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A bstrackt

T his pgper studies the high frequency behaviar of the interbank Tareign exdange market
with a neny asated data set that provides the mast comprehasive picture of adtivity aatss
tematetin edstee.ll y aalss indctes that trade activity within the interbank market
is distinctfiran the pasting ofindicative guotss - T reding and quotemakingdedsias are inked,
butthe nks are camplicated and paory undarstood - | albo doaumeant the exdstace of silag
reltiaship betneen edance rate moamats and a messure of exasss D oller demand- A
trading madel is analyzed to show haw the structure of the market could gve rise to such a

impartatinthe determination ofedance
raies athigh fiecpendes and oer bgertmeqoars rebantin inematicnal maaosananics -

*Part of the research reported on in this paper was conducted while I was visiting the Financial Markets Group at
the L.S.E. and The Bank of England. I am grateful for the hospitality I received at both institutions and acknowledge
the financial support of the Houblon-Norman Fund at The Bank of England.



1 Introduction

T his paperstudies the high frecpency bdraviarofthe interbank fareign exdange (X ) marketwrth
amfnMy aeateddataset. T his datasethes arnumbercfunigue eaturss thatallons us toeanine e
miacstruciure ofthe FX marketinways thatoweare notprevassly passible. | npartiaular; itaatains
timestamped tichy-tic data an both quotes and trarsactias for nire aunrendes throughaut the
inerbankmarketianil ay!l ©F ugst3l 1996 T hesedataproide by arthe mostaompraasive
picture of ectivity aacss the FX marketin edstance.

Il cstmiacstructure researdh an the FX market 1o date hes utilized the quotes macke by barnks
a8 shonn an the saeas of spedalist informatiaon providers, sudh as R euters, T elrate, Il inexad
Q uotran! T hese data can oy &l us a mited anaut ebaut the miacstructure of the market
Torsaeral reesas.- FHist, the quotss are anly indicative - 1N otherworcs, they do not riepresanit
the m bid and ask pricss atwhich a bankwi ll enterinto a trarsactiaon - Secad, researders hae
noted that ss market activity intlasi es tradars beaome oo busy 1 ke thar indicative quotes
up-todate [L yas (996)) T hird, the quote saries used by many studies is in cta non randan
sampke of the actLally quoles posted by banks - Casaquatly, itis undearwhether the dada in
these studies can even be used 1O g\ve acurate inferencss ebaut quote badaiar

In respase 1o these shortcomings, a ewstudies have collecied datlaon FX trarsectias_L yas
(995, 1996) ad Y ao (996) study the behaviar of tao individual dealers oer5 and 25 days re-
spectinvely_A Ithouch the datain these studies are mudh mare suiteble foreaminingmiacstructure
issues then the guote data, the degree towvwhidh they IpresaTtadtivity in the marketes avwhok is
dtailttoasssss A o, they are usuitebe Tarstudying the roke ofheteragea ty in the workings of
the market- an isste rimEMinginaessing atientian in the thearetical terature[se20 | aa(994))
A s analtemative; codhartand Itoand P ayre (996) examine trading an a muli eteval electranic
tadingsystam duringasingke day-A gan, the degree tovnhidh these dataare represatative is un-
knoan.A st aodhart, 1to and P ayne adknonkedoe, trading in tharsample may d®srsigii cantly
fian trading an the same systan in the sunaunding days and wesks - Il aeower;, ttarsactias an
the system are a tiny fraction of total trading activity so tha rtrades may notbe represantatinve of
marketwide activity even it the data caame fram a typical day.-

T his pgperbegrs by desaibing the nenly aeated dala setin detal | epln howvthe dala
wes adlliected 1 make dearwhat infomatian it an aanvey ebaut the miacstruciure of the FX
martet_T his disassian abko expEins why the quote data is notsubject 1o the sampling prdblans
that beset the quote saries used in earfierstudies -

IThis literature has grown quite rapidly in recent years, thanks in part to the collection and dissemination of
Reuter’s quote data by the firm of Olsen and Associates. A partial list of papers includes; Baillie and Bollerslev
(1991), Bollerslev and Domowitz (1993) and Bollerslev and Melvin (1994), Dacorogna, et al.(1993), Engle, Ito, and
Lin, (1990), Goodhart and Giugale (1993), Guillaume, et al (1994a), and Ito, Engle, and Lin, (1992).



I nextpresait a preiminary analysis of the data. T he st nolenorthy feature caonaarrs the
pranaunced degree ofheterogaa ty aatss the aunrency spotmarkets - Intams ofsizeand Iquidi'ty,
the data indicate that the market for the D || ark/ dlleris auite unlike otherspotmartets_ A sa
arsauae, the miacstructure analysis of this partiaular market may not be very goplicebE
the spot markets Tor may otther aumades.- | evertheless, my analysis Toasss primarily an the
DIl ark/ dlarin inewith mostedsting reseerdn .-

T he seesaal pattarrs in trarsactias ad quotes are examinad next. Sudh patierrs have been
doservad in previacs studies, and are presait hare. | abo study bivariate reltiaships betnen
tasactias ad quotss - Sinee marketwide trarsactias data hes not been avd Bbke O earfier
rescardars, edsting studies have tried to drawv inferencss ebaut trading activty fram the behaiar
ofquotes? || y analysis provides same parspective an the acaurecy of these inferencss - | nd that
tpical messures, sudh as the quantity of quotes and thar okt iity, anly proide a maderately
acurate indication of tracke ectivity athigh frecuendes -

Iy analysis albo aasiders the reltiaship betnean voltikty, volme and spreecs - T he nks
betnean these \variabks in the FX market hes bean studied by numeras authars? Herel 1d
remartcbly itttk evidence of inks in @ther the ttarsactias orthe quote data-H onever, another
reltiaship doss stand aut. | nd that moamats in trarsactias pricss [i e, the spotexdange
rake Jare stragly conelted with amarketwide messure ofexasss dollardamand - T his relatiaship
is presaitavery hidh frequandes and oer long periacs ofdays, wesks and passibly even manths -

T his  ndingis new 1o the miacstructure erature on Tadgn edange ad is potattially im-
partant for tho reesas - Fist, the result gopears inaasistaTtwith the stendard erdatmarkets
paradign in whidh the institutional structure of the martetis treated as | inrelbvant to the detexmi-
natian of equi ibrium pricss_ T hus, the analysis of this new data albons us 1o make a premia ade
e Tor rkanae of market miacstructure in the determination of edance ratess - Secad, the
statistical Iink betneen edhance rates and exasss damand doess notdisgppearynhenwe aasiderthe
daia oarte hngertime spas_ W hatever its aigrs, this miatstructure eRact gppears relbvant
1O edace rate dynamics atmaaoscoamic fregquandes -

T oexamire the passible aigrs ofthe relatiaship betnean exdaess demand and pricss dangss, |
develp asimpke tradingmaodel . T hemadelemplhesis thiree features ofthe FX market; decantralized
trading, the bk oF rarsparacy, ad heteragaeas information anagst tradars - It proddess a
reltiely simpke raticake Torthe aonrelation dosenvad in the data

T he mal sectiaon of the pgper studies the dyrnamic progperties of the ttrarsactias and quote

2For example, Bollerslev and Domowitz (1993) use a algorithm to construct artificial transaction prices from

indicative quotes.
3See, for example, Bessembinder (1994), Bollerslev and Melvin (1994), Demos and Goodhart (1992), Glassman
(1987), Hartman (1997), Guillaume et al (1994a), and Wei (1994).



datawth a series of V ector A utaregressias (VA Rs)- T heam hereis thofod.- Firsg | vatit o
dooumatany daradaristic features of the data that Gan serne a5 the besis Tor future theoretical
rescardh - Seaod, | wish o eamine the extant O whidh high freqpacy dynemics of rarsectias
dala are ¥ eded in the behaiarof quotes, and viseaersa

T he resuls fran the VA R amalysis may be summarized as Tllons: T here is ample eddence
10 sugpsst that the posting of quates is a distinct activity rather then an adjunct of trading-
I evarthelkess, the data abo indicate that guote and trading dedsias are not make indgpadantly
flon ae anather. Changss in trading activity within the interbank market sigi cantly aRect
quotes whi E ilmowatias in guote ectivity aRact trarsactia s - T hese results sugesst the presaae
ofa ampkex inteyactiaon betinean transactias and quoles that neacs 1o be eplaed theoretically.-
In short, quotes canotbe viened a simply as ndsy messures of rarsactians -

T he pgperis aganized as Tollons - Sectian 2 desaribes the data. Sectian 3 presants the prelimi-
naxry analysis of seesaality and the bivariate relatiaships betnean trarsectias and quotss - T he
trading maodel is presanted and analyzed in Sectian 4 - Sectian 5 eamines dynamics with the ad
ofVA R s_T he pgperaxds with abriefsummary._

2 Data Description

T he analysis in this pgperis based an a nenly aastructed miao data set detal ing ectivity in the
spotfordgn edance marketiram il ayl A ugst3l ,1996 _T he data setaaxitains imestamped
tichy-ticdataon both indicative quotes and ectiual rarsactia s Tormineaunrendes - Farthe purpase
of this study, | will Toas primarily an the D dliaD Il axk market. T hese data were collected via
an ebctranic Bad that waes asstamized for the pumpcse by R eutars? T he eed aontained alll the
infiomation aa bBbke O FX tradars subsaihing o theR auters™systans_ T his is the sourass of the
quote data- T he tBad albo antained trarsectias dada thatwes unknonn 1o market partidpants -
A part fran asingke poner i lure that intenupted data collection for ae trading day, the data
were colliected aattinuossly from Il ay'l A ugst3l ,1996 -

2.1 Transactions Data

T he trarsactias datacome firan theR euters D ealing2000 -4 system _T his is the mastwidely used
elctranic dealing system anag fadagn exdance dealers. A aaoding 1O R eutars, goprodmately
60 % ofrarsactias in the interbank market Eke plece thraugh the system - U niike the elbectianic
brderage D 2000 2 systam examinad by 6 acodhart, Ito and P ayne (996), D 20004 is a bilateral

