Homework 

Structural VAR

II. Practical part:

You are given US 1950-2002 annual data on labor effort LAB (average weekly hours worked by all employees), total fertility rate FERT (number of births that 100 women give and GDP (bill. dollars in constant 1992 prices). 

For further estimations, please use the log values. You can use LIMDEP as well as RATS for questions A)-B), however questions C)-I) are advised to be done with RATS. Plots can be drawn with any software you are familiar with. 

Structural VAR representation of the model is:
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where X is a (3*1) vector of the endogenous variables.; εt is a (3*1) vector of structural shocks; B(L) is nonsingular lag matrix polynomial. Long-run causal ordering of the system is chosen as following: labor growth, fertility growth, output growth. Three structural shocks considered are an employment shock, a preference shift toward fertility and a Harrod-neutral productivity shock.

Assume that B(1) is a lower triangular and that εt is orthogonal so that we can estimate the reduced form VAR and create the moving average representation of the structural form : 
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A) To implement structural VAR estimation, the endogenous variables must be stationary. Of what order each variable is integrated? Provide Dickey –Fuller unit root test.
B) In addition to stationarity, the structural VAR requires that there exist no cointegration between the endogenous variables. To check the cointegration, use the first order Engle-Granger test (see Green, 4th ed., p. 795 ). Tables of appropriate critical values are given in Engle, Robert F and Byung Sam Yoo (1987) Forecasting and Testing in Cointegrated Systems, Journal of Econometrics, 35, p.143-159. 

Based on results of A) and B) what types of VAR (according to lecture notes) can we use to estimate the model?

C) Let X=(DLOGLAB, DLOGFERT, DLOGY) where D stands for the first difference. Provide Sim’s likelihood ratio test to determine the lag length, which is the best to represent the dynamic structure of the system. Fill out the table:

	Lag length, p
	LogDeti
	T
	C
	LHR

	
	
	
	
	C=0
	C=1+n(p+1)

	
	
	
	
	
	


D) Estimate VAR(p) model and report coefficient and covariance matrixes.

E) Provide impulse response analysis over a twelve-year horizon to each deviation shock. 

1/ plot and analyze responses of DLOGLAB to employment, fertility and technology shock.

2/ plot and analyze responses of DLOGFERT to employment, fertility and technology shock.

3/ plot and analyze responses of DLOGY to employment, fertility and technology shock.

F) Analyze variance decomposition of forecast errors over 24-year horizon. 

Do impulse responses and variance decomposition support the hypothesis that there are important dynamic interactions between labor, fertility and output?

G) Provide historical decomposition analysis of fertility rate. To make life easier, you may plot FERT vs. time.

H) Is our model sensitive to casual ordering of variables? 

Help: for analysis, you may look at variance decomposition for alternative models, where DLOGFERT goes first or last.

I) What are your general conclusions about macroeconomic interactions in US between labor, fertility and output?

Key:

A) Dickey-Fuller test for data generating process 
[image: image3.wmf]t

t

t

x

x

e

g

+

=

D

-

1

 with H0 : γ=0 (variable has a unit root, ) and alternate γ≠0 (variable is stationary). Unit root test results are represented in the following table.

Table 1. Dickey-Fuller Unit Root Test Results

	Variable
	γ
	t-ratio

	logLAB
	-.000829981241
	-3.074

	logFERT
	-.009102339984
	-1.658

	logY
	.003859929846
	10.136


95% critical values for Dickey-Fuller test is –2.25, thus we reject the null of unit root of labor effort. Concerning fertility and output data, we need to proceed and perform Dickey –Fuller test for a unit root in the first differences: 
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 with H0 : γ=0 (there is a unit root, ) and alternate γ≠0 (variable is stationary in first difference). The results are reported in the following table:

Table 2. Dickey-Fuller Unit Root Test in First Differences

	Variable
	γ
	t-ratio

	DLOGFERT
	-.3139846275
	-3.169

	DLOGY
	-1.479500888
	-11.923


95% critical values for Dickey-Fuller test is –2.25, thus we reject the null of the unit root for both fertility and output data in the first differences. 

