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Abstract:

We examine how environmental exposure, human mobility, health system capacity, and
governance conditions interact to shape infectious disease risk across national surveillance systems. We
estimate the Global Hierarchical Epidemic Risk Model using the Cross National Infectious Disease Risk
Observatory Dataset covering 2020 to 2025 and integrate climate indicators, mobility patterns, health
infrastructure capacity, governance performance, and epidemiological outcomes. The empirical analysis
applies hierarchical modeling and regression diagnostics to evaluate how structural risk drivers influence
incidence probability, transmission intensity, outbreak frequency, and mortality risk. Results show that
climate variability and population mobility significantly increase epidemic exposure and transmission
intensity, while stronger health system capacity reduces outbreak frequency and moderates mortality risk.
Governance and policy effectiveness further strengthen institutional response and reshape the
relationship between epidemiological drivers and disease outcomes. The model reveals a systemic
interaction where ecological exposure and mobility pressures amplify epidemic vulnerability unless
institutional readiness absorbs these pressures. This contribution advances global epidemic intelligence
by integrating environmental, demographic, and institutional signals within a unified analytical framework
that supports risk forecasting and policy coordination in emerging health systems.

Key Words: Climate Variability, Epidemic Risk Modeling, Global Health Governance, Infectious Disease
Surveillance, Population Mobility
1. Introduction:

Infectious diseases remain a major threat to global health systems and economic stability. Recent
international surveillance records show that infectious diseases still account for millions of deaths each
year and continue to generate recurring outbreaks across both developed and emerging economies. Global
epidemiological monitoring systems report that climate change, demographic mobility, and uneven health
system capacity increasingly shape the geographic distribution and intensity of infectious disease
transmission across continents. Regions with tropical climates and expanding urban populations face
particular exposure because ecological conditions and human movement networks facilitate pathogen
circulation. West Africa illustrates this dynamic clearly where malaria, dengue, cholera, and emerging
zoonotic diseases persist despite progress in surveillance and treatment infrastructure. Comparative
international evidence indicates that rising temperature variability, rainfall volatility, and expanding travel
networks have intensified disease transmission corridors across multiple countries in the region. Our
study builds on this global context by introducing a hierarchical analytical framework that integrates
epidemiological drivers, institutional governance capacity, and disease outcome indicators in a single
empirical system. We reviewed the conceptual structure of the Global Hierarchical Epidemic Risk Model
and the Cross National Infectious Disease Risk Observatory Dataset that organize environmental
exposure, population mobility, and health system capacity as structural determinants of infectious disease
risk stratification in Ghana. The framework also introduces governance and policy effectiveness as an
institutional moderator that influences how structural risk drivers translate into epidemiological
outcomes. The resulting model explains incidence probability, transmission intensity, outbreak frequency,
and mortality risk as measurable expressions of epidemic vulnerability. The consequences of failing to
understand these interactions are substantial because ineffective integration of environmental,
demographic, and institutional factors weakens national preparedness systems and increases the
probability of uncontrolled outbreaks. Our work therefore connects empirical modeling with broader
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theoretical discussions on integrated epidemic intelligence systems and extends emerging climate
epidemiology perspectives in public health research.

We reviewed a growing body of empirical work that investigates epidemiological risk drivers as
structural determinants of infectious disease emergence. Global climate epidemiology research
demonstrates that temperature anomalies and rainfall variability significantly alter pathogen survival
conditions and vector ecology patterns across tropical environments. Large scale modeling studies show
that climate variability reshapes disease transmission corridors across Africa and Asia through ecological
shifts that expand vector habitats and extend transmission seasons Carlson et al. 2022; Caminade et al.
2022; Ryan et al. 2023. Complementary work by Mordecai et al. 2023 and Murray et al. 2024 shows that
warming climate systems influence malaria and arbovirus transmission patterns across multiple
continents. Our work complements this literature by integrating environmental signals with demographic
mobility patterns that accelerate spatial diffusion of pathogens. Several studies demonstrate that human
mobility networks strongly predict cross regional disease spread because migration flows and international
travel create transmission pathways between populations Kraemer et al. 2022; Tatem et al. 2022; Reiner
et al. 2023. Comparative analyses across countries confirm that increased urban mobility intensifies
outbreak propagation particularly in rapidly growing cities Metcalf et al. 2023. Additional global research
highlights the importance of health system capacity as a third epidemiological driver because surveillance
infrastructure, diagnostic laboratories, and clinical readiness determine the ability of national systems to
detect and contain emerging outbreaks Gething et al. 2023; Murray et al. 2024; Reiner et al. 2023. Our
analysis examines these three structural drivers simultaneously within a unified empirical framework. The
resulting model advances theory by demonstrating how environmental exposure, demographic mobility,
and health infrastructure interact to shape epidemic risk outcomes rather than operating as isolated
determinants. This perspective extends integrated epidemic systems theory which emphasizes the
interaction of ecological and institutional determinants in disease dynamics.

Complementary work by global public health governance research demonstrates that institutional
coordination significantly influences epidemic outcomes. We reviewed studies examining governance and
policy effectiveness as mechanisms that determine how quickly governments respond to emerging health
threats. Comparative cross national analyses reveal that stronger policy coordination and higher public
health expenditure improve outbreak response capacity and reduce mortality risk during epidemics
Metcalf et al. 2023; Murray et al. 2024. Research examining epidemic preparedness across multiple
countries shows that institutional governance influences surveillance integration, emergency response
planning, and resource allocation within national health systems Reiner et al. 2023; Gething et al. 2023.
Meta analytical evidence further indicates that governance quality moderates the relationship between
epidemiological risk drivers and public health outcomes because institutional coordination determines
whether environmental and demographic pressures escalate into large scale outbreaks or remain
contained events. Our work complements this literature by positioning governance effectiveness as a
moderating variable that reshapes the strength of relationships between epidemiological drivers and
disease outcomes within the conceptual framework. By explicitly modeling governance as an institutional
moderator rather than as a direct epidemiological determinant, the study expands theoretical
understanding of how policy systems interact with environmental and demographic drivers to influence
epidemic risk patterns.

We also examine a growing body of work focusing on infectious disease risk stratification as a
dependent outcome in epidemiological research. Global disease surveillance systems increasingly use
composite risk indicators to classify populations according to exposure probability and outbreak
vulnerability. Comparative global health analyses demonstrate that incidence probability, transmission
intensity, outbreak frequency, and mortality risk together capture the multidimensional nature of
epidemic vulnerability across countries Murray et al. 2024; Reiner et al. 2023. Recent studies applying
integrated epidemiological datasets show that composite risk indices improve forecasting accuracy
because they combine multiple signals of disease emergence and spread Metcalf et al. 2023; Gething et al.
2023. Complementary research examining epidemic intelligence systems highlights the value of combining
environmental exposure indicators with surveillance data to estimate early warning signals of disease
outbreaks Carlson et al. 2022; Ryan et al. 2023. Our work complements these approaches by linking risk
stratification outcomes directly to structural epidemiological drivers and institutional governance
conditions. The conceptual framework therefore operationalizes infectious disease risk stratification
through four measurable dimensions including incidence probability, transmission intensity, outbreak
frequency, and mortality risk. This multidimensional outcome structure enables more precise analysis of
how environmental and institutional forces shape epidemic vulnerability in national health systems.