4This electronic feed was estimablished while I was visiting The Bank of England as the Houblon Norman Fellow.
I am very greatful to both The Bank and Reuters for authorizing the feed and the help of numerous technical staff
in setting it up.



trading systam - T rades an this systan take the Torm ofelectranic aonversatias - T he aonversatian
is inftiated When atradercalb anothertreder an the systam aslking toraguote_U sars afthe systam
are epected 1O provice a Bst quote with a tight spreed vhich in tum are acapted or decined
vary quidkly [gppradmaitely within three saaonds | A aogptanee ofaquote aostitutess atrade_A 1l
elbctranic aonvarsatians, induding trade aon matias, are printed aut by the banks ilvolhed for
recad. N additiaon, R euters kegps a record ofall the anversatias an the systam fora imited ime
tossttkedisputes T his is the saurce ofthe trarsactia s data- BEvery time an elsctranic aanversatian
anD 20004 results in atrade, heR aeutars Tead proidad a timestamped recad of the trarsectias
price, abaughtarsod indicatar;, and amessure of aumulative tredingvolume.R euters wes uneble
toproJice the idatity ofthe trading partters oran dantially reesas -

Several alures of the data are nolenorthly - First, they provde informatian ebauttrarsactias
aacss the vwhoke interbank market. I tis clear from the dal ly pattemn of treding intersity analyzed
bebvthattransadctias are recordad betinean treders araud trevworld . T rarsactias antheD 2000 -
1 systam proJce the mastcomprehasive data sourae ofmarketwide trading activity [partiaulbrly
in Eurgpe and the U ST his antrasts with exdsting studies of individual traders by L yans 995,
1996) ad Y a0 (996), ad the electranic brderage D 2000 2 system exaninad by ¢ acodhart, 110
and P ayre (996)whidh gptures avery small fiactian of dal ly treding vollme.

Seaod, these tramsactias dala are not knonn o FX traders even though they trade an e
D20004 systan W hile dealars have aoess to td roan trading recads, they are unebke o resEve
araaod of other trarsactias an the systam - T he trarsactias data therefore represants a history
ofmartet activity that can anlly be infened indirectly by market partiapants -

T hird, the data cover a reesaebly Iog time span; A days after acoounting for wedads,
holidays and the Bd intenruption- T his is impartant because itallons us o estimate \ seesaal *
patierrs in market actinvity with mudh mare pradsian then would be passible if the data anly
spared abwvdas.- il any exdsting studies of quote data haeve noted the impartance of aantroling
Torthese\ seesaak’ " When analyzing otherfeatures of the data [see, B alie and B dllarskev (991),
A ndeysen and B dlierskev (994), D acoragmaetal (993)and P ayrne (997)) T he span of the data
abo cers a pariad during which maaosconanic anditias araud the world varied .- A s sudh
the data hes the polatial 1o uncoverthe medhanism thirouch wWhidn maarosaconamic neas impacts
upan the market. Cunrantly, this mednenism is vary paarly udasstood A - et thatmotivates this
ine of X ressaxdn.

2.2 Quote Data

T he trarsactias data are amplmeanted by the D FX series of indicative quotss rieparted an the
R eutars infomatian tEeminak - Fareadh aumagy, he D FX seres indudes the imestamped in-
dcative bid and ask price with the identity of the bank posting the quote toR euters - 526 di@rant



barks pcst guotes during the samplke- Forheavly traded aumades ke e DIl arkD dlbr; itis
notuncomman Tor several quotes 1o be reparted eedh sacod.-

T heD X saries di®ars fian the quote saries thathes bean usad in atherstudies, the FX FX series
[see, Toreampke, B allie and B dllarsker (991 ), ¢ codhartand Figiuol (991 ), and( uilllumeetal
(994)) R euters traemis the FX FX and D FX data o its teminak thrauch d@erait netnorks -
W hilketheD FX datauses ahigh spead digtal netnark that can kegp up with the hich frequency of
quotss reaved fran banks, the FX X dala uses an dder system with amudh boner thraugpute.
To kep tte X KX saries \ up-todate ', R auters anly saxds a sampke of the quokes it recEves
donn this netnark_ A s the frecpency with whidh banks post quotes rises, R euters hes tosad a
smallerfraction ofthe quotes into the FX FX netnark 1o kegp timely quotes aniving atterminaks -
Casaqpatly, e X FX datais anaoHandam sample ofthe quotes bang pcsted 1OR auters_ T his
aeales praokms forthe analysis of the FX X data atvery hich frecpendes - Farthis reesn, the
amabysis bebwusss heD FX quote saxies in anjuncian with the trarsactias dala-

3 Preliminary Analysis

T his sectian summarizes the man statistical fatures of the trarsactias and guote data_ Since all
the saries attimestamped o the saaod, the datasetis eRactively a aatinuas time panel ampis-
ing the anaymaus trarsactias dataand the indicative quotes made by 526 berks A nalyzing this
data is amplicated by the foct that suoasssive dosenvatias an eech series cour at timeaarsing
inernak _ll aeower, sinee the timing of doseratias dgpends an market partidpants aclias, itis
uniikely to be indgpendant of othenvariabkss - Fareample, the fiecuancy of trarsactias may well
by aarelaied with the varianae of quotes messure oersane pastinteral A haugh modek edst
that can acoount for sudh depadandes, [see, Tareample, Enge ((996)] they require agood deal
ofstructure_ A s sudh, they anotwellsuited 1o the preiminary analysis undertaken hare_B elowv |
aductmy analsis oera >ed timeinteral of ve minutes - T he series studied will be statistics
darived from the aattinuocs datadurng this interal A ko, sincemy am is tosummatize themain
statistical fatures of the martet, | will notanalyze the quotes made by individuak banks -

T ebk! shonsthe aurendes coered by the datasetranked by the numberoftrarsactias - BEven
at this hichly aggrecaie bueel, several fealures are worth parting aut FHirst, there is apraxauncd
degee of heteragaaty aatss the individual spot markets - W hether messured by trarnsactias
orquotss, he DIl ark gopears by far the most active market. B y aomparism, the markets Tor
et iberand Krama gopear vary inective. 0 Faaurse these di®@ranas may notbe a ampketely
acurale ¥ ecion omarketactivity because notall bi leteral trarsactias pass thraugh theD 2000 -
1 systam .| everthekess, the data in coumn () do suggsst that the miacstructure analysis of the
DIl ark martketis unlikely 1o be goplicebe aatss a lge number of cunendes -



Tabk! D atab esaiptian

Cuman/3$ Tradss Quoss QO FX) Ratio N umberofB anks
5 10 25 50 ToEl
0 @ G@in 0% D) “) M - Qi)
6 emanDll akk 257398 639,216 40 26% 2862% 4504% A 32% 8721% 382
JgpaeseYen 152238 163)74 9336% 3030% 47A% AB% 877HB% 263
Swiss FHac 67985 172230 39A0% 5238% 6826% 9143% 9709% 194
PardString 52318 137,656 3801% 4826% 698% 86077 9417™% 32
RHexdh FHaxc 20 553 hH2L9 2732% 6356% 80 43% 9486% 9943% 154
Iaianl il 8 466 165,144 512% 5804% AP40% 9584% 99 25% 30
B egum FHac 5,256 36143 1454% 8728% 9561% 9990% 99 99% 83
Dutch( ubder 3646 129 450 282% 773 91 68% 9933% 99 99% 88
D anish Krama 1 488 72037 20 80 55% 9753% 9999% 99 99% 48

N otes: Columrs (D and (i) repartthe tolal numberofFtradss and quotes Tareech aurancy recarded
fianll ay! ©A ugsst3l , 1996 -Calumn (i) reparts the ratio oFtradss to quotes - Coumrs (W) 1o
QM) shons the peraaiage of guotes adgnating from the 5 150 mostactive quoting banks Toreadh
amnency- T he total numberof banks quoting the aunency are rparted under Mii)-

T he sacod striking feature of Tebke | anaanrs the ratio of trarsactias © quoles shoan
in column (ii)- T his ratio is remarkebly similer anagst the most active Eurgpeen aunandes;
goprodmately 39% - T he ratio forthe Y en, by aatrast;, is 0er93% - T he mast likely explbnatian
Torthis d®yaxe reliss tothe intematiaal praninence ok eutersTinfkamatian systams_InA sian
markets, R euters gopears toface mudh stragerampetitian fram othermens serias sudnhasll inex
then from altermative bi bteral dealing systams - A s a resullt, the R euters systan oereparts the
ratio of Y en trarsectias 1o quotss duringh sian trading- A mangst the kss active aunandes, the
ratio ofquotss o trasadtias is more varied, butitalnays gopears tobewellbelowthe40 % bel.

T he nd1t hand colbmns of the tebE presat statistics an the distributian of quotes anangst
barks. Coumrs (\V)-Mi) repats the fraction of quotes aigrating fran the 550 banks that
mast actively quote the aumay- T hee sttistics indicate the degree 1O Whidh quote activity is
anarated in afewbanks A s the tebke shons, quote adtivity is hea ly aoncentraled anagsta
TBwbanks pariaubrly Torthe s actively traded auades _ InteaseoftteD || ak, Tareample,
87~ ofthe quotes agnate fram just! 3% ofbanks thateverguote the aumacy [ rgported incolumn
QiDL T hese heewwy coaentratia s amplicate inferencss drann firan the quote data T hey suggesst
thatthe infomation acatentofa guote may depend an both the guoted priass and the bank posting
theinfomation-A s aresult, itmay notbe gopraprate to treat the quotes as a homogaaus sexies,
[i e, as ifthey aignated fran asingle represantative bark] as hes been the standard gppraadh in
the terature. T he heawy caonaantration of quotes abko calk attatian 1o the Bt tatwe hae a
vary inaampkete undarstanding ofwhy barnks pastguotes .4 et that | shall retum 1o belo/v.



