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QL. (@ Given the following matrices:

w . (10 30 . (30
XX = A(30 0s) X7 =(52)
0] Calculate 5; and f;,
(i)  Given, Y Y? = 106, calculate 6

@@y If x, = ( 110), find mean prediction of Y. What is the estimated variance of

mean prediction?

(b) To study the behavior of U.S states and local government expenditure, the
researchers developed the following simultaneous equation model:

Exp; = B4 + BLAID; + BsInc; + B,Pop; + u;
AIDL = 61 + 52Expi + 63P5i + V;

where, Exp= State and Local Government Public Expenditures

AID= Level of Federal Grants-in-Aid

Inc= Income of States

Pop= State Population

PS= Population of Primary and Secondary school children

In this model, Inc, Pop, and PS are regarded as exogenous while Exp and AID

are endogenous variables.
E(u) =0 E(v;) =0 E(u;u;) =0 E(v;,vj) =0
E(u}) =03 E(W}) =02 E(u,v)=0
Cov (Inc, u;)=0 Cov(Pop, u;)=0 Cov(PS, v;)=0

Q) Are the OLS estimators for § and & coefficients consistent? Explain your
answer.

(i) Show that the covariances of stochastic explanatory variables, Exp and
AID with the relevant disturbance terms are not equal to zero.

(9.5+9.25)

e (10 30 30
@ o XX= (50 106) XY= (5,) 8
(i) By 9P, BITUAIBINT
(i) afe, Y Y2 = 106 , 4 621 TUFT PifOT|
(m)uﬁxo=(110),awa:rmquamammmm AT QAT T
JTehfold RO AT 872

(b) 3MNRHI T T I RIFI BRI & T & AdeR BT AT d3A g Mudbdrsd A FHafaraa
A FHIHRT IS d BT fad ™ fobar:



Exp; = B4 + BLAID; + BsInc; + B,Pop; + u;

AID,_ = 61 + 62Expi + 63P5i + Vi

S8l Exp= 0 d /MG WHRI & @i

(i)
(i)

(i)
(iv)

AID= T4Ig 3G &1 &R
Inc= A1 BT 3
Pop= 3T &1 S E&A
PS= Urufies g ATeafie faemedl § a=i o S8
sq Afser @ Inc, Pop, @ PS SfESId (exogenous) A 3T § Siafd Exp d AID
3f=aiid (endogenous) =X &
E(uy)) =0 E(vj)) =0 E(ui,u]-) =0 E(vi,v]-) =0
E(wf) =0} E({) =0 E(uyv)=0
Cov (Inc, u;)=0 Cov(Pop, u;)=0 Cov(PS, v;)=0
(i) @ pd S IuTH BG OLS 3Hiebaieh JH (consistent) &2 304 IR I
HHLARUYI
(i) XU & gefes IRAGR! @RI, Exp @ AID & WA I 98 & 1Y
TEURRUT Y 51 5

(9.5+9.25)

Q2. (a)On the basis of quarterly data collected from 2001 to 2010 a researcher
wants to find if there is any causality between Money Supply (M) and
Interest Rate (R). Consider following equations:

4 4

Mt = ZAL Mt—i +z@] Rt—j +u1t
i=1 =1
4 4

R, = Z a; M;_; + Zﬁj Ri_j+ uy:

i=1 j=1

Establish a formal test to detect causality from M to R.

What additional test is required to address bilateral causality? Clearly

explain how to conduct the test and define F statistic.

Using F tests state under what conditions it is suggested that the two variables-
M and R are independent of each other.

Given that:

Direction of | F-value
causality
R-> M 6.59

M- R 3.65

At 5% level of significance, check if there exists unidirectional or
bilateral causality. Specify your null hypothesis and alternate
hypothesis.



(b) In the regression model:  Y; = By + B1X; + y;

Q) Suppose Cov (X,u) # 0.Show that the OLS estimator of S, is
inconsistent.

(i) Let Z be an instrumental variable (IV) for X satisfying the necessary
conditions. Show that the 1V estimator for g, is consistent.

(i) If however, Z is not completely exogenous show that the IV estimator is
inconsistent.

