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threshold colntegratlon mode1. However, there are circumstances ln whtch the

Tsay procedure may not be as useful or approprLace, Whlle che Tsay threshold

x0odellng procedure ls able to noodel threshold coLntegratlon, glven that the

cointegratlng vector.ls already es.timated, .lt nay not be. very useful lf there

are only a few observatlons outslde of the thresholds, In partlcular, the

Tsay threshold nodeLing procedure ls unllkely to be sble to detect and nodel

the two-slded Barrler process.

exaninlng threshold colntegratlon

addltlon, we would Llke to consLder

a systeEs context; unlvarlate methods

In

1n

[ay not be as efflcient as e systems approach would be.

Flnally, lre \uould llke to conslder sone addl.Clonal econonlc examples in

which threshold cointegratlon nlght be present. There is a large litefature

that uses colntegration to examlne purchasing power parily (for exarnple,

Corbae and Oullarls (1988)). Perhaps, the rejectlons of purchasing porrer

parlty are due to the relatiwely lower power of tests of colntegratton Ln the

presence of threshold cointegratton. Another exanple of lnterest would be

whether consumption, especlally consumef durables, and incone are

characterized by threshold colntegratlon. . Recently, Bertola and Caballero

(1990) have applied (S,s) techniques to nodel the purchases of consumer

durables. That ls, coniumers lralt untll thelr stock of durable purchases

reaches a given threshold (elther upper and lower thresholds) before rnaklng

a durables purchase. Thls irnplles that at an lndlvidual 1eve1, consuner

durables and incorne are threshold colntegrated. Because of aggfegatlon,

aggregate consuner durables and lncorne may be modeled as a smooth tfansltlon

threshold model (Terasvlrta (1990) ) .
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Append[ces .

Aopendlx A. Continuous Tlne Threshold l,(odels.

In contlnuous tlne, the threshold colntegratlon rnodel- l-s glven by

(A1) yr * o'xr - zt

(A2) yt + Bxs - 86,

where Bs is a Brorrnlan Motlon and zr ls the continuous tl.ne verslon of the

threshold autoregxession. We consider contLnuous tlme verslons of both the

baslc threshold nodel and the target zone threshold nodel,

The basic threshold model rsould colrespond to a Brordnl.an notlon that

rrjunpsf back towards the equllibrlum Level whenever lt hits the boundarles -d

and 0, This process ls descrlbed by a Brownlan notlon of the forn

(A3) dzg - odli ls, - e  I  z a  1  0

where I.I; ls a Wlener Process lrlth (Wr+r -I'Ir) - N(0,k), When the process hlts

the boundar les +(- )d,  the process Junps to +(- )p,  (0  < p < 1) .  The value of

p determlnes how far the process Junps back tonards the equlllbrLun; for p -

0, the process Junps all the way back to the equl1lbllun.

We can also construct a continuous tlme verslon of tar8et zone threshold

nodel ln whlch the process drlfts back to an equlllbrlurs (or target) zone.

This orocess has the forn

-v(zL + d)dr  + odi , Is

(A4) dzt - odWt

for  z" < -0

fo t  -0  3  z t  3  0 .

f o r  za )  0- v ( z t - d ) d t + o d w s

fhus, the process is a Brownlan Motlon lnslde the reglon l-0,01 and an nean

revertlng Orns te in-Uhlenbeck process outside that reglon. Tha paraneter r

controls the strength (or speed) of the attraction to the boundaries; for v

srnall there is weak attraction while for v large there is strong attracti-on.
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In the absence of the boundarles, the distribution of a uncontrolled

Brownl"an Motlon (BslB6) ls glven by P(Bg < I I Bo) - O((R-Rol /oJr) where O ts

the cunulatlwe dlstrlbution functlon for the standard normal dlstflbutlon.

