is in a state of stagnation.

In this case, the fiscal position contains hidden systemic risks, as it was formed as a result
of two opposing and highly variable factors. The annual 3.5 pp. effect of the denominator
requires an 11-13% increase in nominal GDP. In the event of a return to the historical
average of real economic growth (about 5%), the denominator effect will decrease to 2.5
pp., which, if the current rates of debt accumulation are maintained, will lead to a re-growth
of the indicator. At the same time, debt accumulated in all the years this paper examines,
even in the conditions of unprecedented growth in 2022. Therefore, the decomposition
does not indicate a balanced position, but only an upward movement of debt temporarily
restrained by a favorable environment for economic growth.

The analysis of the current debt/GDP position is most effective in the context of historical
parallels. The Armenian economy has recorded two notable episodes of debt ratio
reduction driven by capital inflows and dram appreciation.

There are indicate radical structural differences between 2002-2008 period and post 2022
period. In the first period, the indicator decreased from 38.2% to 14.6%, providing a real
23.6 pp. reduction and forming a fiscal reserve of about 45 pp.up to the maximum
threshold. The dram appreciated by about 47%, and the economy grew by an average of
12.5%. The main feature was that the dollar volume of the debt increased insignificantly,
from 1.0 billion to 1.6 billion dollars, since the state budget was balanced, and growth due
to external transfers reduced the demand for financing.

In the second period, the dram appreciated by about 21%, which reduced the dram burden
of external debt. However, the total dollar volume of debt increased from $10.6 billion in
2022 to $14.5 billion in 2025 (an increase of $3.9 billion). Although the ratio decreased
from 67.4% to 49.0%, this improvement was largely the result of denominator effects and
revaluation, rather than a reduction in real debt.

If in 2008 there was 45 pp of free space before the legislative threshold, then in 2025 it is
only 11 pp.

The total dollar volume of public debt almost doubled between 2019 and 2025, from $7.3
billion to $14.5 billion, even as the ratio recorded a downward trend. Structurally, the dollar
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value of external debt has remained almost unchanged since 2021, from $6.19 billion to
$6.55 billion. All of the growth has been generated at the expense of domestic debt, which
has increased from $1.54 billion to $7.50 billion (a fivefold increase). While part of this
growth is due to the accounting effect of the dram appreciation, the vast majority of it is
the result of new issuance.

In fact, between 2022 and 2025, when the debt/GDP ratio stabilized at 49-50%, the nominal
volume of government liabilities increased by about $3.9 billion. In the first episode, the
nominal increase was only $0.6 billion over seven years. Therefore, the apparent
improvement in the ratio has now been accompanied by an expansion of the government
balance sheet, which systematically distinguishes these two periods.

Table 1 summarizes the impacts of the combined scenarios of dram depreciation and GDP
contraction on the 2025 position. The fields marked in red (bold) reflect violations of the
60% maximum threshold, and those marked in yellow reflect entry into the 50-60%
warning zone.

The analysis reveals several fundamental observations. First, a currency shock alone, even
in the absence of an economic recession, is sufficient to move the country into the warning
zone. At an exchange rate of 430 AMD/USD (about 13% depreciation compared to
December 2025), the index will exceed 52%, and at an exchange rate of 480 (the average
for 2021), it will reach 55.1%. Second, extreme shocks are not required to breach the 60%
maximum threshold: a combination of an exchange rate of 523 AMD and a 5% GDP
decline, or an exchange rate of 480 AMD and a decline to the 2020 level (7.2%) is
sufficient.

Third, the most risky scenario is the full replication of the 2020 scenario (523 exchange
rates and a 7.2% decline), in which case the index would be 62.3%, about 5 percentage
points above the maximum threshold. In comparison, during the 2009 14.2% decline, the
starting position was about 16%, and there was no risk of approaching the maximum
threshold. The current base position is not backed by adequate reserves.

The revaluation factor has an autonomous effect, even in the absence of crisis situations.
Only the dram depreciation increases the debt ratio by several percentage points. An
exchange rate of 430 generates an additional 3 pp., 480 - 6 pp., and 523 - about 9
pp. burden. An economic recession, a violation of fiscal discipline, or the attraction of new
debt are not required to register such an outcome: these are the mechanical consequences
of the revaluation of external debt. In fact, the effect of the dram appreciation, which
contributed to the decrease in the indicator in 2022-2025, will inevitably lead to the
generation of risks in the opposite scenario [Tavadyan, 2020].

Compared to 2009, a structural asymmetry is also present. If then the crisis was fully
expressed through a reduction in the denominator (external debt was mainly preferential
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and in small volumes), now an economic decline of the same level will be accompanied by
a huge revaluation of the external position, with a starting base four times higher.
Therefore, even an identical GDP decline will have more devastating consequences.

It is also worth noting that this modeling considers all external debt as denominated in US
dollars, although some of it is denominated in euros and SDRs. While the actual sensitivity
may be somewhat lower, the basic logic of the analysis remains valid.

Table 1. Stress Test: Debt/GDP under FX Depreciation and GDP Shock Scenarios (%,
starting from Dec 2025 = 49.0%)

GDP shock scenario
AMD/USD 0% 5% -7.2%(2020)  -10%  -15%
381 (current) 49.0 51.6 528 54.4 57.6
430 521 548  56.1 57.8 61.2
480 (2021 avg) 552 581 594 61.3 64.9
523 (2020 avg) 57.8 609 623 64.3 68.1
560 (2002-era) 60.1 633 64.8 66.8 70.8

The comparative analysis substantiates a key economic proposition. Although the decline
in the ratio in both cases was due to the appreciation of the dram, the starting and final
fiscal positions are radically different. In 2008, Armenia had secured a fiscal space of 45
pp., which allowed it to absorb the 25 pp. additional burden of the 2008-2012 crisis without
violating the legislative thresholds. In 2025, the reserve gap is only 11 pp., which
demonstrates that a similar economic shock would lead to exceeding the maximum
threshold in a short period of time.

Also, it should be noted that differences are present in the mechanisms. In 2002-2008,
capital inflows were accompanied by a balanced budget, and dollar debt almost did not
grow. In parallel with the capital inflows caused by external factors (mainly the Russian-
Ukrainian conflict) during 2022-2025, the government continued to issue debt to finance
current expenses, increasing the volume of dollar debt by $3.9 billion even during the
economic recovery phase.
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This analysis makes it clear that the current 49% indicator is not the result of genuine fiscal
consolidation. It is a reflection of the combination of high economic growth and a
temporarily appreciated dram, which has mechanically reduced the impact of the steady
increase in the volume of debt.

Our research [Israelyan, 2026] shows that the expansion of domestic debt was the result of
state policy. As of 2025, the systemic effects of this process are turning into clear risks:
domestic debt has exceeded its 20% safety threshold. Since the main buyers of issues are
banks and pension funds [Karapetyan, 2021; Tavadyan, 2024], in the event of a slowdown
in economic growth and the maintenance of a budget deficit, risks will arise of ensuring
the necessary volumes of placement and exhausting the system’s absorption capabilities.

In this context, K. Grigoryan & Chapanyan [2025]’s assessment that government spending
has a statistically significant negative impact on Armenia’s economic growth is worrisome.
In fact, large volumes of government borrowing may limit the very economic growth that
ensures the artificial stability of debt.

Conclusion

Within the framework of this research, an analysis of the sustainability of Armenia’s public
debt was conducted based on data from 1998-2025. As a result of the analysis, we can
record three main conclusions.

First, the debt/GDP ratio of 49.0% as of 2025 is 18.4 percentage points below the 2020
peak, but provides only 11 percentage points of headroom to the legislative threshold. The
improvement in the ratio was driven by economic growth and dram appreciation, rather

than by a real primary surplus or absolute debt reduction. Moreover, the dollar value of the
debt almost doubled between 2019 and 2025, from $7.3 billion to $14.5 billion.

Second, the decomposition shows that GDP growth is currently the only systemic lever for
stabilization, providing an annual reduction of 3.5 ppt in the face of continued debt accu-
mulation (about 2.5 ppt). In the event of a slowdown in economic growth or devaluation
of Armenian dram, the simultaneous reversal of these two forces will generate sharp sys-

temic vulnerability, as a result of which the indicator, which was at the level of 53.7% in
2019, reached 67.4% in 2020.

Third, stress testing data suggests that moderate, rather than extreme, macroeconomic
shocks are sufficient to breach the 60% maximum threshold. The combination of an
exchange rate of 480 drams (2021 average) and a recession of the scale of 2020 would
bring the indicator to 59.4%, while an exchange rate of 523 drams (2020 average) and a
5% decline would cross the maximum threshold.

Historical parallels with 2002-2008 indicate that in the previous period Armenia had
formed an exceptional fiscal space, while currently the government has continued to attract
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borrowing even during the economic recovery phase. As a result, the current environment
of high economic growth and an appreciating dram should be viewed as a unique
opportunity to build a safety net, either by ensuring a primary surplus or by purposefully
reducing the pace of new debt issuance.

This research does not address an in-depth assessment of the relationship between the
current level of debt and economic growth, as well as the identification of the optimal debt
structure, which are planned to be explored in further analyses.
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The public debt-to-GDP ratio of the Republic of Armenia decreased from 67.4% in 2020
to 49.0% in 2025. This decrease, however, does not reflect a real improvement in the
country's fiscal position. It is almost entirely due to two temporary factors: the appreciation
of the Armenian dram and the unprecedented growth of GDP, while the dollar value of the
debt almost doubled over the same five-year period. The debt/GDP ratio of 49.0% as of
2025 is 18.4 percentage points below the 2020 peak, but provides only 11 percentage points
of headroom to the legislative threshold. This article separates the components of the public
debt ratio and subjects the 2025 baseline position to stress testing under various conditions.
The decomposition shows that GDP growth is currently the only systemic lever for
stabilization, providing an annual reduction of 3.5 ppt in the face of continued debt
accumulation (about 2.5 ppt). The combination of an exchange rate of 480 drams (2021
average) and a recession of the scale of 2020 would bring the indicator to 59.4%, while an
exchange rate of 523 drams (2020 average) and a 5% decline would cross the maximum
threshold. The analysis demonstrates that no real fiscal reserves have been formed in the
country. Historical parallels with 2002-2008 indicate that in the previous period Armenia
had formed an exceptional fiscal space, while currently the government has continued to
attract borrowing even during the economic recovery phase. Therefore, without
consolidation, a moderate depreciation of the Armenian dram or the normalization of
economic growth rates will be sufficient to bring the ratio back to the 60% statutory
threshold.
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Introduction
The existing literature on ethical organizational cultures primarily emphasizes the concept

of value congruence, whereby managerial and cultural interventions aim to align employ-
yees’ personal ethical values with those of the organization [Ambrose et al., 2008, 325—
329; Paine, 1994, 108-111]. Within this perspective, organizations attempt to establish
clearly defined ethical frameworks that regulate employee behavior through formalized
rules, role expectations, and codes of conduct. The underlying objective is to construct
highly coherent and unambiguous ethical environments characterized by “ethical closure,”
where a single dominant interpretation of what constitutes appropriate ethical behavior is
institutionalized and normalized. However, such approaches have been increasingly ques-
tioned in contemporary organizational research, as they tend to overlook the complexity,
ambiguity, and situational nature of ethical decision-making in practice. Despite long-
standing critiques of cultural engineering [Kunda, 1992, 84—-89; Miiller, 2017, 898-902]
and concerns regarding the institutionalization of ethics as a rigid managerial tool [Kérre-
man & Alvesson, 2010, 58—63], the ideal of fully aligned and homogeneous ethical cultures
continues to dominate both academic discourse and managerial practice. This is particu-
larly evident in sectors such as banking and financial services, where ethical behavior is
often regulated through compliance systems and standardized codes of conduct. In res-
ponse to these limitations, this study introduces the concept of the “answerable self” as a
more dynamic and relational approach to understanding ethical culture formation. Rather
than assuming that ethical behavior results solely from value alignment or structural cont-
rol, this perspective highlights the ongoing process through which individuals negotiate
responsibility, justification, and moral accountability within organizational contexts. This
shift allows for a more nuanced understanding of how ethical cultures are enacted in prac-
tice, particularly in environments where employees must respond to complex and often
conflicting demands. By moving beyond the traditional paradigm of value congruence, this
study contributes to emerging research that conceptualizes ethics as a relational, respon-
sive, and context-dependent phenomenon [Kopfet al., 2010, 286-289; Murray, 2000, 135—
140]. It opens new avenues for analyzing how ethical cultures are not merely designed, but
continuously constructed through interaction, interpretation, organizational experience.
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Methodology
This study adopts a qualitative research design to examine complex ethical challenges

arising from the integration of Artificial Intelligence in the banking sector. The qualitative
approach is uniquely suitable for exploring intricate, evolving phenomena such as insti-
tutional ethics, organizational behavior, and technological governance. To satisfy rigorous
academic standards, the research process is operationally divided into two methodological
phases, mapped directly onto the structural components of the article:

v’ Systematic Literature Review (Applied in Introduction and Literature Review): To
establish a robust theoretical foundation, a systematic review of peer-reviewed articles,
academic books, and policy reports was conducted using databases like Google Scholar,
ResearchGate, Springer, and Elsevier. This phase analyzes regulatory frameworks (e.g.,
Basel accords, Dodd-Frank Act) and traditional compliance models. By synthesizing foun-
dational literature, this step contextualizes current gaps in governance and maps out exis-
ting themes like corporate governance and ethical risk management.

v Thematic Analysis and Conceptual Synthesis (Applied in Results and Analysis): A
thematic analysis method is utilized to identify, interpret, and categorize recurring ethical
issues related to automated financial systems. The analytical focus is strictly operationa-
lized across four dimensions: transparency and explainability, algorithmic bias, data pro-
tection, and accountability in automated decision-making. By synthesizing these theoretic-
cal and empirical insights, this phase directly informs the development of the integrated,
bifurcated framework presented in Table 1a and Table 1b. This methodology allows the
study to evaluate how Al transforms organizational culture, shifting the analytical focus
from static rules to dynamic responsibility, while organizing the findings into sequential
institutional and operational dimensions.

Literature review
Ethical foundations in economic thought have long emphasized the importance of moral

values in shaping financial systems. According to classical perspectives, particularly those
associated with Adam Smith, economic behavior cannot be fully understood without consi-
dering ethical principles, as morality forms an essential basis for social and economic order
[Smith, 1901, 47-52]. This connection between ethics and economic activity suggests that
financial systems are inherently embedded within broader moral and social frameworks.

The global financial crises of the late 1990s and 2008 revealed significant weaknesses in
international banking regulation, risk governance, and corporate ethical standards. Al-
though the Basel I and Basel II Accords were designed to strengthen financial stability,
they unintentionally encouraged excessive risk-taking by allowing large financial institu-
tions to rely on internal risk assessment models that minimized capital reserves in pursuit
of higher returns on equity [Lall, 2012, 615-619]. At the same time, market-based risk
valuation mechanisms intensified financial procyclicality, stimulating aggressive invest-
ment behavior during economic expansion and accelerating financial collapse during pe-
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riods of crisis [Helleiner, 2011, 72—75]. The deregulation of the banking sector further
increased systemic vulnerabilities. In particular, the decision of the U.S. Securities and
Exchange Commission in 2004 to relax leverage restrictions enabled investment banks to
operate with extremely high debt-to-equity ratios, substantially increasing financial insta-
bility and ethical risk exposure [Cohan, 2014, 104-108]. Combined with weak oversight
of subprime mortgage lending practices, these developments contributed to the erosion of
responsible banking principles and institutional accountability.

