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Abstract

D    ,       
       . H,   -
   ,     2008    
 C-19 ,         
  . I  ,        -
  ,         
,  ,    -    .
S,         
            -
   -  . T -- 
          . W  , 
,           
.

Keywords: OR  , L  , B 
, C , D--D

JEL classication: C54, D24, H61, H71, H72

1. Introduction

L          -
           
(B-B et al., 2016; DI & D W, 2020). H,  
 -      ,    -
         
(A et al., 2018). T        
          ,   
     (B & B, 2021). A  ,
      ,    
    . A      
     ,       
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    (A et al., 2021). T   
             -
 ,      ,   
  .

T            -
   ( )  , , ,  
,   (e.g., L & S, 2013; G et al.,
2016; A et al., 2018; V, 2020, D & G, 2021  
  B & H, 2020).1 B et al. (2016)    
         .
H,           , 
          
,          -   
:   . E        
           (N́-P̃́ &
D W, 2018). E          -
 ( )    ( ) (V & F,
2018). T -         
      /      , -
    /  . I    
          
             
      .

A,           , 
     ,    -
    (L et al., 2015; D et al., 2019). U  
     ,     
            
 ,    ,   ,  
  (M́-G́ı et al., 2022). L     
              . I 
,         , 
       - 
(P et al., 2019). I  ,        
       ( 
   ). I       ,     
         ,     
           (A & P,
2016). O,           -
  /      /.
E             -
    ,        

1Recent papers focusing on scal rules on local governments within a single country are
Schaltegger & Feld (2009) and Burret & Feld (2018) for Switzerland, Argimón & Cos (2012) for
Spain, Ben-Bassat et al. (2016) for Israel, Grembi et al. (2016) and Bonfatti & Forni (2019) for
Italy, Köppl-Turyna & Pitlik (2018) for Austria, Christofzik & Kessing (2018) for Germany and
Borge & Hopland (2020) for Norway. Beyond the country level, Foremny et al. (2017) analyze
17 OECD countries, while Bergman et al. (2016) study 27 EU countries.
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        . C, 
          -
,            -
     (P et al., 2016; V & F, 2018;
P & V, 2020). A          -
     ,      
       .2

T           . I
,     -   -  
   -   -        
    -     / 
    /. T  ,    
,           
   ,  (   -   
  )       . O 
            
F R  B  2014 ,      -
  (beleids- en beheerscyclus – BBC ). C   , 
,  ,          
 ,          
 :     -   (W-
 et al., 2017; C et al., 2018; V & G, 2020). W 
 --         
    :       
  ,   ,     
(i.e.,   )         -
 (i.e.,   ). A  ,   
           
    (i.e.,   )     (i.e.,
  )   . W     
             ,  
           .

W        . F,   
           
           , 
          
  . S,         -
          , 
   -      ,  
   . W        -
    -      
     . F,      
       (DI et al., 2020; M
& D W, 2021)           . I
,          -

2For the economic framework see, for example, Vidoli & Fusco (2018); Porcelli & Vidoli (2020),
while for the methodological approach Karakaplan & Kutlu (2017a,b); Kutlu et al. (2020).
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             
.

W         -
            -
. F,            
. C,       
     - . S,   -
             
  . S,         
        (R, 2020),  
          -
. T            -
       . O   ,
           
           
(B et al., 2012; P et al., 2019). O   ,   
          -
    (B et al., 2010; J et al., 2020). H,
            :
           
. P      . T   
             -
     (O & S, 2004). O  ,
          . T  -
,           
        (O & S, 2004; P
et al., 2019). T,        
    -     
  . T         4, 
          
      .

O         
        . S,
            -
,        .

T        . S 2  
F          
 . S 3         
  . S 4  5 , ,  
    . S 6     .

2. Institutional framework

2.1. Local competences and public budgeting in Flanders

L   F ( D-   B) 
         ,    
    . A   E ,  
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   , ,  ,  -
, ,     ,    -
 (CEMR, 2016). I      
            (G &
R, 2011). T     40%   , 
      (       
 )     (       
 ),    80%     (
 D W et al., 2018).

