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Regional Differences in the Efficiency of Health Production:
an Artefact of Spatial Dependence?

Abstract
The inefficiency of health care provision presents a major health policy con-
cern in Germany. In order to address the issue of efficiency comprehensively –
i.e.at the level of the entire system of health care provision rather than individ-
ual service providers – empirical analyses are often based on data at the re-
gional level.However, regional efficiencies might be subject to spatial depend-
ence, rendering any analysis biased that aims at identifying the determinants
of efficiency differentials. We address this issue by specifying a spatial auto-
regressive model to explain efficiency scores for German districts which we
derive through data envelopment analysis. Regression results suggest that
spatial dependence is not a dominant feature in the data. Hence, ignoring spa-
tial interdependence is unlikely to severely bias results of efficiency analyses
based on regional data. This holds, in particular, for the role of the states in the
efficiency of health production. Significant heterogeneity among states is
found in the data regardless of whether or not spatial dependence is accounted
for.

JEL Classification: I12, R10
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Here, y indicates the 1N ×  vector of the dependent variables (DEA scores), where N  denotes the 
number of observations (districts). As usual, u  denotes the corresponding vector of error terms and 

X  denotes the N k×  regressor matrix, where β  is a vector of coefficients subject to estimation. 

W  and M represent N N×  spatial weighting matrices, capturing the pattern of spatial 

dependence. Hence, the endogenous variable y enters the right hand side of the equation (1) via Wy  

that represents a 1N ×  vector of spatial lags of iy , i.e. weighted sums of ,jy  with 1 ,j N= K  j i≠ . 

Hence, the efficiency of any district i potentially depends on the efficiency of any other district under 
consideration. 

An appropriate spatial weighting matrix must satisfy certain requirements (see e.g. Kelejian& Prucha, 

2008). In particular, the diagonal elements iiw  and iim  must be zero and the intensity of spatial 

dependence must be restricted and decline sufficiently with increasing distance between two spatial 
units. Formally, each row and column sum must be uniformly bounded if the number of spatial units 

grows to infinity, and ( )I Wλ−  as well as ( )I Mρ−  must be non-singular. Yet, W  and M  need 

not be symmetric, allowing for different travel times between two districts depending on the 

direction of travel.14 The model further allows for the special case W M= , in which the same 

pattern of spatial dependence applies to the covariance structure among the error terms iu  and to 

the pattern of direct spillover between the dependent variables iy . In practical applications, both W  

and M  are typically exogenously given and not subject to estimation, except for rare cases where 
panel data are available and the number of cross-sectional units is small compared to the number of 
periods. 

In applied work spatial weighting matrices are typically normalized, in order to allow for a 
straightforward interpretation of the model parameters. The most common approach is row 

standardization, where all matrix elements ijw  and ijm  are divided by the corresponding row sum, 

yielding uniform ones that equal unity. Other approaches are (i) minmax standardization, i.e. 
standardization by the minimum of the largest row and the largest column sum, and (ii) eigenvalue 
standardization, i.e. standardization by the modulus of the largest eigenvalue of the relevant matrix. 
Through minmax- as well as eigenvalue standardization heterogeneity in the total relevance of 
spatial dependence is left unchanged across observations. In contrast, by using row standardization, 
one implicitly assumes uniform total importance of spatial interdependence. Thus, the choice of row 
standardization might substantially affect estimation results. Kelejian& Prucha (2008) therefore 
argue against row-normalization � despite its popularity � unless this implicit assumption is clearly 
suggested by economic theory. 

Finally, λ  and ρ  are unknown scalar coefficients that are estimated along with β . Clearly, no 

spatial autoregression � i.e. no direct spillover effects � is present for the case 0λ = , while for 

0ρ =  the errors are spatially uncorrelated. In many applications, the unit-interval is regarded as the 

valid and relevant parameter space for λ  and ρ , which has much intuitive appeal. Indeed, the valid 

parameter space depends on how the spatial weighting matrix is normalized (see Kelejian& Prucha 
(2008) for a detailed discussion). Nevertheless, for row-, minmax-, and eigenvalue-normalized 

                                                            
14 To a very limited degree, this applies to our data. 
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production capturing mortality.8 Clearly, the raw number of deaths does not tell us much about the 
efficiency or quality of health care provision, as district populations substantially differ in size and 
demographic composition. We therefore standardize the number of deaths to national gender- and 
age-specific death rates.9 Figure 1, a map of the districts in Germany, indicates substantial 
heterogeneity in standardized mortality across districts. While for some districts mortality is 21% 
lower than expected on the basis of demographic structure alone, others exhibit mortality rates as 
much as 26% above the expected level. Standardized mortality is highest in the north-east of the 
country � the former GDR � and lowest in the south-west - the state of Baden-Wurttemberg and 
southern Bavaria. As DEA requires at least one desired output rather than an unwanted �bad�, we use 
the inverse of standardized deaths as left-hand side variable (cf. Scheel, 2000). 

