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The question paper consists of seven questions.

Answer any five questions.

Marks allotted to each question are indicated against it.
Use of simple non-programmable calculator is allowed.
Statistical tables are attached for your referencé.
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State whether the following statements are true or false. Give reasons for your answep.:

(@)

(b)

(©)

(@

(e)

For the three-variable model :
Y, = Byt BoXy + ByXy, + u,

if the coefficient of determination for the regression of X, on X, is equal to 0.25,

tolerance (TOL) will be 0.5 and it indicates presence of multicollinearity.

In the simple regression mode] :

Y, =a + BX; + u,
suppose X and u are correlated and Z is an instrumental variable (IV) for X. Then,
higher is the value of RZ,, larger is the standard error of the IV estimator of B

and wider is the confidence interval for B.

If there are five regions in a country—South, North, West, East and Central, then
only four dummy variables must be included in the regression model to account for

regional variations.

Suppose there are k = 6 candidate regressors. 1f value of Mallows’s Cp criterion
is obtained as 6.456 for Model A with four regressors and 5.105 for Model B
with five regressors, then Model B is preferred over Model A.

Durbin Watson d statistic can also be used to test model specification errors. 5x3=15

Ty f freafafaa su7 99 € otgar s@or| 99 I ¥ wR s Sifsw .
(@ T = a@ wrea

Y, = B+ BXy + BXy, + uy

H9g X, ® X; ® e # o T (coefficient of determination) 0.25
T, @ weuar (tolerance, TOL) 0.5 BFft <1 9@ agﬁt@al (multlcollmearlty) &1 Iqfeafy
, F Tha <@ T
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(b) WA THHFAN HAeA -

(©)

(@)

(e)

(@)

¥, = o+ BX, + u,

7 WM ffe fF X 9 o gewafg § qon 2, X ®4 T Fif¥F =] (instrumental

variable, IV) €1 50 feafq & R2 ®1 7@ foqm sfus 2, B& IV Fash
1 AAE fqEeE Sa & sifas g aen g oRg forvaman S=/@ (confidence
interval) ¥t I & =Hrer dmy

A TH A ul dm E-cfaw, sw, ufem, T oaar = @ niew &
&eita oo (variation) ! ?ﬂﬁ:ﬂ F Bg HaA =R % (dummy) =X H
e fe s e

M HifST f& oo U k= 6 wereh wHisgw (regressors) ¥1 afe Heit
£ C, AU (Mallows’s C, criterion) % AM =R =i a1 #fsd A 24 6.456
m@m%amvhaﬁarémsagswsmiﬂm%mmA

H YT HEA B AR )

SfeA-alem & 4 wioeels &1 s9dm gfed fafidem It (model specnﬁcanon‘
errors) 1 TH&M wA ¥G S fEw W wEwar ¥

In the ﬂnee-vaﬁable regression model,
o S8 RS L i SO
given that
B=X'X)"X'y

() Show that ff. is an unbiased estimator of B.

PT.O.
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(i) Show that var — cov(f) = 6% (X' X)"\.' What is the dimension of the

var-cov matrix of B ?

(#ii) Write down the correlation matrix R. How many zero order correlation coefficients
are there ? 7

() What a priori restrictions are imposed on the B coefficients in the Koyck
model ? '

(i) Suppose consumption (C) depends on current and past values of GDP (X). Using
annual data for a country for the period 1987-2013, the Koyck estimation results
are given below :

A

C, = 405.1740 + 0.4004 X, + 0.5000 C,

_p-values = (0.0001) (0.00001) (0.00000)
R? = 09911

What is the estimated long-run consumption function ? Write down the short-

run and long-run estimated MPC ? Interpret them. Compute mean and median

lag for the above consumption function. 8
T W’ A gsEm Gew
Yy 258B Fui =1, i

i oae e owm ¥ fE

A

B=X'X)"X"y
() Twisy T B, p & TH SEPW (unbiased) 3THeTF %I

(i) TEY T var — cov(B) = o2 (X' X)' | 39 s *1 T s (dimension)
T

(iif) Wew=ry Hfgw R fafeq) w98 Y= %9 (zero order) % frad wegry
% € 2
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(b)) () HTH HEA # B Tl TT{ F1 gd-9fds ¥ (a priori restrictions) T B

(a)

kY,

(iz)m?’ﬁﬁqﬁw*ﬂﬂ(q,aﬁnmaﬁ@ﬁmfwﬁ$6m(mmﬁ%ﬁ

0]

(if)

