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1. Introduction

Data on individial bond market transactions provide ample evidence thdtamesize
does not fit alcustomersDifferential preferenceregarding trade sizéivide customers into
retail and institutional investor segments. An extensive literature idertiiBons thatoperate
differentlyin different trade size segmentsaafrporate and municipal bomdarkes. Such
frictions include transaction costs (Harris and Piwowar, 2B@6g and Warga, 2004) and
differential bargaining power due either to searokts (Gree, Hollifield, and Schurhoff, 2007a
Feldhitter, 201Por sophistication about value (Green, Hollifield, and Schirhoff, 2007b)

Trade sizesegmentation and sitmsed frictionsn overthe-counter bond markets raise
the potential foffragmentation tn afragmented market, a buyer or a seller may not be able to
obtain the best available price toertransactioracross all segments (Lee, 1998pr example
the price that a trader of a smedirporate bongosition can achieve may not be the best
availabe price per unit it will typically beworse than the price available to a trader of a large
position. However, as modeled by the existing literature, tinadeionalfrictions produce
arbitrageproof prices in the sense thad market participant cgurofitably buy a security in one
size segment and sell the same security in the other. In both models and mizeteegments
never dndsmal gasledustomer buyrices are always higher thaoncurrentarge trade
customer sell pricefor the amecorporate bondCrossed trades do not occur becausporate
bonddealers easily bridge the two segments through aggregatingsie&alor splitting up
institutionalsizedpositions

I n this paper, we show t habondmdrketsist radi ti on
incomplete. Indeed, we provide evidence fromapencymortgagebacked securities (MBS)

market that prices consistently cross and produce apparent violations of arbitrage coldéions.



attribute these unique pricing patterns to two ifvits affectingiBS dealerqas well as dealers

in many other structured productsimpediments to aggregating small positions and a suitability
restriction on recommending small positions to retail custorfensevidence on both the

existence and persestce of market crosses is thus evidence not only of conditions that produce
extreme mar ket fragmentation, but also of bar
spantrade sizesegments within a single security.

The agency MBS sectorcomprsed of MBS issued by théederal National Mortgage
Association( F N M AannigiMae ,)the Federal Home Loan Mortgage Corporation (FHLMC,
AFreddie Maco), and the Government National M
constitutes about one quarteraeftstanding US debt securities and is second only to Treasuries
in daily secondary market tradingplume.Giventhevastnumber of individual securitigs this
sector, thexumber ofcustomersctively seeking tduy or sell garticularissueat agivenpoint
in time may beyuite smallIn sucha product spaceheaggregateandresellchannel breaks
down because it is unlikely thatydealer (or even the entire dealer community) willsee
sufficient number ogmall sell trades in the same individualig@y over any reasonably short
length of timeln a sense, dealers suffer a raw material shortage regarding the usual arbitrage
process for bridging market segmeet®n though accumulating multiglec heap 6 s mal |
positionsto formasingle large bloclattractive to an institutional buyevould appear profitable
In contrast, tyen the limited number of individual securities per issne¢he corporate bond and
agency debentures spacdsalerdn these marketsan more easilgggregate smaflized trades
into larger institutionalpositionson a timely basis.

Thesuitability friction originates from the Financial Industry Regulatory Authority

(FINRA) Suitability Rule that incentivizes brokdealers to institute compaidwide policies



against recommendingmplex securities that may not fit a retail investment profile. These
policies impede some retail investors from learning about dealer inventories of certain securities.
Suitability-driven policies create barriers to retail investor awareness in theo$pirérton
(1987),wh o st at es: fit h anvesting lavs ad tcaditioms fas well as athem t
regul atory constraints can al sAgemyMB8ar®ut i nve
among those securities that FINRA has deemed potentially abkufor retail investors because
of the cash flow complexity derived from prepayment risk. The implementation of suitability
rules may cause a persistent shortage of retail buyeus$oitablesecuritiessuch as MBS

We look for evidence of sizbasedsegmentation by examinintRACE data for three
different debt markets investment grade corporate bonds, agency debentures, and agency MBS.
We caonfirm thatobservable market characteristics like customer buy/sell volume imbalance
differ across the thremarketsin a way that i€onsistent witra differential effect of the
suitability friction in the MBS markewVe also verify that MBS dealefacea much lower
probability of aggregang retail-sized customer sells into institutiorsized customer buys on
the same day.

We thenexamine the relatiobetweertrade size and average customer buy and sell
prices in the same security on the same day and find evidence-oéflateel fragmentation.
Consistent with findings from previous studies, the prices ofl srades differ significantly
from the prices of large trades in all three mark®@ts. empirical investigation finds that small
sell trades are priced at a discount relative to large trades in all three markets, but the discounts
of MBS sells are much tgeri 4%-10% in MBS versus 3%-0.6% in corporates and 2%-

0.5% in agency debentures. Small buy trades in corporates and agency debentures are priced at a



premium to large trades @%-1.6% in corporates, and 0.1%3% in agency debentures). In
sharp cotrast, small customer buy trades in MBS occuB%tto 8% discounts to large trades.

We alsdfind that the MBS market is persistently crosdgsing a conservative filter that
takes into account the daily higgw price range, we find th&3% of smallbuy trades occur at
prices below the prices of large sells in the same security on the san@azsed markets can
be viewed as violations of the law of one pricecontrast, pricesf small tradesrevirtually
arbitrageproof in corporate bonds andeawy debenturésthe same filter identifies less than
1.5% of smallbuy trades occurring below the institutional sell prid¥e investigate the MBS
market opportunities for arbitrage profits based osdbsossed pricesdowever,we find no
practical oportunities forpositionaggregation arbitrage across the two treide segment3.he
flow of trading in individual securities is just too light to permit aggregation of multiple cheap
small positions for timely resale in a large trade to an institutiomektor. he apparently
arbitrageprone differential pricing in adjacent tradeze segments of the MBS market rensain
effectively arbitraggproofd ue t o t hi s mar ket ds. position aggr «

To address any residual concerns about the new MBSCHR#ataused in this studywe
alsoimplement a reatnoneybuy-andhold MBS investmenprogram using a combination of
personal and student investment fund monies. We execute-87-@msearchsampleMBS
transactions that conform to the standards of aearch design. We capture an 8% average
discount (net of all commissions) versastitutional sellprices, in line with the high end of the
range that might be anticipated on the basis
results.