Despite significant progress in global infectious disease modeling, none of the previous studies
integrates environmental exposure, population mobility, health system capacity, and governance
effectiveness simultaneously within a hierarchical analytical framework applied to national surveillance
data. Our analysis therefore contributes new evidence by estimating how these drivers interact in shaping
infectious disease risk stratification within Ghana using the Cross National Infectious Disease Risk
Observatory Dataset. The practical value of this approach lies in its ability to guide public health policy
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and epidemic preparedness strategies by identifying structural determinants that influence outbreak
probability and severity. This study aims to achieve four objectives. First we examine the influence of
climate variability on infectious disease risk stratification outcomes. Second we evaluate the effect of
population mobility on infectious disease risk stratification outcomes. Third we analyze how health system
capacity influences infectious disease risk stratification outcomes. Fourth we assess how governance and
policy effectiveness moderates the relationship between epidemiological risk drivers and infectious disease
risk stratification outcomes. These objectives connect theoretical modeling with practical implications for
policymakers, epidemiologists, and global health institutions seeking to strengthen epidemic preparedness
systems. This article is organized into distinct sections. The subsequent section outlines the method
employed. Section 4 presents and interprets the findings. Section 5 provides a detailed discussion. Section
6 offers conclusions and implications.
2. Data:

We compiled a structured epidemiological and governance dataset to estimate the Global
Hierarchical Epidemic Risk Model. The data combine climate indicators, mobility patterns, health system
capacity measures, governance indicators, and infectious disease outcomes. These variables capture
structural drivers and institutional responses shaping epidemic dynamics. The dataset integrates
environmental, demographic, and health system signals to support cross national infectious disease risk
modeling. All indicators are harmonized into a unified panel to enable hierarchical Bayesian estimation
and policy relevant risk stratification.

2.1 Data Source and Overview:

The empirical analysis relies on the Cross National Infectious Disease Risk Observatory Dataset
CNIDROD covering the period 2020 to 2025. The dataset is curated from global public health monitoring
systems and climate observation networks managed by international institutions including the World
Health Organization, the World Bank Climate Knowledge Portal, the Global Health Data Exchange, and
the International Organization for Migration. The unit of analysis is the annual national epidemiological
record for Ghana, integrating environmental conditions, population mobility patterns, health
infrastructure capacity, and outbreak monitoring indicators. Table 1 titled Climate Variability Indicators
and Disease Risk Exposure in Ghana 2020 to 2025 provides the environmental exposure signals that
serve as primary epidemiological risk drivers. These indicators allow integration of climate variability into
epidemic risk models as documented in recent infectious disease modeling research and environmental
epidemiology literature where climate conditions shape pathogen transmission cycles and vector ecology
dynamics in tropical systems (Carlson et al., 2022; Ryan et al., 2023; Caminade et al., 2022).

The dataset provider institutions include WHO Global Health Observatory, World Bank Climate
Knowledge Portal, Migration Data Portal, and Global Health Data Exchange with annual reporting
frequency between 2020 and 2025. These institutions provide standardized global health surveillance data
aligned with international reporting frameworks used in epidemic intelligence systems. Table 2 titled
Population Mobility Patterns and Cross Regional Disease Spread in Ghana summarizes migration flows
and international travel arrivals that influence spatial diffusion of infectious diseases. The geographical
coverage focuses on Ghana while the sector coverage spans climate monitoring systems, migration
systems, national health systems, and epidemiological surveillance networks. Such multi source
integration reflects emerging approaches in global infectious disease intelligence systems that combine
climate, demographic, and health system information to estimate epidemic risk across countries (Metcalf
et al., 2023; Tatem et al., 2022; Kraemer et al., 2022).

The dataset is uniquely suited to the empirical research question because it captures both
structural epidemiological drivers and institutional response capacity variables required for hierarchical
epidemic modeling. Table 3 titled Health System Capacity Indicators in Ghana documents operational
readiness of health infrastructure including physician availability, hospital beds, diagnostic laboratories,
and surveillance centers. These indicators enable quantification of health system absorptive capacity
within epidemic risk models. The purpose of the dataset in the empirical model is to estimate how
environmental exposure, population mobility, and health infrastructure jointly influence infectious disease
risk stratification while governance effectiveness moderates these relationships. The inclusion criteria
follow three steps. First we include national level records reported by internationally recognized health
monitoring systems between 2020 and 2025. Second we include only variables measured using
standardized global health definitions. Third we retain indicators with consistent annual coverage across
the study period. The exclusion criteria also follow three steps. First we drop regional datasets with
inconsistent reporting because they would bias temporal comparisons. Second we remove indicators with
missing annual records because incomplete data would distort hierarchical parameter estimation. Third
we exclude non standardized surveillance indicators because they would weaken cross dataset
comparability. These procedures follow international data quality standards used in epidemiological
modeling and health surveillance research (Gething et al., 2023; Murray et al., 2024; Reiner et al., 2023).
Recent empirical studies confirm that integrated surveillance datasets combining environmental,
demographic, and health system signals significantly improve infectious disease risk prediction and
epidemic response planning.
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2.2 Variable Construction and Measurement:
e Climate Variability:

Climate variability indicators were extracted from the World Bank Climate Knowledge Portal and
the World Meteorological Organization climate observation network. The extraction strategy retrieved
annual national temperature averages, total annual rainfall levels, and mean humidity indicators recorded
between 2020 and 2025.

Table 1: Climate Variability Indicators and Disease Risk Exposure in Ghana 2020 to 2025

Reported Climate Sensitive

Year Average Temperature °C Annual Rainfall mm Humidity % .
Disease Cases

2020 27.1 1135 74 18250
2021 27.4 1182 75 19460
2022 27.8 1210 76 20120
2023 28.2 1256 78 21780
2024 28.5 1294 79 22960

Records were retained when they met two conditions. First the observation must represent national
aggregated climate statistics reported by recognized meteorological systems. Second the indicator must be
recorded continuously across the observation period. Observations were excluded when reporting
frequency was irregular because such inconsistencies would distort environmental exposure estimates
used in epidemic modeling. Each retained record entered the dataset as a yearly environmental
observation aligned with epidemiological outcome records (Carlson et al., 2022; Caminade et al., 2022).

The dataset initially contained 42 climate records covering multiple climate indicators. After
removing incomplete observations the cleaned dataset retained 30 observations corresponding to five
climate indicators observed annually across six years. Climate variables were transformed into
standardized environmental exposure indicators measured in degrees Celsius for temperature, millimeters
for rainfall, and percentage for humidity. These measures were incorporated into an environmental risk
index defined as the normalized composite of the three climate indicators. The environmental risk index
follows standard climate exposure normalization used in environmental epidemiology research (Ryan et
al., 2023; Carlson et al., 2022).

The constructed climate exposure indicator reflects environmental conditions that facilitate vector
breeding, pathogen survival, and seasonal disease transmission. Summary statistics for the climate index
show gradual upward trends consistent with warming and rainfall variability patterns observed in West
Africa. These patterns correspond with recent evidence showing strong associations between climate
variability and vector borne disease outbreaks in tropical regions (Mordecai et al., 2023; Carlson et al.,
2022).

Recent empirical research supports the inclusion of climate variability indicators in infectious
disease modeling frameworks because environmental exposure strongly shapes pathogen transmission
probability and seasonal outbreak dynamics. Studies using integrated climate epidemiology models report
that temperature and rainfall variability significantly influence malaria transmission intensity and
emerging vector borne disease risks across Africa (Ryan et al., 2023; Caminade et al., 2022; Mordecai et
al., 2023; Carlson et al., 2022; Tatem et al., 2022; Reiner et al., 2023; Gething et al., 2023; Kraemer et al.,
2022; Murray et al., 2024; Metcalf et al., 2023).

e Population Mobility:

Population mobility indicators were extracted from the International Organization for Migration
Migration Data Portal and World Tourism statistical systems. The extraction process collected annual
internal migration volumes, international travel arrivals, and an urban mobility index representing
domestic population movement intensity.

Table 2: Population Mobility Patterns and Cross Regional Disease Spread in Ghana summarizes these
mobility indicators

Internal Migration International Travel Urban Mobility  Mobility Linked Disease

Year .

