Demand for Money

Answers
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2. Model

Assuming money supply equals money demand, estimate the static demand for money equation
below:

Im =B +Binf + Bly + B,thilrate +u

a) Model estimation

Estimate the model above using Ordinary Least Squares. Report the estimation output

(1
OLSmodel
VARIABLES Imt
INFL -0.00840%*
(0.00442)
Iyt 1.696%**
(0.0296)
TBILRATE -0.02571***
(0.00616)
Constant -8.132%**
(0.233)
Observations 204
R-squared 0.956

Standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1



b) Coefficients interpretation

Carefully interpret the estimated coefficients (including the intercept). Are the signs of the
coefficients consistent with economic theory? Explain your reasoning.

c) Statistics significance

Test the statistical significance of the coefficients of the independent variables: inflation, real GDP
and interest rates using the critical values corresponding to the t-distribution and the test p-values.
Carefully state the null and alternative hypotheses. Interpret your results.

3. Joint significance test and goodness of fit

a) Joint test

Carry out a joint significance test for the independent variables of the model using the critical
values corresponding to the F-distribution and the test p-values. Carefully state the null alternative
hypotheses. Interpret your results.

b) Goodness of fit

4. Autocorrelation
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5. Unobserved dependent variable
Money supply is not directly observed and suppose we observe instead the long run demand for
money. Assume the desired level is defined as follows



a) lth — lth_1 = 5(lnMI — lth_l)eI equation change

The dependent variable is not directly observed
lmt = BO + Blmft + leyt + B3tbllratet tu
And the assumption is
im_— Im__ = S(Imt - lmt_l)
Hence;

Im — Ilm = 8lm — 8lm
t t—1 t t—1

* lmt—lmt_1+61mt_1
lm = ——H—tL

lm* _ lm[—(l—ﬁ)lmtil
t 8

Equalizing the two equations for lmt:

lm[—(l—é)lmti1 ] ]
-5 - Bo + Bllnft + leyt + Bgtbllratet +u,

lmt = 530 + 8[31inft + Sleyt + 683tbilratet + (1 — (S)lmt_1 + Sut

b) State and estimate the new specification

(1) (2)
OLSmodel model5b
VARIABLES Imt Imt
INFL -0.00840%* 7.07e-05
(0.00442) (0.000299)
Iyt 1.696%** 0.0112
(0.0296) (0.00835)
TBILRATE -0.0251 *** 0.000423
(0.00616) (0.000430)
L.Imt 0.994***
(0.00477)
Constant -8.132%%* -0.0470
(0.233) (0.0421)
Observations 204 203
R-squared 0.956 1.000

Standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1



c) Based your answer in part (b) above, what is the speed of adjustment

to the long run level
The speed of adjustment is contained in the coefficient of the dependent variable:

coef ficient of lmt_1 =(1—-96)=0.994
6 = 0.006
This means that the entire adjustment is completed in 20 months

d) Using the long run specification, derive the long run static model.
How does this compare to the estimated specification based on

equation (1)?
In the long run, money demand equals money supply. Then, the long run specification is given by

*

Im =1Im

t t
Im =B, +Binf + Bly + B,thilrate + u,
Im =B+ Binf, + B,ly, + B.thilrate, + u,

The long run static model is

8 0.006
]
_ %, 00112 _
B2 -8 0.006 1.867

_ 8B 0000423
B3 =% =" "oos —_ 0-0705

lmt =—8.132 — 1. 1783inft + 1 867lyt - 0. 0705tbilratet +tu

While the short run model short run model is:

lmt =—8.132 - 0, 00707inft + 0. OllZlyt - 0. 000423tbil1‘atet + 0. 994lmt_1 te

Which means that almost 0.6 % of the discrepancy between money supply and money demand is
corrected within a quarter

Comparison
The model estimation in question 2 is

lm*t =—8.132 — 0. 0084inft + 1 696lyt - 0. 0251tbilratet tu



While the estimated model in this question is:
lm*t =—8.132 - 1. 1783inft + 1 867lyt - 0. 0705tbilratet tu,

The difference is in the coefficient estimate, with the exception of the intercept. All coefficients
that partner an explanatory variable are bigger in the second model specification because the first
one measure the desired quantity of money as equal to the actual money quantity causing a sub
estimation of coefficients.