Finally, we examine theelative rolef the position aggregation and suitabifitictions

in generating crossed mark@tsa stylizedmodelthatalso incorporatesaditionalsizerelated



frictions. The model shows that persistently crossed marketsvhich smallbuy tradesare
executedat lower prices than large sell tradesan result from a combination tfe small
position aggregation and suitability frictiorWeshowthat he | i t er a tfrictoms6s tr ad
alonecannot produceersistentmarket crossingThe results suggest that forms of aovel
position aggregation and suitability frictions a@ only sufficient, but may also lmecessaryto
explain persistently crossed markets.
2. Background

In this sectiorwe first providebackground informatioon trading in agency MBS,
agency debentures, and corporate bonds. Wedisensanarketfrictions that operate
differently in small versus large tradasd also develop testable hypotheses about the effects of
these frictions on bugell volume imbalancand pricing patterns.

2.1Trade and Position Size€urrent Face versus Original Face Values

Debt markets are segmented on trade Sitee Financial Industry Regulatory Authority
(FINRA) classifiescustomeibond market trades #@igetailo if transaction &e is below $100,000
and adiinstitutionab if transaction size is equal to or above $100,000 (Ketchun2)201
Di fferences in observed fAround | ot narket ade si z
differences in the retail versus institutional amsér mix. For example, the mode size for
customer trades in the mainly institutional specHed! MBS market is $1,000,000, one
hundred times the $10,000 mode size for customer trades in the morerietaéd corporate
bond market.
Obviously,aninvet or 6s i nitial position size (in 0nf

investor choice. For corporate bonds and agency debentures, the effective faoé aralue

! Harris and Piwowaf2006), Hong and Warga2004), Green, Hollifield, and Schiirh@&007a 2007h and
Feldhitten2012).



investoros position remains constantpetidir ough
feature ofconventional pasthroughMBS is that, due tintervening principafepayments, the
current face ae of anyspecificMBS position shrinks over time relativeits original face
value? Position decay is a separate problem for an irtgtital MBS investor that is not
confronted by investors in Treasuries, agency debentures, corporatedyandsjcipal bonds.
For example, an institutional investor holding a $1 milliony8@r MBS position for ten years
may be left with a retatizedposition of only $25,000 in current face val&eincipal
repayments often transform the originally large positions preferred and purchased by institutional
investors into holdings too small in current face value to be of interest to the same investors.
2.2 Methods of Managing Position Decay in Structured Products

While we highlight here its impact for agency MBS, position decay is a general concern
for all structured products that have cash flows tied to a portfolio of individual loans such as
privatelabel residentiaMBS, commerciaMBS (CMBS), assetbacked securities (ABSand
collateralized loan obligations (CLO$Jow position decay manifests itself within a given
securitization depends both on attributes of the underlying loans and the strudttive tha
securitizer choose#n general, the industry managescdyat 1) theindividual loanlevel using
prepaymenimpediments?2) the security/pool level via reinvestment periods; 3) theasup
security level using transaction bundling and security aggoegeonventions; and 4) the
enhanced sup-security level that both aggregate and tranche the cash flows from basic

securities. The sup-security levels are the only features used to manage decay for agency MBS.

2 A passthrough MBS entitles its owner to a prata share of all principal and interest payments made on a pool of
residenial property loans that conform to underwriting standards set by the sponsoring agrestheduled

principal prepayments may be to the economic disadvantage of ththpagsh MBS investor, especially if they

result from individual mortgage loan refirdngs driven by a general decrease in interest rates. But both scheduled
and unscheduled principal repaymemgducea posi ti onés current face value.



Design challenges to managing positionajelbegin at the loan level since these
underlying assets may be amortizing or4aomortizing. ABS issuers generally securitize
amortizinglongmat ur ity assets, such as auto | oans anc
These loans have little or no peginent restrictions and are subject to position decay via
principal amortization and prepayments as with agency MBS. In contrast, commercial
mortgages typically have lodavel features such as balloon maturity provisions and
impediments to prepaymentscéuas lockout periods, prepayment points, yield maintenance
provisions, and defeasance provisions. These features keep CMBS from suffering position decay
to the same extent found in agency MBS.

ABS issuers generally securitize shoraturity assets, sucls aredit card and trade
receivables, as fArevolving pools. 0 Revolving
initial revolving or lockout period by reinvesting the repaid funds back into new assets. For
example, during a typical creditcarccse r i t i zati ond6s revolving peri
reinvests any principal payments made by the credit card borrowerseinreceivables in order
to maintain the original size tie pool. Similarly, CLOs typically use a reinvestment period to
keepthe underlying poobf bank loans dits full original size®

Transaction bundling and security aggregation convensiomnsvosuprasecurity
channels through which the industry manages position decay in agency MBS. Contracting
innovations like lhehighly successfuit o be announcedo ( TBpfoyidef or war

a degree of fungibilityo the universe of MB8seful in bundling positions imultiple poolsinto

% This revolving period for credit card receivables can be as short as 18 months or as long as 18bgeanis (F

2013. Prior to the 200009 global financial crisis, the typical contractual maturity of CLO deals was between 12
and 15 years, with a reinvestment period spanning the first 5 to 7 years. More recently, the contractual maturity of
deals have oftebeen below 10 years and reinvestment periods have been trimmed to as short as-2derats (
ReserveBoard 2010).



single,largesized tradegVickery and Wright2013) These TBA contracts call for deéry of

as yet unidentified agency passough securities on a deferred settlement diitder this
contract convention, liquidity that might otherwise fragment among any number of individual
specified pools and settlement dates consolidates aroundrecgaoeirity for particular
settlement date3.he majority of MBS trading takes place witliiis TBA channel, whiclmas
excellent pretrade transparency and offers convenient execution via electronic platforms
available to institutional traders.

Furthermaoe, security aggregation facilities sponsored by the issuing agencies (e.qg.,
fimegapoolé f o r MBS) BlIw positions in individual MBS to be aggregated into new
securitiesSuch bundling resets but does not eliminate the MBS decay problem.

