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A bstract

T hisstudy foouses anthe samiparametricet dattestimation oftandom e ectpand
maoek aotainingA R (1) disturbanass. W e abo arysider sudh estimatas wWen the
aedts ad regesas ae coneltied H asmanad Taykr; 1981). 0 nemativation o
sudh amackelis the need o estimate a stadestic fiotierdistance fundian, isolte the
>ed eeds estimates, ad intapiet tarsiomatias of them a5 ..iIm-sped...c reatve
eCdades (Sdmidtad Sidkks, 1984). In markets in whidh regulatory arstrants
hae bean kEssened or done anay with, these market shads may not be adjusted to
immediately and may induce a senal conelation pattermn inwithin .. \ariaias. 1N
the banking industry Wnose produdivity we analyz2 oertthe 1980 sand 1990, these
agpects of sEEmiparametyic e¢ dent estimation beaome importat in oider  resohe
guestios aanemning the prgpoer messurament of .. nendal dereguleiion™ impact an
productivity. W eintiroduce tosamiparametyic e¢ aattestimatars thatmake minimal
asumptians an the distribution of the random enars, enedts, ad the regessas ad
that prodde samiparametric e¢ dent estimates of the skpe parametars ad of the
ageds. 0 ursstimatas extand the previas wak of P ailkk and Simar (1995), Paik
Siddes ad Simar(1998), and A dams B eger; and Sidkies (19 98).



1 Inoductian

T his study foauses an the samiparanetric e¢ adat estimatian of rendom e ect parnel mad
ebBatangi R (1) distxbaass. W e abo aasidersuth estimators When the er ects ad
regressas are corelted ( ausman ad Tayhor; 1981). 0 ne motivatian or such a madel
is e nesd O estimatie a stodsstic fatier distance fTunctian, isolke the . >ed @ edts esti-
mates, ad interpret tarsfamatias of tham as ..im-sped..c relative e dandes (Sdmidt
and Sidks 1984). In markets in wnidh riegulaiory aastraints hae been kesssaed ardane
anay With, these martet shads may natbe adjusted toimmediately and may induce aserial
aorreltian pattermn in within .m \arfalias.  In te banking industry, whose praductiMty
we aalzeoerte 1805 ad 1990% these agpects oF samiparametric e¢ dent estimatian
bexme impartant in ader o resdhe guestias aanaaning te prgoer messuranait of .. -
nandal dereguBtion’s impact an praductivity,. W e intraduce tho semiparametric e¢ aait
estimators thet malke minimal assumptias an the distribution ofthe adam enars e edts
and the riegessars and that provide samiparametric e¢ dent estimates of the skpe parame
tas ad ofte e ects. 0 urestimatars extad the previaus wark of P ark ad Simar- (199 5),
Pak Siddes ad Simar(1998), andA dams B ey, ad Sidds (1998).
Semiparanetric e¢ datt estimation hes been disassad exdansively in the statistics ad
econanetrics erature. B idel (1982), | eney (1990), Bidd Klbessn, Rito/, and W ellbher
(199 3) as well as aothars hae develpad samiparametric e¢ dait methads and eanples.
In thararticke o samiparanetric e daitestimatian P arkk and Simar (199 5) intradue a
samiparametric e¢ dait esimatar for the soed..c prdolem df a parel data madel where
tre distribution of the ..1IM sped..c hetarogeraty is uinknoan  In the demation of thar
estimator; they assume namalty of the transtay envar as vell as iIndgpendace of the
ragessas ad eats. Park Sidkks ad Simar(1998) extenced thar madd in that they
albnad a regessar 1o be aardlaied with tre e ects and e lae the impacts of varias
aonelliaon pattermns anag e ects and regessars an the form of the semiparanetric et aat
estimator: T he statistical asssumptias, in particulbr nromal ty af the trarsitory enarad
indgpendance of e e ects and Iegessas hae ad rectbearingan the orm ofthe e¢ dat
saxe and informatian baund (the aanier pieass dfF the estimator) and dlbw te authars
anantrate an the unknonn distribution of tre e ects ad abo dravwsmilarities 1 ather
estimators sudh as tte within estimator? 4 denge in these assumptias resulls inadnarce
inthe Igllkelihaod Tunction and nuisancee parametergoace and  hencg inthe samiparametric
eC dattestimatar: A dams B erga; ad Siddes (199 8) develyped samiparametric e¢ aant

Ip ark Siddks, andSimar (199 8) shonvthatwithin is e¢ dattwhen all regressars are conrelated with the
e ects.




estimatars using Hderdimaesioned product kermek Tarthe () Inearmocel as well Tor
the samilineermadel ofR doinson. 0 thers have aasdered e¢ dantestimatian with die erenit
assumptias. Chamberlain (1987, 1992) andA neleno ad B oer (1995) disassed e¢ aait
estimation with strict exgpdaty assumptias. T his pgper gareralizes the samiparanetric
et dentestimatorderived by P arkkand Simar (199 5) and by P ark Simar; and Sid<ks (1998)
by alloning farthe distribution of the trars tory enror 1o be autoconelted.