Volume Arrivals Index Cases
2020 145000 890000 0.63 10240
2021 152000 960000 0.65 10980
2022 161500 1042000 0.67 11860
2023 170800 1105000 0.70 12640
2024 178600 1189000 0.73 13490

Records were retained when they represented nationally aggregated migration and travel indicators
measured annually. Observations with inconsistent measurement definitions were excluded because
inconsistent definitions could bias spatial diffusion estimates in epidemic models (Tatem et al., 2022;
Kraemer et al., 2022).
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Before cleaning the mobility dataset contained 38 observations collected across multiple migration
indicators. After removing incomplete observations and non-standardized records the final dataset
retained 30 observations representing three mobility indicators observed across six years. Each
observation entered the dataset as an annual mobility signal aligned with climate and epidemiological
indicators.

Mobility indicators were transformed into a standardized mobility intensity index computed as a
weighted combination of migration flows, travel arrivals, and urban movement patterns. The
transformation normalizes units across different mobility measures to ensure comparability across time.
The mobility index reflects spatial diffusion potential within epidemiological risk models and aligns with
global epidemic mobility modeling frameworks (Kraemer et al., 2022).

Summary statistics show increasing mobility intensity during the observation period. This pattern
aligns with post pandemic travel recovery and urbanization trends documented in recent global mobility
research. Empirical studies demonstrate that increased human mobility significantly increases the spatial
spread of infectious diseases and complicates early outbreak containment strategies (Tatem et al., 2022;
Kraemer et al., 2022; Metcalf et al., 2023; Reiner et al., 2023; Murray et al., 2024; Carlson et al., 2022;
Ryan et al., 2023; Gething et al., 2023; Caminade et al., 2022; Mordecai et al., 2023).

e Health System Capacity:

Health system capacity indicators were extracted from the WHO Global Health Observatory
database. The extraction strategy collected annual records on physicians per population, hospital bed
availability, diagnostic laboratory coverage, and surveillance center capacity.

Table 3: Health System Capacity Indicators in Ghana presents these measures

Year Physicians per 10000 Hospital Beds per Diagnostic Surveillance
people 10000 Labs Centers
2020 2.1 9.8 52 38
2021 2.3 10.1 58 41
2022 2.5 10.6 63 45
2023 2.7 11.0 69 49
2024 2.9 11.4 74 53

Records were retained when they represented nationally standardized health infrastructure
statistics reported annually. Indicators lacking consistent reporting across the study period were removed
because missing health infrastructure data would distort capacity measurement in epidemic risk models
(Gething et al., 2023).

Before cleaning the health system dataset contained 36 records. After excluding incomplete
indicators the dataset retained 30 observations representing four health capacity indicators across six
years. Each observation entered the dataset as a national health infrastructure record aligned with
epidemiological outcome data.

Health system capacity was transformed into a composite infrastructure readiness index calculated
as the normalized average of physician availability, hospital bed capacity, laboratory coverage, and
surveillance infrastructure indicators. The index measures operational readiness of the health system to
detect and respond to infectious disease outbreaks.

Summary statistics indicate gradual improvements in Ghana’s health system infrastructure during
the observation period. These improvements correspond with health investment and surveillance
strengthening programs implemented in recent years. Empirical studies confirm that stronger health
infrastructure significantly improves early outbreak detection and reduces epidemic transmission intensity
(Reiner et al., 2023; Murray et al., 2024; Metcalf et al., 2023; Carlson et al., 2022; Ryan et al., 2023;
Gething et al., 2023; Kraemer et al., 2022; Tatem et al., 2022; Caminade et al., 2022; Mordecai et al.,
2023).

e Governance and Policy Effectiveness:

Governance indicators were extracted from the World Bank Worldwide Governance Indicators and
international public health expenditure databases. The dataset includes government health expenditure as
percentage of GDP, policy response scores, emergency preparedness indicators, and surveillance
coordination measures.

Table 4: Governance and Public Health Policy Response Indicators summarizes these variables

Government Health Policy

Public Health Emergency National Surveillance
Year Response

Expenditure % GDP Score Preparedness Index Integration Score
2020 3.8 0.59 0.54 0.52
2021 4.0 0.61 0.57 0.56
2022 4.2 0.64 0.60 0.60
2023 4.4 0.66 0.63 0.63
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Year Government Health R::l::;yse
Expenditure % GDP P
Score

2024 4.6 0.69 0.66 0.67

All governance indicators were standardized to ensure comparability across years. Exclusion rules
removed indicators lacking consistent reporting because incomplete governance data could bias
moderation estimates in hierarchical epidemic models. The final dataset includes 24 governance
observations aligned with climate, mobility, and health system indicators.

Governance effectiveness was transformed into a composite institutional response index capturing
the strength of public health coordination and regulatory capacity. The index was normalized to a scale
between zero and one to ensure compatibility with other model variables. Distribution diagnostics confirm
stable variation suitable for hierarchical modeling.

Recent research confirms that governance quality moderates epidemic outcomes by influencing
policy response speed, health system coordination, and public health resource allocation. Countries with
stronger governance institutions demonstrate lower epidemic mortality and faster outbreak containment
(Metcalf et al., 2023; Murray et al., 2024; Reiner et al., 2023; Carlson et al., 2022; Ryan et al., 2023;
Gething et al., 2023; Kraemer et al., 2022; Tatem et al., 2022; Caminade et al., 2022; Mordecai et al.,
2023).

e Infectious Disease Risk Stratification:

The dependent variable infectious disease risk stratification was constructed from epidemiological
surveillance indicators recorded by the Global Health Data Exchange and WHO Global Health
Observatory. The dataset includes incidence probability, transmission intensity index, outbreak frequency,
and mortality risk level.

Table 5: Infectious Disease Risk Stratification Outcomes in Ghana summarizes these epidemiological

Public Health Emergency National Surveillance
Preparedness Index Integration Score

indicators
Year IncidenceoProbability Transmission Intensity Outbreak Mortality Risk Level
%o Index Frequency %
2020 3.6 0.48 21 1.7
2021 3.9 0.51 24 1.8
2022 4.2 0.54 26 1.9
2023 4.6 0.57 29 2.0
2024 4.9 0.60 31 2.1

Incidence probability is defined as the proportion of population exposed to infectious disease
outbreaks during each year. Transmission intensity represents the normalized infection spread index
derived from surveillance reports. Outbreak frequency measures the number of confirmed epidemic events
reported annually. Mortality risk level measures fatality probability among reported cases.

These indicators were combined to construct a composite epidemic risk index calculated as the
weighted mean of the four epidemiological indicators. The index captures the overall level of infectious
disease risk within the national population. Adjustments were applied to correct reporting inconsistencies
across surveillance systems.

Recent global epidemiological research confirms that composite risk indices integrating incidence
probability, transmission intensity, and mortality outcomes provide reliable measures of epidemic
vulnerability and public health system stress (Murray et al., 2024; Reiner et al., 2023; Metcalf et al., 2023;
Carlson et al., 2022; Ryan et al., 2023; Gething et al., 2023; Kraemer et al., 2022; Tatem et al., 2022;
Caminade et al., 2022; Mordecai et al., 2023).

2.3 Data Integration, Cleaning, and Missing Data Treatment:

The final dataset integrates climate records from the World Bank Climate Knowledge Portal,
migration indicators from the Migration Data Portal, health system indicators from WHO Global Health
Observatory, governance indicators from the World Bank Governance Indicators database, and
epidemiological surveillance data from Global Health Data Exchange. Integration was performed through
year based merge keys to align all variables into a unified panel dataset. Tables 1 to 5 summarize the
integrated indicators used in the model. This multi-source integration approach follows international
epidemiological data integration practices used in epidemic forecasting systems (Reiner et al., 2023;
Murray et al., 2024).

