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����	 ��
�	%
�����	 ��	������#�	 ���
(����	������#�����	��	 ���	 �����
����	$������	 ��	���
��-	%�	 
��	����	 ����������	 ��	 ���������
�
������#�����	�
	$����

( ) ( )1 1(2) ,..., ,t
K KF p x F p X x X x T t≡ = = = *

,�	%���	#
��	
��	���	$����	�������	��	����	������#�����*	��
����	����������	�������	����������
�
���	
�����-	��$�������	��	 ��$�������-	���������	
#���	���	���������	�
	 ����	������#�����*	0��
��
�$��-	 �
	��	 ���
�������$	#��%���	$����	 
��	'�
����	 ��
�
����������	 ������-	%�	�����	���	 

���
��&�	�
	���$��	
&��
��	$�����	
�	
	��
����	�
	$����	�����A

	
1

1
1 1

1 1

1 1
(3)

t tn n
t t t

t i it t
i i

P p p
n n

−

−
− −

= =

   
=    
   

∑ ∑ 	��	
1

1
1 1

1 1

1 1
exp ln ln

t tn n
t t t

t i it t
i i

P p p
n n

−

−
− −

= =

    
= −    

     
∑ ∑ *

���
���-	��	
	����	��
������	�
��	����	%����	���	�����	
��	
��	��
����	��	���	��
�
����������*
�������	��������	%����	#�	��	��
���
�	���	�����	����	������%	�����
�	����$�	
��	#
��	���
$����	�����	��	����$	
&��
���*	+���	%����	#�	���	�
��	
�	��	
�����	����	����	�
�������
�
&
��
#���	��	


���	���	$����*	:�%�&��-	
�	 �����
����	�
	'�
����	��
���	��	$����	�������	���%-
����	����	���	����	��	%��)	&���	%���	������*	/��������	����	��	������*

                                                
3 See Pursiainen (2000) for index number analogy for three factor indices.
4 In this paper, we do not elaborate further either on the definition of the economy or on the structure and
properties of the stochastic process defined in TΩ× *
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,�
��&��	���	���������	�
	���	������#�����-	%�	$��$���	
	$����	�����	#
���	��	
	���������
�
��$�����	 $����	 ��
���*	 0��	 $�
����
�	 $��$����-	 %�	 %���	 ��
����	 ��
����	 ��	 ���@$����	 
��
%
��	 ��	 #
��	 ���	 $����	 �����	 ��	 ��$�����	 ���@$����	 ��
����*	 .��1�	 ������	 ���	 ���������
�
��$�����	$����	��
���	
�

( ) ( ) ( )
( ) ( )
( ) ( )1

(4) ln ln , ln , 1

ln , ln , 1

ln ln ,t t

E p H E p H T t p H T t

E p H T t E p H T t

E p H E p H−

 ≡ = − = − 
= = − = −

≡ −

�

%����	���	������������	���	:	��
����	���	�������	$����	��	���	��
�
����������	�$
��	%�	%
��
��	 ���������	 %���*	 B
���
�	 �������	 
��	 :	 %����	 #�	 ( ){ }1 ,..., KH E X X T t= = -

( ){ }1 ,..., 1KH E X X T t= = − 	��	 ( ){ }1 ,..., , 1KH E X X T t t= = − *	�'�
���	%���	%�	�����

���������	 ��	 ��
��?��	 
&��
��	 '�
����	 ( ){ }1 ,...,t t
KH x x= 	 ��	 ��	 
��	 �
�


{ } ( )1 1,..., , ,...,t t
t t t t t

i in n k
H x x x x x= = *

���������
���	���
����	
���
�
��
.��1�	 
�����	 %�	 )��%	 ���	 �
����
�	 ������#�����	 #��	 ��	 ���	 �
&�	 ���	 ��
��?
�����	 �
	 ���
$������-	 �*�	 %�	 ��	 ���	 �
&�	 ���	 ��
��
������	 �
	 ���	 �������*	 ,�	 �����	 ���	 ���	 
#�&�
��$�����	���@$����	��
���	
��	��
���	���	$����	�����	�*�*	
�

( )1
1(5) exp ln ( )t t

tP E p E X −
− = � -

%����	 ( ) ( )( )1
1 ,..., 1t

KE X E X X T t− ≡ = − ��	 ���	 ��$�����	 '�
����	 &�����	 
�	 ����	 �@4*

������
��&���-	%�	�����	���������	��	��$�����	'�
����	
�	$�����	�	��	��$�����	'�
����	�&��	���
�%�	$������	 ( ) ( )( )1,..., ( , 1)KE X E X X T t t≡ ∈ − *