6. Consider your output to Q5 b) using an appropriate

procedure, test for autocorrelations in the residuals
First, checking for 5b model autocorrelations and partial autocorrelations. It is observed in total
autocorrelations that at least 5 lags are out of interval confidence bands, and at the two first lags
are out of interval confidence bands.

%E- TT__“__Wlﬂﬂmm.'f.*.L_f_“
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Lag
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Now we test for the existence of autocorrelations. The Durbin Watson test results in:

Durbin-Watson d — statistic( 5, 203)= .8627994



Table A5 Durbin—Warson d statstic: dy and dg, 5% significance lewel

rz : E=1 k=2 k—3 k=4
T dr dr dy. dyr _ dy du dy der
15 108 136 0.95 1.549 082 1.75 0.69 1.9
16 1.10 137 0.938 1.54 056 173 .74 1.93
17 1,13 1.38 1.0Z2 °  1.54 090 1.71 0.78 1.90
s 18 1.16 1.32 1.05 1.53 - 093 169 - 0.82 1.8F"
5 19 -1.18 140 1.08 153 097 1.68 086 1.85
20 120 141 110 1.54 1.00 1.68 090 183
21 122 _1.42 1.13 154 1.03 167 0.23 L.81
22 124 143 - 1_15 1.54 1.05 166 096 - 1.80
.23 126° 1.44 11T 154 1.08 1.66 099 179
- 249 1227 1.45 1L.19 - 1S5 1.10 166 -1.01 1.78
25 -« 129 1.45 121 j 1.12 1.66 104 L1 TF
26 1-30 1.46- 1.22 L.55 1.14 165 106 1.76
27 132 1.47 174 156 .J1.16 165 1.08 - "1.76
28 1-33 1.48 1 2&-. 1.56 118 1.65 i10 LTS
29 1.34 1.48 127 . 1.56 1.20 1.65 112 1.74
30 135 1.49 1.28 157 iz21 165 114 174
"I - 1.36 L.50 1.30 A.57F 1.23 1455 T. 16 174
32 1:37 1.50 1_.3% 1L.S5F 1.24  1.65 ‘118 b P 5 18
33 1.38 151 .32 1.58 126 165  _1.19 173
34 139 E.S51 1-33 1_58 127 1635 121 173
35 A.40- 152 1.34 =g = dam dew - 12 1:-73
FE - AAFL . AL:-52 A5 1S9 1.29 165 124 173
37 1.2 1.53 1.36 159 1.Z1 1.66 j i 1.72
38 L4357 L.54 1.37 1.59 1.32 1:66- 1.Z26 1.72°
" 39 143 - 1.54 1.38 1.0 1.33 1.66 27 . 172
- 40 144, 1.54. 1.39 Te0- 1.34 . 1I.66 @ _129 172
45 1438 157 1.43 162 1.38  1.67 134 AT2
50 o b R B | 1.46 1.63 142 1.67 1.38 1.72
5S 1.53 160 1.49 164 -1.45  1.68 141 T T2
2 - 60 A.55 162 1.51 _1.65 1.48 169 144 p =
&S 1-5F - 1.63 1.54; 166 1.50 1.70 147 173
7O 1.58 ~ 1.64 1.55 1.E7 1.52 170 1.49 1.74
7S 160 1.65 1.57 . _1.68 1.54 171 1.51 1.7
80 1.61° 1.66 1.59 1.69 1.56 L2 - 153 174
85 162 1.67 1:60 1.70 1.57 1.72 1.55 175
S0 1.63 1.68 1.61° 1.70 159 1.73. 14157 175
95 1.64 1.69 1.62 1.71 1.60 - 1.73 1.58 1.75
100 1.65. . 1.69 1.63 1.72 1.61 174 1.59 1.76

Checking the table, it is observed that 0.8627994 is lower than dL = 1.57, then there is evidence

for positive autocorrelations in the residuals.

