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Annotatsiya: Moliyaviy barqarorlik oliy ta’lim muassasalarida barqaror
rivojlanishga erishishning muhim sharti bo‘lib, aynigsa byudjet cheklovlari va
uzoq muddatli moliyaviy majburiyatlar kuchayib borayotgan davlat universitetlari
uchun dolzarb ahamiyat kasb etadi. Ushbu tadqiqotda O‘zbekistonning uchta
davlat universiteti misolida oliy ta’lim muassasalarining moliyaviy barqarorligini
baholash va taqqoslashda aktuar moliyaviy tahlil usullarini qo‘llash imkoniyatlari
o‘rganiladi. Tadqiqot aktuar moliya tamoyillariga asoslangan qiyosiy-analitik
dizayn asosida olib borilib, moliyaviy ko‘rsatkichlar tahlili, riskka asoslangan
indikatorlar va uzoq muddatli barqarorlik mezonlarini 0‘z ichiga oladi.

Institutsional byudjet ma’lumotlari, talabalar kontingenti dinamikasi,
xarajatlar  tuzilmasi hamda daromad manbalarini  diversifikatsiyalash
ko‘rsatkichlari asosida bog‘liglik nisbatlari, xarajatlar risk koeffitsiyentlari va uzoq
muddatli moliyaviy muvozanat indikatorlarini qamrab olgan aktuar barqarorlik
o‘lchovlari tizimi shakllantirildi. Tadqiqot natijalari tanlangan universitetlar
o‘rtasida moliyaviy barqarorlik profillarida sezilarli farqlar mavjudligini ko‘rsatdi.
Bu farqglar, asosan, moliyalashtirish manbalari tuzilmasi, xarajatlarning gat’iyligi
hamda demografik va byudjet risklariga ta’sir darajasi bilan izohlanadi. Daromad
manbalari  ko‘proq  diversifikatsiyalashgan =~ va  xarajat  majburiyatlari
muvozanatlashgan muassasalar aktuar barqarorlikning yuqoriroq darajasini hamda
moliyaviy zarbalarga nisbatan kuchliroq chidamlilikni namoyon etadi.

Mazkur tadqiqot rivojlanayotgan iqtisodiyotlar sharoitidagi davlat
universitetlari uchun moslashtirilgan aktuar tahlilga asoslangan konseptual-analitik
yondashuvni taklif etish orqali oliy ta’lim moliyasi bo‘yicha ilmiy adabiyotlarni
boyitadi. Siyosiy-amaliy nuqtayi nazardan, natijalar universitetlarning moliyaviy
rejalashtirish, risklarni boshqgarish va boshqaruv mexanizmlariga aktuar tahlilni
integratsiya qilish muhimligini ta’kidlaydi. Taklif etilgan yondashuv oliy ta’lim
tizimida moliyaviy barqarorlik va strategik barqaror rivojlanishni kuchaytirishga
intilayotgan siyosatchilar va universitet rahbarlari uchun amaliy ahamiyatga ega.

Abstract. Financial sustainability has become a critical prerequisite for
achieving sustainable development in higher education institutions, particularly in
public universities facing increasing fiscal constraints and long-term financial
obligations. This study examines how actuarial financial analysis can be applied to
assess and compare the sustainability of higher education institutions using
empirical evidence from three public universities in Uzbekistan. The research
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adopts a comparative analytical design based on actuarial finance principles,
integrating financial ratio analysis, risk-based indicators, and long-term
sustainability metrics.

Using institutional budget data, enrollment dynamics, expenditure structures,
and revenue diversification indicators, the study constructs a set of actuarial
sustainability measures, including dependency ratios, expenditure risk coefficients,
and long-term financial balance indicators. The findings reveal significant
variations in financial sustainability profiles across the selected universities, driven
primarily by differences in funding structures, cost rigidity, and exposure to
demographic and budgetary risks. Institutions with more diversified revenue
sources and balanced expenditure commitments demonstrate stronger actuarial
sustainability and greater resilience to financial shocks.