Finally, secuitizers routinelyuseenhanced suprsecuritymeasures such as cash flow
restructuringo manage position decay certain products Time tranching of principal
repayments via sequential pay rules is one way to help mitigate position decay. For example,
Collateralized Mortgage Obligations (CMOs) with sequential pay rules can produce tranches that
have much longer average lives than the original agencytipasggh MBS collateral used to
structure them. Sequential pay structures are also common for sandres of auto loan and
lease ABS' By directing principal repayments exclusively to the prepayrsghordinated
tranches, more senior tranches remain at full face value until their protection is sequentially
exhausted. For both CMOs and auto ABS, theg@antial pay structures create some classes of
securities that are unaffected by position decay for long periods of time.

While we restrict ouempirical studyhereto agency MBS$the significannegative

impacts of position decay on liquidity and vathat we find highlight the incentivecuritizers

* These may include four AAAated tranches with different stated maturities, with the shortest tranche having an
average life of arounthree months and the remaining tranches having average lives ranging from one to three years
(Federal Reserve Boagrd010).



have to employlesignfeatureso manage suctecay across tHell universe of loarbased
structured products.
2.3 Suitability
FINRA requires that brokedealers and #ir associated persons must haveasoaable
basis to believe thahg transaction or investment strategy involving securities that they
recommend is suitable for the customer. The e
states®
ARA member or an associ ablebdabistpbeliesedh@atamust ha
recommended transaction or investment strategy involving a security or securities is
suitable for the customer, based on the information obtained through the reasonable
diligence of the member or associated person to ascem@icustomer's investment
profile. A customer's investment profile includes, but is not limited to, the customer's
age, other investments, financial situation and needs, tax status, investment objectives,
investment experience, investment time horizonjdigy needs, risk tolerance, and
any other information the customer may disclose to the member or associated person
in connection with such recommendati on. 0
Typically, both investment grade corporate bonds and agency debentures are deemed
suitable assetl@sses for retail investors. Howevdretinherent cash flow complexiind the
illiquidity of small positions increase the likelihood that FINR#fember brokedealers will
deem agency MBS unsuitable for retail investors, the natural potential buyeraligbesitions.
Two specific criteria of Rule 2111(a) affect brokialer suitability policies regarding agency

MBS: 1)the timing of anticipated cash flows shouldHa@monizedvith investor time horizons

® Suitability rules date to at least the 1960s, at the time separately applied by NASD, NYSE, AMEX, and SEC to
their respective catituent brokedealers (Cohen, 1971).



and 3 retail investors who have strong liquiditgeds should avoid investments lacking a deep
secondary trading market. Regarding the first criteria, while the agesregitguarantee shields
an investor from default risk, an investment advisor has no clear way to timatahdom
prepaymendriven cah flow profleofan MBSt o a gi ven i nvestoro6s pref
horizon. Regarding the second critetleglack of institutional interest in small positions
relegatesetail sellers into an illiquidegmendf the market and therefore makes MBS
investments hard to justify for investors who may experience a future need Theslhitability
rule impedesnformation flow from dealexto retail investoraind leaves a significant percentage
of the potential buyers @mall positionsinaware oMBS products The suitability rule is much
less likely to impede any brokeealer communications with institutional investors.
2.4The Securities Universe

MBS markets also differ significantly from corporate bond and agency debentures
markets in terms of theutstanding universes of individual securiti@bout $5.6 trillion of
agency MBSwere outstanding as of mRD12, which is similar to the outstanding amount of
corporate debt. Howeveryhdreds of thousands of individual MBS exist, dwarfing the raw
numbe of individual US corporate or municipal securitiESIMA alone had about 500,000
singlefamily and multif ami 'y pool s (484,022 individual MB ¢
securities) outstanding as of yesard 2012.
2.5 Limits to Arbitrage and Markdtragmentation

Economic theory summarized by thaw of One Priceredictsthat identicakecurities
must have identicgricesif they sell incompetitive markets with no transactions casts
barriers to tradeAny deviations from théaw of One Priceshould be reversedimost

instantaneouslfor liquid securitiesThis prediction is consistent witharvey and Murphy s

1C



(2006)evidencehatpricecrosses on twenty heavily traded Nastlstgd stocksre limited to
aboutone cent for one secofidLamont am Thaler (2003) review seemingly anomalous
violations of theLaw of One Price in financial markets. One reason for seemingly anomalous
pricing outcomes is the existence of trading impediments that limit arbitrage activities of traders
seeking to buy low ilmne market segment and sell high in another to capture any observed price
difference.

The differences among MBS, corporate bonds, and agency debentures regarding position
decay, the issue universe, impediments to position aggregation, and investrabilitguit
suggest MBS to be the sector most likely to exhibit symptoms of fragmentation related to trade
size segmentation. Recall thatsition size decay plays an important role in the generation of
smallMBS positions thatnanyinstitutional investors fid inconvenient.No such decay occurs
incorporate bond and agency debenture markets.
markets in specific issues is impeded since a given trading volume in the sector is split up across
a vast number of secuss. In contrast, the numbers of individual securities within both the
corporate bond and agency debenture universes are significantly skiabdly, though not an
issue for investment grade corporate bonds and agency debentures, investment suikadility r
impede dealer turnover of any acquired small MBS positions since such positions are deemed
unsuitable for retail investor$he naturaletail buyers remain unaware of the opportunity even
if sellers of small positions are willing to trade their sémg at substantial concessioQ.
course, fitrading of small positions in specific issues were active enaugdbaler could profit
by bundling small positions for resale to an institution. In that case, suitgalitsewould not

matter and the Lawf One Price (appropriately amended for thedms#t spread) would be

® Shkilko, Van Ness, and Van Ness (2008) suggest that crdesethglisted stockquotes (asked quote lower than
the current bid) arise from competitive trading practices.
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respectedHowever, a MBS dealer who lacks the raw material to aggregate positions for resale
has no effective way to link the retail and institutional segments ohénket. Note thatBA
contract fungibility does not provide direct relief to the problem of aggregating multiple small
positions sinceéhe Securities Industry and Financial Markets Associatoh F MA) A Go o d
Del i very Gu idaiety of posls with smallkcerrent fawalues inconvenient.

