
   /     /74/  1397/  23-1

        
  1

 2

 3

 :  6/2/1395        :  1/8/1396

               
      .            

              
       .            

                   
                   

     1392-1353  .           
                .  

            32/0%  62/0%      
                 

          .       
                    

           .    
  :            

 .     
 JEL: C3 ,Q3 ,C22, F33. 

1-  :   (  )    elaheh_asadi@alzahra.ac.ir

2-    :      fbazazan@alzahra.ac.ir

3-    :      alzahra.ac.ir hmousavi@



           

1- 
           

      .        
            

       .     
               .
          ( )   

.   
            

        )     1957(
               

.            
     .         

                
            

                 
         .   

                
           

               
.      

             
              

            



   /     /74/  1397    

           
         .     

             
    )   2002(1     

            
 .

             
            

         .   
            

    20          
           

              
          .     

            
           

          .    
              

    2.  
      :  

-          

-            

1- Barnett ,2002, p. 199. 
2-    .                 



           

       :
-        
-            

   

-            
           

 
 :               

                
            .    

.     

2-    
1-2-  

                
            

.   
           

          1  .

1-                  
     ) (     )   (      .

          .         
                   .  

                 
                  

    .



   /     /74/  1397    

)    1957      (    
    -         

         .   
         -   

       .        
(  )     (  )        

       .   
    .  (    )    1)2008( 

           
               

            .   
             

       .    
            
            

          . 

               .  
            .         

                 .   
                    

      .
     .              

                .       
        .       

.   



           

        .        
    1 )1993(    2)1989  .   (

             
    3 )1974(       .  

        4 )1975 (5 )1977(  6

)1979(                
  )    –        .  (

           ) 
      (      . 

             
    ).   (       

            
        )    2002(

   7)2003   (.
              

             
              .

           
 .             

.             

1- Bentzen and Engsted  
2- Hunt and Manning  
3- Diewert  
4- Berndt and Wood  
5- Fuss  
6- Pindyck  
7- Barnett and Pasupathy 



   /     /74/  1397      

)   1977  (   :       
                                          (1) 

  Y  f            
, . . . ,n1i= iE, n   L    K    t   

 .       :  
 

            
     .           

  )  1           (
:  

                                    (2) 

 )  2 (C         P>0  c   
  1.  

    2 )1953 (:    
                                     (3) 

)   3   (y   :    

 

       :  

 

          :  
T  

  
  
1- )     :  .    1982(.   

2- Shephard's Lemma 



             

                                                                                               (4) 

         
   )   .4 (  TFP 

     ( )       (  )   .
  )        (    TFP  

                
.            

             
  .-    i  j  :     

                                                )5(                     
   i  j           

     1.     i  j :      
                                                    )6(  

             
      .            

             
2.               

      .  
       i  j   -   .  

      -  .     
      j      i   . 

  j      i   .   
  
1-    :  .   ) 1964( )  1974(.  
2-     :  . )   1989(.  



   /     /74/  1397      

               
               

        .  
:            

                                                                         )7(  
 :        

                                                                                           )8(  
       j   .       

    :  

 

)        2      (
 .  NQ        1 )1987  (

            . :  
               (9) 

        (  )       
        :     

   i   j                                      (10) 

                                   (11) 

) 10)  (11 (  NQ   2      .
  )  11   (     .   

)(  .            3 
  

1- Diewert and Wales  
2- )    :  .      1988(.  

3- Diewert and Fox  

  



             

)2009(              
  )(        ( (

.            
      )     1953(  

:  
                                   (12) 

)    9     (y  -       
             

   :       
   )13(  

)     13     (B    
     ) 11   (      .

 - ) 13 (        
  B )  (    . B  

.     
            

     .          
              .   

        .       
            

       .         
         .     

 1 )1980(              

  
1- Caves and Christensen  



   /     /74/  1397      

 .             
 .               

.              
)    13    ( :  

 )14(                                                                                     
     :    

 

           :  

.                                   (15) 

)     15  (y       
 .        

    B   .      B    
               

      )           
)    :  .  1987(.(  

      B         
    )         .  

      (  NQ )      1987(   
  :  

                                                  (16) 

 K   :      



             

                                                         (17) 

)   17     (K   :  
 )18(                                             

 
 
 

 
 

 

    B   - ) 14   ( K  
           .NQ  

               
.  

    NQ         
            

 NQ             
   :  .    )      )2008  .((

              
    ) NQ  (      .

   NQ )     1987  1988(      
)2009(  .    

2-2-    
         )2008(      

       .         
             

          1953  2001   .  