F@ T TF W BG 1987-2013 H AME SfwS H WEFW@ q FCH
amwed (Koyck estimation) ¥ frafafea uftoms wa T -

C = 405.1740 + 0.4004 X, + 0.5000 C

1

p-values = (0.0001) (0.00001) (0.00000)

R2 = 0.9911

e e (longrun) SUNFT e F ¥ ? STEfad A
STl MPC faflaw )| el GHEET | ITEF SYHT Heid &g P (mean)
g WIS (median) faE=H (lag) F@ wHIfSTI -
Suppose the true model is :
Y, = Byt BXy + gy
and the model fitted is :
Y, = oy + 00Xy + oXy oy

What are E(&,), E(é,) and E(G;) equal to ? Are the OLS estimators of
the fitted model unbiased ? Also compare the variances of &, and ﬁz. Is @,

efficient ? Explain.

When is a data point said to exert high ‘leverage’ ? If a data point exerts high

leverage, is it always an ‘influential point’ ? Justify. 7

P.TO.
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(b) A researcher studied quarterly total cost (TC) function for eight mobile-phone

manufacturing companies for 10 yeais. The results are reported below :

Dependent variable: TC
Method : EGLS

Used sample 2004-2013 .
Included observations : 40
Number of cross-sections : 8

Total panel observations : 320

Variable Coefficient Std. Error t-Statistic
C 47.30772 1.340279 35.29692
RM 0.523554 0.012030 43.52132
ADV 2.220745 0.149031 1490118

Random Effects

Company 1 : 0.258081
Company e : -2.415602
AT : ‘ 0.848119
Company 4 ~1.775884
Company 5 1.190163
Company 6 . =1.573142
Company 7 0.472518

Company 8 2.995747
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where RM = cost incurred on raw material and ADV = cost incurred on advertisement.
" (/) What is the mean value of all the cross-sectional intercepts ?
(i) Interpret thé random effect values of Company 2 and Company 3.

(iii) Explain the rationale for the sum of random effects of all eight cross-section

units being zero.

(iv) Suppose the Hausman test statistic reported in the study is x? (2 d.f) = 4.868021.
- Clearly mention the null and alternative hypotheses. Choose 5% level of significance.

Which model would you choose—Fixed effect or Random Effects ? 8
(@ () ¥ o fF o At o
Y;= B+ BXoi t gy
g fee fFm T wfed ©

Y, = o + 0,X,, + 03Xy +

I

E(&,), E@,) 3R E@@,) 1 € 2 ¥ fife dfee % Slawd IHF
froagg § 2 6, 9 B, & WEUN (variances) H1 Hi qor FETI = G,
FHIA (efficient) T ? TR

(i) I8 hd HEl Sl TfF sifwgl-fag (data point) S e (leverage)
T ¥ ? At R 2w fog S= SNeW el ®, O N gE wumEsmet
fog’' oft € ? o9 WM & 9y § T <IQ

PTO.
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(b) TF TeEdt 3 § Herger-w fafmi wwtE 'g 10 9 &g Smfaeh (quarterly)

agaamaa@%a:raqmafamnvﬁmﬁmm%:

Dependent variable : TC
Method: EGLS

Used sample 2004-2013
Included observations : 40
Number of cross-sections : 8

Total panel observations : 320

Variable Coefficient Std. Error t-Statistic
6 : 47.30772 1.340279 35.29692
RM 0.523554 0.012030 43.52132
ADV 2.220745 0.149031 1490118
Random Effects

Company 1 0.258081

Company 2 —2.415602

Company 3 0.848119

Company 4 —-1.775884

Company 5 1.190163

Company & 1573142

Company 7 0.472518

Company 8

2.995747
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W& RM = %=1 U@ W =9 a9 ADV = R | =a

() @+t Bﬁﬂm 3@ (cross-section intercepts) % WA (mean) 1 HM
;g ?

- (i) FHEA 2 G FEA 3 H AGISSF YUE! (random effects) F HHI H GHART |

(iif) W 8 STIHET THIEA & Agfesh U9E H A0 Y B9 & A (rationale)
I qHHET |

(iv) 91 wifSe fe sregmm uftomdt 8 e o i whem wfaesls @ Am
x> (2 d.f) = 4.868021 ¥ YA (zero) I FHfed® (alternative) IRFHETISH
1 T fafaul 5% WA R OH WA HfT) S S mted

aﬁﬁ%ﬁmnwrammuma?

Suppose the desired level of inventories for a firm (Y:) depends on the level of

sales of the firm, X, The model is as follows :
Y: =By +BX, +u,

(/) Show how the Partial Adjustment hypothesis regarding Y,' can be used to

transform the model into an autoregressive model. Write down the transformed

model.

