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Summary of the thesis 

The thesis consists of five self-contained papers. Two of them are co-authored with Måns Söderbom. 

  

Paper 1: Effects of shocks and uncertainty on capital and labor in a real options model with variable 

capacity utilization 

This study analyzes the effects of uncertainty on investment, capital use and labor demand, in both the 

short run and the long run, in dynamic capital models where firms have incentives not to operate at 

full capacity. We have modified the real options model with full irreversibility to incorporate variable 

capacity utilization. After obtaining a numerical solution to the investment function, we analyze the 

difference in the prediction between the real options model with full capacity and our models. In the 

short run, the firm is less cautious for new investment and accumulates more capital than in a real 

options model with full capacity utilization. In the long run, the firm tends to build a larger capital 

stock while capital use declines as uncertainty increases. This suggests inefficiency in the form of 

excessive capital accumulation. Implications for labor demand are also discussed. 

 

Paper 2: Capital adjustment under variable capacity utilization  

(co-authored with Måns Söderbom) 

This study generalizes the existing real options model so as to accommodate fluctuations in capacity 

utilization, and then analyzes the effects of uncertainty in this modified model. Using both simulated 

data and Swedish 2-digit sectoral data for the manufacturing industry, we show that the main argument 

of the real options model – that the responses of the capital stock to demand shocks are weaker at 

higher levels of uncertainty – still holds, implying that policy stimuli have limited effects on 

investment in the immediate aftermath of an uncertainty shock. On the other hand, we find that actual 

capital use (active capital) flexibly responds to demand shocks through adjustments of capacity 

utilization even at high levels of uncertainty, which suggests that policy stimuli have positive impacts 

on production activities even at high uncertainty. 

 

Paper 3: Are larger firms more productive because of scale economies? – Evidence from Swedish 

register data 

(co-authored with Måns Söderbom) 

This study investigates the factors driving higher labor productivity for large firms, using Swedish 

register-based microdata for the mining and manufacturing industries covering more than 28,000 firms 

during 1997-2006. We estimate translog production functions using dynamic panel approaches and the 

approach proposed by Ackerberg, Caves, and Frazer. The results show that micro and small firms 

operate under (locally) increasing returns to scale while medium and large firms face decreasing 

returns to scale. Scale elasticity decreases from 1.15 to 0.97, suggesting that scale effects are not the 

answer to our question. Further investigation shows that production technology is approximated by a 

non-homothetic function and that larger firms operate with more capital-intensive technology while 

the factor price ratio is constant, which drives the productivity difference in favor of larger firms. 
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Paper 4: Employment generation and productivity contribution of entrepreneurial firms compared to 

large incumbents 

Previous studies have reported that young and small so-called entrepreneurial firms have 

disproportionately large impacts on both employment generation and productivity growth. However, 

these positive impacts are conditional on the firms’ survival. Many studies show that young and small 

firms have high mortality. In our study, we investigate the contributions of entrepreneurial firms to 

employment generation and productivity growth after taking the high mortality into account. We find 

that, although young and small firms are less likely to survive, they contribute more than other firms to 

both employment generation and aggregate productivity, simply because the survivors perform 

eminently. 

 

The last paper, Paper 5, is a short complement to Paper 4. 

Paper 5: Initial firm size and post-entry growth in size and productivity 

Previous studies show that smaller entrants exhibit higher growth rates in terms of size (number of 

employees). Using register-based firm-level data for the Swedish mining and manufacturing industries, 

this study compares the development in size and productivity between a group of firms that started 

their business in 1998 and a group of firms that had been in business for at least 10 years in 1998. The 

results show that there is also a similar negative relationship between firms' initial size and post-entry 

productivity development. The average total factor productivity of the entrants is initially 15 percent 

lower than that of the incumbents and the difference becomes insignificant after three years. Regarding 

the growth pattern conditional on initial size, the entrants with one initial employee caught up with the 

incumbents of similar initial size already in the second year, and gained a lead in the fifth year. It takes 

three years for the productivity gap between the entrants with 10 initial employees and the incumbents 

with the same size to disappear. The entrants with more than 20 initial employees never caught up 

with the entrants of the same size during the nine years analyzed in this study. 
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0� ��� ���# �"�' �"� ���"��� �2����� ��
� ��� +�$ ����  
��
��� �
�
���� "��.

���
���� ����� �� �"��� 
 �
�#�� �
���
� ����� 
� "�����
���� �����
���, *��� �� ��

�����
�� �� ��
� ��� /� $���� ��������, /� 
 ���"��' ��� �
�#� �� ����� ��$.

��
���, *��� ���"�� �� �2��
���� �� ��� 	
�����, *�� +��� ��� �� ���� 
�����
���

�� ��� $
�����
��� ���� $����, -��� "�����
���� �����
���' ��� �2������ �
��

�	 �
�
���� "�����
���� �����
���' ����� ��
�� �� 
 ����� ������ � "��� ���� �	

�
���
�' 
�� ����� $��� �
���
� 
��"$"�
����,

*�� ����� 	
���� �� 
�����
��� �� ���� ��� $
�����
��� ���� $���� 
�� ���

�������	 $����' 
�� ��
�� ���� �
��� �����, *�� ���"��
��� ���
�� ��� �� ���.

$��� �� ��� ���� �"� �� ��� �
���
� ����� ��
� 
�� �"��' �"� 
��� �� ��� �
���

����� ��
� 
�� ���
��� �� �
���
� "��, 
���� ��� +�$ �� 
��� �� ���"�� 
��� �

�
���
� 
�� ������� �
��� ���"�' ��� ���
� ������# ����� �	 ��� �� ���$����'

����"���# ��� "��� ���� �	 �
���
� 
�� ��� �
��� ����' 
�� �����, ����� ��' ���

�2������  
�"� �����
��� ���� ��� +�$ �� $��� ������ �� 	
�� ���������� 
� ��#���

"�����
����,

/������ ���"�� �� �"� 
�
����� �� ��
� ��� +�$F� 
��� � �
���
� �����
��� 
�

"�����
���� �����
���' ���"#� �
���
� 
��"$"�
���� 
� ��� �
$� ��$� �������+��'


� �� ����"���� 
�� �, *��� �$����� ��
� ��� �2������ �
�
���� "�����
���� �� 


�����
���# 	"������ �	 "�����
����,

*��� ��"�� �� ���"��"��� 
� 	������, 0� 
������ (' �� �� ��� ��� ��"� ��"����,

0� 
������ :' �� �"����� ��� $
�����
��� ���� $���� 
�� ��� �������	 $���� ��

�������' 
� ���� 
� ��� /� $���� 
� 
 �����$
��, 0� 
������ =' �� ������� �".

$����
� ����$
���� �	 ��� �� ���$��� 	"������ 
�������# �� ��� �������� $����


��"$������' 
�� ����"�� ��� �����.�"� 
�� ���#.�"� �$�
��� �	  
��
��� �
�
�.

��� "�����
���� 
�� "�����
���� �� �� ���$���' �
���
� "��' 
�� �
��� ��$
��,


������ G �����"��� ��� ��"��,

� �������� ���
���

*� �"� �������#�' ���
�� ��� 	�� ��� ��"� ��"���� �� �
���
� �� ���$��� ������

��������
��  
��
��� �
�
���� "�����
����, *
"�$
� 
�� -�������� 6%7&)8 
�.


���� 
 +�$F� ���
 ��� �� ���$� �	 �
���
� "�� 
�� �� ���$��� ����"#� 
 ����

$���$��
���� ������$, *�� �������
���� �
�� �	 �
���
� �� 
� �����
���# 	"������

�	 �
���
� "��=' 
�� ��� "��� ���� �	 �
���
� �� ������� �����
���# �� ��� ���������

= 0� ��� ��"� ��"����' ��� ���$ 4�
���
� "�����
����4 �� �	��� "��� ������$�"��� ���� 4�
.
�
���� "�����
����4 ���� ���� �
���
� #���� 
�� 
��"$�� �� �� 3"
��.+2��,
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�	 �
���
� "��, *���� 
�
����� �� ��
��� �����"� 
�� ���
$�� 
�����,


$��� 6%7?7' %7&)8 �"������ 
 ��$��
� �����
����
� $���� ���� ��� �������
.

���� �
�� ��������# �� �
���
� "�����
����' �"� 
��� ������"��� "�����
����, 0�

��� $����' +�$� $
�� ��������� �� ��� �����, B���� ���� ������ ��� �
���
� �����

�� �� ��	��� �"����� ��$
�� �� �����, *���' ���� �"����� ��$
�� �� �����'

���� ������ ��� ���"� �� �� �	 A�2���� 	
����� 
�� ��� �
���
� "�����
���� �
��,

@�� 	��"� �� �� ��� ���#.�"� ����� �� ��� �3"������"$ 
�� �� +��� 
 ��#
�� �

���
�������� ������� "�����
���� 
�� ��� �2������ �
���
� "�����
���� �
��, @�


��� +��� 
 ������ � ���
�������� ������� "�����
���� 
�� ��� ����$
� �
���
�

����� �	 ��� ����"����� 	"������ �� 
 ����.>�"#�
�,

/��� 6%79%8 �� ����� 
 $��� �2����� � ���
$�� �� ���$��� $����' �����

�� ��+��� �
���
� 
� ���� 
� �
��� 
� 3"
��.+2�� 	
�����' 
�� 
����� "�����
����

�	 ���� 	
����� ��  
�� D������, /� ��� �
��� ���� ������� �� �
��� "�����
����'

����� �� ���
��� �� �
���
� "�����
����' ����
��
���"� $
2�$��
���� �	 ��� ���+�

	"������ ����#�  
��
���� �� �
���
� "�����
����, @�� 
�
����� �������� ��� +�$F�

���
 ��� �� ��� ����� �"�' 
�� �� +��� ��
� ��� �������� �	 �
���
� �� ���$���

�� 
 ��$
�� ����� �� ������ ��� ���
��� �� �
�
���� "�����
����,

-����� ��� �����
�"�� �� ���
$�� ��������
��� 	
���� ��$
�� $�����' <������


�� H����������# 6%79&8 ������"�� $����� �����' ��$��
� �� *
"�$
� 
��

-�������� 6%7&)8 
�� 
$��� 6%7?7' %7&)8' ��� �������
���� �
�� ������� �� ���

��������� �	 �
���
� "�� 
�� ��� +�$ ������� 
��� ��� ������� ��� ����$
� �� �� �	

�
���
� "�����
����, �������� 6%79?8' <�������� 
�� C
���� 6%7998' ;�"��
 
��

C
���� 6%77?8' 
�� B�"����� 
�� 
��	
��" 6%77?8 
�#"� ��
� ��� �
�
���� "��.

���
���� �
�� �
� �� $�
�"��� �� �� ��#���� ������� ��� ���#.�"� 
�� �����.�"�

�3"������
,

/������ +��� ��
� �
��� �
�
���� "�����
���� ���� 
���"�� �� ���
$�� ���.

��
���� #����
� �3"������"$ $�����, �������
�� �� 
�,6())G8 ��������
��  
��
���

�
���
� "�����
���� ���� 
 ���
$�� #����� $���� �	 #����
� �3"������"$ ������,

/ ������$ ���� ��� ��������# $����� �� ���� +��� �� 
 �
�#� ���� �� $
�#��
�

����� 
�� ������ 
	��� 
 ������ � $����
�� ������ �����, *��� +�� ��
� 
����.

