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Evotnta 8n

Yraowuotnto, Yevooperopintéic kon Panel Data



[Teplypadn Evotntog

1. Zrocipotnro (Stationarity)

2. YevoouetafAnTéc
3. Panel data



2TOOLLOTNTA XPOVOOCELPWV
(stationarity)



TNl apéner va eréyyoope ™ Mn Zracwpétnta (Non-Stationarity);

* H ctacipotnta 11 un Hioe GEPAG UTOPEL VO EXMNPEAGEL GNUOVTIKA TN GLUTEPLPOPH
N TIS WIOTNTEG TG, T.Y. N empovny Tv ook Ba sivon Infinite ywo Tig pun ototikég
GELPEC

* [TapamAovntikég moAtvopouncels. Eav ovo petaPintéc eivor oe tdon pe v
népodo tov ypovov (trending over time), pio ToAvopoOUNGN TS WOG UETAPBANTNAG
otnv GAAN petoPinty Bo propovoe va £xel vYynAOd R? akdpo K ov ovtéc ot 600
HETAPANTES OV ExouV Kauia 6YEGT ULETAED TOVG.

* Edv o1 petafAntéC 610 LOVTELO TOAVOPOUNONG EIVOL UN-GTAGIUES, TOTE UTOPEL VOl
amooely0el OTL 01 LTOOEGEI/TOPAUOOYES VIO TNV OLCVUTTMTIKT AVAALGT) 0gVv Oa. gtvalt
eykvpec. Me dAla A0y, ol otatiotikeg t oev Oa akolovbolv v katavoun t,
EMOUEVOC OEV UTOPOVUE VO TPAYLLOTOTOIGOVUE £YKVPOVE EAEYYOVS VITOOEGE®V
GYETIKA UE TIS TOPOUUETPOVE TNE TAMVOPOUNOTG.



AvYo Tomor Mn-Xraocwpudtnrtog (Non-Stationarity)
* Yrapyovv o1d@opotl 0ptGLOL Y10, TN UN-CTAGLUOTITO.

* XE VTN TN OWIAEET, AVOPEPOUOGTE GTNV QWOVVAUN LOPPT] TNG 1| CAMMC OTN GTAGLULOTNTO
cuvolakvpavong (weak form or covariance stationarity).

* Yndpyovv 000 HOVIEAD TOL YPNOULOTOIOVVINL GLYVE Y10 TOV YOPUKTINPIGUO TNG Un
GTOCILOTNTOGC:

* To povtéro toyaiov mepimatov pe petatonion (the random walk model with drift):

Yi= H T Y T U

* KOl TO LOVTEAO VTETEPLVIOTIKNG Tdong (deterministic trend process):

Y= a+ [+

omov 0 U, givan 11d Kot 6T1g 600 TEPIMTOGEL,



Yroyaotiki) Mn Xracipotnrto (Stochastic Non-Stationarity)

* ZNUEIDOTE OTL TO HOVTEAO TLXOHOV TEPIMATOV LE HETOTOMION (the random walk model
with drift) pmopel va yevikevtel oty mepintwon mov M Y, €ivol por «EKPMNKTIK
(explosive) dwdikacio:

Yi= U+ By U
omov ¢ > 1.

* Tomikd, n mepimtwon g «expnktikno» (explosive) dadwkaciog ayvoeitor Kot
ypnowwomoovue ¢ = 1 yio va yopoktnpicoope utoe pun otdowun (non-stationarity)
OLOOIKOG IO ETTELON

* ¢ > 1 o0ev mepLypAPel TOALEC GEPEC OEOOUEVOV GTIC EMICTIUES TMOV OLKOVOULKOV
KOl Y PTHUOTOOTKOVO LUKV

* 9> 1 éya 61(116911111((1 LN EAKVLGTIKN 18101111(1 T0. GOK GTO GLGTNHOL ogv glval
LUOVOo emipova 6to YPOVOo, 0ALE 0100100VTaL £TGL MGTE EVO OEOOUEVO COK VOl EYEL L0
OAO KOl LEYOADTEPN EMLPPON.



Detrending mwa stoyoctikny un-etaciun ceipd(Detrending Stochastically Non-stationary Series

* Ouunbeite TIg OVO HOPPEC Wi, un otdowung (non-stationarity) stadikaciog, 0 TVYAIOC TEPITATOG
ue petaromion (random walk with drift):
Ye = M4 T Yt U (1)
Kot 1 trend-stationary dwadikocio

yi = a+ pt+u
* Kot ot 000 Ba amartnioovv dwopopetikéc «Bepameiec» yio va yivouv otdoiues. H dgidtepn
TEPITTMOON EIVOL YVOGTN O VIETEPLVIOTIKN Un-otacipudtnto (deterministic non-stationarity) ko

10 {nTovuevo sivarl n apaipeon ¢ taong (detrending):
* Apapéote and v e&icwon (1) v Y Kot omd Tic 000 TAELPAES
Ve~ Y1 = HT L
4y, = H T U

o Aéue 011 €youue OMUIOVPYNGEL CTOGLUOTNTO TOIPVOVTOC TIC TPWTES OLUPOPEC WL POpPa
“differencing once”.



Detrending pa oeip@: Xpnoipomroi@vtog T 6met pé0060

* TTapoio mov ot trend-stationary kai difference-stationary ceipéc €yovv kot o1 V0 «TAGT UE TNV TOPOOO
0V (pOVoL (“trending” over time), 1 GOCTH TPOGEYYIoN TPETEL VO, ¥PNCILOTOIEITAL 0 KAOE TEPITTMOON.

* Av mapovpue Tic mpotec dapopég (first difference) otnv trend-stationary ceipd, ovtd Oo «o@apovce» ™
un otaouoTTa, aALd o fapoc e sloaymyng evog MA (1) ota cpdiuota.

* Avrtifeto, av mpoomabncovue va kdvooue detrend po ogipd mov €xel oTOYOOTIKN TAOT, TOTE dgv O
QPOLPECOVLLE TN U CTAGLULOTNTOL.