B) In addition to stationarity, the structural VAR requires that there exist no cointegration between the endogenous variables. To check the cointegration, use procedure proposed by Engle and Granger (1987): for augmented 
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, if the null hypothesis δ=0 can not be rejected, then we conclude that the variables are not cointegrated. 

Results of first order Engle-Granger test 
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 for both pairwise and system-wide models are represented in the following table. 

Table 3. Results of Engle-Granger Test for Cointegration

	2 variable system
	3 variable system

	Regression
	t-ratio
	Regression
	t-ratio

	LogLab on LogFert
	-1.251
	LogLab on Logfert, Log Y
	-2.912

	LogLab on LogY
	-2.243
	LogFert on LogLab, LogY
	-1.747

	LogFert on LogLab
	-1.158
	LogY on LogLab, LogFert
	-2.566

	LogFert on LogY
	-.431
	Note: For 2 variable system, it is actually enough to perform only 3 regressions (LogLab on LogFert, LogLab on LogY, and LogFert on LogY) to show that there is no cointegration.

	LogY on LogLab
	-2.160
	

	LogY on LogFert
	-.221
	


At 5% level of significance Engle-Yoo (1987) critical value for 2 variable system is –3.67, for 3 variable system –4.11 respectively. The null hypothesis of no cointegration cannot be rejected for all variables.

Following our test results, we conclude that types II and III of VAR can be applied to our data. Further we assume that variables are integrated of order one and use type II of VAR with X=(DLOGLAB, DLOGFERT, DLOGY). 

C) Based on technique proposed by Sims, we find that two lags are the best to represent the dynamic structure of the system. Lag lengths are chosen from likelihood ratio test with the null that p lags are enough to describe the dynamics of the model. The ratio is of the form: 
[image: image7.wmf]]

ln

)[ln

(

1

+

-

-

=

i

i

D

D

C

T

LHR

, where T is a number of observations, C is a correction factor, Di is the determinant of the covariance matrix of the residuals from VAR(p) system, i=p. The values of LHR (with and without correction factor) for different lag length models are represented in the following table.

Table 4. Likelihood Ratio Test for Determination of Lag Length

	Lag length
	LogDeti
	T
	C
	LHR

	
	
	
	
	C=0
	C=1+n(p+1)

	1
	-25.10293
	51
	7
	19.9104
	17.1776

	2
	-25.49333
	50
	10
	14.4585
	11.6368


At 5 % level of significance, 
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critical value with 9 degrees of freedom is 16.92. As both computed ratios for two-lag model are less than the critical value, we conclude that two lags are sufficient to describe the dynamics of the system.

RATS program to find Log Dets of covariance matrixes.

cal 1950 1 1

all 2002:1

open data dlogs.wks

data(format=wks, org=obs) / dloglab dlogfert dlogy

smpl 1951:1 2002:1

system

var dloglab dlogfert dlogy

lags 1 to 1

end(system)

estimate(noprint, outsigma=V)

compute logdet=%logdet

display logdet

-25.10293

cal 1950 1 1

all 2002:1

open data dlogs.wks

data(format=wks, org=obs) / dloglab dlogfert dlogy

smpl 1951:1 2002:1

system

var dloglab dlogfert dlogy

lags 1 to 2

end(system)

estimate(noprint, outsigma=V)

compute logdet=%logdet

display logdet

-25.49333

cal 1950 1 1

all 2002:1

open data dlogs.wks

data(format=wks, org=obs) / dloglab dlogfert dlogy

smpl 1951:1 2002:1

system

var dloglab dlogfert dlogy

lags 1 to 3

end(system)

estimate(noprint, outsigma=V)

compute logdet=%logdet

display logdet

    -25.78425

D) cal 1950 1 1

all 2002:1

open data dlogs.wks

data(format=wks, org=obs) / dloglab dlogfert dlogy

smpl 1951:1 2002:1

system

var dloglab dlogfert dlogy

lags 1 to 2

end(system)

estimate

Dependent Variable DLOGLAB - Estimation by Least Squares

Annual Data From 1951:01 To 2002:01

Usable Observations     50      Degrees of Freedom    44

 Total Observations     52      Skipped/Missing        2

Centered R**2     0.242072      R Bar **2   0.155944

Uncentered R**2   0.368397      T x R**2      18.420

Mean of Dependent Variable      -0.003141579

Std Error of Dependent Variable  0.007095963

Standard Error of Estimate       0.006519242

Sum of Squared Residuals        0.0018700224

Durbin-Watson Statistic             2.142391

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  DLOGLAB{1}               -0.319526805  0.149635284     -2.13537  0.03833551

