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1. When multiscalar analysis fails 

The modifiable areal unit problem (MAUP) is one of the most long-standing and far-flung problems in 

geography, indicating the sensitivity or inconsistency (Openshaw and Taylor 1981; Openshaw 1983; Fotheringham 

and Wong 1991; Larsen 2000) of the results of spatial analyses in the same study area with different spatial 

configurations. 

When a spatial analysis is impeded by the MAUP, one of the solutions is to report the analysis results on multiple 

scales to mitigate the impacts (Hennerdal and Nielsen 2017). But this may not be always a good solution for research 

that based on regression analysis: if one or more independent variables are missing from the regression model, i.e. 

there is an omission error, the bias of the coefficient estimates due to the omission error will be distorted differently 

on different scales by different spatial configurations. In that case, multiscalar analysis dose not help; every estimate 

is a biased estimate, and the bias is not guaranteed to be monotonic. 

2. The omission error at the individual and aggregated levels 

When there is no MAUP, it is known that the expectation of the coefficient estimator is biased with the presence 

of an omission error (Greene 2012, p. 96, Equation 4-10): 

𝔼(�̃�|𝑿) = 𝜷1 + �̃�𝜷2 (1) 

Here, 𝜷1 and 𝜷2 are the true coefficients for the remaining and missing independent variables, while �̃� is 

the corresponding (incorrect) estimator for 𝜷1. �̃� is a 𝑘1 × 𝑘2 matrix, characterizing the multicollinearity between 

the remaining independent variables 𝑿1 and missing independent variables 𝑿2 (Greene 2012, p. 96, Equation 4-

11): 

�̃� = (𝑿1
T𝑿1)

−1
𝑿1

T𝑿2 (2) 

Equation (2) suggests that, when independent variables 𝑿2 is dropped from the model, its effect on 𝒚, namely 

𝜷2, still exists and will be partially transferred to the (incorrectly) estimated coefficient �̃�, at the intensity of �̃�. This 

typically makes �̃� a biased estimator for 𝜷1 and it is the major consequence of the omission error. 

Both the MAUP and the omission error can happen simultaneously. When the MAUP is presenting, the 

expectation of the estimator of 𝜷1 at the aggregated level, �̃�°, will be 

𝔼(�̃�°|𝑿,𝑴) = 𝜷𝟏 + �̃�𝜷𝟐 + �̃�°𝜷𝟐 (3) 

Here, �̃�°  is a 𝑘1 × 𝑘2  matrix revealing the aggregated-level multicollinearity between the remaining and 

missing independent variables, after their individual-level multicollinearity, �̃�, has been controlled: 
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° T𝑿1

° )
−1
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In equation (4), 𝑿1
°  is an 𝑚 × 𝑘1 matrix, representing the remaining independent variables observed at the 

aggregated level. 𝑴 is an 𝑚 × 𝑛 matrix, describing the effect of the MAUP, when 𝑛 individual observations in 

the study area are merged into 𝑚 regions (details omitted here). 𝑼 is an 𝑛 × 𝑘2 matrix, formed by combining all 



 

 

the residual vectors 𝒖𝑗 at the individual level; and 𝒖𝑗’s are the residuals generated by regressing each column of 

𝑿2 on the entire 𝑿1. 

3. Understanding the impacts of the MAUP on the omission error 

By probing equation (3), the following understandings regarding the omission error at the aggregated level can 

be drawn. 

First, the expectation of coefficient estimations, 𝔼(�̃�°|𝑿,𝑴), consists of three parts: the true coefficient 𝜷1, the 

individual-level bias �̃�𝜷2, and the aggregated-level bias �̃�°𝜷2. These three parts are separable and additive. 

Second, given 𝑼  is essentially correlated with 𝑿2 , the aggregated-level bias is not independent of the 

individual-level bias. However, 𝑴 is not involved in �̃� but solely contributes to �̃�°, therefore, �̃�° will be biased 

differently for 𝜷1 when the individual observations are aggregated differently, ceteris paribus. Fotheringham and 

Wong (1991) had vividly endorsed this property. This is the also theoretical reasoning on why multiscalar analysis 

could fail if there is an omission error in the regression. 

Third, it is hard to judge the signs and the magnitudes of biases on both levels; �̃�° can either over- or under-

estimate 𝜷1, according to simulation results (omitted here). However, if �̃� is unbiased for 𝜷1, �̃�° is unbiased for 

𝜷1, too. 

4. What can we do? 

Multiscalar analysis is not a panacea. Because of the MAUP, the decisions about the scale and aggregation do 

impact our (imperfect) inferences about the world. 

However, there is side B of the story. Multiscalar analysis does not alleviate the bias of the coefficient estimates, 

but it does provide a potential path to make inference about the missing independent variable if the researcher has 

the full control of schemes of spatial configurations. In addition, when the goal of conducting a regression analysis 

is not to identify causality but to make predictions, the MAUP helps to partially harvest the predictability concealed 

in the missing independent variables via their multicollinearity with the remaining independent variables. These are 

exciting research topics that can advance the frontier of the discipline. 
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