Note that L1ke the 'discrete tine randon rcalk, the varLance of the

uncontrolled Broarnlan Motlon grorus linearly wlth tI[e. However, the presence

of the boundaries causes both threshold process to have statlonary

distributions. The njumpn process z" descrlbed ln equatlon (A3) has a

statlonary dlstributlon descrlbed by the denslty functlon

(e5)  d (z )  :

The asyaptotlc distrlbutlon of target zone threshol-d process descrLbed by

equatlon (A4) has the follolring denslty funetlon:

0

(0  +  z ) / l<1- -p2)e2 l

r/  l  (r+p) 01

(0  -  z ) / l ( I -pzJ lz l

0

f o r  z3 -e

fo r -d (21 -p0

fo t -p0szsp0 ,

f o rp0<z<e

fox  z>  0

(A6)  C(z )  -

l l2ro2/ (2v) lLt2 + 20Yr expl-  k+0)2/ k21v11 fox z < -0

l l znoz /  ( zv ) l L t z  +  1e l ' r  f ox -0<z<0 .

I  l21td2/ (2v) luz + zel-L expl-Q-0)2/(o2/v))  for z )  0

This process has trco lntefesting limlting cases. As y .+ o the procesg

becoues a reflected Brownlan Motlon on [-d,d] which ls equLvalent to the firo-

sided barrler process described above. The asymptotic distributlon for this

process is a uniforrn distributlon. As d - 0, the process becones an

Ornstein-Uhlenbeck process over the entLre range of z and is the contlnuous

time analog of a nean reverting autoregresslve process. Thls process has a

as]rmptot ic  d isr r ibur ion of  N(o,o2/  (2v))  ,

To find the statlonary distribution, we use standard tesults fron the
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diffusion processes llterature (see Karlln and Taylor (1981)). For the bastc

threshold nodeJ., z, ls a Brorrnlan motlon Ln the lnterval [-r,rl that Jumps to

t pd when the process hits the boundarles. For thts process the statlonary

linitlng distributlon C(z) will sarisfy rhe followlng Kolnogorov forward

differential equatlon

o26" 12172 - o f o t - e<z<0 .

(In the steady state A6/At - 0, whlch ylelds the above dlfferentlal

equatlon), On the boundaries and return polnts d(z) Dust satisfy

6(0)  -  o ,  c( - r )  -  0 ,

6 ' - (pe)  -  6 ' * (p0)  -  6 ' -<0) ,  i ' - ( -p0 )  -  { ' , ( -p0 )  + , [ ' * ( -0 ) ,

4-Q0)  -  6+ (p0 ) ,  an .d 6- ( -pe)  '  6+ ( -p0) ,

where (-) Lndlcates evaluated fron below and (+) lndlcates evaluated from

abowe. Solving the above differentlal equetlon and inposlng the boundary

conditlons al-ong with the addlng up constralnt , -el e ik) dz - L, ytelds the

linlting dlstrlbution glven in equatlon (A5),

Sirnilarly, the linitlng dlstrlbutlon of the contlnuous tLne process

. whose behavior ls given by equatlon (A4) wtl1 satisfy the following

Kolnogorow forward differentlal equations:

O -  o26 "k ) / 2  +  g ' ( z ) v ( z - | )  +  vSe )  f o t  z  >  0

o -  026" @)/2 for -d (

O  -  026"  G) /2  +  6 ,  k )v (z+o )  +  v [Q)  fo r  z  1  -

In addltlon, the following boundary condltlons rcill need

2 1 0

to  be  sa t ls f led

6 ' - (0)  -  6 ' * (e)  '

6 - ( 0 )  :  d + ( d )  ,  a n d

6 '+ ( -0 )  -  6 ' - ( -e )  ,

6,( -e)  -  0-(e) .

Finally, we have the addlng up constraint -J'4Q) dz - L, Solving the three

differential equations and inposing the varlous boundary and adding up



2+

constraints yields the liniting dlstrlbutlon given by equatlon (46)

Apoendix B Continuous Tine Dickev Fuller Reeressions

Consldef the contLnuous tLne verslon of the Dlckey't\rl1er regressLon
^  , +-v  -  o ! '  zr  dzE /  o l  

r  (2")2 at

whete z" is a contlnuous tiue stochastlc process and -v repfesents the

reversion or the strength of attractlon to the equLll.brlurn. If zs ls the

continuous time versLon of a unit root process, 1.e. an uncontroLled Brorrnlan

M o t l o n ,  t h e n y  -  0 .