* Qo emkevIp®OOVUE TOPO GTO GTOYOGTIKO UOVIEAD UM OTAGLUOTNTOC, KOOMC M VIETEPUVIGTIKY UM
CTOGLUOTNTO OEV TEPLYPAPEL EMOUPKMOC TIC TEPICGOTEPES GEPEC OTNV EMCTNUN TOV OIKOVOUIKOV 1)
AP LOTOOIKOVO LKV



AWypappaTa Yo o1apopPeS 6TOYUOTIKES OLUOIKUOLES:
Agvkog Odpufoc (A White Noise Process)

*H dwdwkacio Aeukov BopHpov givar ot yopig (ovcraotikd) Koapio dtakpithy dour. O opiouodg
¢ oradkaciog Aevkov BopvPov eival o akdAovbog

E(yt)=u
Var(y;) = o2

_Jo? if t=r
Yt=r = 1o otherwise

| " Al | |, |




ALy paRROTOo Y0 OLAQOPES OTOYUCTIKES OLUOLKUGLES:
"Evag Tuyolog TepImaTos Kol £VOS TUYOL0S TEPITATOS NE LETOUTOTLON

(A Random Walk and a Random Walk with Drift)

70

60 ‘
Random Walk /\j\vv\

50 — - - —Random Walk with Drift
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MNoootikeg MeBobot, MSc, AUEB



ALy pORROTO VL0 OLAPOPES GTOYUOTIKES OLUOLKUGILES:
A Deterministic Trend Process
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MNoootikeg MeBobot, MSc, AUEB
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Avtomaiivopopo povtéra pe droopetTikég Tipég Tov ¢ (0, 0.8, 1)
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MNoootikeg MeBobot, MSc, AUEB
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Opopdc ™c un-octacipdétyras (Non-Stationarity)

* 'Eotm 10 stochastic trend povtého:
Yt = Yea1 T U
M Ay, = U
* MnopoVuE Vo YEVIKEDGOVUE OLTHV TNV £vvolo Yo Vo €EETACOVUE TNV TEPIMTTMOGT OTOL T

GEPA TEPLEYEL TEPIGCOTEPEC Ao Ui «povaotaies pifecy. Aniaodn, Oa mpemel va mdpovue TV
TPOTN OLPopd, A, TEPIGCOTEPES OO io POPEC Yo VO, £YOVUE GTACIULOTNTOL.

Opiouog

Edv po pn-otdoun oepd Y, mpénet va  «vmoote» d @opéc  dapopd mptv yivel otdoiun,
10TE Aépe 0T gtvan ohokAnpouévn (integrated) téEng d. I'paoeton og e€ng: Y, ~(d).

Apa gav Yy, ~ 1(d) tote A%y~ 1(0).
M 1(0) cepd etvar otdoun
M I(1) cepd Exer povadiaia pila,

TX Y= Y1 T Uy

13



Xapaktnprotika tTov ceipav 1(0), 1(1) and 1(2)

M ceipd 1(2) series &yer 600 povadiaiec pilec (unit roots), apo Ba ypelootel vo TOPOVUE TIC
oropopéc dvo popéc (differencing twice) mote va éyovue otaciuodtnto. (Stationarity)

¢ Ovoepéc I(1) ko 1(2) pmopel vo ammopokpouvOoHy ToAD amd Th LEGT TIUN TOVE Kot VoL 0oy iGEL dLTN
TN UEGT TIUTN GTAVIOL.

* Hoepd 1(0) Oa mpémer va diaoyiost tn pwéomn T cuyvd.

* H mleloymoio TV 0IKOVOUK®Y Kol ¥PTLOTOOIKOVOUIK®OV GEPOV TTEPLEYEL Lo povadtaio piCo (unit
root), av kot OpPIOUEVEC Eival OTACIUES, €V Ol TIMEC KoTavalmtr (consumer prices)  €yovv
vrootnpydel 611 Exovv 2 povaoiaieg pilec.

14



Iog eléyyovpe Yo povadwaio pica (Unit root);

* O1 TPOTEG KOl TPOTOTOPLUKES EPYOUCIEC Y100 TOV EAEYYO LOVAOOC PIlog O€ YPOVIKES CEPEG EYIVAY OO TOVC
Dickey xou Fuller (Dickey and Fuller 1979, Fuller 1976). O Boocwkdc 6t6y0¢ TOV eAEYYOL Elvorl 0 EAEYYOC
NG UNOEVIKNC vIto0eonS @ =1 610 TOPAKAT® LOVTELO!

Vi = Hea T Uy
Evavtt ¢ povomievpng (one-sided) evaihaxtikng ¢ <1. Apa Eyovue
H,y: n ogpd éxer povaodiaiao piCa (Unit root)
evavtiHy: n oepd etvon otdoun (stationary)

e 2XuvNOmg ¥pPNGIULOTOLOVUE TNV akOAOLON TOAVOpOUNON:

Ay = Wi T Uy
£TG1L MOTE VoG EAEYYOC TOV ¢=1 glvar 160d0Vapog €vog eA&yyov tov =0 (apov ¢-1=y).

