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Abstract—As inverter-based resources’ integration in power
grids increases, their uneven distribution across the electrical
network leads to the formation of local regions that are weakly
coupled to the larger interconnection. This signifies the necessity
of regional frequency dynamics investigation and analyzing vari-
ous inertia metrics. This paper presents a practical methodology
for estimating regional rate-of-change of frequency (RoCoF)
using actual event recordings, which is then used to evaluate
regional inertia. Florida (FL) is selected as the region of interest
due to its distinct regional frequency dynamics and the rising
levels of solar generation. We identify and analyze confirmed
events from 2017 to 2024 that occurred in FL. The results
indicate that FL contributes about 14% to the total inertia of
the US Eastern Interconnection, which approximately matches
its share of generation capacity. Results also highlight seasonal
fluctuations in energy generation, which play a significant role in
influencing inertia and thus the RoCoF levels. This emphasizes
the importance of estimating regional inertia to enhance grid
operations for a future that focuses on distributed generation.

Index Terms—Florida, inverter-based resources (IBRs), rate-
of-change of frequency (RoCoF), regional inertia

I. INTRODUCTION

As inverter-based resources (IBRs) become more prevalent,
they contribute to a noticeable decline in the system’s overall
inertia. This decline in inertia may lead to a lower frequency
nadir and an elevated rate-of-change of frequency (RoCoF).
Such changes can inadvertently activate under-frequency pro-
tective devices [1]. IBRs are spread unevenly, which causes
some areas to become weakly connected to others. This results
in a reduction of dynamic coupling between the region and the
wider interconnection. Consequently, the inertial support that
each region receives from the entire system is restricted [2].

The inertia estimation results in [3]–[6] suggest that the
interconnection-level inertia in the United States (US) is not
declining in the past decade as expected, and it may be
enough to limit the interconnection RoCoF to an acceptable
level during any contingency. However, the local and regional
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RoCoF might cross the equipment’s designed thresholds. This
may result in cascaded loss of generators, starting from the
low-inertia regions and spreading to the whole interconnection.
Therefore, there is an urgent need to estimate the regional
inertia for situational awareness and to plan some mitigation
measures.

Existing methods for inertia estimation can be broadly
categorized as model-based and measurement-based methods.
The most common model-based method includes an inertia
summation approach that adds the inertia of all online gen-
erators [5]. This method is limited because it excludes the
inertia from both IBRs and the load. Instead, the measurement-
based method uses data collected by phasor measurement
units (PMUs). These data can come from regular grid activity,
probing signals, or actual disturbance events. The ambient data
approach relies on normal load changes in the grid; however,
this approach requires filtering out the noise from the data, and
this process leads to inaccurate results with added complexity.
The probing approach, such as [7], is invasive and requires
additional investment and configuration for devices to probe
signals into the grid.

The event-driven approach estimates system inertia by an-
alyzing system frequencies and power fluctuations that occur
during major grid disturbances. Although the events can be
limited in number, they help in yielding effective inertia
values that include contributions from synchronous generators
(SGs), IBRs and load, thus, serving to obtain a more accurate
inertia estimate. As compared to the ambient and probing
approaches, the event-driven approach reveals how the system
truly responds under stressful conditions. Furthermore, the use
of real event data in inertia evaluation helps in capturing
the subtle real power system behavior that is difficult to
capture using modeling-based methods. Other methods include
machine learning applications such as in [8], where features
from PMU measurements are extracted to estimate the inertia.
However, this is a black box method that needs a huge amount
of data to train the model.

This paper introduces an event-driven approach for evaluat-
ing the regional inertia by estimating the RoCoF using actual
event data. The approach integrates frequency responses from
all generation sources connected to the region’s power system.
First, an electrical region is identified within the Eastern
Interconnection (EI). Then, a RoCoF estimation technique is



applied to calculate the region’s RoCoF. The obtained result
is used to calculate the inertia of the region. Florida (FL) is
selected as an interesting use case in this study for estimating
its regional grid inertia due to its distinct regional frequency
dynamics and the rising levels of renewable generation.

