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Motivation: 
• Power grids are complex systems: They are driven by both 

stochastic and deterministic influences.

• No straightforward bottom-up models describing the 

dynamics are available on a continental scale comprising all 

necessary details.
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Research question: 
• Can we use the Sparse Identification of Nonlinear Dynamics 

(SINDy) method to identify the complex dynamics of grid 

frequency?

Data-driven model: 

• 𝜃: bulk angle of the voltage signal

• 𝜔: bulk angular velocity, 𝜔 = 2𝜋 𝑓 − 𝑓𝑟ⅇ𝑓 , 𝑓𝑟𝑒𝑓 = 50𝐻𝑧

• Δ𝑃: power mismatch, Δ𝑃 𝑡 = 𝑃0 + 𝑃1𝑡

Novelty of the paper: 
• Expanding inference methodologies to explicitly incorporate 

time-dependence

• The paper demonstrates the practical utility of these methods by 

successfully applying them to empirical data sets obtained from 

various power systems

Schematic of the process:

Results:
➢ Successfully validating SINDy on synthetic power grid dynamics
• Linear noise-free validation model:

• Linear validation model including noise:

• Linear validation model with noise and time-dependent driving:

➢ Successfully validating SINDy on empirical dataset

• The coefficient for 𝜃 ranges from 10−4 to 10−5 and the coefficient for 𝜔 falls 

within the interval 10−2 to 10−3, aligning notably well with the values obtained 

during our validation process.

• The coefficients of 𝜃𝜔 and 𝜔2 stand out. This indicates that non-linear 

relationships could play a critical role in the dynamics of the power grid.

• Within a one-hour interval, the contribution of the 𝑇 -coefficient reaches an 

amplitude ranging from 10−3 to 10−2

Outlook:

• Consider different optimization algorithms

• Extend the SINDy algorithm across to other data sets

• Address the limitations of assuming Gaussian white noise in our models
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