Organizational ethics and workplace behavior have been widely studied in relation to cor-
porate performance, employee satisfaction, and institutional culture. Ethics in organiza-
tions is shaped by both formal rules and informal behavioral norms, influencing how indi-
viduals interpret acceptable conduct within professional environments [Ali & Al-Kazemi,
2007, 96-99]. Within this context, ethical ambiguity or “gray areas” often emerge, where
employees must navigate complex decisions that are not clearly defined by regulations
[Bruhn, 2009, 208-211].

Organizational culture plays a crucial role in shaping ethical behavior and job satisfaction,
as it directly influences employee attitudes, motivation, and engagement levels [Crispen &
Bulawayo Malo, 2017, 152—155]. Human resource management practices further contri-
bute to strengthening ethical behavior by aligning organizational values with employee
performance strategies [Edison et al., 2016, 112—115]. Unethical business practices, howe-
ver, can negatively affect consumer behavior, trust, and organizational reputation [Goyal,
2016, 231-234]. From a regulatory and legal perspective, corporate behavior is shaped by
compliance systems, enforcement mechanisms, and ethical governance structures [Hod-
ges, 2015, 85-91]. Behavioral theories of management emphasize that organizational per-
formance is deeply connected to ethical values, leadership practices, and group dynamics
[Ivancevich et al., 2007, 314-318]. The development of ethical culture within organiza-
tions requires structured frameworks that promote integrity, accountability, and transpa-
rency [Kaptein, 2008, 927-931]. Research further indicates that religious and cultural
values can significantly influence workplace ethics and behavioral norms [Majid, 2010,
44-48; Tasmara, 2002, 89-93]. In addition, business ethics in enterprises is strongly asso-
ciated with organizational sustainability and competitiveness [Mishra & Shah, 2021, 3-5].
Leadership, teamwork, and corporate values collectively shape employee behavior, job sa-
tisfaction, and turnover intentions [Valentine et al., 2011, 358-362]. Finally, ethical work
culture improves organizational effectiveness by reducing role conflict and ambiguity
while strengthening psychological well-being in the workplace [Yousef, 2000, 287-291].

Following the global financial crisis, regulatory reforms such as the Dodd-Frank Wall
Street Reform and Consumer Protection Act sought to restore transparency, strengthen
whistleblower protection mechanisms, improve risk governance, and address executive
compensation practices linked to excessive risk-taking [Trang, 2016, 14—18]. These re-
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forms highlighted the growing recognition that corporate ethics and effective governance
are fundamental components of financial sustainability and institutional resilience.

Scientific novelty
The scientific novelty of this study lies in its integrated, multi-dimensional approach to

examining ethical challenges arising from the integration of Artificial Intelligence in the
banking sector. Rather than treating data privacy, algorithmic bias, or regulatory comp-
liance as isolated, standalone topics, this study demonstrates that these ethical risks are
deeply interconnected. It synthesizes them into a single, unified framework that bridges
technological architecture, corporate governance, and organizational culture. An important
theoretical contribution of this research is the conceptual shift it captures from traditional,
rule-based compliance systems toward algorithm-driven decision-making environments.
In this new digital ecosystem, Al-based banking platforms do more than automate linear
financial operations — they actively redistribute moral agency and structural responsibility
across corporate institutions, frontline employees, and automated technological systems.
This redistribution creates unprecedented ethical "gray areas" that rigid, static compliance
frameworks fail to capture.

Finally, the study proposes a dynamic conceptual framework centered on the "answerable
self." By linking Al transparency and algorithmic accountability mechanisms directly to
the bank's internal ethical culture, the study emphasizes that successful digital transforma-
tion is not merely an engineering milestone. Instead, it is a socio-technical evolution re-
quiring continuous, adaptive governance to build consumer trust, ensure algorithmic fair-
ness, and make automated financial decisions transparently governed and morally justified.

Analysis

The Empirical Reality and Structural Impact of Al Integration in Banking

Within the modern context of corporate banking ethics, finance is increasingly evaluated
not merely as a profit-generating tool, but as a socially embedded activity responsible for
promoting economic stability, efficient capital allocation, and public welfare [Lagarde,
2014, 4-7; Stiglitz, 2010, 121-125]. Contemporary banking institutions must balance ope-
rational profitability with corporate accountability, a task made exponentially more comp-
lex by rapid digital transformation and financial technology integration.

Empirical research highlights the massive scale of this transition. Recent industry bench-
marks indicate that over 85% of financial institutions have deployed advanced machine
learning models for risk management, credit scoring, or customer verification. However,
this deployment introduces profound operational vulnerabilities; approximately 60% of
banking executives identify the "black box" dilemma — the inherent opacity of deep lear-
ning algorithms — and systemic algorithmic bias as the most critical threat to their institu-
tional reputation. The historical precedents of structural banking failures underscore the
danger of relying entirely on automated formulas. The global financial crisis of 2008
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proved that quantitative mathematical models and regulatory frameworks alone are struc-
turally insufficient without an active, underlying ethical culture within financial institutions
[Thakor, 2015, 12-16; Villa, 2015, 45-48; Zaring, 2017, 190-195]. When banks rely
blindly on automated internal risk assessment models to minimize capital reserves or maxi-
mize short-term returns, they erode professional integrity and corporate responsibility, de-
taching banking operations from social stewardship and public trust [Green, 1989, 632].

Deconstructing the Four Ethical Nodes: Algorithmic Redistribution of Responsibility

The synthesis of theoretical literature and empirical data reveals that digital transformation
significantly alters the execution of corporate ethics, changing how professional conduct
is shaped by formal regulations and informal group dynamics [Ali & Al-Kazemi, 2007,
95-98; Ivancevich et al., 2007, 210-215]. This structural shift can be systematically ana-
lyzed across four core ethical dimensions:

Transparency and Explainability: As automated credit-scoring and loan-approval systems
replace manual underwriting, the lack of transparency prevents both bank employees and
consumers from understanding why an application was rejected. This opacity disrupts
consumer trust and introduces regulatory compliance risks [Kour, 2021, 28-30].
Algorithmic Bias and Fairness: Machine learning models trained on historical financial
data risk codifying and amplifying past socio-economic inequalities. This algorithmic rep-
lication of bias undermines corporate social responsibility (CSR) initiatives designed to
foster financial inclusion and sustainable economic development [Angelini & Nieri, 2022,
62-66].

Data Protection and Privacy: The scale of financial data required to fuel predictive Al en-
gines exacerbates cybersecurity risks. Ethical corporate governance must therefore expand
traditional risk management to include specific cybersecurity ethics that protect customer
confidentiality [Kacem & El Harbi, 2022, 208-212].

Accountability and Moral Agency: When automated systems make critical financial errors,
a problematic dispersion of accountability occurs. Institutions often default to blaming al-
gorithmic glitches, which reduces individual moral responsibility and degrades workplace
ethics [Mittelstadt et al., 2016, 5-9; Parashar et al., 2023, 380-382].

The 'Answerable Self' Framework as a Solution to Algorithmic Ambiguity

To address these challenges, banking institutions must move beyond passive, rule-based
"ethical closure" models that treat compliance as a checklist of fixed behavioral rules [Kap-
tein, 2008, 925-930; Kérreman & Alvesson, 2010, 62—65]. Traditional value congruence
models assume employees simply follow institutional guidelines. However, in automated
environments, employees are forced to operate in complex ethical gray areas where direct
guidelines do not exist [Bruhn, 2009, 206-210].

This study proposes implementing the "Answerable Self" framework into corporate ban-
king governance. Grounded in dialogical ethics, this approach conceptualizes organiza-
tional culture not as a static set of rules, but as an ongoing process of interactive responsibi-
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lity and moral justification [Kopf et al., 2010, 288-292]. In an Al-driven bank, human
operators cannot outsource moral agency to an algorithm. Under the "answerable self" pa-
radigm, employees maintain active oversight, serving as the responsible interface that in-
terprets, justifies, and corrects algorithmic outputs to ensure fairness and transparency.

Human resource management practices and corporate leadership must support this ethical
agility by aligning organizational values with employee performance strategies, specifi-
cally through designing workflows that promote transparency and balance profitability
with explicit customer protection mechanisms [Edison et al., 2016, 88-92; Valentine et al.,
2011, 355-359]. When combined with broader Environmental, Social, and Governance
(ESQG) criteria, this adaptive ethical model lowers structural risk, mitigates the loss of psy-
chological well-being caused by role conflict and ambiguity, and secures long-term institu-
tional sustainability [Mishra & Shah, 2021, 2—4; Yousef, 2000, 285-289]. To provide a
systematic and granular examination of these dynamics, the empirical findings of this study
are structuralized into two separate, sequential analytical frameworks below: Table 1a,
which addresses internal institutional and structural ethical dimensions, and Table 1b,
which maps operational risks, trust dynamics, and future strategic trajectories.

Table 1a. Institutional and Structural Ethical Dimensions in Digital Banking

Core Ethical Operational and Policy Implications

Dimension

Corporate Ethics in * Corporate ethics strengthens transparency, accountability, and
Banking institutional trust in digital banking environments.

» Examines ethics not only as a compliance mechanism but also
as a strategic element of digital banking sustainability.

Digital Transformation | * The integration of fintech, Al, and automated banking systems
significantly reshapes financial decision-making processes.

* Introduces a multidimensional analysis of ethical implications
arising from digital transformation in banking.

Independence and * Algorithmic decision-making may reduce human oversight
Objectivity and challenge professional objectivity in banking operations.

* Investigates ethical risks associated with Al-driven banking
decisions and automated governance systems.

Data Privacy and * The protection of customer data has become a fundamental
Confidentiality ethical responsibility for financial institutions.

* Integrates cybersecurity ethics and data governance into the
framework of corporate banking ethics.

Corporate Governance * Effective governance mechanisms promote ethical
accountability and regulatory compliance in financial
institutions.

» Combines ESG principles with digital governance models in
the banking sector.

The conceptual matrix bifurcated across Table 1a and Table 1b demonstrates that the future
of banking ethics cannot rely on fragmented regulatory patches. The interaction between
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advanced fintech platforms and algorithmic governance necessitates a fundamental para-
digm shift in how institutional risk is mapped. As automated decision-making increasingly
challenges professional objectivity and diminishes direct human oversight, structural gaps
naturally emerge between strict legal compliance and the evolving expectations of consu-
mer data privacy. If financial institutions continue to treat ethics merely as an external
compliance mechanism rather than a core strategic element of digital sustainability, the
mitigation of professional misconduct and misrepresentation becomes highly transactional,
leading to an inevitable erosion of long-term customer trust and market loyalty.

Table 1b. Risk Management, Trust, and Future Trajectories of Ethical Banking

Core Ethical Dimension Operational and Policy Implications

Conflicts of Interest * Digital financial platforms may create tensions between
profitability objectives and customer rights protection.

* Proposes an ethical risk-mapping approach for identifying
conflicts of interest in digital banking services.
Professional Misconduct | « Ethical misconduct negatively affects institutional
and Misrepresentation reputation, customer trust, and financial stability.

* Suggests innovative preventive mechanisms for reducing
unethical behavior in digital banking environments.
Cybersecurity and Ethical | « Cybersecurity has evolved into both a technological and
Responsibility ethical obligation in modern banking systems.

» Explores the integration of cyber ethics into corporate
banking strategies and risk management frameworks.
Customer  Trust and | < Ethical banking practices enhance customer confidence
Loyalty and long-term loyalty toward digital financial services.

* Introduces the concept of an ethical trust index for
evaluating customer perceptions in digital banking.

Future of Ethical Banking | * The expansion of digital finance requires the development
of new ethical standards and regulatory approaches.

* Proposes an Al ethics framework specifically designed for
corporate banking institutions.

To build institutional resilience against the systemic vulnerabilities outlined across both
tables, modern corporate governance models must actively combine ESG criteria with ri-
gorous cyber ethics. This empirical integration directly informs our proposed "answerable
self" framework. By introducing structured monitoring systems — such as an ethical trust
index and dedicated Al ethics guidelines specifically designed for corporate financial ope-
rations — banks can systematically internalize moral agency. Instead of allowing automa-
ted architectures to create distributed zones of non-accountability, the interactive "answer-
rable self" model re-establishes the human professional as the ultimate locus of moral jus-
tification. Consequently, the successful digital transformation of the financial services sec-
tor depends on transitioning from rigid, rule-based managerial tools toward dynamic, res-
ponsive organizational cultures where algorithmic calculations are perpetually guided by
transparent ethical accountability.

105



ALTERNATIVE quarterly academic journal

Conclusions
This study examined the ethical challenges arising from the integration of Artificial Intelli-

gence within the banking sector. The findings demonstrate that Al-driven transformation
significantly reshapes traditional banking operations, particularly in decision-making, risk
assessment, and customer service. While Al technologies enhance efficiency, accuracy,
and operational speed, they simultaneously introduce complex ethical issues related to
transparency, accountability, fairness, and data privacy. The analysis shows that algorithm-
mic decision-making systems may reduce human oversight and create ethical ambiguity in
critical financial processes such as credit scoring and loan approval. In addition, concerns
regarding data protection and cybersecurity highlight the growing importance of ethical
governance in digital banking environments. The study further reveals that existing re-
gulatory frameworks are not fully equipped to address the rapid development of Al tech-
nologies, leading to gaps in accountability and ethical control.

Overall, corporate ethics, governance structures, and organizational culture are identified
as key factors in ensuring responsible Al implementation in banking. Strengthening ethical
standards, improving algorithmic transparency, and developing adaptive regulatory me-
chanisms are essential for maintaining customer trust and financial stability. The study
concludes that the future of ethical banking depends on a balanced integration of techno-
logical innovation and strong ethical governance, ensuring that digital transformation sup-
ports both efficiency and social responsibility.
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This scientific article analyzes the development of corporate ethics in the banking sector
under conditions of digital transformation and the integration of artificial intelligence. The
aim of the research is to identify and evaluate how digital technologies and Al systems
transform the formation and implementation of corporate ethics in banking institutions.
Based on theoretical literature on organizational ethics, value congruence, and regulatory
governance, the study examines the limitations of traditional compliance-based ethical
models. Previous approaches mainly emphasize behavioral rules and the alignment of
employees’ values with organizational goals; however, this study demonstrates that such
frameworks often fail to fully explain the ethical complexities emerging in contemporary
financial environments. The research introduces a more dynamic approach to the formation
of corporate ethical culture, emphasizing the concepts of responsibility, interpretation, and
the “responsible self.” Special attention is given to how Al-based systems, algorithmic
governance, and fintech innovations reshape the nature of ethical responsibility in the
banking sector. Issues on data privacy, conflicts of interest are analyzed.
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Introduction
In the modern banking system, the effectiveness of corporate governance serves as a

critical prerequisite for ensuring financial stability, accountable management, and long-
term sustainable development. The growing complexity of banking operations alongside
the expanding expectations of stakeholders enhance the need for an objective evaluation
of governance systems. In this context, the objective of this study is to develop and imp-
lement a composite methodology for assessing corporate governance effectiveness specifi-
cally tailored to the banking sector of the Republic of Armenia.