The remaining sections of the paper are organized as fol-
lows: Section II outlines the approach for identifying a region
and introduces key concepts related to regional inertia; Section
III details the source of frequency measurements used; Section
IV describes the methodology for estimating regional inertia;
and Section V provides the estimation results and compares
them with interconnection-wide values. Finally, the paper
highlights major findings and suggests potential directions for
future research in section VI.

II. REGIONAL INERTIA CONCEPT

A. Region Identification

When a generation trip event occurs in an area that is
weakly coupled to the rest of the interconnection, the region
might experience substantial swings of frequency around the
central frequency of the system [9]. In areas close to the
event location, where coupling to the broader interconnection
is weak, frequency sensors detect a sharper and earlier fre-
quency drop. In contrast, frequencies in other areas drop more
gradually. This behavior can help locate a region by examining
how frequency responses vary with connection strength and
distance from where the event occurred.

The real case, depicted in Fig. 1, further exemplifies such
dynamics. The generators in FL show a steep frequency
decline before other regions begin to experience any change.
This indicates that FL may be somewhat decoupled from the
rest of the system. This weaker coupling is evidenced by
the large frequency swings around the central frequency, as
indicated by measurements in FL, with the interconnection
frequency represented by the black curve. The other areas such
as GA, SC, NC, AL, TN, NY, VA, etc., however, seem more
tightly integrated with the interconnection. This is because the
frequencies in these areas exhibit a more gradual and delayed
frequency decline. This lag happens because inertial forces
from across the interconnection take time to propagate over
the wide area to the event’s origin point. These insights depict
how analyzing frequency dynamics can help identify weakly
coupled regions like FL.

B. Inertial Response

SGs can inherently provide kinetic energy from their rotat-
ing mass whenever there is a mismatch between the load and
generation due to a system event. The ability to provide kinetic
energy and oppose the change in frequency is referred to as
inertial response. The equation that governs these dynamics is
the swing equation, which can be simplified as [10], [11]:

dfi
dt

=
Pmi − Pei

2HiSi
fs (1)

where the system has n number of connected generators, fi
is the frequency of i th individual generator, fs is the nominal

Measurements 
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Interconnection 
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Fig. 1. A generation outage illustrating the frequency changes across the
whole eastern interconnection.

system frequency, Pmi and Pei is the mechanical and electrical
power respectively, Hi represents inertia constant, Si indicates
rated capacity of the generator, and i = 1, ..., n.

For a group of generators within a defined electrical area,
the swing equation describes this behavior as:

dfreg
dt

=
Pm − Pe

2HregSreg
fs =

∆P

2HregSreg
fs (2)

where the power imbalance between load and generation is
given by ∆P , the central frequency of the region is represented
by freg , Hreg is the inertia of the region, and Sreg represents
the system capacity of the region. freg is calculated as the
weighted average of local frequencies from multiple areas as
[12]:

freg =

∑m
j wjfj∑m
j wj

(3)

The weight wj indicates how much inertia each area con-
tributes within a region. In real-world use, it’s necessary to
rely on generator-specific information—such as rated power
or inertia constants—to determine these weights. One common
method is to estimate weights based on the product of a gener-
ator’s rated output and its inertia constant. However, accurately
tracking generator dispatch data during actual events is often
difficult. To simplify the process, it’s sometimes assumed
that all areas have the same weight. While convenient, this
assumption can lead to a slight over- or underestimation of
the system’s actual inertia.

III. FREQUENCY MEASUREMENT

This work utilizes frequency data sourced from
FNET/GridEye, a network consisting of over 300 Frequency
Disturbance Recorders (FDRs) distributed throughout the US.
These devices capture high-resolution frequency, voltage, and



phase angle information from various locations. The study
focuses on past event data recorded by the FDRs, which is
stored on servers hosted at University of Tennessee, Knoxville
and Oak Ridge National Laboratory [13].

IV. PRACTICAL METHODOLOGY FOR REGIONAL INERTIA
EXTRACTION

Once the coherent group of generators is observed through
the visual inspection of frequency clusters, as in Fig. 1, we can
identify a region. Following the region identification process,
the steps shown in the proposed flow chart in Fig. 2 are carried
out for the regional inertia estimation.