2.  DLOGLAB{2}                0.109786030  0.132026210      0.83155  0.41015473

3.  DLOGFERT{1}               0.010308325  0.039954765      0.25800  0.79760995

4.  DLOGFERT{2}               0.008749787  0.037902287      0.23085  0.81850053

5.  DLOGY{1}                  0.033458253  0.044865360      0.74575  0.45978531

6.  DLOGY{2}                 -0.148325478  0.045631198     -3.25053  0.00221214

F-Tests, Dependent Variable DLOGLAB

Variable            F-Statistic       Signif

DLOGLAB                   2.3805     0.1043188

DLOGFERT                  0.2060     0.8146077

DLOGY                    10.5222     0.0001842

Dependent Variable DLOGFERT - Estimation by Least Squares

Annual Data From 1951:01 To 2002:01

Usable Observations     50      Degrees of Freedom    44

 Total Observations     52      Skipped/Missing        2

Centered R**2     0.487531      R Bar **2   0.429296

Uncentered R**2   0.521584      T x R**2      26.079

Mean of Dependent Variable      -0.009266779

Std Error of Dependent Variable  0.035086579

Standard Error of Estimate       0.026506146

Sum of Squared Residuals        0.0309133341

Durbin-Watson Statistic             1.912475

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  DLOGLAB{1}                0.511213345  0.608392045      0.84027  0.40530020

2.  DLOGLAB{2}                0.693422492  0.536796494      1.29178  0.20317803

3.  DLOGFERT{1}               0.716792470  0.162449395      4.41240  0.00006526

4.  DLOGFERT{2}              -0.031011651  0.154104362     -0.20124  0.84143992

5.  DLOGY{1}                  0.112591856  0.182415054      0.61723  0.54026490

6.  DLOGY{2}                 -0.061330871  0.185528822     -0.33057  0.74253585

F-Tests, Dependent Variable DLOGFERT

Variable            F-Statistic       Signif

DLOGLAB                   1.4339     0.2493025

DLOGFERT                 18.3917     0.0000016

DLOGY                     0.2329     0.7931837

Dependent Variable DLOGY - Estimation by Least Squares

Annual Data From 1951:01 To 2002:01

Usable Observations     50      Degrees of Freedom    44

 Total Observations     52      Skipped/Missing        2

Centered R**2    -0.167368      R Bar **2  -0.300023

Uncentered R**2   0.609949      T x R**2      30.497

Mean of Dependent Variable      0.0317767505

Std Error of Dependent Variable 0.0227382909

Standard Error of Estimate      0.0259258747

Sum of Squared Residuals        0.0295746431

Durbin-Watson Statistic             1.912857

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  DLOGLAB{1}               -1.304224942  0.595073156     -2.19171  0.03373769

