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Abstract

The Sustainable Development Goals, established by the United Nations, play a vital role in
the economy by helping create fair opportunities, reducing inequalities, promoting the
responsible use of resources, and supporting economic growth that benefits everyone while
also protecting the planet. With increasing global interest in sustainable development,
Albania, like most UN member countries, has adopted the sustainable development approach.
This paper aims to comprehensively identify how macroeconomic factors impact the SDGs of
'No Poverty,’ 'Decent Work and Economic Growth,' and 'Industry, Innovation, and
Infrastructure. The knowledge graph we designed meaningfully exploits data from the
Albanian Institute of Statistics and the World Bank while indicating underlying connections
between Albania's Sustainable Development Goals and financial risks. The knowledge graph
actively maps to other SDG knowledge graphs using SKOS to create a broader, more
affiliated network that enhances the understanding of sustainable development goals through
improved semantic connections. In this research, we identify the financial risks with the most
significant impact on the SDGs in Albania. At the end of the paper, a case study presents a
policy framework mapping and an institutional responsibility analysis, considering also the
correlation assessment between economic indicators based on data from the Albanian
Institute of Statistics. The analysis aims to provide applicable insights that can inform future
strategies aligned with the Sustainable Development Goals and contribute to a more
sustainable and resilient future for the country.

Keywords: knowledge graphs, financial risks, Sustainable Development Goals (SDGs),
semantic interoperability, macroeconomic factors

1 Introduction

To truly understand how a country functions in today's global economy, it is essential to
examine its key financial indicators and the risks it faces. These indicators influence
everything—from government decisions and business plans to the way we live our everyday
lives. The United Nations' Sustainable Development Goals (SDGs) were established in 2015
and do provide a comprehensive framework aimed at fostering economic growth that is both
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inclusive and sustainable, while simultaneously promoting social equity and environmental
stewardship.

At the beginning of the 1990s, Albania had a rigid, centrally planned economy, which
transitioned to a dynamic market economy, making it a prime example of an economy in
transition. This move involved sweeping reforms, privatization, and joining the global
market. Albania's current strategic priorities include strengthening governance, enhancing
private sector competitiveness, and supporting the green transition, as noted in the European
Bank for Reconstruction and Development strategy (EBRD, 2024). However, challenges
such as high unemployment, social inequality, and infrastructure deficits demonstrate that the
economic transformation is still ongoing (IMFED, 2017), (Moder & Bonifai, 2017).

Academic research confirms that improving financial inclusion is a critical factor in
addressing such development challenges, as well-developed financial systems can
disproportionately benefit people experiencing poverty and help reduce inequality (Beck et.
al, 2007), (Sarma & Pais, 2011).

Economic performance is measured by macroeconomic factors, including growth, inflation,
unemployment, and the state of public finances. In the section below, we discuss how some
of these factors influence Albania's economy. According to S&P Global Ratings, Albania's
economy has demonstrated stability. Substantial tourism revenues and fiscal position (ACR,
2025) have recently improved the sovereign credit rating to 'BB-'. Growth is expected to be
moderate at 3.4% in 2025—a sign of progress (World Bank, 2023), (International Monetary
Fund, 2025). Much of this growth is likely to come from vigorous activity in tourism and
construction, two sectors that have been gaining momentum in recent years.

Achieving SDG 8 requires long-term economic expansion, which is fuelled by technological
advancement and capital accumulation (Solow, 1956). For the inflation rate in Albania, it is
anticipated that the target will be 3% by 2025. Also, rising energy costs lead to a possible
slowdown in growth (International Monetary Fund, 2025). One important social and
economic indicator that continues to be a major obstacle to reaching SDG 8 is the high rate of
youth unemployment (INSTAT, 2022). Albania's public debt is calculated to be
approximately 70% of its GDP. This significant percentage not only limits fiscal flexibility
(World Bank, 2023; International Monetary Fund, 2025) but also slows economic growth and
reduces a country's ability to invest in development (Reinhart & Rogoff, 2010).

The credit risk is a persistent concern in Albania (Hysaj, 2023). Meanwhile, non-performing
loans (NPLs) have historically impacted the banking sector's risk-performance profile, as
stated by (Financial Stability Department, 2021), (Kalluci, 2011). Even if NPLs have
declined from their peaks, they remain vulnerable across the Western Balkans (Tmava et.al,
2019). On the other hand, the lack of funds to meet demands from financial institutions
creates liquidity risk. This lack of funds leads to a credit crunch. Economic growth can also
be restricted by tight access to loans and credit (Moder & Bonifai, 2017).