In Sectiaon 2 aotains aurmain resuls. we autline aurgeneral panelmocel and we demve
tosamiparametricet dattestimatars acoading o the relatiaships betnean the riegressars
and the e ects (Indgpaendae ad degpadend). Sectian 3 aasidas il ate Carb results.
Sectian 4 autdines the madeling scenario an vwhidh aurempirnca illstration estimating the
et daxy ofthe U . S. banking industry during its regulEIory traasition of tre 1980 ad
19907 isbasad. Sectian 4.3 desaribes the results fram aurgppication in analyzing banking
productiMty. Section 5 aondiudes. A Il the tednical praok are in the gppandix

2 N adekbadll anR esults

T he besic madd we analyze in this pgperis an A R (1) panel macel thatcan be witlen as

Y= X0 + @i+ " ; 0= 1;2inN 6= 15T
Y= Bt Ue 5 J< 1 )

where X i 2 R', ~ 2 R' and yg ae iid rendom \ariebks fian aN (0;%!). D eoting
Xi= X9 25X )P @iX )sariid randan variebks having unknoan dasity h (¢ an
R *'T . T he suppartofthe margnal density of® is baundsd above (arbelon). T his baurd
B proidss the ypper bBel of the praduction friottier or tte baer bel o eg, tte ast
fratier: FHrnallyweassume that™s ad ;X ) s are indegpendait

A Mhaugh egLation (1) is the ganeric panel datamadel an gopealingempirncal motivatian
forthe goprpriate treatmatof(1) istoestimate .. im goed..ce¢ dency bwvekinastodisstic
parel praduction fratier madel (¢t Sdmidt ad Siddes 19 84; Camnwnell Sdmidtad
Sidkies, 1990). T here Y jis the €th doseration an tte autputdfithe #th..m, X gisavedtor
ofthe tthdosernation ofthed  inputs afthe #th .. m and® ; is an undoseneb e random er ect
that ptres ..M Poad.cinet daxy. T he aa Bbilty of panel data albns idall..calian
of rmalzatias df @; Tora pataibr.m ad thus oeraones the Imitatian of a sngke
aGss- ssctian (or time saries) Wnidh allbns anly the idanti.. cation of the expectatian of @ ;
aditicalaon stodesticnase(Jodron L oellll aterovad Sdmidt 1982). | amaltyisa
rathernatural assumption Ta-the wthin disturbence term basad an aatral Imitaaguments
wh E partaulbarparanetric distributians fathe ine¢ dency tarms are ss easl ly mativated.
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W ew llcosidereno stuctures ofdegpendency betineen X and®: indgpendency inll adel
1 ad dependancyinll adel2. T hroughautthis ssction weaosiderthetimeperiod T ..>&d.

21 M ocell

In this ..1st s X ; ad @ ; are syppasad 1o be indgpadant, as with the ;. W e daoke
by h (¢ the univariate dasty of te ©; and by g(§F tte | T-\ariate dengity of X ; and we
wvat to aasider the samiparanetric et dattestimation of  inll odel 1 fion e sampke
X Y Ji= 1;::5N g inthe presenee of tre nuisance parameters (4% ;h (§5,9(9.

W ewwlusethe bedactedmiques disaussaed ind ppendixA |, with the notatians intraducsd
there LetY = (Y1;:25Y1)0 X = (X 825X 9) Tor e gararic of doservation (X ;Y ) ad
©@;" TortregaaicofF@ ;). Thus inthee notatias X ¢ Yo aegreics or(X i Y i,

= 1;::3N .
Thepdfdf(X ;Y ) eanbewitien as
A -
PGy ) = P (iKY oWenf (6 )R0V g
" #
X
£ op i i EY + i 140 1809
> 4 €2
£ epFiw® )i U=vV)gh@Qiuy
where
, « - )
w; )= H Qi) ixXED)+ A i%n GeixXy i%0Va1 i %G1 )
€
TW= i)+ TiDA iy
3/42
V= V) = TR

Itis uksluloroe thatw (4; ) isanadedaerageofy, i X9 iy ixX@ tw; )=
Pl G i X9), whare

(
) V@ iwETH) o ladT
G QA= @ ;1/2)2=T(1/z) cforts 2;oinT gl

| clethatideed L, @= 1. .
HFwe de.re te rendon \ariebEW = W (47 )= ¢, @YtiX ) vweanwite

X
O+ Gt

1
O+ L %)Y+ QiU+ i+ WFTEH)

W
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where the secod term follons al (O;VZ)dsmtuﬁcn T hus the pdfFofW is gven by

f@) = Fk)= —A( "‘Sh(odu
- -p—l Z o 010 M u @
Vv P ' LV!

letl «= 1% )= YeiX T iW addaoeby ¥ thewddted aerage ofX 1; 225X 1t

=) Ko

€1

L etl ¢ be the Fsherinfomation to bcatian ofh (§:

(f<1>)?

lfF= —=@W)dw

where F® denoies the jith derivative of F. Firallly de.ning

§1= ERL i )X i K1 i F)°
o
+ Kei¥ i1 i™Xei¥ i 2K g1 i)Y
€

§, = EQF i EF)CF i EXF)C

we Gan navwwiie the folloning theoram:

T heorem 2.1 T he et dattscore functian and te information bound for esimating in
I adell are gven by

X
-3/21’(1 PNt Qe )0 i B 00§ (W)of ECT) 3

€
| = %128+ 148, : (&)

T he praofisin el ppaedixB .

