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Pooled Time Series – Cross Section

I. Introduction

A topic that continues with analysis of variance (which we discussed in 240A) and has aspects of both cross-sectional data analysis and time series econometrics, is pooling. Thus it is a topic that bridges 240A, 240B, and 240C.

We will begin with an example from Keller, Chapter 14, that examines the number of minutes of rock music listened to by each of 200 teenagers. Listeners, of course, determine advertising revenue. If we had 200 observations for one day, say Sunday, then it would be a cross-section study. If we obtain another 200 observations for Monday, then we have replication for each teenager if we pool the observations for Sunday and Monday. This is the notion of pooling, where we have two time series observations for each of 200 teenagers.

If we have time series observations for a week, then we have a weekly time series for each of 200 teenagers. In some examples of pooling, one may have only a couple of time series observations for a large number of individuals (or units) in a cross-section. In contrast, in other examples, one could have many time series observations, say GNP for a score of years, for only a handful of countries. 

One idea that comes to mind is analysis of variance based on factors. In the example of 200 teenagers, one could conduct one-way ANOVA across the seven days of the week, using a dummy variable for each day. Alternatively, one could conduct one-way ANOVA across the 200 individuals, using a dummy variable for each teenager. Lastly, we could conduct two-way ANOVA across both these factors, controlling for both the time series factor (day of the week), and the cross-section factor (individual teenager). This can be conducted quickly, using the replication procedure in Excel.

Often economists have notions of causal dependencies that go beyond using dummy variables to control for the cross-section and time series factors. The two-way ANOVA can be used as a benchmark or point of departure for more complicated pooling specifications. We will explore these possibilities.

Keller discusses two important concepts in connection with the rock music example. One is controlling for unexplained variation by using blocks, an experimental design called randomized block. In this example, the blocks are the teenagers, while the treatments are the days of the week. Experimental designs, such as matched pairs or randomized blocks, are used to reduce the unexplained variance. In this example, you control for individual differences in listening time across teenagers, reducing the unexplained variance, thereby increasing the likelihood of finding significant explanatory power, if it exists, in the days of the week, the treatment factor of interest. So, experimental design, or using blocks as one of the factors explaining time listened, improves the analysis. 

The other concept introduced by Keller is a fixed effects model, or random effects model. Fixed effects refers to where all possible levels of a factor are present. In the rock music example, all seven days of the week are used, hence we have a fixed effects model. A random effects model uses a random sample of the levels of a factor. This terminology and these concepts will arise in our study of pooled time series-cross section models.

II. Randomized Block Design as Two-Way ANOVA

Keller refers to analysis of several observations for each of a number of individuals as randomized block design. An example is the number of minutes of rock music listened to by teenage subjects. Table I reproduces the observations for the first ten teenagers for seven days, Sunday through Saturday, using data file XM 14-02(Xr 15-39 6th).

One potential source of variation in the number of minutes listened to is individual differences from one teenager to the next. Another source of variation in the number of minutes listened to is differences from one day of the week to another. The latter is of interest to the management of the radio station in deciding how to schedule the playing of top hits. The average number of minutes listened to for each day is plotted in Figure 1. So one issue is whether the number of minutes listened to is significantly higher for Friday and/or Saturday.

---------------------------------------------------

Table I. Minutes of Rock Music Listened to On the Radio

	Teenager
	Sunday
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday

	1
	65
	40
	32
	48
	60
	75
	110

	2
	90
	85
	75
	90
	78
	120
	100

	3
	30
	30
	20
	25
	30
	60
	70

	4
	72
	52
	66
	100
	77
	66
	94

	5
	70
	88
	47
	73
	78
	67
	78

	6
	90
	51
	103
	41
	57
	69
	87

	7
	43
	72
	66
	39
	57
	90
	73

	8
	88
	89
	82
	95
	68
	105
	125

	9
	96
	60
	80
	106
	57
	81
	80

	10
	60
	92
	72
	45
	72
	77
	90


-------------------------------------------------------------

[image: image1.wmf]Figure 1: Minutes of Rock Music Listened to Per Day
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-----------------------------------------------------------

One-way analysis of variance across the seven days of the week for the 200 teenagers is presented in Table II for these 1400 observations.