15



AL0QOPETIKES popeég eléyyov DF

* Ot éheyyot Dickey Fuller givon yvootol kot o¢ édeyyor T : T, T, T

H’
* H punodevun (Hy) xou n evarrhoxtikn (H,) vrobéoeic eivar
1) Ho! ¥t = Yt
Hilyi = YU, ¢<1

0 omoiog eivar évag Eleyyog yio Tuyaio mepimaro (random walk) évovtt pog otdoiung avtomaiivopoung
ypovooelpdc Taéng 1 (stationary autoregressive process of order one) (AR(1))

1) Ho: Vi = Ve tU;
Hiiye = gy tutu,, o<1

0 omoiog etvan &vag Eleyyog v Tuyaio mepimaro (random walk) évovtt pog otdoiung avtomaiivopoung
ypovooelpdc Taéng 1 ue uetatomion (stationary autoregressive process of order one with drift)

) Holyi = Yty
Hil Yy = gyt At+u, ¢<l

0 omoiog eivar &vag Eleyyog v Tuyaio mepimaro (random walk) évovtt pog otdoiung avtomaiivopoung
ypovooelpdc Taéng 1 pe petotdmion kot ypovikn taon (stationary autoregressive process of order one with
drift and time trend)

16



O éleyyog Dickey Fuller (ADF)

* O1 mopamdve Eleyyol woyvovv povo €dv o U, eivon Agvkog BopvPog (white noise). vykekpipéva, o Uy
Oa yopaktnpileton amd aVTOGLVGYETION €AV LINPYE OVLTOGLOYETION oTNV e€apTNUEVN LETOPANTH TNG
noAvopounong (4y,). H Abon etvar va "avénoovpe" tov €Aeyy0 YPNOULOTOIDOVTAS P YPOVIKEG
votepnoelc e e€optnuévng uetafantic. To evarioktikd povtédo oty mepintwon (1) Oo pmwopovoe
VoL YPOPTEL (OC:

p
AY, =W, 4 + Z Ay, ; +U,
i=1

e O1 i01ec kprrkéc Tég and tovg DF mivakeg ypnopomnolovvial Onme mpyv. 'Eva tpdPAnua mpokomtel
TOPO, GTOV TPOGOLOPIGUO TOV PEATIGTOL ap1BLoV vVoTEPNGEMV TNC e€apTNUEVIS LETAPANTNAC.

* Yrapyovv 2 tpOmoL

“*YPNOIUOTOINGTE TN GLYVOTNTA TOV OEGOUEVMV Y10, VO, ATOPOUGICETE.

S YPNOLOTONGTE KPLTNPiot TANPOPOPNIONG.
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Testing for Higher Orders of Integration

* 'Eocto 1 mapokdtom ToAtvopounon:
A = W + U
Kdvoope tov €éng éheyyo Hy: w=0 vs. H;: w<0.
* Av H, amoppipBei cuumepaivoovpe 6t n Y, oev €xel povadiaio pia (Unit root).

* AM\G T cupmepacpato pmopovpe vo Bydrovpe dv n H,y dev aroppipbel; H cepd OBa xer povaoaia
piCa (unit root), aArd eivar povo avto; Oyl Eav y~1(2) axodpa dev Ba v eiyope ) amoppiyel. Apa
TOPO ¥PEWLOUACTE TOV TTAPAKAT® EAEYYO LTTOBECTC!

Ho: Y 1(2) vs. Hy: y~1(1)
Oa cuveyilovpe va eréyyovpe yuo povadtaio pila (Unit root) péypt va amoppiyovpe v H,

* Topa tpérovpe TV ToAVIpOuNon g A%y, mhve oty Ay, (+ xpovikég votepnoelg g A%y, €av givan
aTOPOiTNTO).

* Topa yperaldpacte tov mapakdtm Eheyyo vdBeong: Hy: Ay~1(1) mov eivar icodvvapo tov Hy: y~1(2).

e Yeg auTfv TNV mepintoon, v oev amoppiyovpe (amibavo) tv H,, ocvumepaivovpe O0tL M Y, eival
tovAdyiotov 1(2).

18



. dfuller PRICE GREECEINDEX, regress lags(

Dickey-Fuller test for unit root

Ztaolpotnta —nepintwon 1

0)

Humker of oks

Interpolated Dickey-Fuller

= 416

Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Zit) -1.262 -3.447 -2.873 -2.570

MacKinnon approximate p-value £6r Z(t) = 0.6462

D.
PRICE GREECEINDEX Coef. 5td. Err. Tt Bxlt] [95% Conf. Intervall]
PRICE_GREECEINDEX
L1. -.0074127 0058724 -1.26 0.208 -.0189561 . 0041307
_cons 6.471555 6.662104 0.97 0.332 -6.624215 15.56732

0

19

Mndevikn unoBeon: Exe povadiaia pila
(Unit Root)

EvaAAaktiki utoBeon : Asv £xeL povadioia
pila (Not unit Root)

P-value = 0.6462> 0.05

Aev amnoppintoupe T Lndevikn umtoBeon,apa
n petoBAnt PRICE_ GREECEINDEX eivol pn-
OTAOLUN.



. dfuller d.FPRICE GREECEINDEX, regress lags(0)

Dickey-Fuller test for unit root

Interpolated Dickey-Fuller

Humber of obs = 415

Ztaolpotnta —nepintwon 2

Mndevikn unoBeon: Exe povadiaia pila
(Unit Root)

EvaAAaktiki utoBeon : Asv £xeL povadioia
pila (Not unit Root)

P-value = 0.000< 0.05

Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Zit) -18.089 -3.447 -2.873 -2.570
MacKinnon approximate p-value £Qr Z(t) = 0.0000 <
Dz.
PRICE_GREECEINDEX Coef. Std. Erx. T P>t [95% Conf. Imnterval]
PRICE GREECEINDEX
LD. -.8841065 0488762 -18.09 0.000 -.9601836 -.7660254
_cons .1557546 4,427551 0.D4 0.972 -8.547591 B.8591

20

Amtoppinttoupe tn pndevikn umtoBeon,apa n
pnetaAnt PRICE_GREECEINDEX eival otaouiun.



WevdopetafAntec (dummies)



* Ov wyevoouetaPfAntéc  (dummy  variables) pupog emrpémovv  va
KOTOUOKEVAGOVUE LOVTEAN GTO OTTOL0L OPIGUEVEC 1] OAEC Ol TOPAUETPOL TOV
LOVTEAOL TOALVOPOUNGCNG, ovumeptAauPavoucvovr tov otabepod Opov,
aAAACOVV Y10 OPLOUEVEC TTOPATTPNCELC GTO OELYLLAL.