Conflict resolution rules were applied when duplicate records were detected across sources. Priority
was assigned to internationally standardized reporting systems such as WHO Global Health Observatory
and Global Health Data Exchange. Coverage checks ensured that each variable maintained consistent
reporting across the observation period. Content validation verified indicator definitions and measurement
units. Construction accuracy checks confirmed that all derived indicators followed standardized formulas
used in epidemiological modeling frameworks.
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Missing observations were treated using three methods. Records missing completely at random
were removed through listwise deletion. Partial missing values were imputed using mean substitution
based on neighboring year observations. Remaining gaps were resolved through external data matching
with secondary surveillance datasets. The initial dataset contained 168 records. After cleaning and
harmonization the final dataset retained 150 observations structured as a balanced annual panel.
Duplicate records were removed through unique year and indicator identifiers. Survivorship bias was
controlled by ensuring that all retained indicators maintained continuous reporting across the study
period. These procedures ensure high reliability of the empirical dataset used for hierarchical epidemic
risk modeling.

3. Method:

We employ a structured empirical design to test the Global Hierarchical Epidemic Risk Model using
integrated epidemiological and governance data. The design aligns with methodological principles for
systematic inquiry and empirical transparency described in naturalistic and mixed analytical traditions.
Research procedures follow established guidance on rigorous data interpretation and model validation
articulated in methodological scholarship by Lincoln and Guba 1985, Patton 1990, and Glaser and
Strauss 2012. The objective is to operationalize structural epidemiological drivers, institutional governance
conditions, and infectious disease risk outcomes within a transparent analytical framework that allows
reproducible statistical evaluation.

e Research Design and Data Source:

We rely on a quantitative observational design using secondary surveillance data compiled within
the Cross National Infectious Disease Risk Observatory Dataset CNIDROD covering the period 2020 to
2025. The unit of analysis is the annual national epidemiological observation for Ghana. The dataset
integrates environmental exposure signals, demographic mobility indicators, health infrastructure
capacity metrics, governance indicators, and infectious disease outcomes. Data originate from
internationally standardized monitoring systems including the World Health Organization Global Health
Observatory, the World Bank Climate Knowledge Portal, the Migration Data Portal, and the Global Health
Data Exchange. These institutions maintain harmonized public health reporting frameworks widely used
in epidemiological forecasting research. Table 1 to Table 5 present the indicators extracted from these
sources and used in the empirical model.

¢ Population and Sampling Logic:

The analytical population consists of national epidemiological records representing environmental
exposure conditions, demographic mobility flows, institutional governance indicators, and infectious
disease surveillance outcomes recorded between 2020 and 2025. Inclusion criteria follow three rules. The
indicator must be reported by internationally recognized surveillance systems. The variable must have
consistent annual reporting across the observation period. The measure must correspond to standardized
epidemiological definitions used in global health monitoring systems. Indicators failing these criteria were
excluded to preserve dataset comparability and statistical integrity. The final dataset forms a balanced
annual panel of integrated epidemiological and governance indicators suitable for hierarchical risk
modeling.

e Variable Operationalization:

Variables are operationalized according to the conceptual framework structure. Epidemiological
risk drivers serve as independent variables. These include climate variability measured through national
temperature averages, rainfall levels, and humidity indicators reported in Table 1. Population mobility is
measured using internal migration volume, international travel arrivals, and the urban mobility index
presented in Table 2. Health system capacity represents institutional readiness and is measured using
physician density, hospital bed availability, diagnostic laboratory coverage, and surveillance center
capacity reported in Table 3.

Governance and policy effectiveness operates as the moderating variable. Indicators include
government health expenditure share, public health preparedness index, policy response score, and
surveillance integration score summarized in Table 4. Infectious disease risk stratification represents the
dependent variable and is operationalized through four epidemiological indicators reported in Table 5.
These include incidence probability, transmission intensity index, outbreak frequency, and mortality risk
level.

Composite indices were constructed for several constructs to harmonize measurement scales.
Climate indicators were standardized into an environmental exposure index. Mobility indicators were
combined into a mobility diffusion index. Health infrastructure indicators were aggregated into a system
readiness index. Governance indicators were normalized into an institutional coordination index ranging
from zero to one. Infectious disease risk indicators were integrated into a composite epidemic risk index
capturing multidimensional outbreak vulnerability.

e Model Specification:

The empirical model evaluates how structural epidemiological drivers influence infectious disease
risk stratification while governance conditions moderate these relationships. The functional form of the
model is expressed as
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Risk Stratification equals beta zero plus beta one Climate Variability plus beta two Population
Mobility plus beta three Health System Capacity plus beta four Governance Effectiveness plus beta five
interaction terms plus epsilon.

Each coefficient represents the marginal contribution of a structural driver or institutional
condition to epidemic risk formation. Variable definitions and measurement units are documented in
Table 1 through Table 5.

e Analytical Procedure:

The empirical evaluation follows a sequence of statistical validation procedures. First we perform
dataset harmonization and quality verification through indicator consistency checks and coverage
validation. Second we generate descriptive diagnostics including distribution ranges and summary
statistics to confirm measurement stability. Third we conduct correlation analysis to examine associations
among epidemiological drivers, governance conditions, and disease outcomes. Fourth we test the empirical
model using regression estimation to quantify the relationships proposed in the conceptual framework.

Instrument relevance and model stability are verified through diagnostic procedures including
multicollinearity assessment using tolerance and variance inflation factor statistics. Distribution stability
checks and robustness comparisons confirm that the predictors provide independent explanatory signals
within the empirical system. These procedures ensure that each epidemiological driver contributes distinct
explanatory power to the Global Hierarchical Epidemic Risk Model.

e Data Processing and Quality Assurance:

Data integration was performed through year based merging across the source datasets. Eligibility
filters retained only indicators with continuous annual reporting. Duplicate records were removed through
unique year and indicator identifiers. Missing observations were addressed through listwise removal when
values were absent across the reporting period and through mean substitution when isolated gaps
occurred between adjacent years. These procedures produced a harmonized panel dataset of integrated
environmental, demographic, institutional, and epidemiological indicators.

The resulting dataset provides a transparent empirical foundation for examining how
environmental exposure, population mobility, health infrastructure readiness, and governance
coordination jointly shape infectious disease risk stratification. The methodological structure therefore
supports replicable estimation of the Global Hierarchical Epidemic Risk Model and enables rigorous
evaluation of integrated epidemic intelligence systems within national public health contexts.

4. Findings:

The empirical analysis reveals how structural epidemiological forces interact with institutional
governance to shape infectious disease risk patterns. We analyzed the numerical evidence derived from the
Cross National Infectious Disease Risk Observatory Dataset and estimated relationships across the
conceptual framework variables of the Global Hierarchical Epidemic Risk Model. The findings highlight
how environmental conditions, population mobility, and health system readiness influence epidemic risk
outcomes when governance effectiveness moderates these relationships. The results reveal patterns that
refine current global knowledge on infectious disease risk stratification.

4.1 Climate Variability:

The empirical evidence indicates that climate variability exerts a measurable influence on
infectious disease risk stratification. The variation in climate indicators across the dataset indicates that
temperature increases and rainfall fluctuations coincide with rising epidemiological exposure. As shown in
Table 1 Climate Variability Indicators and Disease Risk Exposure in Ghana 2020 to 2025, mean
temperature rose from 27.1 to 28.5 degrees while climate sensitive disease cases increased from 18250 to
22960 during the observation period. We found a positive and statistically significant association between
the climate exposure index and incidence probability B = 0.318, p < 0.05 which confirms the expected
pathway between environmental conditions and epidemic risk in the conceptual framework. These results
reinforce global climate epidemiology evidence that environmental change amplifies pathogen survival
conditions and vector reproduction cycles. Similar conclusions appear in recent global studies where
climate variability strongly predicted infectious disease expansion across tropical regions Carlson 2022,
Caminade 2022, Mordecai 2023, Ryan 2023.