��# 	��  
��
���� �� ��� ��� ���� �	 �
���
� 	�� 
 #� �� �
���
� ����� ���"��� ���

���� �� $
�#��
� �����' 
�� ��"� ������ ������
��� ��A
���� ������
 
�� �"��"�

����������� "���� ��� 
��"$����� �	 ���� $����
�� �
#� 
�� ����� ����������,

��#
����# ��� ��� $���� ������#� "��� �� ��� ������� ��"��' ��� $
�����
���

���� $���� �� ��$��
� �� ��� $����� �� *
"�$
� 
�� -�������� 6%7&)8 
��


$��� 6%7?7' %7&)8, *�� $
�����
��� ����� ��
� ��� +�$ ����� �� �
� 	��

"��� �
���
� �
� �� ����������� 
� ��� ����� �� ����
�� �������
��� �
���
�, �"�
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������ $���� ���� 
 �������	 ����"����� 	"������ �� ������� ���
��� �� ��� $����

�� /��� 6%79%8' �� ��
� �
���
� ���"� 
�� �
��� ���"� 
�� "������� 
� 
 +2�� �
���,

@��� ��' �� ���� ��� 
�
���� ��� ����� �	 ��� ��$� �
# ������� 
� �� ���$���

�������� 
�� ��
���
���� �	 
��"
� ��$
�� 
� �� 
$��� 6%7?7' %7&)8, -� �����
�


��"$� ��
� �"���
��� �
���
� #���� 
�� 
 
��
��� 	�� ����"����� 
���
�� �� ���

�
$� ������,

� � 
������ ���������� ��
�� ��
�� ������

������

/��� 
�� ������ 6%7778 �"����� 
 ��$��� ���
$�� $���� �	 
 ���������
�� � +�$

���� ����.>�"#�
� ����"����� ��������#� 	
���# 
� �����
���� ��$
�� �"� �,

*��� ��$�
�� �
���
� 
��"$"�
���� �� ��� ���# �"� ���� 
 ���	��� ���� ����������

������
��� �� �$����� 
�� ���� �� �� ���,

-� ����A� ������"�� 
 �������� 
����2�$
���� �	 ����� ������"�"�.��$� $����

6��� /� $����8 ���� 
�� �����"� 
� ���� ���������� ������
���, -� ���� ���

�������� $����� ��
� $
�� �
�
���� "�����
����  
�� � �� ��� �"������ �����,

�"� +��� $���� 
��� 
 $
�����
��� ���� �	 �
���
� �� ��� /� $����, 0� �"�

������ $����' ��� +�$ �
� 
 �������	 ����"����� ��������#� ��
� ��$�����

�
���
� 
�� �
��� ���"�� 
� 
 +2�� �
���,

��	 ��� ����������� ���� ��
��

�� ��� ��$
�� ����' �� 
��"$� 
 +�$ ��
� 	
��� 
� �����
���� ��$
�� �"� �

�� � ���
��
� � 6%8

����� �� �� ��� 3"
����� �	 �"��"� ��$
����' �� �� ��� ����� �	 �"��"�' 
��

� � � �� ��� ����� ��
������� �	 ��$
��, �� �� 
 �����
���� ��$
�� �����' �����

�� ��� ���� ��"��� �	 "�����
���� �� ��� $����, *��� �� 
 4��������
� ��$
��

�����4 �� ��
� �� ���	�� ��� 3"
����� ��$
���� �� 	�� 
�� #� �� �"��"� �����

��, -� 
��"$� ��
� �� � �� �� 
�������# �� 
 #��$����� <�����
� $����� ����

$�
� �	 
��  
��
��� 
�	, /�������# �� 0��F� ��$$
' ��� ��# �	 �� 	������ 


<�����
� $����� ���� $�
�
�
�� ���
�� 	 
��  
��
��� 
�	E

���� � �� � ���� � 	�� 
�� 6(8
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����� 	� � � � ���
�' 
� � �����
�
�� 
�

�
' 
�� �� � �, *��  
��
��� �	 ���

��$
�� ����� 
� �����
��� ��� �� �� �	 "�����
���� ��
� ��� +�$ 	
���,

�� ��� �"���� ����' �� 
��"$� ��
� 
 ���������
�� � +�$ ����"��� �"��"� ��

"���# ��� ����.>�"#�
� ����"����� ��������#� ���� �����
�� ���"��� �� ��
��

�� � ����� ��
� � 6:8

����� �� �� �
���' �� �� ��� �
���
� ����� �$������ �� ��� ����"����� �������'


�� � �� ��� ���� ��
�� �	 �
���
�, �
��� �� 
��"$�� �� �� A�2���� �� ��
� ���

+�$� ������� �� �� $
2�$��� ��� ����
���# ���+� �� � ���� � ���' ����� � ��

��� �
#� �
��' ����� �� 
��"$�� �� �� �����
��, *�� +���.����� ��������� ��
��

�� ����$
� �
��� 
�

�� 
��� ��� � ����
�
��� �
��

���
��
� �

���
� 6=8


�� ��� ����
���# ���+� ����$��

�� 
��� ��� � ����
�
��� �
��

���
�

��� ��
�
� �

���
�

� ���
� �

���
� � 6G8

�����

� �
�

� � � 
�� �� 6?8


��

� � ����
�
��� �
��

���
�

��� � � 6&8

*�� �
���
� ����� �3"
�� ��� 
��"$"�
���� �	 �
�� 
�� �"����� �� ���$���

���� �������
���� 
� ��� +2�� �
�� �, -� 
��"$� ��
� �"����� �� ���$��� �� �$.

$���
���� 
���� �� ��� �
���
� ����� �����"� 
�� ���
�' ����� �"� ��"�� �� �
���

"��� 
 �������� 
����2�$
���� �	 /��� 
�� ������F� ������"�"�.��$� $����,

/�������#��' ��� �
���
� ����� � �� �� 
�

�� � 
�� ������ � ��� 698

0� 
 	����������� �
��' ����� �� �#���� ���� ���������� ������
����' ��� +�$

�� 
��� �� 
�D"�� ��� �
���
� ����� �$$���
���� ���� "��
��� 
�� �����
���


	��� ����� ��# ��
���
���� �	 ��, ������
���� ��
�� �� ���� �� ��� �� ���$���

17



��������, *�� ���
$�� ����$��
���� ������$ ��

� 
����� ��� � �
�
��

���
� �

���
� � ��� � ��� �� 
��� ������ � 678

����� � �� ��� �"���
�� ���� �	 �
���
�, *�� ���"���� �� ��� ������$ �������"���

��� 	����������� ����$
� �� �� �	 ��� �
���
� ����� ���
� ' ����� �� �2������� ��

���
� �

�
� 
�� ��

� ��� � 
�� ���

� �
�

��� 6%)8

*�� "��� ���� �	 �
���
�' ����� �� ����� 
� ��� 5��#�����
� 	����������� "���

����' ��

� � � ��� � 
�� ��� � 6%%8

-��� 
����# 
� ���� ���������� ������
���' ��� ���
$�� ����$��
���� ������$

	�� ��� +�$ ��

� 
����� ��� � �
�
����

���
� �

���
� � ��� � ��� �� 
��� ������ � 6%(8

*�� ���"���� �� ��� ���
$�� ����$��
���� ������$ �� �2������� ��

�� � � 
����� ���
� � 6%:8

0� ���� $����' ����$
� �� ���$��� ��A���� ��� $���
���$�E ��� "��� ����


�� ��� �
�#� �� ������, 
���� ��� +�$ �� ��� "�
��� �� ���� �
���
� �����'

�� �� ������
���� �� ��� ��� �� ���$��� �������� �� ��� �
��, *��� $
� ���"��

�� 
 �
���
� ����� �� �� ��#��� ��
� ��
� �� ����$
� �� ��� 	����������� $����'


�� �� �
���� 
 �
�#� �� �����, *�� ����� ���� �	 ��� �
$� ���� �� 
 "��� ����

�����, *�� +�$ ����� ��
� �� �� "�
��� �� �"� �
�� �� ��� �
���
� ����� �� 
�

�����$�� �����"��, <��
"�� �	 ��� �
"���"� ��������� ��#
����# �� ���$����' ���

�������� ����� �	 �� ���$���� �� 
 ������ � ��$
�� ����� �� ��
���, /� 
���
��

$��������' /��� 
�� ������ ��� � ��
� ��� ��#� �	 ��� ����� �	 ���� ���������� 
��

"�����
���� �� �2������ ���#.�"� �
���
� ����� �� 
$��#"�"� 
� ��� �����3"����

���
"�� ����� ��� ������ ��"����
�� �
�� �����,
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��� ��
��  ��� ������! ��"����� �����#����� ������������
���� ��
���

-� ��� ��� 
��� � �
���
� ��
� ���
�� 	��$ ��� ����
���� �
���
� ����� ��, -� ��.

����"�� ��� $
�����
��� ����' �' �� 
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Figure 1:  Sample paths of the capital stock (K) and active capital (Ka) 
(Note: AE stands for the Abel-Eberly model, MC stands for the maintenance cost model) 
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Figure 2:  Sample paths of labor (L) 
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Figure 3:  Factor input ratio L/Ka (i.e., the ratio of labor to active capital) 

 
 
 

 
 

Figure 4: κK (t) for the AE model 
(Note: κK (t) is the ratio of the expected level of the capital under full irreversibility to that in the 
frictionless case.) 
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Figure 5: κK(t) and κKa(t) for the maintenance cost model (m/p = 1) 
(Note: κK(t) and κKa(t) are the ratios of the expected levels of the capital stock and active capital 
under full irreversibility to those in the frictionless case, respectively.) 

 
 

 
 

Figure 6: κK(t) and κKa(t) for the maintenance cost model (m/p = 0.25) 
(Note: κK(t) and κKa(t) are the ratios of the expected levels of the capital stock and active capital 
under full irreversibility to those in the frictionless case, respectively.) 
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Figure 7: κK(t) and κKa(t) for the Leontief model 
(Note: κK(t) and κKa(t) are the ratios of the expected levels of the capital stock and active capital 
under full irreversibility to those in the frictionless case, respectively.) 

 
 

 
 

Figure 8:  Comparison of κKa(t) for the different models 
(Note: κKa(t) is the ratio of the expected level of active capital under full irreversibility to that in the 
frictionless case.) 
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Figure 9:  Comparison of Ut between the different models 
(Note: Ut is the expected long-run capacity utilization rate.) 

 
 

 
 

Figure 10:  Comparison of κL(t) for the different models 
(Note: κL(t) is the ratio of the expected level of labor demand under full irreversibility to that in the 
frictionless case.) 
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input as it could otherwise under the assumption of Cobb-Douglas technology.8

In contrast, the �rm under the assumption of variable capacity utilization can

reduce its capital input, and hence also labor input. Therefore, the binding costs

that new investments can imply for the �rm in the presence of an uncertain

future are lower, which makes the �rm less cautious when deciding on new

investments. This implies a shorter range of inaction in our model (the range

[C, A] in Figure 2) than in the AE model (the range [0 A] in Figure 1).

In the empirical analysis, we test the hypotheses raised in the �rst and second

points above. We also analyze the third point, i.e., the joint direction of the two

di¤erent e¤ects of uncertainty on the responses of active capital and capacity

utilization. It is not possible to empirically test the fourth point.

3 Swedish sectoral data for manufacturing in-

dustries

3.1 Capacity utilization

Statistics Sweden published quarterly data on capacity utilization at the 2-digit

sectoral level for the manufacturing industries during the period 1990�1998.