7. Endogeneity
From the discussion in the lectures, you suspect that the presence of real GDP, inflation, and
lagged dependent variable in the specification in Q5 may lead to an endogeneity issue

a) Explain and discuss the issue of endogeneity in this question
A variable is endogenous in a model when this variable is correlated with the error term. When the
explanatory variable is correlated with perturbance term, estimators are biased and inconsistent.

The model in Q5 introduces the dependent variable lagged one period as explanatory variable. This
variable is endogenous itself because this is the variable we seek to explain, but its lagged one
period, this variable is correlated hence with the error term lagged one period. The relevant
guestion is whether the lagged dependent variable is correlated with the error term at time t.



L.
Imt INFL 1yt TBILRATE Imt residSb
Imt 1.0000
INFL 0.0869 1.0000
1yt 0.9732 0.1679 1.0000
TBILRATE 0.4358 0.5833 0.5303 1.0000
Imt
L1. 0.9999 0.0852 0.9727 0.4337 1.0000
residSb 0.0140 0.0000 -0.0000 -0.0000 -0.0000 1.0000

This correlation table shows in its last file that errors in 5 (b) question model is not correlated with
any of the explanatory variables. It is uniquely correlated, with the dependent variable.

b) What are the implications of presence of endogeneity for OLS?
Endogeneity causes estimations with high standard errors.

c) How would you account for the presence of endogeneity?
Hausman test: It can be regressed the dependent variable versus the estimated dependent
variable and the residuals

8. Two Stages Least Squares

Estimate the model in Q5 using Two Stages Least Squares (TSLS). Answer ALL the following
questions:

a) Define the set of instruments used to estimate the model. Justify the

reasons for your selected set of instruments
The clearly endogenous variable in the model in point 5 was the lagged dependent variable. |
would you the lagged logarithm of GDP instead, and | choose it because it’s a real variable and
prior it can be thought that is not correlated with error term.

b) Compare the qualitative and statistical interpretation of the TSLS
estimated model to the estimated using OLS in Q5. Which model is

more consistent and conform to theory?
® First Stage: Regress lmlt against lyt against

B
FirstStage2SLS

VARIABLES Imt

Iyt 1.607***
(0.0269)

Constant -7.557F**
(0.224)

Observations 204

R-squared 0.946

Standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1
Both estimates, the intercept and the coefficient of the instrument are significantly different



from zero with p-value less than 1%. Then the coefficient can be used because the
instrument and the endogenous variable are correlated.
® Second Stage: Regress the following model:

lmt = 8[30 + SBlinft + Sleyt + 863tbilratet + (1 - S)Iyt_1 + Sut

(1)
SecondStage2SLS
VARIABLES Imt
INFL -0.00824*
(0.00438)
Iyt 0.0550
(1.213)
TBILRATE -0.0262%**
(0.00615)
L.Iyt 1.648
(1.213)
Constant -8, 173%**
(0.232)
Observations 203
R-squared 0.957

Standard errors in parentheses
*E* p<0.01, ** p<0.05, * p<0.1

c) Using the specification and TSLS estimates, derive the long run static
model. How does it compare to (i) the estimated specification based
on equation (1) in Q2-d (ii) to that derived based on (Q5-d)?

