1. (10 points)
{n) Consider the following croms-mctiomal stochastic frontier ragression model

Fi':ﬂ"r'x:ﬂ“l‘i*‘m' fﬂl,?,,,,.,”, (1)
where gy is | tput, X¢ i a vector of inputs, v is the regremion error term, and g > 0 in the
technical in: wy of the firm £. In order to identify yu, what essumptions are typically needed?

(b) Consider the | wing panel data stochestic frontiar ragremsion model
o=t Xpf~mi+me i=12..., N t=12..,7T, (2)

Tn order to iy g, what assumptions are typically needed? In particular, do we have to
assumne the <i=t+ hution of g or not? If not, how to estimate the technical inefficiency p(7 Please
| describe the procedura. ‘
2, (10 pumtu) Consider the fniluwing lingar regression model
LT | ‘ ‘Y"EO:-FﬂXZ-Fn‘, i=12..,n, ' (3)
‘ wham‘?“ lmd X7 are tha‘tm‘a vailum‘ |

(n) For the regression mndnl‘ﬁm Equation (3), suppose wa observe the trua value X[. However, we
do not observe the true value Y. Instead, we observe a “contaminated” variable ¥; that contains

mauummnm error. Tha mhhnnshp between Y; and Y* is:

‘ I } ‘

“) i‘ | '! ‘ Y; Y +£‘1 ‘ i (4)

where tha memmmmnmt arror €l has mean () and variance o2, Using equations (3} and (4), derive
lﬂasnftmctmnofxp What.happanstotheashmamrofﬁfrmnaOLSragrewau of ¥; on X7
Is it unbiased? conmntant? eﬂimaut'?

(b) For the regression mndel m Equatnm (3), suppose we observe the true value ¥, However, we do
not observe the true value X}. Instead, we observe a “mntammated” varmhle X, that contains

measurement crror. The ‘relnhonshp batwean X and X! is
.X‘ X{; + GI, | v { { (5)

where the measurement error ¢, Ima mean () nndl variance a2, Using equations (3} and (5), derive
¥ as a function of X;. What happens to the estamntarof,& from a OLS regression of ¥;* on X7
Is it unbiased? consistent? eﬂiment'? N
| {lit
RRaES|

3. (20 Points) 11 i
{a) Consider the following panel data Lngltfpmblt *regneasmn model

°;3‘?=—-0+Xuﬁ+m+vm ; - ®

where Y is a latent variable thst IB unubaervable.iilnstaad we ob.sen‘a 1"}: = 1.if Y;; = amd :

{
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OVEr wurhmr's age Bge, Vears oﬁ educatmn adu anﬁi a d!ummy variable of from south or not south.
The fired effects Logit regression mu!t is as foll?m I




. xtlogit nnion ags adu month, fa

Conditional Yixed-affactes logistic ragression Mmmber of aobs = 12,036
Croup variable: id Nomber of groups = 1,690

Obs par group:
min = 2
avg £
mAX 12

‘ LR chi2(3) = 68.09
Log likelihood = -~ 4516.1412 Prob > chiZ = (.0000

union | Cosfficiemt Std. err. z P>lz| .  [96% conf. interval]
age | 0170306  .004146  4.11 0.000  .0089046  .0251664
edn | 0353099 = .0418742 2.04 0.042 = .0032379 = .1673819
south | - ?474497 | .1249313 -6.98  0.000  -.9923106  -.5026889

Brief interprete the meaning of thésé (positive/negative) sign of the coefficients. In particular,
can we interprete these ooei‘ﬁcnents as the marginal effects?