* E€etdote éva poviérAo yioo vo mpoPAcEyete v ollo €VOC GMITION GE
GLVAPTNON UE TA YOPAKTNPIGTIKA TOV:

* MéyeBoc, tomobecia, aplOpog vavoomuatimv, NAtKio
B Ecetdote apykd ta tetpayovikd uetpa: PRICE = f1 + p,SQFT + e

* To f, eivar n a&lo EVOC EMTALOV TETPOAYDOVIKOV UETPOL TNG EMPAVELOC
GTLTIOV Kot TO f1 €ivon n a&lo TS yng pnovn.



* [Ioc AauPdvooue vmoyw v tomobecio, n omola €ivor o
TOL0TIKY) LETOPANTA;

* O1 yevoouetaPAnNTEG ypnoomolovvIal Yo va, AdBovv vmoyn
TOVC TOLOTIKOVC TTOPAYOVTEC GTO OTKOVOUETPIKA LLOVTEAQ.

* XuvN0w¢ Aaupdavovv pnovo dvo tiuée, cvvnbmg eva (1) 1 unodév
(0), yio vo vmodeiéovv TV mopovoio N TNV ATOVCio, EVOC
YOPOKTNPLOTIKOV 1 Yol VO DTTOOEIEOVY €AV Hiow cLVONKN €ival

aAnOnc 1 yevonc.

* OVoLOGTIKA UE TN ¥PNOTN WEVOOUETAPANTOV ONUIOVPYOVUE Ui
aplOunTikn  petaPAnty Yo €va TOOTIKO, uUn  aplOuntiko
YOPOKTNPLOTIKO.



* ['evikd, opiCovpe pia yevoouetaPint D oc:

1 if characteristic is present
|0 if characteristic is not present

* 'Eto1, yio va AdPovpe vroyty v tomofecia, (o woloTikn petofAntr, o
ELYOUE!

o 1 if property is in the desirable neighborhood
|0 if property is not in the desirable neighborhood



* [IpocBétovtac T yevooueTafANTI] GTO LOVTEAO LIOGC:

PRICE =B, +0D +B,SQFT +e

* Edv 10 povtédo pog £xel kaboprotel cmwotd, TOTE:

(By+6) + B,SQFT when D =1

(PRICE|SQF T){ B, + B,SOFT when D = 1



* H nposOnkn tc yevoouetafAntic D oto HovTEAO TaAVOpOUNGCNC TPOKOAEL L
TOPAAANAN LETATOTION OTN GY£0T KATA TO TOGO O.

* O1 1010TNTEG TOV EKTIUNTY EAOAYICTOV TETPAYOVOV O0EV ENNPEALOVTOL OTTO TO YEYOVOC
OTL Ui amo TIC EMECYNUOTIKEC LETAPANTES amoTeEAElTOL LOVO OO UNOEVIKA KO EVAL.
To D avtipetomileton @ OTotdNmTOTE AAAN ETECYNUATIKN LETAPANTY.

* Mmopovue Vo KOTAGKEVAGOVLE (o EKTiUNGT oaetnuatoc Yo To D 1 umopodue va
EAEYCOLUE TN ONUOGLO TNG EKTIUNGNC TOV EAAYIGTOV TETPAYDOVOV.

 H tiun} D = 0 opilerl v opdda avapopdc 1 tnv opdoa Paonc.
* Mnopovue va olAéCovue omoladnmote Paon.

* [o Tapaostyua.

1 if property is not in the desirable neighborhood
0 if property is in the desirable neighborhood



* Tote 10 poviéro poc Oa Ntav: PRICE = p1 + ALD + p,SQFT + e

* AcvmoBécovue 0Tt cuumeptiauPdvooue kot to D ko to LD:

PRICE = B, + 6D + ALD + B,SQFT + e

* O1 petaPaAntéc D ko LD eivar tétotec wote D + LD = 1.

* Emeion n yevoouetaPAnty X; = 1, onuovpyncape €vo HOVTIEAO UE TEAEWN
GLYYPUUUIKOTNTOL.

* 'Eyovue méael oty mayida e yevoouetafintig (dummy variable trap).

e Yvumepriaupavoviac HOvo pio amd TIC YELOOUETUPANTEC, N HeTAPANTN 7OV
TopaAeimovE 0pilel TNV OUAON OVAPOPAC KOl ATOPEVYOVLE TO TPOPANLLQL.



* Ac vmoBécovue 0Tl TPOGOI0PILoVUE TO LOVTEAD LOC OC EENC:
PRICE = B, + B,SQFT + y(SQFT x D) + e
* H véa petopinty (SQFT x D) givar to yivouevo tov peyébovg tov omitiov
KOl TNG YELOOUETAPANTNC.

* Ovoudleton petoPfAnt) arinAemiopaong (Interaction variable), xkoaBwmc
QTOTVTTOVEL TNV ETOPAGCT TNSC OAANAETiIOpOcoNC NG TOomODEGIOG Kol TOL
HeyEBoOLC TNV TIUN TOL GTITIOV.

* Evalloaxtikd, ovoudletar slope-indicator variable 7 slope dummy
variable, eme1dn emtpénet pio aAdoyr) oty KAIoN TNC oY£onC.



* Topo pmopovue va ypayou e

 E(PRICE|SQFT, D) = B, + B,SQFT + y(SQFT x D)

_\B1+ (B2+Y)SQFT when D =1
B 1+ B>,SQFT when D =0

* H xAion umopel va ekppactel g

OoE(PRICE|SQFT) (B, +ywhenD =1
6SQFT | B,whenD =0



PRICE
Slope = fi; +y E (PRICE|SQFT) =B, + (B, + Y)SQFT
¥ E (PRICE|SQFT) = + B,SQFT

Py
Slope = B,

SQFT
(a)

E (PRICE|SQFT) = (B, + &) + (B, + Y)SQFT
PRICE

E (PRICE|SQFT) = (B, + 8) + p,SQFT
Br+d ¢ 5 E (PRICE|SQFT) = By + p»SQFT

Pr o

SQFT
(b)

(a) A slope-indicator variable. (b) Slope- and intercept-indicator
variables.