Prooositlon 81, For the Brownlan llotlon that returns to + pg (0 < p < 1)

when it reaches the boundarLes t d as gtven by equatlon (A3), the

pl ln  -z  -  -  6oz/ lez(L+p)  ( t+pz!)  < O,  I

Proposltion 81 suggests that the llnear Dickey-Fuller rest should be

able to distinguish between the unlt root proc€ss and the threshold-Junp

process. The threshold model looks nore Llke the uncontrolled Brownlan

l,lotlon the smaller process j r.unps back torrards to the equlllbriun (1.e. p ls

larger). In addirlon, rhe smaller the ratlo o27ez lwhlch Ls l/E(r) where E(r)

is the expected hitting tlme of reachlng the boundary staxtlng from zero),

the closer i i" to r.to. As a2 falls relative to da, the thresholds are

reached less often; hence, the thteshold process looks nore llke an

uncontrolled Brownian Moti.on.

Proposition 82. Conslder the threshold process glven by equatLon (A4) in

which che process dr i f ts  back to the target  range [ -d,d] .
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- v  <  p l i n  - i  -

where IC -  l rozTvl t tz

-  ,o2/ l  oz + 2v02/3 + 20(oz + 2v(no2/v).5)/rc |  < o,

+  20 .  I

Ttrus, as ln the case of the threshold J unp process, the standard Dickey-

Fuller regresslon can dlstingulsh the target zone threshold process model

fron the random walk. Honever, the Dlckey-FuLler regresslon understates the

degree of mean reversion outslde of the range a-e,O), Note, that as o21e2

gets snall the process becones nore llke an uncontfolled Brownlan MotLon

( i .e .  as o21e2- ,  O,  pI ln  - i  -  0) ,  whl le  as oz70z gets large the process becornes

nore 1lke a mean revertlng Ornsteln-Uhlenbeck process (as o2/02 - -, p1fun -i

-' -v). For the speclal case of the reflectlng Brownlan Moti.on (v - -), pllu

- i  approaches - (3/2)  (o2/02) .

Proof  of  Prooosl t lon Bl  .

Note that fox this process the uncondltlonal mean and variancelz equals

E ( z ) : 0  a n d  E ( 2 2 )  -  ( L + p 2 ) 0 2 / 6 .

Furthernore, because of syrnnetry of the boundarles and return points, the

expected first passage tine to the boundatles startlng from either return

poinr  ls  E(r )  :  (7-pz)02/d2.

Recall the continuous tlme analog of the Dlckey-Fuller regresslon is

- r  -  o l  
'  z r d z "  /  o / r  ( z r ) 2  d t .

Note that for the above junp process, when the process in the lnterlor

E(z"dz") - 0. I,Ihen the process hits the boundary and Junps bank lnco che

i n t e r i o r ,  z a d z l :  . + e l l ( p - l ) ( e ) j  -  ( p - I ) 0 2 .  T h u s ,

12 Robert Kunst pointed out an algebraic error in a prevlous version of the
paper.
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pl im 6 l r  z"dz jT -  (p-1-J02 p l in  N(T) , /T,

where N(T) is the nurnber tines that the process hits the boundaries ln the

[0,  T]  t lne in terval .

Because of the recurslve nature of the above reguLated Brownlan Motton,

the hittlng ti.mes are lndependent and ldentlcally dtstrlbuted wlth the

exception of the first hltting tlme whose distrlbutlon depends on the

starting value of z. As a consequence, frou Reneval Theory,

p l in  N(r ) /T -  L /E(r )  -  o2/ l ( r -p2)02! ,

(see Ross (1983)) .  Note,  l ln  1. "  Var(N(T) t /T -  Var( r ) , /E(r )3) ,

Furthermore, slnce z(t) has a sEationary llrlttng dlstrlbutLon

p1l rn 6 l r  (z)2 dt / r  -  E(zz)  ,  ( I+p2)92/6.

Therefore ,

plln -J - -  6o2/Ie2(L+p)(r+pr).

Proof of  Prooosi t lon 82.

For the threshold nodel glven by equatlon (84),

- v ( zz  +  oz )  d t  z< -0

E l z .dz "  I  z r - z l  -  0  - 03230 .