Interest rate risk, driven by fluctuations in interest rates, can increase borrowing costs. In
contrast, exchange rate risk may lead to higher import prices and inflation. When the
Albanian currency (LEK) strengthened against the Euro in 2019, it caused fuel prices to
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remain high. A positive, modest GDP growth is recognized by rating agency upgrades (ACR,
2025), but it remains sensitive to external shocks such as geopolitical tensions or global
economic slowdowns (World Bank Albania, 2023). The declining inflation rate is
encouraging, though rising energy prices, like those driven by high fuel taxes in 2019, could
disrupt this progress despite a stronger Lek against the Euro (International Monetary Fund,
2025). Improvements in employment and wages are promising, yet the high youth
unemployment rate remains the biggest concern for SDG 8 (INSTAT, 2022).

The high public debt level has a critical impact on infrastructure and social services, which in
turn affect SDG 9 and SDG 1 (World Bank Albania, 2023; International Monetary Fund,
2025). The emergence of green finance in its initial stages in Albania offers a promising
avenue for development, as analysed by (Gjoni et al., 2024; Wang, 2025). The UNDP's
assessment highlights a significant financing gap in Albania to meet the SDGs, underscoring
the need for innovative tools to optimize policy and investment (UNDP, 2024).

Some of these challenges are addressed in this paper by designing a knowledge graph.
Handling complex, multi-dimensional data and uncovering hidden connections between
financial indicators and SDG targets are among the significant advantages that this
Knowledge graph offers, leveraging integrated data from sources such as INSTAT and the
World Bank. Mapping the existing SDG ontology using SKOS enables semantic
interoperability, ensuring integration with global SDG data for cross-country comparison
(Fotopoulou et al., 2022).

2 Literature Review

In this section, we provide a review of existing literature on applications related to
Sustainable Development Goals (SDGs), financial risks, and solutions concerning knowledge
graphs.

To make real progress on the 2030 Agenda, we need to understand how the different
Sustainable Development Goals connect with each other. The author (Le Blanc, 2015) looked
at the SDGs as a network of interconnected targets, showing why we need integrated
strategies instead of tackling each goal in isolation.

This network perspective has been reinforced by subsequent quantitative studies, which
systematically map the interactions and reveal that synergies between SDG indicators are
generally more powerful and prevalent than trade-offs (Pradhan et al., 2017). Research by
Cling & Delecourt (2022), which utilized the UN Global SDG Database, reveals that a
nation's performance on SDG targets strongly correlates with its income level. Their
statistical analysis also indicates that synergistic relationships among SDG indicators are
generally more powerful and prevalent than trade-offs.

In Biermann et al. (2022), researchers explore the political influence of the SDGs, and
targeted analyses, such as a gendered examination of SDG 8 (Rai et al., 2019), underscore the
multifaceted nature of these global objectives. However, dealing with this complexity
demands strong analytical tools, particularly when it comes to tracking SDG progress, given
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the challenges around data availability and modelling how different dimensions interact
(Allen et al., 2016; Fotopoulou et al., 2022). To address these issues, researchers have turned
increasingly to semantic technologies. Knowledge graphs, in particular, have proven valuable
for modelling SDG relationships (Joshi et al., 2021) and building systems that support
evidence-based policymaking.

3 Methods and Analysis

This study presents a comprehensive process for examining the relations among financial
risks, economic indicators, policy frameworks, SDG targets, and institutional actors. The
study focuses exclusively on Albania, modeling financial risks and their associations with
SDGs 1, 8, and 9 over the years [2019-2024].

This methodological approach integrates semi-automatic ontology engineering with data-
driven methods:

e Data Integration: We use public national official statistics (INSTAT, Bank of
Albania) and international sources (UN, World Bank, IMF), with national methods
and vintages documented in provenance. Analyses are observational and limited by
the annual frequency of SDG indicators, occasional methodological breaks, and
uneven media/event coverage.

e Knowledge Graph Development: We have developed a domain-specific
knowledge graph that is built to represent financial risks affecting the progress
toward sustainable development. This framework was designed to address the
research objectives, rather than being adapted from existing general-purpose
ontologies. The Knowledge Graph contains only aggregate, public data. Every fact
in the graph is sourced, versioned, and traceable. We disclose uncertainty, avoid
making causal claims, and encourage expert, context-aware interpretation.

e Knowledge Graph Analysis: The populated ontology was converted into a Neo4;j
knowledge graph database to efficiently represent the complex relationships and
entities defined in the ontology, and also to extract patterns, relationships, and
insights through queries.