3.1 Seasonals

I begn my analyais be examining the reaumant patierrs in trading ad quote activty that take
plbe oer the trading day-. Sudh patierrs are often referred 1o a5 \ sessaek’™” in the Herature.
H ereafter; | shall Toas my disassian an the behaviarofthe D )l ark martket®

Seweral studies have dooumated systematic patterrs in the intraxday \volti ity of indcative
OLOEEsS [see, Toreample, Engle, Itoad L in (990 ), B alie and B dlierskev (991), B dllaskevr ad
D anonitz ((993), ¢ codhartand 6 iugake (993) ad P ayre (997)) T hese pattarrs are thaught
10 be indicative of the intlaxdally patterrs in trading volbme inscer ss they gppear relted ©
the gpening and dosure oF FX markets araund the word- Figure 1 shons the intraday patterms
ookt ity in ask quotes and trarsectias pricss.- V At ity in eedh series is alubted fran the
standard deviation of the saaodHoy-sscod dosenatias oera e mirute periad.- T he solid ine
plots the average volti ity Tor the particulerperiad oerthe P treding days in the sample- T he
lnerand upperdeshed ines shovtthel 0% and 90 % baunds ofthe volati Ity distribution caloubated
oerthesamplke-T hese baunds indicate the degree tovnhidh volti ity ata gven time d®ars aacss
tadingdays.-

Parel | plots the oHtility in ask quotes agairnst B ritish Summer Time @ ST )-0 n aeras,
ot ity risss overthe treding day, peskingaraund 1600 his_B ST _T his pattem is similarto that
Tourd in eaxfier studies besad an the X FX quote data and are conmanly attributed to market
ganings ad dosuress araurd the word [ ndersan and B dliersker ((994), D acoragaetal (993),
ad Payne((996)] 4 s suppatiorthis vien, P anel |1 plots the seesanal pattemn in quoke inesity
[messured by the number of quotes per e mirute intenal H ere we see that quote activty is
heavi ly cooentrated betinean 800 his_and 1 A0 hris_B ST when the Burgpeen markets are gpen.-

H o do these sessaal patierrs in guote Vot ity and intasity ampare with trarsectias
pricss? Panek |11 ad IV plotthe volti ity of ssking pricss and trarsection intlasity [messured
by the nrumber of doller purdnesss per e mirute irternall H ere we see sane eddace ofa\ U -
sheped " pattemn in volti ity betnean 800 his_.and1 00 his.B ST A kthouch the dangein aerage
ol Ity is small comparad 1o the enar bands, this seesanal pattemn is mare praaunacad then in
the quote data. Itis abo worth noting that the average ot ity of rarsactias prass is higher
that the \olti ity of quotes, partiaulerly arcund 800 his_B ST _T he\ U -shgped' " ot ity pattem
arespacs 1o the seesaal in ttading intlasity- Parel IV shons that an aerage inlasity risss
after 800 his. BST , peds aaaxd 1000 his, ad then declines tonaxrcs mid-day befae pegdng
again in the afternoo befre 1600 his. BST 8 0 verall, these plots indicate that the sessanal
reltiaship betnean quote intasity and volti ity is ressaebly represantative of the reltiaship

5 All the analysis reported below was also conducted with the Yen and the Pound. To conserve space, I shall only
refer to these results when they stand in contrast with the DMark.
5In the case of the Yen, there is also a peek in activity around 400 hrs. BST.
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betnen trarsaction intasity and okt ity

Houre 2 ampares the seesanal patterrs in quoted bid and ask pricss with the bid and ask
pricss at whidh trarsactias take place. P anal | plots the mean spreed betinean the quoted ask
adbidD |l akprice D dllars oer e minute interak aeraged oer trhe sanplke of A treding
days - T he mostpraminent feature of these datais the rise in the meen spreed Ete in the trading
day betneen 2000 and 2200 hws- B ST _T his featre is sunprising because it caaurs well after the
majarity of quote and trade activity hes died aut[see Figure 1l I areover; itdoss not gppear O
be related to an \ end-oFtheweK " eRact. T he mean spreed an Fidays, plotied with the deshed
ine, ollons the same patiem.

Parel 11 plots the average Vol ity of the quoted spreed [aloulaied as the standard deviatian
oer \eminutes Jtogetherwith the 10 % and 90 % sample baunds - S preed ot ity remairs steble
during periacs vwhere quote and tradingactiMvty is hich;betinean 1000 and 2000 hes_B ST _0 utside
of this pericd, thare is mudh mae time series variatian in aerace ol Ity and variabi ity ata
gven time aatGss d@xait days- B ecause these patterrs are headly it uence by the quotes of
individual banks, they cannotbe vienad as riepresanting marketwide phenonanas

TheD X quotes are widely reaogniized as bang)\ indicatihe * rather then m, and so do not
represantany aammitmantby the quoter 1o trade at the quoted pricss _A s sudh, itis undearthat
the seesonal patterrs in the spreacs shoan inP anek | and |1 can beinterpreted as itthey were the
\ " mm* " spreack foad by traders in the market! U nfartunately, we cannot study the behaviar of
the m spreack directly in this data setbecause we anly doserver e 'm bid arask price GRered
10 a aler tat resuls in atrade. To add sudh sampke selbdtian prdbolams at this eaxdy stacg,
I aasider another statistic derived fram the trasactias pricss that proJdss Turther eddance of
scesa el ty.-

Paek Il ad IV plotthe range of rarsactias pricss averaged over the sampke of A trading
days and thebands of1 0 % and 90 % [the rangeis caloulated as the di®rence betneen the xgsstad
smallsst purdiese Gak) price divided by the number of purdnesss Galkss) duringeadh ve mirnute
interval] In both Gses, there is evidanae ofa\ U sheped' ™ patiermn in the average range duning the
pericd ofFhich trading activity;800 11800 hrs_B ST _Interestingly, the U -sheped pattem extends
autsice the periad of heawy trading in the Gase ofbid pricss butnotask pricss- A tpresat, these
patienrs do nothave any dovias interpretatian -

"Nevertheless, several studies have examined their behavior in search of liquidity effects [see, for example, Glassman
(1987), Bessembinder (1994) and Hartmann (1997)]. Other researchers, notably Lyons (1995) Goodhart, Ito and
Payne (1996), have expressed reservations regarding the use of indicative spreads as a measure of the spread between
firm quotes offered in the interbank market.



3.2 Quotes and Transactions

Il oot research to date hes used indicative quote dala to dravw inferenass ebaut bdaviarin the
interbank FX market. T oexanine the acauracy ofthese inferanaess, | shall analyze the relatiaships
betnean the quote and trarnsactias dataatan haurly frecpeoy with aseries ofscatierplots _ T hese
plots proide asimp ke nanparanetric mears to exanine bivarate relatiaships in the data

Fgure 3 eamines the links betnean quote intasity [messured as quotes per haur] okt ity
trades, and trade volume. P arel | plots the reltiaship betinean quote intasity and the volati ity
of ask quotes calulated as the standard deviation ofthe stask quote in eedh e minute periad
during the haur. A s the plot shons, there is no evidae of a sigi Gt pasitive rIelatiaship
betnen quote intasity and Vot ity messured attan haurly fiecuancy- Similardy, P anel 11 shons
that quote inasity is unrelataed to the Vot ity of transactian pricss [messured as the standard
daviation of the st ask price in eedh e minute pariad during the haur T hese ndings raise
sane questias as 1o the uselubess of quoke iNnersity as a messure of market actiMvty_ | hatever
maotivettes individual banks 1o dhange the freqpanoy with whidh they pastguotes, itdoes notgppear
1O geatly aRect the pricss that are quoted [reltive 1o other banks] ar o & ectdangs in the
disparsion ofrarsectias pricss they doserve during trading.-

T he bnerparek of Figare 3 examine the inks betinwean guote intasity and tho directmessures
of rading activity- P anel 111 plots the reltiaship betnean quote and trede intersity- A ithauch
thare \aicbks are pasitively conelted, there is Itk edidance of a Smpke aetoae te ke
tiaship- R ather the dispersian of tracke intersity assodated with a gven number of quotes per
haur gppears rger at higher ek of quote activity- T his aneshgped scatter pattemn is ako
evidatinP arel IV vhidh plots guote inta =ity agairst the dollanal e of rarsactias duringeadh
haur. Clarly, dsenatias an quote intersity do not projde a \very acourate indicator of actual
trasactias ectivity.

T he reltiaship betnean the vollme oftransactias and the volti ity ofFtrarsactias hes bean
the subject of numeras studies investigating the processs of price Tamation- Far eamplkg, 11o,
L yas adll eln (997) examine haw the introductian of trading in T dgo over the uindh haur
arects the ot ity of FX quotes with the am ofdiscarming the impartance ofprivate infamatian -
T his data setallons us 1o examire the impact of trading activity an othervariables directly - we
need notfoas an the goening and dosing of bcal markets -

Fgure 4 presats scatierplots eamining the inks betneen tracke intersity, \volati iy, spreecs
and volume. Parek | ad 11 show the reltiaship betineen tracke intasity, the volati ity of sk
quotes, and the ot ity ssk trarsactian pricss - T hese plots are auite simi i to the volti ity plots
in Figure 3 0 verall, they shovno strag relatiaship betinean tracke intlersity and eittervolti ity
messure. W hile volti ity does gppear 10 rise with tracke intersity when the Btieris above 60 0
tradss perhaur, there are too v dosenatias to dravany reliebke inferencss _P anel |11 aaompares
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tracke intasity 1o the meen quote spreed during eedh haur. 0 nae again, itis vary had 1o see
any reltiaship fiom the scatterplot? T he reltiaship betnwean track intensity and volume is
shonn in parel IV - In aorsst © the other plots, here there is quite a tigit ink betnen the
\aricbks_T heR ? statistic fiom a regressian ohvollime on trecke intansity is ) 87-T he aerage size
of a trade, messure by the regressian skp aetdattis $ 6m - T here is no regressian eddaae of
anniinear relatiaship betnean tracke intlesity and volume - a nding aasistattwith the visual
evdenee in the scatterplot. Caseopently thare is no indicatian in this data that the size ofa
tpical ttarsactias \aries wWith trading intersity/-

Sorwe hae seen that quote intlasity doss ot provice a \very acaurate indicator of trans-
adtias adtivity_P arek | ad |1 of Figure 5 examine the acouracy of quoted pricss_ P arel | plots
the volti ity of ssk trarsactias pricss egairst the volti ity of the ask quoles . H ere we see that
the ot ity of quotes and transactias pricss are anlly dosely assadated duning periacs ofFhigher
then aerage voHEtiity. 0 thernise, there is no clear reltian. T hus, under mast draumstancss,
dangss in quote ot ity are not indicative of dhanging volt ity in transactias pricss. Parel
11 compares haurly dangess in quoted esking pricss acarnst diaengss in ask trarsactias prias -4 s
the pbtshons, this messure provides a mudh maore acaurate indicatar of trarsactias pricss then
doss quote voHti ity evertheless, dnangss in the quoted pricss are farfiran aconpletely acourate
messure of diengng trarsadtias prcs. R egessing the dange in quoted pricss an the dange
in transactias pras, Wwe dotain a skpe aet+dait of| /6! with a stendard evorof (0 112 and
anR 2 sttisticof) 69 - T hus dangss in indicative quoies tend 1 undarstate the dagree towhidh
trasactias price dnangd in e market_ PareE 11 and IV aompare trading volume ecanst the
quote spreed and \volti ity T hese plots are similarto those in Figure 4 besad an tradke intasity-

In summary, t\o Teatures eanercge fron Fgures 3 - 5 - First, the bdhaiar of both quoted and
traded pricss seams largely unrelaied 1o guantity messures of quotss or trarsectias- Secad, the
quote data anly provdss a madarately acaurate indication of the pricss and guantities that axise
fran track in the market.