2.2. The policy and management cycle rule

D           
      B ,    
          
 ,  ,     M   P
L  2002 (W et al., 2017; C et al., 2018). B  ,
F          
             -
  (F, 2013). S  2014,  F R 
     ,       -
 (beleids- en beheerscyclus – BBC ),      
  . C    ,    
   F       :
(i)    (ii)  - (-)   ( 
W et al., 2017; C et al., 2018; V & G, 2020).

T  ,             
           
       .

3. Data

3.1. Selected variables

T           307 -
   F R  B    2006–2016. T 
    Statistics Flanders, Statbel, Flanders.be   Federal
Police.

T          
    -    , 
  T 1. F,        , 
      3. S,    

3A clarication is in order: the concept of cost used in this paper is related to the budget data
available for the individual municipalities in Flanders. In the present case, this is cash basis,
i.e. includes only those costs for which there has been a nancial manifestation, and not accrual
basis, which requires transactions to be recorded in the tax period to which they relate regardless
of when the payments occur. This has advantages and disadvantages. While more correct from
an accounting point of view, the use of the accrual principle would have been infeasible in our
analysis because of the non-availability of data on depreciation (dierent between functions) and
in general on the capital stock. However, as also acknowledged by the Reuter (2020), the use of
a cash basis makes our analysis robust for governments engaging in creative accounting.
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           . C
             
     -     -     
   ,       
   . C   (i.e.   )   
  (i.e.   )       
          
(CEMR, 2016; OECD/UCLG, 2016; N́-P̃́ & D W, 2018). B 
(.., G) F      
   . T          
. F  ,    ,     
            
         ,   
  . S-       
            
. S          
  . T          
        . T  
          2.5 
          . S, 
              
    80 . A    ,   
             
   . T       
(    )         
          .
T            
      ,    
  . F   ,      
          ,
      . T       
   ,     . T 
     90%     . T, 
    ,       ,  
   .

T 1         ,  
    . T     
   ,     F  
            ,
      (      N́-
P̃́ & D W, 2018,       M́-G́ı et al., 2022,
  A et al., 2018; DW et al., 2018; D et al., 2019; V,
2020,  ). I  ,        
            F
,            
      . F,      
          
        F  .
T          
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     . I  ,      
         ,  
          . S,
            
 ,           
.

Table 1: List of variables and their descriptive statistics

V M S. D. M M

T ()  * 1,013 e 279 e 501 e 2,872 e

Local needs
B *** 10.091 1.660 4.328 17.857
D *** 9.239 1.774 4.010 16.957
N  ** 0.461 0.563 -3.912 5.714
C   (2.5  5) ** 3.740 0.443 1.894 5.714
C    (6  11) ** 6.513 0.695 3.689 9.013
F   0.059 0.049 0.000 0.389
C    (0  2.5) ** 2.589 0.344 1.096 4.147
E  80    ** 5.047 1.064 2.019 9.859
L  *** 201.882 117.381 0.000 1,376.929
I   0.558 0.598 -4.514 6.122
U  * 0.064 0.021 0.022 0.251
U  23.544 8.663 4.729 57.579
C  * 0.521 0.229 0.368 3.797
T,     *** 33.249 15.851 8.827 118.945

Actual local provision
A  *** 5.046 3.559 0.000 18.000
C   -  (2.5-12) *** 6.388 5.277 0.000 36.849
H    *** 1.023 0.883 0.000 5.477
C    (0-2.5) *** 12.618 3.607 2.493 25.395
R   *** 12.924 6.603 0.000 48.468
N      * 3.541 1.822 0.000 20.114
B     * 0.003 0.002 0.000 0.024
R  * 0.127 0.054 0.000 0.365
P  * 0.013 0.010 0.003 0.110
P  * 0.011 0.018 0.002 0.285

Other economic and scal variables
T  * 17,414 e 2,328 e 10,999 e 27,858 e
T  20,555 33,455 945 517,042
R   193,278 e 41,581 e 89,694 e 375,765 e
R    * 275 e 72 e 0 e 618 e
R    * 279 e 120 e 110 e 1,295 e

