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Abstract 

It is important to be aware that economic occurrences depend also on subjective (psychological and 
sociological) factors. In many cases these causes could be identified with propensities. Propensities 
could be understood as a generalized psychological and sociological causes that make probabilities of 
certain events higher in given objective circumstances. In the article proposition of determining impact 
of propensities on economic phenomena by means of residuals of econometric models for spatial data 
was discussed. Econometric consequences of omitting subjective factors (propensities) while analyz-
ing socio-economic regularities were presented. Such kind of residuals as OLS, predictive, studen-
tized, recursive and BLUS residuals were described. Econometric properties of mentioned residuals 
were also pointed out. In the empirical example all types of residuals were used to analyze impact of 
propensity to consume in chosen European countries in 2006. 
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Subjective phenomena are usually unobservable but their influence in some cases is 

possible to determine. In many cases subjective factors could be identified with propensities1. 

The main aim of this paper is to present how impact of propensities could be identified 

by means of residuals of properly specified econometric models. It could be useful while ana-

lyzing impact of propensity to consumption (saving, investment, money storing) on consump-

tion (savings, investments, money supply). 

 

1. Analysis of influence of propensities on economic phenomena be means of residuals of 

econometric models 

 

In general, impact of propensities on economic phenomena could be estimated by add-

ing dummy variables as explanatory variables or by eliminating impact of propensities from 

all variables in the model. These conclusions come from Frisch-Waugh-Stone theorem2. 

Dummy variable is equal one if object exhibits given propensity and zero otherwise. 

 Suppose that there is a following model: 

 ,uβXβXy  2211  (1) 

where: 

y – vector of observations made on dependent variable, 

X1, X2 – matrixes of observations made on explanatory variables where first matrix con-

tains objectives factors and the second – variables exhibiting subjective causes (propensi-

ties), 

u – error term. 

 

 The normal equations for (1) are3: 
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so 
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 (3) 

 Estimates of parameters next to variables consisted in X1 might be correctly calculated 

if subjective factors (X2) are taken into account. Omitting variables present in X2 makes 1β̂  

biased by factor   221

1

11 β̂XXXX ''' 
. 
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 After few transformations we know that4: 

   ,yMXXMXβ̂ ''
12

1

2122


  (4) 

where   '
1
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1111 XXXXIM ' 
  or equivalently: 

   ,yXXXβ̂ *'**' *
2

1

222


  (5) 

where 212 XMX *  , yMy*
1 . 

Equations (4)-(5) show that impact of propensities could be estimated after elimination 

of influence of variables being objective factors that appear in matrix X1. 

In case of spatial data influence of propensities could manifest itself as large residuals 

in properly specified econometric models. By properly specified model, it is understood mod-

el including all important objective factors. Statistically significant residuals in some cases 

might be treated as an effect of impact of propensities5. Residuals in many cases reflect some 

aspects of economic behavior. 

While analyzing impact of propensities, in case of small samples, it is better to use re-

siduals different than OLS residuals because they exhibit autocorrelation and heteroscedastici-

ty even if error term has constant variance and is not autocorrelated. 

In case of model uXβy 
 
OLS residuals are equal   yXXXXyû '' 1

 . If 

  '1
XXXXH ' 

  we can see that: 

        ,uHIuXβHIyHIû   (6) 

because HX = X. 

 Covariance matrix of (6) has the form     22 σHIûV  , so residuals are heterosce-

dastic and autocorrelated because H is not diagonal. Instead of OLS residuals, predictive, stu-

dentized, recursive and BLUS residuals are often used6. Predictive residual is equal 

 iŷyu i
*
i   where  iŷ  is a forecast made by means of model estimated with exclusion of 

i-th observation. 

Relation between OLS and predictive residuals could be expressed as: 

  ,h/ûu ii
*
i  1  (7) 

where hi is i-th diagonal element of H matrix. 

Because in case of OLS residuals     22 1 σhûV ii   so    i
*
i h/σuV  122 . As we 

can see predictive residuals are also heteroscedastic and autocorrelated but they are helpful in 

identification of untypical observations7. 

Studentized residual is calculated as a predictive residual divided by its standard error: 
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    ,hiS/uu~ ,
i

*
ii

501  (8) 

where S2(i) is an estimated variance of residuals without i-th observation. 

 Predictive and studentized residuals could be also obtained by using dummy variables 

that are equal one for i-th observation and zero otherwise. The estimate of parameter next to 

dummy variable is a predictive residual and its t value is a studentized residual. Dummy va-

riables defined in that way show impact of subjective factors (propensities). 