- v ( zz  -  ozJ  dx  012

Recall, that the limiElng statlonaxy dlstrlburlon, $(z), for thLs thredhold

is given by equation (i-2). Thus,

pl im 6/ 1 z1dz1/T -  -J "  E[zgzl lz;z lge) dz

-  - J  -e  - vQ2+02) iG)  dz  +  o ! .  - v ( zz -02 )g (z )  dz

- -vo2712v1 .

pl in s/  r  (z)2dt/T :  Elzzl  -  J d z2 geJ dz

- o2y1z"1 + 02/3 + zeb2/(zv) + e1@2/v)/31/rc,



where IC -  l rozlv l t tz *  2r,

Therefore, after some rearranglng, tt can be shown that

plin -J - plin dt zrdz"/Tl / plrLn Jr <z)zdE/'t

-  -  ,o2/ lo2 + zv02/3 + 20 (oz + zv(nd2/D'5)/rc1 <o,

rrhere IC -  f t roz1v1l lz + 29.

Appendlx C. Proof of ProposLtion.

(1) [Je prove the proposltlon for the case of d - 1 and the target zone

threshold rnodel. Furthernore, e1" ls assuned to be lld wlth mean zero and

varLartce o!2. Recall that the nodlfled threshold rnodel ls glven by:

Z E - Z t - t * € l t

-  z t - r  *  (p-L)  (zz- t  -  d( r ) )  + er"

l f  l z s -1 |  <  ,

I f  l z "1 l  >  0

where d(r )  -  0  Lf  zy1 )  d  and 0<t)  -  -0  7f  z" -1 1- f .  The baslc  threshold oodeL

ls Just  a specia l  case vhere d(r )  -  O.

The least squares estlnator of the auEoregresslve coefflclent, p, fron

the Dickey-Fuller regresslon ls glven by

pos. - ( a-2tT zlza-1 l/l *ff (zt-)2 l.

Using the above threshold nodel, rce can $rlte

a=2f  zaz"-1 -  . -2ET (2"- r )2 + (p-1) t - r ) I ( r )  (zr ( r l - r  -  d( i ) )zr r r t - r

- 
"=2* 

e lrzr-1,

where N(T) is the number of tfunes that the serles is outslde of the threshold

range and r(i) is the tlne period of the l-th exLt fron inslde the threshold

range. Slnce for starting values anywhere Lnslde the finlte lnterval [-d,d]

the expected hitting time to the boundarles ls flnlte, as T -+ -, N(T) a*s .o.

N(T)rzT is the proportion of the sanple in which the process is outslde of the

threshold range. For finite boundaries, as T -+ .o this proportion wll-I be
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strlctly posltlve and less than one. Thls can be seen fron the contlnuous

time results deri.wed above. For the contlnuous tlne nodlfled threshold nodel

p l t rn  N(T) /T :  P( lz l  >  A)  -  I  -  2e/ lQtoz/v)u2 + 201 whl le  for  the baslc

threshold nodel or'"junp" process plln N(T)/T - 02/ a (L- p\e21 .

Because z" ls assumed to satisfy the ',c-nlxlngn condltlons and e1s ls

independent of zr-x then

plirn 1-2Er e 7rz"-1/T - 0 and pltn 
"-2Er 

(zr-)2/T - o.z < @.

Furthermore, since

1-1Ex(r )  (2r111- ,  -  d(J) ) r r<r l - r  < 
" -2Et  

(zs-1)z

and pllrn N(T)/T < 1, we have

plirn [r-1>fl(l) (2,<rr-r - 06\)4.!r-r/Tl ,z pun t g-zEr (zviz/Tl < !.

F ina1ly ,  s lnce 12,111-11 > ld( r ) l  and 0 < p l t rn  N(T) , /T < 1,

plim [ (J-1ttr(r) (z'r,;,-t - 0<t')2r1111/T I

-  p1fun [  { r - r t r ( r )  (2 ,<r ' t - r  '  ,  ( r  }  )  z ' (1) -14(T)  )  N(T) /T ]  > 0.

Hence ,

p l tn  iee,  -  1  + (p-1)  pt tn  [1-1 ' r ( r )  (2 ,<r . - t  -  0<Lrrz \$, , - ! /T l  /  p : . :Ln n*  @L- ' )2/T.

which in .turn lmplies that

p < pl in i*,  < L.