Methodology
As a result of the study, five key components evaluating corporate governance effective-
ness have been identified:
1. Board of Directors effectiveness,
2. Internal control effectiveness,
3. Transparency and disclosures,
4. Protection of shareholder rights and interests,
5. Integration of sustainable governance.
Each of these components is evaluated through five sub-components. The expert survey
method is applied to calculate the index. The questionnaire is designed for representatives
of banking management at various levels. The questions are rated on a 1-5 scale (1 —absent,
2 — formal application, 3 — partial implementation, 4 — established system, 5 — alignment
with international best practices. The score for each component is calculated as the average
value of its five respective indicators.
C = i1 Xij
l 5
where:
Ci- is the score of the i-th component,
Xijj- 1s the score of the j-th indicator of the i-th component.
As aresult, each component receives a score ranging from 1 to 5.
The overall Corporate Governance Effectiveness Index (CGEI) is calculated using the

equally weighted average of the five components:
BE + OE +TD + SP + SGI

CGEIl =
5
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The obtained results are normalized to a range of 0-1, where they are interpreted as follows:
0 <CGEI< 0.4- Low effectiveness,

0.4< CGEI <0.7 Moderate (Medium) effectiveness,

0.7< CGEI <1 High effectiveness.

Literature review
In the literature, considerable attention has been devoted to the evaluation of corporate go-

vernance effectiveness. Various scholars have proposed governance indices and assess-
ment frameworks aimed at measuring the quality and effectiveness of corporate gover-
nance practices. The study by Gompers, Ishii, and Metrick [2003] is considered one of the
seminal works in this field. Based on data from 1,500 large corporations, the authors deve-
loped the Governance Index (G-Index), which provides a quantitative measure of sharehol-
der rights and governance provisions. Their findings suggest that differences in governance
structures are associated with significant differences in corporate valuation and perfor-
mance. Bhagat and Bolton [2008] further advanced the literature by examining the interre-
lationships among corporate governance, ownership structure, capital structure, and firm
performance. Their study highlighted the importance of considering governance mecha-
nisms within a broader organizational and financial context when assessing governance ef-
fectiveness. Another important contribution was made by Brown and Caylor [2004], who
developed the Gov-Score index consisting of 51 corporate governance provisions. Their
findings indicate that stronger governance practices are associated with improved firm
valuation and operating performance, demonstrating the multidimensional nature of gover-
nance quality assessment. When evaluating corporate governance, it is important to dis-
tinguish between regulatory compliance and governance effectiveness. As noted by Sahay
[2016, 300], compliance with governance standards and regulations should not automa-
tically be equated with effective governance. While compliance represents an essential pre-
requisite, governance effectiveness is ultimately reflected in an organization’s ability to
achieve its strategic objectives and generate sustainable outcomes.

Evidence from the Armenian banking sector also supports the growing importance of
governance-related factors in performance assessment. Hakobyan and Margaryan [2025],
examining major Armenian commercial banks within the ESG framework, found that
stronger ESG integration is associated with enhanced financial resilience, improved cost
efficiency, and more stable long-term profitability. The authors further report that higher
governance scores are linked to stronger dividend policies and increased free cash flow.
The Basel Committee on Banking Supervision [2015] emphasizes that effective corporate
governance in banks requires sound board oversight, robust risk governance, effective in-
ternal control systems, and clearly defined accountability mechanisms. These elements are
regarded as essential for prudent bank management and financial stability. Similarly, the
G20/OECD Principles of Corporate Governance [2023] identify transparency, disclosure,
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accountability, shareholder rights, board responsibilities, and sustainability considerations
as key components of a sound governance framework.

Despite the extensive literature on corporate governance assessment, there is still no uni-
versally accepted methodology for evaluating governance effectiveness in banking insti-
tutions. Existing approaches differ in terms of indicators, assessment criteria, and measure-
ment techniques. Moreover, studies dedicated specifically to the evaluation of corporate
governance effectiveness in the banking system of the Republic of Armenia remain limited,
highlighting the relevance of further research in this area.

Scientific novelty
Within the scope of this study, a Corporate Governance Effectiveness Index (CGEI) has

been developed and empirically computed for the banking system of the Republic of Arme-
nia. The proposed index is based on the key governance dimensions reflected in the OECD
Principles of Corporate Governance [2023] and the Basel Committee on Banking Super-
vision Corporate Governance Principles for Banks [2015], while also taking into account
the institutional and regulatory characteristics of the Armenian banking sector. Unlike exis-
ting international frameworks, which primarily provide governance principles and recom-
mendations, the proposed approach offers a structured methodology for the quantitative
assessment of corporate governance effectiveness, thereby facilitating a consistent and
systematic comparative analysis of governance effectiveness across banks. The empirical
application of the proposed index reveals that differences in corporate governance ef-
fectiveness among Armenian banks are driven primarily by strategic governance dimen-
sions, particularly sustainable governance (ESG) integration, transparency and disclosure
practices, and the protection of shareholder rights and interests. In contrast, internal control
systems demonstrate a relatively high degree of consistency across banks, reflecting the
influence of regulatory requirements. These findings contribute to a deeper understanding
of the factors shaping corporate governance effectiveness in the Armenian banking sector
and provide a basis for future governance enhancement initiatives.

Analysis

The ;}roposed index is structured around the core logic of corporate governance functions,
reflecting the strategic, supervisory, and accountability dimensions of management, as well
as contemporary sustainable development requirements. Table 1 presents the components
of the Corporate Governance Effectiveness Index (CGEI). The framework captures five
key dimensions: Board of Directors effectiveness, Internal control effectiveness, Tran-
sparency and disclosures, Protection of shareholder rights and interests, and Integration of
sustainable governance (ESG). Together, these components provide a multidimensional
assessment of governance quality in banking institutions.
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Tablel. Components of the Corporate Governance Effectiveness Index!

Board of Directors effectiveness Component evaluates the role of the board of directors in
strategic management, oversight, and decision-making
processes. It assesses board independence, the activities
of board committees, the effectiveness of meetings, and
the level of oversight over management.

Component reflects the effectiveness of risk
management, internal audit, compliance, and internal

control systems.

Internal control effectiveness

Transparency and disclosures Component evaluates the level of financial and non-
financial information disclosure, the maturity of
accountability systems, and information accessibility for
stakeholders.

Component reflects the level of shareholder rights
protection, equal access to information, and the
effectiveness of conflict of interest management
mechanisms.

Protection of shareholder rights
and interests

Integration of sustainable
governance

Component evaluates the integration of Environmental,
Social, and Governance (ESG) factors into the activities
of governing bodies and strategic decision-making
processes.

The methodology was applied to five commercial banks in the Republic of Armenia, based
on survey data collected from 153 respondents. Table 2 reports the calculated CGEI scores
for each governance component across the sampled banks.

Table 2. Corporate Governance Effectiveness Index Metrics of RA Commercial Banks?

Components Bank1 Bank 2 Bank 3 Bank 4 Bank 5
Board of Directors 4.6 4.1 3.7 4.6 3.5
effectiveness

Internal control 4.8 4.7 4.6 4.8 4.5
effectiveness

Transparency and 4.7 4.9 34 3.9 3.2
disclosures

Protection of 4.4 4.5 2.6 4.3 2.5
shareholder rights and

interests

Integration of 4.1 4.3 1.9 3.1 1.7
sustainable

governance

CGEI 4.5 4.5 3.2 4.1 3.1
CGEI 0.88 0.88 0.55 0.78 0.53

! Compiled by the author based on international corporate governance principles

2 Compiled by the author based on the assessment results
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The empirical results reveal a clear heterogeneity in corporate governance effectiveness
across the sampled banks. The difference between the highest-performing and lowest-
performing banks reaches 0.35 points in the normalized CGEI scale (0.88 versus 0.53), in-
dicating a substantial governance gap within the Armenian banking sector. Such variation
suggests that regulatory compliance alone does not ensure uniform governance effective-
ness and that bank-specific governance practices remain critical determinants of gover-
nance quality. The component-level analysis demonstrates that Internal Control Effective-
ness achieved the highest average score (4.68), indicating a relatively mature and standar-
dized risk governance environment across Armenian banks. Conversely, Sustainable Go-
vernance Integration recorded the lowest average score (3.02), suggesting that ESG-related
governance mechanisms remain insufficiently institutionalized and are not yet embedded
into strategic decision-making processes. Banks 1 and 2 demonstrate consistently high
performance across most governance dimensions, particularly in internal control, transpa-
rency, and board effectiveness, which results in identical overall CGEI scores (0.88).
However, despite achieving the same final index value, their internal governance structures
differ, suggesting that similar governance outcomes may emerge from different institu-
tional configurations. Bank 4 also demonstrates relatively strong governance performance,
though with slightly lower scores in transparency and ESG integration compared to Banks
1 and 2. In contrast, Banks 3 and 5 exhibit significantly lower CGEI values (0.55 and 0.53
respectively), indicating a moderate level of governance effectiveness and highlighting a
persistent governance gap within the banking system. A notable finding of the study is the
comparatively low dispersion in the “Internal Control Effectiveness” component across all
banks. The relatively small variation observed in Internal Control Effectiveness (4.5—4.8)
compared with the significant variation in ESG Integration (1.7-4.3) suggests that gover-
nance dimensions subject to direct regulatory oversight tend to converge across institu-
tions, whereas strategically driven governance dimensions remain largely dependent on
managerial commitment and organizational culture. This indicates a strong regulatory con-
vergence in this area, largely driven by mandatory requirements imposed by the Central
Bank of Armenia [Central Bank of Armenia, 2013]. As a result, internal control systems
appear to be the most standardized governance dimension within the Armenian banking
sector, with limited variation between institutions. In contrast, substantial variation is ob-
served in the “Integration of Sustainable Governance (ESG)” component. This suggests
that the integration of ESG principles is still at a developmental stage and has not yet been
fully institutionalized. The observed differences may be attributed to bank-specific mana-
gerial, organizational, and strategic characteristics, as well as their respective development
priorities. A particularly noteworthy observation is that banks with higher CGEI values al-
so demonstrate substantially stronger ESG integration scores. This pattern suggests that
sustainable governance practices may act as a complementary governance mechanism that
enhances overall governance effectiveness beyond traditional control and compliance
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functions. Unlike internal control mechanisms, ESG integration is not yet uniformly em-
bedded within corporate governance systems, reflecting a transitional phase in sustainable
governance adoption.

Overall, the findings indicate that while regulatory compliance ensures a baseline level of
governance quality, particularly in risk control and internal supervision, it does not eli-
minate structural differences in broader governance effectiveness. The CGEI results de-
monstrate that strategic governance dimensions such as ESG integration, transparency
practices, and shareholder protection remain key differentiating factors among banks and
represent the main drivers of variation in overall governance effectiveness.

Conclusions

The study highlights the importance of developing assessment tools tailored to the specific
characteristics of national banking systems, as general international frameworks may not
fully reflect the institutional and contextual features of local markets. The empirical results
obtained through the proposed index indicate that corporate governance practices within
the banking system of the Republic of Armenia are characterized by noticeable variation,
reflecting different levels of governance development across institutions. The sampled
banks demonstrate a range of governance effectiveness, from relatively high to moderate
levels. Among the examined components, internal control effectiveness emerges as the
most consistently developed dimension across the banking system. This pattern is largely
influenced by the stringent regulatory requirements imposed by the supervisory authority.
As a result, even banks with lower overall governance effectiveness exhibit comparatively
strong performance in risk management and internal control systems. In contrast, the integ-
ration of sustainable governance (ESG) remains the least developed and least institution-
nalized component. This suggests that ESG adoption is still in a transitional phase and rep-
resents a key area for further improvement in the governance systems of Armenian banks.
The empirical evidence suggests that the future development of corporate governance in
Armenian banks is likely to depend less on strengthening traditional control mechanisms
and more on enhancing strategic governance dimensions, particularly ESG integration,
transparency practices, and shareholder engagement. These dimensions appear to consti-
tute the principal sources of governance differentiation within the sector.
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This study presents a Corporate Governance Effectiveness Index (CGEI) developed to as-
sess the level of corporate governance effectiveness within the banking system of the Re-
public of Armenia. The index is informed by widely recognized international corporate go-
vernance principles, including those of the OECD and the Basel Committee on Banking
Supervision, while also reflecting the institutional and regulatory context of the Armenian
banking sector. The CGEI is constructed using survey-based data and enables the assess-
ment of corporate governance effectiveness across five key components: board effective-
ness, internal control systems, transparency and disclosure practices, shareholder rights
protection, and ESG integration. The empirical results indicate significant variation in
corporate governance effectiveness among banks, ranging from high to moderate levels.
Internal control systems emerge as the most consistently developed component, largely
driven by regulatory requirements. In contrast, ESG integration remains at an early stage
of development and is not yet fully institutionalized. The findings suggest that streng-
thening sustainable governance (ESG) practices represents an important direction for en-
hancing corporate governance quality within the Armenian banking system.
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Introduction
Over the past two decades, the digitalization of public administration has moved from a

peripheral modernization agenda to a central instrument of statecraft. Governments now
routinely frame digital transformation as a means of improving efficiency, transparency,
accountability and the quality of public service delivery. International benchmarking has
reinforced this trajectory: the biennial United Nations E-Government Survey, and its head-
line E-Government Development Index (EGDI), allow states to position themselves
against one another and to track progress over time [United Nations, 2024]. The EGDI is
a composite of three equally weighted pillars — the Online Service Index, the Telecommu-
nications Infrastructure Index and the Human Capital Index — and is therefore, by cons-
truction, a measure of a state’s capacity to supply digital government rather than of the
value that citizens actually realize from it [United Nations, 2024].

This supply-side orientation is not confined to the EGDI. Maturity-stage models conceive
of e-government as a progression through technical milestones, from online cataloguing to
integrated transactional services [Layne & Lee, 2001]. Comparative instruments such as
the European Commission’s eGovernment Benchmark do foreground “user-centricity,”
but they operationalize it largely as the online availability and usability of services as
judged by trained assessors, rather than as the lived experience of citizens [European
Commission, 2023]. The OECD’s Digital Government Policy Framework similarly Eleva-
tes a “user-driven” principle, yet leaves its measurement to availability proxies (OECD,
2020). The cumulative effect is that a state may climb the rankings while large segments
of its population remain unaware of, distrustful of, or unable to use the very services that
those rankings reward; the index authors themselves caution that a country can score well
while still exhibiting friction in specific services and regional gaps for vulnerable groups.

Armenia provides an instructive case. Between the 2022 and 2024 surveys the country
moved from the “high” to the “very high” EGDI group — a tier defined by a composite
score of 0.75 or above — ranking 48th globally in 2024 and standing among the more no-
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table risers since 2018 [United Nations, 2024]. Its 2021-2025 Digitalisation Strategy,
implemented chiefly through the Information Systems Agency of Armenia under the
coordination of the Information Systems Management Council, has expanded the portfolio
of national platforms — among them e-gov.am, e-cadastre.am, e-payments.am and e-
request.am [Government of the Republic of Armenia, 2021; SIGMA, 2025]. Independent
assessment nonetheless describes the results on the ground as “mixed” and notes that di-
gital skills within the administration remain underdeveloped [SIGMA, 2025]. The field
evidence presented below points in the same direction: supply-side progress has not trans-
lated evenly into citizen awareness, trust and use.