A. Regional Frequency

The frequency data collected by the FDRs in a specific
region are used to calculate the central or regional frequency
of that region. This value is determined using the formula
provided in expression (3). The frequency data, denoted as fi ,
is given by the frequency measured by the different FDRs. The
frequency estimate obtained using such an averaging method
helps in filtering the measurement noise and impact of outlier
readings. Fig. 3 shows the regional frequency dynamics cap-
tured during a generation trip event. The black curve represents
the regional frequency and the other curves illustrated by
multi-colors are the frequency curves from different parts of
the region.

B. Event Point Detection

In order to precisely compute the RoCoF, we need to first
detect the event start point (time). In Fig. 3, the event point
is represented by Point “A”. The event point in the curve
is the point after which there is a sharp drop in frequency.
Therefore, to determine such a turning point when an event
takes place, we compute the difference between the following
two successive RoCoF and choose the maximum as:

RoCoFDiff = max |RoCoF (t)pre −RoCoF (t)post| (4)

where RoCoF (t)pre is the RoCoF calculated using the fre-
quency points represented by yellow and red colors in Fig. 3.
These points are separated by a time window of ∆t. Similarly,
RoCoF (t)post is determined using the frequency points rep-
resented by red and blue colors in the figure. The frequency
point which has the maximum difference between pre-RoCoF
and post-RoCoF is chosen as point “A”. This technique gives
us the most significant change in RoCoF. And, this represents
the event start point for a given frequency curve during an
event.

We have computed the value of RoCoFDiff for each point
within a specific time period. This period starts from 8-10
seconds before the event. This is conducted to avoid capturing
sudden unwanted frequency spikes from sensors during the
event detection process.

C. RoCoF Estimation

RoCoF estimation methods can either be non-window-
based or window-based methods. Non-window-based methods
process data continuously and are more vulnerable to the
transient noise. In contrast, window-based methods are known
for their greater accuracy in estimating RoCoF due to their
ability to filter out noise by segmenting data into multiple
intervals [14]. However, window-based methods can have
different window sizes based on the inertia of the target power
system network. The proposed approach is a hybrid method,
which leverages the strengths of both methods. Specifically,
the frequency estimate is carried out using the average of
the frequency measurements from all FDRs, which effectively
mitigates the impact of minor noises. The noise reduction
is the main strength of window-based methods, while the
continuous calculation of RoCoF utilizing the moving 0.1
second time window ensures high temporal resolution, which
is a key feature of non-window-based methods. Uniquely,
the generation trip in a large power system generally does
not induce the frequency spikes, which further ensures stable
RoCoF estimation [14]. In this proposed methodology, RoCoF
is calculated using the moving time window within 0.5 second,
according to the NERC (North American Electric Reliability
Corporation) standard [15].

A finer time window of 0.1 sec (which is the smallest
interval) is used to calculate the RoCoF between the two points
following the event onset time, as determined in Section IV.
B. These points are represented by green colors in Fig. 3. The
point having the maximum RoCoF within the 0.5 sec after
point “A” is selected for calculating event regional RoCoF.
This value is then used for further calculation of regional
inertia. By combining noise reduction (via FDR averaging)
with high-resolution RoCoF tracking during the most dynamic
post-event phase, the hybrid method balances accuracy and
responsiveness. As a result, it is a robust solution for analyzing
regional power system dynamics during critical events.

D. Inertia Estimation using Real Events

To estimate regional inertia using real events, in addition to
the previously calculated RoCoF, only the power imbalance
data is needed. This power mismatch information is sourced
from a verified NERC list of events, that includes MW sizes
and locations. Only events within the targeted region are
considered to ensure relevance. By observing how frequency
changes during such events, the inertia of that specific region
is estimated. Equation (5) shows the rearranged formula used,
and the resulting inertia is expressed in MVA·s, a common
unit for energy-related inertia.

