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The contribution of human capital to growth and productivity in Israel's 
business sector, 1970 to 1999 

Arie Bregman and Arie Marom 

Abstract

This research indicates the central role played by human capital in determining 
productivity and GDP in Israel. It was found that the average number of years of 
study is a decisive factor in human capital, but the type of study is also important. 
Thus, for example, years of university studies provide a higher return than do years of 
high school or professional education. It is clear, however, that the contribution to 
productivity of staff with higher education is also affected by their earlier years of 
schooling as well as their innate abilities.  

The addition of an average of one year of study for all workers in the period reviewed 
led to a direct rise of about 7 percent  in GDP and productivity in Israel, similar to the 
contribution of one year of study (on average) in a typical European country.

It was found that non-professional and foreign workers complement those with high 
human capital. The results show the apparent negative effect on productivity of the 
rate of inexperienced young workers with low seniority, the share of relatively older 
workers, the share of those with little education, and the share of workers from 
development areas in the total labor force. 

The estimates indicate that the return of human capital and R&D capital (which 
represents the technology factor) are higher than those of physical capital  and share 
capital. The total rise in human capital in the period studied contributed about 45 
percent on average to GDP according to the various estimates––a figure that is close 
to the productivity of the business sector. 

The main conclusion of this research with regard to public policy, in line with the 
latest research findings abroad, is that human capital is vital for long-term growth. 
Governments have a key role to play in expanding the stock of human capital and in 
directing investment towards it. In the framework of government decision-making the 
relatively great contribution of higher academic education should be taken into 
consideration, particularly that leading to higher degrees (above 16 years of 
education), although it is obvious that expansion in that area depends on improving 
earlier education too. Any adverse effect on the development of human capital is 
likely to cause significant harm to the economy's productivity and growth in the 
future. 



 2

 -      ,1970  1999 

 

1 .   

      

     

      

2 . :       

3 .       

 

       

4 .      

  ,    

     , "    

5 .     

 

 

' :      

      

     

 :          

'  :         

'  :      ,   " 

'  :   

'  :   

________________________________________________ 



 3

1 .   

   , 1 ,  ,    ,    

     ,         

   .   ,       , 

       .      

          ,  

  . 

       ,       .

   :   ,    ,      

  ,  .      ,  , 

   .     ,    

 -2OECD          ,   

   . 

 ,  ,   OECD  3.       

 , ,          

  .         ,    

.     -    ,    , 

  .     :  ,   

     ,    ,    � 

 ,  ,  �   ,   .   

              

  1970,       .    

             �   

 ,   , , ,  ,  ,  , 

    .       

       �      �  

                                                      
1    , ,    "  "      

  )Mincer 1958  -1962 .(      (1964) Becker  (1971) Schultz; . 
(1993) Becker, OECD )1999( ,BROWN )2001(  . 

2  (2004) Coulombe et al.            ,   . 
3 OECD 1999 ,) '9 :("the knowledge, skills, competences, and other attributes embodied in individuals 

that are relevant to economic activity�.                                                                                                           



 4

       4 .  

         ,     

  ,    ,   '�      ,

    ,  ,     . 

            �  )high 

tech ( ) low-tech.( 

         5   

"",   , ,  ,  ,    .

           , 

   '   '   �       

       .      

,       ,      .  

      ,      

        . 

     

      -OECD        

    :           

  -6  .       �   8  10  

    ) (    6 .     ,

   ,     �     . 

              

         7 .       

8 ,          

 .           , 

    �      ,   ,
                                                      

4  ,, Griliches ,1996 , Soderbom & Teal  , 2003. 
5      -Brown 2001 , :          What's wrong with human capital theory?         
6        European Commission & European Investment Bank - 19.9.2003  

 :Human Capital, Employment, Productivity and Growth .  Fuente and Ciccone  (2002). 
7 OECD ,1999 .       -     

    .    -   )Soderbom & Teal,  2003 ( ,
    ,          . 

8              . 



 5

     ,     " 

 .  "       )   

  (      ,   .    

              

 )   ,2004( .      

        ,     . 

      ,  -OECD) 1999( ,   

     ,       , 

             , 

     . 

               

   )  ( .     " 

"9 ,     ,     

     .           

  ,     ) " " (  . 

     ,        

 )2001( ;-- )2000( ;- )1999.(       

    1976  1997        

 ,             �  

              .

 -             ,

        .   , 

      , ,  ,      

   �       .   

          .     )2004( ,

         .      

        . 

     

      .        

