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Implementation of multivariate LS‑VCE model

Here, we consider the stochastic model 𝐷𝐷&vec5𝑌𝑌7( = Σ⊗>0𝜎𝜎#𝑄𝑄#
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?	 and the 𝑝‑vector of unknown variance compo-

nents 𝜎𝑘 are to be calculated using multivariate LS‑VCE as follows:
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with the univariate orthogonal projector 𝑃𝑃F2 = 𝐼𝐼 − 𝐴𝐴(𝐴𝐴T𝑄𝑄-&𝐴𝐴)-&𝐴𝐴T𝑄𝑄-&	
	

, and
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Where 𝑘𝑘, 𝑙𝑙 = (1, 2,⋯ , 𝑝𝑝)	
	

, 𝐸𝐸c@×' = 5𝑒̂𝑒&, 𝑒̂𝑒3,⋯ , 𝑒̂𝑒'7	
	

 are the matrix of estimated residuals (e.g., 𝑒̂𝑒Q = 𝑃𝑃F2𝑦𝑦Q	
	

 that 𝑒̂𝑒Q = 𝑃𝑃F2𝑦𝑦Q	 is the 
𝑚‑vector of observables for timeseries 𝑖), and the inverse of the normal matrix 𝑁–1 naturally gives the variance‑covariance 
matrix of the estimated variance components (i.e., 𝑄𝑄IJ = 𝑁𝑁-&	

	
).

The unknown variance components 𝜎𝑘 should be estimated through an iterative procedure. Therefore, the estimated 
unknown variance components are updated after every iteration until their changes are less than a defined threshold (i.e., 
!𝜎𝜎#! − 𝜎𝜎#!"#! ≺ 𝜀𝜀	
 

) [Amiri‑Simkooei 2009].