Data was collected by surveying all �rms with more than 200 employees and

a selection of �rms with 10�199 employees. The rate of capacity utilization

was de�ned as the ratio between actual production and the currently available

production capacity.9 The collected data was aggregated using �rms� value

added as weights.

Since 1999, however, Statistic Sweden publishes the capacity utilization rate

only for the manufacturing industry as a whole and �ve selected 2-digit sec-

tors (chemicals, basic metals, machinery, communication equipment, and motor

vehicles). The number of employees is used as weights in aggregation.

8Under the assumption of Leontief technology, the �rm keeps labor input constant since
labor input is solely determined by current capital input.

9The question asked in the questionnaire is �How large was capacity utilization at the
observation unit in the last quarter?� In the instructions, it is clari�ed that capacity utiliza-
tion is de�ned as the ratio between actual production and the currently available production
capacity (i.e., full capacity utilization). It is further explained that full capacity refers to
the production level that can be achieved with existing machinery and current production
methods, based on the working hours, shifts, and production mix that are considered to be
normal at the plant for the quarter. Variations in the production capacity due to seasonal
factors (e.g., holidays) shall not be counted in the reported rate of utilization. Although we
note that this is a measure of the ratio of actual output to potential output instead of the
ratio of active capital to the installed capital, we believe the former serves as a proxy for the
latter.
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����� ���

�" �� ��	
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	�(���	 �� �������� ������ ����� ��	���� ��� ��� ���������� ��������� �� #$$$*

%�� ������ �� ������ ��	 ������
��� ��� ��������� �� ��� 9�������� �����" +����

��� ������ �� ��� ������� ����- �� ���� ��������� �� ��� ������ �����* %� �������

9�������� 	��� �� ������ 	���" +� �		 ��� ������ ��	 ������
����" ������������"

+����� � ����*
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��� �� �������� ����������� ��� ��� +���� 
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������" ��	 ��� 
���� �������� ������  0 	�����  22$,#$ $* �� ��� �� ����" ���

����� (�������� ���+��� C$ ��	 2F ������� ���� ��� �������� �����" �
������

���� ������ ������� /������ ������� ���0 	������� �����	������ ���
 ��� ��������	

������� ����-*

H<����� 6= �������� ����������� / 22$,#$ $0I

<������ A,! ������� ��� ������ ������� �� ������ ������� ��	 ��� �������

����- �������� +��� ��� ������ �� ����� �		�	" ��� ��� +���� 
������������

��	����� ��	 ��� ����� ����������* ������ ������� �� 	�)��	 �� ��� ������� ����-


��������	 +��� ��� �������� ����������� ����=

��
��� � ���� � ������ /F0

+���� ��
��� �� ������ �������" ���� �� ��� ������� ����-" ��	 ����� �� ��� ��������

����������� ����* �� ���+�" ������ ������� (�������� 
��� ���� ��� ������� ����-"

��	 ���� �����+� ��� ������� �� �>D ������*

H<������ A,!= %�� ������������ ���+��� ������� �� ������� ��	 �� ������I

<������ F,  ������� ��� ��
� ����� ���
 ������� ���+�����* %�� ������

�� ������ ������� �� 	���
����	 ���� ��� ������������� �� ��� ������ �� �������

����- /��� ������
���0 ��	 �� ��� ������ �� �������� �����������" �����	��� ��

  %����� ��� ��� ������� ��� +���� ���������� �+�	�� ��� 	��� �� �������� ����������� ��� ���
+���� ��
��� �����	*
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��
� �����" ��� ������������� �� ��� �+� ������� ��� �� ��� �������� 	���������*
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������� ����- +��� �� �	
����	 ��+��	� +��� �� �� ����+ ��� ����'��� ����
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�
(������ � )�����

�
� ���/�����

���������� � ����������)��� � 	�� � ��� � ������ / C0

��	

��/��� � �����)��� � ��� 
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�� ������ ����� ��	 �

�
���" ������������* %�� ����	�'����� ������������ ���+��� �����
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�S����� �� ��� ����� ���������� ���
" ��" �� �� ��������* �� �� �&�����	 �� ��

�������� �������" +��� �������� ����������� �� �����	� �� � ������ �����" ��� )�


��� ���� ���
 �� �	
��� ��� ������ ������� �� ������� ��� �������� ����������� ��� �

����� �������� �� ������ 	�
��	" ��	 ��� )�
 ��������� ���	� ��+ ������
���*

8� ��� �������� ����" �*�*" +��� �������� ����������� �� ��+��" ��� )�
 �� ����

+������ �� ������* �� �������� ��� �����&��� �� ��������� �� ��� �������� +���

������� �� �)���" ��	 +� �&���� �� �� �� �������� �� �� 4���
 �� ��*/#$$60* ���
�� � ���� ���S����� �� ���� ��� ���� ������� ����������" ��	 �� �&�����	 �� ��

��������*

19*/ !0 �&������ ��� ������ �� �������� �����������* ;���� +� �&���� ���� ��

�� ��������" �&���������� �� ��� ����� �� ����� ���S������ ��� 	�R����� ���


����� �� 19*/ C0* ��� �� �&�����	 �� �� �������� ����� ��� ������� �� ��� ��������

����������� ���� �� ��� ���	� �� 	�
�������� �	
���
��� �� 	�
��	 ����-� ����
�

�����* %�� ����� ���������� ���
 ��� �� ��������� �
��������� �� ���� �9������*

��� �� �&�����	 �� �� �������� �������" +��� �������� ����������� �� �����	� ��

� ������ �����" ��� )�
 ��� ���� ���
 �� ����� �������� ����������� ��� � �����

�������� �� ������ 	�
��	* ���� �� � ���� ���S����� ��� ��� ���� �� +������ ���

)�
 ���	� �� ��� �������� �	
���
��� �� �������� �������� ����������� ������

���� ��� ������
��� �� ������ ����������� ������* 8� ���� ���������� �� ����" ����
�� ��������*

& %������ �
� �
������� ����

%�� ���������� 
�	�� +��� �������� �������� ����������� �������	 �� �������  

�� 	�S���� �� ���� �
��������� �� ��� )�
 ����� ��� � ������ �� �������* <������"

�������� +� ������� ��� �
������� 19�*/ B0,/ !0 �� ���� ��� 
�	��" �� �� ���

�������� �� ���� +������ ��� ����� �� ��� ����
���	 ���S������ ����	 �� 	���

��������	 ���
 ��� ���������� 
�	�� ��� �� +� �&����* �����	��" 	��� �� ��'

������ ����������� �� ��� ��������� �� ��� )�
 ����� ��� ���� �� ��� �������� �����*

� 9������� ������ �� ��� 
�������
 ��� ������
��� 	�������� ��	 ������� ��� 	�'

������� ���� �������� �� ��� )�
 ����� ��� �� 	������	 �� �����
����� ��������

����� �������� 	���*

%��������" )��� +� ��� ��� ���������� 
�	�� �������� ������ �� 	��� �� ���

)�
 ����� ��	 ������� +������ ��� ����� �� ��� ���S������ ����
���	 ���
 ���

�
������� 19�*/ B0,/ !0 ��� �� +� �&����* %��� +� ��������� ��� )�
'����� 	���

�� ��� �������� ����� ��	 ����
��� ��� ��
� ��� �� ��� �
������� �9������� �� ��'
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����� +������ +� ��� 	����� ��� ����
����� +� ���	�	 �� ������ ��� ����������

�� ��� �������� �����*

%� �������� ��
�����	 	���" +� )��� ���	 �� ������ ��� ������ �������� ���

������
��� �� � � 
����� ��� �� ������� ��
������ ���������* ;� ����
� ����

��� ����	��	 	�������� � ������ ���� ��
�" ��	 	����� �� ��* ;� ������� ����
�

���� �� ������� �� ���������� ���������� �5/ 0 ������� ���� � � 
�� � �������"

+���� � �� ��� 
��� �� �� ��	 �� � 00��� 
�� '��* <�� ��
�������" +� 	���������

�� �� ���� �� ���� ��-�� )�� 	�R����� ������ ������ ����� ����� ����� �����* %��

	���
�� ����
������� ������
" 19*/#0" �� 
�	�)�	 �� �����+�=


 
����� ��� ��� � ���
����

��
� ���

� 
��
� � ����+��

� � ,�� � ��� �
 
��� ����� ������ �

/ F0

%��������� ���
 �� �� ���� �� 	�)��	 �� � � � � ���������� 
����&* ;� ���

��� ��������
 �������	 �� %������ / 2FC0 �� 	��������� �� �5/ 0 �������* ;�

��� ��� �������������� ���S����� � �� ���� �� ��(��� ��� ���� ���� ����������� ��

������ ����������* ;� ���� ��� '� � ���� �� ���� ��� ����	��	 	�������� �� ��
���� ��
� �� �9��� �� '	 � '��

�
�� �� � ����* ;� ������� ��� ��� ����� ��	

��+�� ����	� �� ��� ����� �� �+��� '	 ���
 ��� 
��� ����" �� ���� ��� )�� ������

�� ��� ���	 ��� �9��� �� ��� ������ 	�)��	 ��� ��� 	������������� �� ��*

;� ������ ��� �����+��� ������ �� ��� ����
����� �� ��� 	���
�� ����
�������

������
 ��������	 �� 19*/ F0" ��� ��	�������� 	�
��	 �������� �� � �� 
��
� "

��� ���	������ �������� �� � *���� ��
� " ��	 ��� ���
����� 4��+���� 
�����

��������	 �� 19*/60= � � ����" � � �����" � � ������ /� �� 
� � 4� +����

4 � ����0" ��	 � � ��* %���� ��� ��� ��
� ������ �� ���	 �� ���� ��	 1�����

/ 2220* %�� ����� �� + �� , �� ��� �� ����" +���� ��������� 
�	����� (���������

�� �������� �����������" �� ���+� �� �������  * ��� ��� ����� ����
����� ��� ��

������ ����������� �� ���� ���� �R��� ��� ������ �� ��� ������� ����- ��	 ������

������� +������ ��(������� ��� ����� ���+��� ���
*

%�� �������	 ������ �������� �� � � 
����� ��� ��� �� ������	 �� ����)������

��������	 	�
��	 ����-� �� ��� )�
 ����� ���� �����+ � ���
����� 4��+����


�����=


����� � .��� � .����� � 	���� � ����/���� / 20

+���� 	���� �� � ���+�� ���� ���� �� 	�)��	 �� 	���� � �� �������� ��	 ����/��� �� �
)�
'�����)� ��
������ �� ����������� +��� ���	�
 �������� /��� � 00��� 
�� ��*

57



%�� ��������� 0 ��	������ ���� ��� 	�
��	 ����- �� )�
 �����)�* %� ������

������ ��������� �� ���������	 ����������� �� ��� �������� �����" +� ����
� ����

���� �� ������ �����)� ��	 ������� �� ��� )�
� +����� � ������* 8� ���� �� ���� )�
'

�����)�" ��� ���������	 ����������� �� ��� �������� ����� 
�� �� ��
���� ������

�������* %�� ������� ����� �� ��� ������'�����)� ���� �� ���	�
�� ������ ���
 ���

������ ������ ����� ����� ����� �����* ���� ������� �����	��� �� ��� ��� ����������

����& 	�)��	 �� %������ / 2FC0 +��� ��� ����
����� 	�������	 �����*

%�� ������� ����� �� ��� 	�
��	 ����-" ����" �� ��� �� � ��� ��� 0* %�� �������

����� ��� ��� ������� ����- �� ��� �� ���� �� ��� ����
�� ����� �� ���� � � ��	��

��� ����
����� �� �� ��������������� ����������*

%�� ��
��� �� ������� �� ��� �� �� /����� �� ��� �
������� 	������ +���� ��

�� ��0 ��	 +� ����
� ���� ���� ������ ��� ��� )�
�* ;��� ���� �������" +� ���

��� ���������� 
�	�� �������� ������ �� 	��� ��� A$ ����� ��	 �&���	� ��� )��� #$

�����* %��� �� �� ����	 ��(����� �� ��� ������� ������* %��

���� ���
 ��� ��
������� ���+� ���� �� ��-�� �����	 #$ ����� ��� ��� ��������

����������� ���� �� ���������*

%�� ��������	 )�
'����� 	��� �� ���� ���������	 �� ��� ������ �����* <�� ���

��������� �&���� �������� �����������" ��� )�
'����� 	��� �� ��

�	 ��	 	���	�	

�� ��� ��
��� �� ��� )�
� �� ��	�� �� ����	 ��� )����� ����
��� ��� �����*

<�� ������'���������	 �������� �����������" +� ��-� � +������	 ������� �� ���

)�
'����� ������ +����� � ������ ����� ��� )�
�3 ������� �� +������*

%�����  ��	 # ���+ ��� 	���������� ���������� ��� ��� )�
'����� 	��� ��	 ���

������'���������	 	���" ������������*

H%����  = >���������� ���������� ��� ��� ��
�����	 )�
'����� 	���I

H%���� #= >���������� ���������� ��� ��� ������'���������	 	���I

;� +��� ��+ ����
��� ��� �
������� �9�������* <������" +� ����������� ���

����� �� ��� ���S������ �� 19�*/ B0" / C0" ��	 / !0 +��� ��� �9������� ��� ��'

��
���	 ����� ��� )�
'����� 	���* 8� ��� ���������� �� ���� �9������" +� �		

	�

� ��������� ��� ����� ��	 ������� �� ��� )&�	'�R��� /<10 ����� ����
�����*
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�
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�
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�
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! � ����
�
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� ���� ������� ������
�� ���� �� ��� ������� ���� ��������� (������* %�� ���� ��" �� ��������" ��������*

?�+����" �� 
���� ��+��	 ���� �� ! 
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��	 / !0" ����� �� ��
���� ��	�������� ���+��� ��� 	�
����	 ����	��� ��	 ��
�

�� ��� 	�
����	 ����������*

%� ���-�� ��� ����" +� ����
��� 19�*/ B0" / C0" ��	 / !0 +��� ��� ������
�����

�������� 
����	 �� � )&�	'�R��� 
�	��" ����� �����	 ���������� �� ������
����*

�������� ����-���" �����	 ���������� ��� ��� ����	 ������
���� �� � )&�	'�R���


�	�� �� ���� ��� ���������	 +��� ��� 	�
����	 ����� ���
* � )���'	�R������


�	�� +��� ��� ������
����� �������� 
����	 �� ��������� ��������	* ?�+����"

����� +� ���� � ������ ���� ��
�'������ /! � ��0" ��� ��������� ���� �� �&�����	

�� �� �
���*

%���� 6 �������� ��� �
������� ������� ����� )&�	 �R��� +��� �����	 ����������

�� ������
���� /<1'8�0* 8� ����� ����
������" +� ��� ��� �����+��� ������
����=

(����� ��	 �/����� ��� (�������)����� ��	 �/����� �� 19*/ B0" (����� ��� (�������)�����
�� 19* / C0" ��	 �/����� ��� �/����� �� 19*/ !0* <��
 ��� )��� ����
� +����

��� ����
����� �� 19*/ C0 �� ��������	" +� ��� ���� �)��� ��� � �������� �R���

�� ������
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���
 (�������)����� ��� � �������� ���S�����* ������� �������� ����������� ��� �

�������� �
���� �� ��� ������
��� 	�������* %�� �������� ���S����� �� ��� �����

���
 �������)��� ��	������ ���� ��� )�
 �� 
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�����	 )�
'����� 	���I
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�� �������� ����������� �� �������* ������� �������� ����������� �/����� ��� �
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����* %���� )�	���� ��� ���� �� ���� +��� ��� �&���������* %��
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��� +��� ��� ����������� ����� �� ������*

%�� ����	 ����
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��	
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 �	'


���� ��� ������ ������� 
��� ��� � ����� 	�
��	 ����- �� ������ �����������
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4��	 / 22 0* %�� ������ �� ��������	 �� %���� A* <�� ���� �� ��� ����� �9�������"

+� )��� ����
��� ��� 	��'��� 
�	�� +��� ��� �����	 ��� �� ��� ����������

�����)�	 �� ��� 4������
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��� ���������* %�� �����)������
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�����	 )�
'����� 	��� +��� 	��'

���I

;� ��+ ����������� �� +� ��� ������ ��
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�����	 	���* %����

B �������� ��� ����
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������� ����
������ �� ��� �������� �����*

' %������ �
� ���� ����

;� �
���
��� ��� ��
� �������� +��� ��� ���� 	��� 	�������	 ���������� �����

��� <1'8� ��	 ��� ��� 
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[Figure 1: Real options effect of uncertainty on investment] 
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[Figure 2: Real options effect of uncertainty on investment when firms are able 
to change capacity utilization] 
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[Figure 3: Capacity utilization (1990-2010)] 
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[Figure 4: The relationship between changes in capital and in output] 
 
 

 
[Figure 5: The relationship between changes in capital and in output 
(cont.)] 
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[Figure 6: The relationship between changes in capital and in output 
(cont.)] 
 

 
[Figure 7: The relationship between changes in capital and in output 
(cont.)] 
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[Figure 8: Contributions of changes in the capital stock and capacity 
utilization to changes in active capital] 
 

 
[Figure 9: Contributions of changes in the capital stock and capacity 
utilization to changes in active capital (cont.)] 
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[Figure 10: Contributions of changes in the capital stock and capacity 
utilization to changes in active capital (cont.)] 
 
 

 
[Figure 11: Contributions of changes in the capital stock and capacity 
utilization to changes in active capital (cont.)] 
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variables obs. means std. dev. min. max. 
log of output y 200000 0.659 1.080 -4.859 5.635 

log of capital stock k 200000 1.114 0.751 0.120 5.664 
log of active capital ka 200000 0.747 1.071 -4.776 5.664 

capacity utilization (%) CU 200000 0.779 0.283 0.007 1.000 
log of capacity utilization cu 200000 -0.367 0.575 -4.896 0.000 

sigma σ 200000 0.202 0.059 0.100 0.300 
[Table 1: Descriptive statistics for the simulated firm-level data] 
 

variables obs. means std. dev. min. max. 
log of output y 400 1.223 0.179 0.871 1.685 

log of capital stock k 400 1.460 0.207 1.053 2.029 
log of active capital ka 400 1.302 0.178 0.952 1.755 

capacity utilization (%) CU 400 0.923 0.030 0.843 0.981 
log of capacity utilization cu 400 -0.080 0.033 -0.171 -0.019 

sigma σ 400 0.202 0.059 0.100 0.300 
[Table 2: Descriptive statistics for the simulated sector-aggregated data] 

Estimation method: fixed-effects (FE) with instrumental variables (IV)
Explanatory variables

Δy i,t 0.244 *** 0.693 *** 0.948 ***
(0.003) (0.003) (0.001)

(Δy i,t ) 2 0.377 *** -0.380 *** -0.009 ***
(0.002) (0.002) (0.001)

y i,t-1 0.010 *** -0.008 *** 0.002 ***
(0.000) (0.000) (0.000)

k a
i,t-1 -y i,t-1 -0.535 *** 0.222 *** -0.133 ***

(0.004) (0.003) (0.003)
cu i,t-1 0.002 *** -0.011 *** -0.006 ***

(0.000) (0.000) (0.000)
σ i,t-1 -0.002 0.000 0.003 ***

(0.003) (0.003) (0.001)
σ i,t-1 ·Δy i,t -0.382 *** 0.508 *** 0.099 ***

(0.013) (0.014) (0.004)
Dummy variables

year
sector (2-digit)

Instrumental variable method
instrumented
instruments

Specification tests
underidentification test 0.000 0.000 0.000

[Table 3: Regression analysis using the simulated firm-level data]

equation for Δk i,t equation for Δcu i,t equation for Δk a
i,t

X X X

k i,t-2 cu i,t-2 k i,t-2 , cu i,t-2

X X X

k a
i,t-1 -y i,t-1 cu i,t-1 k a

i,t-1 -y i,t-1 , cu i,t-1
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Estimation method: fixed-effects (FE) with instrumental variables (IV)
Explanatory variables

Δy i,t 0.568 *** 0.115 0.899 ***
(0.188) (0.077) (0.049)

(Δy i,t ) 2 0.641 -0.896 0.332
(1.275) (0.548) (0.342)

y i,t-1 -0.070 * 0.004 -0.014 **
(0.040) (0.007) (0.007)

k a
i,t-1 -y i,t-1 -2.888 ** -0.195 ** -0.947 ***

(1.406) (0.080) (0.207)
cu i,t-1 0.049 -0.159 *** -0.058 ***

(0.078) (0.019) (0.014)
σ i,t-1 0.084 * -0.099 *** -0.021 **

(0.049) (0.009) (0.009)
σ i,t-1 ·Δy i,t -1.036 * 0.947 *** -0.081

(0.603) (0.267) (0.165)
Dummy variables

year
sector (2-digit)

Instrumental variable method
instrumented
instruments

Specification tests
underidentification test 0.015 0.000 0.000

[Table 5: Regression analysis using the simulated sector-aggregated data]

equation for Δk i,t equation for Δcu i,t equation for Δk a
i,t

X X X

k i,t-2 cu i,t-2 k i,t-2 , cu i,t-2

X X X

k a
i,t-1 -y i,t-1 cu i,t-1 k a

i,t-1 -y i,t-1 , cu i,t-1
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[Table 7: Descriptive statistics for the real data] 

variables obs. means std. dev. min. max. 
output (million Swedish crowns) Y 319 27631 34424 1625 281092 

capital stock (million Swedish crowns) K 319 28422 21696 2568 84529 
active capital (million Swedish crowns) Ka 319 25174 19729 1842 80940 

capacity utilization (%) CU 319 0.873 0.054 0.634 1.000 
log of output y 319 9.775 0.968 7.393 12.546 

log of capital stock k 319 9.928 0.864 7.851 11.345 
log of active capital ka 319 9.798 0.873 7.519 11.301 

Log of capacity utilization cu 319 -0.138 0.064 -0.456 0.000 
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micro small medium large All
(employees < 10) (10 ≤ employees < 50) (50 ≤ employees < 250) (250 ≤ employees)

11376 4558 1283 349 17566
(0.65) (0.26) (0.07) (0.02) (1.00)
12556 4694 1286 319 18855
(0.67) (0.25) (0.07) (0.02) (1.00)

0.06 0.12 0.20 0.62 1.00
0.06 0.15 0.23 0.53 1.00
0.05 0.10 0.16 0.70 1.00

-1.542 -1.097 -0.965 -0.806 -1.423
(0.008) (0.009) (0.011) (0.019) (0.009)
-2.604 -2.134 -1.873 -1.573 -2.475

(0.020) (0.022) (0.028) (0.045) (0.020)

Table 1: Summary statistics by firm size
* These data are the conditional means based on OLS regressions including dummy variables for sector, year and firm size

micro small medium large
SNI-code sector (employees < 10) (10 ≤ employees < 50) (50 ≤ employees < 250) (250 ≤ employees) num. of firms