   ,  ,  , " ,   , 

                                                      
9        )1993 ,1999( ;   )1991 ,1995 ,1999( ;  )1995.( 



 6

- ' .  "      ,  

     10  .  

       ,   -32   ,

   ,    ,  "    - 

 .        )1970  1999(,  

      11 ,      ,

              .  

   )  ,  , , ,  ,  ( 

       : ,    " ,  

     )   ,    .(  

          )    

 ,    , " ,   , ,   

(,         . ,    

 ,  12,13. 

      

          ;    

     ,       ,   

         .  ,     

        ,      . 

        ,  ,   

  .      ,     

   ,      ,    

   . 

      " )    (   

         . 

               .

             . 

                                                      
10        '.      )   

 (      -   1993 ,1999  . 
11           ". 
12       960  ,      ,

              . 
13       , ,    ,     ,

    I(1) .          
    '     .        

 . 



 7

       ,      

 ,-30  60   �   , ,     . 

            , 

      ,     ,   

   .         

  . 

 2 .        ) ( 

         �   ,  

 , " ,  ,    �       

  ) 1  .(      ,    

  . 

              

      , �     .   

      ,    ,     .

            H,  ,  ,  

            )  

 .(          1994-1990  

   �         , 

    .       , , 

1995-99 1990-94 1985-89 1980-84 1975-79 1995-1999

1990-94 1985-89 1980-84 1975-79 1970-75

7.1 5.1 3.2 3.4 4.4 4.6 Y                      

6.4 3.4 1.4 1.5 1.0 2.7 L            

7.2 3.2 3.0 3.9 6.8 4.8 K                

6.0 2.7 12.2 11.3 12.1 8.8 R                "  

-0.6 1.6 0.0 0.7 -0.4 0.2 I/K   

1.6 1.0 1.2 1.8 2.2 1.6 H            *  

0.7 1.7 1.8 1.9 3.4 1.9 Y/L            

0.6 1.8 1.4 1.3 2.0 1.4 TFP     **  
table1 by year.xls

(1999� 1970)     ,  :1 



 8

       )13   ( ,  

    ,      ,    

 ) .  (. 

       ,     "  

       .       

   "    ,     .     

  . 

      ) 1  3,  1    (

            . 

    )     ,    ( -9 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

10

20

30

40

50

60

1970-75

1995-99

 1995-99-  1970-75 ,        .1 
     (  )  ,  

 

 2  :    ) ( 

 
-1970

75
-1975

79
-1980

84
-1985

89
-1990

94
-1995

99

  SY9.510.210.911.412.012.4
 " "VTM212019191918

 AG393940404039

  '  0-8 SY1443629221610
 '  9-12 SY2424650535352

 '  15  13 SY381012151823
  '  16 SY4679101315

*      LS1353843485257
  OCP181715151414

GN232525262830
  DA283033363841

+70   VTH2.82.82.82.52.31.9
.          *table1bby year.xls

 

 

 



 9

    -23     .    

        -47    -16  

 �            ,  

  )-4.3 -0.8 .( 

          ,     

  . ,      , ,     .   

    ,    .  

-  -  

119 127 121 99 111 102    

12.4 13.4 12.7 10.9 12.1 11.2     

38 38 38 39 38 38  

10.6 4.7 9.2 28.1 16.3 25.3   8  0  

52.5 43.3 50.3 49.1 48.5 49.0   12  9 

21.7 29.3 23.6 13.2 19.0 14.5   15  13 

15.1 22.7 16.9 9.6 16.2 11.1   +16 

17.6 7.1 15.1 19.2 8.9 16.8  

53.8 68.2 57.3 41.0 58.3 45.0  

35 34 35.1 30 29 30.2
11.7 2.5 9.5 8.4 1.7 6.8   

40 34 38.3 36 28 34.0   

 sicum_anaf.xls  table3 

       .      -    '   .1
sicum_anaf.xls  table3          .2       .      

 

(1999 -1970 ,   ) 1   -     :3 

     

 

        -9.3 -1970 -12.7 -1999 .   

    -22  -30 ,    , 

 )  19( ,-28 -40 ,     " "� -3 -7  .

      ,,        

)   (�     �           . 

 3  2             .

            ,   

             .  , ,

             



 10

  ,    .     

       14. 

3  .       

 

        )Y (   )  � L( ,

  )K( , "  )R(    )(H �     ,  

    �    )  -   ,I( ,  

(QK)   Zi.  

        - ,    

15    . 

  : 
 

(1) 
s

s
isiiiiii ZQKIHRKALY , 

 i   ,  ) 32  ( ) 30  ( ;Zs  

       �     )CU( ,  

)OLE( ,  "     )MOP( ,    '  . 