(b) We can run a random effects Loglt regression as weJl Its regression result is shawn below.
. xtlogit union age edu south, re

Random-effects logistic regressiom = | Number of obs = 26,200

Group variable: id | /| Number of groups = 4,434
Random effects u i ” Gaussian “ﬂ4 <u ‘ Obs per group:

il min = 1

avg = 5.9

max = 12

Integration method: mvaghermita N ;\1~  . Integration pts. = s 1]

{[H ' Wald chi2(3) = 211.72

Log likelihood = -10549.b661 I T Probl > chi2 ‘= 0.0000

union | Coefficient Std. err. |z | P3|zl . [95% conf. intervall

------------- +—-----——¢---—------------—--‘—‘.'---"-t-'-ﬂ‘--‘--ﬂ--—--—-—-—-—----——--—

age | .0266316  .0036669 4.64  0.000 . 0094447 .0238185

edu | . 1923226 017606 '6.24 | 0.000 .0578153 . 1268297

gouth | =-.96676567 .0801081 | -12.06 0.000 ~1.122777 | -.8087547
_cons | =-3.708043  .2444072 ~-15.17 0.000 =1,187073  -3.229014
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flnmig2n | 1.76418% 0468723 1.662126 1.846254
sigma_n | 2.408008 0664686 2.295767 2.617149
rho | 6372266 0108688 . 6166862 8582277

LR test of rho-
Note that the fixs
which one do we |

{c) In Stata, the fixe
will cause an erro;

, xtprobit union

hibar2(01) = 6033,.66 Prob >= chibar2 = 0,000

‘octs Logit and random effects Logit are somewhat different. In this case,

r? VVhW7

~cts Probit regression is not available. In other words, the following codes
»ge sdu south, fe

fixed~effects modcl not available

Please explain why fixed effects Probit is not available.

(d) Since the fixed effects Probit is not available in Stata, a researcher suggests to “manually” obtain
it by using the following code,

. probit unien age edu south i.id

Please discuss if this code produces the correct fixed effects Probit regression results. In particular,
please explain what the code 1.1d does.

4. (20 Points)

{a) Consider an AR(1) process

e = Y1 + €, 4]

where ¢, is a independent white noise process with variance o2, When will y; be a stationary

process and when will y, be a nonstationary process? Please briefly explain what a nonstationary
process is.

(b) Variables z; and y, are both nonstationary I(1) processes, i.e.,

'3

Ty = T4y + &y (8)
and »
= ym + ey, ; 9)
where z, and e, are independent white noise process with variance o2 and o2, respectively.
A researcher uses the following regression model
m=atzf+u, t=1...T (10)
where o and 8 are scalars. The OLS regression results are as follows,
. Teg ¥ X
Source | S8 df MS Number of obs = 100
------------- s s s e 1 L - - 91.43
Model | 1205.11227 1)/1206.11227 | Prob > F - 0.Q000
Residual | 1291.65185‘ SB 13.1801188 | R-squared - Q.4827




T s S
e e = Adj Resqnared = G.4774

e e o e i i o s s s b s R, S
Total | 2496.76302 00 95.2108376 Rsot MIR - 4.6204

y | Coafficient 8Std. err. ¥ Pt (96% conif. intarwvxi]
—————————— P L b e i s o i i e d i i B S e o s A o Vs S s i i o R Yk S B W B A
X .BB06148 0OBEBEIBA 9.68 0.000 . 4441288 .BT68404

_connm | 9. 908345 .36643156 21.04  0.000 9181173 10. 83662

Please discuss if the regression results are reliable. Do you think if there is a significant cauzal

effect of x on y?
(c) Similarly, z; and error term y;, are both nonstationary I (1) processes, ie.,

Ty = Tig—1 T Eits
and
Vit = V-1 + City (12)
where € and & independent white noise process with variance o7 and o2, respectively.
Consider the follow - panel data regression model
vit = ‘d‘-“l—-’tiaﬂ-}- AR 1 FIEII
sand nandﬁareacalars The panel data regression results are as follows.