+��	������#�����	
�	 ����	 �-	 tF 	�
�	��$���	��	 ���	�
����
��?��	$
��	�
	 ���	 �������	�����
����	��	*	��$���
���	�&��	
	����	$�����	���	%����	��$���	����	��	#�	���	�
��*	0��	��
�$��-	

�����������
�	����&
����	
�	����	�@4	


����	���	���������
�	������#�����	
��	�����	
��	
�����
2��$�����3	 ��
���	 �
	 ���	 �������*	 /����	 �����	 ��	 �������	 �����
����	 
#���	 
���
��	 ��
��?��
��
���	 �
	 ���	 �������-	 ���	 �����	 %
��	 ��	 #
��	 ���	 $����	 �����	 
���	 ��	 ���	 
���
�
��
��
������*

B�%-	 ���1�	
�����	%�	
���	)��%	
��	 ��
��
������	
�	#���	$������*	,�
�	%����	#�	
	�
���
�
��
����	
��	���	�&��
��	$����	��
���	%���	
���	��
���
����C

�	��������	 ��	 ��	���������	��	���	�
����
��?��	'�
����	�
�
*	,�	�����	
�)	%�
�	 ���	
&��
��
$����	��
���	%����	#�	
��-	 ���1�	�
�	
��	$�����	�@4	 �����*	B�%-	
��	�
��	$�����	�@4	 ����	%�
�
�	
���	
�	��$�����	���@$����	��
���
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( ) ( )1 1 1(6) ln ln lnt t t t
i i i i iE p x E p x p− − −≡ −� -


��	��
���	���	$����	�����	
�

( )
1

1
1

1

(7) exp ln
tn

t t
t i i

i

P E p x
−

−
−

=

 
=  

 
∑ � *

Similarly, we could reprice all period t transactions at time t-1 and define the price index
as

( ) ( )( )1
1

1 1

(8) exp ln exp ln ln
t tn n

t t t t t
t i i i i i

i i

P E p x p E p x−
−

= =

   
= = −   

   
∑ ∑� *

,�	%���	���	#
�)	��	�����	�������	��	�������	"	��	����	���
��*	0����-	%�	%
��	��	��������	����
$�
����
������	��	������������	���	$����	�������	
�	
#�&�*

,�	�#&������	��	���	�
&�	���	$��
����	�
	)��%���	���	(����	������#�����	��	���	���������
�
$����	������#�����	�
	
��	��
��
������	��	���	�������*	����-	���	D�����������������������������������
����������������������E	@
$$��
��	��	���
���	���	&���	
����
��	��	
���
�	�����	���$��
����*	,������
���	����	����	�
	�����
����	%�	
����	��
�	����	'�
����	��
�
����������	


���	����	����
��	��$�
�
	 �����*	,�	 �����$���	 �
��	 ������
�	 '�
����	 ��
�
����	 kX 
�	 
	 &�����	 ( )1,..., kk k km

X X X=

��	
�����	��
�	�*�*

( ) ( ) ( )
11 1 2 ( , )(9) ,..., , ,...,t t

K K P XF p x F p x x x x −= ∀ ∈Ω *

If this holds for all groups in the partition, then

( ) ( ) ( )1(10) t t t
KF p X F p X F p X= × ×�


��	%�	�
�	��
����	�
��	����$	��$
�
����	
��	���������	���	$����	�����	
��	�
��	����$*	>

������-	 
����	 %�	 ����	 ��	 ������	 ��	 %����	 $������	 ����$�	 $�����	 �����	 #�	 �
����
���
����&���
���*	 /�����-	 %�	 ����	 ��	 �
����	 �
�$��	 �
�
	 ��	 $�����	 
��	 ��	 $������
�	 '�
����
��
�
����������*	��	��	#�	��	��
��	���
�	��
�	%�	������	���	��
����	2�����
�	�
	
�	����&���
�
$������3	 
	 ����$	 �
	 $�������	 2�*�*	 ����	 �����������3	 ��������	 
��	 �����
��	 ���	 �������

�������	
��	���	%����	����$	�����
�	�
	(���	���	$������*	0��	���	$��$���	����	$�
����
�	
��
��$���
��	'�������	��-	��%�&��-	���	����&
��	
��	���	����������	��	���	����	�������	����	���
�
)�	��$�����	���	��&��	�
	
�����
����*
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������

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

���

,�	��%	����	��	���	�����
����	�
	���	���������
�	��$���
����	2�
	���@$����3*	+��	������#�����

( )lntF P H 	 
���	%����	 ���	 ��$���
����	 ��	 ����&��	%���	 ���	 #�	 ���������	 
������	 
��	 ���

�����	#�����	
��	��$��	�
	�������	�������	��	������#��	���$��	#��

( ) ( )(11) ( ) , t th P x t g x ε= +

%����	 ���	 ��
��
���
����	 
�������	 �	 ��	 ���	 �����
���	 )��%��*	 ���
���	 �
	 ����	 ����
$��$������	 �
	 ���
�����	 
�������	 
��	 ����������	 %���	 ���������	 ��
��-	 %�	 ���	 �
���
�
���
�����	 
�	 ���	 ��
��
���
����	 
�������	 
��	 $����	 ��	 
��	 �������	 ����������	 ������*	 +�
���$��
�	���	���
����	%�	������	 pP =log *	��$����
�	�&������	
���	��$$����	����	������	��
�
��	�
����*	B�%-	
�	��	$��&����	�������	%�	
��	����������	��	���	������
���	$
��	�
	2443-	�*�*
���	���������
�	��$���
����

( ) ( ) ( )(11’) ln , , .tE P x t E p x t g x= =

+��	
�������	�	��&��	
�	�����
��	�
	 ���@$����	
��	�
��	$����	 ��	'�
����	�$
��	 p−Ω *	 	��	 ����
$����-	�������	��	
������	��	���	����	�$���
��	
��������	�W	��	���	����$������	&
��
#���	��	�*
����&���
�	��
��
���
����	
��������	2��
�	�
�	��

��	
���	��������	��	���
�����	
�������3	�

������
�	'�
����	��
�
����������	
��	
$$����	 ��	���	�$	%���	&����� ( )t

Ki
t
i

t
i xxx ,,,1 1 �= *	+��	�

��
�
����������	 
��	 ���
���	 
�	 D��
�����	 ��	 ��
��
�����	 
���E	 
��	 ���	 '�������	 �
	�����
�$���
��
����	��	���	���������	
�������*

>��	������	����	��
�	����	��$������
����	
���%�	��	��	���	
����#��	
�������
�	
����	����	
�
��
�����	
��	'�
��
���	�������*	��	
��	������-	%�	
�����	���	�����
���	
�������	��	#�	����
�
%���	 ���$���	 ��	 ���	 $
�
������	 �
	 ���	 ��
��
�����	 ������
�	 '�
����	 &
��
#���*	 B�%-	 ���

�������	�W	#�	���$��	
�	�����
��	�
	���	��)��%�	���
����	�WA

( ) ( )(12) ( ) log ,t tf x est g x est E P x t  ≡ =    *

0��	 ���	 $��$����	%�	%���	 ���	 ���	 
����%���	 ����
�	 2%���	 ���$���	 ��	 $
�
������3	 
�������
�

���A

ˆ(13) ( ) ’ ,t tf x xβ=

                                                
5 One could also argue, as usually is done, that the “real” relation is an inversed model from which we
transform this one just for sake of ease of estimation.
6 This approach of estimated function follows Vartia and Koskimäki (2001).
7 See e.g.  Diewert (2002) and a summary treatment in  Triplett (2002) or IMF(2002).
8 For functional forms and economic approach to hedonic indices, see Rosen (1974), Diewert (2001) and
Triplett (2002). Here the question of model selection and functional form is not discussed further.
9 See Diewert (2001)
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%����	���	2��	3	β=&�����	��������	
	�����
��	����*

0��	���	$��$����	�
	����	�����	���	�����
����	������	����	����	���	�
&�	��	#�	>./	
�	����

�	��	
�����	���	���	�
	������
��	��	?���	
�	�
��	$�������*	+��	
����
��	�����	���������	%���
�
��	 �#���&
����	 ��	 ˆ( ) ’t t t t t t t

i i i i ie p f x p xβ= − = − *	,�	 ������	 ( )11’ˆˆ 1
−− ==−

t
i

tt
i

tt

x
xfxp t

i
β


�	 $�����	 �	 �����
���	 $����	 
��	 $�����	 ��		 �#���&
����	 ��� 
��	 �����
���

( )1 1 1ˆˆ 't
i

t t t t t
i ix

p x f xβ− − −= = �
�	$�����	��		�����
���	$����	
��	$�����	�	�#���&
����	�*�����-	
�	��

���	 $��&����	 �������-	 %�	 ������	 ���	 �����
���	 ���@$����	 ��
���	 
�	 p� 	 
��	 #���

i
t
i

t

x
ppp t

i

�=− −
−

1
1ˆ 	
��	 i

t

x

t
i ppp t

i

�=− −1ˆ *

+��	 �������	 $����	 �������	 �����	 ���	 
#�&�	 �������	 ����������	 ������	 
��	 
��	 %�������
���������	 ��
��	 �
	 �����
���	 ���@$����	 ��
����	 �
	 ������	 #
��	 ��	 ��
������	 $�����
�#���&
�����*	+��	�����
���	���@$�����	
��	����&��	������	�����	���	��
������	$�����	�������
�����	 
��	 #
��	 $�����	 �#���&
�����	 ��	 #
��	 $�����	 �����	 
��	 ���	 ��
������	 $�����
�#���&
�����*	,�	�
&�	������	��	�������	
���	���	%������	��	���	�
#��	#���%-	
�������	��	���
��$����
�	 $
��	 %�	 %���	 ����	 ���	 �'�
���	 %�������	 ��
��*	 ,�	 �
��	 �����	 %�������	 �������
�������	���@.
�$�����	243	
��	D���@�

����E	2 3	���$����&�����*	��	�
)���	���������	��
�	�

���	 �%�	 �������-	 %�	 ���	 ���	 
�����
	 
��	 �������	 +F��'&���	 �����*	 +��	 �'�
���	 %�������
���������	��
�	��	
���	�
����	G�&���	�����*

+
#��	4*4	:������	���
�������	�������
����� 0�����
 ,����� �����
���	$����
.��@.
�$�����	243 ( )1

1
1

1 1
ˆlog

t

t
i

Nt t t t
t i ixi

P w p p
−

−
−

− =
= −∑ ������	��	 ������	 �	 �����	 $�����

��		�#���&
�����
D.��@�

����E	2 3 ( )1

1 1
ˆlog

t

t
i

Nt t t t
t i i xi

P w p p −
− =
= −∑ ������	� ������	��		�����	$�����

�	�#���&
�����
:������	+F��'&���

1 exp(1) exp(2)t
tP− = × #��� #���

,�	 ��$
�
��	 
�&�	 ��

�����	 ��$��	 �
	 �������	 ������	 #
���	 ��	 ���	 �����	 �$���
��
����*
;��
������	�
	���	��$�-	�������	�
�	
�%
��	#�	�
����
���	�����	���	
#�&�	
�����
�	�&��	�
	��
�
�	���	#�	���	����	�

������	%
�*

�3 ���� ����� ���������������	 
������	 ��
�	 ���	 
�������	 �	 ��
����	 ��	 ����	 ����	 ��	 ���
�����
��	����*	+��	'�
����	
�(�����	$����	�����	�
�	#�	�����������	��������	
���
���	�����
���	�
	����	���

�������*

��3 ���� ��������������� ������ ��	 
�
�����	 �
	 &
��
���	 @��$�	 �����	 ����	 ����	 �
�������
�
&
��
#���*	+��	'�
����	
�(�����	$����	�����	�
�	#�	�����������	��������	
���	��
��
��
��	��$����	#�	���	��
���
��
����	2
��	�����	��
���
��
����3*

                                                
10 An example of trivial zero sum residual “estimation” of g is a relation f  that gives the observed value for
each observation i.
11 The “Paasche formula” is really just reversed Laspeyres.
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���3 �����������������	����	��$��
����	
��	�����	�#���&
�����	��
�	
��	�������	
��	���
$�����	��	'�������	
��	��
�	�#���&
�����	
��	������	%����	$�����	�
�	#�	
����
��	#���	$��������*

�&3 � ��� ��� ������	 ����	 �%�	 ����	 �
	 $�����	 
��	 �
��	 ������	 
�	 �%�	 $������*	 2+��
�#���&��	$�����	�	&
���	�
�	
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12 The term Patched model was used by Pakes (2001).
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13 SLR - single lens reflex.
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14 As tested with classification models.
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15 This will become apparent later.
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16 See e.g. www.pricescan.com.This property brings some additional problems for the price index that were
not accounted for in section 3. The data collected does not allow to take into account this behavior.
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17 We believe the same goes with some other high-tech equipment, e.g. PC’s. For some years now you’ve
got a ‘good computer’ – not the very state of the art, but the next best thing – for some $1500.
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18 Actually tests for 0-assumption of indicators for just last two quarters would be rejected at 5%
confidence level if the first quarter is used as a reference.
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19 It would not be true to claim that the samples were truly independent from one another since we used the
same magazine having mostly the same advertisers over time. However, the notion of independence should
not be too far from true and we would expect it to have only minor effect for the final outcome – the price
index.
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20 The actually calculation is based on a time dummy regression model with indicator variables for each
manufacturer.
21 So we are actually not cross-classifying the models, but only using the ‘main effects’.
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22 Koev and Suopera (2002).
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23 It is debatable if it could then be called a quality character in the first place.
24 As also stated by Triplett (2002) and Diewert(2001).
25 See Appendix 2 for Patched model case.
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26 Difference of chained Laspeyres and Paasche are at most 7 index points and average to very close to 0.
27 Since both use the data from the two periods to estimate the model(s). See appendix 1.
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Appendix 1. Average prices and the classification method
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Appendix 2. Decomposition of hedonic geometric indices

It was proposed that hedonic log-Laspeyres index may be decomposed as:
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�

To see this, we develop the basic hedonic log-Laspeyres formula by adding and
subtracting estimated equally weighted pure price change
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Now manipulating the second part by again adding and subtracting period t average price
it may be written as:
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The first term is the relative of geometric means of the two periods’ prices. It is an
unadjusted or unit price index from period t-1 to t. The second term is a multiplicative
quality correction term that may be further factored into each characteristic. After
estimating the regression coefficients, this equally weighted decomposition may easily be
used for index calculation, since the quality correction term only depends on the average
quality change.