W e naw astict an ef datt sstimator of  Tdlbning the same idess as inParkk ad
Simar (1994). W e ned preimirary P - coristent estimator= ard % ofF~ ad %. The
within estimatordotained by regressingY e i Y s X e i X ioy0L S methads proddss the
asstaTt and the coneltion fFttewithinOL S residuak Yiei Yii X ici X ) with
their lboped ValLEs provides a aonsistent:.

A aonsistent estimator of %’ can be darived a5 TOlons. De.ne W i, )1 «l%; ) ad
Fith) intresamevay as de.nirgW (4 );Z ;) and F (%) respectively, Foreampke

X
Wit )= Qi X i )-

€1
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De.ne

X X
W)= e s Y

Fl€el

etc/)_((1+%):(ril) Cforts 1adT
YT QA §ERET D e 2nT 6l

N oetatfort= 1;:::;T

—v_ Taidai%),
ELulh ) = TG+ %) W
etz =L D ooy

TidA 1D

X o TRA+ %)
e L T iDA i®’
SonwehaeE® ()= %. 1 an

= WHT)

de.nss aarsstatestimator ofy! .
W ernsed abo O de.re an estimata-aftte matnix | : wede.re

P= %19 + R,

whare
B, = Niiftl PO a i )X a i Fi0))°
+ fz[x i i) i 2K g 1 TOIX i i 14X g1 i T
8= 1% i) e 1Y
with ¥ ) = Ni%ﬂ‘a(%)
K= Ni):IA%D-Z W iw:™);
In the Estepressian W, = W ;™) and f'is a karel estimatorof f, the pdfofW
i ;%;7) = NiiKs(W Wi D+ G
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whereK (U = (1=9)K (us), K (= eiHl+ eiYi! andthe bandniths and the castantc
1ads 1O zaro at sone goprpriate rates desaibed bebwve Finally, witirgZBic= 7 w(%; ™) e
can de.ne thesstimatorof s ollons

~ s =+Niplx1%i2(1 i 40X
1l
X £O _
51T Cie i W DX e i %X m)iofac/z)ifa(%))?(wi;%f)g: ©
€t

WV e state nrowvaurmain resulls shoning thet™ is a samiparametiic et dentestimatar of

Theorem 22 A sume tet EE¥H) < 1 forsanet> 0 ardthRjjh(L,)du< 1. 1F
s! 0;d 0adNc&sP! 1 asN! 1, tenvehae

L a7 )! N1 asN o1
T he praofis in tteA ppendixB .

Remarkk2.1l 6 L S wthin estimator
InteTheoram adowe weusad ~, telLS whin esimator ofF  as a. 1St s asisatt
esimator: Fian this ve darivad abko the aorsisient estimators %;%' . T His is sut dent ©
ck..ne aur samiparametiicet dat” in (6. T His ... Istsep within does notttake intb acoount
teA R (1) structure of te enorem. W e coud abo use in te .. 1stsp a fessibe6 LS
witin esimatlor of  widh is maoe eCdent ten te 0L S wtin. T his migitin small
sampk improe the galty of aursamiparametricesimator: The6 L S within canbe de.ned
as olbns. L et
Xa=Xu iXi®)
adfoart 2;::5T
Xie= X i X)) i %X g1 1 X i%)):
Lilkenise ce.reY g fort 1;::5T. First Vi) = PTthl/z)Yitt‘En
Ya=Ya i Vi%)
adfrt2;::5T
Yie= Y i Vi) i 2(Vege i Vil)):
Thet LS wthin estimatorof  is ten ce.ned by
eLs = (% L P% X aX o+ . X X )

F1 €

* i Oy o >I o]
£C Ti¥XEr XD )

1l t?
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> Fian this estimalor; as amove we an cerive an impioved estimatorof: and¥’ by plogging
~sLs in ple of~ in teepiessias de.ning® ad ten %!, asin (6). T Hs plovdss % | 5
ad %}, 5. Finally all tose( L S witin esimators &an e wsed in the epressian (6 ©
provice | <. In e simultias keby we will ampare the smalll sample properties of ™
adAGLS'

R emarik2 2 A nother improved estimation of, and ¥’ .
W e may e sstimate’, wth te et dentesimator of athend For an improved estimatar
of %, we may aosicer te coneltion of te residab