T hese’ ndings shauld notbe viened as too suprising- 4 fterall, the quoles are indicative and
are wicely recognized as baing so bath insice and autsice the FX market_ A s sudh, itis unlikely
that the dadsian 1O posta particulerguote is tightly coodinated with abanks immediate trading
activty.ll aeower, even ifsame coodinatian is presant, guotes can anly ¥ ectavery partial view
of trading ectivity based an a bank individual market epariace. T here is no reesan to eect
that quotes Wil acourately minor ttarsactias aacss the market at the high frequacy studied
here. In shart, tharefare, these results serve to underline the ot that treding and the posting of

8If the quotes were firm rather than indicative and so represented a commitment to trade, this plot would provide
quite a challenge to theoretical models that link spreads to market liquidity. Here the absence of any relation most
probably reflects the indicative nature of the quotes.
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OLokes are distinctactivities -

3.3 Prices and Transactions Flows

0 ne ofthe mostinteresting aturss of the trarsactias datais thatis proAdes infomatian sbaut
the aggrecate volme and direction of trarsectias aatss the whole spot market. |n partiauler;
the data set aotairs infomatian an Whether the inftiator ofFa trarsactian [i - the cllierjbaudit
or sod te D diar- Fon these data we can aastruct hidh frequancy messures of marketewide
damand foraumandes thatproide same insditirnomarketmedianisms thatthss nottbean passible
hitherto_A s noted in the introductian, exdsting studies of FX trarsactias have atherbean besed
an individual tredars as is L yas (994,1995) ad Y ao (996), orelectranic trading systams &6 in
¢ codhartad 1o ad P ayrne (995)- In both cases the data used represants a tiny frection of
marketwnide activity/_

Figure 6 provdss same preiminary analysis of these data P anek | ad || compare the daily
beraiaroftheD Il ark/d ollarwith a messure of exsss D ollardemand

_ (@ umberofd ollarP urdheses) -  umber ofd ollarSaks).

D: ' umberofD dilarP urdiesss + Saks

P anel | plots the daily dhange in the ask trarsactia s price agairstthe exasss damand messureZh s
theplotshons, thereis asuprisingly stagard statistically sigi Gantpasi tive aorelatian betnean
these variables - 0 N days wWhen Galls betineen traders resulied in marny mare doliexrpurdiesss then
saks, the M asking price Tor doliass rase. P anel |1 shons the amulative eRacts of these demand
imbalbncs an the Iog edange rate oer the sampke pariad - T he solid ine shons that the dailly
dangss in edance rate aumulate into an sizeble gppredatiaon of the D dllerofFaimast10% - T he
deshed ine shons thatt the amulative \alles of D, ol asimi lrpath -

T he bnerpanek ofFigure 6 eamine the relatiaship betineen exaess demand and praedangs
atthe haurly frecuency- P arel | plots the dange in ask priass betinean the begming ofFthe day
and the awrmanthauregairst the D; calaulaied in t&ems ofthe aumulaiad number-ofouys and selbs
o the armaithaurthatday. A s the plotshons, the relatiaship betinwean these variabks is mare
anpkexteninthedadlydata.Panel IV diani es things by eiminating alll the dosenatias fian
Panel I1l thatcoourbefae 1200 his. BST _H ere the ramaining doseratias disphby the pcsitive
reltion sen in e dally data-

Tabk 2 rpats regressian resulis that complmant the visual eddance in Figare 6 - T he Eft

9Notice that this measure does not account for the traders wishing to buy or sell dollars who were unwilling to
trade at the quoted price. Nor does it account for the different dollar value of individual trades. Moreover, the
meaure is only derived from transactions executed over the D2000-1 system and so is only based on approximately
60% of the spot trades in the market. Despite these limitations, D; is probably as good a measure of market-wide
excess demand that we can construct.
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Tabk 2 BEaess D enad R egessias

P P
X% =0+ 0Dt T Rt ;05 BiDet Ue

X= CunmubativeH aurly Change H aurly Chance

O @ @i Q%)
® 00165 @360) 00008 @5034)| 00012 @448) 910005 € 0544)
®g 00117 @Q4662) 00007 @ 537)
®1 00272 @1287) 00067 G 2497
®2 00547 @357 00060 @ 3854)
®14 00949 @Q3322) 00104 G 6895)
®16 01408 (11506) 00144 © 9942)
® 01877 (41358) 0007 @ ®49)
®3 02026 @32632) 00008 C108hm)
R?2 0 0483 0 3846 00081 00728
See 00049 00034 00014 00014
df. 1725 171 1725 171

I otes: In columrs Qand (i) is the aumulative haurly dence oerthe day calubtied as P« § P ;
where P! is the " 1stask trarsactias price of the day, ad P« is st ask trarsactias price in the
amatthaur. Dy is calulaied in tems of the number of D ollar purdneses and salkess to the aunent
haurduring the day. k¢ is an indicatonarieble that tekes the valle of ae ifthe dxseration falb
betnen § § 2)E£100 ad J£100 his. BST _In cobmrs i) axd (V) >4 is the haurdy dange in
the ask trarsactias price and Dy is caloulaied in terms of the numberof D dllarpurdiisses and sakes
during the pasthour_ T -statistics are reparted in parathesis -

hand parel shons resullis fram regressing the aomulatinve haurly dhange in aslkiing price oer the
day, on amukltive haurly exasss damand during the day. T he pasitive ad statistically sigi it
skpe aoetdeant reported under () an mms the visual eddence in Parel 111 of Figure 6 - U nder
@), the tebke shons results from a rigressian thatt indudes dummies for o haurdy intenak in
bath the skpe ad interaptaoetdants et run fram 800 ©2000 his_BST H erewe see ttat tte
amulative dange in the spot rate is mare stragly assodated with the amulative exasss denmad
&s the trading day progresses -

T he rid it hand columirs of the Ebke rpart resuls fram regressing the haurly dnange in spot
pricss an amubiine exasss danand during the pasthour- T hese riegressians shawvus the degree 1o
whidh aratlias in exaesss demand are assadated wWith spot price dnanges atan haurly frecuaoy.
U nder i we see that there is a pasitive ad sttistically sigi ant reltiaship - althouch itis
wegker then that riparted under ()- Caumn (V) reparts the resullis with sessaal dummies an
bath the intexagptand skpe coetdents _ I tis evdattiiaon these results thatexosss danand is mast
stragly assacdated with pricebetinean 1200 and 1600 B ST, the periad durnng whidh the marketis
mostactive [See Figurel |

T he resullts In Figure 6 ad Tabke 2 are qute suprising- T hey suggsst that typical traders
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systematically\ udaeredjust " their i quoiss o drengng marketaoditias: Toudarstad this
inerpretatian, aasider the parspective of a tpical trader;, Traderh |, who redEaves a calll fram
TraderB asking fora quote_ U ndernamal draumstanass, [i g, in the absence ofa large undessired
inentay]wewaukd epected T radert tog\ve quotss thattegalize the ex ane prdosbi ity ofbaing
htatthebidateask-A lhaought knons theidentity of B , he does notknonB S reservatian bid
and ask pricss which are based an herinvatary, astomer ader® avand trading histary.- Insteed,
A mustmake an assessmant of these reseratian pricss basad an his onn market eenaxe.

I anv suppcse that astomer adars araund the market hae gaerated an exdass danad Tor
dollxs during the day- In other wardcs, aacss the market mae [ m] quotes hae bean hitat
the ask then at the bid- | o individual trader doserves this directly. | rsteed tha r treding history
axtars a sanpke of this ectivity. 1A 35 trading histary antained a represantative sampke of
marketwide activity under these draumstancss, he woul raise the ask price [reltive 1o the bid
pric] o eqLalize the ex ante prdosbi ity ofFbang hitat atherguote- A ssumingA S actias are
represantatine, tharmarketwide eRects are dear- A ihoudh saome calllierss will hitthe hideraskiing
price Toridcsynaatic reesans, the rumber of calk aatss the market resulting in buys shauld &l
reltive o the rumberofsaks _ 4 s a resullt; the aomubative imbalance betinean purdneses and salkes
wil &l tthe same time, the aerage saks price aatss the marketwi ll rise because some callers
antine ohitthe higeraskprice.A aaoding o this Ingc, exxess damand shauld nothoe pasitively
aonreltsd with the dhange in trarsadtias pricss because traders adjust thair quokss In respase o
peraivad marketawide pressures -

B y aatrast,, the resuls above sugsst that traders systematically under-edjust thda r quotes so
that exess demand antirues 1o bulld wnie quoted priass rise- T his bdaviar gppears hard ©
raticalze in cantralized market with perfect trangparancy- A s sudh, the resulls éboe make a
prima tde cee that the miacstructure of the FX market, partiaubrly is bdk of transparay,
is enpirclly rebwant o udastanding edhance rate bdaiar. | asoser, as Figare 6 dearly
demastratss, trarsactian imbalbnass gppear 10 be assodated with spot rate movemeants not just
at\ery hich frecuendes butalbo oer longerperiacs of days, wesks and passibly evan manths -

4 A Trading Model

T o plae further paspective an the statistical resulls presaniied eboe, this section analyzs a
simplke trading madel- T his madel enpheses the decartralized nature of FX trading, the bk of
transparacy, ad the heteragpaty of treders infomatian- W hilke | view these 1o be essantial
atures ofthe FX market, the madel beblbwmakes several simplifing asssumptias and sodoes not
acoount for all these aturss Ully. In partiaubar, it dostracts fran the ke plhyad by inientory
imbalbncs an tradars™ dadsias.- A s sudh, the madel annot speek 1o the phanamema of \ hote
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potato * trading as anallyzed by L yas (997).1 evartheless, itdoss projde a trectiebke aralvtical
Tramenak Torstuoyving the resullls aboe.