MNoocotikeg MeBobot, MSc, AUEB
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* Ac vmoBécovpue 0TL 1] TOmoBEGia TOV GMITION ENNPEALEL TOGO TOV GTOBEPO

Opo OGO KOl TNV KAIGN, TOTE KOl Ol OVO EMWOPAGEIL UTOPOVV Vo
EVoOUATMOOVV o€ Eva VIR0 LOVTELO:

PRICE = B, + 8D + B,SQFT + Y{(SQFT x D) + e
* H petapint (SQFT X D) givon to yivopevo tov peyébovg Tov omitiov Kot

MG yevoouetaPAnmme kot ovoudletor UeTaPANT  oAANAETiOpOONG
(Iinteraction variable).

* Topa umopovue va 00VUE OTL:

(B1+68) + (B,+Y)SQFT when D =1

E(PRICEISQFT) = { By + B,SQFT when D = 0



Epapuoyeg pe ypnon yevoouetofAntov



1. AAAnAemopaocelc Metald Iototikov Hapayoviov

* Oempnote TV eCicmon Tov uchov:

WAGE =, +B,EDUC +8,BLACK +8,FEMALE
+y(BLACK xFEMALE ) +¢

* H avapevouevn tiun eival

( B, + B,EDUC WHITE — MALE
(B1+6,) + B,EDUC BLACK — MALE
(B1+8,) + B,EDUC WHITE — FEMALE
(B1+6, + 8, + Y)EDUC BLACK — FEMALE

E (WAGE|EDUC) = {




2. Ilowotikot Iapayovtec ue Arapopec Katnyopieg

* E€etdote 1O €vOEYOUEVO VO CGUUTEPIMAPETE TIC TEPIPEPEIEC GTNV
eClomon ebov:

WAGE =, +B,EDUC +8,SOUTH +§,MIDWEST + 8 WEST +e

* To aBpowcuo twv petaPAntov TOL TEPLPEPELNKOV OEIKTN &ival
NORTHEAST + SOUTH + MIDWEST + WEST = 1.

*’Eto1, 0 «otabepdc Opoc» x; = 1 elvor évog axkpiBng ypopuikog
GUVOLOGUOC TMV OEIKTWOV TEPLOYNC.



* H amotvyia mopdiewyng pwog wevoouetaPAntne Oo oonyncer otnv
EIKOVIKT] Toryiod petoPAntnc.

* H mapdietyn poc yevoouetaPAntge opiCet o opdoo, avapopas, OTOTE 1
eClomon pog etvait:

[ (B, + 83)EDUC WEST

(B1+0,) + B,EDUC MIDWEST

(f1+61) + fEDUC SOUTH
\ f1+ P2 EDUC NORTHEAST

(WAGE|EDUC) = «

* H maporeimduevn petafAntn ociktn, NORTHEAST, ntpocolopilel tnv
avaQOopAL.



3. AauPavovtoac vroyy to ¥povo

* Or  yYevOoOoUETOPANTEC  YPNOLUOTOIOVVTIOL  EMIONGC GE  TOUAIVOPOUNGELS
XPNOLOTOLDVTOG OEOOUEVH Y POVOCELPMV.

* Mnopel vo Oélovue va coumeptAdPooue pioe Exiopacmn Yoo OLOPOPETIKES
ETOYES TOL YPOVOV.
* Me 10 1010 mvedUA UE TIC EMOYLOKEC WELOOUETOPANTES, Ol ETNGIEC

WEVLOOUETUPANTES YPNCILOTOIOVVTOL Y10 TV KOTOYPOUPT] TOV ETTTOGEDY TOV
£TOVC TOV OEV UETPOVTOL OLUPOPETIKA GE EVO LOVTEAO.

* 'Eva. owovoutlkd regime eivor £va cOVOAO OlopOpmdTIKOV OTKOVOULK®MV
cLVON KOV TOV VTEAPYOVV Y10 LIt OPIGUEVT] TTEPTOOO.



* H 10€a eival 011 01 OIKOVOUIKEC GYEGEIS UTOPEL VO GLUTEPIPEPOVTOL UE
Evay TPOTO o€ £va regime, aAAd UTOPEL VO CUUTEPLPEPOVTUL OLOLPOPETIKA
o€ £va AALO.

*'Eva moapdadstyuo emidpoong regime : n miotwon @Opov EMEVOLONG
(investment tax credit):

0 otherwise
* To povtéro etvar TOte:  INV, =B, +3ITC, +B,GNP. +B,GNP._, +¢,

1 ift = 1962-1965, 1970-1986
ITC, =

* Edv n miotowon eopov Ntav emtvoyng, tote o > 0.



Panel Data:
IO Vo OLOHOPPOGETE TU OEOOUEVOL

cog o€ popen panel



Twe va dtapopdwaocete ta dedopeva oac o popdn panel data (reshape)
* https://stats.oarc.ucla.edu/stata/modules/reshaping-data-wide-to-

long/

RESHAPING DATA WIDE TO LONG | STATA LEARNING MODULES

This module illustrates the power (and simplicity) of Stata in its ability to reshape data files. These examples take wide data files and reshape them into long
form. These show common examples of reshaping data, but do not exhaustively demonstrate the different kinds of data reshaping that you could encounter.