   /     /74/  1397      

            
            

         .      
 )     NQ      (

     .    1 )2010  2011   (
              

)     NQ    (  .   
          .   

2 )2015 (           
      )     NQ    (

              
  .     ) 1386  (     

                
            .     

)   1390         (  
   CES            

  .              
 .         

  ) 1391       (  ) 
           (       

»  ) AIDS «(        
           .  

) 1393  (           
  

1- Serletis and et al. 
2- Serletis and Jadidzadeh  



             

      CES          
         .     

)   1394          (
               

(AIDS)      (SUR)       .
               

           .    
        NQ       

             
      .           

3-       
                 

   :  
                                    (19) 

     - .      
              

 -         .
    

)  13.   (  
          .    

      (3SLS)       
           1    .

  
-1 )    :  .   1991(.  



   /     /74/  1397      

)2004(             
        1 )1996(      

        .        
     .          

TSP/GiveWin   LSQ    .         
                

. 

            
  p        .    

               
           

  )        
   2  (   .    

   .          
         . 

4-     
                

  1392-1353   40 ) 40 =T        (
   .           

 .          
              

  )          4=n  (
  

1- Burnside 
-2      3,2 )  1978( .    



           

  .            
  .             

               
              .

           
             .

               
.       

            
     .           

             BTU 
    EIA        .GDP  

    ) PPI   (   
          .

       1383      
              

  .
           

.   



   /     /74/  1397    

 

              
   

          
     

   
  

              
   

                
   

   
   

 )     
10   (  

  

    
   

 )     
10 (    

  

    
 -  - -   

     )    
   (   

 

    
 -  - -   

    )     
     (

 

         1    
  .         1   

2                
     .            

       KPSS3      
.   

1- Dickey and Fuller (1981) 
2- Elliot, Rothenberg, & Stock (1996) 
3- Kwiatkowski, Phillips, Schmidt, & Shin (1992) 



           

 1-     

.   :

     1         
      ADF  DF-GLS      .   

          KPSS      .
.        



   /     /74/  1397    

   1          
   .       ADF  DF-GLS 

     KPSS         
.    

               
    .     

5-  
     TFP      

           .    
   »c «  »l «   »g « 
 »e «  »co «   »o «   

     p .
 :     2     NQ  

        (      ) 
)     16       .  (11 

     15          
     . NQ  40     

         .     
) 2008( )    2010 2011  1520(  .    

      )  2002(     
) 2008( )    2010 2011  2015(   NQ   

)       1987   (    .
        2    .    



             

         )     
   (  NQ           

           .    
          .  

 2-      NQ     
    

   
)888/0 (1677/0  )011/0 (8383/1-   

)000/0 (4251/0  )078/0 (1417/0-   

)000/0 (0254/0  )001/0 (0052/0-   

)038/0 (3556/0  )493/0 (0044/0-   

)444/0 (0331/0 )000/0 (2509/0  

)050/0 (0060/0-  )001/0 (0026/0   

)588/0 (0324/0  )000/0 (0191/0   

)015/0 (0059/0  )000/0 (0034/0-   

)567/0 (0199/0-  )000/0 (0173/0-   

)058/0 (0100/0 )134/0 (0024/0  

)998/0 (0001/0  )000/0 (1734/0   

)087/0 (0062/0-  )000/0 (0160/0   

)416/0 (0002/0-  )000/0 (0006/0   

)889/0 (0010/0  )000/0 (0010/0   

0  11      
0  15    
1  40    

    : 1392-1353 )40=T .  (»1 «  »2 «   »3 «
    »4 «     .    p  .  
.   :  

  



   /     /74/  1397      

TFP      1   .     1  
   TFP  )  1353-1358      ( 

)   .       1359-1368(    
       .         

              
             

             
                 

           
               

              
    .       TFP    

               
.        



             

   TFP      32/0%  1.  

 1-                 
.   :  

             A  
 3  .            

                
  .          

.  

  
-1  TFP                TFP  

                 .  
    TFP               

               TFP     
  .                  

     .          1383     
1375-1393    103 .    

-0.00200

0.00000

0.00200

0.00400

0.00600

0.00800

0.01000

0.01200

0.01400

13
54

13
56

13
58

13
60

13
62

13
64

13
66

13
68

13
70

13
72

13
74

13
76

13
78

13
80

13
82

13
84

13
86

13
88

13
90

13
92

13
94



   /     /74/  1397      

 3-         

A.        i 

      
149/0 030/0- 100/0 220/0- c 
088/0- 026/0 051/0- 113/0 l 

279/0 265/0- 141/0 155/0- g 
056/0- 022/0 031/0- 065/0  o 

     

B.      