---------------------------------------------------------

Table II. One-Way ANOVA for Rock Minutes by Day of the Week

	Source of Variation
	Sum of Squares
	Degrees of Freedom
	Mean Square

	Explained (Time)
	28,673.73
	6
	4778.96

	Unexplained
	688,959.8
	1393
	494.59

	Total
	717,633.5
	1399
	


F6, 1393 = 4778.96/494.59  = 9.66, probability 1.93 x 10-10 
------------------------------------------------------------

So variation over time, i.e. days of the week, is a significant factor in explaining the number of minutes of rock minutes listened to.

For example, the average across 200 teenagers is a minimum of 67.8 for Wednesday and a maximum of 81.7 for Saturday.


One-way analysis of variance across the 200 teenagers, selected randomly in a commissioned survey, is presented in Table III.

---------------------------------------------------------------

Table III. One-Way ANOVA for Rock Minutes by Teenage Individual

	Source of Variation
	Sum of Squares
	Degrees of Freedom
	Mean Square

	Explained (Cross-Section)
	209,864.6
	199
	1054.445

	Unexplained
	507,798.9
	1200
	423.166

	Total
	717,633.5
	1399
	


F6, 1393 = 1054.445/423.166  = 2.49, probability 3.4 x 10-21 

-----------------------------------------------------------

Two-way analysis of variance across both time series and cross section factors can be executed in Excel using the menu commands Tools/data analysis/anova(two-factor without replication). Alternatively, it can be constructed from the Tables II and III, as shown in Table IV.

----------------------------------------------------------- 

Table IV. Two-Way ANOVA, Time Series and Cross-Section

	Source of Variation
	Sum of Squares
	Degrees of Freedom
	Mean Square

	Explained (Time)
	28,673.73
	6
	4778.96

	Explained (Cross-)
	209,834.6
	199
	1054.45

	Unexplained
	479,125.1
	1194
	401.28

	Total
	717,633.5
	1399
	


F6, 1194 = 4778.96/401.28  = 11.91, probability 5.1 x 10-13 
F199, 1194 = 1054.45/401.28  = 2.63, probability 1.04 x 10-23 
----------------------------------------------------------------

Note that the total sum of squares minus that explained by the time series factor and minus that explained by the cross section factor is the unexplained sum of squares. The degrees of freedom can be partitioned in an analogous fashion. Note also that the unexplained sum of squares is reduced in Table IV, compared to Table II, since in Table IV, there is a control for variation in minutes listened to across each teenager, making variation in minutes listened to across days of the week more significant.

III. Stacked Regressions

The next example is drawn from an example file in Eviews, poolg7. 

Annual rates for GDP are shown for two countries, Canada and France from 1950-1992, 43 observations. These are shown in stacked form in Table V. 