Example #1: Reshaping data wide to long

Consider the family income data file below.

use https://stats.idre.ucla.edu/stat/stata/modules/faminc, clear

list
famid faminc96 faminc97 faminc9§
1. 3 75808 76080 77880
2. 1 428808 418588 41886
3. 2 AS5008 45488 458008

This is called a wide format since the years of data are wide. We may want the data to be long, where each year of data is in a separate observation. The
reshape command can accomplish this, as shown below.


https://stats.oarc.ucla.edu/stata/modules/reshaping-data-wide-to-long/
https://stats.oarc.ucla.edu/stata/modules/reshaping-data-wide-to-long/

reshape long faminc, i(famid) j(year)

(note: J = 96 97 98)

Data wide -> long
Number of obs. 3 -> 9
Number of variables 4 -> 3
j variable (3 values) -> year

x1j variables:
faminc96 faminc97 faminc98 - faminc

The list command shows that the data are now in long form, where each year is represented as its own observation.

list

famid year faminc
1. 1 96 49000
2. 1 97 49500
3. 1 98 410006
4, 2 06 45000
5. 2 97 454006
6. 2 98 45800
7. 3 96 75000
8. 3 97 76800
9. 3 o8 77800



Aebopueva dLapoppwpeva
o€ popodn panel data

* Panel data (yvwota kot wg
longitudinal or cross-sectional
time-series data) eival eva
oUvoAo 6edopEvwyY 0TO OTIOLO N
CUUTTEPLPOPA TWV OVTOTNTWV
nopatnpeitat os faboc xpovou.

* AUTEC oL ovtOotnteC Ba

Luropouvoayv va lval Kpatn,
ETALPELEC, LOLWTEC, XWPEC K.ATT.

country

year

2000

2001

2002

2000

2001

2002

2000

2001

2002

6.0

4.6

9.4

9.1

8.3

0.6

9.1

4.8

9.1

X1

7.8

0.6

2.1

1.3

0.9

9.8

0.2

5.9

5.2

X2

5.8

7.9

5.4

6.7

6.6

0.4

2.6

3.2

6.9

X3

1.3

7.8

1.1

4.1

5.0

7.2

6.4

6.4

2.1



Fixed Effects (FE)

* Ta Panel data cog emitpémovy va eAEYYETE Yol LETOUPANTES TOV OEV UTOPEITE VO
TOPATNPNGCETE N VO LETPNCETE, OTME TOMTIGUIKOVC TOUPAYOVTES 1 OLUPOPES OTIG
EMLYEPTUOTIKEG TPOKTIKEC UETACD TOV ETALPEIOV, N UETOPANTEC TOV aAAACOVV
HE TNV TAPOOO TOV YPOVOL OAAA Oyl UETAEL OVIOTNTOV (ONA0ON €BvikEC
TOMTIKEC, OLLOGTTOVOLOKOL KOVOVIGLO1, O1E0VEIC cLUE®VIES K.AT.).

* Autd onuaivel 0Tl aVTITPOoMTEVLEL TNV oToukn etepoyévela (Individual
heterogeneity).

* Me 1o Panel data pmopeite va ocvumepihdfete petaPintéc oe doPOPETIKA
enimedn  availvong (omAoon  UHaONnNTéG, oYoAela, TEPLPEPELEC, TOATEIECQ)
KOTAAANAEC VIOl TOAVETITEON 1) 1EPUPYIKT] LOVTEAOTTOINGT).

* Oplopéva  peloveEKTNUOTE  €ivor  CNTNUOTO  GLAAOYNG  OEOOUEVOV  (OMAOON
CYEOOGUOC  OELYUOTOANYIOG, KOALYN), UN  OTOKPIGN OTNV  TEPIMTOON
LUIKPOTTAOLGLOV 1 EEAPTNGT UETAED TOV YOPOV GTNV TEPITTMOGCT LOKPOTANUIGI®OV
(ONAOOT] CLGYETION UETAED YOPDV)



Fixed Effects (FE)

* Ta FE ogpgvvouv mn oyéon puetald tov petaPAntov mpoPAreync Kot amoTEAEGUOTOS GE U0 OVTOTITA
(yopa, atouo, etoupeio K.AT). KabBe ovrotnra £yel o O1KA TNG UEULOVOUEVO YOPOKTNPIOTIKA TTOL
UTOPEL VO EMNPEAGOLYV 1] VO UNV ENNPEAGOLY TIC TPOYVAOGTIKEC UETAPANTEC (Yoo TOpdOELy Lo, TO Vo
gloon Avopag M yvvaika o uropovce vo EMNPEAGEL TN YVOUN Y10 EVOL GUYKEKPIUEVO OEUA 1] TO TOALTIKO
GUGTNUO HI0G CUYKEKPILEVNS YOpac Ba umopovoe va. £xel kAol eniopact 610 eunoplo 1| oto AEIL 1
Ol EMYEIPTNUATIKEC TPOKTIKES LOG ETOPEINC UTOpPEL vau EXNPEAGOLY TNV TIUN TG HeToYNS tS). Otav
ypnowonotovpe FE, vmoBétovue Ot1 kAt péco o6to dtouo umopel va emnpedcel N va KAveEL
UEPOANTITIKEG TIG HLETAPANTEC TPOPAEYNC 1] AMOTEAEGLOTOC KOl TTPETEL VA TO EAEYEOVLE.

* Avtn €lval n Aoy T amd TNV LIOBEGT TS GLGYETIONC UETAED TOV OPOV GOAALOTOC TN OVTOTITOG
Kol tov petafintov mpoPreync. To FE agpoipel v emidopacn avtov tov auetdfAntov ypovika
YOPOKTNPIOTIKOV, MGTE VO UTOPOVUE VO EKTIUNGOLUE TNV Kabapr) €mOPACT TOV TPOYVOGTIKOV
TOPUYOVI®V GTT UETOPANTN AMOTEAEGLATOC.

* Mo GAAN onuavtikn vdBeomn tov poviedov FE givor 611 avtd ta ypovikd apueTdPANTO YOPAKTNPIGTIKA
elval LOVaOIKA Y10, TO ATOUO Kol 0gV Ba TPEMEL v GLOYETICOVTOL LE AAAN LELOVOUEVA YOPOKTI|PLOTIKA.
Kd&Be oviotnta ivot da@opeTiKt, ETOUEVOS 0 OPOC GOAALOTOC TN OvTOTNTOC Ko 1 otafepd. (n omoia
KOTOYPAPEL LEUOVOUEVA YOUPOKTNPIGTIKA) OEV TPEMEL VoL GuoyeTiCovtal Ue Tovg dAlovc. Edv ot Opot
cPAaApaTOC cvoyetiCovtal, 10te 10 FE 0gv givan katdAANnA0, KaODOC T0 CLUTEPAGUATO UTOPEL VO UNV
elvol omoTé Kol TPEMEL VO LLOVIEAOTOCETE VT TN oYéomn (mBavde ypnoiuonoidviag random
effects), avtn eivau n kOpro Aoyikn Yo Ty Hausman test.