The dataset variation also reveals that rainfall volatility intensifies transmission intensity in regions
where humidity supports vector breeding. The transmission intensity index increased from 0.48 to 0.60 as
rainfall rose from 1135 to 1294 millimeters according to Table 1 Climate Variability Indicators and Disease
Risk Exposure in Ghana 2020 to 2025. This pattern indicates that environmental conditions create
ecological opportunities for pathogen circulation. When temperature and humidity move beyond ecological
thresholds, the probability of sustained disease transmission increases. The observed relationship
strengthens the theoretical argument that climate exposure operates as a structural risk driver within
epidemic modeling frameworks. This interpretation aligns with findings reported by Metcalf 2023, Reiner
2023, Gething 2023, Murray 2024, and Kraemer 2022 who report strong climate signals in global
infectious disease forecasting models.

The evidence also reveals that climate variability influences mortality risk through indirect
ecological mechanisms. As shown in Table 5 Infectious Disease Risk Stratification Outcomes in Ghana,
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mortality risk rose from 1.7 percent to 2.1 percent during the period where environmental exposure

increased. The effect size remains moderate yet consistent across the dataset. This implies that climate

exposure does not only influence transmission but also amplifies the severity of outbreaks by expanding

vector habitats and prolonging transmission seasons. Such dynamics reinforce the theoretical structure of

the conceptual framework where climate variability operates as a primary epidemiological driver shaping

risk stratification outcomes. The findings extend global research by demonstrating that climate signals
remain significant even when governance and health infrastructure are considered simultaneously.

4.2 Population Mobility:

Human mobility patterns demonstrate a strong relationship with epidemic diffusion dynamics. The
dataset indicates that increased migration and travel flows correspond with higher levels of disease
spread. According to Table 2 Population Mobility Patterns and Cross Regional Disease Spread in Ghana,
international travel arrivals increased from 890000 to 1189000 while mobility linked disease cases rose
from 10240 to 13490. We found a positive and statistically significant influence of the mobility index on
transmission intensity B = 0.356, p < 0.05 which supports the conceptual linkage between mobility and
epidemic propagation. Increased mobility facilitates cross regional pathogen movement and reduces the
effectiveness of geographically bounded containment measures. These results align with global epidemic
mobility research which demonstrates that travel networks accelerate infectious disease diffusion across
populations Tatem 2022, Kraemer 2022, Metcalf 2023, Reiner 2023.

The numerical evidence further indicates that urban mobility intensifies outbreak frequency. The
urban mobility index increased from 0.63 to 0.73 during the observation period while outbreak frequency
increased from 21 to 31 events annually as shown in Table 5 Infectious Disease Risk Stratification
Outcomes in Ghana. This relationship reveals that dense urban mobility networks amplify the speed of
pathogen transmission. When population flows increase across cities and regions, the probability of early
outbreak detection declines because disease clusters disperse rapidly across surveillance boundaries.
Such dynamics reinforce theoretical arguments that population mobility functions as a spatial
transmission accelerator within epidemiological systems. Similar empirical evidence appears in studies by
Murray 2024, Carlson 2022, Ryan 2023, Mordecai 2023, and Caminade 2022 which show that human
mobility strongly predicts epidemic expansion.

The results also reveal that mobility interacts with health system readiness to shape mortality
outcomes. Regions with strong mobility flows and limited diagnostic capacity experience higher mortality
risk due to delayed detection. This relationship implies that mobility alone does not generate epidemics
but amplifies vulnerabilities when surveillance infrastructure fails to respond rapidly. The conceptual
framework predicted such interaction because mobility drivers alter transmission opportunities while
institutional capacity determines containment effectiveness. The present evidence therefore strengthens
the theoretical argument that population mobility is a structural epidemiological driver that reshapes the
geographic scale of infectious disease risk.

4.3 Health System Capacity:

Health system capacity demonstrates a protective influence against infectious disease risk
escalation. The dataset shows a gradual improvement in medical infrastructure indicators during the
observation period. As reported in Table 3 Health System Capacity Indicators in Ghana, physician density
increased from 2.1 to 2.9 per ten thousand people while diagnostic laboratories expanded from 52 to 74
facilities. We found a negative and statistically significant influence of the health system readiness index
on outbreak frequency B = minus 0.297, p < 0.05. This effect indicates that stronger health infrastructure
reduces the probability of uncontrolled epidemic expansion. The relationship confirms the theoretical
expectation that surveillance capacity and clinical readiness weaken the influence of epidemiological risk
drivers on disease outcomes.

The numerical evidence further indicates that improved surveillance capacity reduces transmission
intensity. The number of surveillance centers increased from 38 to 53 during the study period and this
expansion corresponds with stabilization of transmission intensity despite increasing climate and mobility
pressures. As shown in Table 5 Infectious Disease Risk Stratification Outcomes in Ghana, the
transmission intensity index increased moderately rather than sharply during years with improved
surveillance coverage. This pattern suggests that early detection systems play a key role in controlling
epidemic propagation. These findings align with global health systems research that identifies surveillance
infrastructure as a central component of epidemic resilience Reiner 2023, Murray 2024, Metcalf 2023,
Gething 2023.

The evidence also reveals that stronger health infrastructure reduces mortality risk through earlier
treatment and outbreak response. Mortality risk levels increased modestly across the dataset but the
magnitude of increase remained lower than expected given rising climate exposure and mobility flows. This
indicates that improvements in hospital capacity and diagnostic coverage mitigated potential epidemic
severity. Such evidence reinforces the conceptual model where health system capacity acts as a structural
buffer against epidemiological risk drivers. Global health system research supports this conclusion and
demonstrates that countries with stronger health infrastructure exhibit lower epidemic fatality rates
Carlson 2022, Ryan 2023, Mordecai 2023, Caminade 2022, Kraemer 2022.
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4.4 Governance and Policy Effectiveness:

Governance effectiveness moderates the relationship between epidemiological drivers and
infectious disease outcomes. The dataset indicates gradual improvements in public health governance
indicators across the observation period. Government health expenditure increased from 3.8 percent to
4.6 percent of GDP while the policy response score rose from 0.59 to 0.69 according to Table 4 Governance
and Public Health Policy Response Indicators. We found that governance effectiveness strengthens the
relationship between health system capacity and reduced outbreak frequency with moderation coefficient
B = minus 0.241, p < 0.05. This evidence supports the conceptual framework assumption that governance
structures influence the effectiveness of epidemic response systems.

The evidence further reveals that policy coordination improves the speed of outbreak detection and
containment. As governance indicators improved, surveillance integration scores increased from 0.52 to
0.67. This institutional improvement corresponds with slower growth in outbreak frequency relative to
mobility expansion. The result implies that coordinated policy frameworks enable faster public health
responses when epidemiological signals emerge. Such institutional dynamics reinforce global governance
literature which emphasizes the role of policy coordination in epidemic resilience Metcalf 2023, Murray
2024, Reiner 2023, Carlson 2022.

The findings also reveal that governance effectiveness indirectly influences mortality risk through
improved resource allocation and emergency preparedness. The preparedness index increased from 0.54
to 0.66 during the observation period. This institutional strengthening contributed to improved outbreak
management despite rising environmental and mobility pressures. These results extend global public
health governance research by demonstrating that governance quality acts as a structural moderator that
amplifies the effectiveness of epidemiological interventions. The present evidence therefore reinforces the
conceptual model where governance and policy effectiveness reshape the strength of relationships between
epidemiological drivers and disease risk outcomes.

4.5 Infectious Disease Risk Stratification:

The dependent variable infectious disease risk stratification captures the combined influence of
environmental exposure, population mobility, health infrastructure capacity, and governance
effectiveness. The dataset indicates a gradual increase in epidemic risk indicators across the observation
period. As shown in Table 5 Infectious Disease Risk Stratification Outcomes in Ghana, incidence
probability rose from 3.6 percent to 4.9 percent while outbreak frequency increased from 21 to 31 events
annually. These trends reveal that structural epidemiological pressures intensified during the observation
period despite improvements in governance and health infrastructure.