2.  DLOGLAB{2}               -0.727002092  0.525044971     -1.38465  0.17314217

3.  DLOGFERT{1}              -0.169541304  0.158893061     -1.06702  0.29178475

4.  DLOGFERT{2}               0.182065395  0.150730717      1.20789  0.23354389

5.  DLOGY{1}                  0.564534664  0.178421632      3.16405  0.00282077

6.  DLOGY{2}                  0.093983835  0.181467234      0.51791  0.60711502

F-Tests, Dependent Variable DLOGY

Variable            F-Statistic       Signif

DLOGLAB                   4.0510     0.0242749

DLOGFERT                  0.7738     0.4674438

DLOGY                    18.9403     0.0000012

Covariance\Correlation Matrix of Residuals

              DLOGLAB       DLOGFERT         DLOGY

DLOGLAB   0.00003740045  -0.1090877135   0.5179173680

DLOGFERT -0.00001658831  0.00061826668  -0.3775314154

DLOGY     0.00007703244 -0.00022830518  0.00059149286

E) The impulse response functions (IRF) show how the three endogenous variables respond, over a twelve-year horizon, to each one-standard deviation shock. The following figure plots the responses of labor series to the employment, fertility, and output shocks.
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Figure 1. Responses of DLOGLAB to employment, fertility and output shocks
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[image: image10.wmf]IRF of Labor Series to Fertility Shock
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As we see, in response to employment shock, labor increases in the very short run, then decreases in two years and neutralizes after approximately six years. The impulse responses to a preference shock support the theoretical prediction about transitional dynamics: after two years labor rises and eventually returns to its original level after nine years. In response to an output disturbance, labor effort increases for two years, then sharply decreases and slowly returns to its original level.

The following figure plots the responses of fertility series to the employment, fertility, and output shocks.

Figure 2. Responses of DLOGFERT to employment, fertility and output shocks
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As we know, if fertility is exogenous, it should not respond to output or employment disturbances. However, our estimation shows that fertility does respond to shocks in other variables. An employment shock negatively affects fertility in the very short run since time is reallocated toward labor. With time fertility growth increases. After five years such an effect diminishes and fertility approaches the long run steady state. As plot shows, four-year positive response of fertility to technology shock gradually diminishes with time and becomes negative.

The output responses are depicted on the next figure.
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Figure 3. Responses of DLOGY to employment, fertility and technology shocks
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Output increases sharply on employment impact, then declines and gradually approaches a little bit higher level than before shock. In response to a technology shock, output adjusts much more slowly. Concerning a fertility disturbance, theoretically, it should retard capital accumulation and decrease labor on impact; hence, output is expected to fall. Our plot indicates that such a response actually occurs. 

F) RATS program for IR and VD analysis:

cal 1950 1 1

all 2002:1

open data dlogs.wks

data(format=wks, org=obs) / dloglab dlogfert dlogy

smpl 1951:1 2002:1

system

var dloglab dlogfert dlogy

lags 1 to 2

end(system)

estimate(outsigma=V, sigma)