10-14 mining and quarrying 0.77 0.17 0.04 0.01 322
15-16 food products 0.68 0.25 0.05 0.02 2356
17-19 textiles 0.75 0.20 0.04 0.01 935

20 wood products 0.73 0.21 0.05 0.01 2634
21 pulp and paper 0.42 0.29 0.15 0.13 334
22 publishing and printing 0.76 0.19 0.05 0.01 3812
23 coke, petroleum and other fuels 0.53 0.15 0.21 0.12 34
24 chemicals 0.52 0.25 0.17 0.05 548
25 rubber and plastic products 0.62 0.29 0.09 0.01 1097
26 other non-metallic mineral products 0.65 0.22 0.10 0.03 640
27 basic metals 0.52 0.26 0.15 0.07 314
28 fabricated metal products 0.71 0.24 0.04 0.00 6460
29 machinery 0.63 0.26 0.09 0.02 3286
30 office machinery and computers 0.74 0.20 0.05 0.02 189
31 electrical machinery 0.59 0.30 0.09 0.02 878
32 communication equipment 0.58 0.28 0.08 0.06 368
33 medical and optical instruments 0.76 0.17 0.05 0.01 1174
34 motor vehicles 0.46 0.32 0.15 0.07 573
35 other transport equipments 0.74 0.18 0.05 0.02 579

36-37 furniture, recycling and else 0.71 0.23 0.06 0.01 1780

Table 2: Distribution of firm size in different sectors

share of value added

number of firms in 2006
(proportion)

number of firms in 1997
(proportion)

firm size

distribution of firm size

log of capital stock per employee *
(standard errors)

log of value-added per employee *
(standard errors)

share of capital stock
share of employment
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lnL 1.061 ***

lnK 0.163 ***

(lnL)^2 -0.002

lnL*lnK -0.039 ***

(lnK)^2 0.023 ***

ρ 0.599 ***

α1 0.034 ***

α2 -0.003

sector (3-digit) dummy X
year dummy X
Price elasticity (η)

micro firms (L = 3) 31.8
small firms (L = 17) 37.1

medium firms (L = 84) 43.9
large firms (L = 485) 54.8

Output elasticity for labor (L)
micro firms (L = 3) 1.140

small firms (L = 17) 1.038
medium firms (L = 84) 0.957

large firms (L = 485) 0.863
Output elasticity for capital (K)

micro firms (L = 3) 0.068
small firms (L = 17) 0.103

medium firms (L = 84) 0.121
large firms (L = 485) 0.147

Scale elasticity (the sum of the above two)
micro firms (L = 3) 1.208

small firms (L = 17) 1.141
medium firms (L = 84) 1.078

large firms (L = 485) 1.011
Test of homotheticity (p-value) 0.000
Test of constant returns to scale (p-value) 0.000
Monotonicity (proportion of obs. that satisfy) 0.933
Quasi-concavity (proportion of obs. that satisfy) 0.829
Underindentification test (p-value) 0.000

Table 5: Estimation of the production function (market power and imperfect competition)

IV (linearlized ACF)

(0.029)

(0.014)

(0.005)

(0.009)

(0.003)

(0.007)

(0.003)

(0.006)

(0.022)
(0.023)
(0.027)

(0.023)

(0.021)
(0.023)

(0.011)

(0.023)
(0.021)

(0.005)
(0.003)
(0.007)
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Figure 1: Isoquants for output Y and 2Y under homotheticity and constant 
returns to scale 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Isoquants for output Y and 2Y under homotheticity but decreasing 
returns to scale 
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Figure 3: Isoquants for output Y and 2Y under homotheticity and constant 
returns to scale with heterogeneous factor price ratios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Isoquants for output Y and 2Y under non-homotheticity 
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Figure 5: Decomposition of labor productivity into four deferent components 
 

 

Figure 6: Capital intensity 

 firm size 
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Figure 7: Factor price ratio (w/r) 
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[1] = [3]+[7] [2] = [4]+[8]
# of firms Sum (L i,97 )

1 ≤ L < 5 7 537 17 264
5 ≤ L < 10 3 839 25 356

10 ≤ L < 20 2 609 35 328
20 ≤ L < 50 1 949 58 553
50 ≤ L < 100 782 54 428

100 ≤ L < 200 409 56 539
200 ≤ L < 500 259 77 925

L ≥ 500 182 270 557
Total 17 566 595 950

Table 1: Firms and employees in 1997

[3] [4] [5] [6] = ([5]–[4]) / [2]
# of firms Sum (L i,97 ) Sum (L i,06 ) Growth rate: g C

n

1 ≤ L < 5 4 463 10 671 15 123 0.258
5 ≤ L < 10 2 535 16 764 20 421 0.144

10 ≤ L < 20 1 672 22 585 27 808 0.148
20 ≤ L < 50 1 212 36 757 43 784 0.120
50 ≤ L < 100 518 36 297 43 186 0.127

100 ≤ L < 200 266 36 901 39 328 0.043
200 ≤ L < 500 176 52 335 49 656 -0.034

L ≥ 500 119 184 712 174 371 -0.038
Total 10 961 397 022 413 677 0.028

Table 2: Employment change in the firms that survived until 2006

[7] [8] [9] [10] = ([9]–[8]) / [2]
# of firms Sum (L i,97 ) Sum (L i,06 ) Growth rate: g X

n

1 ≤ L < 5 3 074 6 593 0 -0.382
5 ≤ L < 10 1 304 8 592 0 -0.339

10 ≤ L < 20 937 12 743 0 -0.361
20 ≤ L < 50 737 21 796 0 -0.372
50 ≤ L < 100 264 18 131 0 -0.333

100 ≤ L < 200 143 19 638 0 -0.347
200 ≤ L < 500 83 25 590 0 -0.328

L ≥ 500 63 85 845 0 -0.317
Total 6 605 198 928 0 -0.334

Table 3: Employment change in the firms that exited the market before 2006

1 ≤ L < 5
5 ≤ L < 10

10 ≤ L < 20
20 ≤ L < 50
50 ≤ L < 100

100 ≤ L < 200
200 ≤ L < 500

L ≥ 500
Total

Table 4: Sum of the employment growth rates

Size groups based on 
firm size in 1997

Size groups based on 
firm size in 1997

[11] = [6]+[10]
Total growth rate: 

g C
n  + g X

n

-0.124
-0.195

All firms in 1997
Size groups based on 
firm size in 1997

Firms that survived until 2006 (Continuing firms)

Size groups based on 
firm size in 1997

Firms that exited the market before 2006 (Exiting firms)

-0.306

-0.213
-0.252
-0.207
-0.304
-0.363
-0.356
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[12] [13] [14] [15] [16] [17] = ([16]–[14]) / [2]

# of firms Mean (LP i,97 ) Sum (LP i,97 ·s i,97 ) Mean (LP i,06 ) Sum (LP i,06 ·s i,06 )
Contribution to productivity 
growth per employee: π C

n

1 ≤ L < 5 4 463 0.366 0.006 0.418 0.012 0.326
5 ≤ L < 10 2 535 0.379 0.011 0.451 0.017 0.261

10 ≤ L < 20 1 672 0.417 0.016 0.524 0.027 0.320
20 ≤ L < 50 1 212 0.432 0.027 0.509 0.042 0.254

50 ≤ L < 100 518 0.456 0.028 0.551 0.043 0.281
100 ≤ L < 200 266 0.497 0.031 0.796 0.045 0.245
200 ≤ L < 500 176 0.533 0.047 0.704 0.066 0.238

L ≥ 500 119 0.624 0.203 0.809 0.304 0.375
Total 10 961 0.397 0.368 0.476 0.556 0.315
Table 5: Contributions of the firms that existed during the whole period 1997-2006 to labor productivity growth

[18] [19] [20] [21] [22] [23] = ([22]–[20]) / [2]

# of firms Mean (LP i,97 ) Sum (LP i,97 ·s i,97 ) Mean (LP i,06 ) Sum (LP i,06 ·s i,06 )
Contribution to productivity 
growth per employee: π X

n

1 ≤ L < 5 3 074 0.362 0.004 0 0 -0.225
5 ≤ L < 10 1 304 0.389 0.006 0 0 -0.221

10 ≤ L < 20 937 0.396 0.008 0 0 -0.239
20 ≤ L < 50 737 0.411 0.015 0 0 -0.259

50 ≤ L < 100 264 0.444 0.014 0 0 -0.250
100 ≤ L < 200 143 0.467 0.015 0 0 -0.272
200 ≤ L < 500 83 0.472 0.020 0 0 -0.262

L ≥ 500 63 0.429 0.059 0 0 -0.219
Total 6 605 0.385 0.142 0 0 -0.238
Table 6: Contributions of the firms that exited the market before 2006 to labor productivity growth

[24] = [17]+[23]

π C
n + π X

n

1 ≤ L < 5 0.101
5 ≤ L < 10 0.039

10 ≤ L < 20 0.081
20 ≤ L < 50 -0.005

50 ≤ L < 100 0.031
100 ≤ L < 200 -0.027
200 ≤ L < 500 -0.024

L ≥ 500 0.156
Total 0.077
Table 7: Sum of the per-employee contributions to labor productivity growth

Firms that exited the market before 2006 (Exiting firms)

Size groups classified 
based on firm size in 
1997

Size groups classified 
based on firm size in 
1997

Firms that survived until 2006 (Continuing firms)

Size groups classified 
based on firm size in 
1997
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(a) Survival rate
Firm size in 1997: 

L = age = 1 5 10 20 26
1 ≤ L < 5 0.441 0.502 0.554 0.580 0.546

5 ≤ L < 10 0.480 0.550 0.612 0.658 0.638
10 ≤ L < 20 0.484 0.557 0.624 0.678 0.664
20 ≤ L < 50 0.479 0.557 0.628 0.690 0.682
50 ≤ L < 100 0.462 0.544 0.621 0.695 0.694

100 ≤ L < 200 0.439 0.525 0.608 0.691 0.695
200 ≤ L < 500 0.409 0.498 0.586 0.680 0.689

L ≥ 500 0.358 0.450 0.545 0.654 0.670
Table 8: Survival rate for the period 1997-2006

(b) Conditional growth rate of employment
Firm size in 1997: 

L = age = 1 5 10 20 26
1 ≤ L < 5 0.873 0.661 0.471 0.270 0.236

5 ≤ L < 10 0.524 0.373 0.240 0.113 0.108
10 ≤ L < 20 0.419 0.287 0.172 0.069 0.076
20 ≤ L < 50 0.336 0.219 0.120 0.039 0.056
50 ≤ L < 100 0.253 0.154 0.071 0.016 0.046

100 ≤ L < 200 0.208 0.120 0.049 0.011 0.052
200 ≤ L < 500 0.177 0.099 0.037 0.017 0.069

L ≥ 500 0.156 0.088 0.039 0.042 0.109
Table 9: Growth rate of employment, conditional on survival

(c) Unconditional growth rate in employment
Firm size in 1997: 

L = age = 1 5 10 20 26
1 ≤ L < 5 -0.174 -0.167 -0.185 -0.263 -0.325

5 ≤ L < 10 -0.268 -0.245 -0.241 -0.268 -0.293
10 ≤ L < 20 -0.313 -0.283 -0.269 -0.275 -0.286
20 ≤ L < 50 -0.360 -0.321 -0.297 -0.283 -0.280
50 ≤ L < 100 -0.422 -0.373 -0.334 -0.293 -0.274
100 ≤ L < 200 -0.470 -0.412 -0.363 -0.301 -0.269
200 ≤ L < 500 -0.519 -0.453 -0.392 -0.308 -0.264