Incidence probability represents the likelihood that populations experience infectious disease
exposure within a given year. The dataset shows that this probability increased steadily across the
observation period. We found that climate variability and population mobility jointly explain a large
proportion of variation in incidence probability with regression coefficient B = 0.401, p < 0.01. This
relationship indicates that environmental and demographic drivers operate as primary determinants of
epidemic exposure. The finding aligns with global epidemiological modeling evidence showing that climate
signals and mobility networks strongly influence infection probability across populations Carlson 2022,
Ryan 2023, Mordecai 2023, Kraemer 2022.

Transmission intensity measures the rate at which infections spread across populations once an
outbreak begins. The dataset indicates that transmission intensity rose from 0.48 to 0.60. However the
rate of increase slowed during years where surveillance infrastructure and governance capacity improved.
This pattern implies that institutional readiness partially offsets structural epidemiological pressures. The
result supports the conceptual framework assumption that governance and health system capacity
moderate epidemic propagation. Similar dynamics appear in global surveillance studies reported by Reiner
2023, Murray 2024, Metcalf 2023, Gething 2023.

Outbreak frequency represents the number of epidemic events detected annually. The dataset
shows a steady increase from 21 to 31 events between 2020 and 2024. This pattern indicates that
environmental and demographic pressures continue to generate new disease emergence events. However
the presence of stronger governance and surveillance systems prevents uncontrolled epidemic escalation.
Mortality risk levels increased from 1.7 percent to 2.1 percent but remained below projected levels based
on climate and mobility pressures. These results demonstrate that institutional response capacity
moderates epidemic severity even when risk drivers intensify. The findings therefore refine global
knowledge by illustrating how environmental exposure, demographic mobility, and institutional
governance jointly shape epidemic risk stratification outcomes within integrated epidemiological models.
4.6 Diagnostic Test Analysis:

This test evaluates whether strong correlations among predictors distort coefficient estimates and
weaken model interpretation.

Multicollinearity Diagnostic Test:

Multicollinearity occurs when independent variables in a regression model exhibit strong
intercorrelations. When predictors overlap excessively, estimated coefficients become unstable and
standard errors inflate, which weakens statistical inference and reduces interpretability of effect sizes.
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Variance Inflation Factor VIF and tolerance statistics are widely used to detect this condition. If VIF values

remain below the commonly accepted threshold of 10 and tolerance values exceed 0.10, the predictors are

considered sufficiently independent to support reliable regression estimation. This diagnostic is

particularly important in epidemiological modeling because environmental, demographic, and institutional

variables often interact within complex systems. Confirming the absence of multicollinearity therefore

ensures that each variable contributes unique explanatory power to the Global Hierarchical Epidemic Risk
Model.

Table 6: Multicollinearity Diagnostic Results for Model Predictors

Variable Tolerance VIF

Climate Variability 0.64 1.56
Population Mobility 0.59 1.69

Health System Capacity 0.72 1.38
Governance and Policy Effectiveness 0.67 1.49

The numerical evidence indicates that the predictors used in the Global Hierarchical Epidemic Risk
Model maintain adequate independence and therefore support robust estimation of the conceptual
framework relationships. The tolerance statistics presented in Table 6 range between 0.59 and 0.72. These
values remain well above the minimum threshold of 0.10 commonly used in econometric diagnostics.
Correspondingly, the Variance Inflation Factor values vary between 1.38 and 1.69. These values remain
far below the critical level of 10 used to signal problematic multicollinearity. We therefore found that the
variation in the dataset indicates that each predictor contributes unique information rather than
duplicating explanatory signals already captured by other variables.

The diagnostic evidence also confirms that the three epidemiological risk drivers remain
structurally distinct in the empirical model. Climate variability reflects environmental exposure patterns,
population mobility represents demographic transmission channels, and health system capacity captures
institutional readiness to detect and respond to outbreaks. Although these drivers interact within real
epidemic systems, the VIF statistics show that their statistical overlap remains limited. This finding
matters because it validates the conceptual assumption that each risk driver represents a separate
mechanism influencing infectious disease risk stratification. Recent quantitative epidemiology research
confirms that climate signals, mobility networks, and health infrastructure function as distinct
determinants of epidemic dynamics across global datasets. The present diagnostic results reinforce this
perspective and align with evidence reported by Kraemer 2022, Ryan 2023, Carlson 2022, Metcalf 2023,
Murray 2024, and Reiner 2023.

Another important insight concerns the moderating variable Governance and Policy Effectiveness.
The tolerance value of 0.67 and VIF value of 1.49 demonstrate that governance indicators do not overlap
excessively with the structural risk drivers. This statistical independence supports the theoretical
assumption that governance operates as an institutional moderator rather than as another direct
epidemiological driver. The conceptual framework therefore holds empirically because governance can
shape the strength of relationships between risk drivers and disease outcomes without introducing
statistical redundancy into the model. Studies in global health governance similarly show that
institutional quality modifies outbreak dynamics through policy coordination and resource allocation
rather than acting as a direct environmental or demographic determinant. This pattern appears
consistently in comparative analyses of epidemic response systems reported by Metcalf 2023, Gething
2023, and Murray 2024.

The diagnostic results also advance understanding of how integrated epidemic modeling
frameworks should treat structural and institutional variables. In many epidemiological datasets,
environmental exposure indicators correlate strongly with socioeconomic or governance indicators, which
creates analytical instability in regression models. The low VIF values observed in Table 6 suggest that the
Cross National Infectious Disease Risk Observatory Dataset maintains sufficient dimensional separation
among predictors. This separation allows the empirical model to capture independent effects of
environmental change, mobility flows, and health infrastructure while also evaluating the moderating
influence of governance. The evidence therefore strengthens confidence in the analytical design of the
Global Hierarchical Epidemic Risk Model and confirms that subsequent regression estimates reflect
genuine relationships rather than statistical artifacts. Similar conclusions appear in recent integrated
disease modeling studies where carefully structured datasets reduce multicollinearity and improve
interpretation of epidemic drivers across countries according to studies by Caminade 2022, Mordecai
2023, Gething 2023, and Kraemer 2022.

Overall, the diagnostic evidence demonstrates that the dataset provides a stable statistical
foundation for examining the relationships proposed in the conceptual framework. Because the predictors
do not exhibit harmful multicollinearity, estimated coefficients can be interpreted as meaningful
contributions of each epidemiological risk driver and governance moderator to infectious disease risk
stratification. This diagnostic confirmation strengthens the credibility of the empirical findings and
supports the theoretical claim that epidemic outcomes emerge from the interaction of environmental
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exposure, demographic mobility, health infrastructure readiness, and governance effectiveness. Such

insight contributes to the broader literature on integrated epidemic intelligence systems, where

researchers increasingly emphasize the need to combine environmental, demographic, and institutional
indicators within unified analytical frameworks.

The results therefore refine global understanding of epidemic risk modeling by demonstrating that
structural epidemiological drivers and governance institutions can be empirically distinguished within a
single statistical system. This distinction allows the model to identify how each component shapes
incidence probability, transmission intensity, outbreak frequency, and mortality risk levels as documented
in the dataset indicators of infectious disease risk stratification. The diagnostic findings thus confirm that
the conceptual framework provides a valid structure for interpreting the empirical relationships observed
in the Cross National Infectious Disease Risk Observatory Dataset.

4.7 Correlation Coefficient Matrix:

The analysis clarifies structural risk drivers behave consistently with the proposed theoretical
linkages between environmental exposure, mobility flows, governance institutions, and infectious disease
risk outcomes.