   
Figure 1: Standardized mortality, 2004    Figure 2: Hospital beds per capita, 2004 
Source: Statistisches Bundesamt, own calculations  Source: Statistisches Bundesamt (Statistic Regional) 
 

As comprehensive quantitative information on health care utilization (e.g. the number of physician 
consultations) is not available to us at the district level, we use medical infrastructure to measure the 
inputs to health production.10 Specifically, hospital beds, the number of general practitioners, and 
the number of resident medical specialists - each per 10,000 inhabitants - enter the data 
envelopment analysis (see Figures 2 trough 4). Figures 2 and 4 show the typical pattern of hospitals 
and medical specialist located in cities or towns, with a much weaker supply of medical infrastructure 
in the countryside. This pattern is most distinct in Franconia (marked red in Figures 2 and 4) and 
some bordering regions, where the arrangement of districts adheres closely to the �Stadtkreis-
Landkreis� scheme. Though the distribution of general practitioners (Figure 3) exhibits some 

                                                            
8  This is not uncommon in applied health economics; see Hall and Jones (2007) for a recent example. 
9  Unfortunately, the data available to us include precise age only up to 75 years. For the population older than this, figures 

are reported in age-classes, i.e. 75 to 80, 80 to 85, and > 85 years. 
10 As with patient flows, publically available information on inpatient care is much better than information on outpatient 

care. 
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interesting regional features � e.g. remarkably low numbers for the western state of North Rhine-
Westphalia � there is no distinct difference between urban and rural districts. 

Figure 5 displays the corresponding DEA results in terms of output-oriented technical efficiency 
scores ( 0 < DEA score 1£ ). These scores can be interpreted as the factor by which mortality might be 

reduced, relative to other districts, without changing the inputs considered here11. On average, 
districts reach an efficiency level of 0.827 while the worst score is 0.652. The share of districts 
classified as fully efficient (unity efficiency score) is only 3%.12 The regional pattern of efficiency 
scores to some degree mirrors the distribution of standardized mortality. That is, while the share of 
highly efficient districts is rather large in the south-west, many of the least efficient ones are located 
in the north-east of the country. 

   
Figure 3: General practitioners per capita, 2004   Figure 4: Resident medical specialists per capita, 2004  
Source: BBR (INKAR 2006)     Source: BBR (INKAR 2006) 

Interestingly, especially in the region of Franconia, DEA results exhibit a pattern of relatively less 
efficient urban districts surrounded by rural ones featuring high, in some cases even perfect, 
efficiency scores (see Figure 6 and Table 2). 

Table 2: DEA efficiency scores for some Franconian urban and contiguous rural districts  
 Bamberg Bayreuth Coburg Hof Schweinfurt Wurzburg 

urban district 0.821 0.782 0.854 0.675 0.846 0.815 

rural district 0.914 1.000 0.975 0.735 1.000 1.000 

 

                                                            
11 As we conceptualize DEA in terms of a descriptive tool rather than a causal model, this interpretation should not be 

overstretched. 
12 Since the share of fully efficient districts is very low, censoring from the right is not a major problem for the subsequent 

regression analysis that uses DEA scores as left-hand side variable.  

9 
 

This corresponds to the regional distribution of hospitals and medical specialists and supports our 
original hypothesis of a strong influence of net patient flows on district-specific efficiency scores. 
Inhabitants of rural Franconia thus receive medical treatment in urban district such as Bamberg, 
Bayreuth, Schweinfurt and Wurzburg, leading to a downward bias in the urban efficiency scores 
while the rural contiguous neighbours seem highly efficient. Indeed, applying Moran�s I test to the 
raw13 efficiency scores indicates a highly significant spatial correlation, regardless of the type of 
spatial weighting matrix used. 

 
Figure 5: DEA efficiency scores, 2004    Figure 6: DEA efficiency scores, 2004 (enlarged detail) 
Source: Own calculations     Source: Own calculations 

 

3.2 A Spatial Regression Model 

If spatial interdependence occurs in health care provision, it must be considered in the regional 
analyses of health care efficiency so as to achieve unbiased and conclusive results. In a spatial 
regression model explaining regional efficiency, unobserved net patient flows might most 
appropriately be modelled with spatially negatively correlated errors. In contrast, potential spillover 
effects from one region to another may be captured by including the efficiency scores of 
neighbouring districts as right-hand side variables in the regression model. The spatial autoregressive 
model with autoregressive disturbances (see Kelejian & Prucha, 1998) accommodates both types of 
spatial interdependence. The basic structure of the model is given by: 

 y X Wy uβ λ= + +  (1) 

 u Muρ ε= +  (2) 

 
2( ) 0, var( ) , cov( , ) 0i i i jwith and i jε ε σ ε εΕ = = = ∀ ≠  

                                                            
13 That is, no covariates enter the initial regression from which residuals for calculating the test statistic are obtained. 
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