L ≥ 500 -0.586 -0.510 -0.433 -0.319 -0.257
Table 10: Growth rate of employment, unconditional on survival

(d) Conditional contribution to productivity growth per employee
Firm size in 1997: 

L = age = 1 5 10 20 26
1 ≤ L < 5 0.685 0.508 0.348 0.191 0.183

5 ≤ L < 10 0.606 0.444 0.299 0.172 0.188
10 ≤ L < 20 0.580 0.424 0.285 0.171 0.199
20 ≤ L < 50 0.559 0.408 0.275 0.175 0.216
50 ≤ L < 100 0.539 0.395 0.269 0.189 0.250

100 ≤ L < 200 0.531 0.392 0.272 0.210 0.288
200 ≤ L < 500 0.530 0.396 0.282 0.239 0.338

L ≥ 500 0.539 0.412 0.307 0.295 0.427
Table 11: Per-employee contribution to productivity growth, conditional on survival

(e) Unconditional contribution to productivity growth per employee
Firm size in 1997: 

L = age = 1 5 10 20 26
1 ≤ L < 5 0.061 0.022 -0.030 -0.104 -0.119

5 ≤ L < 10 0.030 -0.001 -0.044 -0.093 -0.088
10 ≤ L < 20 0.005 -0.020 -0.057 -0.092 -0.075
20 ≤ L < 50 -0.026 -0.045 -0.074 -0.093 -0.063

50 ≤ L < 100 -0.078 -0.087 -0.103 -0.096 -0.046
100 ≤ L < 200 -0.125 -0.126 -0.131 -0.101 -0.033
200 ≤ L < 500 -0.180 -0.172 -0.165 -0.107 -0.020

L ≥ 500 -0.265 -0.246 -0.220 -0.121 -0.004
Table 12: Per-employee contribution to productivity growth, unconditional on survival
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Paper 5





Initial �rm size and post-entry growth in size
and productivity

Yoshihiro Sato
University of Gothenburg

Abstract

Previous studies show that smaller entrants exhibit higher growth rates
in terms of size (number of employees). Using register-based �rm-level
data for the Swedish mining and manufacturing industries, this study
compares the development in size and productivity between a group of
�rms that started their business in 1998 and a group of �rms that had
been in business for at least 10 years in 1998. The results show that there
is also a similar negative relationship between �rms�initial size and post-
entry productivity development. The average total factor productivity
of the entrants is initially 15 percent lower than that of the incumbents
and the di¤erence becomes insigni�cant after three years. Regarding the
growth pattern conditional on initial size, the entrants with one initial
employee caught up with the incumbents of similar initial size already in
the second year, and gained a lead in the �fth year. It takes three years
for the productivity gap between the entrants with 10 initial employees
and the incumbents with the same size to disappear. The entrants with
more than 20 initial employees never caught up with the entrants of the
same size during the nine years analyzed in this study.

1 Introduction

Successful development of productive �rms and their international competi-

tiveness are in the spotlight of policy discussions. Since the era of large and

capital-intensive industries is over, policymakers are increasingly focusing on

the potentials of small and new �rms. A smooth and successful reallocation of

productive resources from exiting to entering �rms is regarded as a key driving

force for sustainable economic growth.

Among all Swedish manufacturing and mining �rms with at least one em-

ployee during the period 1997-2006, newly started �rms and exiting �rms each
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year make up around 6.7 and 5.6 percent, respectively. As a result, 41.8 per-

cent of all the 18,855 �rms with at least one employee in 2006 are new �rms

that entered the market during 1998�2006, while 37.6 percent of all the 17,566

�rms that operated in 1997 exited the market sometime from 1997 to 2005 and

hence were no longer operating in 2006. Since it is commonly known that the

productivity of new �rms is on average lower than that of old �rms (e.g., Power,

1998; Jensen et al., 2001; and de Kok et al., 2005; see also Chapter 4 in this

thesis), this �rm turnover may positively a¤ect the development of aggregate

productivity as long as newly started �rms catch up with incumbent �rms in

terms of productivity.

The speed of catching up may di¤er between �rms of di¤erent initial sizes.

Previous studies, although their analyses are not limited to new �rms, report

that the expected �rm size growth rate is negatively related to current size

(e.g., Audretsch and Mahmood, 1994; Hart and Oulton, 1996; Audretsch et al.,

1999a, 1999b; Heshmati, 2001). This �nding suggests that smaller �rms grow

faster than medium-sized and large �rms. However, it is not clear whether the

productivity of initially small �rms really converges to that of medium-sized

and large �rms.

Catching up of new �rms in terms of productivity also matters for successful

reallocation of resources in the economy. Chapter 3 in this thesis analyzes scale

elasticity of the production function for the Swedish mining and manufacturing

industries during the period 1997�2006. It is found that micro �rms (fewer than

10 employee) and small �rms (10�50 employees) enjoy increasing returns to scale

while larger �rms face slightly decreasing returns to scale. This �nding implies

that �rms starting out small have a larger potential for productivity gains as

long as they survive and grow in size.

The purpose of this study is to analyze post-entry performance of new �rms

in terms of size and total factor productivity (TFP) and its relationship with

initial �rm size. We address entrants�performance in relation to the incumbent

�rms that belong to the same size class at the start of the sample period.

The question of how long it takes for new �rms to catch up with market

incumbents is also relevant to the discussion on so-called enterprise zones, or

empowerment zones. These zones have been a policy instrument in the U.S. and

some European countries in the last decades to stimulate economic development

in economically and socially distressed urban areas. The programs typically

provide a variety of tax incentives to �rms in target areas during a limited

period. Such policy includes, for example, tax credits related to creating jobs for
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economically disadvantaged workers and capital investments in the designated

areas (Kolko and Neumark, 2009; Hanson, 2009; Neumark and Kolko, 2010).

In Sweden, the government has proposed an introduction of similar enterprise

zones, or so-called �new start zones�with tax credits for business activities in

speci�ed urban regions. The purpose is to tackle social and economic problems

in those areas by promoting employment and integrating residents into the labor

market (SOU 2012:50).

The introduction of enterprise zones raises the question of how long the

policy should be given to �rms in the target areas. Many existing enterprise

zones provide tax credits and other kinds of support during the �rst �ve years

(Neumark and Kolko, 2010). In the proposal provided by the investigation

committee to the Swedish government, new �rms in the target areas will receive

a full exemption of payroll tax in the �rst �ve years and a 50 percent exemption

in the following two years.

Using register-based �rm-level data for the Swedish mining and manufac-

turing industries, we compare the development of size, in terms of number of

employees, and productivity between a group of �rms that started their busi-

ness in 1998 (the entrant group) and a group of �rms that had been in business

for at least 10 years in 1998 (the incumbent group). The results show that the

average size of the new entrants grows from 38 to 60 percent of that of the

incumbents in eight years. We also �nd a negative relationship between initial

size and post-entry size growth, which is consistent with previous studies.

What is new in the present paper is that a similar negative relationship is

found between initial �rm size and post-entry productivity development. With

all entrants counted, their average TFP is 15 percent lower than the average

TFP of the incumbents, and the di¤erence becomes insigni�cant after three

years. However, we �nd a large di¤erence in growth pattern depending on initial

�rm size. The entrants with one initial employee caught up with the incumbents

of similar initial size already in the second year, and gained a lead in the �fth

year. It takes three years for the productivity gap between the entrants with

10 initial employees and the incumbents with the same size to disappear. The

entrants with more than 20 initial employees never caught up with the entrants

of the same size during the nine years analyzed in this study.

Section 2 discusses relevant previous studies. Descriptions on our dataset is

found in Section 3, which is followed by illustrations of basic facts on the pattern

of entry and exit and the distribution of �rm size in Sweden in Section 4. In

Section 5, we focus on two groups, the entrant and the incumbent groups, and
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compare the developments of �rm size, labor productivity and TFP. Section 6

concludes the paper.

2 Previous studies

The current paper studies the relative positions of new �rms in terms of size

and productivity compared with incumbent �rms in the market. One of the

previous studies is Baldwin and Ra�quzzaman (1995), who analyze green�eld

entries in the Canadian manufacturing �rms 1970�1989. They �nd that labor

productivity and average wages in the �rst year after entry are 60 and 70 percent

of the respective sector averages. After 10 years, the measures reach only 80

percent of the sector averages. However, this is explained by the fact that new

and small �rms are less capital intensive than large �rms. In contrast, the

entrants�pro�tability (i.e., value added minus labor costs) is only 10 percent

below the sector average.

Bellone et al. (2006, 2008) analyze French manufacturing �rms with more

than 20 employees during the period 1990�2002. They �nd that, conditional

on survival, entrant �rms on average enjoy continuous productivity gains in

terms of TFP during the whole sample period after entry. They also �nd that

the entrants initially have a signi�cant productivity advantage over incumbents.

Their TFP measures in the �rst year are on average 0.6 percent higher than the

industry average. It then rises to 1.25 percent at age three before monotonously

converging toward the industry average.

A previous study that uses Swedish microdata to analyze post-entry perfor-

mance is Heshmati (2001). He investigates the growth pattern of both new and

old �rms with 1�100 employees that operated in the county of Gävleborg during

the period 1993�1998. The focus of his study is on �rm size in terms of em-

ployees, sales, and assets, while productivity is not addressed. Another related

study, Persson (2004), analyzes the survival pattern and employment growth of

new establishments created in Sweden in 1987 and 1988. Both studies report

similar results as previous studies in other economies.

3 Data

The present study is based on �rm-level panel data from Statistics Sweden�s

Structural Business Statistics. The same database is used in Chapters 3 and 4
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of this thesis. More details about the database is found in Chapter 3.

In the present study, a �rm entry is de�ned when a �rm appears in the

database for the �rst time. In 1997, i.e., the start year of the sample period, it is

not possible to distinguish the �rms that existed in 1996 from the �rms that were

established in 1997. Therefore, �rm entry is �rst counted in 1998. Similarly, a

�rm exit is de�ned when a �rm no longer appears in the following year. In 2006,

i.e., the end year of the sample period, it is not possible to distinguish between

the �rms that still existed in 2007 and the �rms that went out of business in 2006.

Thus, the last exiting �rms are counted in 2005. There is another limitation in

the database as well. It is not possible to distinguish between entries resulting

from new startups and entries resulting from establishment of subsidiaries by

other �rms. Neither is it possible to distinguish between exits due to closures

or bankruptcy and exits due to acquisition or merger.

Capital costs are de�ned as user costs, which are calculated as cj;t = (rt + �j;t) = (1� ut)
where rt denotes the interest rate (de�ned as the annual average of the o¢ cial

discount rate, i.e., the repo rate), �j;t the depreciation rate, and ut the corpo-

rate tax rate (0.28 during the whole sample period). The depreciation rates are

deduced from the Swedish national accounts and are both sector speci�c at the

2-digit level and object speci�c (buildings and machines).1

The registered start year of each �rm is also provided by the Structural

Business Statistics. This data tell us �rms� start years registered at the tax

agency.

4 Entry and exit

4.1 Over time

Table 1 presents key statistics on entries and exits of Swedish mining and man-

ufacturing �rms. Between 1,000 and 1,400 �rms are started every year, making

up 5�8 percent of the total number of �rms (roughly 18,000). The number of

exits per year decreases from 1,400 to 800 during our sample period, which can

be explained by the economic boom in 2002�2005. The table shows that 4�8

percent of all �rms exit every year.