Notes: * = per capita; ** = per capita x 100; *** = per capita x 1000

Panel for 307 Flemish municipalities over 2006–2016. Net migration is the dierence between the number of immigrants
and emigrants as a share of the total population (De Witte et al., 2018). Utilization density is the ratio between the
sum of inhabitants and number of jobs over the built-up area: the more people and jobs located in a built-up area, the
better the land utilization (Jaeger & Schwick, 2014). Urbanicity index is the build-up area over the total surface as a
measure of urban sprawl. Building permits for residential properties is the number of building permits for residential
properties (apartments and one-family residence) (De Witte et al., 2018). Thefts, physical and property crimes is the
sum of the three types. Residual waste is the waste collected at municipal level. Police personnel is the sum of actual
operational and civilian personnel.
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3.2. Measuring local government cost eciency

T             
            ,   
         .4 C
    ,      
       (,    
,      ). A   
             .
O  ,            
           .

T  ,       -
  ,     ,   D
E A  S F  (    -
  G et al., 2016; N́-P̃́ & D W, 2018   
   M́-G́ı et al., 2022). T     
            .
H,         
           (
A A),          
         .

M         
          
             .
T  ,           
       . S,    -
    ,    K & K
(2017,)  K et al. (2020):



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′
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 yi ∈ R+      ith  , xyi    -
         (i.e.,     
    , xi)     (i.e., 
    -  -
   ). xi    Zi,     
  (i.e.,    ). T  
             
      . T   
      ,   
   . vi    -  -

4Please note that, thereafter, we will use interchangeably eciency and performance where
these terms are to be understood as synonyms of cost eciency.
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    ui > 0   -    .5

3.3. Local government cost eciency estimates

T      M (1),     2006-2016
    307    F R  B.
T      ,    
    T 2,    S 3.1. T 
    ()    (). W
           
 ,           .
I ,           F 
 (    90%    ). F 
,          
. A  ,        , 
   (  )       
    . T       
          : (i)  
      ,        
            
       M   
    ; (ii) , ,   ,    
    : , ,     
   ,            
 .

A M (1)   ,    F 
   89.65%  . T       -
    .6

4. Empirical framework

T           -
,           
 . F,          
   . T,        
        . F,   
/           
.

4.1. Does the reform have an impact on local government eciency?

I   ,           
    --  (A & I,
2017; W et al., 2021). C,  BBC      -
. S  BBC    F    

5The two-sided residual term is usually assumed to be normally distributed: v ∼ N(0,σ2
v)

while u is distributed as a half-normal and is always positive: u ∼ N+(0,σ2
u). The standard

SFA model also assumes that v and u are each identically independently distributed (iid) and
the covariates in the model. Please note that in Karakaplan & Kutlu (2017a)s original model
even the term u can be related to specic covariates; we, therefore, report a simplied version.

6In Appendix B, we show how the model provides a superior tting to the theoretical model.
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Table 2: Municipal output (local needs and provision) by municipal function

M  L   L  

(Exogenous  ) (Endogenous  )

A B, D, N  A 

E C   (2.5  5) C   -

C    (6  11)  (2.5 - 12)

C  F   H   

C    (0  2.5) C    (0-2.5)

E  80    R  

C L  N     

H I   B   

U  

E U  R 

M C  P 

L  T,     P 

  all [municipalities] in the groups were randomly assigned, regardless
of their adherence with the entry criteria, regardless of the treatment they actu-
ally received, and regardless of subsequent withdrawal from treatment or deviation
from the protocol (F et al., 1990),  I-T-T (ITT, G, 2011)
   ,        -
     . M ,  ITT  
     BBC   eit (    3.2)
     i   t :

eit = α0 + α1Di + α2Pt + α3Di ∗ Pt +X ′
itα4 + µi + θt + ϵit (2)

 α3     ,   ITT (i.e.,    
BBC    -    / ), Di 
     1         
 , Pt      1  2013 (i.e.,   
  BBC   ), X      ,  µ  θ
        . I  ,  
            , i.e.
          ,
         . T 
  ,      BBC ,  
      .