4.1 Traders

T hemartetis pcpulated by N tradars whotredeD dilars adD Il arks bi laterally with ae another -
A sinthe FX martet, bi lteral aonnversatias betinean traders are private infomatian whetherthey
resultin atrarsaction arnot_ T hus attime t, eech traderhes a private histary ofquote and trade
infomatian as a result of the callk he recaived and mede during the treding day untill - T redars
akbo reE\e auacy adars fran astonmers adtsice the market [ar possibly fram other tradars
within the same bank] | shall danole traderi' s privale infomatian setat t aataning both these
infomatian souras b_yvti - In addition, tradars have agrsss b aaonman infomation set;, - ; that
aomprisss aumaitand past maatscaamic nens, data and other publidly ava Ebke infamatian .-

T reders actias degpad upan tha rsubjective assessmatofthe daller’s valbe- T o famalize this
ideg, de neP; as tre Ig DIl ark price of D dilars that wauld dotain in an econamy with perfect
infomatian.- T reder’s dedsias are basad an their subjective prdosbi Ity distributias oerP ;2 In
partiaular; | sssume thattradars actias dgpend upan thairestimate ofP | E [P §/ ;- + D i®rencss
in private informatian are assumed 1o be the anlly saurce of di®rencss betnwemn traders " estimates
of P/ : Ths iftiedars | and j hae identical private informatian [ie, V,/ = V/FE[P §+:V, 1
=E[P;§+;V/ ] T his restiician rulkes aut the passibi ity that two treders wauld vale the D oller
d@arantly Toridsynaatic reesas unielbted to the infomatian they posses -

In a gneral equi ibrium madel, the evolutian of V,' will be determined by nens of astamer
aders fran autsice the marketand the histary ofcalk and trades thattare determinad exdaoenasly-
Toadd the aamplexity of determiningV ;! endaganasly, | essume that tredars "eqpediatias ke
thefom:

EP; ¥/ - FEP . Elei 3 O

whaereg ~ P/ §E [P/ J Jis theenmarinestimatingP ;* based solely an publicinformatian -E [e §/,/ ]
is the private conpaat of trader i's \valation of the D dllar- T his ampaaitevoles acoading
1

Ele¥/JFAE[e- WV, Vv, 1>A>0 2
where Vi is an ilmowatian that represants the revisian in traderi S \allatian die 1o private nens .
Sudh nens can be conelatied aatss tradars - Fareampk ifa lrge numbeaerof astomers simuliane-
asly ple aders 1 buy doliass through numeras traders, the Vs may be pasitively conelated -
T oallov o these marketwide aonrelatians, | assume thatv! Gan be deaompacsad into tho indepen-
datcompaants:
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Vi=vet s 1))

wherev; ad ! arei i d_namally distributad, mean zero, randam \aricblks that riepresantmarket
wide and idsynaatic nens respectively: B ecause astoner aders are private informatian, indi-
vidual tredars canot discem the saurce of imowatias - Irsteed, they Tam inferanass basad an
the reltive \arianass of v, and 7} ; danoted by %2 and%%: In partiaular, traderi's estimate of the
marketwide aampaentisE [vi i/ 1= . v where | =%2=@. + %X

T his sped catiaon aftraders expectatias is hidhly structured in ader o fd ake the analysis
bebw. Il everttelss, it pturss three important features - Fist, traders anot &l whether the
nens they remEve fran astoner adars orinter-dealer calb ebaut the vale ofthe D dllaris bang
simulianeasly rexEived ebanhere_ T his is dearly a feature of the FX market and hes impartant
asaguaas as e dall see. Seaod, private neas hes sone pasistat eisct an the trader's
vablation. W ithout sane pasistence, dissgreematt anagst treders abaut the vallatiaon of the
doller-wauld disgppear vary quidlly after astoner adars stopped amiving at the market. T his
gopears inaasistatwith the heteyragenas viens aanaaming the valle of the dolliar eqoressed by
tradars at the ed of the treding day - I tis albo hard 1o souare with the heteragena ty of spot rate
epedtatias doserved by 110 (990 ) in miao suney data. Finally, the strudiure of epedtatias
implies that most dissgeamant ebaut the valLe of the doller-is shoreterm _ A ssuming that traders
do nothave achencsd warming ofpublic nens anncuncamenss,’ we aaniteraie () and Q) fomard
h pericds, ad take aaditicnal eqectatias to dotan,

EP Sl - JFEP L AEled/ ]

A s the harizan hinaressss, individual treders™\alatias are kss it uenced by tharprivate infor=
matian ecaseA < 1 )sothareis kss dissagreamentebautthe longterm valuation ofthe cunraoy.
T his fomulatian raughly acoods with the degree oF aasarsus anangst econamiists ebaut the fec-
tors aRecting the bdhaviarof the D dllar at d®saent haizas -

4.2 Quotes and Trade

Cannarsatias betinean traders are inttiated by an exogenacs matching mednenism - Eadh trader
reves and makes acll every pericd with diRerent curter-parties - | n reality, tradars can dedde
wotalloerteD 2004 systam but they can recEwve guote reguessts from any Galler- T he
exgaas makthing medhanism abstracts fram the tradex's dedsion ohwho to calll.-
Carsideracallfiom trackeri totraderj - T raderj makes ouotes o) 7 andQ 7 aconespanding

19This rules out any correlations between E[P},,|Q1] — E[P;,,|Q¢] and v;_,, for all s, h > 0.

16



1o the bid ad ask pricss at whidh he will sell ad buy D dllass_ | assume that all quotess and
trarsactias are fora >ed quentity. B y aanvertian, Q 77 and ( 7 are tekeitarbaeitquotes.
T raderi aan dadcde o ather\ hit " the ask arbid price, therdby agresing to buy of sell D dllars, ar
they an dedine to rade- T his dadsian is detexrmined by the relatiaship of the quotes 1o trader
i's resenatian price:

Ry =EP/ ¥ T u: @
T he reservatian price \aries fram the private\alation of theD dilarby acompanentu; that e ects
a qudity eRct. T his eRect aigrnates fian astomears autsice the market who nesd aunacy as
part of thar nomal intermatianal business activities. Sane lquidity eRacts are aamman to all
traders, others are purely idosynaatic. T hetis,

U =u+ L

whereu; and ¥ are the conman and idicsynaratic companantts - B oth aompanants are assumed 1o
bei id.- nomal random \exisbles with zero mears and variancss %2 and %2 : 4 s sudch, they anly
hae a trarsitory eRsct N resenatian prces .-

T hedadsaon o tradke is determined as Tollons: 11 ;4’7 - R? then traderi hits the ask price and
buys doliars from trader frpricle’jz [\ ofe that this trarsactian is reoordd as abuy in the
data s=t] Similbardy, ifQ tB’j _ Ri then raderi hits the bid price and sellk dollars 0 j in exdange
o) f’j perdolier . | fnatharaaditian is met, the caonversation ek withauta trarsaction -\ otice
that the purdese of dollrs is mare likely, ceteris parils, when U is pasitive so Ul plays the oke
ofa kquidity demand shodk.

W hen traderj re@Eves a requsst for quotes, he faoss a amplex dadsiaon- B ecause the callr's
resenatian price is private infiamatian, the dxaae of guotes mustbe made reltive o an estimate
ofR i:6 iven this estimate, trader j willl, in ganeral, dhocse qUotEs to maximize expected trading
pro ts during the day subject o samne iniatory aastrants - T his mears that the quotes made by
each trederwi ll depad an tha rprivate infomatian and their-treding histary thraugh ttralraunant
inattay_H eel 1oas sokely an theeRactdiprivate infkamatian by assuming thataunatinaTiory
doss notaRect quotss - T his assumptian gppears reesaeble during the middie of the trading day
where the o.emigt inientary aastraints pleced an tpical tradars are far fran binding!! In
particukr;, | assume that trader j sets quotes so that there is an egual ex ante prdosbi ity that
tracke | Wil buy orsell. Follbbning this strategy, a trader shauld notacoaomubaie ar loocse inatory
an aeraoe-

" This assumption is consistent with the analysis of a single trader by Yao (1997). He does not find any evidence
that quotes are adjusted in response to inventory imbalances. Instead, these imbalances are unwound by initiating
transactions with other traders.
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T o determine how quotes are set under these draumstancass, we nesd 1o eqLeate the ex ae
prdosbi kties ofF a purdiese and sake fram the parspective of trader j: T hese prdosbi ties are

3 - 3 -

Pr trederibwsdoles ~ PrQ -Riy/:-,

3 - 3 -

ad Prtederisslkbdolas ~ PrQ27 _Riy/;-,

T raderj calulates the distributian of the reservatian price, R ¢, based an his oan private nens and
iqidty shads T/, ;U , g, U nderthe sssumptias ebowe, the aonditicnal distribution of R
gvan traderj's infomatian is nomal with meaen and vaxiance,
ERY/ - J=EPF I Au+ E[a¥/]
W =92Q TADF =5 @2+ 1

whereA ~ %2=@2 + %2 X U sing this resullt, ne can wite the ex ante tracke prdocbi Fties a5