-------------------------------------------------------------

Table V Stacked data for GDP, Canada and France, 1950-1992

	CAN
	FRA
	GDP_CAN
	GDP_FRA
	TIME_CAN
	TIME_FRA

	1
	0
	6209
	0
	0
	0

	1
	0
	6385
	0
	1
	0

	1
	0
	6752
	0
	2
	0

	1
	0
	6837
	0
	3
	0

	1
	0
	6495
	0
	4
	0

	1
	0
	6907
	0
	5
	0

	1
	0
	7349
	0
	6
	0

	1
	0
	7213
	0
	7
	0

	1
	0
	7061
	0
	8
	0

	1
	0
	7180
	0
	9
	0

	1
	0
	7132
	0
	10
	0

	1
	0
	7137
	0
	11
	0

	1
	0
	7473
	0
	12
	0

	1
	0
	7722
	0
	13
	0

	1
	0
	8088
	0
	14
	0

	1
	0
	8516
	0
	15
	0

	1
	0
	8941
	0
	16
	0

	1
	0
	9064
	0
	17
	0

	1
	0
	9380
	0
	18
	0

	1
	0
	9746
	0
	19
	0

	1
	0
	9907
	0
	20
	0

	1
	0
	10333
	0
	21
	0

	1
	0
	10863
	0
	22
	0

	1
	0
	11693
	0
	23
	0

	1
	0
	12242
	0
	24
	0

	1
	0
	12227
	0
	25
	0

	1
	0
	12910
	0
	26
	0

	1
	0
	13049
	0
	27
	0

	1
	0
	13384
	0
	28
	0

	1
	0
	14036
	0
	29
	0

	1
	0
	14242
	0
	30
	0

	1
	0
	14704
	0
	31
	0

	1
	0
	13802
	0
	32
	0

	1
	0
	14197
	0
	33
	0

	1
	0
	15010
	0
	34
	0

	1
	0
	15589
	0
	35
	0

	1
	0
	15932
	0
	36
	0

	1
	0
	16631
	0
	37
	0

	1
	0
	17394
	0
	38
	0

	1
	0
	17758
	0
	39
	0

	1
	0
	17308
	0
	40
	0

	1
	0
	16444
	0
	41
	0

	1
	0
	16413
	0
	42
	0

	0
	1
	0
	4110
	0
	0

	0
	1
	0
	4280
	0
	1

	0
	1
	0
	4459
	0
	2

	0
	1
	0
	4545
	0
	3

	0
	1
	0
	4664
	0
	4

	0
	1
	0
	4861
	0
	5

	0
	1
	0
	5195
	0
	6

	0
	1
	0
	5389
	0
	7

	0
	1
	0
	5463
	0
	8

	0
	1
	0
	5610
	0
	9

	0
	1
	0
	5948
	0
	10

	0
	1
	0
	6218
	0
	11

	0
	1
	0
	6521
	0
	12

	0
	1
	0
	6788
	0
	13

	0
	1
	0
	7222
	0
	14

	0
	1
	0
	7486
	0
	15

	0
	1
	0
	7832
	0
	16

	0
	1
	0
	8153
	0
	17

	0
	1
	0
	8468
	0
	18

	0
	1
	0
	9054
	0
	19

	0
	1
	0
	9499
	0
	20

	0
	1
	0
	9866
	0
	21

	0
	1
	0
	10217
	0
	22

	0
	1
	0
	10763
	0
	23

	0
	1
	0
	10683
	0
	24

	0
	1
	0
	10494
	0
	25

	0
	1
	0
	10938
	0
	26

	0
	1
	0
	11198
	0
	27

	0
	1
	0
	11546
	0
	28

	0
	1
	0
	11865
	0
	29

	0
	1
	0
	11781
	0
	30

	0
	1
	0
	11681
	0
	31

	0
	1
	0
	11903
	0
	32

	0
	1
	0
	11900
	0
	33

	0
	1
	0
	11986
	0
	34

	0
	1
	0
	12206
	0
	35

	0
	1
	0
	12734
	0
	36

	0
	1
	0
	12990
	0
	37

	0
	1
	0
	13516
	0
	38

	0
	1
	0
	13866
	0
	39

	0
	1
	0
	14141
	0
	40

	0
	1
	0
	14141
	0
	41

	0
	1
	0
	14237
	0
	42


--------------------------------------------------------------


If we wanted to estimate time trends for GDP for these two countries,


GDPi(t) = ci + di t + ei ,




(1)

we could estimate this equation separately for Canada and France. Alternatively, we could estimate the two equations jointly by using the stacked data in Table 5. The dependent variable would be the sum GDP_CAN + GDP_FRA, so the first 43 observations would be for Canada and the last 43 observations would be for France. The equation would be 

(GDP_CAN + GDP_FRA) = cCAN CAN + dCAN TIME_CAN + cFRA FRA + dFRA TIME_FRA (2)

Note that for the first 43 observations CAN and TIME_CAN are nonzero while FRA and TIME_FRA are zero and this is reversed for the last 43 observations. Thus the coefficients on CAN and TIME_CAN are the intercept and slope, respectively, for Canada. The coefficients on FRA and TIME_FRA are the intercept and slope for France.


