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STATISTICAL MODEL DESCRIPTION 

For testing the validity of a statistical model, it is classical to set and test a null 

hypothesis, say H0. For example, in the simplest of the several statistical models studied in 

this paper, H0 corresponds to the hypothesis that there is no linear relationship between our 

observations (e.g. temperature) and an explanatory variable like the latitude, i.e. H0 means 

that the slope is equal to zero. To measure how much evidence we have against H0, we 

compute a p-value that is defined as a probability of observing a large estimated value of the 

slope under the assumption that H0 is true. For example, a p-value of .01 means there is a 1 in 

100 chance the result occurred by chance. In this context, the classical interpretation of the p-

value is that the smaller the p-value is, the more evidence we have against H0. Hence, a very 

small p-value indicates a strong evidence against H0, i.e. against the hypothesis that there is 

no linear relationship between our variables. A similar reasoning can be used to interpret the 

evidence that our data bring against all the statistical models and their associated null 

hypothesis that we have proposed. Traditionally, researchers reject the null hypothesis if the 

p-value is less than 0.05, i.e. this corresponds to the classical 95% confidence level. 

Our statistical model can be written as a classical linear one (Venables and Ripley, 

1994; Everitt, 1994) : 

Y = Xβ + ε 

Where the noise vector ε is assumed to have a zero-mean Gaussian distribution with 

covariance matrix Σ = σ2I with I being the identity matrix. Our goal is to assess if the linear 

functions fitting two data groups, say class 1 and class2, have the same slope or different 

ones. The response, i.e. the temperatures, can be described by the vector Yi,j,k where the 
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subscripts i,j, and k correspond to the two classes (i = 1,2), the latitudes and the number of 

observations per latitude and group, respectively. The explanatory matrix X is equal to :

 
 

 
 

X = 

 
Where Li,l represents the latitudes. These latitudes are divided with respect to the two classes 

(i=1,2), a total of n observations from the class period 1 and a total of m records from the 

class period 2. The first column of ones in the matrix X corresponds to the intercept part. The 

vector β has three unknown parameters β = (a,d,b)T where a and b represent the intercept and 

the slope of the linear function fitting class 1 and d corresponds to the difference between the 

intercept of class 1 and the intercept of class 2. The zeroes in the second column indicate that 

the distance d has no effect on the first line. In comparison, the ones in the second part of the 

second column represent the effect of d. 

We chose to work with this simple model, which includes only three parameters, 

because the scarcity of available records makes otherwise the risk of over-fitting high. The 

different linear models tested, as well as their fit quality, are summarized above. 
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