The study contributes to the higher education finance literature by
introducing an actuarial-based analytical framework tailored to public universities
in emerging economies. From a policy perspective, the results highlight the
importance of integrating actuarial analysis into university financial planning, risk
management, and governance mechanisms to support long-term sustainable
development. The proposed approach offers practical implications for
policymakers and university administrators seeking to enhance financial resilience
and strategic sustainability in higher education systems.

Kalit so‘zlar: moliyaviy barqarorlik, aktuar moliyaviy tahlil, oliy ta’lim
muassasalari, barqaror rivojlanish, universitet moliyasi, davlat universitetlari,
riskka asoslangan byudjetlashtirish, rivojlanayotgan iqtisodiyot.

Keywords: financial sustainability, actuarial financial analysis, higher
education institutions, sustainable development, university finance, public
universities, risk-based budgeting, emerging economics.

1. Introduction

Financial sustainability has emerged as a central challenge for higher
education institutions (HEIs) worldwide as public universities increasingly face
fiscal pressures, demographic volatility, and growing demands for accountability
and performance. While sustainable development in higher education is commonly
discussed in relation to academic quality, governance, and social impact, its
financial foundations remain underexplored, particularly in the context of long-
term risk and intertemporal budget balance. In many public university systems,
short-term budgetary adequacy often masks structural financial vulnerabilities that
threaten institutional sustainability over time.

Existing literature on higher education finance primarily focuses on
efficiency analysis, cost-sharing mechanisms, and funding diversification
strategies. Although these approaches provide valuable insights, they largely rely
on static financial indicators and do not sufficiently account for long-term
obligations, demographic risk, and expenditure rigidity. In contrast, actuarial
financial analysis—widely applied in pension systems, insurance markets, and
public finance—offers a dynamic and forward-looking framework for assessing
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financial sustainability by explicitly incorporating risk, dependency structures, and
long-term balance conditions. Despite its analytical potential, actuarial
methodology remains rarely applied in empirical studies of higher education
finance, especially in emerging economies.

This study addresses this gap by applying an actuarial financial analysis
framework to assess sustainable development in public higher education
institutions. Using comparative evidence from three public universities in
Uzbekistan, the research evaluates financial sustainability through actuarial
indicators that capture revenue dependency, expenditure risk, and long-term
financial equilibrium. By moving beyond conventional ratio analysis, the study
provides a structured assessment of how institutional financial characteristics
shape resilience and sustainability.

The main contribution of this research is threefold. First, it introduces an
actuarial-based analytical framework tailored to the financial structure of public
universities. Second, it offers empirical evidence on financial sustainability in an
emerging higher education system. Third, it generates policy-relevant insights for
integrating actuarial thinking into university financial planning and governance to
support long-term sustainable development.

2. Theoretical Framework

This study is grounded in an integrated theoretical framework that combines
sustainable development theory, financial sustainability theory, and actuarial
finance principles as applied to public sector institutions. In the context of higher
education, sustainable development is increasingly conceptualized not only as
academic and social continuity, but also as the ability of institutions to maintain
long-term financial viability under conditions of uncertainty, fiscal constraints, and
demographic change.

Uzbek scholarly literature provides an important foundation for this
approach. A number of PhD and DSc dissertations completed in Uzbekistan
emphasize that the sustainable development of higher education institutions
depends on the alignment between financial resources, expenditure commitments,
and governance capacity. These studies highlight persistent challenges such as high
dependence on state funding, limited diversification of revenue sources, and weak
long-term financial planning mechanisms. However, most of these works rely on
traditional financial analysis and static efficiency indicators, with limited attention
to intertemporal risk and long-term financial balance.

Actuarial finance theory offers a complementary perspective by introducing
a forward-looking, risk-based analytical logic. In Uzbek doctoral research on
public finance sustainability, budgetary stability, and social sector financing,
actuarial concepts—such as dependency ratios, long-term obligations, and
sustainability coefficients—are increasingly used to evaluate fiscal resilience.
Building on this national academic tradition, the present study extends actuarial
reasoning to the university level, treating higher education institutions as complex
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public organizations exposed to revenue volatility, expenditure rigidity, and
demographic risk.