From another perspective, due to limits to aggregasi@mall position and a large
position in one security can be viewed as two different assets with identical cash flows in the
spirit of Vayanos and Wang (200&0dVayanos and ill (2008). In their models, two
securities have identical cash flows but investors cannot converirtb@each other. In
equilibrium, trading concentratesame of theasses and makegs search costs lower. As a
result,the lessradedassets pricedata discounto more liquid oneln our setting, limits to
aggregation prevent dealers and arbitragfera combiningmultiple small positionsnto large
ones Institutional investors, who are the margihaldersof both position sizes due to suitatyil
constraintsdemand an additional return for small positions to compensate folotlveir
liquidity. As a resultboth buy and sefrrices of small positions are lower than those of large
positions.
2.6 Hypotheses

Our analysis suggestso testablenypothesesoncerning the market impacts of MBS
specific frictions.

Hypothesis 1Suitability rulescombined withposition decay shouldauseavolume

imbalancebetweersmallsizedcustomer sell and buMBS tradesThis hypothesis suggests that

" For example, small pools are not easilyicgl into TBA contract deliveries. The maximum number of different
pools that can be combined for delivery against a TBA contract is just one for trades with current face less than
$500,000, just two for trades between $500,000 and $1,000,000, and eelpénr$million for trades above
$1,000,000. Furthermore, buyers can stipulate a maximum number of individual pools that will be acceptable on
even the largest of trade sizes.

12



the ratis of both the volumes and numbers of sell trades versus buy trades will fall with trade
size in the MBS market but show no such patterns in the agency debentures and corporate bond
markets.

Hypothesis 2Impediments t@osition aggregatiohy dealers andther wouldbe
arbitragershouldcause extremmarketfragmentation and crossed pricegh that prices that
some retail customers pay small buytrades are lower than prices that some institutional
customers receive oarge seltrades. Hypothesi? suggests that the frequency of crossed
customer buy trades falls with trade size in the MBS mdmkieshows no such pattern in the
agency debentures and corporate bond markets.

Our empirical strategis to test for the existence of differential slz@sedrading
patterns acroghethree markets agency MBS, agency debenture, and investment grade
corporate bondnarkets We testthe first hypothesis bgxamining whethetradesize effects on
buy/sell imbalancesxist forboth the volume of trading and thember oftrades We test the
second hypothesis Bxaminingthe averageprice differences between small buy and large sell
tradesand tabulatinghe percentage of buy trades in different size categories that occur below
the price of large sell trades tre same day in the same security.

3. Data

OnMay 16, 2011, FINRAnitiated TRACEreporing requirements encompassing all

membeifirm tradesfor structuredoroducts including agency MBSFINRA provided these

transactions datan all agencyBS for the riod from May 16, 2011o January31, 20B.2

8 FINRA provided the same data to three other research teams producing thinéppapers: Bessembinder,
Maxwell, and Venkatamaran (2013), Friewald, Jankowitsch, and Subrahmanyam (2014), and Hollifield, Neklyudov,
and Spatt (2014).
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FINRA did notpublicly disseminattheseMBS tradeby-trade resultsluring our sample periot
FINRA began releasing weekly aggregated market activity summaries on October 18, 2011.

Secondary trading in spe@fipool MBS takes place in an ovite-counter dealer
market where the security exchanging hands is identified by CUW&FRnalyze TRACE
transactions dataféte d e r a | Nati onal Mortgage Asstoeci ati on
most prominent issuer in agey MBS Each TRACE bond tradeportincludesa security
identifier (CUSIP) date and time of exedanh, settlement date, sizend price, as well as codes
for counterparty type. Reported prices incorporate anygissionsEach TRACE specified
pool MBS trade reportisesthe oiginal face value of MBS traded as the size variable and
includesa pool factorif the latter differs fronthe most recently published factor. The pool factor
is the percentage of total original pool principal that has not yet lepardr

To filter out duplicatel, withdrawn and corrected trade entries, employthe
procedures described in Ditkielsen (2009)Additionally, wedroptradesunder special
conditionsandall interdealer trades from our analydiée check the resultinfgansaction data
for discernible errors and drop several outliers.

FINRA alsoprovided a securities database encompassing individual MBS terms and
selected pool characteristics like issuer, collateral type, issue date, original balance, weighted
averagedan balance, credit score, coupon, and factor as of rematiior May2011to May
2012. We obtairsecuritylevel data on investment graderporate bonds and agency debentures
from Thomson Reuters EikoWwe merge the TRACE trade ddiyg CUSIPwith thedataon

security characteristics and keep only trades with sedergl dataThis results in a usable

° Because MBI RACE datawerenot being disseimated during our sample period, we canexamire any
information effects of specific trade reports on MBS prisénilar to the effects of TRACE price dissemination
documented for corporate bondsBgssembinder, Maxwell, and Venkataraman (2006), Edwards, Harris, and
Piwowar (2007), Goldstein, Hotchkiss, aBilri (2007) andCici et al. (2015).
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sample period extending from May 16, 2011 to May 31, 2012, Weanlgze TRACE
transactions data f6fNMA debentures and investment grade corporate bovetsthe same
sample period.

TRACE reports trade size facevalue for agencgebentures and corporate bonds, but
caps the reported size at $5 million regardless of the dettedmount traded. For MBS,
FINRA provided us with actual trade size daighout any siz&as. MBS transaction size is
measured in the market and in TRACE as original face value. We cothpuaterent face value
for each MBS trade equal to the reported face amount multiplied by the pool factor. ¥We use
factor from the actualRACE report, if available, and otherwise use the latest reported factor
from the securities database.

For FNMA MBS, we focuson pasghrough securities based 88-yearconventional
fixed-coupon singlefamily mortgages and tirecorresponding TBAontrads. The 30Gyear
sector accounts for about 75% of all customer trading volume in spegd@dBS and almost
85% of all customer volume rorresponding TBA contract®ur sample of 36yearspecified
pooltrades includes securities with coupons rangiomfB% to 16%However, ve keep only
specifiedpooltrades with coupons that match the actively traded TBA coughanirsg our
sampleperiod These active coupon rates range between 3.5% and l6&utional market
participants view the TBA channel asextremely liquid backstop when evaluating a
prospective specifiedool transactionAs such, TBA prices provide an excellent valuation

benchmark for specifiedool MBS trades?