(if) Show that the stochastic explanatory variable in the model, Y, , is distributed

independently of the disturbance term.

P.T.O.
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(@)
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(@ii) If u, are serially independent, can the same be said of the disturbance terms

in the transformed model ?

(iv) How can we get the long-run estimated level of inventories from the short-run

estimated function ? 7
In the two-variable regression model :
Y, =B, +BX, + 4
suppose Y and X take values given by the vectors :
Y= =2, LMalWX = (=2, <1, 172).
@) CaIculatef, vector using matrix algebra.

(i) Write down the Explained Sum of Squares (ESS), Total Sum of Squares
(TSS) and Residual Sum of Squares (RSS) using matrix notation and find their

values.
(iiiy What is the estimated value of R? ?

(iv) Use matrix notation to write down the standard error of the regression and obtain

the estimated value. . ) 8

HH Wit fF e wd %g I (inventories) T AMSA (desired) &R (Y)) wd
F O F W X, WFRF@ ¥ oWed Fe g ¥

Y: 5 ﬁu +B.X, +u,
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() <9msT fF fFg waR VY: e ¥ W9EISE 9Rees 1 (Partial Adjustment
hypothesis) %! Her™Ed ¥ 30 Hed F TH S-TEEH TS . (autoregressive
model)ﬁmmmm%ammﬁml

(i) =T o Afewt & AmgfaF (stochastic) ST =, Y, , I = (disturbance
term) § W= foafm &1

(iii) AE  u, E-FEETEHT (serially independent) &l &, @ TN wURG AsH
'%aﬁﬁﬂﬂaﬁmﬁ?mm%?

(iv) T STHfAT TLHIAA (short-run) For ¥ ©IF &1 Ao SHei (long-
run) ¥ f6E ¥R o w1 g ¥ 2

R CRL i S
| Y, =B +BX; +y,
ﬁm%ﬂ’rﬁqﬁ\(a X %aw: giew -
Y=04, 2 1.5 aX= 53000 10
4 Ry ™ 99 =@ ¥
@) ﬁ@waﬁmﬁmﬁﬂm@ﬁuﬁmﬁ,maﬂmr

(if) HfeFa Thad # =remga Ftam (Explained Sum of Squares, ESS), FA TN
(Total Sum of Squares, TSS) d 37afyre Friam (Residual Sum of Squares,
RSS) faf@w @en & 9 3@ #ifew

P.T.O.
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(i) R?2 &1 3Thfeaq 5@ #0 & 2

(iv) A W # WMHEW H GEF IR (standard error) FAfET FE THE
S ca i Cl ST

Consider the Keynesian model of income determination
Consumption function : C, =B, +BY, + 4 0<B, <1
Income identity : Y, =C,+1, (=S,

where C = consumption expenditure; Y = Income; I = investment (assumed exogenous);

S = savings; t = time and u = stochastic disturbance term.
(/) Identify the endogenous variables in the model.

(#) If we estimate the consumption function in isolation, that is, as a single equation

model, show that [31 is a biased estimétor.
(i) Given Zyu,=7.78 and %2 =110, what is the estimated bias in TR
@ A fesearcher runs the following regression using least squares method :
Model A : Y, =8, +B,X,, +u,

In order to test whether another variable, X3, should be added to the model,
the residuals obtained from Model A, #,, are regressed on all explanatory variables
in Model A and X, as well.

U =0a, +a,X,, + X5, + v,
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If the auxiliary regression given above has R? = 0.4832 and n = 60, apply
the Lagrange Multiplier (LM) test for adding variables. Use 5% level of
significance. State null and alternate hypotheses clearly. Should X, be added to

the model ?
Let the true population regression be :
Y, =a+BX; +y

Suppose all assumptions of CLRM are satisfied and that actual values of X*
are not observable. The observed values of X* differ from the actual values

as followé :
X, = X: + v,

where v; denotes the measurement error in X
Write the estimable model. Show that the composite error term is no longer

independeht of the explanatory variable. 8

(@) s fufor & FRfeE fed W AR #IRT

AR Hed ;. C, =B, +BY, +u 0<B, <1

21 I C O B Y,=C,+1, (=S,

ol C =399 &9, Y = 3\; [ = faw (SR (exogenous) HMET =1 %);

S = 99d; ( = 999, A9 y = IQfh FE W (stochastic error term)

1O
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() 39 HIed & <9 (endogenous) T H YgaM wHifew|