Yiei Vii "o X9

with tar lbggd \ales, or te sdution of te lkelihood egation 3, = 0. T Hs provdes 2.
T hen, with? and ™ we @an alko ce.re by (5):

w=Ne:

22 I adel2

I adel2 is in factthe general baaic madel sped..ed by equatian (1) where we allbw depent
dencoy betneen ® ; and X . W e still assume indgpendacy betnean (@5 X ) ad ™. H erewe
daokeh (Ctheamman (1+ ( T)-\variate dasty of @ ;X )5 T hean with all the notatias
inbtaucd inll adell, we e state the thearem:

T hearem 2.3 T he et dattsoore function and te information bound foresimating in
N a2 are gven by

w_ 1 X
= TR Xt Ceil 6 e X 61)9 @®)
€2
| = %18 ,: 0)
T he praofis in e ppedixB .
R emarik2.3 0 biaslyve hane

%', - %181+ 1¢8, - EX9;

where the inecuality betnaan e matricss is in te sanse of e positive samice. nithess of
thardreaencess. T ke .. rstinagalty dons te price 1 pay forallbaing dgoendancy betneen
® andX , and te netane for notknoning’:; %% ;h andg.



A N samiparametric e¢ dent estimator Torll adel 2 aul be castruded as abowe In
I odel 1 but non without the ssaod partin ™ (conpare () with (8)), buta smpkr
e¢ dattestimatoris provided by the Tdlbamg cadiary.

Cordllary 2.1 Thet LS witin estimator™; < de.redin (7) is et dentinl a2,
P roof Itis indeed stisightiomard osovthatash | 1, vehae
LW Corgy D! N @:HEFY):
2.3 Individual en ects ad the Ievel of the fratier-
SineW;= 0;+ | L, @i itseams natural k. ne & estimatorof the & et

&= W) (10)

Risather’: aritsimproanatdisasssad aboe. L etB  be the upperbandary dfthe suppart
ofthe margnal darsity of® ;s and ce..ne its estimatorby

B mpwen:

A ssumeX s areiid. | -dmensiaalvectoswWthEK 1 j < 1 adEX 1 i EQX bl))(x 11
EX 11))°bangnasngubr: Supcee ttaetbahN adT gowin.nityandtaet N TC
)=0,, ﬁ@‘z i%)= 0,(). Then wecnshow asinP arkand Simar (199 4) arP ark
Sid<ies ad Simar (199 8), that

LeCT@50)! N Q:=( § %)

and thet
B §B = 0,(T" bg\ + N i'):

3 N aite CadoSimukAtias

W e hae4 asisaitestimatos of @ e 0L S within ™, #e6 L S within =, g and aur
twoet datestimatas *, 75, s. T he ..nite sampke pebrmancss are compared thiough the
ollonrgll otieCarb (| C) stcaancs
W esmubte sampks ofszen = 20;100;1000 wth €= 12;8 inamadelwthi = ?
regessas. Ineadh I C sampE the regessaris are ganaraled acooding a bivariate VA R
mockl
Xie= RX gg1+ s VB (>IN, 0% 1,);

8



1
were ¥, = 1 adR - 0‘;5 0f5 . Then the doteined \ales oFX 5 vere shified

anaund thiree dis erentmears to dotain alimaest 3 balanosd gaups of ..ms firam amaller to
kg We.xadl, = G 59, = (75 7501, = (10 10)° Theideais O grerate
a raisavebk dod df pdnts forX . 0 therseanarics have been tried  they infuence the
qualty ofthe estimatas jantly but they do notdance the aadblEas an the aamparison
issLe rais=d hare

T heautoegessivel R (1) partoftte madelwes gaaraiedwith, = 07,0 1 ad¥% = 0 5.
Farsmallales af: we au eqpectthat. nite sample perfomancss ofauret dantestimator
aud be qestiaebke. Changng the valle ofY: woul of course v ect jantdy the guality of
all the estimators butdaes notae ect the aaomparisas daone bebw

Fnally te ine¢ dency part (the individual e ects) are garerated independantly of the
regessas asB  j Expo(ty) wherewe doosed forthe epaattialdistributicnameany = 1
and orthe uoper baundary avalbe B = 1. Since tey ae often messured in bboaritims
(ke in Cdab D augks praductian tinctias), this invdlves an aerace inet dacy saore of
039. Here aan otter sseane for gaerating the @ ; auld be dosen but this doss not
avecttte andlsias bebw T hevalies of was sestegualto (1 (0 5)°

D Le 1O amputing ime Imitatias mcst of the reauls ale dewth = 50 1 C
replcatias butwhenn = 1000 anlyM = 100 replicatias wae perfamed. Sane scaanics
(with analliern) weredaewthM = 1000 aon..miming te rpated results.

Sine tteVA R proass gaerating the riegessais X is symmetric in both acompanants
tell SE forthe estimators dfthe tho aet dats are of the same aderofmagittde. SQ
aummanz tre resulls the T abks disply the sum ofthe ol Cll een souaned enars

N SE = X Mi X 5 i
F1 m=1
where ™ is ane of the fourprgpasad estimatars.