1 For studies of TBA contract pricing see Boudoekfal.(1997) and Gabaix, Krishnamurthy, and Vigneron
(2007).
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We restrict ouagency debentures sampbeFNMA issuegor comparability with
FNMA-guaranteed1BS.** We restrict oucorporatebond sample to investment grade issuers to
limit the impacts of credit differences between the MBS, debentures, and corporate bonds
samples. We define investment grade bonds as thts®investment grade ky three rating
agencieshroughouur entiresampleperiod.Finally, the FNMA debentures and investment
grade corporate borshmplesinclude many callable issues. We restrict the FNMA debentures
and investment grade corporate beathple to just thosdssueswith at least thregears
remaining until maturit or nextcall date tgprovide a more reasonable bond duration match to
the MBS sample.

Table 1 presents trading statistics for the three markets over our szeripte
Customers made aboli78000buy and sell tradeis 30-year FNMA MBS with an aggregated
currentfacevalueof nearly$1.1 trillion. More than32,000 individualMBS traded at least once.
Customer®xecutedabout44,000tradesn FNMA debenturewith an aggregatefhcevalue
greater tha $33 billion. Exactly362individual debentures traded at least oMdere than2
million customertradesin investment grade corporate bendere executed over the sample
periodwith an aggregatefhcevaluegreater than $00billion. Nearly 4900individual
investment grade corporate bortdgled at least once. Volume data for FNMA debentures and
investment grade corporate bonds are understated because the TRACE report masks trade sizes
above $5 million.

While the volume of trades in MBS is larger thhattfor investment grade corporate
bondsandFNMA debentures, this volume is spread overuech larger numbesf securities

Table 1 also reports statistics on trades per day per security. The mean number of trades per day

"However, an investoro6s |l oss given default entyresFNMA woul
since the recovery value for FNMguaranteed MBS would be supported by the values of the homes pledged to
secure the individual mortgages held by the trust that issues the MBS.
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per security for MBS (just 024) is about ongwentieththatof FNMA debentures (@5) andis
less tharonesevenieth thatof investment grade corporate bond$6L. Thus, while MBS
volume is the highest of the three sectors, its trading frequency per security is by far the lowest.

Table 1 also reports statistics on the percentage of days that a given security has at least
onecustomeibuy and oneustomeisell tradeon the same day. This metric gives some initial
insight into how much twaevay customer flow exists in each market. The mgarcentage of
days that a given security has at least one buy and one sell on the same day for FNMA MBS (just
0.1% of days) is an order of magnitude less than that for FNMA debenfup®) @nd two
orders of magnitude less than that for investment grag®rate bondsl6.4%). Clearly, on a
per security basis, MBS reveal basic differences versus agency debentures and investment grade
corporate bonds regarding potential ease of inventory turnover by dealers.

<Insert Tablel>

Figures lalc present sepaie histograms of trade size for buy and sell transactions for
each of our three markets. Figure 1a shows that institutionally appropritaeb$Q million
trades to be the most frequently chosen sizes. About 15% of the trades are $5 million or larger in
current face value. The histogram for MBS customer sell trades displays a very different picture.
Trade sizes in the $5,006-$10,000 range are almost as frequent as $1 million trades. A
comparison of buyersuss e | | hi stograms showsnad lr egisomm mef
trades, especially below $25,080The trade size data for FNMA debenture customer trades in
Figure 1b shows reasonably symmetric results for buy and sell trades, with good representation
of retail ($100,000 and under) transaction si2gound10% of the trades of each type are $5

million or larger. Finally, the trade size data for customer trades@stment grade corporate

12 Note that the trade size histograms for MBS appear more fully gigpuand smoother than the corresponding
histograms for FNMA debentures and corporate bonds. This difference reflects our choice of current face value
(pool factor times original face value) as the appropriate measure of trade size.

17



bondsin Figure 1c shows reasonably symmetesults for buy and sell trades and much higher
frequency ofetail-appropriate size©nly about 5% of investment grade corporate bond trades
of each type are $5 million or larger.

Figure 1d presents separate histograms of trade size for buy and sell transactions for TBA
contract trading of MBS. Consistent with thengeal interpretation of TBA trading as an
institutional market, the mode trade size is $1 million and there is only minor activity in trade
sizes smaller than $250,000. Indeed, there is substantially more activity in TBA trades sized
above $100 milliontra i n Aretai l 0 trades sized below $10

<Insert Figures %ad>

These trade size histograms suggest that MBS trading appears baloge between
customer buy and sell volumespeciallybelow $25,000 in current face valleable2 presents a
comparisn of aggregate volumes and numbers of customer buy versus sell trades across seven
sizebuckets in all three market&ive of the seven buckets offer special granularity on retail
trades up to $100,000 in siZehe results consistently show that speddp®ol MBS trading
exhibits unbalanced twavay customer flow for small transactions. For the three smallest size
buckets customer sell volume is frosix to ninetimes larger than buy volume. Similarly, the
number of sell trades exceeds the number ofttades bysix to eighttimes for trade size
bucketsbelow $25,000 in current face value. In contrast, the large spepifieldrade segment
exhibits amorebalanced tweway flow that provides dealers adequate opportunities to turn over
acquiredinventore as t hey service their csogsbuckemer sé nee
(trades above $250,000 in current face value), customer sell volumly 5 times as large as
the corresponding buy volume and the number of sell tradelitite more thanust twicethe

number of buy trades.
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Theresults forbuy and sell volumein FNMA debentures anidvestment grade
corporate bonds in Panels B an@diCTable 2arevery differentfrom those in MBS.flanything
there isevidence of more customer buysn €lls. There is also little evidence that transaction
size affects the bugell volune balance in these two markets in the way it impacts MBS
estimatedelativepattern of buysell volume imbalances in ttEeNMA MBS market versus the
FNMA debenturendinvestment gradeorporate bonanarketss consistent with Hypothesis 1