(iv)  What will be the conditions in which we will still prefer instrumental

variable estimator over OLS?
(9.549.25)

(3) 20012010 @ 3@y 8 TURd IHRID 3Mihs! B! YgHIdl ¥ U Muwdl I8 J1d
AT ATedT § 6 7 g1 &t 3yfef (M) IS &R (R) & LT F15 HROT T &
Afafd gaeol X faar s

4 4

Mt = ZAL Mt—i +Z@] Rt—j +u1t
i=1 j=1
4 4

R, = z aiMi_i+ ) BjRe—j+ uy

i=1 j=1

(i) MAR A 3R FROT TG T I T 3 T MaaiRea aderor Tarfa Hifsol.

(ii) feuela HRU Ta= 8g S SifaRad ULe0r St Sawadhdl gl 67 58 IAeTor &l Hd
30T ST, I8 Wyd: GAZNSY auT F Ufdees &) aRuifid S,

(iii) F oieror ot Jgrdr ¥ I varsy b fod tRfRufei f ag peraar g e =R - M @R
TF GE ¥ T gl

(iv)fear gan g fov:

Direction of | F-value
causality
R-> M 6.59

M - R 3.65
5% Tl TR TR TI&T0T HifoT fob m Tepfe=iy ar fguefi R g 8|
3t R T Japfetes uReeuTd fafau|

(b)y FHBFUHIEA: V; = By + BiX; +u; T,
(i) AF Y fF Cov (X,u) # 0.3 fb B, BT OLS HThddh I (inconsistent) &1
(ii) A AT S 2, X 8 T TifAd TR 8 TUT T8 U /g ATTID ! B TP Hal ¢ | 3T
% B, B4 IV 3HaP JAT (consistent) ¥l
(iii) IR=g Afe, Z qufa: Sfewria 8T & o aRISY b IV Siied® SR 5|
(iv)3 I Rl 8 o S0 aTacie g9 OLS BT 310 Jifies TR 3MHad Bl g2
(9.5+9.25)




Q3. (a)

(b)

A researcher studies investment function of 6 firms for 10 years. The
results are presented below:

Variable | Coefficient Std. error t-statistic
Intercept | -72.143 83.9292 -0.8596
Sales 0.1123 0.0176 6.3807
Cost 0.2453 0.0114 21.5175

Random Effect:
Firm 1: (-172.9431)
Firm 2: (-10.5077)
Firm 3: (-11.7421)
Firm 4: 169.5642
Firm 5: 14.8572
Firm 6: 10.7715

R?=0.9323

Q) Write down the regression model and explain the Random Effects
model (ECM) used to obtain the results above.

(i) Interpret value of the common intercept.

(iii)  Interpret value of Random Effects of Firm 1 and Firm 4.

(iv)  Find sum of the estimated Random Effect values for all six firms.
Explain your result.

(V) Set up a formal test to choose between FEM and ECM. Clearly specify

null and alternate hypothesis. If the Hausman test statistic for this
model = 4.786217 (d.f =2), interpret your results at 5% level of
significance.

A researcher estimates the following two functional forms for Cobb-Douglas
production function:

Model 1: Q; = A; + A,(labour) + A;(capital) + u;

Model 2: In (Q;) = B; + B, In(labour) + BsIn(capital) + v;

(i)
(i)

(iii)

Can we choose between the two models based on the value of R??
Outline the steps to conduct a test to choose which functional form fits
the data better.

Using cross section data for 100 firms, if the Residual Sums of Squares
(RSS) for the two models are:

RSS
Log-linear Model :  2.3352
Linear Model . 2.6891

Use the formal test outlined in (ii) to choose between the two models.
State null and alternative hypothesis clearly. Choose 1% level of
significance (you are given that In(1.15155)=0.14111).



(iv)  In model 2, if it is believed that the researcher should include another
explanatory variable-‘energy’ to the model, explain how to conduct the
LM test for omitted variables.
(9.5+9.25)

(@) TP yDdl 10 auf &g 6 BHAT & AL Felel HT 37ETTT FAT &1 INOMA o TR

" Variable | Coefficient Std. error t-statistic
Intercept | -72.143 83.9292 -0.8596
Sales 0.1123 0.0176 6.3807
Cost 0.2453 0.0114 21.5175

Random Effect:
Firm 1: (-172.9431)
Firm 2: (-10.5077)
Firm 3: (-11.7421)
Firm 4: 169.5642
Firm 5: 14.8572
Firm 6: 10.7715
R2=0.9323

