
Frequentist Techniques for Model Calibration 

Reading: Chapter 7!

Example: Consider the height-weight data from the 1975 World Almanac and 
Book of Facts 

 !Height 
(in) 

58 59 60 61 
 

62 63 64 65 66 67 68 69 70 71 72 

Weight 
(lbs) 

115 117 120 123 126 129 132 135 139 142 146 150 154 159 164 

Consider the model 



Linear Regression 
Consider 

Example: 



Linear Regression 
Statistical Model: 

Assumptions: 

Goals: 



Least Squares Problem 
Minimize 

Note: General result for quadratic forms 

Thus 

where 

Least Squares Estimate:  

Least Squares Estimator:  



Parameter Estimator Properties 

Estimator Mean: 

Estimator Covariance: 



Variance Estimator Properties 
Goal: 

Residual:  

Variance Estimator: 

Note: 



Variance Estimator Properties 
Note: 



Variance Estimator Properties 
Note: 

Unbiased Estimator: 



Example 
Example:  Consider the height-weight data from the 1975 World Almanac and Book 
of Facts 

Height 
(in) 

58 59 60 61 
 

62 63 64 65 66 67 68 69 70 71 72 

Weight 
(lbs) 

115 117 120 123 126 129 132 135 139 142 146 150 154 159 164 

Consider the model 



Example 
Least Square Estimate: 

Here 

Note: 

Note: 



Example 
Variance Estimate:  

Parameter Covariance Estimate: 

Note: This yields variances and standard deviations for parameter estimates 

Goal: Can we additionally compute confidence intervals?  Yes, but we need a 
little more statistics. 



Example 

Hypothesis:  One way to check the hypothesis of iid is to plot the residuals 



Random Variables Related to the Normal 

Chi-Square Random Variables: 

T Random Variables: 



Variance Estimator Properties 

Assumption: 



Variance Estimator Properties 



Variance Estimator Properties 

Confidence Interval: Because  



Example 
Previous Example:  

Note: 



Summary of Linear Theory 



Summary of Nonlinear Theory 



Nonlinear Parameter Estimation  
Example: Consider the spring model  

with displacement observations y(t,q) = z(t,q), parameter q = C, and stiffness 
K=20.5.  The solution is   
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Synthetic Data: 



Nonlinear Parameter Estimation  
Example: The sensitivity matrix is  

where  

Here  

so that   
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Contructed
Sampling

Figure: Sampling distribution 
compared with that constructed 
using 10,000 estimated values of C. 

Note: In 10,000 simulations, 9455 of 
confidence intervals contained true 
parameter value.  



Nonlinear Parameter Estimation  

Example: Consider the heat model  

Data: 



Nonlinear Parameter Estimation  

Heat Example: Standard deviations 
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Note: We will revisit this example in the context of Bayesian inference.  