<Insert Table>

We further analyze the flow of trades aaghregationpossibilities within a simplified
frameworkthat presumeasingle dealewho coordinates all trading ingiven security.Our
dealercanoffload aretail customer sell trade on the same dgy(1) selling the full position to
anotherretail customer on the same d4#) splitting up or combiimg small trades in the same
securityto sellto other retail customsyor (3) aggregating multipleetail customer selirades
for sale in the institutional markéwvheresingle trade sizes equal or larger than $100,0005an
illustration, consider a security for which thmetail customesell tradeswith volumes of
$2,00, $4,000, and $28,000 and two buy trades of $4,000 and $10,00(acxgiven day.
For this day, thelealer firstroundtrips the $4,000sell and buytrades. Thedealer next combines
and partly resells thether twosell tradesusing theremaining buy wlume of $10,000 on this
dayto absori83.3% of the remainin§30,000sell volume € $2,000 + $28,000). Thesidual
volume of $20,000 ($2,000 + $28,009€10,000) is smaller than $100,000 and tbarisnotbe
aggregatedor salein theinstitutionalmarket Thus, 66.7% of bth tradesemain in thedealed s

endof-dayinventoryfor this security'®

31n contrast, hadhe three retail trades been sized at $12,000, $4,000 and $98,000, the dealatagngosition
woul d have been fiflatodo since $10, 000 of the $12,000
$2,000 piece would be combined with the $@8), trade and sold in the institutional market.
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Table 3 presents statistics on the numbeetzil trades that fall within the three
inventory managemehannelsand shows that88% of tradesfor less thar$5,000in a given
MBS cannot bainwoundby our omniscient dealevithin the same dayfhis percentage still
exceeds 80%ven for MBS tradesf $50,000to $100,000in currentface In contrast, only34%
to 43% ofretail sell trades in agency debentures angaate bondsemainwith the dealer at
the end of the trading daioreover, thesevo markets exhibiho decreasing pattern in trade
sizefor endof-day dealer inventory

<Insert Table3>

4. Empirical Analysis
4.1 Transaction Prices

Table4 providesregresionevidence regarding sizgased effects on customer buy and
customer sell prices for FNMA MBS (Panel A), FNMA debentures (Panel B), and corporate
bonds (Panel Cfor each class of debt, we report results for three different subsamples. Results
forthef i r st subsample, | abeled fAOne Security, o
larges number of trades in each market during the sample pé&taxgiilts for the second
s ubsampl eecurities vith Am@ade inBachBucket 0 ar e diados jastithosen d
securities that have at least one buy and one sell trade in each size c&egultg.for lhe third
subsampl entireBamplee areldhsediupon all available data for the securities
constituting the given class of debith occurences of both small and large trades on the same
day. Preference for any one of these three subsamples over another reflects a research design
tradeoff. For example, while using a single security provides a direct comparison of large and
small trades keping any security characteristics constant, the results may not be representative

of the broader sample of less liquid securities. In contrast, using all available dafii aisren
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Sample provides representative results and adds statistical powenybiites a comparison of
tradesacrosgotentiallyvery different securitiewithin the same debt class. Finally, the
fiSecurities with &rade inEachBuckeb s ampl e i s a middle ground b
sample choices thatlds observations beyond tinest liquid security whilenaintaining at least
some degree of securby-security data coverage across all size categories.

For each trade, whricecBpfeadoatd@lLargat &raddep
variablethat removes any daily securigvel variation. We calculate the Large Trdelece
Spread as the difference betwelea price of each trade a given security anthe average daily
price for all trades abovel®0,000 in current face ithat samesecurity This procedure is similar
to adding fixed effects for all security/trade date combinations, but subtracts the (more relevant)
mean daily price of large trades rather than the mean price of all trades to createtthelany
price difference serie§Verun pooledregresons ofthe Large TradePriceSpread variablen a
set ofseversizebucketdummies interacted with transaction direction dummies (customer buy
and sell).

The results in Panel A of Tabfeshow that FNMA MBS astomer sell trades in the
smallestsizebucket(below $5,00 in current facgare priced R to 4.1 percentag@ointsbelow
trades in thdargest sizducket(above $250,000)he average prices of customer sell trades
increase monotonically across siaeckets But, customer buys in themallest sizéucketare
also piced below thdargest sizéoucket with discounts ranging fror8.2% to 4.9% Customer
buy prices also increase as trade size increases.

The results in Panel B of Tabldor FNMA debentures also show thaistomer sell
trades in themallestsizebucket(below $5,000 in current fagare pricedelowtrades in the

largest sizéoucket(above $250,000However, the estimated sell price impacts for the smallest

21



debenture trades are just @2 to 037%. Importantly, the FNMA debenture customer buy
trades do not display the same positive relation between trade size and customer buy prices
found for FNMA MBS. Prices of FNMA debenture customer buy trades tend to fall as trade size
increases. Moreover, there is some evidence that a $100,000 trade sizeehylegtines the
cutoff between retail and institutional market segments: buyers of positions in the $100,000 to
$250,00(ucketpay prices that are only one to two cents higher than those for the largest trade
bucket

Finally, the results in Panel C o&lble4 also show that investment grade corporate bonds
customer sell trades in tlsenallestsizebucketare pricedbelowtrades in thdargest sizéucket
However, based on results of the two largest samples, the estimated sell price impact for the
smallest investment grade corporate bond trades is rougig.0Again, the corporate bond
customer buy trades do not display the same positive relation between trade size and customer
buy prices found for MBS. Corporate bond customer buy trade prices teridamtfade size
increasesConsistent with the results for FNMA debentures, there is some evidence that a
$100,000 trade size adequately defines the cutoff between the retail and institutional market
segments for corporate bonds.

<Insert Tabled>

In PanéA of Table4, the average prices of MBS buy trades below $5,000 in current face
are sometimes lower than the average prices of MBS sell trades. This apparent anomaly is
explained by the fact that many MBS sell trades do not have matched offsettingesusigm
trades. As a check, we fipairo each customer b
CUSIP on the same date via the alternative matching procedures of Hong and Warga (2004) and

Green, Hollifield, and Schirhoff (208/ Hong and Warga (2004)atch each customer buy
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(sell) order with the closest-time customer sell (buy) order in the same security on the same
date.Green, Hollifield, and Schurhof2007a) additionally require that the two trades have the
same traded amourtho()an Wei mmedii atee bmdath concept
two matched trades have the same settlement date.

Table5 presents statistics ataily benchmarkadjusted pricesf matched buy and sell
trades for FNMA MBS, FNMA debentures, and corporate bohasdjust for securityevel
price level differencesaye subtracta corresponding daily benchmark price freach reported
trade price Werefer tothe resulting price spread varialalefi p ayoa term borrowed from
MBS practitionersWe calculate paypsfor MBS by first subtracting the TBA daily price
benchmark from each reported price and then subtracting the meap pélarge trades in the
same security over the entire sample peNgd.usethe previously defined Large Trade Price
Spreadss the payp for bothFNMA debentures anidvestment gradeorporate bonds.