HregSreg =
∆P

2
dfreg
dt

fs (5)

V. INERTIA RESULTS AND ANALYSIS: FLORIDA CASE

In 2023, more than 8.5% of the country’s utility-scale solar
energy was generated in FL [16]. This ranked the state third in
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moving time window RoCoF calculation.

the nation for solar energy production [16], [17]. As FL con-
tinues to reduce coal-fired generation and invest in renewable
like solar (planning to double its solar capacity between 2023-

2026 [16]), the region’s inertia has become a growing concern.
As of the latest energy portfolio assessment [18], Florida’s
total installed solar capacity has reached approximately 14%,
as depicted in the generation breakdown pie chart illustrated
in Fig. 4. The state’s location at the southeastern tip of the
US creates a geographical barrier, with limited high-capacity
transmission lines connecting it to neighboring states. This
restriction hinders FL’s integration into the larger electrical
grid and increases its vulnerability to local disturbances. FL
imported less than 3% of the needed electricity in 2022 [17],
demonstrating an increasing reliance on in-state generation.
This underscores the necessity for regional inertia estimation,
which helps grid operators assess the grid’s ability to respond
to disturbances. Additionally, the state’s frequent exposure to
hurricanes and tropical storms further highlights the impor-
tance of accurately estimating regional inertia.

From 2017 to 2024, thirteen verified events took place in FL.
Table I provides detailed inertia results from these events using
power mismatch data from NERC. It lists key parameters such
as local and regional RoCoF, local and regional inertia, and the
time it takes for inertia support to arrive. The local RoCoF is
derived from the FDR closest to where the event began. This
initial frequency drop, before recovery, captures the dynamics



TABLE I
COMPREHENSIVE INERTIA EVENT ANALYSIS FOR FLORIDA REGION

Event Number 1 2 3 4 5 6 7 8 9 10 11 12 13

Event Date (UTC) 9/8/2017
17:31

9/10/2017
22:55

1/25/2018
02:47

5/22/2018
17:43

10/12/2018
17:53

10/29/2018
17:16

3/18/2019
23:58

3/30/2019
00:35

4/25/2019
13:18

7/5/2019
20:00

10/6/2022
03:16

5/12/2023
23:19

06/10/2024
14:00

Power Mismatch (MW) 757 770 370 757 994 971 540 511 1000 850 505 570 650

Interconnection RoCoF
(mHz/s)

6.7 10.8 5.9 6.3 13.4 13.9 7.2 5.9 14.5 6.0 6.7 8.2 4.6

FL RoCoF (mHz/s) 26.7 11.9 30.3 44.4 12.4 103.1 56.1 58.4 135.0 31.3 45.8 54.5 19.8

Local RoCoF (mHz/s) 57 190 97 104 397 268 84 184 382 134 94 204 86

Hintercon (MVA·s) 3.42 ∗ 106 2.14 ∗ 106 1.90 ∗ 106 3.60 ∗ 106 2.23 ∗ 106 2.10 ∗ 106 2.25 ∗ 106 2.61 ∗ 106 2.08 ∗ 106 4.27 ∗ 106 2.53 ∗ 106 2.09 ∗ 106 4.22 ∗ 106

HFL (MVA·s) 8.50 ∗ 105 1.95 ∗ 105 3.67 ∗ 105 5.11 ∗ 105 2.40 ∗ 105 2.83 ∗ 105 2.89 ∗ 105 2.63 ∗ 105 2.22 ∗ 105 8.16 ∗ 105 3.31 ∗ 105 3.14 ∗ 105 9.85 ∗ 105

Hlocal (MVA·s) 3.98 ∗ 105 1.22 ∗ 105 1.14 ∗ 105 2.18 ∗ 105 7.51 ∗ 104 1.09 ∗ 105 1.93 ∗ 105 8.33 ∗ 104 7.85 ∗ 104 1.90 ∗ 105 1.61 ∗ 105 8.38 ∗ 104 2.26 ∗ 105

Inertial Support Arrival
Time (s)

0.9 1.5 0.8 1.1 1.1 1.1 1.0 0.7 0.9 1.4 0.7 0.9 1

HFL/Hintercon (%) 24.9 9.11 19.3 14.2 10.8 13.5 12.8 10.1 10.7 19.1 14.7 15.0 23.3

specific to the area. The regional RoCoF reflects system-wide
behavior across FL and is computed using all FDR data. The
first episode of the frequency decline before the recovery
can be analyzed by capturing the frequency dynamics from
the closest FDR. This allows for the determination of local
RoCoF and thus, local inertia. The regional RoCoF reflects the
RoCoF of the entire FL region. It is obtained from the regional
frequency that utilizes data from all the FDRs deployed in
FL. For the regional RoCoF, a moving RoCoF approach is
employed as described in Section IV.C.