3.1 Data Collection, Integration, and Analytical Framework

Macroeconomic indicators were extracted automatically from the official Geodata Hub API
provided by INSTAT (Albanian Institute of Statistics), including GDP measurements,
unemployment statistics, and inflation rates. A Python-based extraction pipeline was
developed using the requests library to query API endpoints and retrieve structured data in
JSON format. The Geodata Hub API provides standardized access to official statistical series
with consistent metadata (indicator codes, reference periods, units, and source
documentation).

API responses from Geodata Hub were parsed into pandas DataFrames with standardized
columns (Indicator, Year, Value, Unit, Source). While API data is generally well-structured,

25

info@retconf.org www.retconf.org



I ‘1 _7- International Academic Conference on

imernational Acadernic Conference On Research in
ENGINEERING and TECHNOLOGY

18 — 20 September 2025
Prague, Czech Republic

we applied semi-automatic validation and cleaning steps: (i) automated checks for missing
values, out-of-range observations, and unit consistency; (ii) manual review of flagged
anomalies (e.g., methodological breaks, revised estimates); and (iii) alignment of INSTAT
indicator codes and Albanian labels to standardized English labels and ontology class
identifiers using a curated mapping table.

For example, the Geodata Hub indicator code for "Norma e papunésisé (15+)" was mapped to
the ontology class “UnemploymentRate”, and "Rritja e PBB-sé," to "GDP_ALB INSTAT
2024 ALL".

In the ontology, a financial risk assessment is performed by utilizing INSTAT's economic
trend data via a systematic linkage of "InflationRate" instances to FinancialRisk entities (e.g.,
FinancialRisk Inflation ALB). This approach, which utilizes national macroeconomic data
to model financial risk in the Albanian context, is explained by (Hysaj, 2023). The integration
with Loan data enables the analysis of inflation's impact on credit risk through borrower
repayment capacity modelling.

For each cleaned data row, we generated candidate OWL named individuals
programmatically. Each candidate individual includes: (i) a unique IRI constructed from the
indicator name, country code (ALB), source (INSTAT), and reference year; (ii) a class
assertion linking the individual to the appropriate ontology class (e.g., UnemploymentRate,
GDPGrowth); and (iii) property assertions including object properties (isIndicatorFor linking
to Country Albania, retrievedFrom linking to Org INSTAT ALB, affectsSDG linking to the
appropriate SDG goal) and data properties (percentageValue or value for the numeric
observation, referencePeriod for the year)

Some complementary data on financial inclusion metrics, credit accessibility indicators, and
interest rate trends were obtained from the World Bank Data Bank and Trading Economics
platforms. This information is critical given that challenges such as access to finance and
banking sector stability are often regional in nature (IMFED, 2017), (Moder & Bonifai,
2017). This enriches Economiclndicator entities (GDP _ALB WB 2023 USD,
PovertyHeadcount ALB_WB 2020) and informs Loan and Borrower characterizations.

Credit risk parameterization utilized global benchmarking data, non-performing loan ratios,
and national credit rating information, where available, to inform the risk-level quantification
(riskLevel, creditScore) of FinancialRisk, particularly CreditRisk, for relevant entities. These
quantifications are conceptually informed by the types of scenarios explored in institutional
stress tests of the national banking sector (International Monetary Fund. European Dept,
2025).

Additional Sources, such as policy documents, development project specifications, and SDG
target definitions, were extracted from Albania's Voluntary National Reviews, the National
Strategy for Development and European Integration, UN agency reports, and international
financial institution publications. These sources provide the high-level strategic context,
outlining national priorities and the financial commitments needed to achieve them (EBRD,
2024), (UNDP, 2024).
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3.2 Formal Axiomatization and Semantic Constraints

An ontology newly designed by us provides the formal semantics that govern the structure
and interpretation of data within a knowledge graph. The ontology was designed using the
Web Ontology Language 2. The axiomatization follows established ontology engineering
principles, including competency-question-driven validation and adherence to the Open
World Assumption. Below, we present the core terminological axioms (TBox) governing
class subsumption, disjointness, and property semantics.

All domain concepts are modelled in Protégé as direct subclasses of owl:Thing and are
mutually disjoint to prevent semantic ambiguity and unintended multiple classification.

Some of the top-level classes include: FinancialRisk, Economiclndicator, SDG, Policy,
Project, Organization, Country, Loan, Borrower, DataSource, EconomicSector.