The second term of (A1) may be written as
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Also, to emphasize the hedonic model, we could further decompose the covariance term
into systematic and random parts. Since the average weight depends on the number of

observations, we may also write ( ) ( )1cov , cov ,tw w p N w p−=� � . To see the effect of

selecting the model type this covariance term may further be
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Now it’s easy to see, that for any time indicator model, for which regression coefficients
stay constant, the covariance is between the weights and forecast error. Error may of
course depend on how many periods are used in the estimation of time indicator model.

To derive a symmetric hedonic index that makes use of both period weights and
regression models we start with repricing period t observations using period t-1model. It
is easy to show that this “Paasche type” formula is almost the same:

( )( )
( )
( ) ( )( )
( )
( ) ( )( )

1
1 1

1 1 1

11

1 1

1

ˆ( 6) ( ) exp

1 1ˆ ˆexp exp

ˆexp exp cov , .

t

t
i

t

t
i

Nt t t t
t i i xi

t
Nt t t t t t

i it t xit

t

t t t

t

A P Pa w p p

G P
x x w p p

N NG P

G P w
x x p

wG P

β

β

−
− =

− − −
=−

− −
−

 = − =  

    = × − × − −     

  = × − ×     

∑

∑

�

�



32

Finally, the hedonic Törnqvist index may be obtained as a geometric average of the two.
The traditional Törnqvist index formula uses arithmetic mean of weights as
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t t t t t
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∑

But since we may have a different number of observations in the two periods we define
the hedonic Törnqvist index as geometric mean of hedonic log-Laspeyres (A1) and the

current period weighted “Paasche-type” index (A6). Using notation β̂  for average of the
two period estimated regression coefficients it is rather straightforward to show that:
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where the last term could be simplified - if the number of observations would stay the
same – as
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In (A9) the weights are now Törnqvist weights and also the regression coefficients used
in the quality adjustment term follow the Törnqvist. Actually, any index formula based
on log-change may be decomposed in the above way, just the covariance terms associated
with the weighting scheme change.

Again, in case of any time indicator model (using estimated prices on both periods) or
any equally weighted index, the last two terms disappear. Then the decomposition
simplifies to
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from which it’s clear that for time indicator models the Törnqvist index is identical to

Laspeyres. This happens because in the covariance terms ( )1ˆ ˆcov , t tw p p −−  the estimated

price change is a constant (coefficient for the time dummy).

For equally weighted patched model it may be shown that the difference between full
hedonic method depends on the average forecasting error for the missing models. Shortly,
let the number of models in the index be constant N of which L are the same in both
periods. For these models the observed matched price relative are used. For the rest N-L
models new models are selected and they replace the old ones. Hedonic Laspeyres index
(or more correctly, hedonic Jevons index) using replacements for missing N-L
observations may be written as
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The last row becomes from the fact that for matched models the average quality change is

zero and hence ( ) ( ) ( )1 1 1t t t t t t
MAT MAT MIS NEW

L N L
x x x x x x

N N
− − −−− = − + − . So, if the new

models’ average forecasting error does not considerably differ from zero the patched
model is identical with full hedonic model. The magnitude of this error is easy to
confirm.

The case where number of observations stays the same is limiting but interesting, since it
is often used in statistical agencies. Also, if the replacements are chosen to be close
substitutes, as is often the case, the average quality difference is likely to be small. Then
the overall quality adjustment would be determined by the forecasting error (and the
share of new models) for the new model and the direction and magnitude of quality
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correction would depend on the average forecasting error. Before drawing conclusions on
market behavior of the new models, one should make sure there is good, non-estimation
reason that t t

NEW MATe e≠ .

Of course, also the type of model and inclusion or exclusion of replaced models in the
estimation of the regression coefficients affect the quality correction.