The inertia support arrival time is the time difference
between when the local frequency drops and when the inter-
connection frequency does. This indicates how quickly support
reaches the region. For FL, this time is about one second,
meaning inertial support from the EI arrives roughly one
second after an event. The interconnection frequency begins to
drop about one second after the disturbance occurs in the FL
region, highlighting the response time for inter-area inertial
support. The interconnection inertia is estimated using the
RoCoF derived from the interconnection frequency behavior.
The method follows the approach described in [4] to compute
the interconnection inertia. As shown in the last row in Table
I, FL contributes approximately 14% to the total inertia of the
EI; this is also illustrated in Fig. 5.

Fig. 4. Percentage share of installed capacity by generation type.

The total generation capacity of the whole EI is around

Fig. 5. Estimated inertia of Florida and Eastern Interconnection using the
event-based approach. The stacked bars show Florida’s relative contribution
across multiple disturbance events.

700 GW [18]. While for FL, it is around 70 GW [17], which
suggests that FL contributes about 10% to the total generation
capacity of EI. The close match between generation capacity
share and inertia contribution indicates that the event-based
estimation method provides reasonably accurate results. Minor
discrepancies may occur due to variations in fuel types across
different regions or specific dispatch decisions during the
event. Additionally, the analysis shows that inertia values tend
to be highest during the summer months. This is because
summer months are known to have the highest generation
commitment among all.

For example, Event 10 (July 5, 2019) occurred in summer
with an 850 MW mismatch, yielding a relatively low FL Ro-
CoF of 31.3 mHz/s. This lower RoCoF value can be attributed
to the higher regional inertia from a greater number of online
conventional generation units. In contrast, Event 8 (March 30,
2019) had a smaller mismatch (511 MW) in spring (during low
demand), when system inertia tends to be lower due to reduced
generation commitment. Despite the smaller mismatch, the
regional RoCoF nearly doubled to 58.4 mHz/s, reflecting the
impact of lower inertia. Notably, Event 13 (June 10, 2024)
had the highest regional inertia. This may be explained by the



fact that the event occurred on a summer afternoon, a period
often associated with elevated system demand and higher
synchronous generation commitment. Even during periods of
high solar output, these circumstances highlight the role of
regional inertia in reducing frequency excursions.

VI. CONCLUSION

This study introduces a practical, event-driven approach for
estimating RoCoF and evaluating regional inertia. The process
begins by identifying coherent generator groups during distur-
bance events to define the electrical region of interest—FL
in this study. Regional frequency is then computed using
measurements from FDRs located within the selected area. A
specialized event detection algorithm is used to pinpoint the
onset of the event based on frequency trends. To ensure precise
RoCoF estimation, a hybrid method is employed that merges
the noise-filtering strengths of window-based techniques with
the high temporal resolution of non-window-based ones.

Inertia-related metrics were calculated for all verified events
and are summarized in Table I. This study highlights key
insights, particularly regarding the interaction between solar
generation, regional inertia, and frequency dynamics. The
analysis suggests that increased solar penetration may result
in higher local RoCoF values during disturbances, particularly
during low-demand periods when fewer synchronous gener-
ators are online. These outcomes highlight the importance
of deploying frequency support mechanisms, such as demand
response and energy storage, especially during seasonal vari-
ations in generation patterns across Florida.

While this methodology was demonstrated in a region with
noticeable frequency characteristics, it is adaptable to other
power systems with proper identification of coherent zones
and corresponding frequency data. Future work will focus on
enhancing the region identification process and refining the
estimation approach, following methods such as those outlined
in [19], as well as extending the applicability of this framework
to other regions.
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