(i) A% T Feel UM wE B THfAD F, AU ww g A AEd

% dR W, @ e fF B THF Al (biased) Aehelh B

(i) 9faeel oRomd : Syu, =778 T p2=110, ¥ f F @ qEwE

(i)

LRyl

T yiyeat ~AdH =t fafy (method of least squares) FI Fergd 3 F=fafeEa
TEIFAN HA ¥

e A : Y, =P, +B,X,, +u, -

TF T W, X;, F @ Aled § el 9 wfew @ T, 3| oam w
T FA RG Hed A A WK AR, (residuals) 4, F FEA A B
Tt FEEd W o9 X, | owmstm e osmr ¥

U =0y + o,X,, + o Xq + v,

I} 3UYH WerFd FHISEU H W R2 = 04832 9 = 60 ¥, W W Sred
¥ OIS T (Lagrange Multiplier, LM) T #IfST1 5% mdwar =R
T ITIM HITC | I (null) F FHfeTH (alternate) TRFegTd Trees: fafem |

M X, ® Hed § S 9 wifew 2

(i) WA eifsu & w& gufe gasgo (population regression) /1 W&R ¥

Y, =a+BX] +1u
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A WY CLRM #1 §oft o=mnt wqe @ ¥ 9 x* @ awfas
mﬁmﬁaﬁ%nx*%ﬁmﬁam,mﬁfmmﬁ%ﬁm@nw
5 .

X, = X: + ¥
W&l v, X, # A9 I (measurement error) Bl

STFTAIT (estimable) Hiee #1 fafam | TIEY FFF Ffe 9T (composite error
term) 36 SHEAGNT =X (explanatory varlable) ¥ @da @ T

(@) A researcher studied the total cost function (TC) of seven tyre-manufacturing companies

(including both private and public) over 30 years.

InTC, =B, +B,InX,, + BsInX;, +B,InX,, +u,

~ where X, = price of rubber, X3 = wages and, X4 = rate of interest.

@

(@)

(i)

The double-log cost function was estimated using Pooled OLS method. Suppose
the cost structure of the firm depends on the nature of “ownership,. o,;, which
is not directly observable and which is time invariant. What are the consequences

of using Pooled OLS method for the estimation of parameters ?

Rewrite the model to show how heterogeneity can be accounted for by using
the Fixed Effects Least-Squares Dummy Variable (LSDV) model to obtain consistent

estimates of the parameters.

Outline the test procedure to choose between pooled and fixed effects LSDV

model. : 7

P.T.O.
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A researcher conducts a study where output of rice (Q) is regressed on number

of labour employed on the farm (L) and number of units of machine used (K)

for 65 large farms and 61 small farms for the year 2013-14.
Q =0, +o,L, + oK, +

The researcher runs a pooled regression and also runs regressions separately for
the two subsamples of large farms and small farms. The residual sum of squares

(RSS) so obtained are reported as follows :

Pooled data (N = 126) : 9.1875 x 108
Subsample of large farms (N = 65) : 3.2578 x 108
Subsample of small farms (N = 61) : 2.2684 x 108

Perform the Chow test. Use 1% level of significance. Would you choose the

pooled regression ?'

Suppose sales of automobiles (Sales) in a quarter are related to GDP:
Sales, = B, + B,GDP, + u,. Show how dummy variables can be used to check

for seasonality in sales of automobiles across four quarters. 8

(@) T a1 7 TR-fafmin wwfE (e o gdste <H = ofte 5@
) % 30 I8 B KA ArE W (TC) &1 3emad faa

InTC, =6, +B,InX,, +B,InX,, +B,InX,, +u,

W& X, = @Wg ®H wWq, X, = FOGH F X, = AW ] ¢
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() T ST (double-log) ama el & WFfe® (Pooled) OLS i HEw™

J owfoa fean ) WA difey fF wH ) @ S w@iEe @t
T (o) W PR w1 A fevim AE € qwr v % W
feer %1 3@ Hfead # W@ (parameters) F IHET = FP{%EF (pooled)
oLs fafy & Sw@m & =0 wfom B ?