list ieqn=1 2 3

errors(impulses) 3 24 V

cards ieqn ** ieqn

Responses to Shock in DLOGLAB

   Entry           DLOGLAB         DLOGFERT         DLOGY

            1   0.006115590649 -0.002712462612  0.012596074745

            2  -0.001560613423  0.002600314206 -0.000405310584

            3  -0.000708744146  0.004572722373 -0.002390346943

            4   0.000105159554  0.001508293468  0.000369566585

            5   0.000311061228  0.000689837816  0.000938902404

            6  -0.000090941138  0.000762681457  0.000240283255

            7  -0.000054117480  0.000663968079  0.000112644999

            8  -0.000011045606  0.000359495228  0.000249158401

            9  -0.000001268322  0.000215064378  0.000264931161

           10  -0.000023537335  0.000149248321  0.000211653388

           11  -0.000021412655  0.000094980477  0.000189857000

           12  -0.000018498479  0.000044580566  0.000183181307

           13  -0.000017181144  0.000013685455  0.000170683320

           14  -0.000017469583 -0.000005200495  0.000155225571

           15  -0.000016361222 -0.000017987582  0.000142320029

           16  -0.000015183120 -0.000026706007  0.000131075229

           17  -0.000014101640 -0.000031662501  0.000120321994

           18  -0.000013137134 -0.000034096190  0.000110180621

           19  -0.000012139377 -0.000034926270  0.000100910869

           20  -0.000011188075 -0.000034688636  0.000092419793

           21  -0.000010296471 -0.000033701878  0.000084597578

           22  -0.000009466947 -0.000032246445  0.000077405160

           23  -0.000008690891 -0.000030521545  0.000070812444

           24  -0.000007971038 -0.000028659513  0.000064771981

Responses to Shock in DLOGFERT

   Entry           DLOGLAB         DLOGFERT         DLOGY

            1   0.000000000000 0.0247165780127 -0.007854598710

            2  -0.000008014645 0.0168322931575 -0.008624674105

            3   0.001268808998 0.0108053232325 -0.003950415291

            4   0.000999450288 0.0079504258800 -0.003457082480

            5   0.000466725485 0.0066075105967 -0.003929502991

            6   0.000479570376 0.0051908914632 -0.003551316521

            7   0.000473352613 0.0039258333522 -0.003016000569

            8   0.000413129847 0.0031057869654 -0.002722919365

            9   0.000342572709 0.0025222843753 -0.002515381032

           10   0.000308788283 0.0020570277344 -0.002285243377

           11   0.000278852367 0.0016886168189 -0.002067815179

           12   0.000249979531 0.0014106066057 -0.001882081954

           13   0.000223793462 0.0011948145797 -0.001717314893

           14   0.000202297643 0.0010225105429 -0.001565729496

           15   0.000183259598 0.0008835113888 -0.001427671744

           16   0.000166177546 0.0007708304017 -0.001302833887

           17   0.000150867217 0.0006780266540 -0.001189466710

           18   0.000137217754 0.0006004359329 -0.001086128708

           19   0.000124928688 0.0005347852815 -0.000991945050

           20   0.000113824766 0.0004786529292 -0.000906108202

           21   0.000103772654 0.0004301437928 -0.000827818354

           22   0.000094661974 0.0003878254332 -0.000756366412

           23   0.000086387101 0.0003506117605 -0.000691138176

           24   0.000078861311 0.0003176638245 -0.000631578923

Responses to Shock in DLOGY

   Entry           DLOGLAB         DLOGFERT         DLOGY

            1   0.000000000000  0.000000000000 0.0192649173975

            2   0.000644570489  0.002169072800 0.0108757136787

            3  -0.002677193745  0.001927270702 0.0067418958602

            4  -0.000422527519  0.000484594675 0.0079193950759

            5  -0.000872076838 -0.001306669054 0.0078705291463

            6  -0.000688279066 -0.001289991939 0.0069418067043

            7  -0.000835688246 -0.001541825192 0.0061710731424

            8  -0.000658892890 -0.001700581552 0.0057530482610

            9  -0.000635074172 -0.001818200284 0.0053022737380

           10  -0.000578955155 -0.001787930595 0.0048399499450

           11  -0.000543596031 -0.001741788233 0.0044195322757

           12  -0.000493484674 -0.001671643088 0.0040495140976

           13  -0.000454509354 -0.001588534573 0.0037065593345

           14  -0.000416582566 -0.001492385662 0.0033895907856

           15  -0.000382440214 -0.001394283497 0.0030994486189

           16  -0.000350026366 -0.001296420715 0.0028346342483

           17  -0.000320592683 -0.001201091524 0.0025920413987

           18  -0.000293437998 -0.001109344463 0.0023699031666

           19  -0.000268553029 -0.001022377886 0.0021666856920

           20  -0.000245674534 -0.000940591631 0.0019808474077

           21  -0.000224724281 -0.000864173618 0.0018108734238

           22  -0.000205525836 -0.000793099640 0.0016554293051

           23  -0.000187948330 -0.000727259408 0.0015132940364

           24  -0.000171855783 -0.000666441007 0.0013833396572

Decomposition of Variance for Series DLOGLAB

