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Abstract: This research explores the role of leading and lagging indicators in risk management and system resilience. By analyzing
various predictive models and statistical methods, the study evaluates how integrating both types of indicators enhances risk forecasting
and improves decision - making processes. The findings suggest that while leading indicators offer early warnings, lagging indicators
provide essential feedback for refining strategies. The study concludes that a balanced integration of these indicators strengthens system

resilience and reduces the adverse effects of uncertainties.
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1. Introduction

As external and internal environments fluctuate, ensuring
system stability has made risk management a crucial task
across various domains. Systems, including economic,
technological, and organizational ones, are vulnerable to risks
that can lead to significant consequences. Therefore, it is
essential to have tools that enable the timely identification of
threats and adaptive responses to their changes.

One such tool is the use of indicators that allow for forecasting
changes and assessing risks. In this context, two types of
indicators are distinguished: leading and lagging. Leading
indicators facilitate the prediction of changes and risks while
lagging indicators capture the consequences of past events
and reflect the system’s responses to external impacts. The
combination of these types of indicators enhances forecasting
accuracy and improves the quality of decision - making.

Understanding the interplay between leading and lagging
indicators is essential for developing robust risk mitigation
strategies. This study provides a framework for assessing how
these indicators contribute to predictive analytics and
adaptive management

This study is relevant as it highlights the need to integrate
different types of indicators into risk management systems for
effective threat monitoring and analysis.

The purpose of the study is to analyze existing indicators for
threat forecasting and assessing the resilience of management
objects.

2. Materials and Methods

The study by Pera F. et al. [1] explores the use of indicators
for assessing organizational resilience in the context of safety,
emphasizing their role in early - stage risk forecasting. The
work of Brocal Fernandez F. et al. [2] presents a classification
of leading indicators designed for dynamic risk assessment in
complex management systems encompassing quality, safety,
and environmental protection. This approach aids in threat
prediction.

The study by Amer L. et al. [3] examines the application of
indicators for evaluating the resilience of infrastructure in the
context of rising sea levels, an increasingly relevant issue due
to climate change. Leading indicators allow the identification
of threats at an early stage, mitigating potential consequences.
In the work by Ota L. et al. [4], the use of these indicators is
analyzed in the context of ecosystem restoration, such as
reforestation, which facilitates efficient natural resource
management and underscores the role of lagging indicators in
monitoring changes.

The article by Yorio, P., Haas, E., Bell, J., Moore, S., and
Greenawald L. [5] investigates the relationship between
injuries and accidents in mining enterprises. It explores the
potential of using lagging indicators as leading ones,
identifying patterns between incidents and worker risks, and
deepening the understanding of temporal dependencies in
occupational safety.

For the practical part of this study, sources [6, 7] were used.
In article [6], authored by Oshilalu A. Z. and Baldie Y. C., the
focus is on analyzing the oil and gas division of General
Electric. The study employs a conceptual approach to
evaluate the corporation's current strategy and predict its
development directions amidst global market instability and
technological changes. The authors highlight the importance
of planning for multinational corporations, particularly
considering the role of the oil and gas sector in the company’s
economic situation.

The information from the source [7], available on the website
www.adbadger. com, examines inventory management
processes. The use of analytics and tools such as Amazon
Advertising enables optimization of product procurement and
distribution. In a competitive environment where price,
service quality, and delivery speed are critical factors, such
approaches contribute to improving operational efficiency.

However, the universality of these approaches remains
underexplored, as research tends to focus on specific sectors
such as ecology, safety, or infrastructure.
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As a methodological basis for writing the paper, a
comparative analysis of the results of other studies was used.

3. Results and Discussion

The effectiveness of risk management depends on the
system's ability to adapt to changes in the external
environment and subsequently respond to them. Resilience
depends on both monitoring risk consequences and predicting
their occurrence. Leading indicators allow for the
identification of signs that could lead to unforeseen situations.
These indicators capture changes preceding events, enabling
timely measures to mitigate potential consequences.