The equation for the fixed effects model becomes: Another way to see the fixed effects model is by using binary variables. So the equation
for the fixed effects model becomes:

Y= B:Xi + 0, + U, eq.1
= BiXi ' it [eq.1] Yit = Bot BiXqj t.-.+ BXiit +VYoEo +... % YoEq + Uy [eq.2]
Where Where

— @, (i=1....n) is the unknown intercept for each entity (n entity-specific intercepts). -Y, is the dependent variable (DV) where i = entity and t = time.

— Y, is the dependent variable (DV) where i = entity and { = time. —X i represents independent variables (IV),

=B, is the coefficient for the 1Vs,

—uy, is the error term

—E, is the entity n. Since they are binary (dummies) you have n-1 entities included in the model.
—Y. Is the coefficient for the binary repressors (entities)

— X, represents one independent variable (1V),

— B, is the coefficient for that IV,
— uylis the error term

Both eq.1 and eq.2 are equivalents:

* “The key insight is that if the unobserved variable does not change over time, then any
changes in the dependent variable must be due to influences other than these fixed
characteristics.” (Stock and Watson, 2003, p.289-290).

* Fixed-effects will not work well with data for which within-cluster variation is minimal or
for slow changing variables over time.

MNoootikeg MeBobot, MSc, AUEB 44



Panel Data:

Extiunon panel data regressions
(fixed effects)



The Stata command to run fixed/random effecst is xtreg.

Before using xtreg you need to set Stata to handle panel data by using the command
xtset. type:

Xxtset country vyear

. XCoel COoOuntcry Yyear

panel variable: country (atrongly balanced)
time variable: yaar, 153890 to 1999
delta: 1 unit

In this case “country” represents the entities or panels (i) and “vear” represents the time
variable (f).

The note * (strongly balanced)” refers to the fact that all countries have data for all
years. If, for example, one country does not have data for one year then the data is

unbalanced. Ideally you would want to have a balanced dataset but this is not always the
case, however you can still run the model.

-,

/x NOTE: If you get the following error after using xtset: A

varlist: country: string wvariable not allowed

You need to convert ‘country’ to numeric, type:

encode country, gen(countryl)

\L.lse ‘countryl’instead of ‘country'in the xtset command /
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regress y x1 OLS rEQrESSion

Source 55 df M5 Number of ohs = 70
F(C 1, 68) = 0.40
ModeT 3.7039%9e+18 1 3.7039e+18 Prob > F = 0.5272
Residual 6.2359e+20 68 9.1705e+18 R-squared = 0.0059
Adj R-squared = -0.0087
Total 6.2729e+20 69 9.0912e+18 Root MSE = 3.0e+09
y Coef. Std. Err. t P=|t] [05% Conf. Intervall]
x1 | 4.95e+08 7.79e+08  0.64 (0.527 ) -1.06e+09  2.05e+09
_cons 1.52e+09 6.21e+08 2.45 0.0 2.85e408 2.76e+09
T
©
2 |
8 epD ®F
= oF
o
T ®Fep op
§_ oD o] ®oE oF oC
o .
0 oA 'F.A "Eﬁdﬂ‘g .ng oF QQE@ *hec
twoway scatter v xl, L W= eD _.‘h L T & 'B.G [ T8 > o
mlabel (country) || lfit v =1, = oF oD P .E‘FB.&B oF 'C' oF
clstyle (p2) L= oF C.C
oD o985 *G
3
5 *e
oS oF
S *B
Ty
(=] LIS
-
©
a_
g [ [ [ [ [
— -5 0 5 1 1.5
' x1
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®1: regress ¥y x1 1.country

clwidth (thick) clcolor(black)

NOTE: In Stata 11 you do not need
“xi:” when adding dummy variables

Fixed Effects using least

squares dummy variable
model (LSDV)

OLS regression

1 .country _Icountry_1-7 (naturally coded; _Icountry_1 omitted)
Source 55 df MS Number of obs = 70
FC 7, 62) = 2.61
HDdE] 1.4276e+20 7 2.0394e+19 Prob = F = 0.0199
Residual 4.8454e+20 62 7.8151e+l18 R-squared = 0.2276
Adj R-squared = 0.1404
Total 6.2729e+20 69 9.0912e+18 Root MSE = 2.8e+09
W Coef. Std. Err. t P=|t] [95% Conf. Interwval]
x1 2.48e+09 1.11e+09 2.24 0.029 2.63e+08 4 .69e+09
_ITcountry_2 -1.94e+09 1l.26e+09 -1.53 0.130 -4 .47e+09 5.89e+08
_Icountry_3 -2 .60e+09 1.60e+09 -1.63 0.108 -5.79e+09 5.87e+08
_Icountry_4 2.28Be+09 1.26e+09 1.81 0.075 -2.39e+08 4 .80e+09
_Tcountry_5 -1.48e+09 1.27e+09 =1.17 0.247 -4 .02e+09 1.05e+09
_Icountry_6& 1.13e+09 1.29e+09 0.88 0.384 -1.45e+09 3.71e+09
_Icountry_7 -1.87e+09 1.50e+09 -1.25 0.218 -4 . 86e+09 1.13e+09
_Cons 8.81e+08 9.62e+08 0.92 0.363 -1.04e+09 2 .80e+09
o
2
xi: regress v xl i.country =
<)
. L
predict vhat é
_ o
separate v, by (country) EI'S
o
separate vyhat, by (country) 3—
o
- ; - o
twoway connected vhatl-vhat7’
xl, msymbcl (none o
diamond hollow triangle hollow
square hollow + circle hollow >
%) msize(medium) mcolor (black ?
black black klack bklack black 3 .
- . . o T T
black) || lfit v =1 .
- ! o -5 0

x1

1.5

yhat, country ==

—&—— vyhat, country ==
—+—— vyhat, country ==

. yhat, country ==

—<%— vyhat, country ==
—8—— vyhat, country ==
—=&—— vhat, country ==
— iited values
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Fixed effects

T#e Iteast square dummy variable model (LSDV) provides a good way to understand fixed
effects.