    ,   ,   :   

(2) s
s

s zqkihrklay
 

                                                      
14     , ,   ,  )2000.( 
15    9   . 

0

25

50

75

100

125

 

  -     .2 
(1999  1970  )

 



 11

        )    (  

 ) ,   ( ,        

  : 

 

 

      , ,  "  : +  +  = 1  16. 

  (total factor productivity)         

   �     , +   = 1   : 
 

 (3) TFP = y � (Sl) l - (1- Sl) k  =  
   

 Sl      )   ( . ,   

               

" ,     �      . 

      ,   ) '2( ,  

  "     ) ' .(     

     - : ,   ". 

       

     , ,       

   .       ,  ,  

 ,   ,    ' .     

    ,     .       

     �  ) (   )  

  , K*CU(   .  4  '-1. 

   ,     ,      

        ,         

 .     960  �   32   30 .     

   ,   32      'I.   

                                                      
16              . 

z s
s

sirqkcukhlay )()()'2(  

z s
s

sirqkha ''''''



 12

  4 17.   

   ,           . 

           .    

          ,  

      �          .

              -

7  8     .   ,   ,     

   ) 6  .(    ,       

 -   . 

             ,

      .    -  

 ,        ,     � 

 ,   . 

 

                                                      
17     ,  ,          . 

     ' '. 

 4 :  ,        * 

t t 
 

t t 
3.7 0.088 4.5 0.108 3.7 0.087 16.6 0.148      kcu                  
10.7 0.377 12.8 0.449 10.4 0.364 74.3 0.789    l                       
4.0 0.721 5.75 0.922 4.2 0.712 sy           

-12.4 -0.323 -13.8 -0.341 -3.5 -0.084 (sy1)   8   
(sy2) "  12  8  

2.0 0.046 (sy3) "  15  13  
2.4 0.049 4.3 0.077 (sy4)  "  16  

1.3 0.086 2.2 0.126 10.3 0.579 (LS1) 
1

 
-9.9 -0.363 (LS3)  2 " "  

2.0 0.064 2.5 0.081 1.8 0.059 -9.8 -0.131 gn                     
-3.3 -0.115 -3.8 -0.133 -2.9 -0.097 -7.1 -0.159     da             
0.1 0.000 -1.4 -0.023 -0.6 -0.001 11.1 0.004    ocp        
0.2 0.003 -0.3 -0.006 0.4 0.008 7.9 0.053 fw              
0.7 0.119 -0.2 -0.025 -1.2 -0.171 5.5 1.004  ag                          
1.7 0.071 -0.2 -0.007  VTK                       
3.6 0.021 3.2 0.019 3.2 0.019 -5.7 -0.042 VTKH                     
4.3 3.450 4.9 3.753 9.1 6.145 -4.8 -3.654

within                            R-sq 
between
overall

table4          detailed_metukan.els .    ,  :        .1
." "     ,   :        .2

0.73 0.71

0.81
0.80
0.78

(.'     ) .  30    32-   960 .         *

Fesible 
Generalized 

Least Squares 
F  I  x  e  d     E  f  f  e  c  t  s

0.82
0.72

0.82
0.75

        



 13

     )16    (      

    .      4 . 

        " " ,    

 .             

)   (  -   ,    

  . 

          �     �  

       ,   ) (

       .   ,  ,   

      :      

         " "    ,

   .            

      �     . 

  �        �     

 .           :   

      .          

 ,       ,      

    �     .  ,     

,       , ,      

   .     --- )on the job 

training (   .       

      18. 

            ,   

,      .          

   .         ,   

 )         (,        

  . 

       19 �       

 �    ,   ,  ,       .

                                                      
18        ) (    4  ,

            ,     . 
fixed effects�) (FE       . 

19   " "     ,  .       
    ,        )  "  "�   

    .( 



 14

            : ,

         . ,  

        ,     �  

    .      ,  , 

    �      , , , 

  .            

  .        ,    

. 

          �  , ,   

         "";      

   .           

  ,      ,      

  . 

4  .      

           ) '( , 

       ,        

 ,      .       

    ,     100.     

       ,     4 . 

  ,       ,   

  ) ,  ( ,  8  12 -13+    .  

   , , , ,   20 . 

    ,          

21  .       22 .    

  )H (       '   ' I .  

           ,   :

 ,  , ,   , , ,  , 

                                                      
20       ,      )    

  .(      -35    ,-15      
12-9 -13+  " ,-5    -10       . 