We find negativeaverage payipsfor both customer buy and sMIBS trades in the first
four sizebuckets There is roughly a ninpoint difference in the average pags of specified
pool MBS sell tradesbetween the largest and smallest &imekets In sharp contrast to the MBS
results, the corresponding matched buy and sell trades results for both agency debentures and
corporate bonds show positipay-upsfor buy trades and nagve payupsfor sell tradesBoth
buy and selpay-upsdecline in magnitudeith trade size.

<Insert Tableb>

Table5 also provides estimates of the roun@ transactions costs of trading in agency
MBS. The MBS roundrip costs are more than one price poinl%d-1.6%) in the smallest size
category and decline to @% (a little more thari/32nd of a price point) using ti&reen,

Hollifield, and Schirhoff (2007ajneasure for the largest category. This monotone decline of
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roundtrip costs with trade size has beeell documented for municipal bonds (Hong and
Warga, 2004; Harris and Piwowar, 2006; &reen, Hollifield, and Schirhqf2007a), for
corporate bonds (Goldstein, Hotchkiss, and Sirri, 2007), and recently f@gency structured
products Hollifield, Neklyudov, and Spatt, 2014Note that the rounttip costs for agency
MBS are roughly equal to those of corporate bonds for trade sizes below $5,000, but then fall to
much lower values than those for corporate bonds for larger trade sizes. For instiiziedal
trades (greater than $100,000), MBS roundtrip costs are similar to agency debentures.

Figure 2 presenvisual comparison of sizeased average payps of match customer
buy and sell trades from FNMA MBS versus the pricing of FNMA debenture apdrate bond
markets reported in Tabe

<Insert Figure2>

4.2.Crossed Markets

Our estimates Tables4 and5 generate a sizi-value slope indicating that some
customer buy pricer smalltrades(say, for $1,000 current face) on average@ner than
customer sell pricefor largertrades(say, foreither$10,0000r $250,000 oturrent face)Such
an upward slopingsizeto-valuerelationis indicative of a crossed markgbviding opportunities
for traders tdouy andoundlemultiple smal lots of oneMBS for resaleas asinglelarger lot.

Ideally, identifying a crossed trade requires the simultaneous occurrence of a small buy
and a large sell in the same security. In practice, it is rare for such a small buy, large sell pair t
occur within the same minute or even hour. As a result, we are left to identify crossed buys by
comparing them to large sells or other relevant pricing benchmarks obseraedimeduring
thesame daySuch a scheme coultiowevergenerate false crosssince intraday movements in

market prices could match small buys made at the daily low with $&tiggnade at the daily
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high. To reduce the occurrence of such false positives, we define crossed lbuysrades
occurring at prices lower than the difference betwelangesell price benchmark and the daily
high-low pricerange.

We usethe matched daily valueeighted average TBA prices thdargesell price
benchmarkkor MBS. As previously discussedie TBA price is a good lower bod for an
institutionalsized sell price and is observable much more frequently than a large sell in a
particular MBS. To estimate the daillgigh-low price rangewe use the daily price range from
the corresponding TBA contract.

We have larger samplésr agency debentures and corporate bamdisethe daily
averageprice ofselltrades sized at or above $10@dn current face in the same secuasythe
pricing benchmarkWe computethe dailyhigh-low pricerangeusingthe Bloomberg BGN price
benchmarkBGN is based on a composite of indicative quotes for institutisinatl trades
contribued bybrokerdealeronBl o omber gés el ec tandismavailablet r adi ng
several times a day

Table6 reports the incidence opparent crossed buy trades in our sample and shows
clear evidence that crossed buy trades occur frequently for small trade sizes iNMbiB$an
82% of MBS customer buy trades below $5,000 in current face value are crossed buys. The
percentage of crossédys falls sharply with trade size and shrinkbétow 4% for trade sizes
above $250,000. Since we would not expect to see any crossed buys at all for large trades (e.g.,
trade sizes above $250,000), we might attribute at d86<if all measured crossédys as
arising from measurement error. This still suggests that atdedstO smalsized customer buy
trades are crosseuhd provides strong support for Hypothesign2contrast, we find little

evidence of crossed buy trades arising in either FNM#edtires or investment grade corporate
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bonds. In no case does the measured frequency of crossed buy trade@¥xarddo simple
sizebased pattern is detectable.
<Insert Tables>

4.3.Are there easyrhitrage possibilitiedor dealer® No.

We examine wather the frequent occurrence of crossed tregjasrted in Table 6
permits easy arbitrage profits in MB§ analyingtradesn the MBS with the largest number of
trades In this securityywe couldidentify only five days (less th&2%o of the sample trading
days) on which a perfectly informelgaler(who seesll customer order flow over the course of
a day) could purchase two or more small positions and then sell these combined padsitions a
higher price on the same day. Over these five days, the maximum profit this ommiseient
could have made on any day was just $286.conclude thattre is no practical way for a
dealerto reliably and profitably aggregasenall positions in a sigle security by waiting for
repeated opportunities to buy a given specified padlsell the aggregated larger position at a
profit on the same day his exercise confirms the basic conclusions of the aggregation analysis
of Table 3.
4.4. Do attractiveinvestmenbpportunitiesexistfor informedbuy-and-hold retail investos? Yes

In spite of the lack of pure arbitrage opportunities for dealersgempirical results imply
that a retail investor could build an attractively pribeg-and-hold MBS portfolio by
purchasing unsolicited (fAr edealar.slretheispirigofii ry o)
Scholesand Wolfson (1989)and to put to rest any concerns that our results are artifacts of data
reporting errors, we implemented such a buying prograngascombination of personal and
student investment fund moni&¥e executed a series of small purchases in agency MBS

positions during the period between January 12, 2012 and November 27, 2012. Appendix A
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presents the details of our real money trading ranog We executed 37 trades and captured a
mean di scount t eu pToByA93 foiinte atgr adcauntireg fopamyyand all
commissions. Assuming that an institutional investor can typically sell a large position above the
TBA price, this negativegyup is equivalent to at least 8 points discount to institutional sell
prices and is comparable to th&5to 8.31 point discounts to large trades reported in T&ldla
the research sampleds trades si zehighdstedupow $5, 0
(6.5%) averaged the largest discounts (10.28 points). On the basis of these real money results, we
conclude that seléducated retail investors can exploit the opportunity generated byetared
frictions in the MBS market.
5. Modeling SizeRelatedFrictions in Debt Markets