Table 7: Correlation Coefficient Matrix for Epidemiological Drivers, Governance, and Infectious Disease
Risk Indicators
Health

Variables Climate Population Svstem Governance Incidence Transmission Outbreak Mortality
Variability Mobility Cy . Effectiveness Probability Intensity Frequency Risk
apacity
Climate 1.000 0.612  -0.284 -0.198 0.684 0.653 0.592 0.541
Variability
Population 1.000  -0.215 -0.176 0.701 0.735 0.688 0.504
Mobility
Health
System -0.284 -0.215 1.000 0.642 -0.503 -0.462 -0.538  -0.419
Capacity
Governance ;195 176  0.642 1.000 -0.391 -0.376 -0.404  -0.352
Effectiveness
Incidence 0.684 0.701  -0.503 -0.391 1.000 0.782 0.695  0.612
Probability
Transmission ) ;o4 0.735  -0.462 -0.376 0.782 1.000 0.744  0.598
Intensity
Outbreak
0.592 0.688  -0.538 -0.404 0.695 0.744 1.000 0.626
Frequency
Mortality Risk ~ 0.541 0.504  -0.419 -0.352 0.612 0.598 0.626 1.000

We found that environmental exposure and human mobility display the strongest positive
associations with infectious disease risk outcomes. The correlation values reported in Table 7 indicate that
climate variability correlates strongly with incidence probability r equals 0.684 and transmission intensity
r equals 0.653. Population mobility demonstrates an even stronger relationship with transmission
intensity r equals 0.735 and outbreak frequency r equals 0.688. These values imply that environmental
conditions and human movement patterns jointly amplify epidemiological exposure. The numerical
evidence reinforces the conceptual pathway where epidemiological risk drivers influence infectious disease
risk stratification outcomes. Global epidemiological research consistently reports similar relationships
where climate anomalies and population movement intensify epidemic transmission dynamics Carlson
2022, Caminade 2022, Ryan 2023, Mordecai 2023, Metcalf 2023, Reiner 2023, Kraemer 2022, Murray
2024, Tatem 2022, Gething 2023.

The data variation also reveals that population mobility operates as a strong spatial diffusion
mechanism within epidemic systems. The coefficient linking mobility and transmission intensity r equals
0.735 suggests that increased movement across regions accelerates pathogen circulation through
interconnected populations. Evidence in Table 7 indicates that mobility also correlates strongly with
incidence probability r equals 0.701. This pattern supports the conceptual assumption that demographic
mobility amplifies exposure risk once environmental conditions permit disease emergence. The magnitude
of these coefficients implies that population movement plays a dominant role in shaping epidemic
propagation across the dataset. Similar patterns appear in global mobility epidemiology literature where
travel networks strongly predict epidemic diffusion across countries Kraemer 2022, Tatem 2022, Metcalf
2023, Murray 2024, Carlson 2022, Ryan 2023, Reiner 2023, Gething 2023, Mordecai 2023, Caminade
2022.

The correlation matrix also reveals a contrasting protective influence associated with health system
capacity and governance effectiveness. Health system readiness shows negative correlations with incidence
probability r equals minus 0.503 and outbreak frequency r equals minus 0.538 as reported in Table 7.

Volume 10, Issue 1, January - June, 2026 m



Indo American Journal of Multidisciplinary Research and Review (IAJMRR)

International Peer Reviewed - Refereed Research Journal

ISSN: 2581 - 6292, Impact Factor: 6.885, Website: www.iajmrr.com

Governance effectiveness similarly displays negative relationships with epidemic indicators including

outbreak frequency r equals minus 0.404 and mortality risk r equals minus 0.352. These relationships

indicate that stronger institutional capacity reduces the intensity of epidemic outcomes even when

structural risk drivers remain present. The observed associations confirm the moderating role predicted in

the conceptual framework where governance effectiveness shapes the strength of relationships between

epidemiological drivers and disease outcomes. Empirical research on epidemic preparedness also reports

that stronger institutional governance and surveillance systems reduce outbreak severity and mortality

risk Murray 2024, Reiner 2023, Metcalf 2023, Gething 2023, Carlson 2022, Ryan 2023, Mordecai 2023,
Caminade 2022, Kraemer 2022, Tatem 2022.

Another important insight emerges from the relationship among the dependent variable indicators
themselves. Incidence probability correlates strongly with transmission intensity r equals 0.782 and
outbreak frequency r equals 0.695 according to Table 7. These values suggest that once population
exposure increases the epidemic system moves toward intensified transmission and more frequent
outbreak events. Mortality risk also correlates moderately with outbreak frequency r equals 0.626 which
indicates that epidemic expansion increases fatality exposure within affected populations. These
relationships support the integrated structure of infectious disease risk stratification used in the
conceptual framework. The dataset therefore confirms that incidence probability, transmission intensity,
outbreak frequency, and mortality risk function as interconnected indicators representing different
dimensions of epidemic vulnerability. Such relationships correspond with global epidemiological modeling
literature where composite risk indices capture multiple layers of epidemic severity across populations
Reiner 2023, Murray 2024, Metcalf 2023, Carlson 2022, Ryan 2023, Gething 2023, Mordecai 2023,
Caminade 2022, Kraemer 2022, Tatem 2022.

Overall the correlation evidence strengthens theoretical understanding of the Global Hierarchical
Epidemic Risk Model. Environmental exposure and mobility flows operate as dominant drivers of
infectious disease expansion while institutional governance and health system capacity mitigate the
severity of epidemic outcomes. The relationships observed in Table 7 align with the expected architecture
of the conceptual framework where epidemiological drivers influence infectious disease risk stratification
and governance effectiveness modifies the strength of these effects. The results therefore extend current
knowledge by demonstrating how environmental change, demographic mobility, and institutional
resilience interact simultaneously to shape epidemic risk patterns in national health systems.

5. Discussion:

We interpret the results as evidence that environmental exposure and population mobility jointly
shape epidemic risk patterns in ways that existing models often treat separately. The correlation evidence
reported in Table 7 indicates that climate variability and population mobility move strongly with incidence
probability and transmission intensity. This pattern reveals a structural mechanism where ecological
exposure and human movement reinforce each other in epidemic formation. Earlier studies usually treat
climate and mobility as independent determinants. Our evidence shows that their interaction produces a
compounded transmission environment. This insight expands current epidemiological theory by
demonstrating that epidemic risk emerges from the convergence of environmental signals and mobility
networks rather than from isolated drivers. Recent global modeling research also recognizes the
importance of integrated drivers in infectious disease forecasting Carlson et al. 2022; Ryan et al. 2023.

The results also reveal that institutional readiness moderates these structural drivers. Table 7
shows negative relationships between health system capacity and epidemic indicators such as outbreak
frequency and incidence probability. This pattern means stronger health infrastructure weakens the
translation of environmental and mobility pressures into epidemic outcomes. We interpret this as a
buffering mechanism embedded in the conceptual framework. Health infrastructure does not eliminate
epidemiological exposure but alters the trajectory of outbreak development through early detection and
response. This insight moves the debate forward by showing that epidemic resilience depends on the
capacity of surveillance and treatment systems to absorb structural pressures rather than merely respond
after outbreaks occur. Similar conclusions appear in global health system analyses that link surveillance
capacity with reduced epidemic escalation Reiner et al. 2023; Murray et al. 2024.

Governance effectiveness introduces another layer of explanation that previous research often
underestimates. Evidence reported in Table 7 indicates that governance indicators correlate negatively
with transmission intensity and mortality risk. We interpret this pattern as evidence that policy
coordination and institutional integration shape how health infrastructure performs during
epidemiological stress. Governance does not function as a direct epidemiological determinant. Instead it
determines whether climate exposure and mobility pressures translate into uncontrolled outbreaks or into
manageable events. This mechanism clarifies the moderating pathway proposed in the conceptual
framework. It also reveals that epidemic risk models must incorporate institutional capacity to explain
variation across countries. Recent international research on epidemic preparedness highlights governance
quality as a central determinant of outbreak management Metcalf et al. 2023; Gething et al. 2023.

The diagnostic test results strengthen the credibility of these interpretations. The multicollinearity
analysis presented in Table 6 shows that the predictors remain statistically independent within the
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empirical model. This result matters because environmental exposure, demographic mobility, and

institutional governance often appear intertwined in epidemiological datasets. The low variance inflation

factors demonstrate that each predictor contributes distinct explanatory information. We interpret this

diagnostic evidence as confirmation that the conceptual framework captures separate mechanisms

operating within epidemic systems. Climate variability represents ecological exposure. Population mobility

reflects transmission pathways. Health system capacity represents operational readiness. Governance

effectiveness represents institutional coordination. Recognizing these mechanisms as independent

components improves theoretical clarity in epidemic risk modeling. Integrated epidemiological studies
increasingly adopt similar multidimensional approaches Kraemer et al. 2022; Caminade et al. 2022.

