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65-69 70-74 75-79 80-83 94-97

Pure theory 14 19 23 29 21

Micro panel 1 6 21 18 31Micro panel 1 6 21 18 31

Micro cross-section 10 21 21 26 25

Macro time-series 42 24 27 16 6

Macro cross-section 24 24 15 10 8

Panel 2

Source: Higuchi et al. (2005)



Structure of panel dataStructure of panel data
1970 19711971 19721972 19801980 199019901970 19711971 19721972 19801980 19901990
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Panel 3

Example of panel dataExample of panel data
A d tA d t GDP th tGDP th tAged pop. rate Aged pop. rate GDP growth rateGDP growth rate

19701970 19801980 19901990 1970s1970s 1980s1980s 1990s1990s

CACA 7.907.90 9.409.40 11.2711.27 4.264.26 2.772.77 2.842.84

USUS 9 849 84 11 1911 19 12 3912 39 3 623 62 3 173 17 3 263 26USUS 9.849.84 11.1911.19 12.3912.39 3.623.62 3.173.17 3.263.26

UKUK 12.9412.94 15.0715.07 15.7215.72 1.941.94 2.672.67 2.302.30

FRFR 12.8712.87 13.9713.97 13.9913.99 3.313.31 2.472.47 1.871.87

ITIT 10 8910 89 13 1513 15 15 3215 32 3 613 61 2 262 26 1 571 57ITIT 10.8910.89 13.1513.15 15.3215.32 3.613.61 2.262.26 1.571.57

JPJP 7.077.07 9.049.04 11.9911.99 4.464.46 4.094.09 1.411.41

Panel 4

Source: WB, World development indicators 2003



Time series (by country)Time series (by country)
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Panel 5

AR

Time series estimation 
(OLS)

ConstantConstant SlopeSlope

CanadaCanada 7.087.08 --0.400.40

USAUSA 3 293 29 0 000 00USAUSA 3.293.29 0.000.00

UKUK --0.650.65 0.200.20

FranceFrance 16.2016.20 --1.001.00

ItalyItaly 8 458 45 --0 450 45ItalyItaly 8.458.45 0.450.45

JapanJapan 9.489.48 --0.660.66

Panel 6



Cross section (by period)Cross section (by period)
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AR

Cross section estimation 
(OLS)

Constant Constant SlopeSlope

19701970 6 736 73 0 320 3219701970 6.736.73 --0.320.32

19801980 5.075.07 --0.180.18

19901990 4.184.18 --0.150.15

Waste of time series data information
Common effect of population aging by period?

Panel 8



Pool data (OLS)Pool data (OLS)
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Estimation: Yt = 6.11 – 0.27 Xt + et AR

Panel 9

Estimation: Yt  6.11 0.27 Xt  et AR

No difference by country ?No difference by country ?

Fixed effect model

Correlation between Xi and αiCorrelation between Xi and αi 

Practically the same as “dummy y y
variable” model 

ffRandom effect model

No correlation between Xi and αiNo correlation between Xi and αi

(Block diagonal) GLS estimation 

Panel 10



Dummy variableDummy variable
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Panel 11

Fixed effect modelFixed effect model
Y = b X + c + α + e

Slope 0 40 Constant 7 73

Yit = b Xit + c + αi + eit

Slope -0.40 Constant 7.73

CA dummy 0.54 FR dummy 0.39

US dummy 0.06 IT dummy 0.12

UK dummy 0 54 JP dummy 0 57UK dummy 0.54 JP dummy -0.57

αi  is not a random variable (but a fixed term)( )
GDP growth depends on each unique factor

Panel 12



Random effect modelRandom effect model

Yit = a + b Xit + eitit it it 
eit = αi + ηit (country error + random error)

αi is a random variableαi  is a random variable
The average of αi  is zero

Panel 13

Image of two modelsImage of two models

Fixed effect model
Country based dataCountry based data
Prefecture based data
Industry based data

Random effect modelRandom effect model
General Social Survey data
C tCustomer survey
Public survey

Panel 14



Fixed effect or random effect?Fixed effect or random effect?

Houseman’s testHouseman s test
Hypothesis
H0: No correlation between Xi and αi
H1: correlation between Xi and αiH1: correlation between Xi and αi

Test statistic 
Q d i f f (b b )Quadratic form of (bf – br)

Distribution of the test statistic 
Chi-square with degree of freedom K
K: the number of the parametersK: the number of the parameters 

Panel 15