35

"����

�����/���	����������	�������

+���	�����
���	�����	8	�����
����	�������*	+��	�����	��	�����
���	
�

( )
28

1 2 3 4 5 10

ˆˆln

ˆ ˆ ˆ ˆ ˆ ˆˆ _

t t t
i i

t
tt

p x

LNPIX LNSTO MANFOCUS ZOOMO FLASH EX Q

β

α β β β β β δ
=

= =

+ + + + + +∑

The SAS System          09:33 Monday, May 12, 2001

                                        The REG Procedure
                                          Model: Model 4
                                    Dependent Variable: lnp

                                      Analysis of Variance
                                             Sum of           Mean
         Source                   DF        Squares         Square    F Value    Pr > F
         Model                    24      170.35142        7.09798     160.64    <.0001
         Error                   938       41.44658        0.04419
         Corrected Total         962      211.79800

                      Root MSE              0.21020    R-Square     0.8043
                      Dependent Mean        6.05545    Adj R-Sq     0.7993
                      Coeff Var             3.47133

                                       Parameter Estimates
                                          Parameter       Standard
        Variable     Label        DF       Estimate          Error    t Value    Pr > |t|
        Intercept    Intercept     1        6.56490        0.07584      86.57      <.0001
        lnpix        ln(PIXEL)     1        0.50031        0.02129      23.50      <.0001
        Manfocus     Manfocus      1        0.13551        0.01722       7.87      <.0001
        ZoomO        Opt Zoom      1        0.06494        0.00562      11.56      <.0001
        lnsto        ln(STORAGE)   1        0.12207        0.01539       7.93      <.0001
        Flash_ex     Ext flash     1        0.11777        0.01872       6.29      <.0001
        Q10                        1       -0.16623        0.09449      -1.76      0.0789
        Q11                        1       -0.34812        0.08709      -4.00      <.0001
        Q12                        1       -0.49367        0.08241      -5.99      <.0001
        Q13                        1       -0.69502        0.08191      -8.48      <.0001
        Q14                        1       -0.77254        0.08240      -9.38      <.0001
        Q15                        1       -0.80633        0.07965     -10.12      <.0001
        Q16                        1       -0.90879        0.08450     -10.76      <.0001
        Q17                        1       -0.93108        0.07829     -11.89      <.0001
        Q18                        1       -0.97396        0.08171     -11.92      <.0001
        Q19                        1       -1.07752        0.08038     -13.41      <.0001
        Q20                        1       -1.15870        0.08123     -14.26      <.0001
        Q21                        1       -1.29944        0.08044     -16.15      <.0001
        Q22                        1       -1.37906        0.08708     -15.84      <.0001
        Q23                        1       -1.50989        0.08095     -18.65      <.0001
        Q24                        1       -1.52072        0.08508     -17.87      <.0001
        Q25                        1       -1.59569        0.08398     -19.00      <.0001
        Q26                        1       -1.65902        0.08160     -20.33      <.0001
        Q27                        1       -1.83195        0.07983     -22.95      <.0001
        Q28                        1       -1.90307        0.08005     -23.77      <.0001
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Appendix 4. Model 3 and 4 coefficients
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Year Qrt Intercept lnpix Manfocus ZoomO Time D

98 �  
98 �� 6.81 0.65 0.07 0.06 -0.167
98 ��� 6.52 0.52 0.13 0.07 -0.135
98 �P 6.33 0.42 -0.06 0.08 -0.079
99 � 6.25 0.43 0.04 0.07 -0.153
99 �� 6.09 0.49 0.05 0.08 -0.025
99 ��� 6.05 0.54 0.14 0.07 -0.047
99 �P 5.99 0.53 0.21 0.07 -0.078
00 � 5.89 0.58 0.16 0.08 -0.037
00 �� 5.84 0.60 0.15 0.08 -0.045
00 ��� 5.83 0.54 0.17 0.07 -0.085
00 �P 5.76 0.55 0.14 0.07 -0.089
01 � 5.66 0.60 0.14 0.07 -0.141
01 �� 5.51 0.61 0.16 0.06 -0.089
01 ��� 5.41 0.59 0.08 0.09 -0.110
01 �P 5.28 0.57 0.10 0.10 -0.015
02 � 5.30 0.51 0.21 0.08 -0.083
02 �� 5.15 0.53 0.26 0.09 -0.054
02 ��� 5.13 0.53 0.23 0.08 -0.186
02 �P 5.03 0.46 0.23 0.08 -0.063

Full  model 6.69 0.53 0.18 0.08  

+
#��	�8* 		�
�
�����	�����
���	
��	$
��%���	�����	�����	
��	
���	�����	�����	8
Year Qrt Intercept lnpix lnsto Manfocus ZoomO Flash_ex Time D