Financial risk classes partition the risk space according to regional financial stability
frameworks (Financial Stability Department, 2021; Kalluci, 2011). Each financial risk
instance belongs to exactly one risk subtype.

CreditRisk = FinancialRisk
MarketRisk = FinancialRisk
LiquidityRisk = FinancialRisk

Economic indicators are classified by measurement type. These subclasses are not declared
disjoint, as composite indicators may inherit properties from multiple types in future
extensions.

GDP C Economiclndicator
InflationRate = Economiclndicator
UnemploymentRate = Economiclndicator

The SDG taxonomy reflects the official UN Sustainable Development Goals framework, with
targets as proper parts of goals:

SDGgoal = SDG
SDGtarget = SDG 17 3partOf.SDGgoal
DisjointClasses(SDGgoal, SDGtarget)

The existential restriction IpartOf.SDGgoal ensures that every SDGtarget individual is
related to at least one SDGgoal via the partOf property, encoding the hierarchical structure of
the Agenda 2030.

Institution £ Organization
DataSource = Organization

DisjointClasses(Institution, DataSource)
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The distinction above separates policy/financial institutions (e.g., central banks, ministries)
from statistical agencies and data publishers (e.g., INSTAT, World Bank), enabling
provenance tracking and institutional role reasoning.

Some of the modelled object properties include: affectsSDG, lowersRisk, impactsindicator,
fundedBy, indicatorForSDGTarget. The first affectsSDG models the impact of risks,
policies, or indicators on Sustainable Development Goals.

Domain(affectsSDG) = FinancialRisk L/ Policy L/ EconomicIndicator
Range(affectsSDG) = SDG
Characteristics: Asymmetric

Risks and policies influence SDG outcomes, but the reverse relationship is semantically
invalid. Asymmetry prevents inference of inverse relationships. The object property
lowersRisk represents risk mitigation through policy interventions or projects:

Domain(lowersRisk) = Policy LJ Project
Range(lowersRisk) = FinancialRisk
Characteristics: Asymmetric

The data property riskLevel which quantifies the severity or probability of a financial risk or
loan, using a categorical scale:

Domain(riskLevel) = FinancialRisk L/ Loan
Range(riskLevel) = xsd:string

Characteristics: Functional

Constraint: riskLevel € {Low, Medium, High, Critical}

In our ontology, we specified Simple Knowledge Organization System (SKOS) mappings to
align custom classes with the existing SDG ontology classes. Specifically, the Country class
maintains exactMatch relationships with GeoArea concepts in the SDG Interface Ontology
(SDGIO), expressed in Manchester syntax for improved readability, while the Policy class
aligns with PolicyFramework. These semantic alignments facilitate cross-application
interoperability and comparative analysis capabilities.

Prefix: :<http://www.semanticweb.org/sdg-financial-risks/ontologies/2025/ fin-sdg-ontology-
11#>

Prefix: skos: <http://www.w3.0rg/2004/02/skos/core#>
Prefix: rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
Class: :Country

Annotations:

rdfs:comment "Maps our Country class to the SustainGraph GeoArea class.",
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skos:exactMatch <https.//netmode.gitlab.io/sustaingraph/GeoArea>

4 Results

The final ontology comprises 1,785 logical axioms described in Table 1. The ontology was
validated using the HermiT 1.4.3 reasoner. The ontology was coherent and consistent; as a
result, no unsatisfiable classes or logical inconsistencies were detected. Reasoning time for
classification was 3.8 seconds on a standard workstation (Intel 17, 16GB RAM),
demonstrating computational feasibility for real-time querying and production deployment.

Table 1: Ontology metrics

Metric Count Description
Classes 42 Including 9 top-level classes and 33 subclasses
Object Properties 15 Modeling relationships (e.g., affectsSDG, lowersRisk)
Data Properties 10 Capturing quantitative attributes (e.g., riskLevel, budget)
Named Individuals 1,487 Instances of economic indicators, risks, policies, and SDG
targets
Classes Axioms 268 SubClassOf, DisjointClasses, EquivalentClasses
Property Axioms 132 Domain, Range, Characteristics (Functional, Transitive..)
Individual Assertions 1,358 ClassAssertion, Objectlzrsosp;itrgﬁssertion, DataProperty
Total Logical Axioms 1,758 Sum of all OWL 2 axioms

The populated ontology was then instantiated as a knowledge graph using Neo4;j as the graph
database backend. OWL individuals were mapped to Neo4j nodes, object properties to
directed edges, and data properties to node attributes. The resulting knowledge graph enables
efficient traversal queries, path analysis, and network-based reasoning over the 1,758 axioms
and their instantiations.