21  ,       35 -50  ,       
  6 -15  ,   5 -10  , . 

 22    '        5  11        .
       -3  ,    ) '.( 



 15

       .        

    ,           . 

  ,    

   5        ,  

  23 .     .      

 -3 -5  ,     ,  . 

     (random effects)  ) fixed effects ( 

         ,   .   

    Fixed effects          

  ;   -random effects     ) Hausman  ,

  '-2  .(         .     

- Fixed effects          :   

    ,      �  , , 

 - Fixed effects    ,    . 
 

                                                      
23                  H. 

 5  .         :

(4) (3) (2)
0.107 0.195    

4.6 9.0
0.114 0.111    

1.5 3.3

0.214 1
  

11.2
0.369 0.359       
10.7 9.9

0.477 1.018       
4.4 10.4

0.403 2   
10.9

0.073 0.142 0.096  "  
5.6 11.5 7.1

0.016 0.015 0.018    
2.5 2.1 2.7

0.371 0.962 0.416     
2.0 5.3 2.2

2.834 3

9.3
3.602 4.219 4.018    
11.9 15.1 12.3

0.798 0.760 0.798 :R-sq
.            .1

0.837
12.1

0.380

random 
effects

0.078
6.3

0.092
2.8

11.2

0.015

 nispach B C.XLS      
     .             .2

2.2

Fixed Effects (within)

.     .3

(1)
0.193

9.4

0.439
13.8

1.060

3.763

2.1



 16

   "          

 ,     24 .      

   :    .     

     ,         . 

       ,        

   . 

         , -60  )  1( , 

 -45   ,       ) 525(. 

        ,    .    

       ,  ,        

     . 

          ,      ,

       ,    ) 3  5( ;  

    ,      )   .(  

  �         )   (�  

       ,    ". 

            : "   

 ,  26  "  .      ,   

      )(spillover   , �    

     27.     , ,    

       .       

  �    �          

) .   6 ;         

 '(.             

   ,  . 

                                                      
24   )1993 ,1999( , -  )2002.(   
25             ' .  ,

   ,        . 
26        ,        

   ,      . 
27     "     ,         

   ,      ,      . 



 17

               

      .   ,    

 ,        ) I  '  .( 

       , ,      

     ,   ) III   .(  

           . 

     5       28 , 

     .  ,      

     . ,         ,

 ,      ,     .  

 ,     4            . 

             

    29)  6  (.   ,    ,

          , ,   

  .   )  "  (   )    

 (       )  (   )   .( 

               

    .   ,    ,'    

                                                      
28      )   (         . 

      )1999( ,Teal &SÖderbom) 2003 (  )2003.( 
29    -TFP    ,    ,    

. 

 6   :  1)  (TFP 
2
TFPCoeftCoeftCoeftCoeftCoeftCoeft

H -  1.2222.60.483.50.8510.90.453.30.869.90.443.6

MOP   � 
3

 "0.136.00.125.2

I   �  0.401.90.562.90.552.9

RL -'   "  0.086.00.053.90.053.3

opn       
4
  1.404.8

R-sq
Fixed Effects  .1table_6.xls

.        (    )      .4

    ,      "     :   "  �  "   .3
      ,         ,spillover)   "   

.(

(             )   .2

0.290.25 0.320.200.19 0.33

 



 18

        "   .    

       ". 

     , "    

          ,       ) 

7( .    ,         

 :        )    

  .(              

         )     

" .(              

      . 

               

   ,     30 .   , 

 ,    ,    ,     

  .            

    . 

 , ,          , 

     ,  ,     ' . 

 7            . 

           "  

    ,     )  -7   , 

                                                      
30      ,    5 :  0.53,Y/K= 0.20= ; 

" 8.8 ,Y/R=0.10 = ;   0.38 ,Y/HC= 1.02 =. 

II I  

6 10 K  

64 84 R "  

16 35 ' -H 
2

 

20 43 ' -H   

7 7   

( ) 1999--1970  ,
1

    .7 

 5    22-   '  ,   4-   27-    '  .2
  returns1.xls.                                                                                .

.     ,4  II ;2  I :5     .1



 19

 -30   ( ;          

 ,       .    

 ,  ,       .    

         ,  .  , ,   ". 

      "          

 )       31 .(    

         �    " �    

  ,  . 

5 .     

         ,     

      ,      

32. 

       "    . 

     "   ,      

   .   )   (    

    )    (   )  .(  

           ,    

 ,       . 

   ,    ,        

   .  ,  33,      

 - ,        . 