Forthe bandnith s we sebcted an gptimal .. >&d \allie s™ by ruming tre whok il atte
Carbeparmattioraselded gid of20 egually spaced \ales trs betneen 0.1 ©©2. W e
rpatin the T abks the results conespading 1o the gotimal bendwidth s©, where gptimal
means Wnidn minimized M SE. In all the tried scananics the resulis were not\ary sasitive
totedxacofs in the aboe gid

In afdbning sectian belovwe w il prgpcee a data driven metthod o derive an qotimal
bandnidth s” with a real data st theiceawillbe © rplae tell ate Carb epaimatt
by aB cotstrep alborittm.

Inthesituaion AT abk 1, %= ( 7 with sudy avale Tor e autoregessive paranetery;
we sseackarimproangatitin the use of tte e¢ dantestimator;, in particulaer; acampared with

9



- - A A o
n |t|| Gls cls | S

20 |12 & 2019 1792 1791 | 0.4
100 | 12 | 8523 4076 3591 3l |03
1000 | 12 )| 0.7527 0.3408 0.3031 0.308G 0.8

TabE1l: | aeCabll SE ofte esimators of wthil = 50 mplicatias. The..gures
fortell SEaemulibliadby 10*. Hele = 07, % = 0 5adl, = 1. Forn = 1000 anly
M = 100 replicatias were perfomed

el Ll S within. | oie abohonthet L S within daminates the0 L S. By bddng tothe th0
vardas df aret dentestimatoy; itis not dear that we gain by dxasing the 6 L S within
s a..istsep rde . ning the estimatar: this is an.med in mcst of the scenarics belbo
W hen inaeesing te \alLe ofF twe betier estimate ;. and the improiameantis still betier ss
an.madinTebk2 witht= 6.

n | Tt ” - “sLs - AG s | s°
20 | @ 114 3544 342 344|039
100 | &) 2122 0.7102 0633 0.63L| 03

1000 | | 0.2104 0.0597 0.0584 0.0585| 0.4

TabE2: I aeCarbll SE ofte esimators of whil = 50 mpliatias. The..gues
fortell SEaemulibledby 10‘. Heleth= 07, % = 0 Sadl; = 1. Forn = 1000 anly
M = 100 replicatias were performed

W hen theautoconeltian’: issmallinwemightepectpoaperamancss in.. nitesamples
ofauret dentestimators since the conection &ctorin (6 inbraducss additaalinase. T his
isineticatied inTebke3wmare. = (1. T he T ebke dons thatauret dentestimatorbehaes
pretty velland betier then thet L S within. T he latferis notsgni.. cantly dic eratfion the
0LS.A betferestimation af:, by inaesed g tdoes natdhange substantially these conmants
as donninTabk4.

n |t|| - “als - A(;lesc

20 |12 2315 233 20.12 2015 (0.3
100 [ 12 || 44680 4496 3G3 3QG2 |02
1000 | 12 || 0.4026 0.4016 0.338 0.338 | 0.3

Tabke 3 Il ateCabll SE ofte esimators of whil = 50 eplicatias. The.gaies
fortell SEaemulibiedby 10. Heleth= 04, %= 0 Sadl, = 1. Forn = 1000 anly
M = 100 replicatias were performed

10



- - A A o
n |t|| Gls cls | S

20 | @) 3&G2 353 348 348 |09
100 | & |[ 0.7428 0.7222 0.7028 0.7028 | 0.3
1000 | & (| 0.0000 0.0000 0.0000 0.0000 | 0.0

TabE 4 Il ae Cabll SE of te esimators of  whil = 50 mpliatias. The..gures
fortell SEaemulibliadby 10*. Hele = 04, %= 0 5adl, = 1. Forn = 1000 anly
M = 100 replicatias were perfomed

T he good perfamanass oftte e datestimatonarth wesk autoacareltion aean.mmed
by T abke5 whare the datla were ganerated with no autocooneltian (4= (). W eanly disoly
the resuls With snallsampke szes tosae oae. | oettethare thet L S within introducss
additicnal nase prdoebly due 1o the estimatian of ..

n | t" = Tas T AGLSl s®
20 12| 2036 2080 18.33 183L| 04
100 [ 12 | 3879 3902 3333 33|02

TabE5: | aeCabll SE of te esimators of  whil = 50 mplicatias. The ..gures
fortell SEaemulibledby 0. Here%= 0,% = 0 S5andy = 1.

A s agbal candlsan, itgopears tratauret daitestimatorbehanves pretty vell aacss
tte dreaaitll C scaancs een it is snall W hen autooconeltian is presantand mare
impartant, itde. niely inaessss the predsian oftte estimators of - Torthe dic elentsamp e
sizes analys=d here.