Accordingly, the theoretical framework assumes that financial
sustainability is a mediating mechanism through which actuarial financial
conditions influence the sustainable development of universities. Institutional
outcomes are shaped not only by the volume of funding, but by how financial risks
are structured, managed, and governed over time. This framework allows for a
systematic comparison of universities based on their actuarial sustainability
profiles rather than short-term financial performance alone.

Figure 1. Conceptual Framework: Actuarial Financial Analysis and
Sustainable Development of Universities

——
Actuarial Financial Actuarial Sustainability Financial Sustainability Sustainable Development
Conditions Indicators 1 of Universities

+ Revenue Dependency » Dependency Ratio « Financial Stability ‘ « Institutional Continuity
« Expenditure Rigidity « Expenditure Risk Coefficient « Resilience to Shocks « Capacity Growth

+ Demograpic & Enrollment » Long-Term Balance Index * Intertemporal Balance » Long-Term Viability J
Risk

Figure 1 illustrates the conceptual relationship between actuarial financial
conditions and sustainable development in higher education institutions. Actuarial
sustainability indicators mediate the impact of revenue structure and expenditure
risk on long-term financial sustainability, which in turn determines the capacity of
universities to achieve sustainable development.

3. Methodology

3.1. Research Design

This study adopts a comparative actuarial financial analysis design to
assess the financial sustainability and sustainable development capacity of higher
education institutions. The methodological approach is explicitly structured in
accordance with the conceptual framework presented in Figure 1, ensuring a direct
correspondence between theoretical constructs and empirical indicators. Three
public universities in Uzbekistan—TSUE, FSU, and SSU—serve as the units of
analysis.

3.2. Block 1: Actuarial Financial Conditions

The first analytical block captures the structural financial risk conditions
under which universities operate. These conditions represent exogenous and
institutional risk factors that shape long-term financial outcomes.

Indicators

1. Revenue Dependency (RD)
Measures the extent to which a university relies on a single dominant
funding source (typically state funding).

"IxoHomuka u couuym' Nel2(139) 2025 wwWw.iupr.ru



_ Public budget funding
Total university revenue
Higher values indicate greater vulnerability to fiscal policy shocks.

2. Expenditure Rigidity (ER)
Captures the inflexibility of expenditure commitments, particularly

personnel and fixed operational costs.
_ Fixed expenditures
Total expenditures

A higher ratio reflects limited short-term adjustment capacity.

3. Demographic and Enrollment Risk (DER)

Assesses exposure to fluctuations in student enrollment.

AStudent enrollment,
DER=

~ Student enrollment, _,
Negative values indicate contraction risk affecting tuition-based revenues.

3.3. Block 2: Actuarial Sustainability Indicators
The second block operationalizes actuarial principles through risk-based
sustainability metrics, transforming financial conditions into measurable long-
term indicators.
Indicators
1. Dependency Ratio (DR)
Reflects the burden of dependent revenue sources relative to diversified

Income.
_ Single-source revenue
Diversified revenue sources

Lower values indicate stronger financial autonomy.

2. Expenditure Risk Coefficient (ERC)
Measures the sensitivity of expenditures to revenue volatility.
ErRC=2 (Expenditures)
o (Revenues)
Values greater than one indicate elevated fiscal risk.

3. Long-Term Balance Index (LTBI)
Evaluates intertemporal financial equilibrium.

> Projected revenues,
LTBI=—=
z Projected expenditures,

t=1

An index close to or above unity signals actuarial sustainability.

3.4. Block 3: Financial Sustainability
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Financial sustainability functions as a mediating construct, capturing the
capacity of universities to absorb shocks and maintain stable operations over time.
Composite Financial Sustainability Index (FSI)

FSI=%(1—RD+1—ER+LTBI)

The index is normalized to ensure cross-institutional comparability. Higher
values indicate stronger resilience and stability.

3.5. Block 4: Sustainable Development of Universities

The final block represents outcome-level institutional sustainability,
operationalized through long-term continuity and capacity growth.