If we wish to estimate the dynamic equation (from EViews example)


GDPi(t) = ai + bi GDPi(t-1)+ ei ,



(3)

we could estimate the equation separately for Canada and for France, where the subscript indexes each country. Because of the lagged value for GDP, we lose the first observation (1950) for each country. Alternatively, we could estimate the two countries together, by using stacked data, taking account of the observations lost from lagging GDP. This is illustrated in Table VI.

-----------------------------------------------------------------------


Table VI. Stacked Data for GDP(t) and GDP(t-1), Canada and France

	CAN
	FRA
	GDP_CAN
	GDP_CANM1
	GDP_FRA
	GDP_FRAM1
	GDPDEP

	1
	0
	6385
	6209
	0
	0
	6385

	1
	0
	6752
	6385
	0
	0
	6752

	1
	0
	6837
	6752
	0
	0
	6837

	1
	0
	6495
	6837
	0
	0
	6495

	1
	0
	6907
	6495
	0
	0
	6907

	1
	0
	7349
	6907
	0
	0
	7349

	1
	0
	7213
	7349
	0
	0
	7213

	1
	0
	7061
	7213
	0
	0
	7061

	1
	0
	7180
	7061
	0
	0
	7180

	1
	0
	7132
	7180
	0
	0
	7132

	1
	0
	7137
	7132
	0
	0
	7137

	1
	0
	7473
	7137
	0
	0
	7473

	1
	0
	7722
	7473
	0
	0
	7722

	1
	0
	8088
	7722
	0
	0
	8088

	1
	0
	8516
	8088
	0
	0
	8516

	1
	0
	8941
	8516
	0
	0
	8941

	1
	0
	9064
	8941
	0
	0
	9064

	1
	0
	9380
	9064
	0
	0
	9380

	1
	0
	9746
	9380
	0
	0
	9746

	1
	0
	9907
	9746
	0
	0
	9907

	1
	0
	10333
	9907
	0
	0
	10333

	1
	0
	10863
	10333
	0
	0
	10863

	1
	0
	11693
	10863
	0
	0
	11693

	1
	0
	12242
	11693
	0
	0
	12242

	1
	0
	12227
	12242
	0
	0
	12227

	1
	0
	12910
	12227
	0
	0
	12910

	1
	0
	13049
	12910
	0
	0
	13049

	1
	0
	13384
	13049
	0
	0
	13384

	1
	0
	14036
	13384
	0
	0
	14036

	1
	0
	14242
	14036
	0
	0
	14242

	1
	0
	14704
	14242
	0
	0
	14704

	1
	0
	13802
	14704
	0
	0
	13802

	1
	0
	14197
	13802
	0
	0
	14197

	1
	0
	15010
	14197
	0
	0
	15010

	1
	0
	15589
	15010
	0
	0
	15589

	1
	0
	15932
	15589
	0
	0
	15932

	1
	0
	16631
	15932
	0
	0
	16631

	1
	0
	17394
	16631
	0
	0
	17394

	1
	0
	17758
	17394
	0
	0
	17758

	1
	0
	17308
	17758
	0
	0
	17308

	1
	0
	16444
	17308
	0
	0
	16444

	1
	0
	16413
	16444
	0
	0
	16413

	0
	1
	0
	0
	4280
	4110
	4280

	0
	1
	0
	0
	4459
	4280
	4459

	0
	1
	0
	0
	4545
	4459
	4545

	0
	1
	0
	0
	4664
	4545
	4664

	0
	1
	0
	0
	4861
	4664
	4861

	0
	1
	0
	0
	5195
	4861
	5195

	0
	1
	0
	0
	5389
	5195
	5389

	0
	1
	0
	0
	5463
	5389
	5463

	0
	1
	0
	0
	5610
	5463
	5610

	0
	1
	0
	0
	5948
	5610
	5948

	0
	1
	0
	0
	6218
	5948
	6218

	0
	1
	0
	0
	6521
	6218
	6521

	0
	1
	0
	0
	6788
	6521
	6788

	0
	1
	0
	0
	7222
	6788
	7222

	0
	1
	0
	0
	7486
	7222
	7486

	0
	1
	0
	0
	7832
	7486
	7832

	0
	1
	0
	0
	8153
	7832
	8153