This article addresses that gap. Its central proposition is that the effectiveness of public
digital services cannot be inferred from supply-side maturity alone and must be evaluated
from the perspective of the citizen-user. On the basis of field research, the study develops
a user-centered evaluation approach that assesses the effectiveness of public digital ser-
vices not only through technological and institutional indicators, but also through citizens’
awareness, trust, satisfaction, readiness to use and user experience, while explicitly accoun-
ting for age-based and territorial disparities. This integrated, equity-sensitive perspective
constitutes the principal scientific novelty advanced here. The remainder of the article is
organized as follows. The next section sets out the research design and the operationali-
zation of the evaluation dimensions. The literature review then situates the contribution
within information-systems, e-government and digital-divide scholarship. The scientific-
novelty section formally specifies the user-centered framework and its composite index.
The analysis applies the framework to the Armenian case, and the concluding section
draws out theoretical and policy implications, limitations and avenues for future research.

Methodology

The study employs a mixed research design with two complementary components. The
first is a supply-side mapping: a desk review of Armenia’s national digital-service portfolio
and of the institutional and legal arrangements that govern it, drawing on strategy docu-
ments, regulatory acts and the platforms currently in operation. This component characteri-
zes the two supply-side tiers of the framework — technological readiness (infrastructure,
interoperability, availability and points of access) and institutional readiness (coordination
mandate, legal basis and data governance). The second component is a demand-side field
survey of citizen-users, designed to capture how services are perceived and used in
practice. The two components are deliberately paired so that the state’s declared and as-
sessed capacity can be read against citizens’ experienced outcomes.The survey applied a
stratified sampling design, using Armenia’s administrative-territorial units — the regions
(marzes) and the city of Yerevan — as strata in order to secure territorial representativeness
and to limit structural sampling bias. The realized sample comprised 489 respondents. With
a 95% confidence level and a +5% margin of error, the minimum representative sample is
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approximately 384; the achieved 489 therefore improves the precision and reliability of the
estimates. Respondents were allocated to strata proportionally to each region’s share of the
national population, n; = (Ni/ N) x n, so that the sample structure approximates the real de-
mographic distribution and the results can be generalized to the population within accepted
statistical limits. Yerevan accounts for the largest share of respondents (37%), consistent
with its weight in the national population. Fieldwork was conducted in [period] via [mode
of administration]. The sample is demographically broad. The largest age groups are 36—
45 (38.7%) and 26-35 (35.2%), followed by those aged 55 and over (9.9%), 4655 (9.8%)
and 18-25 (6.4%); women constitute 51.4% and men 48.6%. Educational attainment is
high — 88% hold higher or postgraduate qualifications, 8.5% vocational and 3.5% basic
or secondary — while employment spans the private (47.2%), public (33.1%) and civil-so-
ciety (11.3%) sectors, with 8.4% not employed at the time of the survey. This composition
is relevant to interpretation: because the sample is comparatively well-educated and eco-
nomically active, the demand-side weaknesses reported below are likely to be conservative
estimates of those in the wider population.

Table 1. Demand-side dimensions, indicators and source items

Dimension Indicators / item focus Source item
Awareness Knowledge of the digitalization process and of = Self-rated awareness (4
available platforms categories); platform-recognition
checklist
Trust Confidence in reliability, security and data  Reliability/security attribute
protection of services rating (5 categories)
Satisfaction Overall satisfaction with the degree of public-  Satisfaction, 1-10 scale

sector digitalization

Readiness to ~ Perceived value of e-government (willingness) Importance of e-government (5

use and self-efficacy in use categories); frequency of
difficulties

User Speed, accessibility and ease of use; friction  Attribute ratings (5 categories);

experience encountered in practice difficulty type and frequency

Equity Age cohort; place of residence (Yerevan vs. Demographic and territorial

stratifiers regions) — applied across all dimensions classification

Each demand-side dimension was operationalized through survey items and converted to
a common [0, 1] scale. Table 1 lists the dimensions, their indicators and the source items.
Ordinal response categories were mapped to evenly spaced points on the unit interval (for
a four-category awareness item: 1, 2/3, 1/3, 0; for five-category service-attribute ratings:
excellent = 1.0, good = 0.75, sufficient = 0.5, “hard to evaluate” = 0.25, unsatisfactory =
0); the 1-10 satisfaction scale was rescaled linearly. Each dimension score is the response-
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weighted mean of its items. The standardized scores were then consolidated into the com-
posite index defined in Section 4, and the resulting user-centered profile was read against
the supply-side mapping. The study is cross-sectional and relies on self-reported percep-
tions, which constrains causal inference; respondent anonymity and informed consent were
ensured throughout. Because the full descriptive results of the field survey are reported se-
parately, the present article foregrounds the evaluation framework and the supply—demand
comparison rather than reproducing that material in full.

Literature review
Information-systems success and technology acceptance
The conceptual roots of digital-service evaluation lie in information-systems (IS) research.

The DeLone and McLean model frames success as a chain running from information,
system and service quality through use and user satisfaction to net benefits, and has been
widely adapted to the public sector, most notably in public-value extensions that ask what
collective value a system generates rather than merely whether it is used [DeLone &
McLean, 2003; Scott, DeLone & Golden, 2016]. Adoption is theorized chiefly through the
Technology Acceptance Model, in which perceived usefulness and perceived ease of use
drive intention and use [Davis, 1989], and through the Unified Theory of Acceptance and
Use of Technology and its consumer extension, which add performance expectancy, effort
expectancy, social influence, facilitating conditions, habit and hedonic motivation [Venka-
tesh et al., 2003; Venkatesh, Thong & Xu, 2012]. These models capture individual accep-
tance with considerable precision, but they are typically applied to a single system and to
individual intentions; they say little about the institutional supply behind a national service
ecosystem, and still less about the distribution of outcomes across social groups.

E-government maturity and benchmarking
A second stream evaluates e-government at the level of the state. Stage models describe

maturation from online presence to fully integrated services [Layne & Lee, 2001], while
success-factor studies catalogue the managerial, organizational and technological condi-
tions for effective implementation [Gil-Garcia & Pardo, 2005]. At the comparative level,
the EGDI ranks states on supply-side capacity [United Nations, 2024], the European Com-
mission’s eGovernment Benchmark scores user-centricity, transparency, key enablers and
cross-border provision [European Commission, 2023], and the OECD’s policy framework
articulates six principles of digital government, including “user-driven” and “proactive”
service design [OECD, 2020]. A recent meta-analysis confirms that empirical e-govern-
ment research has clustered around adoption and supply-side maturity, with comparatively
thin attention to outcome and equity measurement [Wirtz & Daiser, 2018]. These inst-
ruments are indispensable for tracking what the state provides, yet user value enters them
as an assessed property of services rather than as a measured experience of citizens. Recent
Armenian studies likewise highlight the limitations of existing approaches to digitalization
assessment. Examining the digitalization of Armenia's public administration system, Mel-
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kumyan (2024) demonstrates that the country's digital progress is primarily assessed
through institutional and technological indicators and international benchmarking frame-
works. While documenting substantial improvements in digital government, the study ar-
gues that existing evaluation approaches remain predominantly supply-oriented, leaving
citizen-level outcomes comparatively underexplored. Ayvazyan (2025) further evaluates
digitalization across government, business and society in Armenia using international digi-
talization indices. Although the study confirms significant progress in digital transforma-
tion, it also reveals considerable variation in digitalization levels across sectors, reinforcing
the need to complement supply-side assessments with citizen-centered measures of effect-
tiveness. Beyond the public sector, Mkrtchyan et al. (2025) show that digital transforma-
tion in Armenian organizations remains uneven across stages of digital maturity, sugges-
ting that technological adoption alone does not necessarily translate into advanced digital
capabilities.

Trust, satisfaction and public value
A third stream treats citizen-side constructs as constitutive of effectiveness rather than as

by-products. Verdegem and Verleye (2009) propose a comprehensive model for measuring
user satisfaction in user-centered e-government, integrating quality, usefulness and ease-
of-use perceptions. Welch, Hinnant and Moon (2005) demonstrate that satisfaction with e-
government is linked to broader trust in government, while Tolbert and Mossberger (2006)
show that well-designed digital services can themselves enhance process-based trust. Car-
ter and Bélanger (2005) establish trust and the perceived attributes of the innovation as de-
terminants of adoption, and Lindgren and Jansson (2013) clarify the conceptual specificity
of public e-services as simultaneously a citizen interaction and an exercise of public autho-
rity. Taken together, this work establishes trust and satisfaction as dimensions of effect-
tiveness in their own right.

The digital divide and distributional equity
A fourth stream foregrounds inequality in access, skills and use. Van Dijk’s sequential mo-

del distinguishes motivational, material, skills and usage access, and emphasizes a “se-
cond-level” divide in which formal access coexists with unequal capability [van Dijk,
2006, 2020]. Norris (2001) and Helsper (2012) connect digital exclusion to wider social
exclusion, and recent work shows that the digital divide conditions both trust in e-govern-
ment and the actual level of e-government use across European countries [Pérez-Morote,
Pontones-Rosa & Nuifiez-Chicharro, 2020]. Age and territorial — especially urban—rural
— divides are particularly pronounced in transition economies. In most evaluation practice,
however, equity is treated as a contextual moderator of adoption rather than as an intrinsic
component of service effectiveness.
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Synthesis and research gap
These streams address different halves of the same problem and rarely meet. Maturity

indices measure supply but not experienced value; acceptance models measure individual
intention but not institutional supply or distributional outcomes; and equity sits outside
both as a moderating variable. There is, consequently, no widely adopted framework that
simultaneously (i) combines supply-side readiness with measured demand-side citizen
outcomes and (ii) treats distributional equity along age and territorial lines as an intrinsic
dimension of effectiveness. Such integration is especially scarce for small post-Soviet
transition states, where rapid supply-side gains can mask uneven citizen uptake. The
framework developed in the next section is designed to close this gap.

Scientific novelty: a user-centered evaluation framework
The scientific novelty of this study is a user-centered approach to evaluating the

effectiveness of public digital services that re-centers measurement on the citizen while
retaining the supply-side perspective that maturity indices capture well. Rather than asking
only whether the state has built capable digital infrastructure, the framework asks whether
citizens know about, trust, are satisfied with, are able and willing to use, and can navigate
public digital services — and whether these outcomes are distributed equitably across age
groups and territories. The approach is organized as two tiers and a cross-cutting equity
lens, and it is consolidated into a composite indicator.

A two-tier architecture
Tier I — Supply-side readiness comprises the technological and institutional conditions

that make effective digital service possible: infrastructure, interoperability, availability and
a coherent point of access on the technological side; coordination mandate, legal and data-
governance basis, and administrative capacity on the institutional side. Tier I corresponds
closely to what existing indices already measure, and the framework draws on them rather
than duplicating them.

Tier Il — Demand-side effectiveness comprises five measured citizen dimensions — awa-
reness, trust, satisfaction, readiness to use and user experience (Table 1). This tier is the
locus of the novelty: it converts the abstract aspiration of “user-centricity” into a set of
directly measured citizen outcomes rather than assessor-judged service attributes.

Cross-cutting equity lens. Each Tier Il dimension is measured not only as a population
average but also across age cohorts and territorial strata. Equity is thus elevated from a
background moderator to a constitutive property of effectiveness: a service ecosystem that
performs well on average but poorly for older citizens or for residents outside the capital
is, on this account, less effective than its averages suggest.
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The User-Centered Digital Service Effectiveness Index (UC-DSEI)
To make the demand-side tier operational and comparable, the five citizen dimensions are

consolidated into a composite, the User-Centered Digital Service Effectiveness Index (UC-
DSEI), constructed in four steps.

(1) Standardize each dimension. For each dimension d € {awareness, trust, satisfac-tion,
readiness, user experience}, item responses are rescaled to the unit interval to yield a score
Sk € [0, 1], higher values denoting more favourable citizen outcomes.

(2)Aggregate to a base user-value score. The base score is the weighted mean of the
dimension scores, V =X wy Sy, with £ wi = 1. Equal weights (wix = 0.20) are the default;
weights may be re-calibrated through expert judgement or factor analysis where a
dimension is theorized to be decisive in a given context.

(3) Measure disparity. A disparity term D € [0, 1] captures the dispersion of outcomes
across the equity strata. For each dimension and stratifier, the normalized gap between the
best- and worst-performing group is computed; D is the mean of these gaps. D = 0 denotes
uniform outcomes across groups; values approaching 1 denote extreme inequality.

(4) Apply an equity adjustment. The equity-adjusted index is UC-DSEI = V x (1 — AD),
where A € [0, 1] is an inequality-aversion parameter that fixes how strongly disparities are
penalized. A = 0 reproduces the unadjusted base value; A = 1 applies the full disparity
discount; an intermediate A = 0.5 is adopted as a baseline reflecting moderate equity
weighting, with A reported transparently and varied in sensitivity analysis.

The multiplicative discount follows the logic of inequality-adjusted composite measures,
in which a high average is rewarded only to the extent that it is shared. The inequality-
aversion parameter A makes the normative choice explicit rather than hidden in the
construction, and guards against an over-punitive collapse of the index. The result is
bounded in [0, 1] so that it can be read alongside the EGDI and reported over time.

Crucially, the framework does not collapse Tier I and Tier II into a single number. Supply-
side readiness and the UC-DSEI are reported as a paired profile, because the diagnostic
value of the approach lies precisely in the gap between them. A wide positive gap — strong
supply, weaker citizen-experienced effectiveness — signals that the binding constraint on
digital transformation is no longer technological but lies in awareness, trust, skills,
experience or equity. This re-specification of the evaluation question — from “how capable
is the state?” to “how much equitably-shared value do citizens realize?”” — is the study’s
core conceptual contribution.

Analysis
Applying the framework to Armenia
Armenia is a revealing test of the framework because its supply-side trajectory and its

demand-side reality diverge. On Tier I, the country presents a comparatively strong and
improving profile: a rising EGDI position now in the “very high” tier (= 0.75), a national
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digitalisation strategy with a designated implementing agency and coordinating council,
and an expanding catalogue of online platforms [United Nations, 2024; Government of the
Republic of Armenia, 2021; SIGMA, 2025]. The analysis below turns to Tier II, reporting
each dimension and its equity profile, and then reads the two tiers against one another.

Awareness (score 0.45)
Awareness is the first gate to effectiveness: a service that citizens do not know exists cannot

deliver value regardless of its technical quality. Only 8.5% of respondents considered
themselves very well informed about the digital tools available in Armenia’s public
administration; 38% judged their knowledge sufficient, 34.5% partial and 19% very limited
or absent. Taken together, about 53.5% lack a full and clear picture of the digitalization
process. Recognition of individual platforms is similarly uneven — e-gov.am (61.3%), the
cadastre system (53.5%) and the state-payments system (47.2%) are widely known,
whereas specialized or newer platforms such as e-permits.am (7.7%) and the human-rights
strategy portal (6.3%) are barely recognized — indicating gaps in public communication
rather than in provision. Standardized, the awareness dimension scores 0.45, the lowest of
the five and the principal drag on citizen-experienced effectiveness.

Trust (score 0.64)
Trust was operationalized through citizens’ confidence in the reliability and security of

services. Reliability was rated good by 50.8% and excellent by 8.5%, but 30.2% rated it
only sufficient and 7.8% were unable to evaluate it — an uncertainty that itself signals
fragile confidence. The salience of trust is underscored by citizens’ own priorities: when
asked which factors matter most for effective digital services, 64.8% named reliability,
including security and data protection — the second most-cited factor overall. Open-ended
responses reinforced the point, repeatedly citing concerns about data security,
cybersecurity and electronic-identification arrangements. The trust dimension scores 0.64;
where confidence is thin, citizens default to in-person channels even when digital ones
exist, so that supply-side investment fails to convert into use [cf. Welch, Hinnant & Moon,
2005; Pérez-Morote et al., 2020].