= -
. . . B,j_ i|y/J
Pro/’ _Riy/;- =0 LS
24 __— QA’j—E[Ri|VjQ]ﬂ B[Ri|V/ Q]-QF 57 ©
PrQ;” -Ri¥/:-:+ =1 jO H— 1t =0© P

where ©() daoies the aumulative standard namal- Clearly these prdoabi ities wi ll be equal when
QUOIES axe setas

0 = ERWV/ - 52
®
077 = ERWV/ - dis2

Torsonespreed s.-

In dhoosing the \alLe of the spreed, tradars fae a trade-aR. Since the ex ante prdoebi ity of
tadingis 26E=2 1) lgernabes of s reduce the lkelihood arbang\ hit"atatherquote_A tte
same time, higervales of s rase the eqpected steedy state pro tfiron trading- Foreanpk,
asidertrader j'5 epected pro thian seling D dias o acalieract orQ f’j and buying tham
bad< fiom another caller att+ 1 frQ 7 : In the steedy state [where E [e§/ / 1= ] the epected
pro thiom theredes isE [Q ;7 §Q 2 /- 1= s-Since the prcbsbi ity ofbeing it atthe sk and
bid in suacessive periack is ©(G=2% Y ; the expected steedy state trading pro tis % )= SOGE=2% Y -
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| assume that traders dhoose s tomaximize ¥ GX T his gves avale Tors (floﬁ%:12

W e can now calulate the proosbi ity of a trade teking plce. R ecalll that trader i will buy
dollars when Q 7 - R and sell them when Q 77 _ R i1 U sing the results above, we can renite
these condiias a8

taderibwsit z - js2
traderi ek it z . S=2
z AU iU+ Ele¥/1iEled ]

é is a namallly distributed random \aricbe with meen ( j 1) ad variance %2 whare 1, ~
> oAy, is the average valle OFE (e §/;/ Jaacss tradars _H ence the prdosbi ity of race is

3 - l-l_ _ 1‘[
Prouaderibuys = © IS:2+3/QI>)Lt
4
O
= - 3 _ | Mo L q
Prouaderisslk = | j© s2+ i) —© is2idia. >

Y Y

I aotice that ex post prdoebi ity of a purdnese ar sake are not ecual exagotin the spedal Geess
wharel;, =0 ar, =1 even though ttader j S ex ante prdocbi kities ofFbaing hitatatherguote are
egual. T his di®@rence betnean the ex ae and ex postprdogbi Iities is a re ection of ssymmetry
betnen the tradars- Q uokes are made withaut any knonkedoe of the Galir'S reseratian price
and so are besed sokEly an trader J 5 infomatian- 1N partiauler; j must base his quotes an an
estimate of the marketwide compaait ofE [Qj/tj] whdhisegal ©;, - Sobgsas thareis a
perceived idicsynaratic elementinE [e §//F . will be kss then ae ad §'s estimate willl be kss
then ampktely pradse- T raderi; by aatrast, hes nonesd to estimate 1, when making a trading
dadsian because he aan request quotes befare dadding whether to trede.-

D unngaaonversatian, infomatian is exdanged betinean the traders inseveral ways - First, the
quotes macke by traderj reveal 1o trederi samethingabautthe j 3 Bquidity shodku! andE [e /]
¢ iventhefam ofthe @), thereis imﬁdertinhmaﬁminitrseq,uestomnpbteymra,eluz
adE [Qj/tj]N eerthelss, acalberwould  nd the quotes uselul in updating his priars sbaut?; and
u; - T hus the madel proidess an infomation collection raticnal Torinftiating a call- Secod, trader
i's dadsian 1O trace reveak infomatian 1o the quoter- |n partiaular;, trading dedsias proAce j
will same infmation an thevale of z : Since Ui+ E[e§//1=AU + _E [e¥// i z; this, intum,

utside the steady state, the value of s that maximizes expected profits depends on Ele;|V7]. In this case, the
12Qutside the steady state, the value of s that imi ted profits depend Ele;|V/]. In th th
quotes would reveal all trader j's private information to the caller.
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allons j o update his prias abaut?; and u;:

4.3 Aggregate Activity

W eare nowin apaition o analyze trading activity aacss the market. Casidar st the bdaviar
exsss dollerdemand: D uring the middie of the trading day, where the rumber of tredess is e,
easss dollardamand, D ; can be gppradmated by
©3_sg2+0g1—x)m i©3_sg2_gg1_x)m
De:D= ©3—5Z2+£1—>\),ut - + ©3—512—g1—x)m = ©

whidhis inaessingin 1, , the marketawide aeyage oft [Qj/tj] Equatian @)implies thatthe aminal
of private nens that lecks traders aatss the market o rase [loner] tharalatian of the doller
will generate greaier | s |exdasss damand in dollar trarsactias -

I otice thatmovameants in D @) anly arise bacaese | is s then unity, a e ection of the et
that traders do not know the dagree 1O Whidh thdr private nens is conrelated with athers. In
this respect, the madel parits 1 an impartant implicatian of the bdk of trarsparacy in the FX
maitet. T o fTurther enphesis this pant, note that the arvival of public nens during periad t, i e,
EPS,F«JiE[P/ ¥ 11 hes noeRactan atherthe number artype ofransactians, because, by
ce niian, itis tagpaait o all market partidpants -

W hat are the madel's implicatias for the behaiar of tarsactias prics? To aswer this
gusstian, aasider the marketewide aerage of the price pad fTor D dllars during periad £ AHan
equation @) the aarage aslkingprice at tis

Q/ =EP/ ke Au+ 1+ 52 ©

where u; is the aamman compaait of the Equidity shodk aRscting reservatian pricss - Individual
quotes d®rfran Q ! by a randaom amaunt thatis sped ¢ 1o the tradermaking the quote. T hese
quotss are dosenvad in the data anly if the calller daddes 1o buy dollss - T rarsaction pricss are
thareloe a asaad saries of the ask quotes with the degree oF casaring detexrmined by the prdo-
abi Ity that a purdiese resuls fran a aanversatian - Fram eguatian () we see that this prdosbi ity
anly\aries with 1, and notthe asking price because the dadsian 1o buy degpends an the d®erence
betnen the ask and resenation price. T his mears that the sampling of quotss in the trarsectias
data is independat of the trarsactias prias -\ e may tharefore represant the doserved purdese
price as

PA =0+ »; @

where»; represais the combined eRiscts ofsamplingand the idicsynaatic features of the individual
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ask quote thatwes \ it " Impartantly, » is indgpendattof( {1 Torthe reesas dited ebove.
W e aan noweamine the doserved dnange in ask pricss by aambining @) and (0 )-Takng 1st
d@aaes ad simpifing, we dotan

N o
tPA = EP/fF e diEP I+ . @ i1+ Vi + Ny a

wheren; ~ ¢ g+ AC Ut

The sttam in (1)idaiti es the impactofpublic nens an trarsactias pricss- T his taxm is
identically equal 1o the eqpected dange inP | and the redisian in treeqected \vale ofP /| gven
the amival of public nens,

Elf P e FEP e DAEPS 3B

Sinee intra-cay intexrest rates foed by tradarss are za10,E [¢ P -, Jidenti es the expectad exaess
retum an D dilars oerD Il arks during the next periad based an public infomatian.- T his retum
is equal 1o the dollex risk pramium and will geerally be very small. 4 s aresul, the iIstterm in
Diswvellgpproamated by *i11 ~ E[P/ ki EP S 1V ecan theelae remite (L )as

CPAL=.@ T1D ¢+ Vg1 + "l Nt 2

A aoording © (( 2), price dnangss may be predicteble for o ressas - First, sineeA < 156 PA,
willaovary necatinely with 1, proaded | > 0 - T his mears thatprice dhangss aauld in prindplke be
predicied with 1, :H oneer, ifwe are aasideringsharttime periads, sudh as ahaur, the gpopropriate
\alLe ofA is prdoebliyvaery dose toare. A s aresult, unkss 1, hes avery lrgp\ariane, \ariatias in
¢ ng‘H are llkely to be aimast aampletely daninated by the st thiree tms - T he secaod saurce of
predictzbi ity ames fram N ; because, underthe assumptias of the madel, itollbas anll A ()
process. 0 nae again, this is unlikely © ganerate sigil cant Torecsstebifity in ¢ P/ unkess the
arianee of v, + "i;1 Is small. In sum therefare, (2) does notsugosst thatkt ¢ Ptff‘H shaud be
faecstebe.d ot that gppears aasistatwith the data

R ezll from Tabk 2 that the dance in ask pricss gopear pasitively conrelated with exass
damand, particular tonards the ad of the trading day- W e can nowinterpret this resultwith @)
ad (2)-A s the equatias showy, the armival of privale nens aacss the market, v; | 1 ; raisss both
transactias pricss, P, , and exaess demand, Dy - By aonisst, the anival of publicrens, '} 1,
aly aRcts trarsadlias prcs. Since the anaunamant of public infomatian is concantrated
during the " 1st half of the treding day, any pasitive conrelation betneen P/}, and D induced
by v;;+1 shods during this periad will likely be masked -1 ateran, public nens annauncamants are
mudh ks freguat, so the pasitive conelatian betw.'aenPtff‘H ad D, is eeakd.
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In summary, this simple trading madel proddess a raticek for the resulls in Tabk 2. In
particulr; we hae semn that the \ uder-adjustmatt” of quotss In respase 1 exasss danad
an arise aquite naturally in a market that bds trarsparancy Wwhen tradars hae heterageneas
iniomatian- H ere the bk of transparay stpped tradars fram doserving the extant t whidh
the amival of private infomatian was aonrelaied aacss the market_ T his aeates an infomatianal
asymmetry betineen traders during bi aleral anvarsatias that is the souree of the conrelatian
betnean trarsactias prics ad exasss danand.-

5 Dynamic Analysis

Inthis nalsectian, | retum 1o the analysis ofthe data. | shall Toas an the dynamic relatiaships
betneen trarsadtian pricss, gquantities and quotes- T he am of this analysis is tho-fold - Hist, |
wat o dooument any daraderistic atures of the data that an sene a6 the besis Tor Tuture
thaaetical reseerdn- Secod, | wish 1O eamine the extat O whidh the hich freopenoy dynamics
oftrarsectias datla are e ected in the bd eiarof gquotes -4 s noke eaxdier;, thare are nova bxge
rumberof studies doaumenting the hich freocuency behaviarofthe quotes _H onever;, we do notyet
knonvthe extiattowvwhidh this behaviar ¥ ects trasactias activity within the market ratherthen
the dadsias by banks tomake quotes -

Iy anabysis is anducted ising VA R s. In partiauler;, since my foas is an the hich freouacy
dynamics, the analysis is aaducted an the data sampled every e minutes during the trading
day.- Iniewofthe seesanal patterrs in Figure |, the trading day is de ned by the periad betinemn
N0 ad17A0 hrs. BST _T he VA Rs indude a set of dummy \ariebkes 1o allow for the eRsct an
non-aontinuols doservatians, sudh as betineen trading days -

5.1 Trade and Quote Quantities

The stVA R eaminss the reltiaship betnem the number of tradkss, quotss and the Vot ity
of transectias pricss- R ecdll iam Sectian 3 that at an haurly frequency the aantanparaneas
reltiaship betnwean trade and quote intasity gppears quite lboe. W e abo sawv tat the ink
betnen trarsactias intasity and the volati ity ofrarsactias pricss wes Wek . T heVA R pemits
s o investicgale these relatiaships in geaterdetail.