(i) U Hied B fRaT qur g4 uRomt &l Ui o34 gg IuanT fdbu e
grefesd YU Hied (ECM) &I IHgm=u|

(i) GdFE 3908 & AMF P! THIZT

(iii) H 19 HH 4 3] eSS UHTEl & A &I JHSRT

(iv) T 6 TH 3] 3BT ATeiasd THTAT & W1 &1 IRTHd J1d PHIfoTe | 30
BIRYIEICIRSEEIRY]

(v) FEMTECM & ®eg °3e gq U qaRe qfigor & swar e
[ T db e URBedTsH o1 Wyd: fafay| afg 9 dfed &g sraad
TRYef0T ufdeRisT = 4.786217 (d.f =2) &, 1 5% Wridar R IR A
UM} &1 SR B |

(b) U AT HI-SAEH 3cUIG Bolel g fAFTATE &l FrilcHsh FGT T Hehfold
A &

Model 1: Q; = A; + A,(labour) + A;(capital) + u;

Model 2: In (Q;) = B; + B, In(labour) + BIn(capital) + v;

(i) FMGHR? & AT & TR T 51 & Alsell H T TIA HX Tl o7
(ii) P HTafdAS TU IR 7, TSB! 997 B 8 (BT o Tt T & RO P U
|




(iii) 100 waAt ¥ HqoeY 3iichsl T HGIA & 31 a Hisell & Ied aRIse gofAwar &

AT AT vhR &
RSS
Log-linear Model : 2.3352
Linear Model . 2.6891

3 Q) Aisal & Ae 997 'd UM (i) # AT U siuaie udier w1 Iuai Sifv| I @
Jh eI Tidmed-Tail &l Tyd: fRau| 1% Irderar WR &1 ST BT | (AT T gaim

2 f# In(1.15155)=0.14111).
(iv) #Afser 2 F IR 39! Tg o9IaT & & AMerehcl &l Teh 3T SIS =X ‘energy’ !
Tred U S =1 AT, o IHe=y & 31U BYs T aRI 5 LM TRI&0 frd TR 3l |
(9.5+9.25)

Q4. (a) Consider the following model to estimate demand for real cash balance:

M, =a + Yy +u,
where, M = demand for real cash balances
Y; = expected real income and t = time
Q) If expected income is formed according to adaptive expectations hypothesis
derive the short run demand function for real cash balances.
(i) On the basis of quarterly data collected from 1971 to 1980, short run demand
for real cash balances is estimated as follows:
Mt = —1342.15+ 0.6134Y, + 0.4216 M,_,
Calculate and interpret the coefficient of expectation and write down the
long run demand function for real cash balances.

(iii) Interpret the coefficient of Y; in the estimated short and long run demand
functions for real cash balances.

(iv) Explain how to detect autocorrelation in an adaptive expectations model. Why
cannot we use the Durbin Watson d Statistic?

(V) Given that Durbin -Watson d Statistic = 1.1054, calculate Durbin’s h statistic.

Test your null hypothesis at 5% level of significance.

(b) (i) Show how Recursive Least Squares can be used to check for the point of
structural break in a time series.

(i) To study the rate of growth of savings of a country over the period
1981-2000(both years inclusive), the following model was estimated:
In S =200.73 + 0.012t
(se) (0.5747) (0.004) RSS=98.212
where In = natural log, S = Savings in crores of Rupees, t = trend variable.
Suppose the researcher also estimated separate regressions for two time periods and
found:
1981-1990 RSS.: 18.263
1991-2000 RSSp: 36.752
Apply the Chow test to see if there is evidence of a structural break in1991. Choose
5% level of significance and state your conclusion.
(9.5+9.25)



(a) AR Tdhe Y g HITT b B gq MARId Aled W faaR HIforg:;

Q5. (a)

(b)

Mt =a + Blyt* +Ut

&1, M = aRafdd Tae [N g AN

(i)
(ii)

(iii)
(iv)
(v)
()
(i)

*—W&HW&W

(=
ﬁmﬁmwﬁﬂfﬁ&a@ﬂﬁﬂﬂmu|eqvcu-1|$31jﬂmﬁe‘mw|d|
8 1 aRAfd® AdhG AN o AP AR e B g Hifomd |
1971 @ 1980 I 3@ g FAAH 3HMehst & YR W IThfad
qIEdfde b, AV AT Heolel [AFT Yo &

