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Abstract 
This thesis is carried out within two projects ‘Statistical modelling and intelligent data 
sampling in Magnetic resonance imaging (MRI) and positron-emission tomography 
(PET) measurements for cancer therapy assessment’ and ‘WindCoE - Nordic Wind 
Energy Center’ during my PhD study. It mainly focuses on applications of Bayesian 
hierarchical models (BHMs) and theoretical developments of compressive sensing 
(CS). Under the first project, Paper I improves the quantity estimation of MRI 
parametric imaging by utilizing inherent dependent structure in the image through 
BHMs; Paper III constructs a theoretically unbiased and asymptotically normal 
estimator of sparsity of a sparsified MR image by using a BHM; Paper IV extends block 
sparsity estimation from real-valued signal recovery to complex-valued signal recovery. 
It also demonstrates the importance of accurately estimating the block sparsity through 
a sensitivity analysis; Paper V proposes a new measure, i.e. q-ratio block constrained 
minimal singular value, of measurement matrix for block sparse signal recovery. An 
algorithm for computing this new measure is also presented. In the second project, 
Paper II estimates the uncertainty of Weather Research and Forecasting (WRF) model’s 
daily-mean 2-meter temperature in a cold region by using a BHM. It is a 
computationally cheaper and faster alternative to traditional ensemble approach. In 
summary, this thesis makes significant contributions in improving and optimizing the 
estimation procedures of parameters of interest in MRI and WRF in practice, and 
developing the novel estimators and measure under the framework of CS in theory.  
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