98 �  
98 �� 6.68 0.65 0.18 0.00 0.04 0.00 -0.153
98 ��� 6.46 0.51 0.06 0.10 0.07 -0.12 -0.153
98 �P 6.28 0.41 0.04 -0.06 0.08 -0.02 -0.088
99 � 6.17 0.42 0.06 -0.02 0.07 0.03 -0.184
99 �� 5.97 0.47 0.08 0.07 0.05 0.12 -0.039
99 ��� 5.78 0.34 0.11 0.16 0.07 0.22 -0.019
99 �P 5.75 0.35 0.08 0.18 0.10 0.20 -0.095
00 � 5.55 0.47 0.13 0.12 0.11 0.13 -0.015
00 �� 5.60 0.53 0.08 0.09 0.12 0.09 -0.054
00 ��� 5.52 0.46 0.11 0.08 0.13 0.06 -0.089
00 �P 5.37 0.44 0.16 0.06 0.11 0.10 -0.074
01 � 5.40 0.55 0.14 0.11 0.04 0.11 -0.143
01 �� 5.26 0.57 0.14 0.14 0.02 0.13 -0.087
01 ��� 5.22 0.64 0.09 0.05 0.06 0.11 -0.134
01 �P 5.11 0.68 0.07 0.04 0.06 0.13 -0.027
02 � 5.15 0.78 0.01 0.14 0.04 0.09 -0.094
02 �� 4.88 0.68 0.10 0.15 0.06 0.08 -0.071
02 ��� 4.79 0.56 0.15 0.13 0.06 0.12 -0.170
02 �P 4.80 0.49 0.11 0.18 0.05 0.10 -0.073

Full  model 6.56 0.50 0.12 0.14 0.12 0.06  
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+
#��	�8*"	�
�
�����	�����
���	
��	
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Year Qrt Intercept lnpix Manfocus ZoomO

98 � 6.75 0.58 0.07
98 �� 6.72 0.71 0.06 0.05
98 ��� 6.35 0.47 0.13 0.07
98 �P 6.25 0.38 -0.11 0.08
99 � 6.09 0.48 0.13 0.07
99 �� 6.08 0.51 0.00 0.08
99 ��� 5.99 0.54 0.22 0.07
99 �P 5.91 0.51 0.20 0.07
00 � 5.84 0.61 0.14 0.08
00 �� 5.79 0.57 0.17 0.08
00 ��� 5.77 0.53 0.16 0.07
00 �P 5.66 0.59 0.11 0.08
01 � 5.51 0.60 0.17 0.06
01 �� 5.42 0.65 0.16 0.06
01 ��� 5.28 0.60 0.06 0.10
01 �P 5.30 0.52 0.18 0.09
02 � 5.22 0.50 0.24 0.08
02 �� 5.06 0.55 0.28 0.09
02 ��� 4.98 0.53 0.20 0.08

02 �P 5.01 0.39 0.26 0.07

+
#��	�8*8	�
�
�����	�����
���	
��	
���	�������	�����	8
Year Qrt Intercept lnpix Manfocus ZoomO lnsto Flash_ex

98 � 6.63 0.59 0.05 0.16
98 �� 6.58 0.71 -0.01 0.03 0.19
98 ��� 6.36 0.48 0.12 0.08 0.00 -0.05
98 �P 6.12 0.36 -0.11 0.09 0.08 -0.02
99 � 6.01 0.48 0.04 0.07 0.05 0.04
99 �� 5.80 0.47 0.12 0.03 0.16 0.14
99 ��� 5.79 0.33 0.18 0.10 0.06 0.23
99 �P 5.58 0.34 0.18 0.10 0.12 0.18
00 � 5.50 0.52 0.09 0.12 0.13 0.11
00 �� 5.72 0.58 0.09 0.13 -0.02 0.05
00 ��� 5.28 0.38 0.06 0.13 0.19 0.08
00 �P 5.40 0.53 0.07 0.07 0.14 0.10
01 � 5.26 0.57 0.15 0.02 0.14 0.13
01 �� 5.19 0.57 0.13 0.03 0.14 0.13
01 ��� 5.08 0.66 0.01 0.07 0.08 0.10
01 �P 5.15 0.73 0.07 0.05 0.02 0.18
02 � 5.04 0.80 0.17 0.04 0.00 0.00
02 �� 4.72 0.62 0.14 0.07 0.15 0.12
02 ��� 4.67 0.54 0.13 0.05 0.15 0.11

02 �P 4.88 0.43 0.24 0.05 0.06 0.07
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+
#��	�8*5	�&��
��	'�
����	��
�
����������
Year Qrt lnp lnpix Manfocus ZoomO lnsto Flash_ex