In terms of classification, indicators can be divided by their
application areas. In the financial sector, they include
parameters such as volatility indices, liquidity changes, and
the structure of debt obligations. In the social sphere,

indicators are associated with assessing migration levels and
public dissatisfaction. For technical systems, these are
indicators of equipment wear and the frequency of alarm
triggers. It is also essential to consider both the temporal and
spatial characteristics of these indicators. Certain indicators
offer early warnings months or years ahead, whereas others
alert only weeks or days before.

Leading indicators have limitations. Their sensitivity to
external factors can lead to false signals. For example,
fluctuations in exchange rates may be caused by short - term
market changes or could signal serious economic problems.
As a result, such signals require additional analysis and the
application of other methods to test hypotheses. Modern
statistical methods make it possible to integrate various
information sources, but challenges related to data quality
remain relevant [1, 2, 4]. Below is a table describing the
elements of using modern technologies in the context of
leading indicators.

Table 1: Elements of the Use of Modern Technologies in the Field of Leading Indicators [1, 2, 4].

Element Description Data Types Integration Methods Advantages
Sensors and devices that collect data Automatic data collection
on equipment conditions, production | 1.Equipment condition - 1.Timely data collection.
Internet of . - using sensors, and -
. processes, environmental state, or user | data. 2. Production | . . : 2. Improved forecasting
Things o . - . . integration with process -
activity. Used as leading indicators in | process information.3. accuracy and operational
(1oT) - - - . management systems for ?
industries such as manufacturing, Environmental data. - responsiveness.
! analysis.
energy, healthcare, and transportation.
. Use of data processing -
Dgta fr°”.‘ various sources such 35 1 1. Social media data.2. technologies for collection, L. Ability to process and
social media, news portals, economic . analyze large volumes of
. News and blog data.3. | storage, and analysis. A
Big Data reports, and others, are processed . . - o data. 2. ldentification of
. A Economic and | Integration into unified | .
using technologies like Hadoop, - . - hidden patterns and trends
financial reports. platforms for analytics and -
Spark, or NoSQL databases. . for forecasting.
forecasting.
Data obtained from external sources, | 1. News and media | Collection and integration 1'r£?§:gggzl data to refine
Third - |including news, financial reports, and | data.2. Weather and | of data through APIs or predi .
. . . Consideration of external
Party Data weather forecasts, for creating climate data.3. | dedicated channels for .
i - . - - factors  for  improved
accurate predictions. Financial reports. analysis and forecasting. accuracy

Lagging indicators, on the contrary, capture changes that
occur after actions have been taken, allowing for the
evaluation of the outcomes of measures implemented to
mitigate risks. These parameters reflect the consequences of
decisions without influencing the emergence of crises. In risk
management, they include indicators such as return on assets
and debt burden, which demonstrate the effects of incorrect
decisions. In healthcare, they encompass metrics like
mortality rates and the frequency of emergency
hospitalizations, providing insights into the results of
implemented measures.

These indicators primarily serve a retrospective role, focusing
on analyzing past events. They are unable to influence the
situation at the moment a problem arises, as they record
changes that have already occurred, preventing timely
intervention in ongoing processes. In crises, their function is
limited to analyzing causes rather than preventing new risks.
These parameters are marked by inertia, complicating
responses even when information about an incident has been
received [1, 3, 5]. Table 2 below describes the methods used
to analyze lagging indicators.

Table 2: Methods of analysis of lagging indicators [1, 3, 5].

'\g\erle(;/ dsi(;f Description Types Applicable Data Application
This method analyzes relationships 1) Economic indicators (e.
between changes in the system and 1) Linear regression g., GDP, unemployment |1) Evaluating the
external factors by recording the impact (used for simple rate). impact of external
. of risks that have already occurred. dependencies). 2) Industrial data (e. g., factors on internal
Regression . - . - -
Analysis Linear and nonllnea_r regression m_odels 2) Nonllngar productlor_1 levels, energy processes.
are used to establish dependencies regression (used consumption). 2) Forecasting the
between changes in the economy, for complex 3) Environmental data (e. g., consequences  of
industry, or ecosystem and the resulting dependencies). pollution, climate system changes.
outcomes. change).
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Lagging indicators, such as profitability

Trends how changing conditions can affect the

system and its resilience to such changes.