           ,  

   .         ) 4 -7(, 

   - ,  ,  .     

            -9   . 

             ,  

      . 

           16   

 . ,        -   .

                                                      
31        )  ,1999.( 
32         .  -2004 ,Coulombe et al. 
33   OECD) 1999( , 6 ; Brown ) 2001( , 1. 



 20

  ,  ,           .

         ,   .  

 :           

   . 

     ,   ,    . 

        ,    . 

    ,     . 

              

            , 

    ,    -    .  

              

  ,  ,  ,    ,  

     . 



 21

 
 

, '  '  )1993( ,"     ,1958  1988 ".  ,

  ,  92.02. 

, ' '  )1999(,"   ,      ,

1975-1994"  . ,46) ( , '358-335. 

  

   , . 

-  , ')2001( ,"       ,1980  1999" ,

  ,  ,  2001.07. 

 , ' ' )1999( ,"     1997-1976" ,  ,

  ,  99.06 . 

 , ')2004( ,"     :   " , 

 ,  ,  2004.05. 

 , , ' '  ' )2000( ,"   :   ,  

  :1986-1998" ,  ,  ,  2000.02. 

 

Bar-Eliezer, S. and A. Bregman (2002). "The Impact of Research and Development 

Spillover on Growth and Productivity in Israeli Manufacturing Industries 1990�

1994", Samuel Neaman Institute,  STE-WP  14 – 2002.  

Becker, G.S. (1993). Human Capital, (Third Edition),  The University of Chicago Press. 

Bregman, A., M. Fuss, and H. Regev (1991). "High-Tech and Productivity: Evidence from 

Israeli Industrial Firms," European Economic Review, 35, 1199-1221. 

 _______ (1995). "The Production and Cost Structure of Israeli Industry: Evidence from 

Individual Firm Data," Journal of Econometrics, 65, 45-81.   

 ________(1999). "Effects of Capital Subsidization on Productivity in Israeli Industry," Bank of 

Israel Economic Review, 72, 77-101.   

Bregman, A. and A. Marom (1999). "�Productivity Factors in Israel�s Manufacturing 

Industry," Bank of Israel Economic Review, 72, 51-75   



 22

Brown, p. A. Green and H. Lauder (2001). High Skills, Oxford University Press. 

Coulombe, S., J.F. Tremblay, and S. Marchand (2004). "Literacy Scores, Human Capital and 

Growth Across Fourteen OECD Countries", Statistics Canada and University of Otawa. 

http://www.nald.ca/fulltext/oecd/oecd.pdf 

Fuente, A. de la and A. Ciccone (2002). "Human Capital in a Global and Knowledge-Based 

Economy � Final Report", EU  http://pareto.uab.es/wp/2003/56203.pdf   . 

Griliches, Z. (1996). "Education, Human Capital and Growth: A personal perspective," 

National Bureau of Economic Research, Working paper 5426, 

Griliches, Z., H. Regev  (1995).  "Firm Productivity in Israeli Industry 1970-1988" , Journal of 

Econometrics 65, 175-203. 

Helpman, E. (2003). "Israel�s Economic Growth: an International Comparison", Israel Economic 

Review, 1�10. 

OECD (1999). "Human Capital Investment, An International Comparison", Centre for 

Educational Research and Innovation.

Mulligan, C. and X. Sala-i-Martin (1995). Measuring Aggregate Human Capital, NBER, 

Working paper 5016. 

Laroche, M. and M. Me'rette (2000). Measuring Human Capital in Canada, Ministry of Finance

Working paper No. 2005-5.

Regev, H. (1993). "Industrial Enterprises Longitudinal Panels in Israel: Construction Definitions 

and Use in Research", Proceedings of the International Conference on Establishment 

Surveys, American Statistical Association, Virginia.   

Regev, H. (1997). "Innovation, Skilled Labor, Technology and Performance in Israeli 

Industrial Firms: 1982-1993", The Maurice Falk Institute for Economic Research in Israel, 

Discussion Paper No. 97.06, May.   

SÖderbom, M. and F. Teal (2003). Openness and Human Capital as Sources of Productivity 

Growth: An Empirical Investigation, Centre for the Study of African Economics, 

University of Oxford, CSAE WPS/2003-06.   



 23

 

 '  

     

         )"-"( ,   

   34) :1 (    )    

 ,  (;) 2 (     ;)3 (  

  ,    ,  "    " . 

        ) I   ' (   

 , ,        )H(   .    

   ,       ,   

   .     ,    ,   

  �         ,    

  ,              ,

  . 