T ebke 3 shons summary estimatian resuls Tora 6 th-adertinariaie VA R wsing the \anabkes,
MW TN QN Ty %@ d)gwhare, N T, ad N Q ; are the numberoftrades aad quotes ad % ) is
the standard deviation of ask trarsactian pricss during eech e mirute periad.- P arel | riparts
prales Torasaries of 6 ranger Casalty sts.- T here is strag evidaxe of causality runing in
all drectias exaptin the cese of the volti ity equation.- H ere we cannot rigject the nulll of no
6 rangerCausality ruming fion treceinteasity, N T, afrom reltive quote intlasity,N Q ;=\ T; 1O
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the voltikity of rarsactias pricss atthe 5% bwel.

TabE3:VAR results TOr T rade, Q uote ad T racke V ot ity
16 g Tests
VA R Eguation N T NQeN Te %“q X
NTe <0001 <0001 0 299
NQe&N Tt <0001 <0001 0124
A0 <0001 <0001 <0001
11 VarianaeD eocompcstias
harizan saurce % Cd._Em) % Cd_Em) % Cd_Em)
1 haur N Te 88100 ®036) | 13009 6A2) |HNA7 Q2040)
NQ¢&N Te| 10 498 ®185) | 80 397 @467y | 42900 Q@2205)
A0 1402 ¢ 537 6 595 @992) | 16392 Q133)
3 haurs NTe 59197 @2200) | 04004 ©585) | 10313 @1 036)
NQ&N T | 40 74 QA1) | 9567 (0 553) | 82967 @Gl 381)
A0 0033 C 409 4317 QoD 679 G387
111:D iagcstics
Q3 0 989 0 997 0 997
Qs 0673 0 864 0 990
Eigenvalues 0887 0 857 0 635
N otesz N T andN Q + are respectively the number of trades and quotes ad % ([ ) is the standaxd
deviatian of ask trarsactian pricss, eech calulatied oer a™ e mirnute peariad. T he \aricbks ae
adtered inteVAR asN TN QN T; %@ Xg:TheVA R aotairs 6 s of eedh \ariabE a5 well
a8 asstoFdummy variablkes o allowviordisootinuties in the data. T he dummiss take thevalle ofF
ae ifdseralias > ad X;; are notbesad an data filan tho aaseautive e mirute intenaks,
and zero otherwise. 0 bsenatias are anly asken betneen A0 and 1 A0 hrs. B ST _Q ; danoies the
prables TrB o i () statistics Tori - ader residual sevial arelation ineedh VA R eguatian -
T heetries Ebelled Eigenvallies shonvthe moduls ofthe rgest three eiganvalliss inthe aompanian
fam ofthe Vi R _Standard enars are calulaied from || ate Carbo simulatias besed an the VA R
estimates with 10000 replicatians -

Parel |l reparts \ariance decompai tias atthe ae and three haurharizas 12 Each rovshons
the percantage aantributian by the source \arieble 1o the \ariance of the variebe sted at the T
ofeach clumn_T he tebke abko reparts |l ante Carbo stendard errars based an10 )00 replicatias.-

Sewveral agpects of the results starnd aut. First, the varianae of N T; Gan be alimast entirely
acoounted forby theimovatias o trace and relative ouote intensi ty atboth the ae and three haur

13These decompositions and the impulse response functions shown below are based on the variable ordering of
{NT;,NQ:/NTy, o(T):}. The variance decompositions results are completely robust to this choice.
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harizas -H etercskedsstiaty in transactian pricss plys nosigi antroke.Secad, trace intasity
anly makes asigi Gantaaribution o thevariance ofN Q ;=N\ T, atthe ae haurhaizan. T hird,
reltive quote intasity aatributes most o the \vaiabi ity in % ([ ) atboth haizas, although the
estimates are sanenhatimpraedse.

T he impubke respanse patterrs shoan in Figare 7 proide amplEnaitary eddae an the dy-
nemic relatiaship betnean theseariablkes - [T hedeshed ines in the grgphs shavthe95% aon dence
band aloubied by il atie Carbb simulatian ] T he Efthand column shons the eRacts ofan ilmova-
tanin trace inasity-H aere we see thata ae standard deviation shodk hes asigi Gt pasitive
eRect On tracke intesity or goprodmately tho haurs - U nepected dnangss in trading intansity
gopear o be Eirly long had _ T race imowatias abo hae a persistant eRect an the reltive guote
inensity_T he ratioofquotes o tradess is pushed bebwits namal el formaetenaehar.By
atsst, tracke imowatias hae aincstnosignl canteRectan the volti ity oFransactias pricss -

T hemiddie column shons havunepected dangess in quote behaviarimpactupon trarsactias -
A n inaeese in the number of quoites [reiEtive 1o the rumber of rarsactia s Jdoss ked o rise in
trasactias inasty that bsts Tar gpprodmately aeanda half haurs, althouch the size of the
rise is small.Q uote shodss donothae ay sigi GanteRactan the ot Ity oF rarsactias pricss -
T hus, there is no suppartin these results o the idea that unepected dangss in trade arguote
inasity sigi Gantly aRsct the subsaqpat volti bty of trarsactias pricss . V ot ity shodss, by
antrast, doaRactsubsequatrace and reltive guote intasity- A s the ngithand colmn shons, a
paitive volti ity shak sigi Gantly inaessss the subsequatrumber ofransactians, and reducss
the subseguent ratio ofF quotes o trarsadtia s _H onever, both eRacts are auirte small_ FHnally, itis
warth noting thatvolati ity shodss are nobvery persistat.d Bthesigi anteRects ofavohti ity
shodk are dissipated in 40 minutes 14

These ndings have several nalenorthy implicatias.- First, vaiatias in quoke inlasity do
not gppear 1O be a very acaurate messure of trading intasity at high fiequades. In £, the
results sugpsstthatguote intasity wi ll understate trede intersi ty during periads ofunusual masket
activity. Seaod, there is anly wesk evidanae thatt dhangss in quote bdaevior sRact trarsactias -
T hese ndings wauld be had to eplENn ifguoles were 1 rathar then indicative- 4 s itis, they
axe arn servad 1o uderiine that quotemaking dedsias are distinct form treding dedsias in
te X market. T he other notenorthy implication conaarrs the ot ity of trarsectias prcss -
T he volti ity messure usad here gpprodmaties the atss-sectianal disparsion oftrarsactias pricss
aatss the market. Since this messure is not seen directly by any trader; itis notsurprising that
shods 1o the dispersion of rarsactia s prass do nothave a pasisiatteiects _ A tihe sane time,

MThese findings are robust to the ordering of variables. That is to say, the general impulse response patterns
are not affected beyond that the first lag, and the standard error bounds indicate the same degree of statistical
significance.
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ageater dispasian of ™ quotes will ganerally raise the praosbi ity of a trarsactian Blkiing plae
proided thatthe resenvatian price ofthe Glllerramains aastant_ T hisis ikely because theinaesse
disparsian ofguotes aatss the martetis undosernvad - T hus, ahigherdisparsian ofguotes will raise
bath the numberand Vot ity of ransactias pricss arsistentwith resuls eboe.

5.2 Trades, Quote Volatility and Quote Spreads

ThessoodVA R eaminss the reltiaship betnean tiace intasity, quote volti ity and the quote
spreed- Q uoke VvoHti ity is messured by the standard deviatian in ask quotes during eedh e
mirute periad, and the spreed by the  ve minute aerage of the bidesk spreed.- A s abowe, the
VA R wes estimated with 6 Ibgs and dummy \ariebles 1o acoount or non-aotinuols dosenatias .-

Tabk4:-VA R results Tor T rade, Q uote V ot iy axd S preecs

16 g Tests
VA R Equatian N Te %“Q X SPR ¢
N Te <0001 0001 0011
%“Q X <0001 <0001 0 648
SPR¢ <0124 0027 <0001

11 VarianaeeD ecompcstias

harizan sarce % Cd_Em) % Cd_Em) % Cd.Em)
1 haur NTe 99 957 € 948) | 77149 4507 | 17411 Q17)
%“Q X 0043 Q 467) | 22673 44/6) | 4130 6 334)
SPR¢ <0001 2P 017 @629) | B 459 €0 530)
3 haurs NTe 98 A4 ©888) | 998 (0 216) | 82543 s
%“Q X 1152 GI1AB) 0201 é1m) 3177 @169)
SPR¢ 0145 @ 5.0) 000! G983) | 142 5730
111:D iagcstics
Qs 0 989 0 983 0 994
Qs 0 B3 0 461 0 866
3 L aroesst Eiganvalles 0 854 0 835 0 A0

N oteszN T is the numberoftrades, % ([ D is the standard deviatian ofesk quote priass, and SP R ¢ is
the mean bid ask quote spreed, eech calaulatied oera’ ve minute pariad .- T he variablkes are adaed
inteVA R as M T:%( X:SP R 9 Farotherestimation detalk, se=2Tebk 3 .