To aampute te et dent estimator™ v need 1 docse a badwidih s. W e propase
here the OlbAIng bootstrep procedure Far agven s we aampute ”(s) and the resulling
improed estimators ®5(s), (s) and % (s). T hen by using a samiparamettic baotstiegp, e
gaaraieB psaudosamples (X i.gYi“’.)b, b= 1;:::;B by resampling an the residuak in madel
@

YE=XT O+ &)+ " ; d= LN e 1T
a= N a1t U )
where >N 0 ;% (9)).
Each psaxbsanpbpmobsAd)(s). W e ampute the artarian \alLe

® M fon

|
co=3 i O :

b=1

11



T he gotimal bandwith dhdaeis tten gven by s7= argminC (s). In the eamplkewe dose
B = 90 adwe caied autagrid seardh Tors® an 10 equally gpaced valbes fram 0.1 102.

1.

T he gotimalvaleis s7= (0 9 and T ablke Gaummarizes the dotained results.

varicble || 0L S within™ 6LSwthin™;, o E¢dent”
X 1 0963 (0.0170) 09893 ©0018)] 0994  (o18)
X, 0.4850 .01 0414 ©001&)| 045 (001a)

Tebk 6 Estimation of ~ in aur eanpkeweren = 100, t= 12. Hee® = (5B 5ad
= 05615 In paaitesis aie te esimaed stencaid cevatias, forte0L S wtin tey
are te stendard anes aomputed under te hypothesis et = 0.

0 N the e¢ dat estimatas of are dotained, estimators of Y, of the e@ects ® ; ad
of the fratier kel B may be derived. T his w il be ilLstraied with real data in the next
eanpk

4 Empincal | liustratian
41 RegiBEtOry IssuesintheU . S. B anking lndustry

A acomprdhasive acoaunt of cereguation messures a0 ecting Gpial recuirematts product
inss and geogrgphic epandan is presented in B ercer; Kashyep ad Scalise (1995). The
early benking BgsktLre wes aimead at protecting casumas ffan ephbtation by regaal
and raticralmaey tiusts. H oneverthe presenation of bal mapoles ad digpadles in
ammunity benking waes an unfartunate autcone Sine te early 1980s feceral ad state
reguBioy agades have riesated 10 Ess stiingentinterpretation afbanking regulatias ad
adpted Ess isstictive BEgshture. T he passing of theR eidiell eal A ctin the eardy 199 0s
encbEd natiawide benking vhi E the relaxing of unitbank brandh bark and state benk
tpe Bysktue hae resulied in numeras mergars and & bliress whidh hae sigi..cantly
alteraed theU S barkingeMramant( dans, B ergerand Sid<es 199 7). T he introduction of
interest bearing cosumer dnedking acoounts ad the phasing aut ofR egultian Q@ interest
rake aaings an savings and snall darominatian ime degpasss in the early 80s wae amag
the infial wae of ceregulation pdides. 1| aey marketdgoas taooounts (structured smilar
tomuttal £incs) Bd notanly 1o a newpraduct ine butalko toampetition fom nan benk
irnstitutians.
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Tednical ad ..rendal innoations hae cotributed in trarstorming (ard aontinues o
tanstom) the U S banking envirament by eiminating natural baniers o epada ad
by undammining statutory restraints?  Improaments in conmunication tadhrology, better
amputers exiaa\ve wse of Tl s (autonatied tEller madiines) and new servass (an ine
banking) hae played a key ok in rede. ning this industry as We knowvittoday. |n addiian,
imoatias in goplied ..nence infomation processing ad aammunicatias have Tostered
geater easian of banking ponars thwaugh divers..caion ad praductsyrerges. T hese
dangsin te U S barnkingeMromant heve araussd aasiderabk interestin the madeling
and messurngofaompetiion. A sureybyH unphreyandP ulley (199 7) presants adesaip-
tian of the deregulation messures implEmanted and analyzes the industry’s reectias ad
adjustmants.

T he di¢ aullies assodated in de.ning a bark’ inputs  autputs and messunng prHcs
hae resulied in a substantial partion of the baenk acompetition research baing cariered an
the structure performance relatioship ad related hypottesis. A acading 1 the structiure
pafrmance hypdhesis the bvel of campetitian anag.ims is infuenasd by te degree oF
aoncentration wWithin the industry® T he structral casolidation ofthe U S banking sector
inthe reantpasthes Telbd traditiaal fears adFnot ampetitivaess. T his hypothesis viens
that geater market ancanratian is condud e Taormae e ective collisan. T he pgpers by
B ergerandi anen (1989, 1998) adB ergar(19 9 5) provde an exiana\ve overviewor the prior
reseadh thaet used the structure perfamance paradign. T he previas researdh refaned
in the above papars hes reled an reducsd Tom madek 1 messure market aanduct B ank
parformanc messuress sudh as retum an equity R0 E), retum an ass=ts (ROA ), intarest
raies dargsd an bars and intarest rates pad an dgpaats were regresssd an aonaanralian
messuress, and these parameterestimates Were used as i indicators of the degreeofaompetiian
amagbanks. B agerad i anan (1989 ) used the et aak structuee hypotthesis tomessure
ampetiion by aasidaring the e ect of market conaenratian an pro. tebilty, T he \est
terature an the aboe hypothesss gnerally suppart the structiure perfomance paradign
and partially supparts tre e dentstructure paradgn, with ratrerae aampEtely aass
tEtwth theampindaAlly dosenad relatioships anagpro.ts prics, marketstuctiure ad
eCaaxy Studural madek desiged 1o deal with these issuss reaatly hene been aa
hMzed by A dams R celler; and Sidks (1999), A dams B aver; and Sidkss (1999), adA dams
Jayesuriya, and Sidkks (1999). W e do pursue sudh structural madeling gopraedhes in this
paper.