Mt = —1342.15 + 0.6134 Y, + 0.4216 M,_,

(se)  (412.61)  (0.1497) (0.0302)
YR & T[0T I 1A HIOT 9 THATSY TUT IRAAD AHG Y 5
SrdpTe O wad &I fafau|
IRATAD AHS AV &g ATH A DI g SrdpIa A Al § Y, &
0TS & ARSAT BHIfoTT |
U S SpaRId U= Aied H WU &1 Udl fbd UHR
T ST 81 89 Sfe-afca & d ufdesisr o1 Suai ot 8} o Tha?
f&a gan § o Sfd afcas &1 d wfiexi = 1.1054, @ SfdF & h ufiezis
&1 O] BT | SO T IREGEIHT BT 5% Tl TR TR TIE Hiforg |

a2Me o qeRaddl wgeiad @@t fafer & agrrar & e yeR FHradoh &

HATCHS RAceT & fdeg &7 S & S Fevell &
3{afer 1981-2000 (G Tl HI FfAferd Hd §U) A fwdt <21 Hf & ot gf
R BT T DI g MEfEd Hige i fiebierd foar T
In S =200.73 + 0.012t
(se) (0.5747) (0.004) RSS=98.212
S8l In = natural log, S = Savings, &g 9t #, t = trend variable
A WIS fos [Nerera - & agaR Sfafddl g AT Jams@on off saferd g
GRIRSIRINCS
1981-1990 RSS.: 18.263
1991-2000 RSSh: 36.752
FIT 1991 B WRATHS URAdT BT Dls YA §, T8 48/ g IS BT TRI&0l
TS| 5% Triardl TR BT SUTNT HITOTE a7 30 F15h &l ferfau|

(9.5+9.25)

A researcher collects panel data of 3 firms over 8 years from 2005 to 2012 to
estimate a revenue function: R;; = 1 + Bolit + B3A;r + uyt

Where R is revenue of firm in Rs. Lacs, | is R&D expenditure in Rs. ‘000 and
A is advertising expenditure in Rs.’000.

(i)
(i)

Write down the Fixed Effects regression model allowing cross section
effects and explain the model.

How can Fixed Effects model allow for time dimension for this panel
data? Specify the regression equation incorporating time intercept
dummies. After allowing for these cross section and time dummies
how many degrees of freedom are there in the estimated model?



(@)

(b)

(b)

(iii)

Write down the regression model if Fixed Effects Within Group model
is used and explain how the model accounts for unobserved
heterogeneity.

Consider the k-variable linear regression model:

(i)
(ii)

y=Xf+u i=12, ....n

Given B = (X'X)~1X'y show that the OLS estimator B is an unbiased
estimator of B .Show that variance-covariance (B) = o%(X'X) !
Given : n=10, k=2 and
B'Xy=1744 YY, =40 YY?=176
Calculate ESS, RSS and TSS and find the value of R2. Write down the
ANOVA table and test overall significance of regression at 5% level of
significance.

(9.5+9.25)

U Q] IR BT Ry, = By + Bolie + PaAie + g BT BT A 5 3 AN
2 2005 ¥ 2012 & 8 TY & 3iichs UHH Hdl &, S8l R BHH BT IoRG § ARG STl
T 1, R&D IR ‘000 FUA Haur A faqmo= =0 8,000 st 3

(i)

(i)

(iii)

ITIEY GHTEl aTel TR eITa FATHIOT AlSel & [T our 56 Alsel
S FASSUI

39 fRR UYI9 Ared & 9T M (time dimension) &' & w0
afEafad Far o gdr §2 999 & 3908 G R DI g did
BT TSR0 FHIHRUT fIRT | 371 Sy 9 0T b R ! AT Hd &b
TG Mo ferd Alsa H fbait WTd=a difear 82

gfe fRR U1 IHg-F-3f<x (Fixed Effects Within Group) #fser &
39T AT ST § dF GATHOT Aisd H fafle qur gasms R R
YR Ig Alsdl 3ufad asmdraar (unobserved heterogeneity) &t
afFafed & gl

k-TR Tt TG GHIYI0 S d:

y=XB+u i=12,....n

R foar wifsTl

(i)