For parts (1t) and (iii) of the Proposltlon, glven that zr ls stattonary and

is assumed to satisfy the nixing condl"tions, then the results of Phlllips

(1987)  and Stock (1987)  wl l1  hold for  the threshold case,
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Apoendix D. Threshold nodels and a-nlxLng.

The o-rnixlng condition is needed so thst Law of Large Nunbers and

Central Linlt Theorens hold for z1 whlch ls serlally correlated.

Essentially, a-Elxing lnplles that the serlal dependence dLes out as the tLne

interval betrreen observations lncreases. In thls sectlon, rre argue

heurlstlcally that the LLN and CLT are llkely to apply to the threshol-d

rnodels consldered in thls paper.

Conslder the deflnltlon of c-nlxing (Blerens (1992)). Deflne F as the

Borel  F ie ld generated by . r t ,€ t r - t ,c t r -2,  , , . ,  and Fr* '  as the Bore l  F le ld

generated by .r"*, €trlf,+l, € lrirre, ..,. Deflne for u E 0

a(n) - supr supA€F-ro, B€4'l- lp(AnB) - p(A)p(B) |

If l i"r.n," c(n) - 0, then zr ls called a strong (or a-) mlxlng process. Thus,

c(n) measures the dependence between events separated by n tlne perlods.

Recall that frorn equatlon (10) in the text, the effect on z! of starting

at zo and of hlts on the boundary and e1" lnnovations ln the dl.stant past

dininlshes the more times the process exceeds the boundatl.es. As t -' .r, the

.number of tlne the process exceeds the boundati.es almost surely approaches

lnfinity. Thl-s suggests that as x + 6, zr and z6 becorne lndependent and,

hence, z, is likely to be a-nlxing.

To see thi-s more clearly, conslder the case where the process junps back

towards zero (i..e. the basic threshold nodel). For thls rnodel, p - 0 and

d( i )  -  0  for  a l l  i . ;  hence,  f ron equat ion (10)

(CL) z ,  -  J- r ( rE(r ) )+rX" uu.

fhus, once the boundary ls hlt, z" does not depend on 20. In facc, z" ls like

a finite moving average, but one in whtch the order of the novlng average is

determined randornly by the probability of hitting the boundary.
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For an lnfornal demonstratlon that a-nlxlng ls ltkely to hold for the

thteshold process, conslder the case where the process hits the boundary and

J uurps back to\raxds zero. Deflne the random vatlabte

a -  a [  lz r ,zr - r ,  za-21 , ; ; ) -e  A]  and bo -  I l  (za1a,  zats l ,  zL1 'n1;2;  . . ' . )  E B] ,  where

I[] ls an indlcator functlon. Define the random varlable G, to be 1 lf the

process hlts the boundary between t and t+m and zero otherwlse. Conslder the

joint probabllity distrlbutlon of a and b., P(a,b"). For the case of the

basLc threshold nodel wlth p - 0, once the boundary ls hlt the random

variables a and ba become lndependent; thus, PIa,bolGb-11

P I a l G . - 1 ] P [ b . l c , - 1 ] .

Now.

PIa,b, ]  -  PIa,b, lG.-1, ]  PtC,-11 + PIa,b. lG"-0]  PICD-o1

-  PIa lG,-1" ]  Ptb. lC.-11 P[Gt ! - l1  + PIa,b" lG.-0]  PIGD-o1

-  t P [ a ]  -  P l a l G , - 0 1  P l c D - o l l  { P l b o l  -  P l b o l c s - O ]  P l c ' - o l l  /  P I G E - I I

+ PIa,b, lG"-0]  P [G6-01

:  P I a ] P [ b , ]  +  ( P l a l P [ b d ]  -  P I a l c , - 0 ] P I b , ]  -  P I a ] P I b , l c , - 0 ]  ) P l c , - 0 1 l P I G D : 1 ]

+ PIa lG,-0]  P lbr lGD-o1 ?[cD-olz /PIGD- l ]  +  PIa 'b ' lG"-0]  P lcn-o1

- P[a]P[b"] + o( - plcn-o]/ptc.-11 + plc,-012lplco-11 + plcs-01 )

-  ? [a ]P lb , l  +  o (P lcE-o1)