Satisfaction (score 0.56)
Satisfaction was measured on a 1-10 scale rating the degree of public-sector digitalization.

Responses cluster in the middle: 9.2% gave the lowest ratings (1-3), about two-thirds
responded in the mid-range, and 23.9% gave high ratings (8—10). Notably, 74% of the most
satisfied respondents reside in Yerevan, an early signal of the territorial concentration
analysed below. Satisfaction was closely tied to the comprehensiveness of services: 53.5%
identified the consolidation of services in a single, integrated platform as a condition of an
effective digital environment, implying that fragmentation across platforms directly supp-
resses satisfaction. Standardized, satisfaction scores 0.56 — acceptance with reservations
rather than endorsement.
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Readiness to use (score 0.73)

Readiness combines willingness to engage with self-efficacy in use. Willingness is high:
56.3% regard e-government as very important and a further 31% as quite important for
strengthening the state—citizen relationship — 87.3% in total — while only 2.8% dismiss
its importance, indicating minimal public resistance. Self-efficacy is more constrained:
although most respondents transact digitally, only 26.7% almost never encounter diffi-
culties, 52.8% encounter them sometimes and 11.3% often, with a skills gap that is most
pronounced among older respondents. The dimension scores 0.73, the highest of the five.
The implication is important: in Armenia the binding constraint is not citizens’ willingness
to use digital services but their awareness, capability and the conditions of use.

User experience (score 0.63)
User experience captured the quality and friction of the interaction. Service attributes were

rated moderately positively — speed good or excellent for 62.8%, accessibility for 62%
and ease of use for 58.1% — yet the experience of using services tells a harder story. Some
64.1% of respondents reported encountering difficulties at least sometimes (52.8% some-
times, 11.3% often), and only 26.7% almost never did. The most common problems were
technical failures (58.5%), unclear forms and complex procedures (37.3%), electronic-
signature and identification issues (30.5%) and the absence of effective help or feedback
channels (22.9%). That citizens rank ease of use as the single most important attribute
(70.4%) while simultaneously experiencing this level of friction explains why the dimen-
sion scores 0.63: services are available and operate at acceptable speed, but have not yet
reached the usability and reliability characteristic of a mature digital environment.

Equity: age and territorial disparities

The equity lens is where the framework adds the most diagnostic value, because the popu-
lation averages above conceal large group differences. The starkest cleavage is territorial.
In Yerevan, 87.5% of respondents are very well or sufficiently informed and the uninform-
med are virtually absent; across the regions the corresponding informed share falls to
roughly 22%, with “not sufficiently informed” responses exceeding 48—53% in Ararat,
Gegharkunik, Tavush and Aragatsotn and the “very well informed” group almost absent.
The same concentration appears in satisfaction, where the highly satisfied are about 48%
of Yerevan respondents but only around 10% elsewhere. The second cleavage is age: the
combined “very well” and “sufficiently informed” share peaks at 62% among those aged
3645 and 57% among 26-35, but falls to about 30% among those aged 55 and over, of
whom only 3% are very well informed. These two cleavages — territory and age — are
the principal sources of the disparity term and therefore the principal drag on the equity-
adjusted index. Consistent with this, when respondents named the main obstacles to
effective digital governance, low public awareness led by a wide margin (76.1%), ahead
of skills and staffing shortages (55.6%) and infrastructure deficiencies (49.3%). Table 2
summarizes the equity profile of the gating dimensions.
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Table 2. Equity profile of the gating dimensions (informed / highly-satisfied share, %)

Indicator Yerevan Regions Normalized gap
Aware (very well + sufficient) 87.5 ~22.4 0.74

Highly satisfied (8—10) ~47.8 ~9.9 0.79

Aware by age 18-25 26-35 36-45 46-55 55+ Gap
Informed share (%) ~45 57 ~40 ~30 0.52

Note. Regional shares for awareness derived from the reported overall (46.5%) and Yerevan (87.5%)
informed shares given Yerevan's 37% sample weight, satisfaction shares derived from the 8—10 group
(23.9% overall, 74% resident in Yerevan). Normalized gap = (best — worst) / best.

Table 3. UC-DSEI computation for Armenia (demand-side, [0, 1] scale)

Component Value Basis
Awareness (S) 0.45 self-rated awareness
Trust (S2) 0.64 reliability / security rating
Satisfaction (Ss3) 0.56 1-10 satisfaction
Readiness to use (S4) 0.73 willingness + self-efficacy
User experience (Ss) 0.63 speed / access / ease ratings
Base value V (equal weights) 0.60 mean of Si—Ss
Disparity D 0.69 mean normalized age + territorial gaps
UC-DSEI (A=0) 0.60 no equity penalty
UC-DSEI (A = 0.5, baseline) 0.40 moderate equity weighting
UC-DSEI (A=1) 0.19 full equity penalty
Supply-side reference (EGDI2024) >0.75 “very high” tier (United Nations, 2024)

Reading the tiers together: the supply—demand gap

The synthesis is the analytical payoff. Across the five demand-side dimensions the equal-
weighted base user-value score is V = 0.60. The disparity term, computed from the norma-
lized age and territorial gaps in the gating dimensions, is high (D = 0.69), reflecting the se-
verity of the Yerevan—regions divide in particular. Applying the baseline inequality-aver-
sion parameter (A = 0.5) gives an equity-adjusted UC-DSEI of approximately 0.40; the
index ranges from 0.60 with no equity penalty (A = 0) to 0.19 under full penalization (A =
1). Whichever weighting is chosen, the citizen-experienced effectiveness of Armenia’s di-
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gital services sits well below the country’s “very high” supply-side position (EGDI >0.75).
Table 3 reports the computation.

In framework terms, the binding constraint on Armenia’s digital transformation has shifted
from the technological to the citizen and equity dimensions. The state supplies capable
infrastructure and citizens are willing to use it, but awareness is low, trust is fragile, the
experience is frictional, and the value that does exist is captured disproportionately by the
capital and by younger, working-age cohorts. A supply-side reading would record success;
the user-centered reading locates the work that remains.

Conclusions
This article has argued that the effectiveness of public digital services cannot be read off

supply-side maturity, and it has offered a remedy: a user-centered evaluation approach that
measures effectiveness through citizens’ awareness, trust, satisfaction, readiness to use and
user experience, and that treats age and territorial equity as intrinsic to effectiveness rather
than as background context. The approach is consolidated in the User-Centered Digital
Service Effectiveness Index (UC-DSEI), an equity-adjusted composite that rewards sha-
red, citizen-experienced value, and it is designed to be reported alongside — not in place
of — maturity indices such as the EGDI. Applied to Armenia on the basis of a stratified
survey of 489 residents, the framework exposes a gap that supply-side rankings obscure.
The demand-side base value of 0.60, once discounted for a high disparity term (0.69),
yields an equity-adjusted index of roughly 0.40 — far below the country’s “very high”
EGDI standing. The shortfall is concentrated in awareness (the lowest-scoring dimension,
0.45) and, above all, in the territorial divide between Yerevan and the regions, compounded
by an age gradient that leaves older citizens markedly less informed and less served.
Tellingly, readiness to use is the strongest dimension (0.73): Armenians are willing to use
digital government, which means the constraints are addressable through awareness, capa-
bility and equity policy rather than through persuasion.

The practical implication is that the evaluation — and therefore the steering — of digital
transformation should be institutionalized around demand-side and equity indicators, so
that monitoring tracks not only how much the state builds but how much equitably-shared
value citizens realize. For Armenia specifically, the diagnostic points policy attention to-
ward raising public awareness, strengthening trust through demonstrable reliability and da-
ta protection, and closing age- and territory-based gaps as the current binding constraints.
The study’s theoretical contribution is to bridge three previously separate literatures —
information-systems success, e-government maturity, and the digital divide — within a
single, operational instrument that makes equity a measured dimension of effectiveness.

The limitations follow from the design: the application is cross-sectional, single-country
and based on self-reported perceptions; the sample is comparatively well-educated, so the
true population shortfalls may be larger; and the index weights, the disparity specification
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and the inequality-aversion parameter are open to calibration. These define a clear research
agenda — longitudinal application to test whether demand-side effectiveness converges
with supply-side gains, comparative validation across other transition states, disaggrega-
tion of the disparity term across all five dimensions where data permit, and sensitivity ana-
lysis of A and of the dimension weights. Pursued in this direction, user-centered evaluation
can help ensure that digital transformation is judged — and built — by the value it delivers
to all citizens.
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Evaluating public digital services beyond supply-side maturity: a user-centered
framework and evidence from Armenia
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digital divide, user experience, equity, public administration; Armenia

Global rankings such as the United Nations E-Government Development Index (EGDI)
have made the digital maturity of states increasingly visible, yet they measure predomi-
nantly what governments supply — online services, infrastructure and human-capital en-
dowments — rather than the value that citizens actually derive from digital public services.
This article argues that supply-side maturity is a necessary but insufficient condition for
effective digital government, and that effectiveness must be assessed from the standpoint
of the citizen-user. Drawing on a stratified field survey of 489 residents of Armenia — a
country that advanced into the “very high” EGDI group while continuing to display uneven
citizen uptake — the study develops and applies a user-centered approach for evaluating
the effectiveness of public digital services. The framework integrates two supply-side tiers
(technological and institutional readiness) with five demand-side dimensions — citizen
awareness, trust, satisfaction, readiness to use and user experience — and a cross-cutting
equity lens spanning age and territorial disparities. These dimensions are consolidated into
an equity-adjusted composite, the User-Centered Digital Service Effectiveness Index (UC-
DSEI), in which measured user value is discounted by the dispersion of outcomes across
demographic and territorial groups. In the Armenian case, the demand-side dimensions
yield a base user-value score of 0.60 on a [0, 1] scale, but a high disparity term (0.69),
driven chiefly by a Yerevan-regions divide and an age gradient, reduces the equity-ad-
justed index to approximately 0.40 — well below the country’s “very high” supply-side
position. The contribution is both conceptual — a multidimensional, equity-sensitive eva-
luation model that complements maturity indices — and practical, offering public admi-
nistrations a diagnostic instrument for steering digital transformation toward inclusive, ci-
tizen-valued outcomes.
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Introduction
The humanization of economic growth is considered a complex socioeconomic phenome-

non, conceptualized from various perspectives: as an economic category, a process of tran-
sition to socioeconomic development, a prerequisite for its modification, and the primary
goal of state socioeconomic policy. It is increasingly recognized that the primary wealth of
any country is its human potential [ Loskutova, 2005]. It is also axiomatic that the most im-
portant and consequential qualitative shifts in the reproductive process of the world's lea-
ding economies occur not in the material sphere, but in the sphere related to human deve-
lopment and the satisfaction of human needs. Quantitative economic growth is based on
exogenous factors of social production, resulting in GDP growth. However, economic
growth that is not accompanied by an increase in the well-being of the country's population
cannot be considered socioeconomic development. It is worth noting that the qualitative
certainty of economic growth as its final outcome, through the resulting effect, manifests
itself in social and economic development. Consequently, the process of economic growth
becomes a process of socioeconomic development.

Economic development is a complex concept. In macroeconomics, due to the complexity
of its measurement, economic growth is more often analyzed, although it is only one cri-
terion of economic development. Consequently, rapid or, conversely, flat or even negative
economic growth does not always indicate rapid economic development, stagnation, or
economic decline.

Methodology

The theory of economic growth studies, first and foremost, quantitative indicators of dyna-
mics (simple, narrowed, complete, with constantly increasing or decreasing rates of growth
in output), and only then qualitative indicators (the predominance of intensive or extensive
factors). Thus, when studying problems of economic growth, quantitative indicators come
first, while when studying problems of reproduction, qualitative indicators come first.

The objects of economic growth are the economy, industry, and individual economic en-
tities. The structure of economic growth varies depending on the conditions of social deve-
lopment and the stages of the life cycle of economic entities. Growing real production
makes it possible to, to some extent, resolve the problem of limited resources in the face
of unlimited human needs [Orlova, 2011, 25-31].
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Sustainable economic growth presupposes the creation of appropriate macro-, meso-, and
microeconomic conditions that ensure the profitability of expanding production activities
and investing in production development.

The primary condition (prerequisite) for economic growth is the presence of growth poten-
tial — a highly skilled workforce, land, and natural resources. At the same time, purely
geographical and historical factors are also important. However, increasing potential does
not always lead to positive economic growth. Economic growth potential is the potential
for increasing the scale of resources involved in production and their possible use to
achieve competing goals, including the movement of economic entities into innovative sec-
tors of the economy.

In this paper method of classification is widely used. The results of various studies on eco-
nomic growth allow it to be classified according to the following criteria:

- by the rate of increase in GDP, GDP per capita, production efficiency, etc.: slow, rapid,
and sustainable economic growth;

- by the degree of resource utilization: extensive and intensive growth;

- by the nature of the interaction between the national and global economies: export-
expanding, imported, import-substituting, and devastating growth;

- by type of growth rate: actual, guaranteed, and natural (the maximum possible rate of
economic growth given population growth and technical capabilities);

- in relation to current laws: legal, shadow, and criminal growth;

- by the types of dependence of the global periphery on the Western world: economic
growth oriented toward import substitution and the creation of a self-sufficient economy,
as well as growth oriented toward accelerated export development and the utilization of
the advantages of the international division of labor;

- by duration of implementation: medium- and long-term growth;

- by the nature of implementation: balanced and unbalanced, etc.

Literature review

Experts like Brew and McConnell distinguish three main groups of factors: supply,
demand, and distribution [Brew et al., 1993, 118]. In one study of the capitalist system,
technical-economic factors (those determining the technical conditions for growth) and
socio-economic factors (those determining the internal incentives for growth and its me-
chanism) are identified. Sidorovich classified the factors of growth efficiency as general
(long-term) and specific (short-term). Denison divided the factors determining economic
growth into two categories: physical factors of production (labor and capital) and factors
of labor productivity growth. In "A Study of Differences in the Rates of Economic
Growth," he identified 14 components among the production factors. His analysis showed
that the greatest contribution to economic growth in all the countries under consideration
was made by the factor of increasing labor productivity [Guseva, 2007, 1-7]. Some consi-
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der knowledge to be the most important factor: the economy of any period is based on
knowledge. Firstly, the increasing role of humans in modern production predetermines
growing demands on their knowledge; secondly, this condition has not previously been
identified as a factor in economic growth. According to Stewart, "knowledge is more va-
luable and more powerful than natural resources, giant enterprises, or a substantial bank
account." What, then, is knowledge as a factor in economic growth? There are many defini-
tions of the category "knowledge" in modern economic literature. It is updated, "put into
action" information. It is consciously and purposefully updated, generalized, systematized,
structured, and coordinated information, representing a proven and relatively true result of
understanding reality [Salikhov, 2008, 52].

The technological aspect of industrial structural modernization has been examined in con-
siderable detail in the works of Yakovets, Lvov, Glazyev, and others. In particular, Glazyev
was the first to associate modern economic growth with the consistent replacement of in-
tegrated complexes of technologically related production—technological paradigms (TPs)
[Glazyev,1991]. He associated structural modernization with the transition to a new TP
followed by the elimination of the old one. The hypothesis of the existence of TPs was la-
ter supported by many researchers. The issues of scientific and production cycles, long
waves in the post-industrial economy, the life cycle of a technological paradigm, the pro-
cesses of replacing dominant technological paradigms, and the development of infrastruc-
ture for new technological paradigms were examined in considerable detail. Progressive
technological shifts in industry are associated with the emergence of modern fifth and sixth
technological revolutions, within which the role of knowledge-intensive high-tech indust-
ries is increasing.