(i)

gfe gg femgsne o B = (X'X)~1X'y @ xifsu f& OLS snvas B, B
&1 U AT 3MHad ¢ | SRRT fdb . variance-covariance (B) =
a?(X'X)1
gfe 1 n=10 , k=2 qu1
B'Xy=1744 YY, =40 YY?=176
dl ESS, RSS @ TSS &1 UM HIfGT 0UT R? &7 AT A HIfoiv|
ANOVA Tifvuft forau qur 53 garyaor o g0y arfedt &1 5% ardear
TR R URI&0T Hifog|

(9.5+9.25)



Q6. (a) Consider the simple regression model:
Y = a+BX;+uy;
Suppose X and u are correlated. Let Z be an instrumental variable for X.
0] State and explain the conditions that must be satisfied for Z to be an IV
for X.
(i) Derive the IV estimator for a and 8
(iii))  From a sample of 100 observations, the following data are obtained:
Y Y2 =350, X% =400,YZ7% =400
> X =100,)Y =100, ) Z = 50,
Y XY =150, ¥ ZY = 150,% ZX = 200
Obtain the IV estimators of a and £5.
(iv)  What is the significance of the value of RZ, for the variance of IV
estimator of ? What is the estimated value of R2, in the sample data
given in (iii) above?

(b) Suppose Y = a+ BX; + w;. If there are measurement errors in both

dependent and independent variables so that:

Yi= Y+ u and X;= X[+ vy
where Y;, X; are observed variablesand u;, v; are measurement errors in Y;'and
Xi respectively. So, in the observed form, the model is:

Vi =a +B(X;—v)+ w+u;

=a+p Xi+w; + u— vy

Assuming that, E(w;) = 0, E(w{) = o, Cov (w;,w;)=0
E(w) = E(v) =0, E@u}) =of, E() =0}
Cov (u;, vi)=0  Cov (Y*,u;)=0 Cov(X*, v;)=0 Cov (v;Y*)=0
Cov (u; X*)=0 Cov (w;, u;)=0 Cov (w;, v;)=0 Cov (X, w;)=0 Cov (X*, w;)=0
Q) Show that in large samples:

plimf = B

a3

1+
2

(i)  Asn - oo, will the estimated S tends towards equality with the true g?
What can you say about the nature of bias in 8 ?

(9.5+9.25)

(a) IR JHIHIU HiSd:
Y, = a+ X+ u;
TR =R BT | 7 oS b X a u FeqwafRd 81 7 i i Z, X & vs aifys = &
(i) ZSRIX &g U IV g & 3Maegs dl & i@ a qasms|
(i)  adp gd IV 3Theh Fcdeel HITAT
(i) 100 T&fOT & TP Ufdexl ¥ FafiRad sifes md gu:

Y Y2 =350, X%=400,%7Z% =400
2 X =100,)Y =100, ) Z =50,

10



> XY =150, ZY = 150,) ZX = 200
adp F IV 3dFHas AT RS0

(iv) B F IV 3Thes & TWOT & RE, & AT H FIT WdHhdT §? SR
YT (iii) H U TU ufdexf sfiei 8 R2, T STl HIF o1 872

(b) @S AETF Y =a+ X + w;. R I Tad gHf R Ao et 8, o o
Yi= Y4+ u and X;= X[+ v
el Y, X WA R E AT w;, v; A Y, @ X: ¥ A Fear g1 e,
Dférd =R & & & g 5 UeR &
i =a +B(X;—v)+ w; +u;
=a +B X+ w; + u — Bvy)
I8 A g4 fb, E(w;) = 0, E(w?) = 6%, Cov (w;,w;)=0
E(u) = E(v)) =0, E(uf) = of, E(v{) =0}
Cov (u;, v))=0  Cov (Y*,u;)=0 Cov(X*, v;)=0 Cov (v;Y")=0
Cov (u; X*)=0 Cov (w;, u;)=0 Cov (w;, v;)=0 Cov (X, w;)=0 Cov (X*, w;)=0
(i) axifse i o3 wie=l &: plimp = £,

1+—2

(ii) 518 n — oo, T A BRI B TRATIF 4 P WY SR B AR U el 82 3ma § &
AT B UHfd & IR T 71 HE Thd 772

(9.5+9.25)
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