(11)

FEFIE SRR, o (13)

whemnit‘:_—m—kzi,,
. xtrag y X, fe

Fixed-effects (u‘*‘wm) ragrasnion I Number of obs = = 5,000

Group variable: id Number of groups = 100
R-squared: il Hi ‘ V,Dbu“p_s‘r group:

Within = 0.0008 /| |/ {111 | IR | min = 50

Between = 0.0160 ‘ ] avg = 50.0

Overall = 0.0082 ] ‘ ' , max = 50

|/ F(1,4899) - 2.78

corr{u_i, Xb) = 0.0832 iji{Prob > F - 0.0966

y | Cosfficient Std. err.' ”5£,7V{Poltf [95% conf. intervall

X | --.0233038 01397?7 _1 67 0 095 -. 0607064 . 0040988

10 40 ,0‘000 -+ .3660106 . 53696562

NE

_cons | .4509879  .0433469
sigma u | 4.0718206

sigma_e | 2.9365069 i
rho | .65785262 (fraction of variance due to u_i)

B tant that all m dm0: FCOO. AB90) w6 AT Prak » B = 0. 0000




 (a)

Please discuss if the regression results are reliabls. Do you think if thers is a significant cansal
effect of x on y?

The following results show the panel unit root test. Based on the results, clearly write down the
Hg, Hy and your conclusion.

v xtunitroot breitung y, trend

Breitung unit-root test for y

HO: Panels contain unit roots Numbsr of panels = 100

Hn: Panelr ¢ stationary Number of perioda = 50

AR paramete:  Common Asymptotics: T,§ => Infinity

Panel mearrs  Included sequentially

Time trend ncluded Prevhitening: Not performed
Statistic p-value

lambda - =0.1444 0.4426

-

. Xtunitroot breitung X, trend

Breitung unit-root test for X

- . -

HO: Panels ccntain unit roots Number of panels = 100

Ha: Panels are stationary Number of periods = 60

AR parameter: Common | Atynptoﬂcl: T,N => Infinity

Panel means: Included ‘ sequentially

Time trend: Included ‘  Prewhitening: Not performed
Statistic ‘p-value

lambda 0.5668  0.7146

- -

5. (20 Points)

To allow spatial correlation, consider the fnllowing ﬂx‘ed‘eﬂ'ec_ts spatial error regredsion model is

m=Xif+p+u, t=12..T, (14)

and ‘ | i
v = AWy, + €, (15)
where y¢ = (Y, -+, yew) 8 a N x 1 vector. Similarly, X; is a N x k matrix. v, and ¢, are N x 1

vectors. For example, the following Fixed Effects regression estimate a Cobb-Douglas production
function that relates the gross social product (gsp) of a given state to the input of public capital
(pcap), private capital (pc), labor (emp) and state unemployment rate (unemp). The fixed effects
spatial error regression result is as follows. ;




s e

. » Spatial Error Model (SEM)
. xamle 1lngsp lnpcap lnpc lnemp unemp, ematrix (usaww) model{sem) fe hausman

SEM with spatisl fixed-effects ¥umbsr of obs = 814
Group variambi-: ntate Humber of groups ™ 43
Time variable: vear Panel length = 17

R-8q: with = 0,9401
between = 0.9907
oversll = 0,9896

o T ] -

‘1‘nglp | Coefficient BStd. err. = P>zl (96% conf. intervall
Main i I i j
lnpcap | . 0061441 ,0260122 0.21  0.837 -,0438789 .0B41671
lnpc | .2063021 ,0237383 8.66 0.000 .168774 ,2618303
lnemp | .78226543  .0278151 28.12 0.000 7277378 ,8387708
unemp | -.0022317 ,0010861 -2,06 @ 0.040 =, 0043603 =-,000103
- - - o - - - E
Spatial Byt | s
lambda | .6674017  ,0329638 16.91  0.000 .4928132 ,8219902
- Iﬂ‘-— B - - - -
Variance I | ] ‘
sigma2_ e | .0009766  .0000498  19.60 0.000 ,0008789 ,0010741

- . - - - - - - -

Ho: difference in coeffs not systematic chi2(5) = 10.98 Prob>=chi2 = 0.0516

- - - - .‘-m“"ﬁ-!-n-“ﬁﬁﬁpﬂ-‘ibiﬂ--ﬁn--dﬂ.-ﬂﬂ-‘ﬁodn«-

Based on the Stata outputs, between the fixed effects'eptimntor and fixed effects spatial error
estimator, which one do we prefer? Why? If we ignore the spatial correlation and use the fixed
effects estimator, will it be unbiased? mnsi;zbent?.eiﬂclem.?