Recursive residuals are homoscedastic and not autocorrelated. To estimate them, mod-

el for first i observation should be calculated (observations should be somehow ordered). Af-

terwards forecast for next observation 1iy~  is computed. Error of prediction equals 

111   iii y~ye . Variance of prediction takes the form   22
11

2 σdeV ii   , where 2σ  is a va-

riance of an error term in the (before) estimated model. 

Recursive residuals are obtained as: 

 ./deu~ iii 111    (9) 

This procedure is then continued for all remained observations. 

 H. Theil has proposed BLUS (Best Linear Unbiased Scalar) residuals that, similarly as 

recursive residuals, are homoscedastic and not autocorrelated8: 
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where: 

e1 – (n-k) OLS residuals (n – number of observations, k – number of parameters), 

e0 – k first OLS residuals, 

X1 – part of matrix of independent variables (X) with (n-k) rows and k columns, 

X0 – part of matrix of independent variables (X) with k rows and k columns, 

2
hd  (h = 1, 2,…, H) – characteristic roots of   '

0

1

0 XXXX ' 
, 

H,...,q,qq 21  – characteristic vectors related to 2
hd . 

 

2. Empirical analysis of impact of propensity to consume on consumption spending 

 

In empirical example all presented types of residuals were used to analyze the impact 

of propensity to consumption in chosen European countries in 2006. As variables, consump-

tion per capita (ci), income per capita (yi) and long – term interest rate (ri) in logarithmic 
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form were taken. As a long-term interest rate interest of 10-years bond yields was assumed 

but impact of this variable was insignificant (on significance level 0.05). 

 Estimated model tii yc   10  used to calculate OLS residuals has the form (in 

this model dummy variable is of course not present): 

 ,y..ĉ ii 86607430  ,.Se 1110 ,.R 97002  ..pemp 2970  (11) 

 Models applied to compute predictive, studentized and recursive residuals are pre-

sented in the Appendix. 

 Estimated models are well fitted to empirical data. Adjusted determination ratio  2R  

is usually higher than 0.9. F test indicates significant simultaneous impact of explanatory va-

riables. Empirical significance levels  empp  in Doornik-Hansen test confirms normality of 

residuals (significance level 050. ). 

 In case of OLS, predictive, recursive and BLUS residuals it was assumed that impact 

of propensities is significant if ei Se 2 , where ie  is a residual for i-th object and eS  is a 

standard error of OLS residuals. For studentized residuals significance is implied by inequali-

ty 2ie . Residuals used to identify the impact of propensity to consume are presented in 

Table 1. Countries are ordered with respect to income per capita. 

 

Table 1. OLS, predictive, studentized, recursive and BLUS residuals exhibiting impact of 
propensity to consume in chosen European countries in 2006 2Se = 0.222 

S.n. Country OLS Predictive Studentized Recursive BLUS 
1 Bulgaria 0.023 0.034 0.246 - - 
2 Latvia -0.022 -0.026 -0.210 - - 
3 Lithuania 0.022 0.026 0.210 - 0.022 
4 Poland -0.034 -0.040 -0.326 -0.028 -0.034 
5 Slovakia -0.125 -0.140 -1.210 -0.085 -0.124 
6 Hungary -0.143 -0.158 -1.391 -0.066 -0.142 
7 Portugal 0.126 0.133 1.177 0.193 0.130 
8 Slovenia -0.024 -0.025 -0.213 -0.015 -0.019 
9 Greece 0.283 0.297 3.176 0.231 0.288 

10 Spain 0.080 0.085 0.736 -0.029 0.087 
11 Italy 0.098 0.104 0.909 -0.016 0.105 
12 Germany 0.037 0.039 0.334 -0.075 0.044 
13 France 0.050 0.053 0.455 -0.047 0.057 
14 Belgium -0.043 -0.046 -0.393 -0.125 -0.035 
15 Austria 0.050 0.054 0.455 -0.021 0.057 
16 United Kingdom 0.130 0.141 1.237 0.056 0.138 
17 Finland -0.058 -0.063 -0.537 -0.128 -0.050 
18 Netherlands -0.119 -0.129 -1.127 -0.172 -0.111 
19 Sweden -0.119 -0.130 -1.131 -0.154 -0.110 
20 Denmark -0.064 -0.072 -0.601 -0.087 -0.055 
21 Ireland -0.146 -0.165 -1.440 -0.155 -0.137 

Source: own calculations. 
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 All kinds of residuals show that significant impact of propensity to consume has taken 

place in Greece were OLS, predictive, recursive and BLUS residuals were higher than double 

standard error 2Se = 0.222 and studentized residual was higher than 2. 