	0
	1
	0
	0
	8468
	8153
	8468

	0
	1
	0
	0
	9054
	8468
	9054

	0
	1
	0
	0
	9499
	9054
	9499

	0
	1
	0
	0
	9866
	9499
	9866

	0
	1
	0
	0
	10217
	9866
	10217

	0
	1
	0
	0
	10763
	10217
	10763

	0
	1
	0
	0
	10683
	10763
	10683

	0
	1
	0
	0
	10494
	10683
	10494

	0
	1
	0
	0
	10938
	10494
	10938

	0
	1
	0
	0
	11198
	10938
	11198

	0
	1
	0
	0
	11546
	11198
	11546

	0
	1
	0
	0
	11865
	11546
	11865

	0
	1
	0
	0
	11781
	11865
	11781

	0
	1
	0
	0
	11681
	11781
	11681

	0
	1
	0
	0
	11903
	11681
	11903

	0
	1
	0
	0
	11900
	11903
	11900

	0
	1
	0
	0
	11986
	11900
	11986

	0
	1
	0
	0
	12206
	11986
	12206

	0
	1
	0
	0
	12734
	12206
	12734

	0
	1
	0
	0
	12990
	12734
	12990

	0
	1
	0
	0
	13516
	12990
	13516

	0
	1
	0
	0
	13866
	13516
	13866

	0
	1
	0
	0
	14141
	13866
	14141

	0
	1
	0
	0
	14141
	14141
	14141

	0
	1
	0
	0
	14237
	14141
	14237


-------------------------------------------------------------------------------------------------------

The dependent variable in this stacked model, denoted GDPDEP, is the sum of GDP_CAN and GDP_FRA. So, for the first 42 observations, the dependent variable is GDP_CAN. We estimate the equation

GDPDEP = aCAN CAN + bCAN GDP_CANM1 + aFRA FRA + bFRA GDP_FRAM1
(4)

The explanatory variables for the first 42 observations are the intercept CAN and the lagged GDP for Canada, GDP_CANM1. Note that FRA and GDP_FRAM1 are both zero for the first 42 observations. 

Then for observations 43 through 84, the dependent variable is GDP_FRA and the explanatory variables are FRA and GDP_FRAM1 since CAN and GDP_CANM1 are both zero. Thus the coefficients on CAN and CAN_GDPM1 estimate the intercept and slope for Canada, and the coefficients on FRA and GDP_FRAM1 estimate the intercept and slope for France.

IV. Pooling Feature in Eviews

Pooling, as discussed previously, refers to combining aspects of time series and cross section analysis. So we estimate a time series equation for Canada and then we do the same for another country, France. One procedure for doing this simultaneously is using stacked regressions as discussed above.

The pooling feature in EViews makes this process simple. It eliminates the necessity of stacking the data by hand in spread-sheet form. This can make a big difference if there are seven countries instead of two countries. EViews allows us to handle the data for each country as time series and then, by creating an object, the pool, it allows us to estimate stacked regression models. The pool object is just a shell or framework for achieving this shortcut. We will see how this works in the first lab.