     
305/0 695/0- 539/0 083/1-  c 
189/0- 723/0 31/0- l  

725/0 777/12- g 
126/0-  o 

     
C.      

     
205/0 237/0 150/0   c 
032/0- 291/0  333/0 l 

335/0  192/0 065/0 g 

 287/0 020/0 285/0 o 
    : 1392-1353 )40=T .  (»c «  »l «   »g «

    »o « .      
.   :  

     B   3       
            . 

            



             

   .     .        
         (   )   

               
                 .

              
      /       .

     C   3       
)            (      

 .              
              

 )            (  .  
              .

   )  l)    (o (   032/0-   .
              
         .  

 :            4   
                .
     .    (       ) 

  NQ         40    
      .          

        )      
   (NQ          11    

   .            .
               

       .  



   /     /74/  1397      

 4-      NQ     
    

    
)001/0 (1645/0  )000/0  (0198/0   
)000/0 (4157/0  )713/0 (0004/0-   
)004/0 (0251/0  )000/0 (0251/0   
)002/0 (3484/0  )000/0 (0335/0   
)003/0 (0324/0 )000/0 (002302/0-  
)155/0 (0058/0  )070/0 (0012/0   
)000/0 (0318/0  )000/0 (0057/0   
)604/0 (0054/0  )0430/0 (0006/0   
)195/0 (0194/0-  )002/0 (0012/0   
)020/0  (0133/0 )000/0 (0025/0-  
)949/0 (0001/0  )000/0 (0006/0   
)146/0 (0061/0-  )035/0 (0004/0   
)553/0 (0002/0-  )001/0 (0007/0   
)841/0 (0010/0-  )000/0 (0005/0-   

1  0      
0  4    

11  40    
    : 1392-1353 )40=T .  (»1 «  »2 «   

»3 «   »4 «      .   p .  
.   : 

TFP      2  .       
TFP                 

               
               

            



             

     .   TFP      62/0 
 .    

 2-                 
  

.   :  

             A  
 5  .            

                
 .  

   

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

13
54

13
56

13
58

13
60

13
62

13
64

13
66

13
68

13
70

13
72

13
74

13
76

13
78

13
80

13
82

13
84

13
86

13
88

13
90

13
92

13
94



   /     /74/  1397      

 5-         

D.        i 

      
303/0 057/0 214/0 574/0- c 
089/0- 004/0- 067/0- 161/0 g 

295/0 640/0- 020/0- 381/0 e 
090/0- 012/0 052/0- 130/0  o 

E.      
     

551/0 309/1 694/0 416/2-  c 
169/0- 036/0- 230/0- g  

469/0 654/20- e 
164/0-  o 

   
F.      

     
392/0 697/0 282/0   c 

0002/0 636/0  735/0 g 
385/0  047/0 938/0 e 

 651/0 015/0 705/0 o 
    : 1394-1353 )40=T .  (»co «  »g «   

»e «   »o « .      
.   :  

     B   5 .       
            

   .      .     
 C   5              



             

        1.  
             

             
         .     

                
              .

       .     
              

              
             .

            
            

               
.      

            
               

                
    .            

               
  .               

6-      
    TFP            

                
  

-1            )   1391( .    



   /     /74/  1397    

   1392-1353   )40    .    (
            

  .    
        TFP        32/%0

 62/0%             
      .         

          .    
               

             
            

.   
  :          

1-              
     .2-         

              
               

            
.         3-       

             
         .       

              
       .       

                
.  



           

)      1393 (»     

         CES «  
     9  47-25.

)       1394 (»    
(   )          «

     14  32-1.
)       1391 (»    

     «     63 
51-85.

)      1390 (»    
       CES     

      «     
30 124-97.

       ) 1386 (»   
    «     2  24-5.

)     1391 (»    
        :«  

   3  163-145.
Barnett, W.A (2002), “Tastes and Technology: Curvature is not Sufficient for 

Regularity”, Journal of Econometrics, 108, pp. 199-202. 
Barnett, W.A., J.Geweke, and M.Wolfe. (1991), “Semi-Nonparametric 

Bayesian Estimation of the Asymptotically Ideal Production Model”, 
Journal of Econometrics, 49, pp. 5-50. 

Barnett, W.A., Pasupathy, M. (2003), “Regularity of the Generalized 
Quadratic Production Model: A Counterexample”, Econometric 
Reviews, 22, pp. 135–154. 

