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Abstract:

The ever-increasing consumption of electricity has necessitated the continuous expansion of power networks. As these
networks grow and the order of the dynamic system models increases, the complexity and duration of numerous studies,
such as stability analyses, become excessively high. Therefore, the use of model order reduction techniques becomes
crucial. To address this, power engineers typically divide the network under study into two regions: the study area and
the external area. A reduced model is then used for the external area to both expedite various studies in the study area
and account for the external area's influence in these analyses. This review paper meticulously examines coherency-
based methods as the most commonly used techniques for reducing the order of power system models, detailing the
advantages and disadvantages of each method. This provides guidance for selecting the most appropriate method for the
intended application.
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1. Motivation of the work

The expansion of power networks has amplified the
complexity of dynamic stability studies. Extended
durations of these studies challenge real-time analysis
and system optimization. Dynamic model reduction
methods address these challenges by simplifying network
representations while maintaining essential system
characteristics. Among these, coherency-based methods
preserve the physical structure of power systems, offering
practical applications in stability studies, inter-area

oscillation analysis, wide-area control, and PMU
placement.
This paper focuses on the critical need for a

comprehensive review of these methods, as existing
literature only partially addresses the three stages of
coherency-based  methods:  identifying  coherent
generators, aggregating coherent groups, and reducing
network dimensions. Highlighting these shortcomings,
this research aims to systematically compare
methodologies and offer insights into their advantages,
limitations, and practical applications. By doing so, the
work seeks to guide researchers in selecting appropriate
approaches for efficient and reliable power system
modeling.

2. Contributions

A comprehensive review of papers on coherency-based
methods for dynamic model order reduction of power
systems shows that few review articles in this field also
have certain shortcomings. For instance, in [1] and [2],
only the methods for identifying coherent generators,
including model-based and PMU-based methods, have
been discussed, but the methods for aggregating coherent
generators and reducing the network dimensions have not
been addressed. In [15] and [16], several coherency-
based and PMU-based methods for identifying and
aggregating coherent generators have been reviewed;
however, the methods for network dimension reduction,
as the final step of dynamic order reduction based on
coherency, have not been addressed and categorized. Ref.
[17] briefly introduces the coherency methods but mainly
focuses on modal methods for dynamic model order
reduction.

Considering the mentioned shortcomings in the existing
review articles and the importance of dynamic
equivalencing in large networks, the current article
attempts to comprehensively review and compare the
most prominent methods proposed for all three stages of
coherency-based methods.

3. Procedures

This paper summarizes part of the results of an industrial
research project titled “Iran Interconnected Grid Dynamic
Model Reduction for Transient and Small-Signal
Stability Studies and Developing Angular Stability
Indices for the Reduced-order Model” conducted by the
authors. A systematic review was performed to compare
all the important methods available in the literature for
model-order reduction of large-scale power systems. It is
worth noting that the selected methods were implemented

in a commercial software package to reduce the model
order of Iran’s transmission network. Presenting the
detailed outputs of that study lies within the scope of
future works.

4. Findings

Key findings in this paper are as follows:

Coherent Generators Identification:

Time-domain simulation and slow coherency methods
emerged as the most accurate techniques for identifying
coherent groups, frequently serving as benchmarks for
validating other methods. However, their computational
intensity limits their practicality for large networks. The
weak coupling method is identified as a practical
alternative for generator clustering with lower
computational demands and no requirement to predefine
the number of groups.

Coherent Generators Aggregation:

Classical aggregation methods are suitable for systems
using classic synchronous generator models. Among
these, the slow coherency-based approach provides the
highest accuracy for analyzing the reduced subsystem.
However, it introduces additional computational burdens
and challenges in preserving the original system's load
flow. For detailed generator models, the accuracy of
aggregation methods depends on the dominance of
coherent units, generator and control system
homogeneity, nonlinear constraints in the models, and
parameter estimation techniques. For instance, the
Podmore method faces challenges in handling
nonlinearities, whereas structural preservation techniques
cannot be used in coherent groups with different control
structures.

Network Dimension Reduction:

Sparse matrix methods outperformed Gaussian and Kron
techniques by maintaining a reduced number of
equivalent branches, which is crucial for improving
simulation speed and transient stability analyses. Among
bus merging methods, the Podmore method demonstrated

practical  advantages  through  direct  network
modifications without requiring admittance matrix
reconstruction.

These findings provide a structured framework for
selecting reduction techniques tailored to specific system
needs. By highlighting the trade-offs between accuracy,

computational efficiency, and implementation
complexity, the study aids researchers and engineers in
optimizing  power  system  analysis, ultimately

contributing to faster and more reliable system stability
assessments.

5. Conclusion

In this article, coherency-based methods, as the most
commonly used techniques for dynamic model order
reduction in power systems, are reviewed and compared.
In the context of identifying coherent generators, the
slow coherency and weak coupling methods are
recommended as the most suitable approaches for
implementation. Various methods are examined for the
aggregation of coherent generators, each presenting their
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specific challenges. The selection of the most appropriate
method primarily depends on the network under study,
making it a potential area of interest for future research.
As the final stage of the coherency-based approach, bus
elimination and merging methods in power networks are
studied. The sparse matrix and the Podmore methods are
identified as the preferred approaches among the
discussed methods.
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