A  ,       -   
  ,     ,     ,
   ,         
      . W       
 ,   ,    - ,  
          (   
,   A C). D  PSM ( 
)  CEM (  ) ,    
ex ante                 
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        (I et al., 2009). T 
,           
             .
W  ,          
  ,         
       . F     ,
,           
   ,    ,     ( 
     5,   5 )  ,
  ,       ( )  
         (2).

4.2. Does the reform have a heterogeneous impact across inecient local govern-
ments?

I   ,        
. T           :
          ,  ,  
      ,        
     ,      
     .

I  ,     ,    
           
,     . T     
           ,
  -     -      .

F     ,       (
  )   ,    2014  . I
  ,  -   -    
     (    increasing). I  
,         ( 
  decreasing). T       
           (-
      1)    . T   
    (      2)   
     (3):

eit =α0 + α1AD
I
i + α1BD

D
i + α2Pt + α3AD

I
i ∗ Pt + α3BD

D
i ∗ Pt+

X ′
itα4 + µi + θt + ϵit

(3)

  D   decreasing  I   increasing.

4.3. What are the levers pulled by the municipalities recovering their ineciency?

I   ,      :    
     -    - 
     ? W       
     ? A       
  ,          
,       ,       
    ?
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T   ,         
   ,       
     . M  –  
  y   0       
,  1      –      
             
     x  :

E(y|x) = exβ

1 + exβ
= S(βx) (4)

    S    . T    
    x         
   . F    ,   H J
et al. (2013).

5. Results

5.1. Does the reform have an impact on local government eciency?
P     –    (2)  

    T 2 –    ,   , 
          . I 
,              
       . T    F 1  1.
T            
 (2006-2013) – i.e.     (   
 )           
. T       ,   
          .
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(a) Smoothed trend basis.
Individual smoothed trends representing the eciency

evolution over time of each municipality
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(b) Functional clusters.
Estimated average curves per cluster over time based

on individual trends

Figure 1: Smoothed trend basis and functional clusters, before the policy was implemented
(2006-2013), for all 307 Flemish municipalities.
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F     . W      
(  ,  ;    ),    
    (       
    )        
          .

W     ,     2014, 
        . D ,   
  -   -         
. T    ITT     T 3.
T       (  P ∗D)   
    . I  ,     
      ,       
  .

Table 3: Intention-To-Treat: Eect of policy on absolute cost eciency levels

Dependent variable: Cost eciency * 100

E

D −6.458∗∗∗

P −0.701
P ∗D 1.091∗∗

T  (.  / 1000) 0.205∗∗∗

B  (.  / 1000) −1.525∗∗∗

I / 1000 0.045∗∗∗

C 94.873∗∗∗

O 3,031
R2 0.233
A R2 0.232
R S. E 0.047 ( = 3024)
F S 153.175∗∗∗ ( = 6; 3024)

Note: ∗<0.1; ∗∗<0.05; ∗∗∗<0.01
The estimate related to P ∗D measures the eect on cost eciency of the BBC policy in the post-
treatment years for the municipalities deemed inecient in the pre-treatment years. The positive
and signicant coecient denotes that on average these municipalities have recovered part of their
cost ineciency with respect to the other group of municipalities.

H,       ,    -
       . T,    , 
      ,   ( 
  , i.e.      2014)      
  .

5.2. Does the reform have a heterogeneous impact across inecient local govern-
ments?

W          -
    . T  ,       
     2014,       
   .
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F       1,  2  2   -
      -    7 -   
. A    4.2,      
 (110     )   (129 -
    ) .
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(a) Smoothed trend basis.
Individual smoothed trends representing the eciency
evolution over time of each individual municipality
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(b) Functional clusters.
Estimated average curves per cluster over time based

on individual trends

Figure 2: Smooth trend basis and functional clusters, after the policy was implemented
(2014-2016), for the 239 municipalities deemed inecient in the pre-treatment period.

T           
 (    )    -
,      2014      
 (3). T 4       -   
     ,     
 ,           . F-
          , 
           
           
 . T    , , . A
 ,    -       
-            
    .