Step  Std Error    DLOGLAB  DLOGFERT    DLOGY

   1  0.006115591 100.00000   0.00000   0.00000

   2  0.006344407  98.96765   0.00016   1.03219

   3  0.007037831  81.44038   3.25037  15.30926

   4  0.007121766  79.55382   5.14366  15.30252

   5  0.007196851  78.08933   5.45746  16.45321

   6  0.007246147  77.04619   5.82148  17.13233

   7  0.007309720  75.71734   6.14000  18.14266

   8  0.007350983  74.86992   6.38711  18.74297

   9  0.007386313  74.15539   6.54126  19.30335

  10  0.007415438  73.57505   6.66338  19.76157

  11  0.007440594  73.07922   6.75885  20.16193

  12  0.007461152  72.67766   6.83391  20.48843

  13  0.007478352  72.34426   6.89206  20.76367

  14  0.007492698  72.06805   6.93860  20.99336

  15  0.007504707  71.83805   6.97604  21.18591

  16  0.007514719  71.64718   7.00636  21.34646

  17  0.007523080  71.48835   7.03101  21.48064

  18  0.007530063  71.35614   7.05119  21.59267

  19  0.007535895  71.24599   7.06776  21.68626

  20  0.007540766  71.15419   7.08141  21.76439

  21  0.007544835  71.07766   7.09270  21.82964

  22  0.007548233  71.01383   7.10204  21.88413

  23  0.007551072  70.96058   7.10979  21.92963

  24  0.007553443  70.91615   7.11622  21.96763

Decomposition of Variance for Series DLOGFERT

Step  Std Error    DLOGLAB  DLOGFERT    DLOGY

   1  0.024864969   1.19001  98.80999   0.00000

   2  0.030216871   1.54635  97.93836   0.51529

   3  0.032472118   3.32204  95.87950   0.79846

   4  0.033468754   3.33023  95.89719   0.77258

   5  0.034146742   3.24011  95.87125   0.88863

   6  0.034571536   3.20964  95.78419   1.00616

   7  0.034834198   3.19775  95.61529   1.18696

   8  0.035015546   3.17526  95.41418   1.41056

   9  0.035153982   3.15404  95.17898   1.66698

  10  0.035259790   3.13693  94.94895   1.91412

  11  0.035343275   3.12285  94.72919   2.14796

  12  0.035410920   3.11109  94.52630   2.36261

  13  0.035466667   3.10133  94.34287   2.55580

  14  0.035512776   3.09329  94.18095   2.72576

  15  0.035551121   3.08664  94.03965   2.87370

  16  0.035583111   3.08115  93.91757   3.00128

  17  0.035609846   3.07661  93.81285   3.11054

  18  0.035632197   3.07284  93.72359   3.20356

  19  0.035650890   3.06972  93.64784   3.28245

  20  0.035666525   3.06712  93.58376   3.34912

  21  0.035679601   3.06496  93.52972   3.40532

  22  0.035690536   3.06316  93.48422   3.45262

  23  0.035699680   3.06167  93.44598   3.49235

  24  0.035707325   3.06042  93.41389   3.52569

Decomposition of Variance for Series DLOGY

Step  Std Error    DLOGLAB  DLOGFERT    DLOGY

   1  0.024320626  26.82384  10.43034  62.74582

   2  0.028005772  20.24999  17.34995  62.40006

   3  0.029173549  19.33262  17.82237  62.84501

   4  0.030428618  17.78546  17.67327  64.54127

   5  0.031688619  16.48700  17.83345  65.67955

   6  0.032634749  15.55031  17.99859  66.45110

   7  0.033349931  14.89166  18.05276  67.05558

   8  0.033952789  14.37291  18.06053  67.56656

   9  0.034457268  13.96104  18.06846  67.97049

  10  0.034871128  13.63531  18.07160  68.29310

  11  0.035211358  13.37599  18.06892  68.55509

  12  0.035493860  13.16657  18.06361  68.76982

  13  0.035728573  12.99643  18.05809  68.94548

  14  0.035923473  12.85766  18.05264  69.08970

  15  0.036085468  12.74403  18.04745  69.20852

  16  0.036220307  12.65063  18.04271  69.30666

  17  0.036332612  12.57364  18.03852  69.38784

  18  0.036426185  12.51004  18.03487  69.45509

  19  0.036504186  12.45740  18.03172  69.51088

  20  0.036569235  12.41376  18.02902  69.55722

  21  0.036623498  12.37754  18.02672  69.59574

  22  0.036668776  12.34743  18.02478  69.62778

  23  0.036706565  12.32240  18.02314  69.65446

  24  0.036738108  12.30156  18.02176  69.67669

As we see, employment shocks are important for explaining labor and output variations. Output shocks appear to be not very influential on labor in the very short run which is consistent with a notion of vertical labor supply curve. Technology shocks are not very important in explaining fertility variance as well. Fertility shocks have significant increasing with time impact on labor and output growth. Concerning decomposition of variance for fertility series, influence of employment and output shocks increases with time, however impact of shift in fertility preferences diminishes.

The results of variance decomposition analysis are consistent with the impulse response analysis. The evidence supports the hypothesis that there are important dynamic interactions between labor, fertility and output, and that fertility is endogenous.

G) Historical Decompositions
The following figure presents plot of annual US total fertility rate for 1950-2002 .
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The next figure plots logged differences of fertility rate during 1950-2002 years that allows judging the magnitude of changes in fertility preferences during observed period. 