Thus,  c(m) :  O(P[G,-O]) .  S ince P[cE-0]  -+ 0 as n a 6,  2r  is  a-n lx lng.  The

rate of decay 1n c(rn) depends on how fast P [Gri-01 goes to zero. For the

general rnodel, the degree to whlch c(n) decays w111 depend on the rel-ative

values of 0 and o1 which, !n part, determlne the frequency trlth whlch the

boundary ls hlt, on whether the process Jumps back torrards an equllibriun

walue or  whether  the process dr i f ts  back to the [ - r , r ] ,  and on the value of
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As an addltlonal check that the zr process satlsfled condltlons needed

for the Law of Large Numbers (LLN) and Central Linlt lheoren (CLT), we

werifled nhether the LLN and the CLT held for the threshold nodels used ln

Table 1. I,le generated one thousand replicatlons of the threshol-d serLes and

calculated for each replLcatlon the follovlng statistLcs:

5'1zI zy/T, L-r27 zr2/T., and 
"-1)r 

zrr/(TLI\.

If LLN holds for 2", the first two statlsticlr tend towards a constant as T -+

-, while tf the CLT holds for zr the dlstrlbutlon of the last statLstLc

converges to a normal dlstrlbutlon as T -+ o. We conslder saupl.e slzes of T

- 100, 250, 500, 1000, and 5000. For all the coroblnatlons consldered Ln

Table 1, the threshold model appears ro setlsfy both the LLN and the CLT;

however, for cases where the threshold boundarles are large, sanple sizes

rnust be qulte large befote the CLT ls approxlnated.
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Tab1e 1
Porder of Dickev-Fu1ler t-statistic for Various Threshold Models

Confldence Baslc Threshold
P -  0 ' 0

Tat Eex Zoll.e fhresh,

51020
l_8 .0  8 .0  5 .0
27  .O  r . s  . 0  11 .0

Barrler Process
leveI
T-100

) t

10r
T-250

5r
10*

T-500
5 t
10i

T-1000
5s
10*

20  ' -
5 .0

11  . 0

7 .0
t . + - u

1 5 . 0
2 8  . 0

4 8  . 0
6 8  . 0

20
5 .0

11 .  0

8 .0
16 .0

17 .0
25 .0

25  . 0
38  . 0

37  . 0
64 .  0

5
1 5 . 0
2 5  . O

4 2 . O
6 8 . 0

1 0 0 . 0
1 0 0 . 0

1 0 0 . 0
1 0 0 . 0

5
15  . 0
2s .0

42.O
68 .0

100 .0
100 .0

100 .0
1  00 .0

0 -
510

71 .0  9  . 0
88 .0  20 .0

100 .0  39 .0
100 .0  60 .0

1  00 .0  97  . o
100 .0  99 .0

100 ,0  100 .0
t -00 .0  100 .0

12 .0  6 .0
24  .O  12  . 0

5 .0
12 .0

10 .0  5 .0
19 .0  t l . 0

10 20
8 .0  5 .0

15 .0  11 .0

r2 .o  6 .0
z2.o  L2.O

19 .0  10 .0
28 .0  17 .0

50 .0  14 .0
80 .0  23 .0

10 20
8 .0  5 .0

15 .0  11 ,0

12 .0  6 .0
22  .O  12 .0

19 .0  10 .0
28 .0  17 .0

50 .0  14 .  0
80 .0  23 .0

10 z0
8 .0  5 .0

ls  .  0  11 .0

r2 .o  5 .0
22 .O 12 .0

L9  .  0  10 .0
28 .0  L7  .O

s0 .0  14 .0
80 .0  23 .0

99 .0  19 .0  10 .0
100 .0  30 .0  17  . 0

100 .0  47 .o  L5 .0
100 .0  79 .o  24 .O

P  -  0 .4
Target Zone Thresh.

e-
51020

t5 .0  7 .o  5 .0
24 .O  14 .0  11 .0

Confidence Basic Threshold Barr ier  Procesa
level
T-100

5s
l-0r

T-250
5r
10s

T-500
53
10*

T-1000
58
10s

26  .O  L2  .O
47 .O  22 .O

17  . 0
30 .0

Confldence Basic Threshold

e-
510

33 .0  11 .0
51 .0  20 .0

99  . 0  22  ,O
100 .0  35 .0

100 .0  65 .0
100 .0  91 .0

100 .0  100 .0
100 .0  100 .0

97 .O  19 .0  10 .0
t  00 .0  28 .0  17 .0

100 .0  35 .0  14 .0
l -00 .  0  67  .o  24  .o

p  -  0 .8
Target Zone Thresh.

