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1. Background——1.1 Regression analysis 

Regression analysis purposes  
• (1) Explore relationships among variables. In restricted circumstances, regression analysis can be 

used to infer causal relationships between the independent  (or 'predictors') and dependent variables. 

 Correlational relationship; 

 Intrinsic sequential logic; 

 Controlling other factors.  

• (2) Prediction and forecasting, where its use has substantial overlap with the field of machine 

learning.  

Illustration of linear regression on a data set 

A regression model relates Y to a function of X and β. 

 

 

 

Where, 

Y is dependent (or response, outcome) variable. 

X is independent (or covariate, explanatory) variables. 

β are unknown parameters/regression coefficients, representing 

Y-X correlated or causal relationships. 

(X, )Y f 

X 
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Slope=β 



1. Background——1.2 Global and local regression 

• Global regression based on stationary assumption: Y-X variables relationships (i.e., regression coefficients) are 

homogeneous across the entire area and time period.  

• Local regression based on non-stationary assumption: Y-X variables relationships (i.e., regression coefficients) 

vary among different spatial units and/or time frames.  

Disease-climate relationship Temporally varying disease-climate relationships Spatially varying disease-climate relationships 

Global regression Local spatial regression Local temporal regression 

Stationary assumption Spatial non-stationary assumption Temporal non-stationary assumption 



1. Background——1.3 Why proposing Bayesian STVC model? 

• Note that the core difference between global and local regression  is whether consider nonstationary effects for 

regression coefficients which represent dependent-independent relations, not for intercepts which represent 

residuals or random errors. 

STVC model 

fills this GAP! 



1. Background——1.4 First official named model as Bayesian STVC 



1. Background——1.5 Comparisons between GWR and Bayesian SVC  

• Key literature review: 

 (1) Bayesian SVC produced more accurate estimates of the regression coefficients than GWR,  in the 

presence of moderate and strong collinearity, using point-referenced public health data (Wheeler & Calder 

2007, Wheeler & Waller 2009). 

 (2) GWR models were inferior to the SVC models, and GWR might be not robust to collinearity among the 

covariates, supported by two ecological  data sets (Finley, 2011). 

 (3) GWR has been shown to be more robust in larger samples (Paez, Farber, and Wheeler 2011; 

Fotheringham and Oshan 2016). 

 (4) However, the interpretation of the bandwidth parameter is not transferrable between the two frameworks 

because the correlation kernel used to specify spatial mixed effects in the SVC simply behaves differently 

from the data-borrowing kernel of a GWR  (Wolf et.al, 2017). 

• Conclusion: ultimately, the choice of which local model to employ to study spatial nonstationary process might 

come down to personal preference, access to software and familiarity with the broad statistical framework in 

which each model sits (Wolf et.al, 2017). 



2. Bayesian STVC——2.1 Theory of a general STVC model  

• The Spatiotemporally Varying Coefficients (STVC) model is a recent proposed Bayesian local regression 

approach for detecting both spatial and temporal nonstationary relationships between the dependent and various 

independent variables (process heterogeneity) , which is an essential development and extension of the local 

analysis methods (Song and Shi, et.al. 2019). 
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2. Bayesian STVC——2.1 Theory of a general STVC model  

• For spatial autocorrelation sub-level model, conditional autoregressive f (CAR) prior is considered 

for all the spatial random effects, i.e., components 1 and 3.  

• For temporal autocorrelation sub-level model, random walk f (RW) prior is considered for all the 

temporal random effects, i.e., components 2 and 4 . 
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 The CAR prior model assumes that the disease occurrence risk in a spatial area is derived from nearby 

geographical neighbors (spatial autocorrelation). That is, everything is related to everything else, but near things 

are more related than distant things -Tobler. 