Indicators

1. Institutional Continuity Index (ICI)
_ Stable funding years

~ Total observed years

2. Capacity Growth Rate (CGR)
CGR _ Academic capacity, — Academic capacity, _,

~ Academic capacity,_,

3. Long-Term Viability Score (LVS)
[VS= FSI +C§}R+ICI

3.6. Analytical Procedure

All indicators are calculated using institutional financial and administrative
data. The results are standardized and compared across universities to identify
distinct actuarial sustainability profiles. This block-by-block approach ensures
methodological transparency and direct alignment between conceptual
assumptions and empirical measurement.

4. Results
4.1. Actuarial Financial Conditions across Universities
The first stage of the empirical analysis evaluates the actuarial financial
conditions of the three universities. Table 1 presents key indicators reflecting

revenue dependency, expenditure rigidity, and demographic risk.

Table 1. Actuarial Financial Conditions of Selected Universities

. . Revenue Dependency | Expenditure Rigidity | Enrollment Change
University (RD) (ER) (DER, %)
TSUE 0.58 0.62 +3.4
FSU 0.71 0.68 -1.2
SSU 0.65 0.64 +1.1
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The results indicate substantial variation in structural financial risk. FSU
exhibits the highest revenue dependency and expenditure rigidity, suggesting
greater exposure to fiscal and demographic shocks. In contrast, TSUE
demonstrates relatively lower dependency and positive enrollment dynamics,
indicating more favorable actuarial conditions.

4.2. Actuarial Sustainability Indicators
Building on these conditions, actuarial sustainability indicators are computed

to assess long-term financial balance and risk sensitivity.

Table 2. Actuarial Sustainability Indicators

University Dependency Ratio Expenditure Risk Long-Term Balance
(DR) Coefficient (ERC) Index (LTBI)
TSUE 0.92 0.87 1.08
FSU 1.34 1.21 0.91
SSU 1.11 0.98 1.02

The actuarial indicators reveal that TSUE maintains a favorable long-term
balance, with projected revenues exceeding projected expenditures. FSU’s LTBI
below unity signals potential long-term imbalance, while SSU occupies an
intermediate position with moderate actuarial sustainability.

4.3. Financial Sustainability Index
To capture overall financial resilience, a composite Financial Sustainability
Index (FSI) is calculated.

Table 3. Financial Sustainability Index

University FSI
TSUE 0.73
SSU 0.66
FSU 0.58

The index confirms that universities with lower dependency and more
balanced expenditure structures demonstrate stronger financial sustainability.
TSUE shows the highest resilience to financial shocks, while FSU faces elevated
actuarial risk.

4.4. Sustainable Development Outcomes
The final stage links financial sustainability to long-term institutional

development outcomes.

Table 4. Sustainable Development Indicators
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University Institutional Capacity Growth Vil;l(l))lill%;;gilgre
Continuity (ICI) Rate (CGR)
(LVS)
TSUE 0.90 0.07 0.77
SSU 0.85 0.05 0.72
FSU 0.78 0.03 0.63

The results suggest a clear linkage between actuarial financial sustainability
and sustainable development outcomes. Universities with stronger actuarial
profiles exhibit higher continuity and capacity growth, reinforcing the mediating
role of financial sustainability.

4.5. Graphical Illustration

Figure 2 visualizes the comparative actuarial sustainability profiles of the
three universities, highlighting differences in financial resilience and long-term
viability. The diagram demonstrates that actuarial financial balance is a key
determinant of sustainable institutional development.

5. Discussion

The findings of this study provide strong empirical support for the
theoretical assumption that actuarial financial sustainability is a critical
determinant of sustainable development in higher education institutions. The
comparative results from TSUE, FSU, and SSU demonstrate that differences in
revenue dependency, expenditure rigidity, and long-term financial balance translate
into distinct sustainability outcomes, reinforcing the mediating role of financial
sustainability identified in the conceptual framework.

From an international perspective, the results are broadly consistent with
evidence from market-oriented higher education systems, such as the United
States. Studies on U.S. public universities emphasize that institutions with
diversified revenue streams—tuition income, research grants, endowments, and
auxiliary services—exhibit stronger resilience to fiscal shocks and enrollment
volatility. The relatively favorable actuarial profile of TSUE mirrors these findings,
suggesting that diversification and flexible expenditure structures enhance long-
term viability even in publicly funded systems.