7This is clearly a limitation of the analysis, which for reasons of data availability does not
allow us to verify the eect of the policy even in the medium and long term.
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Table 4: Intention-To-Treat: Eect of policy on absolute and relative levels of cost eciency

Dependent variable: Cost eciency * 100

E

D decreasing −6.628∗∗∗

D increasing −6.312∗∗∗

P −0.702
P ∗D decreasing 0.943
P ∗D increasing 1.216∗∗

T  (.  / 1000) 0.213∗∗∗

B  (.  / 1000) −1.495∗∗∗

I / 1000 0.045∗∗∗

C 94.814∗∗∗

O 3,031
R2 0.234
A R2 0.232
R S. E 0.047 ( = 3022)
F S 115.420∗∗∗ ( = 8; 3022)

Note: ∗<0.1; ∗∗<0.05; ∗∗∗<0.01
The estimate related to P ∗D decreasing and P ∗D increasing measures the eect on cost eciency
of the BBC policy in the post-treatment years for the municipalities deemed inecient in the
pre-treatment years, distinguishing between a group showing a decreasing trend in eciency (110
municipalities) and a group with an increasing one (129 municipalities). The positive and signicant
coecient for P ∗D increasing denotes that municipalities that have recovered part of their cost
ineciency with respect to the reference ecient municipalities outweigh the municipalities with
a decreasing trend.

5.3. What are the levers pulled by the municipalities recovering their ineciency?

I        , ,    -
             
              
 . I  ,      
     -   -   
           ,    
 ?

T 5          (RRR), 
         (   -
  )          
(     )    
 . I           
             
  - . T       
     ,      ( -
      ;  DI et al., 2020),
          
.

V       1       
    . S       
 ( C   P ),    (  
)      . I  , 
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Table 5: Logistic regression exploring dierent levers pulled by municipalities recovering their
ineciency after the policy was implemented (2014-2016) – Relative Risk Ratios.

F  S  S  E A 
(1) (2) (3) (4) (5)

Decreasing relative eciency ( )

Increasing relative eciency:
R    1.072 *** 1.166 *** 1.257 *** 1.239 ** 1.267 ***
R    0.824 *** 0.848 *** 0.869 *** 0.821 *** 0.814 ***

C  (0-2.5 ) 0.999 0.999 0.999 0.999
S   0.988 * 0.991 0.990 0.989 *
L  1.000 1.000 1.000 1.000
R  1.000 1.000 1.000 1.000
P  0.996 *** 0.996 *** 0.996 *** 0.996 ***
P  0.999 0.999 0.999 0.999
B  1.008 *** 1.009 *** 1.009 *** 1.010 ***

I 1.000 1.000 1.000
I () 1.000 1.000 1.000

O  1.001 1.001 **

A E .  
L .   2.495 **
M .   1.885
H .   1.408

C 2.271 *** 3.945 *** 3.118 *** 1.657 0.432

Note: *p<0.1; ** p<0.05; *** p<0.01.
The table reports the results in terms of robust Relative Risk Ratio (RRR), that is the risk of falling in the comparison group (municipalities that
have improved their performance) compared to the risk of falling in the referent group (municipalities that have worsened their performance) as dierent
levers are pulled: increasing scal revenues (column 1), cutting on service provision (column 2), exploiting economies of scale (column 3) or cutting on
expenditure (column 4). Values equal to or very close to 1 show that there is no dierence in response between the two groups. Municipalities that
responded positively to the BBC policy using a certain lever display RRR greater than 1. Column (5) includes the starting level of ineciency: the
lower the initial absolute ineciency level, the easier the eciency gap recovery.

              
         . H, 
       :        , 
      . C     , -
   . T  , the income tax appears to be stickier
and harder to manoeuvre than all other tax instruments (G & R, 2011).
I,   ,         
                
 . T         -
:         
    (J et al., 2020). F   ,   
 ,  ,     building permits ,
         strategically recover scal
revenue (D W et al., 2018) , ,   -
. C,         
   paved roads  social housing ,     
           .

F,          
     ,    ,      
             
. I , F 3  3     
           
   .
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Figure 3: Predicted probabilities by increasing vs decreasing eciency, logit model. Focus on
income and property taxes, as potentially useful levers to recover cost eciency after the policy

was implemented (2014-2016).