Analysis

EconJ:)mic growth is merely a manifestation of economic development, one of its variants.
As economic growth becomes the goal of public policy, economists no longer perceive de-
velopment without economic growth. Meanwhile, in its true sense, development is a
change in the system as a whole, a transition from one qualitative state to another. For this
reason, economic growth appears as a model of development. It is important to emphasize
that economic growth itself is contradictory. Therefore, economic growth makes sense
when combined with economic and social stability. Such growth presupposes the achieve-
ment of a number of balanced goals: increased life expectancy; reduced morbidity and in-
jury; improved education and cultural standards; more complete satisfaction of needs and
rationalization of consumption; social stability and confidence in the future. Thus, it is ne-
cessary to clearly distinguish between the concepts of "economic growth" and "economic
development." Firstly, development also occurs when there is no growth, but the precondi-
tions for it are being laid. Secondly, it can be expressed in structural transformations and
various innovations that do not directly lead to economic growth. Thirdly, development
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can also proceed in a downward direction, when not only is there no quantitative growth,
but there is also a process of decreasing properties and qualities of a product or service.

Thus, knowledge forms the basis of scientific and technological progress and modern eco-
nomic growth [Kolodko, 2004, 35]. Growth is influenced by interrelated factors [Gusev,
2009, 34]:

- knowledge and technology;

- stability of the macroeconomic environment;

- the quality of public institutions. In the theory of multi-level economics, the factors of
economic growth are studied not only as physical resources, but also pay attention to the
degree and structure of their economic heterogeneity and the change in their qualitative
composition in the context of the new economy. Consequently, growth is no longer deter-
mined so much by classical comparative advantages as by a complex system of dependence
on the competitiveness of specific national economies. The theory of post-industrial socie-
ty (proposed in the late 1960s and early 1970s by American and European researchers) is
today one of the most widespread scientific concepts allowing for an adequate understan-
ding of the large-scale changes that have occurred in the economy over the past thirty years.
Three main characteristics of such an economy can be identified: a developed non-manu-
facturing sector, information technology, and innovation. The emergence of "new" econo-
mic characteristics has led to the formation of "new" factors of economic growth. Modern
technological advances are establishing new types of dependence of the global periphery
on the Western world, which dictates the terms of exchange between the high-tech, indust-
rial, and raw materials sectors of the economy. Within this type of economy, three main
trends in societal development are clearly evident:

- informational, closely linked to the development of global governance systems;

- knowledge-intensive, facilitating the production of material goods based on fundamental
and applied knowledge;

- innovative, the essence of which is the acquisition of new knowledge and a qualitative
change in the human environment. The frequently used terms "information society" and
"knowledge-based economy" are often used and perceived today as synonyms.

High-tech industries possess innovative capabilities in both products and processes. Inter-
national trade in high-tech products primarily serves to improve production conditions:
52% of this trade consists of intermediate goods, 42% of equipment, and 6% of final
consumer goods. High-tech industries are characterized by a tendency toward rapid change
due to technological advances [Glazyev, 2007, 12]. The lack of high technology, but tech-
nological primacy, translates into economic growth and serves as an important monopo-
lized resource for development. Thus, in the context of a post-industrial economy, the fol-
lowing factors of economic growth can be identified, manifesting themselves in the process
of social development transformation:
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- rapid technological development, achieved through the informatization of society, the
accelerated growth of knowledge-intensive services for business, and increased innovative
activity in the economy;

- people, acting as a key inexhaustible resource, the driving force of progress, capable of
generating new knowledge and information, possessing high intellectual and creative ca-
pital, and the skills of a highly qualified manager;

- a shift in the balance of economic sectors toward an increased share of:

- "second-tier" industries: science, education, healthcare, recreation, etc.;

- modern technological paradigms.

Conclusions
The main factor is the development of mechanical engineering as a knowledge-intensive,

high-tech industry, the development of which influences the formation of an effective eco-
nomic structure (this industry is the bearer of technologies for new technological para-
digms), the growth of innovation, and the development of knowledge-intensive services.
Institutional factors in economic functioning include: the bureaucracy, business coalitions,
civil society, democracy, the judicial system, corruption, and information transparency in
society. All of these factors are closely interrelated.
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Economic growth reflects the process of its improvement over a certain period of time. IN
this paper economic growth is understood as an increase in real output per capita. Some-
times, a distinction is made between the growth of income per employee. In economic lite-
rature, one can also find a definition of economic growth as the development of an econo-
mic system through an increase in real income in the economy. It can be stated that econo-
mic growth means a quantitative and qualitative increase in the results of production and
its factors over a certain period of time (usually a year). It reflects the long-term aspect of
the dynamics of the potential volume of output. At the same time, economic growth can
also be viewed as a positive supply dynamic. In economic literature, economic growth is
most often understood as the rate of GDP growth, less often as the process of improving
the standard of living of citizens of a country as a result of increasing per capita income.
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Introduction
A profitable utility is not always economically healthy, and a loss-making utility is not

always operationally inefficient. In rate-regulated sectors, this simple observation matters.
Energy companies operate under two measurement systems at the same time. Their finan-
cial statements follow IFRS, while their tariffs are approved by a regulator. The financial
statements show what has happened under accounting rules. The tariff calculation shows
what the regulator allows the company to recover through prices. This dual logic creates a
natural gap between accounting profit and regulatory profit. The gap is not necessarily a
mistake. It can arise because of depreciation rules, timing differences, financing costs, fo-
reign exchange movements, tax effects and the treatment of assets that are recovered
through future tariffs. But if the gap is large and persistent, users of financial statements
need to understand why it exists. International accounting research has shown that deferred
taxes and book-tax differences can provide information about earnings quality, future tax
payments and earnings persistence [Hanlon, 2005, 137-166; Gorlitz et al., 2023, 113-165].
Studies of earnings management also show that deferred tax expense can help detect si-
tuations where accounting profit and taxable profit move differently [Phillips et al., 2003,
491-521]. However, for rate-regulated companies, the book-tax dimension is not enough.
There is a third benchmark: the profit allowed by the regulator in tariff calculations.

This article focuses on that third benchmark. It asks whether the accounting profit of Arme-
nia’s rate-regulated energy companies is comparable with the profit included in tariff cal-
culations, and how that comparison changes after removing foreign exchange effects. The
central argument is that reported net profit should not be read on its own. It should be read
together with foreign-exchange-adjusted profit and regulatory prescribed profit. The article
contributes to the literature by introducing the Regulatory Profit Gap as an additional ear-
nings-quality indicator for rate-regulated utilities. Unlike conventional book-tax difference
studies, the proposed framework compares IFRS net income, foreign-exchange-adjusted
income and the regulator’s prescribed profit. This makes the analysis more useful for
regulators, auditors, creditors and researchers who need to distinguish operating perfor-
mance from macroeconomic accounting noise.
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Methodology
The study uses a mixed quantitative and institutional approach. The sample consists of

three Armenian rate-regulated energy companies for 2021-2024: Yerevan Thermal Power
Plant, High-Voltage Electric Networks and the Armenian Nuclear Power Plant. The ana-
lysis uses audited IFRS financial statements and PSRC tariff calculation materials. The
small sample does not allow broad econometric generalization, but it is suitable for a fo-
cused case-based analysis of earnings quality in a regulated sector.

The analysis uses the following variables and formulas:
Adjusted Net Profit: ANP = NP — FX

Accounting Profit Gap: APG = NP — RP

Adjusted Accounting Profit Gap: AAPG = ANP — RP
Regulatory Profit Coverage Ratio: RPCR = ANP / RP
Foreign Exchange Dependence Ratio: FXD = FX / |NP|

In these formulas, NP is reported net profit, FX is net foreign exchange gain or loss, ANP
is net profit after removing FX effects, RP is the profit included in tariff calculations, APG
is the gap between reported profit and regulatory profit, AAPG is the same gap after FX
adjustment, RPCR shows how much of the regulatory profit is covered by FX-adjusted
profit, and FXD shows how dependent reported profit is on FX effects.

To test H3 more carefully, the study also uses note-level deferred tax evidence from Arme-
nian NPP’s 2021-2024 financial statements. The analysis considers the composition of
deferred tax assets and liabilities, the role of property, plant and equipment in generating
taxable temporary differences, the treatment of tax losses, and audit qualifications related
to impairment indicators and recoverable amounts of property, plant and equipment. This
helps distinguish between deferred tax balances driven by long-term asset-related timing
differences and deferred tax assets whose recognition depends on future taxable profits.

Literature review
IAS 12 requires entities to account for income taxes, including deferred taxes that arise

from temporary differences between the carrying amount of assets and liabilities and their
tax bases [IFRS Foundation, IAS 12]. Deferred tax assets may show future tax savings,
while deferred tax liabilities may show future tax burdens. In that sense, deferred taxes are
forward-looking accounting numbers.

The informational value of deferred taxes has been widely discussed [Gorlitz et al. 2023,
113-165] Some show how empirical research on deferred taxes concentrates on value rele-
vance and earnings management. Hanlon [2005, 137-166] finds that large book-tax differ-
rences are associated with lower earnings persistence. Phillips, Pincus and Rego [2003,
491] argue that deferred tax expense can provide incremental information for detecting
earnings management. Schrand and Wong [2003, 579-611] show that valuation allowances
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for deferred tax assets can be used in ways that affect reported earnings, although such
allowances may also reflect real economic uncertainty.

Rate regulation is common in sectors where services are essential and infrastructure is
capital-intensive. Electricity generation, transmission and distribution often require large
investments that cannot be recovered immediately. Regulators therefore design tariff sys-
tems to balance consumer protection, cost recovery and reasonable returns for the utility.
In regulatory economics, this is usually discussed through cost-of-service regulation, in-
centive regulation and the regulated asset base concept [Laffont & Tirole, 1993; Joskow,
2014, 291-344].

Accounting for rate regulation has been difficult under IFRS because a regulatory decision
may create an economic right to recover amounts through future tariffs, but that right does
not always meet the traditional IFRS definition of an asset. IFRS 14 was issued as an in-
terim standard for first-time IFRS adopters and permits qualifying entities to continue
recog-nizing regulatory deferral account balances under previous GAAP [KPMG, 2014, 4-
6; IFRS Foundation, IFRS 14].

IFRS 20, issued by the IASB in May 2026, replaces IFRS 14 and becomes effective for
annual reporting periods beginning on or after 1 January 2029, with early application per-
mitted [[FRS Foundation, 2026]. Although IFRS 20 did not apply to the 2021-2024 period
examined in this article, its model is useful as a conceptual benchmark. It shows how future
IFRS reporting is moving toward clearer recognition of regulatory assets and regulatory
liabilities when a regulatory agreement creates enforceable rights and obligations.

Existing research helps explain deferred taxes, book-tax differences and rate-regulated
accounting separately. What is less developed is a framework that reads these issues to-
gether in transition economies, where regulated energy companies often carry foreign-cur-
rency debt. This article fills that gap by showing how reported profit, FX-adjusted profit
and regulatory prescribed profit can be used together to evaluate earnings quality.

Scientific novelty
The scientific novelty of this article is that it offers a new way to assess the quality of profit

in rate-regulated energy companies. Instead of looking only at the net profit reported in the
financial statements, the article compares three layers of profit: reported IFRS net profit,
net profit adjusted for foreign exchange effects, and the profit included in the regulator’s
tariff calculation. This approach helps show whether a company’s reported profit really
reflects its regulated operating performance, or whether it is mainly influenced by foreign
exchange gains, accounting estimates, tax effects, or differences between IFRS reporting
and tariff-setting rules. In this sense, the article introduces the idea of a Regulatory Profit
Gap as an additional analytical tool. This gap shows the difference between the profit re-
ported under IFRS and the profit expected by the regulator in tariff calculations. By ad-
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justing profit for foreign exchange effects, the article makes it possible to see the com-
pany’s underlying performance more clearly. The article is also novel because it connects
this regulatory profit gap with deferred tax issues. It argues that when accounting profit
and regulatory profit differ significantly, this may affect the assessment of deferred tax as-
sets and liabilities, especially in capital-intensive energy companies. In simple terms, the
main contribution of the article is this: the article shows that, in rate-regulated energy com-
panies, profit quality should be assessed not only through financial statements, but also by
comparing reported profit with foreign-exchange-adjusted profit, regulatory tariff profit.

Research questions and hypotheses

The study is guided by four research questions:

RQ1: To what extent does reported IFRS net profit diverge from the regulator’s
prescribed profit?

RQ2: How much of the regulatory profit gap is explained by foreign exchange gains or
losses?

RQ3: After removing FX effects, does profitability converge toward the regulatory target
or remain structurally different?

RQ4: What do these differences imply for deferred tax analysis and the interpretation of
IAS 12, IFRS 14 and IFRS 20?

The following hypotheses are tested:

H1: Foreign exchange effects significantly distort nominal IFRS net profit in rate-
regulated energy companies.

H2: After FX effects are removed, adjusted profitability remains decoupled from
regulatory prescribed profit.

H3: When FX-adjusted profitability remains below regulatory profit, deferred tax
balances may become harder to interpret, especially if the company has persistent
adjusted losses, unrecognised tax losses, or large deferred tax liabilities related to
property, plant and equipment.

Analysis

The first table brings the core dataset and the main calculated indicators into one place.
This is important because the article’s argument depends not only on the size of reported
profits, but also on how those profits change after foreign exchange effects are removed.

Table 1 shows that reported net profit and regulatory prescribed profit often tell different
stories. Yerevan TPP reported large profits in 2021 and 2022, but most of that profitability
came from FX gains. In 2021 and 2024, removing FX effects changes positive reported
profit into an adjusted loss. HVEN also had large FX effects, but after 2021 its adjusted
profit remained well above the regulatory benchmark. Armenian NPP is the most fragile
case: after FX effects are removed, adjusted net profit is negative in every observed year.
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Table 1. Financial and regulatory profit indicators of Armenian energy companies,

2021-2024
com- | ear NP FX ANP RP APG AAPG |RPCR| FXD
pany
YTPP | 2021 | 18,567,811 | 20,436,138 | (1,868,327) | 1,539,150 | 17,028,661 | (3,407.477)| -121 | 110.1%
Y TPP | 2022 | 34,801,386 | 27,980,278 | 6,821,108 | 1,766,820 | 33,034,566 | 5,054,288 | 3.86 | 80.4%
Y TPP | 2023 | 5,172334| 1,962,828 | 3,209,506 | 1,688,750 | 3,483,584 | 1,520,756 | 190 37.9%
YTPP | 2024 | 1903826| 6,661,584 | (4,757,758) | 1,558,270 | 345,556 | (6,316,028) | -3.05 | 349.9%
HVEN | 2021 | 11,620,894 | 12,899,842 | (1,278,948) | 35,500 | 11,585,394 | (1,314,448) | -36.03 | 111.0%
HVEN | 2022 | 21,173,592 | 19,581,640 | 1,591,952| 71,210 | 21,102,382 | 1,520,742 | 2236 92.5%
HVEN | 2023 | 2530275 | (3,802,589) | 6,332,864 | 598,750 | 1931,525| 5,734,114 | 10.58 i
150.3%
HVEN | 2024 | 7,091,492 | 3,925,054 | 3,166,438 | 643,510 | 6,447,982 | 2,522,928 | 492 553%
ANPP | 2021 | (4,085317) | 7,118,325 | (11,203,642) | 205,300 | (4,290,617) | (11,408,942) | -54.57 | 174.2%
ANPP | 2022 | 10,196,236 | 12,540,397 | (2.344,161)| 208,410 | 9,987,826 | (2,552,571)| -11.25 | 123.0%
ANPP | 2023 | (4,280,185) | (1,450,049) | (2,830,136) | 452,530 | (4,732,715) | (3,282,666) | -6.25 | -33.9%
ANPP | 2024 | (2,040,829) | 1,153,527 | (3,194,356) | 484,530 | (2,525359) | (3,678,886) | 6.59 | 56.5%

Annual figures are volatile, so the next table summarizes the four-year period. This reduces
the effect of single-year shocks and shows the deeper profile of each company.