Barnett, W.A. and A. Serletis (2008), “Consumer Preferences and Demand 



   /     /74/  1397

Systems”, Journal of Econometrics, 147, pp. 210-224. 
Berndt, E.R. and D. Wood (1975), “Technology, Prices, and the Derived 

Demand for Energy”, Review of Economics and Statistics 57, pp. 259-
268. 

Bentzen, J. and T. Engsted (1993), “Short-and Long-Run Elasticities in 
Energy Demand: A Cointegration Approach”, Energy Economics, 15, 
pp. 9-16. 

Blackorby, C. and R.R. Russell. (1989), “Will the Real Elasticity of 
Substitution Please Stand Up?” American Economic Review, 79, pp. 
882-888. 

Burnside, C. (1996), “Production Function Regressions, Returns to Scale, and 
Externalities”, Journal of Monetary Economics, 37, pp. 177–201. 

Caves, D., Christensen, L.R (1980), “Global Properties of Flexible Functional 
Forms”, American Economic Review, 70, pp. 422–432. 

Diewert,W.E. (1973), “Functional Forms for Profit and Transformation 
Functions”, Journal of Economic Theory, 6, pp. 284-316. 

Diewert,W.E. (1974), “Applications of Duality Theory.In Frontiers of 
Quantitative Economics (Vol. II), eds. M.D”, Intriligator and D.A. 
Kendrick. Amsterdam: North-Holland, pp. 106-171. 

Diewert, W.E. (1982), “The Duality Approach to Microeconomic Theory”, 
In: Arrow, K.J., Intriligator, M.D. (Eds.), Handbook of Mathematical 
Economics, vol. 2. North-Holland, Amsterdam, pp. 535–599. 

Diewert, W.E., Fox, K.J. (2004), “On the Estimation of Returns to Scale, 
Technical Progress and Monopolistic Markups”, Journal of 
Econometrics, 145, pp. 174-193. 

Diewert, W.E. and Fox, K.J. (2009), “The Normalized Quadratic Expenditure 
Function”, In Quantifying Consumer Preferences, Ed.: D.J. Slottje. 
Emerald, pp. 149-178. 

Diewert, W.E. and T.J. Wales (1987), “Flexible Functional Forms and Global 
Curvature Conditions”, Econometrica, 55, pp. 43-68. 

Diewert, W.E. and T.J. Wales (1988), “Normalized Quadratic Systems of 
Consumer Demand Functions”, Journal of Business and Economic 
Statistics, 6, pp. 303-312. 

Feng, G. and A. Serletis (2008), “Productivity Trends in U.S. Manufacturing: 
Evidence from the NQ and AIM Cost Functions”, Journal of 
Econometrics, 142, pp. 281-311. 

Fuss, M.A. (1977), “The Demand for Energy in Canadian Manufacturing: An 
Example of the Estimation of Production Structures with Many 
Inputs”, Journal of Econometrics, 5, pp. 89-116. 

Hunt, L. and N. Manning (1989), “Energy Price- and Income- Elasticities of 
Demand: Some Estimates for the UK Using the Cointegration 
Procedure. Scottish”, Journal of Political Economy, 36, pp. 183-193. 



           

Lau, L.J. (1978), “Testing and Imposing Monotonicity, Convexity, and Quasi-
convexity Constraints”, In: Fuss, M., McFadden, D. (Eds.), 
Production Economics: A Dual Approach to Theory and 
Applications, vol. 1. North-Holland, Amsterdam, pp. 409–453. 

Pindyck, R.S. (1979), “Interfuel Substitution and the Industrial Demand for 
Energy: An Inter- national Comparison”, Review of Economics and 
Statistics, 61, pp. 169-179. 

Serletis, A., Jadidzadeh , A. (2015), “Sectoral Interfuel Substitution in 
Canada: an Application of NQ Flexible Functional Forms”, The 
Energy Journal, forthcoming. 

Serletis, A., G. Timilsina, and O. Vasetsky. (2010), “International Evidence 
on Sectoral Interfuel Substitution”, The Energy Journal, 31, pp. 1-29. 

Serletis, A., G. Timilsina, and O. Vasetsky (2011), “International Evidence on 
Aggregate Short- Run and Long-Run Interfuel Substitution”, Energy 
Economics, 33, pp. 209-216. 

Shephard, R.W. (1953), “Cost and Production Functions”, Princeton: 
Princeton University Press. 

Solow, R. (1957), “Technical Change and the Aggregate Production 
Function”, Review of Economics and Statistics, 39, pp. 312–320. 

Uzawa, H. (1964), “Duality Principles in the Theory of Cost and Production”, 
International Economic Review, 5, pp. 216-220. 