6. Conclusion

T           
    . W    
         F   B 
2014    -- . T   
  ,        
        . R    
       F    
2006-2016,    ,  ,   
            
        .

O            -
           
      . O  ,   
    . T      F  
 . F,         
             
  . S,      
            C-19 .
H           - 
           
        (CEMR, 2020). P,  
   change the direction  -    
          
 --- . S   ,  ,
       showing how non-linear trans-
fer systems can produce both equalization and high marginal scal incentives to
produce local economic growth (W, 2009).

O           .
M   -     
   (R, 2020). O      
     ,       .
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I          
  ,       . M, 
           
 ,          
   . T       
          
.

T    -      -
          /- 
           . A
   ,        - -
 . A,       
         , 
    .
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Appendices

Appendix A. Cost eciency measures

T             
        , i.e. -
           
            -
        (, e.g,. S, 1981, R,
2006, R, 2007, B et al., 2007, B & C, 2008, D
& M, 2007).

T        , i.e.    
   . M  (L, 1994; S, 2002),  
        :    
,           ( 
)         (i.e.   
,    ,          
- e.g.          ). T
     y         :

y = s(g, p, A) (A.1)
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 g    , p      A   -
i.e.  -       -
     . T     
 (g), ,    :

g = d(Q,R, y) (A.2)

 Q    -  , R   
8  y        .

G  ,          
      . (i) T  
             
     ( A.4),      
            
9    . (ii) T   (
A.3)            
        . T  
    : ,  ,      
 , ,    ,      
     .

E      ,    -
  (A.3)      (A.2)  (A.1):

y = f(Q,R, p, A, gs) (A.3)

I  ,        
  -  (i.e.  ,  ,
.)     . I   ,  -
     (  )   
     . T  , ,    
           
.

E           -
  : ,  ,        
      ,    
 ,    ,        
       , ,   
(V & F, 2018; P & V, 2020). I  ,   
(A.4)          (A.2)  (A.1):


y = s(g, p, A)

g = d(Q,R, y)
(A.4)

8Please note the variable R in the demand function; in empirical results, in fact, high-income
Authorities demand higher spending. R is used in the regression model to sterilize the income
eects on the standard needs with the aim to identify needs that result from income elastic
demand for the public service.

9In particular, simultaneity can be dened (Wooldridge, 2002) as the joint determination of
one or more explanatory variables with the dependent variable, typically through an equilibrium
mechanism. In other words, simultaneity includes endogeneity by its very nature.
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T       -     -
  -           -
            
.

P   ,   A et al. (1977) 
M &   B (1977),         
     . T      -
       -   
. S  ,      
   ;  K & L (2000), G (2008) 
K et al. (2020)       .

T  /   (SFA)   ,  
, :

yi = f(xi;β) + vi − sui, i = 1, . . . , n (A.5)

 yi ∈ R+      i, xi ∈ Rp
+     , f(·) 

 / ()    X    Y , vi
   -    , s    1 
   -1     ui > 0  -  
  . G  , /  
  TEi = (−ui) ( yi  -). I ,  -
    10     : v ∼ N(0, σ2

v)
 u   -   -     
: u ∼ N+(0, σ2

u); ,   ,     v
 u      (iid).

T         
    ,  if the model has endogeneity prob-
lem, then the traditional maximum likelihood estimation for stochastic frontier
models gives inconsistent parameter estimates (K & K, 2017). I
 ,          
           
        N   H-N .

G  ,   (G, 2008; A et al., 2016; G-
 & H, 2016; A et al., 2017; K & K, 2017,) 
          
  . I  ,  K & K (2017)  
          
       .





yi = x′
yiβ + vi − sui, i = 1, . . . , n

xi = Ziδ + ϵi



ui = h(x′
uiϕu)u

∗
i


ϵi
vi


≡


Ω−1/2ϵi

vi


∼ N


0
0


,


I σvρ
σvρ σ2

v


(A.6)

10Several distributions can be assumed for the one-sided error term; e.g., half-normal, trun-
cated normal, gamma, exponential, etc.
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 yi ∈ R+      i, xi ∈ Rp
+     , vi  

 -      ui > 0   -
     11. T    
 : xyi,       y; xi, 
 ;  xui,      
u. I   ,    xi    Zi,   
   .