 To sum up, in case of spatial data impact of propensities could by analyzed by means 

of residuals exhibiting subjective aspects of economic behavior. Because of lack of heteros-

cedasticity and autocorrelation (if they are absent) recursive and BLUS residuals are recom-

mended. Empirical analysis of consumption in European countries has indicated significant 

influence of propensity to consume in Greece in 2006. 

 

 

 
Notes 
1 Problems of propensities are presented, for example, in Doszyń (2009), Doszyń (2008b). Hozer, Doszyń 

(2004), Hozer (2002). 
2 Johansen (2006). 
3 Greene (2003). 
4 Greene (2003). 
5 Doszyń (2008a). 
6 Maddala (2006). 
7 Maddala (2006). 
8 Detailed description of BLUS residuals and their properties are presented in Theil (1979). 
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Appendix 

Table A1. Consumption models iiii udyc  210   for chosen European countries in 

2006 with income per capita (yi) and dummy variable (di) as explanatory variables used to 
calculate predictive and studentized residuals* 

S.n. 0̂  1̂  2̂ eS 2R F empp
 

1 0.688 0.872 0.034 0.114 0.968 307.350 0.273 
2 0.767 0.864 -0.026 0.114 0.968 307.063 0.307 
3 0.719 0.868 0.026 0.114 0.968 307.069 0.276 
4 0.780 0.863 -0.040 0.114 0.968 308.152 0.307 
5 0.852 0.856 -0.140 0.110 0.971 331.919 0.224 
6 0.856 0.855 -0.158 0.108 0.971 340.199 0.207 
7 0.711 0.869 0.133 0.110 0.971 330.549 0.142 
8 0.749 0.866 -0.025 0.114 0.968 307.087 0.309 
9 0.744 0.865 0.297 0.091 0.980 483.031 0.709 

10 0.755 0.864 0.085 0.112 0.969 315.786 0.196 
11 0.769 0.863 0.104 0.111 0.970 320.770 0.171 
12 0.757 0.864 0.039 0.114 0.968 308.248 0.253 
13 0.763 0.864 0.053 0.113 0.969 309.920 0.235 
14 0.724 0.868 -0.046 0.113 0.969 308.994 0.313 
15 0.767 0.863 0.054 0.113 0.969 309.913 0.234 
16 0.809 0.859 0.141 0.109 0.971 333.081 0.128 
17 0.714 0.869 -0.063 0.113 0.969 311.341 0.306 
18 0.678 0.873 -0.129 0.110 0.970 328.533 0.238 
19 0.673 0.874 -0.130 0.110 0.970 328.681 0.238 
20 0.694 0.872 -0.072 0.113 0.969 312.623 0.302 
21 0.627 0.879 -0.165 0.108 0.972 342.613 0.219 

* As a pemp empirical significance level in Doornik-Hansen normality test is understood 
Source: own calculations. 
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Table A2. Consumption models iiii dyc   210  for chosen European countries in 

2006 with income per capita (yi) and dummy variable (di) as explanatory variables used to 
calculate recursive residuals* 

S.n. 0̂  1̂  2̂  eS  2R  F empp  

4 1.013 0.836 -0.034 0.031 0.990 146.519 - 
5 1.142 0.820 -0.106 0.030 0.989 180.385 - 
6 1.616 0.763 -0.079 0.055 0.957 56.289 - 
7 1.927 0.726 0.284 0.058 0.980 144.778 - 
8 0.502 0.891 -0.019 0.101 0.946 62.729 0.826 
9 0.567 0.883 0.290 0.092 0.971 132.736 0.541 

10 -0.284 0.980 -0.036 0.122 0.955 96.274 0.933 
11 -0.199 0.971 -0.019 0.115 0.965 136.846 0.712 
12 -0.162 0.967 -0.087 0.108 0.971 182.096 0.506 
13 -0.016 0.950 -0.053 0.105 0.973 218.924 0.305 
14 0.056 0.942 -0.138 0.101 0.975 257.695 0.179 
15 0.221 0.924 -0.023 0.104 0.975 271.721 0.140 
16 0.245 0.921 0.060 0.100 0.977 324.322 0.089 
17 0.190 0.927 -0.137 0.097 0.978 357.348 0.108 
18 0.300 0.915 -0.182 0.100 0.976 352.478 0.127 
19 0.438 0.900 -0.163 0.106 0.973 324.267 0.163 
20 0.554 0.887 -0.093 0.109 0.971 322.355 0.235 
21 0.627 0.879 -0.165 0.108 0.972 342.613 0.219 

*It was not possible to calculate empirical significance levels pemp in Doornik-Hansen test for 
observation numbers smaller than 8 
Source: own calculations. 
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