T ebke4 presaits summary estimatian results _P anel | shons that thereis bi-directiaalt ranger
Casatian betnean trarsactian intasity and quote voltikity- T his aorasts with the ndings in
T abke 3 whare trarsectias \volti ity did not gppear 106 ranger Cause trarsectias- T he quote
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spreed gppears exagenas With respect to quote volti ity butis 6 ranger Causad by trarsectias.-

T hexariancedaoompasitias reparted inP anel |1 heb o turtherdanfy the relatiaship betneen
te \arabks . Itis immediately dear from these statistics the inmovatias in trarsactias ply a
B ger ok in the behavior of quotss then wWes suggssted by the causality t5sts - [mmowatias in
trasactian intasity are the majar sourae of the \ariance in all three \arieblkes at the three haur
haizan Il aeower; shodss 1o quote Vot ity eplEan Itk ofthe \ariance in ether trarsactias or
the spreed -4 s abowe, these resulis are ridoust 1o the adering of the \arieblkes -

Hgure 8 plots the impube respase fudias- T he Eft hand aolumn shons that a pasitive
trasactian shok keds 1o a persistance inaesse in quote volti ity ad a bnering of the guote
soreed - | Nterestingly, the latteraeRisct oaaurs with adelay of gpoprodmately 30 minutes - T he aater
aolumn shons thatwhi e shodss to quote Vol ity temporari ly rase the number of ttarsactians,
they donotsignil cantly aRect the spreed - T his di®rane in the behaviarof the spreed is rdoust
tothe adaringoftevaiabks inthe Vi R T he rigithand column shons thaettshodss 1o the guote
sporeed hae nosigi GantaRect an the athernvariebless evan thaugh they are quite parsistant

T hese results panttoanimportantdistinction - T hraughaut] heve stressed the guotes examined
hare are indicative rather tten M _H onewer; this doss notmean that quotss are unrespasive o
develpmats in the market_ A lhough the posting of quotes gppears to be a distinct activity, the
resuls sboe indicate that guotemaking dedsias are notmeacke independantly of trading activity/-
R atther; the respase of quote Vot ity and the spreed 1o transactiaon shods gppears aasistait
a anpetitive model Tor quotes in whidh banks aompete 1o attract astonass - Sudy ampetiian
insurss that quotss respad 1o market develpmeants even thaugh they are anly indicative- T he
results in Figures 7 and 8 provde the basis Tarexamining this agpectoftte FX marketmare fully.

5.3 Excess Demand, Transactions and Quote Prices

The malVi R eaminss the relatian betnean exasss demand, trarsactians pricss and quotes - Inthe
analysis aboewe sawv that haurly dengss in tramsactias pricss were conrelated with aamubatinve
messure of the exasss damand Torddliass -H ere | examine the enpirical foundation ofthis nding
mare doely. T heVA R aatars E D; ; the d®rence betineen the number of dalier purdiesss ad
saks during eech " \e minute intenal, ¢ P A ; the dange in the log purdese @sK) price oer the
interal, and rP, ; the d®¥ence betnean the los ofthe st ask quote ad the st purdnese price
duing teinteral_A s eboe, theVi R indudes 6 lbgs and dummy \arieblkes -

Panell of T abk5 iparts e magnalsigi cance ek from thelt rangarCasality tssts.\| e
& igectthe null ofnot renger Causali ty fran any ofthe \ariabks in the Gee ofboth the exxasss
damand and price dnange equatias at the ae paraat bel. B y aotrest, there is itk eddence
that any \arieble predicts the d@ranee betneen quote and trarsactias pricss, rP,: InParel I,
the statistics indicate that the primary saurce of variatian in alll three \ariebles are trarnsactian
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Tabke5:VA R results forEaess D emad, P ass ad Q uotss

1 6 ranger Causality T ests

VA R Equatian E D¢ ¢ PR rP¢
E D¢ <0001 <0001 0 210
¢tPp <0001 <0001 0 474
rP¢ <0001 <0001 0 242

11 VarianaeD ecompcstias

harizan sarce % Cd_Em) % Cd._Em) % Cd_Em)
1 haur E D¢ 31112 Q0 6A) | 13615 @7599) | 55372 @6210)
¢Pp 58154  (3508) | /221 @0 341) | 29047 Q7985)
rP¢ 10 734 ©@635) | 11164 @5114) | 15581 @4155)
3 haurs E D¢ 24 259 Q249) | 24324 (l117P) |24275 QIR
¢tPp 64 163 ((3653) | 64104 ((5233) | 64127 4324)
rP¢ 11082 @11082) | 1157 (1934) | 11597 (1557
111:D iagcstics
Qs 0972 0 999 0 999
Qs 0418 0 999 0 999
3 L aroesst Eigenvalles 03 057 057

| otes: E Dy is the di®iance betneen the number of dolllar purdieses and sakss, ¢ P{ is the dence
in the g purdese @K price, ad rP ¢ is the d®axe betnean the Ios ofthe bBstask gquote ad
the bstpurdnese price, eech alulbaied oera \ve mirute inteenal. T he arieblks are adaed in the
VAR asfE Dyt Py ;rPg: Forotherestimation detalb, see Tebke 3 .

price shods atthe three haurharizan -0 ver-the shorter haizan, exxaess danand shods antribute
more o thearianae of E D, ad rP;:A s ebowe, these resuls are rdoust 1o the varieble adering.
T heimpule respanse patterrs ad assodated sterndard errars derived fron theVA R estimates
are shonn in FHgure 9 _ T he impact of exxaess damand shodss are plotied in the Eft hand acolumn.
H ere we see that whi e the mgjar impact of these shods an exasss danand aaaurs within the
paiad[i e, veminutss] smallbutsigi cateRcts parsistiargopradmately4) minutss P aeitive
exess damand shodks abo sigi cantly reduce ¢ P4 and rase P, or tho periacs. || otice that
the necative conelatian betnen exaess danand and trarsactians pricss implied by this respase
patiemn is the qopasite of the pasitive axrelation in haurly datadoaumattied inTaebke 2 -
Furtherirsigitinto the aigrns ofthe haurly conelation aaomes fron the carier-colmn ofFguare
9 vhere the impactofshods o trarsactias priass are shonn . H erewe see that these shodss hae
a pasitive and then necative impact an ¢ P A4 aosistat with a ane pariad eRact an the el of
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priass, P Az 0 nae again the respase of quotes gppear © bged behind pricss so that P, Bk
tEmpaarly_ T he impact ofFprice shods an exdasss danarnd is mudh more parsistait_ A s the upper
plotshons, pasitive price shods sigi Gantly raise exasss demand forup toae haur. T hus, price
shads hae amare persistaTteRact an exasss damand then demand shodss, a et thatis & ecied
in the \aeriance deoompasitias eboe- T hare we sawv that price shods are the majar aatributor
1O the \ariance of exasss damand atboth the ae and three haurharizas - T his respase pattem
akbo gppears mare aasistentwth the pasitive conrelation betinean pricss and exdaess demand intte
haurly data.

T he rigit hand colmn of the  gure plots the impact of imowatias o rP;: Sine these in-
noatias are unaonelted with price shodss [by aastrucian] shods 1 rP; prodde a messure
ofthe unepected dnangss iIn quotss - 4 s the  gure shons, these quote shodss are notbvery persis-
tait- thae is nosigi ate®Rsctan rP; beyad ae parad.- T he impact an trarsactian pricss
and excess damand is mare interesting- T he respase of ¢t P4 indicates that trarsactian pricss
Hse pemanaily in the periad folloning a quote shodk- P asitive quote shodss abko lbeed tha sig-
N aitrse in exsss danad that st far goprodmately 30 minutes- | ather of these ndings
sguares with the vew that guotes are simply ndsy messures of trarsactias pricss. [T thatwere
the e, Wy wauld the \ ndse’ " messured by rP; aRect trading activity in the way indicated by
the impuke respase patiernrs? A mare plausible eplbnatian gppears 1o be that quotes respad
o marketrebwattnens, sudh as astomeracers.

These ndings mearit careful analysis - T hey suggesst a aamplex dynamic interactian betinean
trarsadtias ad pricss thatnests 1o be\ explained * by thearetical madek of the trading procsss -
In partiaubar, sudh amadel wi ll ned to eplore why the respanse ofexdaess damand and pricss an
d®arsomudh acooding tothe aign ofthe shadk. T here albo gppears tobe acomplex reltiaship
betnen transaction quantities, pricss, and indicative quotes - T he results aboein Figure8 indicate
that guotemaking dedsias are notmede indegpadatly of reding activity.H ere we see eddence
oftrading dadsias bang aRected by quotes -4 s yet, we have no thearetical undarstanding of these
reltiaships .-

6 Conclusion

B yits vary nature, apaper sudh s s rases many mare qusstias then itamswers_Sineemy am
herewss toprovde asummary analysis ofanewdataset, | have notfolloned many of the researdn
aauess gperaed up by the resullis - Casaquantly, a bbtmare wark nesds 1o be dane befare we willl
hae bBEanad allwwe can abaut the miacsttucture ofFthe FX marketfron these datal | evarthelbsss,
| think is sale to dravwv the Tolloning pants fran the analysis eboe.

Hist, trace ectivity within the intertbank FX marketis distinct fron the posting ofindicative
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ouotss - T rading and quotemaking dedsias are inked, but the inks are amplicated and paorly
udarstoad - Secod, miatstruciLire Riscts gppearimpartantin the determination ofedance rates
at hich frequandes - T hare is albo same evdaee that these eRscts are impartant oer the g
time spars relvattin intematianal maaosoonanics - Cauld this mean thatta betteruderstanding
of the miacstructure of the X market would ad in resoMing the big puzzkss in inteematiaal
maaoeananics? W hike itis doviasly mudh too soon o say, itis an intriguing possibi Fty/-
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