N    -    -    
     ;        
  (G, 2004)          
–     –           
    .

Appendix B. Comparison between cost and expenditure eciency es-
timation

T B.1, T B.2  T B.3, ,    
       (OLS),    
SFA      SFA  . T  
. F,         , -
              
          
  (      T B.1  B.2
  –     –  T B.3)   -
    . S,     
  SFA          
  (F B.1)   ,      
,    ,  .

11The two-sided residual term is usually assumed to be normally distributed: v ∼ N(0,σ2
v)

while u is distributed as a half-normal and is always positive: u ∼ N+(0,σ2
u). The classical

model also assumes that v and u are each identically independently distributed (iid) and the
covariates in the model. As usual s = 1 for production functions and s = −1 for cost functions.
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Table B.1: Expenditure baseline model - OLS regression

C
E 

(1) (2) (3) (4) (5) (6) (7) (8)

T  (,  ) 0.466 0.335 0.341 0.451 0.399 0.394 0.397 0.520
[0.001]*** [0.023]** [0.020]** [0.000]*** [0.001]*** [0.001]*** [0.001]*** [0.000]***

R   () 0.200 0.259 0.305 0.279 0.287 0.274 0.271 0.163
[0.004]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.001]***

I -0.180 -0.202 -0.264 -0.323 -0.247 -0.217 -0.213 -0.297
[0.385] [0.348] [0.206] [0.058]* [0.115] [0.177] [0.209] [0.072]*

I () 0.0170 0.0179 0.0202 0.0210 0.0176 0.0156 0.0154 0.0172
[0.111] [0.097]* [0.054]* [0.015]** [0.028]** [0.060]* [0.080]* [0.049]**

D (,  ) 0.242 0.209 0.0500 0.0314 0.0252 0.0270 -0.0000174
[0.000]*** [0.001]*** [0.284] [0.487] [0.582] [0.558] [1.000]

B (,  ) 0.0670 0.167 0.0901 0.0721 0.0618 0.0639 0.0535
[0.458] [0.006]*** [0.034]** [0.095]* [0.143] [0.131] [0.179]

N  (,  ) 28.98 21.20 -25.98 8.000 9.141 8.632 -11.48
[0.394] [0.498] [0.398] [0.855] [0.830] [0.840] [0.681]

C   (2.5  5) (,  ) -0.0144 -0.0237 -0.0282 -0.0292 -0.0287 0.00254
[0.493] [0.200] [0.119] [0.107] [0.114] [0.879]

C    (6  11) (,  ) -0.0511 -0.0337 -0.0372 -0.0365 -0.0366 -0.0265
[0.008]*** [0.043]** [0.025]** [0.028]** [0.025]** [0.068]*

F   1.709 1.572 1.527 1.536 0.918
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***

C    (0  2.5) (,  ) 0.00993 0.0163 0.00638 0.00769 0.0158
[0.617] [0.416] [0.735] [0.686] [0.383]

E  80    (,  ) 0.0259 0.0408 0.0357 0.0366 0.0391
[0.062]* [0.001]*** [0.006]*** [0.006]*** [0.001]***

L  (,  ) 0.00465 0.00537 0.00544 -0.00248
[0.794] [0.741] [0.742] [0.777]

U  (,  ) 0.0585 0.0534 -0.0298
[0.104] [0.184] [0.428]

U  (%) 0.0150 -0.175
[0.886] [0.081]*

C  (,  ) 0.0271 0.0390
[0.626] [0.329]

C (,  ) 0.294
[0.000]***

D , 2006  2016        
N 3376 3376 3376 3376 3233 3233 3233 3233
AIC -1186.742 -1375.497 -1469.236 -1931.333 -1930.022 -1964.064 -1963.217 -2753.095
BIC -1100.999 -1271.381 -1352.872 -1796.595 -1789.16 -1817.077 -1803.981 -2587.735

N: T     . OLS          . C (1)
     . C (2)      . C (3)    
 . C (4)       . C (5)      . C (6)  
   . C (7)       . C (8)       .
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Table B.2: Expenditure SFA model