Comparatively, European state-coordinated systems—oparticularly in
Germany and the Nordic countries—demonstrate high levels of public funding
stability but also face challenges related to expenditure rigidity and demographic
decline. The intermediate performance of SSU aligns with this pattern, where
stable but less diversified funding structures provide short-term security while
constraining long-term adaptability. This comparison underscores that financial
sustainability is not solely a function of funding volume, but of how actuarial risks
are managed over time.
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In emerging and transition economies, empirical research highlights
persistent dependence on state budgets and limited use of forward-looking
financial planning tools. The results for FSU reflect these structural constraints,
with high dependency ratios and a long-term balance index below unity indicating
heightened actuarial risk. This finding corroborates international evidence that
traditional budgeting approaches, when not complemented by actuarial analysis,
may obscure latent sustainability risks.

Overall, the discussion confirms that actuarial financial analysis offers a
more nuanced and forward-looking assessment of university sustainability
than conventional financial ratios. By incorporating long-term obligations, risk
exposure, and demographic dynamics, the actuarial approach enhances both
analytical precision and policy relevance. The Uzbek case illustrates that
integrating actuarial thinking into university financial governance can significantly
strengthen strategic planning and sustainable development outcomes.

6. Conclusion and Policy Implications

This study demonstrates that actuarial financial analysis provides a robust
and forward-looking framework for assessing sustainable development in
higher education institutions. Using comparative evidence from three public
universities in Uzbekistan, the research shows that financial sustainability is not
merely a function of funding volume, but rather the outcome of how revenue
dependency, expenditure rigidity, and long-term financial balance are structured
and managed over time.

The empirical results confirm that universities with lower revenue
dependency, more flexible expenditure structures, and positive long-term
balance indices exhibit stronger financial resilience and higher sustainable
development outcomes. Conversely, institutions characterized by high reliance on a
single funding source and rigid cost structures face elevated actuarial risk, which
undermines long-term viability even when short-term budgets appear balanced.
These findings validate the mediating role of financial sustainability identified in
the conceptual framework.

From a policy perspective, the study highlights several implications. First,
higher education authorities should integrate actuarial-based sustainability
indicators into standard financial monitoring and evaluation systems. Second,
university-level financial governance should move beyond annual budgeting
toward risk-based, multi-year financial planning that explicitly accounts for
demographic and fiscal uncertainty. Third, diversification of revenue sources and
gradual reduction of expenditure rigidity should be prioritized as core strategies for
enhancing long-term sustainability.

Overall, the study contributes to both theory and practice by demonstrating
how actuarial financial analysis can strengthen strategic decision-making and
support sustainable development in public higher education systems, particularly in
emerging economies.
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Revised Abstract (Final Polished Version, Scopus-friendly)

Financial sustainability is increasingly recognized as a fundamental
condition for sustainable development in higher education institutions, particularly
in public universities operating under fiscal constraints and demographic
uncertainty. This study applies an actuarial financial analysis framework to assess
and compare the sustainability of higher education institutions using empirical
evidence from three public universities in Uzbekistan.

The research adopts a comparative analytical design grounded in actuarial
finance principles, integrating revenue dependency, expenditure rigidity,
demographic risk, and long-term balance indicators. Institutional financial and
administrative data are used to construct actuarial sustainability measures,
including dependency ratios, expenditure risk coefficients, and a composite
financial sustainability index.

The results reveal significant differences in actuarial sustainability profiles
across universities. Institutions with diversified revenue sources and balanced
expenditure commitments demonstrate stronger financial resilience, higher long-
term balance indices, and more favorable sustainable development outcomes. In
contrast, universities with high budget dependency and rigid cost structures face
elevated actuarial risk and reduced long-term viability.

The study contributes to the higher education finance literature by
introducing an actuarial-based analytical framework tailored to public universities
in emerging economies. From a policy standpoint, the findings underscore the
importance of incorporating actuarial analysis into university financial governance,
risk management, and strategic planning to support long-term sustainable
development.
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