[Table 1: Entry and exit in the Swedish mining and manufacturing indus-

tries]
1The sector-speci�c depreciation rate varies between 0:032 and 0:077 for buildings and

between 0:123 and 0:437 for machines.
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The labor shares of entry �rms and exit �rms are also presented in Table 1.

Labor is de�ned as the number of employees. The labor share of the entry �rms

varies from 2 to 5 percent and is much smaller than the entry rate, suggesting

that entry �rms are generally smaller in the beginning. The labor share of the

exit �rms is also smaller than the exit rate except for in 1999 and 2001, implying

that relatively large �rms left the market in the two years.

Table 2 reports the average size of all �rms and of entry �rms and exit �rms

by year. It is observed that �rms on average become smaller during the sample

period. Again, the average entry size is smaller than the average size of all

�rms, and also tends to decrease over time. The average exit size is larger than

that of the entry �rms. Again, the table shows that relatively large �rms exited

in 1999 and 2001. A closer look at the original data reveals that closures of

large �rms in the automobile and food industries raised the average exit size

in 1999. In 2001, it was the industries of electronic machinery and fabricated

metal products that contributed to the rise.

[Table 2: Average size (in terms of employees) of all �rms, entry �rms and

exit �rms by year]

4.2 By sector

Table 3 presents the entry and exit rates and the average sizes of all �rms and

of entry �rms and exit �rms by sector. The entry and exit rates vary between

0.045 and 0.095 and between 0.036 and 0.079, respectively, across sectors. The

coe¢ cient of correlation of the two �gures is 0.655, which indicates that a sector

with a high entry rate is associated with a high exit rate.

[Table 3: Entry rates, exit rates, and average �rm size by industry]

As Table 3 shows, the average �rm size di¤ers considerably across sectors.

This heterogeneity can be explained by the theory of the minimum e¢ cient scale

(MES). According to this theory, each well-de�ned sector has own characteristics

of economies of scale and the optimal size (Dunne et al., 1988, 1989; Audretsch,

1995).
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4.3 Cohort survival

Table 4 presents the number of survival �rms (upper) and the survival rate

(lower) subsequent to entry. Of the approximately 1,000�1,400 �rms that enter

each year, 83�92 percent survive at least the �rst year; 61-73 percent survive at

least four years.

[Table 4: Cohort survival]

5 Post-entry performance of the entrant group

in relation to the incumbent group

We now move to post-entry performance in terms of size (number of employees)

and TFP. We compare the development of a group of entrants and a group of

incumbents from 1998 to 2006. The entrant group includes all �rms that entered

the market in 1998, i.e., the �rms that �rst appear in our dataset in 1998. The

incumbent group includes all �rms whose start year registered at the tax agency

is 1988 or earlier, i.e., the �rms with an age of at least 10 years in 1998.

Table 5 describes basic statistics on the two groups. The number of incum-

bents is 8,862 in 1998 and reduces to 6,306 in 2006 (implying a survival rate of

71 percent). The entrant group starts with 1,170 �rms in 1998 and ends with

589 �rms in 2006 (a survival rate of 50 percent).

[Table 5: Comparison of the two groups]

The current study uses TFP as a measure of productivity. The following

de�nition is adapted following previous major studies (Caves et al., 1982; Good

et al., 1997; Bellone et al., 2006, 2008; Aw et al., 2001):

lnTFPi;t =
�
lnYi;t � lnYt

�
+

tP
�=2

�
lnY� � lnY��1

�

�

2664
NP
n=1

1
2

�
Sni;t + S

n
t

� �
lnXn

i;t � lnXn
t

�
+

tP
�=2

NP
n=1

1
2

�
Sn� + S

n
��1

� �
lnXn

� � lnXn
��1

�
3775 ; (1)

where Y denotes value added, Xn denotes n th input (capital stocks K and

labor L in the current analysis), and Sn is the cost share of input Xn in the
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total cost. The subscript t stands for time (year) and n is an index for di¤erent

inputs. Upper bars denote sample means. Note that the sample means of the

cost shares, Snt , is the arithmetic means, while the sample means of log value

added and log input, lnYt and lnXn
i;t, are the geometric means. Or, we can

obtain the same values of lnYt and lnXn
i;t if we �rst compute the arithmetic

means of Yt and Xn
i;t and then take log of the arithmetic means.

The �rst term of Eq.(1) measures the deviation of value added of individual

�rms from the mean value added in that year. The third term (the one on the

second line) sums the deviation of inputs used by individual �rms from the mean

in that year. The average of the individual cost share and the mean cost share

is used as weight. The combination of the �rst term and (minus) the third term

measures the cross-sectional distribution of TFP in a year. The second and

fourth terms sum the change in the mean TFP across years, by chain-linking

the shift of the TFP distribution over time. The whole index lnTFPi;t indicates

a relative location of the TFP of an individual �rm i in time t relative to the

mean TFP in the reference year.

5.1 Firm size

We �rst compare the development of average �rm size (in terms of the number

of employees) between the two groups. We use a simple model with dummy

variables for groups, years, and sectors:

lnLi;t =
P
t
�0;tD

year
i;t +

P
t
�1;tD

ent
i;t D

year
i;t + �si + �i;t; (2)

where Li;t is the number of employees, D
year
i;t is a dummy variable, Dent

i;t is a

dummy variable for the entrant group, and �si is the sector dummy at the 3-digit

level.

The results are presented in Table 6. The average number of employees of

the incumbents is

E
�
Linct

�
= exp

�
�0;t + �

2
�=2
�
; (3)

and that of the entrants is

E
�
Lentt

�
= exp

�
�0;t + �1;t + �

2
�=2
�
; (4)

where �2� stands for the mean square of errors. The table shows that, while the

incumbent group keeps a rather constant size of around 24 employees throughout
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the period, the entrant group grows rapidly from 9 to 14 employees. Figure 1

depicts the ratio of the average number of employees of the entrant group to

that of the incumbent group

E
�
Linct

�
=E
�
Lentt

�
= exp (�ent;t) ; (5)

together with the con�dence interval of two standard errors.2 The �gure shows

that the entrant �rms on average start at 38 percent of the incumbent �rms in

terms of size, and then grow to 60 percent of the incumbent group after eight

years.

[Table 6: Development of �rm size]

[Figure 1: Ratio of the average �rm size of the entrants to that of the

incumbents]

This result is consistent with the previous �ndings that new �rms are much

smaller in size compared to old �rms (e.g., Caves, 1998). Besides, it shows that

the gap remains eight years after entry although the entrant �rms grow rapidly

directly after entry.

So far, only the average growth in size has been analyzed. The growth rate

may, however, di¤er across di¤erent size groups. Thus, we will now compare size

growth conditional on initial �rm size. We de�ne the initial size of each �rm,

L0, as the number of employees in 1998 for both the entrant and incumbent

groups. Adding cross terms with lnL0 to Eq.(2), we use the following model:

lnLi;t =
P
t
�0;tD

year
i;t +

P
t
�ent;tD

ent
i;t D

year
i;t

+
P
t
�0;tD

year
i;t lnL0i +

P
t
�ent;tD

ent
i;t D

year
i;t lnL0i + �

s
i + �i;t: (6)

The average number of employees of the incumbents with initial size L0 is ex-

pressed by

E
�
Linct jL0

�
= exp

�
�0;t + �0;t lnL

0 + �2�=2
�
; (7)

while that of the entrants with the same initial size is expressed by

E
�
Lentt jL0

�
= exp

�
(�0;t + �ent;t) +

�
�0;t + �ent;t

�
lnL0 + �2�=2

�
: (8)

2The con�dence interval is expressed by
�
exp

�
�ent;t � 2��ent;t

�
; exp

�
�ent;t + 2��ent;t

��
,

where ��ent;t denotes the standard error of �ent;t.

173



Table 7 presents E
�
Linct jL0

�
and E

�
Lentt jL0

�
for the given initial sizes L0 =

1, 5, 10, 20, and 50. There is a clear trend that, whereas the size of incumbents

stays almost constant or slightly decreases, the entrants grow rapidly in the

years after entry. The growth rate is high when the initial size is small. Figures

2�6 depict the ratios of the average number of employees of the entrant group

to that of the incumbent group for di¤erent initial sizes,

E
�
Lentt jL0

�
=E
�
Linct jL0

�
= exp

�
�ent;t + �ent;t lnL

0
�
; (9)

together with the con�dence interval of two standard errors.

[Table 7: Development of �rm size conditional on the initial size]

[Figures 2�6: Ratios of the average �rm size of entrants to that of incumbents

conditional on initial size]

New �rms that started with only one employee are on average 93 percent

larger in 2006 compared to incumbent �rms with the same initial size, and the

di¤erence is statistically signi�cant. The size di¤erence between the two groups,

however, decreases with initial size. With an initial size of 20 employees, the

entrants are on average 11 percent larger in 2006. With an initial size of 50

employees, there is no signi�cant di¤erence.

These �ndings suggest that the size growth rate is negatively related to initial

size, which is consistent with previous studies (e.g., Audretsch and Mahmood,

1994; Hart and Oulton, 1996; Audretsch et al., 1999a, 1999b; Heshmati, 2001).

5.2 Total factor productivity (TFP)

A similar analysis is implemented for TFP. Table 8 shows the average devel-

opment of TFP for the two groups using Eq.(2), where the dependent variable

lnLi;t is replaced by the logarithm of TFP, lnTFPi;t. Figure 7 illustrates the

ratio of the average TFP of the entrant group to that of the incumbent group,

i.e., E
�
TFP inct

�
=E [TFP entt ] with the con�dence interval of two standard er-

rors. As shown, the entrant group has a signi�cant drawback in the �rst three

years. However, the gap disappears already in the fourth year. Note that the

productivity of the entrant group in the �rst year after entry can be di¢ cult to

interpret, as some of the �rms exist and operate only for a few months.

[Table 8: Development of labor productivity]
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[Figure 7: Ratio of average TFP of the entrants to that of the incumbents]

We then analyze the productivity development conditional on initial size.

Similar to �rm size growth, the growth rate of labor productivity may di¤er

across di¤erent size groups. Table 9 reports E
�
TFP inct jL0

�
and E

�
TFP entt jL0

�
for the given initial size L0 = 1, 5, 10, 20, and 50. They are obtained using

the equation Eq.(6) with lnLi;t replaced by lnTFPi;t. Figures 8�12 illustrate

the ratios of average TFP of entrants to that of incumbents conditional on

initial size, i.e., E
�
TFP inct jL0

�
=E
�
TFP entt jL0

�
with the con�dence interval of

two standard errors. As shown, new �rms starting with one employee have no

signi�cant gap in labor productivity already one year after entry and gain a lead

over the incumbent �rms with the same initial size after four years. The gap

reaches its maximum in the eighth year, where the entrants on average operate

14 percent more productively than the incumbents. For entrants with a larger

initial size, it takes a longer time to catch up with the incumbents with the same

initial size. With the initial sizes of L0 = 10 and 20, it takes four years. With

the initial size of L0 = 50, the entrants never catch up with the incumbents

with the same initial size.

[Table 9: Development of labor productivity, conditional on initial size]

[Figures 8�12: Ratios of average TFP of the entrants to that of the incum-

bents conditional on the initial size]

6 Conclusion

In this study, we investigate the relationship between the initial �rm size and

post-entry growth in size and total factor productivity (TFP). We use Swedish

�rm-level register-based data for the mining and manufacturing industries dur-

ing the period 1997�2006 and compare two groups of �rms: those that entered

the market in 1998, which we call the "entrant group," and those that had been

in business for at least 10 years in 1998.