98 � 6.22 -0.96 0.59 0.85

98 �� 6.09 -0.93 0.09 0.75 0.82

98 ��� 6.20 -0.49 0.06 0.96 1.22 0.06

98 �P 6.23 -0.23 0.15 1.08 1.49 0.04

99 � 6.11 -0.14 0.14 1.30 1.56 0.14

99 �� 6.27 0.10 0.28 1.95 1.84 0.34

99 ��� 6.27 0.17 0.26 1.95 1.89 0.33

99 �P 6.32 0.33 0.35 2.28 2.06 0.42

00 � 6.29 0.35 0.37 2.18 2.02 0.34

00 �� 6.28 0.39 0.38 2.36 2.03 0.35

00 ��� 6.30 0.53 0.51 2.43 2.21 0.41

00 �P 6.26 0.63 0.53 2.39 2.23 0.33

01 � 6.20 0.73 0.61 2.49 2.33 0.33

01 �� 6.21 0.84 0.69 2.58 2.39 0.46

01 ��� 6.07 0.83 0.65 2.75 2.38 0.34

01 �P 6.10 0.89 0.60 3.03 2.36 0.34

02 � 6.01 0.92 0.60 2.80 2.34 0.26

02 �� 5.98 0.97 0.60 2.66 2.49 0.22

02 ��� 5.76 0.90 0.55 2.65 2.50 0.18

02 �P 5.66 0.87 0.56 2.59 2.46 0.20
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+
#��	�8*9A	��
����	����������	

�����
Year Qrt Model 2P Model 2Full Model 4P Model 4Full Model 2 Model 4

98 �  
98 �� -0.04 -0.05 -0.02 -0.05 -0.03 -0.02
98 ��� -0.24 -0.25 -0.26 -0.30 -0.27 -0.31
98 �P -0.11 -0.16 -0.12 -0.18 -0.12 -0.13
99 � -0.06 -0.06 -0.06 -0.09 -0.06 -0.06
99 �� -0.18 -0.20 -0.20 -0.26 -0.18 -0.20
99 ��� -0.03 -0.03 -0.02 -0.04 -0.03 -0.03
99 �P -0.13 -0.13 -0.14 -0.16 -0.13 -0.14
00 � -0.01 -0.01 0.02 0.01 -0.01 0.02
00 �� -0.04 -0.04 -0.05 -0.05 -0.04 -0.05
00 ��� -0.10 -0.10 -0.10 -0.12 -0.10 -0.10
00 �P -0.06 -0.06 -0.04 -0.05 -0.06 -0.04
01 � -0.08 -0.07 -0.08 -0.08 -0.08 -0.08
01 �� -0.08 -0.08 -0.10 -0.09 -0.09 -0.10
01 ��� -0.01 0.00 0.01 0.00 0.00 0.02
01 �P -0.06 -0.05 -0.06 -0.06 -0.06 -0.06
02 � 0.00 0.00 -0.01 0.02 0.00 -0.01
02 �� -0.01 -0.01 -0.04 -0.02 -0.01 -0.03
02 ��� 0.05 0.05 0.05 0.04 0.05 0.05

02 �P 0.02 0.02 0.02 0.03 0.02 0.02

+����	
��	����&��	
�	 ( ) ( )1 1
1 1 1

ˆ ˆ’ ’t t t t
K K Kx x x xβ β− −− + + −∑ �

+
#��	�8*�	��
����	����������	

�����
Year Qrt Model 2P Model 2Full Model 4P Model 4Full Model 2 Model 4

98 � 117.7 118.5 117.6 121.5 119.1 120.2
98 �� 113.4 115.0 114.9 117.6 115.2 117.5
98 ��� 89.1 89.9 88.7 87.8 87.7 86.3
98 �P 79.8 76.7 78.8 73.1 78.0 76.0
99 � 75.5 71.8 74.0 67.0 73.7 71.4
99 �� 63.3 58.9 60.6 51.6 61.7 58.4
99 ��� 61.3 57.0 59.4 49.8 59.7 56.9
99 �P 53.7 50.0 51.5 42.3 52.4 49.4
00 � 53.4 49.7 52.4 42.7 52.1 50.3
00 �� 51.2 47.9 49.9 40.8 49.9 47.9
00 ��� 46.4 43.4 45.0 36.3 45.2 43.2
00 �P 43.8 41.0 43.4 34.6 42.6 41.5
01 � 40.6 38.1 39.9 31.8 39.5 38.2
01 �� 37.3 35.2 36.1 29.0 36.2 34.6
01 ��� 37.1 35.2 36.6 29.0 36.2 35.2
01 �P 35.0 33.6 34.5 27.5 34.2 33.2
02 � 35.0 33.6 34.2 28.0 34.2 32.9
02 �� 34.6 33.1 33.0 27.3 33.8 31.8
02 ��� 36.4 34.7 34.6 28.6 35.6 33.5

02 �P 37.0 35.4 35.3 29.3 36.2 34.1


