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Abstract

The goal of this paper is to facilitate the development
of synthetic electric grid topologies that replicate
the structural properties of real-world power systems.
This paper demonstrates that the topology of the
North American transmission grid can be modeled
using a Spatially-Aware Degree-Corrected Stochastic
Block Model (SA-DCSBM), which captures three
key features in real grids: modularity, heterogeneous
node degree distributions, and distance-constrained
connectivity. Once the model is fitted to the
North American transmission network data, synthetic
topologies (excluding electrical phenomena) are
generated to demonstrate that they accurately reproduce
real grid statistics across multiple structural dimensions,
including modularity, edge length distribution, degree
heterogeneity, and spectral robustness. The SA-DCSBM
thus offers a modeling framework for creating
high-fidelity synthetic electric grid topologies that
preserve spatial and structural realism.
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1. Introduction

Electric grid research engineers are increasingly
employing synthetic grid models to test algorithms and
simulate planning scenarios. These models are especially
important when real grid data are unavailable due to
privacy concerns [1],[2]. A useful synthetic grid should
resemble the real network in its underlying structure,
that is, its connectivity patterns, modularity, and spatial
organization.

While several synthetic grid models and test cases
have been developed [3], [4], [5], [6], [7], this paper
proposes a stochastic extension to existing synthetic
grid generation algorithms to add modeling realism for
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intra-area and inter-area transmission lines.

1.1. Goal and Approach

The goal of this work is to support the
creation of synthetic transmission networks that
closely replicate the structural features of real-world
electric grids. Specifically, this paper investigates
whether networks in the North American Eastern
Interconnect (EI) and the North American Western
Interconnect (WECC) exhibit the structure implied by
a Spatially-Aware Degree-Corrected Stochastic Block
Model (SA-DCSBM), and whether such a model can
be used to generate realistic grid topologies.

The Stochastic Block Model (SBM) [8] models
network connectivity based on group membership,
assuming all nodes within a group have identical
degrees. However, real-world networks often exhibit
both community structure and significant degree
heterogeneity. To address the limitation of the lack of
degree heterogeneity in SBMs, the Degree-Corrected
Stochastic Block Model (DCSBM) [9] incorporates
node-specific parameters that capture variations in
degree, making it better suited for empirical networks.
SBMs and their variations have been used to study
community structures in social networks [10].

As described in [11], the edge-probability matrix B
defines the probability of an edge existing between two
nodes, based on the communities to which the nodes
belong. That is,

𝑃(A𝑖 𝑗 = 1) = B𝑧𝑖 ,𝑧 𝑗 (1)

where A is the adjacency matrix. B𝑧𝑖 ,𝑧 𝑗 is the
edge-probability matrix where 𝑖 ∈ community 𝑧𝑖 and
𝑗 ∈ community 𝑧 𝑗 . Then, intra-community edges have
nodes within the same community 𝑧 and connect with
probability B𝑧𝑧 = 𝜌intra. The inter-community edges have
nodes in different communities 𝑧, 𝑧′ and connect with
probability B𝑧𝑧′ = 𝜌inter. So,

B =

(
𝜌𝑖𝑛𝑡𝑟𝑎 𝜌𝑖𝑛𝑡𝑒𝑟
𝜌𝑖𝑛𝑡𝑒𝑟 𝜌𝑖𝑛𝑡𝑟𝑎

)
. (2)
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