?SeeB erger; Kashyep and S calise (1995).
34 H 1 is widely used as a messure of market concentratian. See H amnan (199 7) fora disaussion an the
ussiubhess ofthet H | indexin the pridng of dgpcsitad kaan ratss in the U S banking industry,.
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42 D a=t

A paneldata sstfiaon the .. istquarter1) 80 ti i the fourth quartarl9 § 6Gaosistingof10,000
US banks wes usad in the estimation of these mackek.

T hepraduction ad acstdatafortre U S bankingindustryy wes dotained an inefiram the
FederalR eene B ark dFChicaga T heR gpartof Caditian and Inaome (CallR epar), ad
the D IC Sunmary of D epaaits ae the primary sauras farte U S barkiingdata

T his parel data setis a amprdasive source of infamatian an goerating asts, inputs
(induding Ebar; spital and purdnese Turck), autputs (bars and depaait EIvIeS), assels
ad te mgubEiy eMiomait of any institution in the US bankiing industry, D ata on
oerae hurdred ariablkes wes collectied fran the CallR epoats ad the FD IC Summary of
D epaEts’®

L ebar (A B) is messurad using the number of Tl ime ecuinabit enpbyess an the
payroll at the ed ofeech guarter: T he total valle ofpramisss, .. >ed assets and epitallzd
lesss are used as a proy Torgpital (CL P). P urdese Tunds (PUR F) are messured using
the sum dFdepaits geatier then U S$ 100,000, fadgn dabt, fedbral £inds purdesed, ad
iabi i ties an baroned maey.

T he messuramant of ben and dpaatsavas is a moe anpkex isue and o g
proadhes are aumantly utilized in the U S banking Kerature  intermediatian gopraech ad
production gppraadn T heintermediatian gppraech uses the dollaramaunts ofdepai s ad
autstending bas as a proy Tordgpaat ad loen sarviass provded by abank Wwh E the
productiaon gppraach usss the number of autstending lobens ard dgoasits as a messure of
banking seriass producsd. T he Tamar gopraadh is Dlloned in the data colliection ad in
the mockeiing metihad.

4 T he data sets usad in this paper were aampi Ed by R ivien Jayasuriya whi B employed as a Summer
Intem atthe A ntikustD iMsian, U S. D epartmattofJustics W ashington D C. T he indghtful comments by
numerous econamists warking in the A ntitrust D Msian, and the .. nandal support prodided are gaieiully
adknonMdod.

5 4 detai ld desaiption of these variabks can be foud at the Federal R esane B ank of Chicagp UR L
(htap:/ /vwwvfibdi.ong).
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P roductian and CastD ataD escriptian

Varebke I een Sd. Dev
RealEstatel cas RE ) 50 milian | 23 milian
Insalinentl cas (IN LI ) 17 millan | 11 milian
Caoamm & IndsL cas (CIL V) | 18 millan | 17 milian
D epaEts 20,405 12,692
PriccofREL 392 1.08
PricalN L I 4.4 1.05
Price of CIL N 329 1.15
P rice ofD epits 382 124
L ebar 2,047 1,300
Copital 29 milian| 19 milian
P urdese Funds 14millan| 9 milian
W aop 20,227 &203
Price of Cepital 133 381
P rice of P urdese Funds 329 124

T he Blbning ken and depaat tpes are usad in this study: red estate ks R B | ),
ammeadal and industrial berns (CIL I ), insalimatt ks (I L)), ad el time ad
saings dpaits O gaits).® Cll I agoonts for bars gven 1o busiressss, vnike IN LI
acounts Tor ks gven oindviduak tomestmeaedialexpensss, vaecatianepansss, purdese
fumiture autonda ks househdd gpplianass, and other miscelleneas epaess. RELN
acounts Tor lbans ssaured by real sstate

T heprice (interestrate) Toreach dithe bentypes is dotained by dividing theinterest ratie
and e incmeearmed, by the autstanding ben anaunt A compaate wage rake is dotained
by dividing tte total EEba-epensss by the total rumberohnwaters. P rice indaess forcepirtal
and purdiese Tincs are albulied by dividing the eansss inauned fareadh input by the
vale of ttial dpdts (as presantad belon).