1) Cyclical trends
(regular changes

Analysis of metrics or production levels, can be in the economy or
Cyclical and | analyzed considering cyclicality and production).
Seasonal seasonal fluctuations. This helps assess | 2) Seasonal trends (e.

g., changes in
demand for goods
across seasons).

1) Assessing system
resilience to
seasonal and
cyclical changes.

2) Forecasting
system behavior
depending on the
season or
economic cycle.

1) Financial indicators (e.
g., profitability, product
sales).

2) Production data (e. g.,
production output levels
by months or years).

The integration of leading and lagging indicators plays a
significant role in risk management, as it allows timely
responses to threats and an analysis of the consequences of
incidents through adjustments. However, improving risk
management requires the integration of indicators directly
into monitoring systems, which is achieved through the
following technologies: the Internet of Things, utilizing
sensors placed in production and social systems, to monitor
parameters such as temperature, pressure, humidity, and
equipment condition, enabling the tracking of changes.
Analytical systems process data to ensure timely access to
necessary information, providing up - to - date insights for
decision - making.

When an indicator detects a risk, measures must be taken to
minimize losses. Response systems are used for this purpose,
enabling adaptive actions in response to emerging changes.
Process automation is carried out through algorithms that
adjust strategies and decisions based on indicator data,
ultimately contributing to loss reduction and the adaptation of
business strategies to changes in the external environment [2,
3]. Below are examples of companies using leading and
lagging indicators.

General Electric is considered one of the most successful
corporations of the 20th century, with a vast multinational
conglomerate and one of the most innovative business units
globally. The organization uses leading indicators in its
operations to predict potential risks. Analyzing orders in the

Table 3: The impact of usin

energy sector allows the company to identify changes in cash
inflows and adjust revenue expectations. In 2020, General
Electric reported a 35% decline in profit due to a drop in
orders in aviation and energy, driven by market responses to
changes. In production, the company applies indicators aimed
at preventing incidents and enhancing safety levels. The
number of safety training sessions conducted and identified
threats at production facilities serve as tools for risk
forecasting, enabling timely action. Lagging indicators, such
as the number of incidents, response times, and the
effectiveness of employee training after incidents,
demonstrate the efficacy of the adopted safety policy and the
speed of threat mitigation [6].

Amazon employs various indicators to manage warehouse
inventories and optimize logistics processes. Consumer
demand forecasts, changes in user behavior, and advertising
campaign analytics form the basis for future projections,
helping to balance inventory and ensure the uninterrupted
operation of supply chains. Lagging indicators, such as actual
product sales, the number of returns, profit reports, and
operational expenses, provide insights into the company's
performance, allowing for strategy revisions and rapid
responses to external factors [7].

Below, Table 3 outlines the impact of using leading and
lagging indicators for risk management and improving system
resilience.

leading and lagging indicators (compiled by the author)

Method Impact Features Limitations Future Trends
- Require reliable data - Increasing use of
Leading | - Help predict future risks. - Facilitate |for analysis. - May be | - Results depend directly on the machine learning
Indicators timely responses to changes. subjective and accuracy of the data. algorithms for accurate
inaccurate. risk prediction.
- Reflect on event:s th?t have a_lready - Operate with - Do not allow for early .
. occurred and provide information on S . e . - Development of big
Lagging - historical data. - Can | identification of risks. - Evaluate ;
: the consequences of risks. - Used to R data analytics for
Indicators - account for new or |situations based only on past data, .
assess the effectiveness of current hi h hich | | analyzing past events.
decisions. idden threats. which may not always be relevant.

The use of leading and lagging indicators requires modern
methods of data analysis, machine learning, and process
automation. Integrating these tools into monitoring and risk
management systems enhances system resilience and
adaptability.

4. Conclusion

This study highlights the crucial role of integrating leading
and lagging indicators in risk management. While leading
indicators enable proactive decision - making, lagging
indicators validate past strategies, ensuring continuous
improvement. Future studies should explore advanced

machine learning techniques for enhancing indicator - based
risk assessments.
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