[image: image18.wmf]Logged Differencies of fertility rate, 1950-2002
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Using information from the graphs, we are able to fill out a table that presents increases and decreases of fertility rate explained by major changes in macroeconomic aggregates discussed in economic literature.

Table 5. Historical decomposition of US fertility rate, 1950-2002

	Changes in fertility
	Period
	Possible Explanation

	Increases 
	1950-1957,

1958-1959
	Positive for fertility growth labor market conditions: during this time, husband’s incomes were relatively high, therefore young women did not enter work force and the fertility rose.

	
	1976-1977

1978-1980

1981-1982
	A result of baby-boom echo in conjunction with a series of child-care legislation initiated by federal government (tax credit for child care, the community services block, accelerated cost recovery system)

	
	1983-1990
	Inflation and economy stabilized, “added worker effect” was reversed.

	
	1995-2000
	Influence of positive macroeconomic conditions, child care legislation, welfare system and migration inflows

	Decreases
	1957-1958

1959-1969
	Baby-boom mothers were completing their child-bearing years and beginning to return to the work-force, hence fertility declined. Other explanations are changing attitudes regarding out-of-home child care and increased availability of contraception

	
	1970-1976
	Adverse effect of higher opportunity costs of child-rearing due to education desires

	
	1977-1978
	The economy slowly recovered after severe recession of first oil crisis, the opportunities for employment increased, women re-enter the work-force and fertility rate decreased

	
	1980-1981

1982-1983
	High inflation due to the second oil crisis. Households thought to maintain their standard of living in face of price rise. Labor pool enlarged, fertility lowered.

	
	1990-1995
	Influence of favorable labor market conditions, increased employment opportunities, and family planning services  

	
	2000-now
	Major movements in fertility arising from preference shift


Summarizing, the major changes in fertility rate from an employment shock were during periods of increase/decrease in employment opportunities, severe recessions or high inflation households’ needs. Essential movements in fertility arising from a fertility preference shift were during baby-boom period, years of improvements in child care legislation, changes in attitude towards out-of-home child care, increase in education costs, family planning and availability of contraception. As shown earlier, decomposition of fertility rate due to output shocks will display relatively small and unimportant movements.

H) Changing the ordering of variables to (DLOGFERT, DLOGLAB, DLOGY) and (DLOFLAB, DLOGY, DLOGFERT), you’ll see in RATS output for IRF and VD that differences between these cases and the original model are small. The following conclusion can be made from alternative specification of the model:

1.In the alternative specifications, employment and fertility shocks explain the same proportion of the variance of labor growth in the first period and about 5.75% less thereafter. In the first alternative case, the contribution of fertility shocks to labor growth is still important.

2.Employment shocks account for approximately 2% more and preference shocks about 2-10% less of the variance of the forecast error for fertility in the alternative specifications. The variance decompositions of fertility are similar in all three cases as the preference shock explains the major part of the fertility variance. 

3.The variance decomposition of output growth is not very sensitive to the first specification. However, when fertility variable goes last, preference shock seems unimportant for explanation of output variance decomposition. 

4. As in the original model, output shocks have little effect on fertility when the order of variables is (DLOGFERT, DLOGLAB, DLOGY). 
Finally, we can see that although we have same quantitative differences between various specifications, conclusions of original model remain unchanged: there are important interactions between labor, fertility and output variables in the macroeconomy, and fertility rate should be considered as endogenous variable.

I) We can summarize results as following:

1. Empirical evidence shows that the dynamics of labor supply, output growth and fertility are important (see IRF and VD analysis). Historical decompositions of fertility indicate that shocks to employment and fertility preferences are important in explaining movements in the fertility rate.

2. Empirical results support endogeneity of fertility choice.

3. There is no empirical evidence of very significant impact of output/technology shocks on fertility growth.

4. Finally, the endogeneity of fertility has policy implications: a tax on labor will act similarly to a negative employment shock and will also affect fertility, which in turn will affect labor supply in future. Policies, which subsidize raising children (such as day care, public education, tax credits) impact the fertility preference and will have effects on labor supply and capital accumulation in the future.
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