__ epadtue o inputj
YT T orldepasts

0 utputs inputs and price de.nNitians used N this pgper are anastentwith thase ussd
in pravaus studies (B eroer (199 1), ad B eroer; H ancodk and H umphirey (199 3)). B ank size
(toial esebs) is highly aonreltied with the size ofa gven autput; and thus dollbnalles are
used in plece ofthe number o keens ardepaats

SR etai I time and savings depasits greatterthan U S$ 100,000 are included in purdhase ndks.
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T heck. nitios ofguantities ard pricss are kss then ideal butare necsssitated die tothe
absanee ofepliatprice indicss. T he CallR gpartand FD 1C data are reported in naminal
tams ad are anverted into real tems sing a state bvel consumerprice index (19 82-84
= $100).

43 R eaults
5 Caxdlsem
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A ppendix
A ECaentEstimatian in Semiparanetricll ocek

T he notion of e¢ dant estimatian in semiparametric madek is well esteblished in Begn,
Hall Huengand W ellirer (1983), Bidel Klbessn, R itov and W ellrer (1993), ad Pagm
ad U EEh (1994). A n et auney may be fand inll eney (1990). B elowwvwe briety
autire the basicidees in axraotext

W e ;Y)for‘gaaic’ dosenatias. L etP bethe sstdfallpassibe jantdistributias
of(X;Y). Let Dbe tte paanetervector: 0 neclk P, a regularparametric submaockel of
P ifPj(*2P) an be rpresated ass -y 1~ 2 R';” 2 Sen¥2 R'g ad ateary
(o:7g) emeping( ;") ! R+ isantiruosly H dlingerdic eratiebe (see Ibragmov
andH as’mingli, 1981, Sectian 1.7).

Farirstane in axrbasac madel (1), a prdosbi ity distribution can be daracterized by
C;h;%D). L et y;ho; %)) denote the truevalle of the true urderlying P and aonsiceracless
offnctiash- (¢¢indeedby”; 2 R 1\/\fEIeh'l isidatial otetiueh, when™; = ( (for
eanpk aemaytekeh- (PF= ho (i ;P. W rie”, oy, wth™, = %. L et 1))
denote adistribution devacterized by ( ;7 1; 7). T his mears that the true P can be witien
a8 R, 3:,,)- T hen the dbss dfprdoat ity distribuion Ry -y =~ 2R";7; 2RY;7, > (g
is asubmackl of P pessing thraugh the true P andis regularith -, as functicnal oF 4, is
“gmoati’ ina cartain sanse (Ibragmov and H asmingli, 1981).

Swppae PE R, ,y) belngs 10 a regulr parametric submadel Py ofFP. Then the
notion ofinfamatian baund and et datestimation of  arewellde.ned.

LetL(X;Y; ;") daotetre g lkelhood ofen dosenationflon Ry and EEE- (X ;Y ) =
OL=0 J,;Hyad =, (X;Y)= 0L=0" 3k, Were” = (;;::57)- Then

S S
PP E> i I P
F1

F1
where G is ai -dmeasiaal vectoruniquely cetemined by the orthogonality coditiat

» _

E~i q-,I,=0 J=1:5K

F1
In fect the infomatian | (P; ;P ) gven eboe is nothing eke then the inexse ofi £
tp Htpartiian o ECOJit where ™= (9~ ;25> )0

I areover; itcan be abowiitien as
| (P ;Py)= E™
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where
R R Gl )

[ > ] denotes the inear gpan gnerated byf‘fjg} 1» and % () daokes the vectar of prgec
tias dreech aampaaitofl atothegpae Sinl,; (P). Inothernnwards, we projectthe scores
with respect 1 the skpe paranetars ato the nuisance parameter tengait oace and ten
purce the scores of these projectias O get the e dentscare Whidh is then athagoal
the nuisane parametess. A nestimatorof  is called et datitifitis asymptotically nomal
with meaen zaoand \arianaeN 11 11(P;; P)).

T he aboe disaussian gpplies when P rangss oer P . Clarly ifwe anly assume et
P 2 P we an sestimate no betier then ifwe assumed that P 2 P. A caadigly, Et
| (P, ;P)= il (P; ;Py) : Py isarmegubrparametric submael of P; P2 P,g bethe
infxmatian baurd rrestimating” underP. A nestimatr ™, is nowvcalled et derttin P

it
I—P(pN_(AN D) IR (HER GAN ) F

A methad of..ndingl (P; ;P) is velleqplined inBidel Klesssan, Ritor ad W ellher
(1993). L etC daote the dbss of dll riegularparametric submadek aataining P, ad Et
[~ (P))] daote tre neer 0en gaerated by ~ frasuomadel P. Then | (P; ;P) anbe
dotained by

(P75 P)= EZ(;Y)
where
= iCH)

adV is the dosed inear oan (Gl tengant oae) of the unian of [~ (P )] vwhen P
rangss oarC . T he random variebe ™ is calEd the ef dattscore fundiion

B L eanmasadP rook

P roofFof T heoram 2.1.
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