                                                      
34       -   ) ,  ,1991  .( 



 24
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147 7.9 7.9 1.22 634 137 68 31.5 1
112 10 2.1 1.15 341 87 43 24.5 2
129 13.8 3.8 1.08 199 95 47 3.1 3
66 14.8 1 1.07 180 126 62 16.1 4
95 15.6 0.8 1.02 165 111 55 8.3 5
75 16.7 1.1 1.01 140 83 41 7.2 6
96 36 19.3 1.07 121 139 69 7.2 7

211 38.5 2.5 1.14 113 98 49 10.6 8
273 39.3 0.8 1.11 113 81 40 4.4 9
116 43 3.7 1.00 100 139 69 6 10
104 45.6 2.6 1.02 86 105 52 3.6 11
182 46.9 1.3 0.96 86 99 49 5.1 12
82 52.3 5.5 0.97 69 97 48 3.2 13
47 56 3.7 0.92 68 111 55 0.3 14

115 58.4 2.4 1.05 67 105 52 4.4 15
218 59.1 0.7 0.97 60 46 23 5.3 16
62 60.6 1.5 0.84 59 133 66 0.6 17
71 61.3 0.7 0.91 54 108 54 2.6 18
54 69.3 7.9 1.00 54 134 67 1.3 19
86 70 0.7 0.95 51 98 49 2.5 20
71 71.8 1.8 1.05 48 113 56 1.1 21
99 73.7 1.9 0.89 47 93 46 1.3 22
70 78.2 4.5 0.94 47 92 46 1.6 23
62 87 8.8 0.98 46 100 50 1.9 24
72 90.5 3.5 0.84 38 100 50 0.6 25
58 91.7 1.2 0.99 37 100 50 0.3 26
24 92.5 0.8 1.02 37 100 50 0.4 27

176 94 1.5 1.29 37 100 50 0.2 28
38 95.7 1.8 0.93 34 100 50 0.01 29
49 98.6 2.9 0.83 33 82 41 0.6 30
83 99.7 1.1 0.87 25 59 29 0.1 31
58 100 0.3 0.91 24 67 33 0.2 32

100 100 100 1.00 100 100 50 4.9
132 43 1.09 211 110 54 12
85 57 0.96 50 97 48 2
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  .((1991)   , )           .( )      *

  .
 

 '  )
  ,

 (100=
****

  ,  ,   ,    , "  ,    , "          ***
.   25-       ,   .2       .    

  
 

244279 10
19 34

100 100 3.7   
2 4 0.1
13 2 0.5
7 11 0.2  
1 0 0  
6 5 0.2   '
2 9 0.1   
5 6 0.2  
1 12 0.1  
0 39 0
15 33 0.6   ,
22 26 0.8
10 22 0.4   
6 51 0.2
0 27 0
1 52 0  
33 11 1.2
24 109 0.9
5 91 0.2   
88 5 3.2
44 66 1.6  
54 104 2  
80 73 2.9  
40 123 1.5

167 90 6.1  
23 217 0.8
76 148 2.8 ***  

188 149 6.9 " "
213 171 7.8  
85 329 3.1

438 64 16
435 503 15.9  
1120 646 41  

  .  
  

 "   
 

   

 

 
"  

 

 .(100=    : )   .

0.7
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   0.1950.0520.071
9.01.71.4

      0.3590.4420.266
9.912.73.1

      1.0180.3821.303
10.43.83.4

 "  0.0960.0680.066
7.14.62.4

   0.111-0.0350.179
3.3-1.21.9

   0.0180.0280.005
2.74.50.4

  0.4161.6482.514
2.29.73.8

   4.0186.1554.258
12.314.77.6

:R-sq0.7980.8130.732
hitc_lotc.xls

       .III
   -   ,  

 

-  -  
6.9 7.9 7.1 4.2 6.7 4.6 Y                
6.4 6.2 6.4 2.6 3.1 2.7 L     
6.3 9.1 7.2 3.7 8.4 4.8 K        

13.7 3.2 6.0 9.9 8.3 8.8 R         "  
1.8 1.0 1.6 1.6 1.1 1.6 H  
0.5 1.6 0.7 1.5 3.5 1.9 Y\L
0.5 1.0 0.6 1.2 2.3 1.4 TFP   

sikum_anaf.xls TableII

(  ,    )          ,  .II

1974-1970  1999-19951994-1990  1999-1995



 26

  : 