0 -
5 l-0 20

11 .0  5 .0  5 .0
19 .0  13 .0  11 .0

Barr ier  Process
Level
T-100

5 8
l0s

T:2 50
5r
10*

5 t
108

T-1000
5 g
t0r

20
5 .0

11. .0

o .u
13 .0

12 .0
20 .0

18  . 0
29 .0

t ) . u
25 .0

42 .0
68 .0

100 .0
100 .0

100 .0
100 .0

0 -
.] IU

L7 .O  8 .0
28 .0  15 .0

50 .0  L6 .0
79 .O  27  .O

100 .0  23 .0
t -00 .0  36 .0

100 .0  83 .0
100 .0  99 .0

53 .0  17 .0  9 .0
82  . 0  25  .O  15  . 0

100  .  0  24  .0  l - 3  .0
100 .0  45 .0  22 .0

Notes:  1000 reol lcat ions.



Table 2
Threshold Autoregressions for the Spread Between

the Fed Funds Rate and the Dlscount Rate

Threshold autoregresslon for the spread (sprs - ffs - drs)

sPrt, -

Dlckey-Fuller T-Stats 1n the

Threshold Regime T- Stat

sp ro -1  (  -0 .2  -3 ,702

-0 .2  <  sp rs -1  <  1 .6  0 .166

sp r " -1  )  1 .5  -4 .720

(0 .38 )

e i
(o .26 '

e !
(0.  ee)

if spr"-1 (

i f s  sp rs -1  3  1 .5

i f  s p r s - 1  )  1 . 6

Different Threshold Regines

sanpl-e Size

r -78

T-278

- 0 .193
(0 .087 )

0 .013
(0 .020 )

I .  J ) 6

(0 .  346)

0.696 sprr-1
(0 .101 )

1.411 spr6-1
(0 .058 )

0.985 sprs-1
(  0 .  151 )

0.102 spr"-2
(0 .056 )

0.406 sprr-2
(0 .059 )

0.547 sprs-2
(0. r-40)

Threshold Error

-0 .21  +
(0 .  0e )

A f f r  :  0 .o2  +
(0  .03 )

L .54  +
(0 .37 )

CorrectLon Models :

0 .30 Af f r -1 -  0 .02 Adr"- ,
( 0 .06 ) (0 .1e)

0.73 affr_1 -  0.07 adrr_l  +
(0 .  08  ) ( 0 .13 )

0,50 Af f r -1 + 0.71 Adrr - r
( 0 . 1 7 )  ( 0 . 5 2 )

0. 37 spr"-1 +
(0 .12 )

0. 01 spr"- t  +
(0 .  04 )

0 .64  sp r " - t  +
(0 .13 )

0 .01 spr"- t  +
(0  .  04 )

0 .01  sp r r -1  +
(0 .02 )

0 .05  sp rb - l  +
(0  . 03 )

if spr"-1 <

i f  sprg-1

et
(0 .4 r . )

et
( 0 .  33  )

eb
( r - .06 )

sPrt-r
<  1 . 5

>  1 . 6

-0 .01  +  0 .20  A f f r - l  +
(0 .03 )  ( 0 .02 )

Adr.  -  0.01- + 0.33 af fr_l  +
(0 .01 )  ( 0 .  04  )

0 .19  +  0 .09  A f f r_ r  +
(0 .08 )  ( 0 .03 )

Notes: Standard errors are ln

0.22 Adrr - l
( 0 . 0 6 )

0.20 adfr_ l
( 0 .  0 7 )

0.  13 Adrr - l
( 0 . 1 3 )

parentheses.

et
( 0 .  13 )

9g

(0 .17)

(o .22)

if sprs-1 (

t f 3 spft -r
<  1 . 6

a l s p r " - 1  )  1 . 6
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