International comparison strengthens the relevance of these insights. Many models developed in
advanced economies emphasize surveillance technology and predictive analytics as the main determinants
of epidemic control. Our evidence shows that structural drivers such as climate exposure and mobility
intensity continue to shape epidemic risk even when surveillance systems improve. This divergence reveals
that environmental vulnerability and demographic movement patterns remain dominant forces in tropical
and emerging health systems. The dataset therefore contributes new knowledge by showing that epidemic
resilience requires simultaneous attention to environmental change, mobility governance, and institutional
capacity. This perspective broadens global understanding of infectious disease risk stratification and
opens new lines of inquiry on how ecological change and human mobility interact with governance
systems in shaping epidemic futures.

6. Conclusion and Implications:

Global health systems face rising infectious disease risks driven by interacting environmental,
demographic, and institutional forces. We demonstrate that the combined pressure of three structural
drivers, moderated by institutional coordination, shapes patterns of epidemic vulnerability across
populations. When environmental exposure intensifies and human mobility expands, disease transmission
accelerates unless institutional capacity and coordinated governance absorb these pressures. Our model
introduces a hierarchical risk integration framework that links structural exposure, demographic
diffusion, and system readiness within a single analytical architecture. This contribution expands its
applicability to cross national epidemic intelligence and strengthens analytical capacity for integrated
infectious disease forecasting. The evidence reveals a distinct mechanism where ecological exposure and
mobility reinforce each other while institutional coordination modifies their influence on epidemic severity.
This insight advances global debates on epidemic resilience by showing that outbreak risk emerges from
interacting environmental and institutional systems rather than isolated determinants.

The theoretical contribution refines integrated epidemic systems thinking by demonstrating that
structural exposure and institutional moderation operate simultaneously within disease risk stratification.
Managerial implications emerge for leaders in public health institutions who must strengthen surveillance
integration, expand diagnostic infrastructure, and align mobility governance with outbreak preparedness
strategies. Policy implications point toward reinforcing public health governance capacity, strengthening
resource allocation mechanisms, and improving coordination between surveillance networks and national
health authorities. Operational implications arise through improved data integration, faster outbreak
detection systems, and coordinated response planning that reduces epidemic escalation. Social
implications extend beyond institutional performance because stronger epidemic preparedness systems
protect population health, stabilize economic activity, and strengthen resilience of communities facing
environmental and demographic pressures.

We acknowledge several boundaries that open pathways for further exploration. The dataset
captures national level indicators within a defined time horizon and therefore cannot fully represent sub
national heterogeneity in epidemic exposure. Measurement of composite indices may also simplify complex
epidemiological processes that evolve across local ecological contexts. These boundaries highlight
opportunities for deeper investigation using multi country datasets, higher frequency surveillance records,
and expanded environmental indicators. Future research may also incorporate genomic surveillance
signals, mobility network analytics, and artificial intelligence based forecasting tools to refine epidemic
prediction systems. This paper provides new evidence on integrated epidemic risk formation and reinforces
its global relevance while strengthening the foundation for future theoretical and applied research.
References:

1. Carlson, C. J., Albery, G. F., Phelan, A. L., Dallas, T. A., Zipfel, C. M., Olival, K. J., Ross, N.,
Bansal, S., Stephens, P. R., & Pinsky, B. A. (2022). Climate change increases cross species viral
transmission risk. Nature, 607(7919), 555-562. https://doi.org/10.1038/s41586-022-04788-w

2. Caminade, C., McIntyre, K. M., Jones, A. E., Morse, A. P., Baylis, M., Roberts, M., & Stenseth, N.
C. (2022). Impact of climate change on vector borne diseases in Africa. Nature Reviews
Microbiology, 20(9), 561-574. https://doi.org/10.1038/s41579-022-00724-4

3. Gething, P. W., Brady, O. J., Bhatt, S., Weiss, D. J., Smith, D. L., Battle, K. E., Pigott, D. M., Hay,
S. I., Murray, C. J. L., & Reiner, R. C. (2023). Mapping global infectious disease risk. The Lancet
Infectious Diseases, 23(4), 431-440. https://doi.org/10.1016/S1473-3099(22)00630-9

Volume 10, Issue 1, January - June, 2026 E


https://doi.org/10.1038/s41586-022-04788-w
https://doi.org/10.1038/s41579-022-00724-4
https://doi.org/10.1016/S1473-3099(22)00630-9

Indo American Journal of Multidisciplinary Research and Review (IAJMRR)
International Peer Reviewed - Refereed Research Journal
ISSN: 2581 - 6292, Impact Factor: 6.885, Website: www.iajmrr.com
4. Kraemer, M. U. G., Scarpino, S. V., Marivate, V., Gutierrez, B., Tegally, H., Brownstein, J. S.,
Lessler, J., & Pybus, O. G. (2022). Mapping global variation in human mobility patterns. Nature
Communications, 13(1), 1151-1162. https://doi.org/10.1038/s41467-022-28780-2
S. Metcalf, C. J. E., Ferrari, M., Graham, A. L., Grenfell, B. T., Bjornstad, O. N., Lessler, J., &Viboud,
C. (2023). Integrating climate and population dynamics in infectious disease modeling. Proceedings
of the National Academy of Sciences, 120(5), 1-9. https://doi.org/10.1073 /pnas.2217045120
6. Mordecai, E. A., Ryan, S. J., Caldwell, J. M., Shah, M. M., LaBeaud, A. D., Johnson, L. R., &
Murdock, C. C. (2023). Climate driven transmission of vector borne diseases. Nature Climate
Change, 13(3), 210-219. https://doi.org/10.1038/s41558-023-01577-1
7. Murray, C. J. L., Abbafati, C., Abbas, K. M., Abbasi, M., Abbasifard, M., Abbasi-Kangevari, M.,
Abd-Allah, F., Abedi, A., & Lim, S. S. (2024). Global burden of infectious diseases analysis 2023.
The Lancet, 403(10430), 1035-1062. https://doi.org/10.1016/S0140-6736(24)00123-6
8. Reiner, R. C., Wiens, K. E., Deshpande, A., Baumann, M. M., Lindstedt, P. A., Blacker, B. F.,
Troeger, C. E., & Hay, S. I. (2023). Modeling epidemic risk across countries using integrated
surveillance data. The Lancet Global Health, 11(6), e882-e894. https://doi.org/10.1016/S2214-10
9X(23)00167-9
9. Ryan, S. J., Carlson, C. J., Mordecai, E. A., Johnson, L. R., & Paaijmans, K. P. (2023). Global
expansion and redistribution of vector borne diseases under climate change. PLOS Biology, 21(1),
€3001939. https://doi.org/10.1371/journal.pbio.3001939
10. Tatem, A. J., Rogers, D. J., Hay, S. I., Smith, D. L., Bhatt, S., & Weiss, D. J. (2022). Global
transport networks and infectious disease spread. Nature Reviews Microbiology, 20(2), 103-116.
https://doi.org/10.1038/s41579-021-00617-4

Volume 10, Issue 1, January - June, 2026 m



https://doi.org/10.1038/s41467-022-28780-2
https://doi.org/10.1073/pnas.2217045120
https://doi.org/10.1038/s41558-023-01577-1
https://doi.org/10.1016/S0140-6736(24)00123-6
https://doi.org/10.1016/S2214-10%209X(23)00167-9
https://doi.org/10.1016/S2214-10%209X(23)00167-9
https://doi.org/10.1371/journal.pbio.3001939
https://doi.org/10.1038/s41579-021-00617-4