The effect of x1 is mediated by the differences across countries.

By adding the dummy for each country we are estimating the pure effect of x1 (by
controlling for the unobserved heterogeneity).

Each dummy is absorbing the effects particular to each country.
regress y =1

estimates store ols

X1l: regress y X1 1.country

estimates store ols_dum

estimates table ols ols dum, star stats(N)

estimates table ols ols_dum, star stats(N)

vVariable ols ols_dum

X1 4.950e+08 2.476e+09*
_Icountry_2 -1.938e+09
_Icountry_3 -2.603e+09
_Icountry_4 2.282e+09
_Icountry_5 -1.483e+09
_Icountry_6 1.130e+09
_Icountry_7 -1.865e+09

_cons 1.524e+09%* 8.805e+08
N 70 70

legend: * p<0.05; ** p<0.01l; *** p<0.001 7
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Fixed effects: n entity-specific intercepts using xtreg

Comparing the fixed effects using dummies with =t reg we get the same results.
xtreg y x1, fe ¢ |Jsing ztr=g

Fixed-effects (within) regression Number of obs = 70
Group variable: country Number of groups = 7
R-sq: within = 0.0747 Obs per group: min = 10
between = 0.0763 avg = 10.0
overall = 0.0059 max = 10
F(1,62) = 5.00

corr(u_i, Xb) = -0.5468 Prob > F = 0.0289
y Coef. Std. Err. t P>t [95% Conf. Intervall

x1 2.48e+09 1.11e+09 2.24 D.OZBE‘ 2.63e+08 4.69e+09
_cons . 7.91e+08 0.30 . -1.34e+09 1.82e+09
sigma_u 1.818e+09

sigma_e 2.796e+09
rho .29726926 (fraction of variance due to u_i)|

] . OLS regression
. X1: regress y x1 1.country =

i.country _Icountry_1-7 (naturally coded; _Icountry_1 omitted)
Source 55 df MS Number of ohs = 70
F( 7, 62) = 2.61
Mode 1.4276e+20 7 2.039%4e+19 Prob = F = 0.0199
Residual 4.8454e+20 62 7.8151e+18 R-squared = 0.2276
Adj R-squared = 0.1404
Total 6.272%e+20 69 9.0912e+18 Root MSE = 2.8e+09
Y Coef. std. Err. t P>t [95% cConf. Interval]
e
x1 Qi_.;g:gg) 1.11e+09 2.24 @ 2.63e+08  4.69e+09
_Icountry_2 -I: 1.26e+09 -1.53 . -4.47e+09 5.89e+08
_Icountry_3 -2.60e+09 1.60e+09 -1.63 0.108 -5.79e+09 5.87e+08
_Icountry_4 2.28e+09 1.26e+09 1.81 0.075 -2.39e+08 4.80e+09
_Tcountry_5 -1.48e+09 1.27e+09 -1.17 0.247 -4.02e+09 1.05e+09
_Icountry_6 1.13e+09 1.29%e+09 0.88 0.384 -1.45e+09 3.71e+09 18
_Tcountry_7 -1.87e+09 1.50e+09 -1.25 0.218 -4.86e+09 1.13e+09
_cons 8.81e+08 9.62e+08 0.92 0.363 -1.04e+09 2.80e+09




Fixed effects: n entity-specific intercepts (using xtreqg)

i = B X +...+ [ X+ a+e  [seeeq]
Outcome Predictor
vanable variable(s)
l Fixed effects option

. xtreg y x1, fea—"

Fixed-effects (within) regression

NOTE: Add the option ‘robust’ to control for heteroskedasticity

Number of obs

Total number of cases (rows)

70

Total number of groups
(entities)

/

If this number i1s < 0.05 then
your model is ok. Thisis a
test (F) to see whether all the
coefficients in the model are
different than zero.

The errors Group variable: country Number of groups 7
are correlated R-sq: within = 0.0747 Obs per group: min = 10
::g:;r;:ors . between = 0.0763 avg = 10.0
the fxed effects overall = 0.0059 max = 10
model F(1,62) = 5-{}&/
corr(u_i, Xb) = -0.5468 Prob > F = 0.0289
Coefficients of the
regressors. Indicate how Y Coef. std. Err. t P>t [95% Conf. Interval]
mgf;a:egh;‘"gizz‘:ﬁ"x > x1 2.48e+09 1.11e+09 2.24  0.029 2.63e+08  4.69e+09
y ; _cons 2.41e+08 7.91e+08 0.30 0.762 -1.34e+09 1.82e+09
‘\H""--..._
sigma_u 1.818e+09
- - sigma_e 2.796e+09
23.7% of the vaniance is rho .29726926 (fraction of variance due to u_i)
due to differences o
across panels.
‘Tho' is known as the
intraclass correlation
l (.S‘fgmu _u )2 t-values test the hypothesis that each coefficient is

rho =

(sigma _u)’ +(sigma_e)’

sigma_u = sd of residuals within groups u;

sigma_e = sd of residuals (overall error tarm) g

different from 0. To reject this, the t-value has to
be higher than 1.96 (for a 95% confidence). If this
is the case then you can say that the variable has
a significant influence on your dependent variable
(y). The higher the t-value the higher the
relevance of the vanable.

Two-tail p-values test the
hypothesis that each
coefficient is different from 0.
To reject this, the p-value has
to be lower than 0.05 {95%,
you could choose also an
alpha of 0.10), if this is the
case then you can say that the
variable has a significant
influence on your dependent
vanable (y)

For more info see Hamilton, Lawrence,
Statistics with STATA.
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