 Similar to CAR, the RW prior model assumes that the temporal variation of disease occurrence risk is 

influenced by adjacent time points (temporal autocorrelation), which is expressed as a smoothly varying 

nonlinear curve. 
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3. Case study I：explore HFMD-climate nonstationary relationships at local spatiotemporal scales 

Dependent variable  

HFMD occurrence 
Independent variables 

various climate variables 

Space dimension 

Time dimension 

Bayesian  

STVC 

Geographical distribution of reported HFMD cases 

in Sichuan Province of China in June 2009 

• Pediatric hand, foot, and mouth disease (HFMD) has generally been found 

to be associated with climate. 

• However, knowledge about how this association varies spatiotemporally is 

very limited, especially when considering the influence of local 

socioeconomic conditions.  

• We use data of monthly county-level HFMD occurrence and data of related 

climate and socioeconomic variables in Sichuan, China from 2009 to 2011 

for our experiments. 



•  Odds ratio (OR) is widely used to identify risk factors for a binary disease outcome variable in 

classical epidemiology. 

• Generally, OR indicator can be obtained directly by a logistic regression model. 

 

 

 

•  where β is the regression coefficient of the potential risk factor x.  

3.1 Disease relative risk assessment indicator OR 

xOR e

Q: How to obtain local ORs to represent local risk at both spatial and temporal scales? 

Global OR  
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3.2 Spatiotemporal local ORs estimated by STVC model 

 is the spatial varying coefficients (SVC) that represents the spatial 

covariate-disease risk associations. 

,k i

is the temporal varying coefficients (TVC) that represents the temporal 

covariate-disease risk associations. 
,k t

The local spatial ORk,i value of each risk factor is obtained by  
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• To evaluate the performance of the STVC model, we compared it with the other four regression 

models. 

3.3 Model implementation 



3.4 Model evaluation results under three cross-validation experiments   

• Cross-validation experiments showed that the STVC model achieved the best average prediction accuracy (81.98%), 

compared with ordinary (68.27%), temporal (72.34%), spatial (75.99%) and spatiotemporal (77.60%) ecological 

models.  

• The STVC model outperformed these models in the Bayesian model evaluation. 



3.5 Global scale risk indicator (traditional epidemiologic OR) 

Climate factors 

Socioeconomic 

factors 

• Both climate and socioeconomic factors were found to be associated with HFMD occurrence in the 

study area. 



3.6 Temporal disease distribution and disease-climate relations (temporally local ORs) 

X1 temperature  

X2 relative humidity  

X3 precipitation 

X4 air pressure  

X5 wind speed  

X6 sunshine hours  Temporal local ORs of disease-climate relationships 

Temporal local ORs of disease itself  



Spatial local ORs of disease-climate relationships 

Spatial local ORs of disease itself  

3.7 Spatial disease distribution and disease-climate relations (spatially local ORs) 

X1 temperature  

X2 relative humidity  

X3 precipitation 

X4 air pressure  

X5 wind speed  

X6 sunshine hours  



3.8 Conclusion and innovation 

I. Regarding space-time analysis methods development: 

• The Bayesian STVC model is firstly and officially proposed for exploring the local-scale  

spatiotemporal nonstationary dependent-independent variables relationships, as well as to 

further improve model fitness and prediction accuracy. 

 

II. Regarding local-scale epidemiologic risk assessment: 

• The STVC model with logistic prior distribution was able to spatialize the risk indicator odds 

ratio (OR) into local ORs to represent spatial and temporal varying disease-climate 

relationships. 

 

III. Regarding hand, foot and mouth disease (HFMD) propagation: 

• We detected local temporal nonlinear seasonal trends and spatial hot spots for both disease 

occurrence and disease-climate associations over 36 months in Sichuan, China. 

• Among the six representative climate variables, temperature (OR = 2.59), relative humidity 

(OR = 1.35), and wind speed (OR = 0.65) were not only overall related to the increase of 

HFMD occurrence, but also demonstrated spatiotemporal variations in their local associations 

with HFMD. 



5. Further studies of Bayesian STVC-family modeling 

Limitations of Bayesian STVC: 

Overfitting, extreme parameter problem.  

High computational burden, high model complexity for large sample size. 

No off-the-shelf software for Bayesian STVC modeling. 

… 
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