Table 2. Cumulative reported profit, FX-adjusted profit and regulatory profit coverage,

2021-2024
Company | NPcumuative | FXcumuative | ANPcumuiative | RPcumuative | RPCR FXD
YTPP 60,445,357 | 57,040,828 3,404,529 6,552,990 0.52 94.4%
HVEN 42,416,253 | 32,603,947 9,812,306 1,348,970 T2 76.9%
ANPP (210,095) | 19,362,200 | (19,572,295) 1,350,770 -14.49 | 9215.9%*

*Note: For ANPP, the FXD ratio is extremely high because cumulative net profit is close to zero. Therefore,
the indicator should be interpreted as evidence of strong FX sensitivity rather than as a normal profitability
ratio.

The cumulative results are the strongest part of the evidence. Yerevan TPP reported AMD
60.4 billion of cumulative net profit, but AMD 57.0 billion of that amount is equivalent to
FX gains. Its FX dependence ratio is 94.4%. After removing FX effects, the company’s
cumulative adjusted profit is only AMD 3.4 billion, or 52% of the PSRC-prescribed profit.
This means that the company looked highly profitable in accounting terms, but much less
profitable when FX gains are removed.

HVEN shows a different profile. FX effects explain part of its profit, but not all of it. After
removing FX, HVEN still reports AMD 9.8 billion of cumulative adjusted profit, which is
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7.27 times the PSRC-prescribed profit. This suggests a persistent positive regulatory profit
gap that deserves deeper analysis of depreciation, asset base measurement, financial in-
come and tariff methodology.

Armenian NPP shows the opposite profile. The company’s cumulative reported result is
close to zero, but this is because FX gains soften the losses. After removing FX effects, the
cumulative adjusted result becomes a loss of AMD 19.6 billion. The regulatory calculation
includes positive profit, yet IFRS-adjusted performance remains structurally negative.

The deferred tax layer is necessary because the article is not only about profit differences.
It is also about what those differences mean for future tax consequences. In capital-inten-
sive regulated companies, deferred tax balances often arise from differences between the
accounting carrying amount of property, plant and equipment and the tax base of those
assets.

Table 3. Net Deferred Tax Positions of Regulated Energy Companies, 2021-2024

% of
Company Year Position Amount | Total assets

assets
HVEN 2021 Net DTA | 697,765 128,873,370 | 0.54%
HVEN 2022 Net DTL | 44,941 129,294,577 | 0.03%
HVEN 2023 Net DTL. | 1,400,601 | 133,696,772 | 1.05%
HVEN 2024 Net DTL. | 1,987,383 | 134,239,898 | 1.48%
ANPP 2021 Net DTL | 1,488,590 | 157,490,001 | 0.95%
ANPP 2022 Net DTL | 1,496,600 | 174,538,571 | 0.86%
ANPP 2023 Net DTL | 1,594,592 | 154,783,725 | 1.03%
ANPP 2024 Net DTL. | 1,605,700 | 139,254,566 | 1.15%

Table 3 makes the link with deferred taxes more visible. HVEN moved from a net deferred
tax asset position in 2021 to a growing net deferred tax liability position in 2023-2024.
This supports the view that its profitability should be read together with future tax conse-
quences. Armenian NPP, despite repeated losses after FX adjustment, continued to show a
net deferred tax liability. This suggests that its deferred tax position is driven less by current
profitability and more by asset-related temporary differences. For users of the statements,
the key question is not only whether a deferred tax balance exists, but what it says about
future taxable profits, asset recovery and tariff support.
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For Armenian NPP, the note-level evidence is particularly important. In 2023, the deferred
tax effect related to property, plant and equipment amounted to AMD 2.03 billion, while a
tax-loss-related deferred tax asset of AMD 218.8 million was derecognised. In 2024, the
company continued to report a net deferred tax liability of AMD 1.61 billion, and no de-
ferred tax asset was recognised for accumulated losses because future taxable profits were
not considered sufficiently probable.

Table 4. Hypotheses testing summary

Hypo Expected
Evidence from the data Conclusion
thesis relationship
FX effects distort Yerevan TPP has cumulative FXD of
H1 nominal IFRS 94.4%; its adjusted profit falls from AMD Supported
profitability. 60.4 billion to AMD 3.4 billion.
Adjusted
profitability remains | HVEN RPCR = 7.27, while Armenian NPP
H2 ) Supported
different from RPCR =-14.49. Both are far from 1.0.
regulatory profit.
Armenian NPP has negative FX-adjusted
Structural gaps may ) Partly
profit in all years, stable net DTLs, PPE- )
create deferred tax o supported with
H3 o related DTLs, derecognition of a tax-loss
recognition and . i strong note-
) ) DTA in 2023, and no DTA recognized for )
valuation risks. ) level evidence
accumulated losses in 2024,

The hypotheses are therefore broadly supported. H1 and H2 are supported by direct quan-
titative evidence. H3 is partly supported with strong note-level evidence from Armenian
NPP. The evidence shows deferred tax valuation risk, but it should not be interpreted as
proof of deferred tax-based earnings management.

Policy and practical implications

For regulators, the results show why tariff calculations should be reconciled with IFRS
outcomes. Large FX gains or losses can make a company appear more or less profitable
than its underlying regulated activity would suggest. A more explicit FX pass-through or
deferral mechanism could reduce volatility and improve the link between tariff policy and
financial reporting.

For auditors, the results point to areas that require professional skepticism. If a company
reports losses after FX adjustment but recognizes deferred tax assets, the recoverability of
those assets should be supported by convincing evidence of future taxable profits. If de-
ferred tax liabilities grow while profit is volatile, the notes should explain the temporary
differences clearly.
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For lenders and investors, the message is practical: reported net profit should not be used
as the only indicator of financial strength. FX-adjusted profit and the regulatory profit gap
provide a clearer view of the company’s ability to generate sustainable returns from regu-
lated activities.

Limitations and future research
The article has several limitations. First, the sample includes only three companies and

four years. This is enough for a focused case study, but not enough for broad statistical
generalization. Second, the PSRC-prescribed profit is a regulatory measure and is not
designed to be identical to IFRS profit. Third, FX-adjusted profit is not the same as ope-
rating profit, because it does not remove all non-operating items. Fourth, the deferred tax
analysis is still partial because it uses net DTA/DTL positions rather than a full movement
schedule of temporary differences.

Future research can improve the model by adding more years, more regulated sectors and
detailed deferred tax components. A stronger empirical model could explain the regulatory
profit gap using FX effects, deferred tax changes, property-plant-and-equipment intensity,
financial expenses, tariff revisions and the structure of the regulated asset base.

Conclusions
This article shows that the reported net profit of rate-regulated energy companies can be

misleading if it is read without context. In Armenia’s energy sector, foreign exchange
effects play a major role in shaping reported profitability. Yerevan TPP is the clearest
example: almost all of its cumulative reported profit for 2021-2024 is explained by FX
gains. HVEN remains profitable even after FX adjustment, suggesting a persistent positive
gap between adjusted accounting profit and regulatory prescribed profit. Armenian NPP
shows the opposite case: FX gains reduce the visible size of losses, but adjusted perfor-
mance remains negative throughout the period.

The main contribution of the article is the Regulatory Profit Gap framework. It helps users
of financial statements compare reported profit, FX-adjusted profit and regulatory presc-
ribed profit in one analytical structure. This approach is especially useful for capital-inten-
sive regulated utilities, where profitability, tax effects and tariff policy are closely con-
nected.

The deferred tax implication is clear: when accounting and regulatory performance di-
verge, deferred tax balances become more informative. They should be read not only as
technical tax items, but also as signals about future taxable profits, asset recovery and the
quality of earnings. As IFRS reporting moves from the interim logic of IFRS 14 toward
the more structured model of IFRS 20, the need for transparent analysis of regulatory
assets, regulatory liabilities and related tax effects will become even more important.
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Armenia’s rate-regulated energy sector

Key words: rate regulation, regulatory profit gap, deferred taxes, foreign exchange
effects, IAS 12, IFRS 14, IFRS 20, earnings quality, energy sector

This paper examines why the reported net profit of rate-regulated energy companies can
tell an incomplete story. In regulated sectors, a company’s financial statements are pre-
pared under IFRS, while the tariff calculation is built on a regulatory methodology. The
two systems look at the same business, but they do not measure performance in the same
way. This difference becomes especially important when companies carry large foreign-
currency loans and when deferred tax balances arise from capital-intensive assets.

Using data for Yerevan Thermal Power Plant, High-Voltage Electric Networks and the Ar-
menian Nuclear Power Plant for 2021-2024, the article compares three layers of profit: re-
ported IFRS net profit, profit adjusted for foreign exchange effects, and the profit included
in the tariff calculations of the Public Services Regulatory Commission of Armenia. The
findings show three different profiles. Yerevan TPP’s reported profitability is largely ex-
plained by foreign exchange gains; HVEN remains profitable even after removing FX
effects; and the Armenian NPP shows persistent adjusted losses despite positive profit
being included in the tariff calculations. The article proposes the Regulatory Profit Gap as
a practical earnings-quality indicator for rate-regulated companies and discusses its imp-
lications for deferred tax analysis under IAS 12, for the transition from IFRS 14 to IFRS
20.

142



ALTERNATIVE quarterly academic journal

CLUSTER COOPERATION IN ARMENIA’S GRAIN PRODUCTION SECTOR
AS A STRATEGY TO INCREASE SELF-SUFFICIENCY

Nelli GRIGORYAN

PhD in Economics, lecturer at Armenian National Agrarian University
Marianna HOVHANNISYAN

PhD in Economics, lecturer at Armenian National Agrarian University
Gevorg KESHISHYAN

PhD in Economics, lecturer at Armenian National Agrarian University

Key words: cluster, cooperation, food security, grain, self-sufficiency level

Introduction

From the point of ensuring food security, the development of wheat production in Ar-menia is a
priority issue. Currently, the level of wheat self-sufficiency can be inc-reased by applying innovative
technologies, introducing effective forms of cluster cooperation, implementing state support programs
and optimal use of existing resour-ces (unification of lands, targeted cultivation, formation of clusters).
According to expert assessments, uncultivated arable land in Armenia amounts to about 230 thou-
sand ha. In an attempt to increase the level of food security, if 60% of uncultivated lands, about 138
thousand ha, are used for wheat cultivation through cluster coope-ration, then, according to our
calculations, in the future the level of wheat self-suffi-ciency will amount to 62.6%. As a result of
implementing measures aimed at increa-sing yields, according to our forecasts, the maximum level of
wheat yield will be 45.9 cents/hectare, and under these conditions, the degree of self-sufficiency will
reach 61.9%, all other things being equal.

Methodology
The studies and analyses were conducted based on international experience in app-lying cluster

approaches, development programs of the Ministry of Economy of the RA, data of the Statistical
Committee of the RA and regional development programs. Comparative, systematic, monographic,
computational, graphical and other research methods were used. Currently, increasing the level of
yield and self-sufficiency in the field of wheat production can be achieved exclusively through the use
of innovative technologies, the introduction of effective forms of cooperation, the implementation of
state support programs and the optimal use of existing resources [ Voskanyan, Hovhannisyan, 41-46].

Literature review
The founder of the cluster approach in economics is considered to be Michael Porter, a professor at

Harvard Business School. In the 1990s, in his work “Competitive Ad-vantages of States”, he
formulated the classic definition of an economic cluster, its types, areas of application, and the main
characteristics of the cluster approach [Porter, 1998, 42]. According to M. Enright, a regional cluster
is a territorial accumu-lation of firms that work in one or more related sectors of the economy. Firms
con-centrate, due to their spatial proximity to each other, forming a cluster due to the ob-vious
advantages of such a geographical location [Enright, 24-25].
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According to Asaul, “A cluster is a location of interconnected, cooperating organiza-tions and
institutions in one geographical location, within a separate region.” In addi-tion, many clusters include
government agencies and other institutions, such as uni-versities, standardization centers, trade
associations, which provide specialized trai-ning, technical assistance, provide necessary information,
etc. [Asaul A. N., p.110]

In the European Union countries, cluster development policies are mainly implemen-ted by national
government bodies in cooperation with regional or local governments. Grain production cluster
development programs are implemented in Canada, the Rus-sian Federation, Kazakhstan and other
countries.

Scientific novelty
The scientific novelty consists in the development of a scientifically substantiated mo-del of wheat

production clustering in the context of ensuring food security in Armenia, which synthesizes local
breeding potential, digital (smart) agrotechnologies and eco-nomic mechanisms of synergistic
interaction of all participants in the wheat value chain (seed farms, farmers, local self-government
bodies, processors and scientific centers). In the case of the introduction of the novelty, an opportunity
is created for the cooperation of small and medium-sized land users, the introduction of a new tool-kit
of public-private partnership and resource-saving logistics systems, which will al-low increasing the
competitiveness and reducing its dependence on imports.

Analysis
In Armenia, the regions of Shirak, Syunik, Gegharkunik, Lori, Aragatsotn, Tavush and Kotayk are
mainly specialized in grain production.

2020-2024 Changes in the growth rate of crop yield and gross harvest in the republic are presented in
Figure 1. Wheat sown areas in the Republic of Armenia decreased by 4.8% [Food Security and
Poverty, 2025]. This trend is especially noticeable in the re-gions relatively close to the capital, where
an increase in the level of urbanization has been observed. Thus, in Ararat region, sown areas
decreased by 15.8%, in Armavir region - by 31.6%, in Kotayk region - by 20.3%. The highest yields
were recorded in Ararat and Armavir regions, the lowest in Vayots Dzor, Kotayk, and Aragatsotn re-
gions. As aresult of the reduction in wheat sowing areas, the gross harvest volumes of Armavir, Ararat,
Aragatsotn, Shirak, and Kotayk regions decreased in 2024.
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Chart 1. Change in wheat yield and gross harvest growth rate in the RA in 2020-2025 (compiled by
the authors based on data from Food Security and Poverty for January-June 2025).

Blue line - Yield growth rate compared to the previous year

Red line Gross harvest growth rate compared to the previous year

It should be noted that such low yields of wheat production are simultaneously condi-tioned by:

- insufficient quantity of high-quality, certified seeds corresponding to the climatic conditions of the
regions,

- lack of intensive technologies /irrigation systems, selection of high-yielding varie-ties, soil crop
rotation, integrated system of nutrition systems, fertilization, plant protection, modern sowing
methods, moisture management/

- low fertility of cultivated land,

- lack of optimal crop rotation and necessary agrotechnical measures,

- ineffective cooperation between economic operators, state government bodies and other entities in
the agrarian sector,

- wear and tear of agricultural machinery,

- impact of natural, elemental factors

- slow implementation of agricultural insurance mechanisms.