Below, we provide an example to illustrate the extent to which documented national policies
address financial risks. This approach enables us to address a critical question for any
strategic framework: For the risks that impact our goals, where are our policy responses
effective, and where might there be gaps? To conduct this analysis, we executed a query in
Cypher that produces a comprehensive map of the relationships between policies, risks, and
SDGs, including instances where a risk impacts an SDG but has no documented mitigating
policy Table 2.

Graph Query

MATCH (risk:Resource)-[r_affects:ns0_ affectsSDG]->(sdg:Resource)
WHERE risk.uri CONTAINS " ALB" AND sdg.uri CONTAINS " _ALB"
OPTIONAL MATCH (policy:Resource)-[r_lowers:nsO__lowersRisk]->(risk)
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RETURN policy, r_lowers, risk, r_affects, sdg

Table 2: Relations of financial risks, SDG’s and mitigating policies

Financial Risk

Affected_SDG

Mitigating_ Policy

Liquidity Risk in the Tourism
Sector due to Seasonality —
Albania

SDG 8: Decent Work and
Economic Growth in Albania

Null

Inflation Risk — Albania

SDG 1, 8 No Poverty in
Albania, Decent Work and
Economic Growth in Albania

Economic Reform Programme (ERP)
2025-2027 - Albania

SDG 8, 9: Decent Work and
Economic Growth in Albania,

Regulatory Changes - Albania

and Infrastructure in Albania

Credit Risk / NPLs - Albania . Null
Industry, Innovation, and
Infrastructure in Albania

Legal Risk from Energy Sector SDG 9: Industry, Innovation, Null

Public Debt Risk - Albania

SDG 1,8,9: No Poverty in
Albania, Decent Work and
Economic Growth in Albania,
Industry, Innovation, and
Infrastructure in Albania

Economic Reform Programme (ERP)
2025-2027 - Albania

SME Access to Finance Challenge

SDG 8, 9: Decent Work and
Economic Growth in Albania,

Gap Risk - Albania

and Infrastructure in Albania

- Albania Industry, Innovation, and Null
Infrastructure in Albania
Infrastructure Project Financing SDG 9: Industry, Innovation, Null

Climate-Related Financial Risks -

SDG 1,8,9: No Poverty in
Albania, Decent Work and
Economic Growth in Albania,

Bank of Albania's Green Strategy &
Supervisory Expectations for Climate

Albania

Economic Growth in Albania

Albania Industry, Innovation, and Risks
Infrastructure in Albania
Operational Risk from SDG 8’.9: Decent W ork an.d
. . Economic Growth in Albania,
Cybersecurity Breaches in . Null
. . L . Industry, Innovation, and
Financial Institutions - Albania . .
Infrastructure in Albania
Market Risk from Agricultural
Commodity Price Volatility - SDG 1: No Poverty in Albania Null
Albania
Market Risk from Agricultural .
Commodity Price Volatility - SDG 8: Decent Work and Null
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The results of the query correctly identify the 'Economic Reform Programme' as the
designated policy instrument for managing 'Public Debt Risk', which confirms that the graph
accurately reflects established strategic alignments. Beyond this validation, the primary
analytical value of the query lies in what it reveals through absences. The (null) entries
generated by the query signify a lack of a direct, modelled link between a risk and a
mitigating policy. Our analysis uncovered that a considerable number of risks—including
those central to financial stability like 'Credit Risk / NPLs' and 'Market Risk from
Agricultural Commodity Price Volatility', as well as development-focused issues like the
'SME Access to Finance Challenge'—fall into this category. Crucially, the data confirms
these apparently unaddressed risks have a direct bearing on high-priority goals such as SDG 8
('‘Decent Work and Economic Growth') and SDG 9 ('Industry, Innovation, and
Infrastructure').

5 Conclusions

In this paper, we propose an analytical framework that addresses several key matters,
including the identification of financial risks with the most significant SDG impact in
Albania, policy framework mapping, institutional responsibility analysis, and correlation
assessment between economic indicators (e.g., INSTAT unemployment data), and the
prevalence of financial risk. The main contribution relies on the knowledge graph that has
been developed. It functions not as a simple information repository but as a tool for strategic
discovery. By systematically mapping relations and their absences, the graph makes potential
policy gaps explicit. This provides an evidence-based foundation for policymakers and
stakeholders to initiate discussions, reevaluate existing strategies, and investigate whether
new interventions are needed to ensure that all critical financial risks are adequately
managed.
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