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Placy - Power law causal Discovery
Robust Causal Discovery in Real-World Time Series with Power-Laws
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Motivation

Causal 
Discovery 
algorithm

Identifying statistical patterns: 

• Temporal precedence (cause precedes effect), 

• conditional dependencies

• predictive improvement

Problem 

Observational causality 

Extraordinary difficult in presence of noise and non-stationarity

Can spectral properties of time series make causal discovery more reliable?Question  



Power-Law Behaviour in Real-World Systems
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Power-Law fit on Stocks Price Spectrum
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log A( f ) = a − λ log f
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Causal Discovery

4
1

2

Estimated
causal graph

1

2 3

Placy : Algorithm Description 
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Time series x1 and x2 are 
fragmented into overlapping 
windows

2
For each window k, compute 
amplitudes (a1k,a2k) and exponents 
(λ1k,λ2k)  
of the power-law spectra

3
Obtain new, multi-dimensional, 
time series: (a1,λ1) for x1 and (a2,λ2) 
for x2

4
Apply multi-variate Granger 
Causality tests to construct causal 
graph
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OU-process

• Ornstein-Uhlenbeck (OU) processes:

• Causality introduced linearly after the data generation process
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Data generation 



Results on Synthetic datasets
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ÔU(ωm
g > 0)

<latexit sha1_base64="l387vPSz93ehDd9wyvp+0DJCOMQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqxeh6MVjBfsBTSib7aZdursJuxuhhP4NLx4U8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeN5X05pZXVtfaO8Wdna3tndq+4ftHWSKUJbJOGJ6kZYU84kbRlmOO2mimIRcdqJxrczv/NIlWaJfDCTlIYCDyWLGcHGSkGg2VDgfnTtuRf9as1zvTnQX+IXpAYFmv3qZzBISCaoNIRjrXu+l5owx8owwum0EmSappiM8ZD2LJVYUB3m85un6MQqAxQnypY0aK7+nMix0HoiItspsBnpZW8m/uf1MhNfhTmTaWaoJItFccaRSdAsADRgihLDJ5Zgopi9FZERVpgYG1PFhuAvv/yXtM9cv+7W789rjZsijjIcwTGcgg+X0IA7aEILCKTwBC/w6mTOs/PmvC9aS04xcwi/4Hx8A/DKkPs=</latexit>

ωb = 0.5
<latexit sha1_base64="RgdepXGi6jMz7lDy4UCdStz9mAQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07IrUr0IRS8eK9gPaJeSTbNtaJJdk2yhlP4OLx4U8eqP8ea/MdvuQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHN1lfmtMlWaxfDSThAYCDySLGMHGSkFXs4HAvfDGd71Sr1zxXG8OtEr8nFQgR71X/ur2Y5IKKg3hWOuO7yUmmGJlGOF0VuqmmiaYjPCAdiyVWFAdTOdHz9CZVfooipUtadBc/T0xxULriQhtp8BmqJe9TPzP66Qmug6mTCapoZIsFkUpRyZGWQKozxQlhk8swUQxeysiQ6wwMTanLAR/+eVV0rxw/apbfbis1G7zOIpwAqdwDj5cQQ3uoQ4NIPAEz/AKb87YeXHenY9Fa8HJZ47hD5zPHyLnkQs=</latexit>

ωb = 1.0



Results on Real world datasets

Data from three hydrological 
stations located in southern 
Germany, namely Dillingen, 
Kempten, and Lenggries
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Rivers         

Pollution measurements 
collected over one year from 
N = 36 monitoring stations 
across various Chinese 
cities

Airquality         



Conclusion
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📩 Contact: matteo.tusoni@uniroma1.it

•Power-law spectra are common in real-world time series

•Spectral descriptors improve robustness to noise and non-stationarity

•Placy achieves competitive or state-of-the-art causal discovery performance 

•
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