          
)Feasible Generalized Least Squares(

  
t t t

10.2 0.159 5.2 0.123 7.6 0.158          kcu                  
44.3 0.782 27.1 0.812 35.5 0.805    l                       
2.8 0.639 2.1 1.013 3.1 1.074 sy           
-2.8 -0.099 -1.6 -0.107 -1.5 -0.074 sy1  8   
5.5 0.492 2.9 0.480 3.4 3.940 LS1        
9.2 0.388 5.7 0.453 6.5 0.450  gnm                
-4.2 -0.155 -3.0 -0.176 -4.3 -0.206       da             
4.3 0.002 2 0.003 2.5 0.002    ocp        
3.5 0.035 2.2 0.051 1.5 0.021 fw              
3.6 0.739 2.3 0.845 3.5 0.966  ag                          
-2.1 -0.024 -1.4 -0.024 -1.2 -0.019 vt2                         
-4.4 -4.310 -3.1 -5.412 -5 -6.025 C                                   

1970 1978 1986 1994 1998 :    
1970 1974 1978 1982 1986 1990 1994 1988
1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 1999
nispach_b.xls

5811

 

 

 ' 

'-1  .          

    4 

t t t t t t t

3.2 0.077 3.7 0.087 6.1 0.129 6.5 0.138 6.9 0.150 5.4 0.121 16.5 0.150    kcu              

11.2 0.393 10.4 0.364 19.0 0.540 20.1 0.568 17.0 0.519 17.0 0.516 83.5 0.799   l                 

3.8 0.702 5.1 0.853 sy    

-7.2 -0.289 -13.8 -0.341 -10.8 -0.264 -4.2 -0.006 -3.9 -0.095 (sy1)   8   '

0.5 0.001 5.1 0.006 (sy2) "  12  8  '

1.7 0.063 8.6 0.012 7.6 0.014 (sy3) "  +13  '

2.0 0.046 1.6 0.039 2.6 0.063 (sy4) "  15  13  '
4.3 0.077 3.5 0.066 5.7 0.100 (sy5)  "  16  '

2.2 0.126 3.3 0.201 2.7 0.195 8.0 0.444 (LS1)
 1

 

-0.9 -0.048 -11.6 -0.396 -5.7 -0.257 (LS3)
   2

 " "  

1.6 0.052 1.8 0.059 0.3 0.008 0.5 0.015 1.4 0.043 1.1 0.032 15.1 0.420  gn                    

-3.3 -0.114 -2.9 -0.097 -2.7 -0.094 -3.2 -0.111 -2.6 -0.093 -3.1 -0.110 -6.2 -0.133      da            

-0.6 -0.001 0.4 0.001 0.3 0.000 0.5 0.001 0.7 0.001 8.2 0.003    ocp      

0.2 0.005 0.4 0.008 2.1 0.042 2.0 0.040 1.9 0.040 2.3 0.047 4.2 0.025 fw         

-0.6 -0.087 -1.2 -0.171 0.2 0.012 -0.2 -0.027 -0.6 -0.096 -0.4 -0.061 4.3 0.773  ag                         

-0.9 -0.004  vt1                         

3.6 0.022 3.2 0.019 2.5 0.016 2.1 0.01 3.1 0.020 3.3 0.021 -4.8 -0.035 vt2                         

6.4 4.796 9.1 6.145 5.8 3.961 8.1 5.033 4.8 3.357 7.6 4.777 -6.7 -4.792
  table4    detailed.xls .    ,  -        .1

." "     ,   -        .2

Generalized 
Least 

Squares 
Fixed Effects

(.  30    32   RE.  960-          ,     *

Random Effects
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 '-2 .        FE -RE 
Hausman specification test 

Random Fixed
Effects 'b Effects  'B' Difference

0.195 0.193 0.002 0.01    
0.359 0.439 -0.080 0.02       
1.018 1.060 -0.043 0.02       
0.096 0.078 0.018 0.01  "  
0.111 0.092 0.019 0.00    
0.018 0.015 0.004 0.00    
0.416 0.380 0.036 0.04    

Test: Ho: difference in coefficients not systematic
chi2(7)=(b-B)'[S^(-1)](b-B),S=(S_fe-S_re)= 28.14
Prob>chi2 = 0.0002
nispach_b_c.xls hausman

---- Coefficients ----
sqrt(diag(V_b-

V_B))
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 '  .      ,   
" :   