(ii) WrEEl % GUT (consistent) 3THEF WE FA &g TR UE (fixed effects)

gAqH a1 (least squares) b =N (dum.my variable) THISFU &t TEEdl |
fFe weR fafaum (heterogeneity) ® WfHa f&ar =1 w&ar &, a8 O™
' HAfea &1 gAfdfaa wifg) -

(iii) Tfe 9 feor LSDV Hfsw # ¥ A w0 ¥ waw wiea 1 wwen

b O

gifs |

= e T SRR ww % R 65 a2 9 61 92w ¥
2013-14 ¥ 9@@ & IARA (Q) H ©WA H T T FH (L) I WIH
e W §EA (K) W AEsfaa i ¥ e

Q =0 +o,L; + K, + 4

vl TF GRS GEHAT FI O a2 F SR B ¥ Sem-sw@
gogEe ot Fa ¥ TR Ww sEfite amEm (RSS) A wER ¥

gof wfaest (N = 126) y 0 BARTS %108
g2 WAl H SU-Waes (N = 65) oo B8R =108
B WAl H IU-Waey (N = 61) : 2.2684 x 108

A& H GAHU (Chow test) HITTTI 1% WLhal &R g FHifore |
N A WEEE THHEU R g ? '

P.T.O.
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(i) WA wifee f& fFdt fomel 3 aed it et (Sales) 39 fmE d GDP R

(@ @

- ()

95 ¥

Sales, = By + B,GDP, + u,

Tvise fof amst i fasnt # =i famfes (quarters) § gt =Er (seasoﬁality)
1 S HE ¥ IF T (dummy variables) F T WER IwEm fwar

W GEAT T2

Using least squares method, cost of production of a firm (COST in rupees lakhs)
is regressed on total output (Q, in thousand tonnes) for 60 firms for the year
2010-11. In order to test for heteroscedasticity, the squared OLS residuals are

regressed on the explanatory variable :
=8, +8,Q +v

If the estimated value of R? is 0.2354 for this auxiliary regression, conduct Breusch-
Pagan (BP) test. Use 5% level of significance. Do you find evidence of

heteroscedasticity ? State null and alternate hypotheses clearly.

Consider the regression model using standardized variables :

* * * *
Y, =a +BX +y

i

b Ry

Y =¥ dX; === 8. and$ le standard deviati
SY an i Sx s Dy an X ar¢ samp e standar: eviations

where Y, =

of Y and X respectively gmd Y and ¥ are sample means of Y and X

respectively. Show that the intercept term is always zero. How will you interpret
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(b) Consider the regression model :

Y, =a+pX, +u

Assume that X and u are correlated and let Z be a candidate instrumental variable

(IV) for X.
() In order for Z to be a valid instrument, what criteria must Z satisfy ?
(if) Derive the IV estimator for B and show that it is coﬁsistent.
(iii) From a‘ sample of 80 observations, fhe following data are obtained :
TY2=450, EX) =300 |
372=400, XY, =120, ¥X;=80, XZ =40,
¥X,Y;=300, TZY =300, £ZX, =520

Obtain the OLS and IV estimates of B. 8

(@ () Waﬁﬁﬁ:aﬁmﬁseﬁ%gaﬁzmon%g wH H SARA

@M (COST, @@ ¥4 #) #1 Had 3R (Q, TR Al #) W wHisga
foran ST © 1 WERUI-fauHal (heteroscedasticity) %@ qhem F %] OLS STafRT
(residuals) & Sl 1 SATGATHR T (explanatory variable) T FaIgfam e
ST ¥ e

=6 +6,Q, +v,

o 39 Weds THSEY ¥ R2 H AHfAd WA 02354 &, @ S@-U
(Breusch-Pagan, BP) e ﬁﬁlﬁ! 5% TdwaT TR HT STEM El-ﬂﬁfml =l
ST FE-Faemar 1 g e ¥ ? Y 9 dehfeds iiehesEnd T
fafew)

PA0.
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(ii) WFEHIFA (standardized) W # TeHd A FFu W 9. frefofen wmeE

R four =ifsm

Y =a +B'X] +u,

Y,-Y . X=X

W& Y =—c— a Xj=—c—, s, a8, #W: Y AXF wowd aww
Y ' X

fowem Eaon ¢ 9 x FH9: Y 9 X F wioed! W ¥ qwfsw R e
W OEN YHE AM AW f° W wmem R yER w2

(b) THIHIU HiEA :
Y, =a+BX,; + 4

R foar #ifse a9 #ife & X 9 « seewfaa § qa 9w &ifse 6oz,
X ¥ T gewh FE W (V) ¥

(i) @ﬁu(vmid)ﬁmmﬁ%%gzﬁmmwmm ?
() B F IV we® ST HISC a1 TUIEC % 98 FEE (consistent) ¥
(i) 80 TN %@-uﬁ@f tq fFeafafen siees v zw o
TY?=450, £X?=500
¥72=400, XY, =120, TX,=80, $Z =40,
$XY, =300, TZY =300, $ZX,=520

B & OLS 3 IV 3&He F@ hifaw|

20 700

———