B @) 3) @)
OLSmodel modelSb FirstStage2SLS SecondStage2SLS
VARIABLES Imt Imt Imt Imt
INFL -0.00840* 7.07e-05 -0.00824*
(0.00442) (0.000299) (0.00438)
Iyt 1.696*** 0.0112 1.607*%** 0.0550
(0.0296) (0.00835) (0.0269) (1.213)
TBILRATE -0.025 1 *** 0.000423 -0.0262%**
(0.00616) (0.000430) (0.00615)
L.Imt 0.994%**
(0.00477)
L.Iyt 1.648
(1.213)
Constant -8.132%%* -0.0470 =7.557*** -8.173%%*
(0.233) (0.0421) (0.224) (0.232)



Observations 204 203 204 203
R-squared 0.956 1.000 0.946 0.957

Standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1

9. Spurious regression and Unit roots
Again, from the discussion in lectures, you suspect that the model estimated in Q2 may be
spurious due to the presence of unit roots.

a) Perform ADF unit roots test on all variables in equation (1). State
clearly the hypothesis being tested, the data generating process, the
lag length selection criteria and the critical values. Is there evidence

that the data contain unit root?
All ADF test have the null hypothesis that the series have unit roots.

1. Imt

Dickey-Fuller test for unit root Number of obs = 263
Variable: lmt Number of lags = @

He: Random walk without drift, d = @

Dickey-Fuller

Test critical value
statistic 1% 5% 1e%
Z{t) ©.765 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t) = 8.9916.

Cannot reject the null. We conclude that Imt has unit root

2. INFL

Dickey-Fuller test for unit root Number of obs 203

Variable: INFL Number of lags

H@: Randem walk without drift, d = @

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(t) -6.503 -3.476 -2.883 -2.573

MacKinncn approximate p-value for Z(t) = ©.0000.

There is evidence to reject the null, then inflation rate series has not unit root.

3. Lyt



Dickey—Fuller test for unit root Number of obs = 203
Variable: 1yt Number of lags = @
Ha: Random walk without drift, d =@
Dickey-Fuller
Test critical value
statistic 1% 5% 16%
Z(t) -1.458 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t) = ©.5541.

Cannot reject the null. We conclude that Imt has unit root. Therefore, it is concluded that Iyt has

unit root
4. TBILRATE
Dickey-Fuller test fer unit rocot Number of cbs = 283
Variable: TBILRATE Number of lags = @
He: Random walk without drift, d =@
Dickey-Fuller
Test critical value
statistic 1% 5% 1ek%
Z(t) -2.132 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t} = 2.2319.

We cannot reject the null and we conclude that TBILRATE has unit root.

b) What is the order of integration of the variables tested in part (a)?
It is needed to do the DF test to the first differences of such variables for which it were concluded
that have a unit roots

e Lmtisintegrated of order 1 it is stationary in its first differences.

. dfuller d.lmt

Dickey-Fuller test for unit root Number of obs = 202
Variable: D.lmt Number of lags = @
He: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 16%
Z(t) -7.041 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t) = ©.0060.

o INFLis integrated of order 0
e Lytisintegrated of order 1 it is stationary in its first differences.



Dickey-Fuller test for unit root Number of obs = 202
Variable: D.1lyt Number of lags = @
Ho: Random walk without drift, d =9
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -9.933 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t} = ©6.0006.

e TBILRATE is integrated of order 1 because it is stationary in its first differences.

. dfuller d.TBILRATE

Dickey-Fuller test for unit root Number of obs = 282
Variable: D.TBILRATE Number of lags = ®
He: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -11.463 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t) = ©.6000.

c) Perform the Engle-Granger cointegration test. Are the variables
cointegrated? State clearly the hypothesis being tested, the data
generating process, the lag length selection criterion and the critical

values.
The null hypothesis being tested is that the residuals estimated with equation (1) regression have a
Unit Root, i.e., they are non-stationary.

. dfuller residuals, lags(e)

Dickey-Fuller test for unit root Number of obs = 283
Variable: residuals Number of lags = ©
He: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% le%
Z(t) -1.899 -3.476 -2.883 -2.573

MacKinnon approximate p-value for Z(t) = ©.3326.

The p value is 33.26% is greater than 1%, 5% and 10% significance levels and therefore we accept
the hypothesis than the residuals have a Unit Root and this implies that the variables in the model
are not cointegrated.
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