C. S. E.  P> [95% C. I]

T  (,  ) 0.57622 0.03316 17.38 0 0.51122 0.64122
R   () 0.13918 0.01913 7.28 0 0.10169 0.17666
I -0.38094 0.04516 -8.44 0 -0.46945 -0.29243
I () 0.02103 0.00232 9.07 0 0.01649 0.02558
C   (2.5  5) (,  ) 0.00008 0.01223 0.01 0.995 -0.02389 0.02406
C    (6  11) (,  ) -0.02280 0.00607 -3.76 0 -0.03470 -0.01091
F   0.88000 0.07183 12.25 0 0.73921 1.02078
C    (0  2.5) (,  ) 0.02038 0.01465 1.39 0.164 -0.00832 0.04909
E  80    (,  ) 0.03972 0.00442 8.98 0 0.03105 0.04838
L  (,  ) -0.00251 0.00414 -0.61 0.544 -0.01061 0.00560
I   0.00651 0.00491 1.33 0.185 -0.00312 0.01613
U  (,  ) -0.03295 0.01137 -2.9 0.004 -0.05524 -0.01066
U  (%) -0.18643 0.02706 -6.89 0 -0.23947 -0.13339
C  (,  ) 0.03304 0.01559 2.12 0.034 0.00248 0.06361
D (,  ) 0.00186 0.01985 0.09 0.925 -0.03705 0.04078
B (,  ) 0.07188 0.02391 3.01 0.003 0.02501 0.11875
N  (,  ) -23.79842 16.55202 -1.44 0.15 -56.23979 8.64295
C (,  ) 0.29076 0.01068 27.22 0 0.26983 0.31170
D , 2006  2016 

σv 0.10971 0.00408 0.10199 0.11801
σu 0.17873 0.00795 0.16381 0.19501
σ2 0.04398 0.00218 0.03971 0.04825
λ 1.62915 0.01151 1.60660 1.65170

N: T     . E S F A (SFA)   
     ,     . F -
,    ,     , ,  , ,
, ,     .
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Figure B.1: Expenditure and endogenous cost eciency kernel distributions
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Table B.3: Endogenous cost SFA model

C. S.E. P-

T  (,  ) 0.25237 0.18912 0.18206
I -0.06563 1.16116 0.95493
I () 0.01742 0.04738 0.71311
R   () -0.06107 0.09906 0.53756
A  (,  ) 0.47384 0.20985 0.02395
C   -  (2.5 - 12) (,  ) -0.02658 0.156 0.86469
H    (,  ) -0.28605 0.20901 0.17112
C    (0-2.5) (,  ) -0.21016 0.19199 0.27367
R   (,  ) 0.04607 0.07751 0.55221
N      (,  ) -0.01362 0.16943 0.93593
B     (,  ) 0.00424 0.14506 0.97666
R  (,  ) 0.70684 0.38056 0.06326
P  (,  ) 0.08832 0.13525 0.51375
P  (,  ) 0.2348 0.31595 0.45737
D  

A  = 89.65225
M  = 90.95941

L  (E ): L  (I ):

A  (,  ) D (,  )
C   -  (2.5 - 12) (,  ) B (,  )
H    (,  ) C   (2.5  5) (,  )
C    (0-2.5) (,  ) C    (6  11) (,  )
R   (,  ) C    (0  2.5) (,  )
N      (,  ) E  80    (,  )
B     (,  ) L  (,  )
R  (,  ) I  
P  (,  ) U  (,  )
P  (,  ) U  (%)

C  (,  )
C (,  )
F  

N: T     . E  S F A (SFA)   
     ,        
   . F ,    ,      -
, ,  , , , ,     .
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Appendix C. Functional data clustering

F   (FDA, R & S, 2005)   -
            
 .
A             
      ,     
       -. I ,   -
 Xij     Xi(t)       tij : j = 1, ..., mi

 . F  ,      FDA-    
           
    .

I  ,         
     ,     -
   -      
          -
       k-   -
 (B & J, 2011; B et al., 2015).
I       (F 1, 1, 2  2),  -
FEM  (B & J, 2015)       
          
 .
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