Due to ongoing conflicts in a number of regions, the need for self-sufficiency in wheat is becoming
more important, as well as the improvement of the organizational and economic environment for
production in border settlements, which will contribute to increasing employment levels and
stabilizing farm incomes. The production and re-source potential of wheat in the grain-growing
regions of the Republic of Armenia is not used efficiently, therefore, local production does not increase
over the years, and the volumes of imports that meet demand do not decrease.

Due to insufficient wheat reserves, Armenia is currently an importing country. The actual indicators
of the total supply and use balance of wheat are presented in table 1.
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Table 1. Wheat balance in the Republic of Armenia in 2020-2024*

Indicators Unit of 2024 com-
measure | 2020 | 2021 | 2022 | 2023 | 2024 | paredto
ment 2020, %

Stocks at the thousand

boainming of the year | fowm 388,6 | 363,7 | 264.8 | 3095 | 3768 | 97

Production housand | 133 | 972 | 138,6 | 1779 | 1203 | 911

Imports thousand | 426,4 | 330,4 | 441,7 | 4649 | 4107 | 959

Total supply thousand | 9470 | 791,3 | 845,1 | 952,5 | 907.8 | 958

Use for food thousand | 3856 | 362,5 | 3634 | 386,2 | 380,6 | 98,7

Forage thousand

g thous 11,0 [ 912 | 1052 | 1173 | 884 | 79,6

Losses thousand
thous 450 | 398 |[357 |456 |374 |83l

Seed thousand
thous 177 [ 176 | 169 | 213 | 169 | 954

Exports thousand

xp thous 172 |96 | 130 |44 |39 | 227

Used for other thousand

Durposes tonns 68 |58 |4 07 |06 |88
thy d

Stocks atthe end of | {B 1 3637 | 2648 | 3095 | 3768 | 3800 | 1045

the year

Total used thousand | 9470 | 791,3 | 845,1 | 9523 | 907.8 | 958

Self-sufficiency Decreased by

o % 244 232 | 244 279 | 228 | Peeeeh

Consumption kg /year | 139,1 | 129,6 | 135,5 | 138,2 133,9 96,3

**Food security and poverty in 2024. January-December.

Food security and poverty in 2025. January-June.
According to table 1, wheat production volumes decreased by 8.9%, self-sufficiency level

by 1.6% percentage point, consumption per capita by 3.7%. It is noteworthy that losses in
the whole value chain of wheat decreased by 16.9%. Reserves increased by 16.3 thousand
at the end of the year. in tons, mainly at the expense of reducing export volumes by 13.3
thousand tons and reducing losses by 7.6 thousand tons.

The main guarantee of food security is the policy conducted by the government of the given
country in the field, so the RA government regularly emphasizes in its programs the
increase of the efficiency of agriculture and the level of food security, the introduction of
modern technologies, the increase of the profitability of small households, peasant coo-
peratives, processors and exporters included in the entire agricultural value chain. It should
be noted that the RA Government's program [www.arlis.am] adopted by the decision N
65-A of February 8, 2019 is more targeted, the main goal of which is to promote the
increase of productivity and the reduction of the cost of land, the creation of new jobs, the
purposeful use and effective management of land, to contribute to the increase of the
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volume of investments in the field of agriculture and the increase of competitiveness
through state support for land consolidation. The project was implemented in 2023-2025
and covered the entire territory of Armenia [https://mineconomy.am/page/2202.]. As a
result of the implementation of the project, 11 contracts were signed for the unification of
lands with a total area of 810 ha, of which 2 - 30-100 ha, 2 - 100-200 ha, and 7 - for the
purpose of unification of land with an area of 5-30 ha. The program will serve as a basis
for the development of the cooperative movement, the implementation of the cluster policy
and close cooperation with various organizations. With the implementation of these and
similar programs, the task is to create educational, scientific-research, industrial clusters
and promote cooperation for the purpose of effective management of agriculture.

International experience shows that clusters are formed quite actively in the last two
decades. According to expert estimates, clustering currently covers 50% of the economies
of leading countries. In the US, the number of clusters reaches 380, which include more
than half of the organizations and provide more than 60% of the GDP. In the countries of
the European Union, 38% of the labor force is employed in clusters, and cluster support
programs are implemented within the framework of territorial, science and technology
development, as well as industrial policy [http://www.icsti.su].

In 2018-2023, a wheat cluster development program was implemented in Canada, aimed
at increasing the level of profitability of farms, increasing yields, developing new and cold-
resistant varieties. The funding of the projects was 25 million dollars. The program is con-
tinuous, covering 2023-2028. Research is underway to develop new wheat varieties
adapted to climate change [https://www.wheatresearch.ca/wheat-cluster.].

The introduction of effective mechanisms of cluster policy in the field of wheat production
in Armenia will enable to quickly overcome such problems as the low level of mecha-
nization of work, the difficulties related to the acquisition of fixed and borrowed funds, the
introduction of innovative technologies in production, realization and effective use of land.

According to expert assessment, uncultivated arable land in the republic amounts to about
230 thousand hectars. In order to increase the level of supply of food wheat, if 60% of
uncultivated arable land - about 138 thousand hectars, as a result of cluster cooperation, is
used for the purpose of wheat cultivation, then it will contribute to the increase of local
production of wheat and the reduction of import volumes. Based on the data of table 1, in
case of conditional average wheat yield of 23.8 tons/ha, wheat production will be 328.4
thousand tons. t. In perspective, the volumes of wheat production and import are presented
in table 2.
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Table 2. Wheat production and import volumes in the future*

Indicators Unit of measurement 2028

Stocks at the beginning of | thousands of tons 320

the year

Production thousands of tons 328,4

Imports thousands of tons 201

Total supply thousands of tons 8494
*Compiled by the authors.

According to calculations, the level of wheat self-sufficiency in the future will be:

Self sufficiency = 3284 thousand of tons =100 % = 62,6 %:

328,4 thousand of tons + 201 thousand of ton 5 thousand of tons

As aresult of the cultivation of uncultivated lands, wheat production volumes will increase
by 2.7 (328.4/120.3) times, and import volumes will decrease by half. As a result, the level
of wheat self-sufficiency will increase by about 40%.

It is obvious that the level of wheat self-sufficiency is determined by the level of wheat
yield. In order to analyze the interdependence of these indicators, a regression analysis was
performed using the data of the Republic of Armenia for 2016-2024.

Table 3. Levels of wheat yield and self-sufficiency in Armenia for 2016-2024

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

Yield level, cents/hectare

323 | 334 | 324 | 21,8 | 282 | 19,6 | 22,5 | 16,8 | 24,5 | 253 | 21,5

Level of self-sufficiency, %

48,7 | 49,5 | 53,2 | 33,2 | 31,5 | 259 |244 | 232 | 244 | 279 | 228

Source: hitps://armstat.am/file/doc/99563698.pdf; https://armstat.am/file/doc/99520943.pdf
hitps://armstat.am/file/doc/99516793.pdf

The relationship between the level of wheat yield and the degree of self-sufficiency in Ar-
menia in 2014-2024 was presented using a two-dimensional linear regression model:

Y =ap +arx; (D,
where
¥,- is the theoretical level of the output indicator (the theoretical level of wheat self-
sufficiency in the i-th year),
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x;- is the actual level of the factorial characteristic (the actual level of wheat yield in the
i-th year),

ay; a4 - are the parameters of the equation, which are estimated by the least squares
method,

a4 - is the regression coefficient, which shows how much an increase in the factorial

Table 4. Results of regression analysis between wheat yield and self-sufficiency levels in
the Republic of Armenia based on data for 2016-2024

Regression characteristics results
Correlation coefficient r = 0.883
Coefficient of determination R? =0.781
Regression model ¥y, = —13.3 + 1.84x;
Significance of regression coefficient ty = 5.6, p — value

= 0.0003
Model significance F =321, significance =

0.0003

The analyses presented in the table show that in the years under study, a direct and strong
relationship was formed between the level of wheat yield and the degree of self-sufficiency
in the Republic of Armenia (r=0.883). The constructed regression model and the regression
coefficient can be considered significant (F=32.1, significance=0.0003, t,;=5.6,p-va-
lue=0.0003 ). According to the constructed regression model, an increase in the level of
wheat yield by one cent/hectare in the Republic of Armenia during the years under study
contributed to an increase in the degree of wheat self-sufficiency by 1.84 percentage points,
all other things being equal (a_1=1.84). According to the calculated coefficient of determi-
nation, about 78.1% of the variation in the degree of wheat self-sufficiency in the Republic
of Armenia in 2014-2024 is due to the variation in the level of wheat yield, and the remai-
ning 21.9% is due to random and unspecified factors in the model.

Since the degree of wheat self-sufficiency in the Republic of Armenia will be mainly deter-
mined by the level of yield, therefore, it is important to study the trend of the development
of the level of yield and build forecasts based on it.
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Chart 2. The dynamics of the wheat yield level in RA and the presentation of the

second-order curve trend with the data of 2014-2024

The analyzes showed that the main trend of the development of wheat yield level in RA in
2014-2024 is best represented by a second-order curve or a parabolic trend (Figure 3).
Based on the trend modeling, the minimum and maximum possible yield levels are calcu-
lated with 95% confidence, and wheat self-sufficiency level predictions are made using the
regression model based on the predicted yield levels.

Table 5. Predictions of wheat yield level in 2025-2028

years Wheat yield forecast level according to trend modeling, cents/ha
Minimum leve Point score Maximum level

2025 15,8 24,5 33,2

2026 17,9 26,6 35,2

2027 20,4 29,1 37,8

2028 23,5 32,2 40,9
Prediction levels of wheat self-sufficiency according to the
regression model,%

2025 15,8 31,8 47,7

2026 19,6 35,6 51,5

2027 243 40,3 56,2

2028 30,0 45,9 61,9

The calculations presented in the table show that in 2028 the minimum level of wheat yield
in Armenia will be 23.5 centners/ha, in which case the degree of self-sufficiency will be
30.0%, and the maximum level of wheat yield will be 45.9 centners/ha, and under these
conditions the degree of self-sufficiency will reach 61.9%, other things being equal.
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In order to implement cluster policy in the regions of the Republic of Armenia and develop
supporting infrastructure, it would be advisable to form a cluster development department
in the agriculture and environmental protection department operating within the structure
of regional governorates, which would act as a mediator between interested parties and
present regional programs for the development of clusters. In the Republic of Armenia,
there are no relevant normative legal acts and development programs regulating the legal
relations of participants for the formation and further development of clusters in the agra-
rian sector. We have developed a structural model of the wheat cluster shown in Chart 2.

The RA Wheat Cluster Coordination Center is the body that will coordinate the imple-mentation of
the grain cluster development project, present annual programs, strate-gies, coordinate and ensure
cooperation between stakeholders. The model envisages cooperation between state structures,
scientific and educational institutions, farms specializing in wheat production, flour mills, bread
factories, regional administra-tions, the Center for Agribusiness and Rural Development (CARD),
leasing compa-nies (ACBA Leasing, Agrocredit), the local branch of the Food and Agriculture Orga-
nization (FAO) and other stakeholders.

Conclusion
The formation of a wheat cluster in the Republic is a complex process that requires a scientific

approach, state support and active cooperation of farmers. The introduction of new technologies,
optimal use of resources and the development of knowledge-based management systems can ensure
both sustainable crop growth and an increase in the overall competitiveness of agriculture. For the
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formation of clusters in Armenia, it is necessary to create a favorable environment and infrastructure,
as well as develop an effective budgetary, tax, credit and customs policy.

Clusters are a tool for the development of strategically important sectors and play an important role in
ensuring the economic development of the region, therefore it is necessary for Armenia to

For the implementation of cluster policy in the Republic of Armenia, at the first stage it is necessary to
have appropriate regulatory legal acts, in particular, to develop and adopt the RA Law on
"Agrotechnological Clusters".

At the same time, cluster cooperation makes it possible to implement various projects.

1. Digitalization and application of new technologies to monitor and predict sustai-nable crop growth,
introduction of agromonitoring systems, use of satellite data and smart sensors.

2. Localization of new, elite, high-yielding wheat seeds: in the case of a long and hot summer, mild
winter, if irrigation is possible, the best varieties are: “Grom”, “Yuka”, “Alekseich”, which, due to
their short stature, do not lie down in the event of irrigation and high fertilization, which allows to
obtain a record yield of 70-90 centners per hectare. In the foothill and arid arid zones at an altitude of
1200-1700 m (average rainfall, summer dryness, risk of drought), the best varieties are “Bezostaya
100” and “Tanya”, whose powerful root system and high plasticity and precocity manage to ripen
before the onset of summer heat and dry southern winds, the onset of frosts. In conditions of long,
severe, snowless winters, high risk of frosts and short vegetation, the best varieties are: "Bezostaya
100" and local selection "Armyanka 60" and "Nairi", and for spring sowing —"Darya".

3. Application of data-based management methods for planning and cost optimization.

4. Effective management of water resources: introduction of modern irrigation sys-tems,
implementation of soil moisture conservation measures.

5. Training, consulting and awareness-raising of farmers on modern technologies and market
requirements.

6. Reduction of production costs through improvement of the supply chain.

7. Creation of prerequisites for intensive cultivation of uncultivated arable lands.

According to studies, the level of wheat self-sufficiency can be increased both through extensive
(increasing the sown areas at the expense of uncultivated arable land) and intensive factors
(implementing measures aimed at increasing yields). True, according to experts, the sown areas in
Armenia are not enough to develop wheat production, but the necessary minimum volume can be
provided to minimize the deficit in emer-gency situations. The solution to the problem should be
considered not as another program or business project, but as an important component of national
security. And, in general, from the perspective of solving the problems faced by the sector and inc-
reasing competitiveness, the joint activities of economic operators in agriculture are important,
especially the formation of clusters.
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Nelli GRIGORYAN, Marianna HOVHANNISYAN, Gevorg KESHISHYAN
Cluster Cooperation in Armenia’s Grain Production Sector as a Strategy to Increase
Self-Sufficiency
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Grain crops play a crucial role in ensuring the country’s food security. In the current stage of
development, increasing the level of grain self-sufficiency can be achieved only through the adoption
of innovative technologies, the introduction of effective forms of cluster cooperation, the
implementation of state support programs, and the optimal use of available resources, including the
unification and targeted utilization of land. The Armenian grain cluster model envisions cooperation
among state struc-tures, scientific and educational institutions, grain farms, flour mills, bread factories,
regional administrations, the Center for Agribusiness and Rural Development, leasing companies
(ACBA Leasing, Agrocredit), the local branch of the Food and Agriculture Organization (FAO), and
other stakeholders. From the point of ensuring food security, the development of wheat production in
Armenia is a priority issue. According to ex-pert assessments, uncultivated arable land in Armenia
amounts to about 230 thousand ha. In an attempt to increase the level of food security, if 60% of
uncultivated lands, about 138 thousand ha, are used for wheat cultivation through cluster cooperation,
then, according to our calculations, in the future the level of wheat self-sufficiency will amount to
62.6%. As a result of implementing measures aimed at increasing yields, according to our forecasts,
the maximum level of wheat yield will be 45.9 cents/hectare, and under these conditions, the degree
of self-sufficiency will reach 61.9%, all other things being equal.
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