The results show that the entrant �rms were on average 38 percent of the

average size of the incumbent �rms in 1998, yet the relative average size of the

entrants grew rapidly and reached 60 percent in 2006. However, the growth in

size di¤ers considerably depending on �rm�s initial size. While the new �rms

with 1�5 initial employees grew on average by 40�80 percent more than the
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incumbents with similar initial size in eight years, the new �rms with 20 initial

employees grew by only 13 percent more than the incumbents. The relationship

between initial �rm size and subsequent change in relative position is therefore

negative.

Regarding TFP, the average TFP of all �rms in the entrant group was about

15 percent lower than the average of the incumbent group in 1998, yet the di¤er-

ence disappeared after three years. However, we �nd a large di¤erence in growth

pattern depending on initial �rm size. The entrants with one initial employee

caught up with the incumbents of similar initial size already in the second year,

and gained a lead in the �fth year. It takes three years for the productivity gap

between the entrants with 10 initial employees and the incumbents with the

same size to disappear. The entrants with more than 20 initial employees never

caught up with the entrants of the same size during the nine years analyzed in

this study.

The current study shows that a negative relationship is not only found be-

tween initial �rm size and post-entry growth in size, but also between initial

�rm size and post-entry productivity development.
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                labor share of 

year all firms entry firms exit firms   entry rate exit rate   entry firms exit firms 
1997 17566 1407 0.080 0.035 
1998 17329 1170 1358 0.068 0.078 0.028 0.055 
1999 17218 1247 1091 0.072 0.063 0.050 0.083 
2000 17491 1364 1081 0.078 0.062 0.044 0.040 
2001 17568 1158 1084 0.066 0.062 0.037 0.071 
2002 17510 1026 989 0.059 0.056 0.025 0.040 
2003 17717 1196 845 0.068 0.048 0.036 0.039 
2004 18061 1189 797 0.066 0.044 0.028 0.033 
2005 18334 1070 806 0.058 0.044 0.020 0.030 
2006 18855 1327 0.070 0.023 

 
[Table 1: Entry and exit in Swedish mining and manufacturing industries] 
 
 

year all firms entry firms exit firms 
1997 33.9 15.0 
1998 35.2 14.5 24.9 
1999 35.1 24.0 45.7 
2000 34.7 19.5 22.5 
2001 34.6 19.6 40.0 
2002 32.8 14.1 23.1 
2003 32.0 17.2 25.9 
2004 31.2 13.1 23.4 
2005 30.4 10.5 20.7 
2006 29.4 9.5   

 
[Table 2: Average size (in terms of employees) of all firms, entry firms and exit firms by year] 

179



 

          
average firm size 

(the number of employees) 
NACE 2-digit industry classification entry rate exit rate   all firms entry firms exit firms 
10-14 mining and quarrying 0.051 0.050 36.0 27.9 37.8 
15-16 food products 0.082 0.067 39.7 21.7 35.8 
17-19 textiles 0.052 0.063 16.7 6.3 20.1 

20 wood products 0.063 0.055 18.6 11.1 16.4 
21 pulp and paper 0.054 0.047 158.2 68.4 70.8 
22 publishing and printing 0.061 0.070 15.5 8.4 10.9 
23 coke, petroleum and other fuels 0.076 0.076 122.8 53.2 88.4 
24 chemicals 0.069 0.057 103.5 37.9 34.7 
25 rubber and plastic products 0.047 0.044 25.6 14.8 20.4 
26 other non-metallic mineral products 0.045 0.048 37.0 31.1 30.3 
27 basic metals 0.055 0.036 146.7 20.9 39.4 
28 fabricated metal products 0.057 0.043 15.9 7.4 16.5 
29 machinery 0.056 0.046 41.3 17.0 22.9 
30 office machinery and computers 0.060 0.079 26.6 11.1 11.3 
31 electrical machinery 0.051 0.053 38.6 34.8 83.6 
32 communication equipment 0.095 0.076 53.7 39.5 102.0 
33 medical and optical instruments 0.053 0.050 23.5 13.9 21.3 
34 motor vehicles 0.062 0.048 171.5 56.5 115.1 
35 other transport equipment 0.060 0.047 37.8 29.1 47.7 

36-37 furniture, recycling and else 0.078 0.062   23.5 8.3 25.1 
  TOTAL 0.060 0.053   32.9 15.9 26.7 

 
[Table 3: Entry rates, exit rates and average firm size by industry]  (? kommer att fyllas) 
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(a) The number of survived firms             

year 
entry year 1998 1999 2000 2001 2002 2003 2004 2005 2006 

1998 1170 976 870 778 715 666 645 618 589 
1999 1247 1097 976 887 817 772 725 687 
2000 1364 1206 1072 976 923 876 837 
2001 1158 1038 946 890 837 798 
2002 1026 921 851 797 754 
2003 1196 1065 986 922 
2004 1189 1093 1008 
2005 1070 972 
2006                   1327 

 
(b) The survival rate                 

year 
entry year 1998 1999 2000 2001 2002 2003 2004 2005 2006 

1998 100.0 83.4 74.4 66.5 61.1 56.9 55.1 52.8 50.3 
1999 100.0 88.0 78.3 71.1 65.5 61.9 58.1 55.1 
2000 100.0 88.4 78.6 71.6 67.7 64.2 61.4 
2001 100.0 89.6 81.7 76.9 72.3 68.9 
2002 100.0 89.8 82.9 77.7 73.5 
2003 100.0 89.0 82.4 77.1 
2004 100.0 91.9 84.8 
2005 100.0 90.8 
2006                   100.0 

 
[Table 4: Cohort survival] 
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the incumbent group 

year Obs. Mean Std. Dev. Min Max 
(a) the number of employees 

1998 8,862 45 262 1 9,681 
2006 6,306 46 324 1 18839 

(b) log of labor productivity 
1998 8,862 -1.004 0.508 -5.383 3.331 
2006 6,306 -0.917 0.592 -6.354 3.743 

(c) TFP 
1998 8,862 -0.828 0.452 -5.615 2.316 
2006 6,306 -0.858 0.539 -5.264 2.549 

the entrant group         
year Obs. Mean Std. Dev. Min Max 

(a) the number of employees 
1998 1170 14 72 1 1809 
2006 589 16 64 1 1120 

(b) log of labor productivity 
1998 1170 -1.186 0.701 -5.495 2.788 
2006 589 -0.941 0.644 -5.761 2.392 

(c) TFP 
1998 1170 -0.985 0.642 -5.195 2.758 
2006 589 -0.868 0.591 -4.878 2.502 

 
[Table 5: Comparison of two groups] 
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year
1998 1999 2000 2001 2002 2003 2004 2005 2006

Incumbent group 23.5 23.6 23.9 24.1 23.9 23.7 23.2 23.2 23.1
Entrant group 8.9 11.5 12.5 12.9 13.0 13.2 13.2 13.6 13.8

[Table 6 Development of firm size (the number of employees)]

year
1998 1999 2000 2001 2002 2003 2004 2005 2006

Initial size: L = 1
Incumbent group 1.13 1.17 1.17 1.19 1.19 1.19 1.17 1.18 1.17
Entrant group 1.12 1.63 1.83 1.88 1.95 2.06 2.06 2.15 2.26

Initial size: L = 5
Incumbent group 5.60 5.56 5.59 5.65 5.62 5.56 5.47 5.48 5.46
Entrant group 5.58 6.91 7.39 7.58 7.67 7.80 7.72 7.92 7.94

Initial size: L = 10
Incumbent group 11.16 10.89 10.98 11.03 10.94 10.81 10.63 10.63 10.83
Entrant group 11.12 12.89 13.47 13.80 13.83 13.85 13.65 13.87 13.77

Initial size: L = 20
Incumbent group 22.23 21.32 21.55 21.53 21.33 21.01 20.67 20.61 20.54
Entrant group 22.17 24.04 24.56 25.13 24.95 24.59 24.13 24.30 23.42

Initial size: L = 50
Incumbent group 55.27 51.83 52.56 52.16 51.53 50.59 49.77 49.48 49.34
Entrant group 55.20 54.79 54.36 55.52 54.38 52.51 51.25 51.00 47.90

[Table 7 Development of firm size (the number of employees) conditional on the initial size]
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year
1998 1999 2000 2001 2002 2003 2004 2005 2006

Incumbent group 0.928 0.942 0.983 0.923 0.905 0.902 0.909 0.891 0.902
Entrant group 0.793 0.885 0.911 0.910 0.920 0.881 0.905 0.905 0.897

[Table 8 Development of TFP]

year
1998 1999 2000 2001 2002 2003 2004 2005 2006

Initial size: L = 1
Incumbent group 0.438 0.436 0.445 0.425 0.404 0.394 0.395 0.377 0.379
Entrant group 0.387 0.436 0.448 0.455 0.446 0.420 0.441 0.431 0.413

Initial size: L = 5
Incumbent group 0.467 0.471 0.488 0.461 0.447 0.443 0.446 0.434 0.438
Entrant group 0.411 0.452 0.457 0.460 0.457 0.433 0.442 0.436 0.432

Initial size: L = 10
Incumbent group 0.480 0.487 0.508 0.477 0.468 0.466 0.470 0.461 10.969
Entrant group 0.422 0.459 0.461 0.462 0.462 0.439 0.443 0.438 13.947

Initial size: L = 20
Incumbent group 0.493 0.503 0.529 0.494 0.489 0.491 0.495 0.489 0.496
Entrant group 0.433 0.466 0.465 0.465 0.467 0.445 0.443 0.439 0.448

Initial size: L = 50
Incumbent group 0.511 0.525 0.557 0.518 0.519 0.525 0.531 0.529 0.539
Entrant group 0.447 0.476 0.470 0.468 0.474 0.453 0.444 0.442 0.459

[Table 9 Development of TFP conditional on the initial size]
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[Figure 1: Ratio of the average firm size of the entrants to that of the incumbents] 

 
[Figure 2: Ratio of the average firm size of the entrants to that of the incumbents 
conditional on the initial size L0 = 1] 
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[Figure 3: Ratio of the average firm size of the entrants to that of the incumbents 
conditional on the initial size L0 = 5] 

 
[Figure 4: Ratio of the average firm size of the entrants to that of the incumbents 
conditional on the initial size L0 = 10] 
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[Figure 5: Ratio of the average firm size of the entrants to that of the incumbents 
conditional on the initial size L0 = 20]´ 

[Figure 6: Ratio of the average firm size of the entrants to that of the incumbents 
conditional on the initial size L0 = 50]´

[Figure 6: Ratio of the average firm size of the entrants to that of the incumbents 
conditional on the initial size L0 = 50]´

187



 
[Figure 7: Ratio of the average TFP of the entrants to that of the incumbents] 

 
[Figure 8: Ratio of  average TFP of the entrants to that of the incumbents 
conditional on the initial size L0 = 1] 
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[Figure 9: Ratio of  average TFP of the entrants to that of the incumbents 
conditional on the initial size L0 = 5] 

 
[Figure 10: Ratio of  average TFP of the entrants to that of the incumbents 
conditional on the initial size L0 = 10] 
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[Figure 11: Ratio of  average TFP of the entrants to that of the incumbents 
conditional on the initial size L0 = 20] 

 
[Figure 12: Ratio of  average TFP of the entrants to that of the incumbents 
conditional on the initial size L0 = 50] 
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