EquationObsParmsRMSER-sqchi2P

(y) 96060.3760.87170230.000
(h)  96090.0290.969311800.000

{r} "  96041.8060.4018010.000

Coef.zP>z

y
  kcu0.18315.70.00.1600.206

 l0.66449.10.00.6380.691
 h1.45815.20.01.2701.646

"  r0.0525.80.00.0340.069
 ole-0.039-3.80.0-0.059-0.018

  qk0.1042.50.00.0240.185
 c2.75523.10.02.5212.989

1
 h

    sy0.81430.90.00.7620.866
"  8   sy1-0.002-7.50.0-0.002-0.001

2
 ls10.14924.00.00.1370.162

 gn-0.017-10.00.0-0.021-0.014
 da-0.022-9.80.0-0.026-0.018

  ocp0.00120.60.00.0010.001
  fw0.04851.60.00.0460.049

 ag0.0141.10.3-0.0120.040
 vt2-0.001-2.00.0-0.0030.000

 c-2.454-34.20.0-2.595-2.313

"  r
 h3.3478.60.02.5834.110

  kcu0.9565.80.00.6301.281
 i5.1609.80.04.1256.194

3
  'et0.68719.50.00.6180.756

 c10.13015.80.08.87011.390
:  y, h, r
:  kcu, l, ole, qk, sy, sy1, ls1, gn, da, ocp, fw, ag, vt2, i, et

.          .1

.    ,  :        .2
.'    :  .    .3

ThreeStageLSdetailed.xls

  [95% Conf. Interval]
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-    

 
 0-8 

"

 
1

-
2

  
 

-
 

  
-
  

1.00
 0.36 1.00

-  0.93 0.28 1.00
-  0.25 0.14 0.11 1.00

 0.35 0.10 0.21 0.37 1.00
 0.02 -0.06 -0.01 0.25 0.08 1.00
 0.30 -0.08 0.31 0.16 0.14 0.12 1.00

  
0.19 0.13 0.03 0.93 0.33 0.20 0.17 1.00

"  0-8 -0.19 -0.21 -0.04 -0.91 -0.27 -0.22 -0.10 -0.95 1.00
1  -0.20 -0.24 -0.01 -0.89 -0.30 -0.24 -0.09 -0.89 0.93 1.00

2
0.12 0.18 -0.10 0.85 0.39 0.21 0.06 0.82 -0.81 -0.91 1.00

 0.17 -0.11 0.18 0.22 0.06 0.08 0.24 0.40 -0.33 -0.10 -0.06 1.00
 0.08 0.16 0.19 0.03 -0.03 0.18 -0.06 0.02 -0.06 0.02 -0.16 0.11 1.00
 0.03 -0.13 0.08 -0.13 -0.11 0.10 -0.02 -0.21 0.21 0.17 -0.21 -0.07 -0.04 1.00

 0.18 -0.05 0.36 -0.02 -0.05 0.01 0.03 -0.27 0.27 0.29 -0.36 -0.07 0.34 -0.04 1.00
 -0.21 -0.05 -0.25 -0.02 -0.17 -0.03 -0.15 0.01 0.06 0.01 -0.04 -0.01 0.02 0.18 -0.07 1.00
 -0.01 -0.20 0.08 -0.28 -0.16 0.04 0.19 -0.25 0.30 0.33 -0.45 0.31 0.12 0.21 0.25 0.39 1.00

 - 0.10 -0.60 0.13 0.26 0.16 0.40 0.15 0.21 -0.17 -0.12 0.08 0.22 0.14 0.16 0.16 -0.10 0.16 1.00
 0.07 -0.02 -0.07 0.38 0.62 0.05 0.06 0.31 -0.31 -0.41 0.59 -0.14 -0.34 -0.15 -0.23 -0.24 -0.33 0.01 1.00

." "     ,   -        .1
.    ,  -        .2

1999  1970 -    :'  
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 '  :  35 

Y   )   .( 

K    ) , , .( 

KCU      )        

      ,    .( 

L   . 

R     �   "  . 

I  36)       , ,  ,  .( 

K/I     ,     . 

H   )       ,   , ,

 ,  ,  ,  ,   

 .( 

L/Y    �   . 

TFP   ,     )  SHARE  20%  -

80%  .( 

SY     . 

1SY   0  8  . 

2SY   9  12  . 

3SY   13  15  . 

4SY   16   . 

1LS        �  ,   . 

3LS        : " "�   ,    "." 

OCP   . 

AG  . 

DA    . 

FW   )  .( 

VTM    �     �  . 

VTL        10 . 

VTH        55 . 

GN   . 

QK    :   �    -5  

   . 

OLE    . 

OPN    �     ,    . 

MOP    "   ,  36)    " 

  ,spillover.( 

 ET   ,  ) 1995   1998  .( 

                                                      
35  32  -30  ,960 . 
36   :          . 