The fixed effects spatial lag regression model is
o= pWip+ XeB+p+v, t=12,....T, - {18)

Its regression result is shown as below.

. * Spatial Lag Model, alnbvcalled Spatial Autoregressive Model (SAR)
. xsmle lngsp lnpcap lnpc lnemp unemp, wmatrix(usaww) model(sar) fe hausman

SAR with spatial fixed-effects Number of oba = 816
Group variable: state Number of groups = 48
Time variable: year Panel length = 17

R-g8q: within = 0.5433
between = 0.96567
7 overall = 0.9647 A’




Ingmp | Coafficisnt Std. err. z P>zl [96% conf. interval]
Main |
Inpcap | =-.0465816 .0264001 -1.83 0.067 ~. 0963647 0032017
Inpe | .1874323 .0233796 8.02 0.000 .1416094 . 2332663
Inemp | . 6250903 .028606 21.93  0.000 6692216 .680969
nnemp |  -.0044816  .0008666 ~5.17  0.000 -.00618 -.0027832
Spatial !
tho .2746886  .0210861 13.03  0.000 . 2333626 .3160147
Variance

sigma2_e .0011114 0000661  20.16 0.000 .0010033  .0012194

Ho: difference in coeffs mot systematic chi2(6) = 3.22  Prob>=chi2 = 0.6669

Based on the Staia outputs, between the fixed effects estimator and fixed effects spatial lag
estimator, which one do we prefer? Why? If we ignore the spatial correlation and use the fixed
effects estimator. will it be unbiased? consistent? efficient?

(c) Read the following Stata outputs of Pesaran CD test. Please clearly write down Hy, H;. Based
on the statitics and p-value, make your conclusion.

. xtreg Ingsp Inpcap lnpc lnemp unemp, fa
<output omitted> .

. * Pesaran CD tast
. Xtcsd, pesaran

Pesaran's test of cross sectional independence =  30.368, Pr = 0.0000

v/

6. (20 points) A Difference-in-Difference regression model is
Yi = a+ 1D, + faDy + B3 Ds x Dy + s, (17)

where D, is a dummy variable of experimental group, D; is a dummy variable of after the policy change,
D; x Dy is their interaction term. :

. (a) Among coefficients f1, B2 and 3, which one is the 'Difference-in-Difference’ estimator, i.e., which
one do we care about? '
(b) Alternatively, one can obtain the ‘Difference-in-Difference’ estimator from a 2x2 table. Comparing
to the table, what ‘are the advantages of a regression?
(c) What are the potential assumptions needed for a ‘Difference-in-Difference’ estimator?
(d) Di Tella and Schargrodsky (2004) published a paper “Do Police Reduce Crime? Estimates Using
the Allocation of Police Forces after a Terrorist Attack” in The Amenican Economic Review.

After a terrorist attack on the main Jewish center in Buenos Aires, Argentina, in July 1994, all
Jewish institutions received police protection. Thus, does the police protection reduce crime, in




particular, car thefts? The regression model in Di Tella and Schargrodsky (2004) can he simplified
s

OarThefts, - - + fr Protected; + faAfter, + By Protected; x After, + XuB +ug,  (18)

where CarThefi- s the number of car thefis in street block i, at time ¢t; Protected; = 1 if
there is & protect Jewish institution in the street block, =0 otherwise; After; = 1 if after the
terrorist attack, - otherwiss, They find a large negative effect of police on crime. What are
:::;d assumptions 1o~ ed in Di Tella and Schargrodsky (2004)7 Please discuss if these assumptions