We present a stylized theoretical bond market model that incorpohatesandard
frictions found in the previous literature. We calibrate this model to fit average transaction prices
for different trade sizes in investment grade corporate bonds, agency debentures, and MBS. This
calibration exercise shows that standard bond market frictions can explain the pricing patterns
found in corporate bond and agency debentures markets, but not thasefMBS markets.
We then extend the model to incorporditeMBS-specific position aggregation and suitability
frictions. Accounting for hese frictions dramatically improséhe model fit of MBS priceand
suggestthat these frictions are sufficientéaplain theunique pricing patterns theMBS
market
5.1A Stylized Model of Bond Trading

Our basic model analyzes the interactions of institutional investors, retail investors, and
bond dealers. The model is relatedar@en, Holifield,and SchirhoffZ0073, but also contains

elements of5reen, Holifield, and Schirhof2Q007) and Feldhitter (2012rigure 3 summarizes
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t he basi c -stagedsteutt@esthat bagingvath an initiating sale of a bond position by a
customer to a dealdnvestors whofaceper positiorholding coss, enter &Nash bargaining

game withthedealer The riskneutral dealer can resell any acquired position by tradingawith
new customein the second stage or in an interdealer market in the third stage.dacond

stage, newly arriving potential buyers (batktitutionaland etail) face costto become
informedaboutthe securityand also enter Mash bargaining game withedealer In the third

stage, a dealer who did not sell an acquired positianather customer in the second stage can
unloadany remaining position in thaterdealemarket.

For conveniere, we begin the exposition of the model with the third stagdealer who
could not sell a bontb a newlyarriving customer in the second gécansell this bondin an
interdealer markeat price . For this reasonp hthed e al er 6 s r e ®recustomeri on v
trades in the first and second stages, egi®lls the second stage, if a dealer has acquired a bond
in the first stage, hés contacted byan institutional (type Il)Jand a retail fype R) buyer in

arbitrary order Potential buyers of either customer type (INglue the bond according ta a

¥

intrinsic customer valuequal toV plusan error term * that is normally distributed with mean

zero and standard deviatiosy Institutional investors additionally facéxed tradespecific
information costsc. These costs reflect the institution
focus and bias them against buysigallsizedpositions We assume information costs efaiil

investors to be zero, i,

4 positive information costs for retail investors do not change the resaiis if ¢4 reflecting the institutional
i nvestorso6é6 higher opportunity costs.
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Theinvestor sdé r esiedefinedtoy on buy price

(1)
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wherern) is the position sizen current face value.

The retailcustomemay buy only if the position does not exceed a positionitlithatis
exponentially distributed acrosstail customers with meai

The negotiation procedure to determine transaction prices is modeled with a Nash

bargaining game (see, e.@reen, Hdfield, and Schirhoff20073 subject to the participation

constraint that the reservation value of a potential bdu/yerexceeds the reservation price of the
dealerw . If both the retail and institutional invessare willing to buy théond, the dealer sells

to the one who arrives first. The transaction price is the outcome of the linear sharing rule:

0 -T& p -7 o'h )

where-7 i s the institutional / r Relatvébargainingposvercamr 6 s n
be thought of as reflectingifterent levels of investosophistication Green, Hollifield, and
Schirhoff,20073 or different search cost&€ldhitter, 2012)Institutional investorshould be

more sophisticaed and be moreikely to have efficient trading infrastructurthan retalil

investors. For both reasons, we expastitutional investorso have higher bargaining power
compared to retail investgrs  — .

I n the model 6s first s tingegters drivie thée modeh Certane c ur i
customers decide to sell because they have low intrinsic valuations of the bond. Additionally,
institutional investorfiavefixed holdings costper positiorsimilartothet y pe Al owo i nv e
in Feldhitter (2012)These costs reduce an institutional [

security. Fixed holding costs per position can be interpreted as embodying the costs for an
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institutional investor to manage a portfolio, keep records of principal repayments, distribute cash
flows, and prepare financial statements. We expect them to be higher for securities with more
complicated cash flow structures and longer maturities.

Each possible selleruls values her position with a reservation value equal to the intrinsic
value of the security to the customer mittus followingfixed holding cost®ver the expected

holding period:

¥
of o -7 %ﬁ—ﬁ 3)

where- and- are normally distributed error terms with mean zero and standard deyiation
and&;,; are holding costs of institutional investors (defined on a per security bAstsistomer
facing large holding costelative to a givempositiorn’s size has strongncentive to sell the
bond Retail investorslo not face holding cos(ise.,f% ).
In the model 6s f keithedftypse toaR) arrivesat the dealéeranthe r  (
considers déng an existing bond position. Dendte as theprobability that the arriving seller is
an institutional customef p “ ). Sellers have positions of sigghat we assume to be
exponentially distributed with meap orn] , respectively.
Again, the investor and the dealer engage in a Nash bargaining game and the transaction

priced "Qdetermined by the linear sharing rule

0 -T o p -7 &"h 4

subject to the participation comsint®  ®

“®Hol ding costs could also incorporate a component that
opportunity costs of a better investment opportuoitiiquidity needs. A distinction between fixed and proportional
holding costs is not relevant in Feldhttter (2012) because his investors either hold 0 or 1 unit of the security.
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In AppendixB.1, we calculate expected sell priad® g and expected buy prices
w0 g for a given position siz. We use these expected values to calibrate the model to the
average empirical payps derive from roundtrip trades using the Hong and Warga (2004)
concept in Tabl®. We exogenously fix the average position size of institutional sefiers (
pfrt e m)7and retail sellersy(  p it MnWe fixther et ai | i nvestorod6s aver e
n p Tt T and* @, a closematchto the percentage of trades above $100,000 for
agency debentures and corporate bowis assume asssgpecific standard deviatisof the
i nvestor sodo i:pt mdt mier MBS, 0:083 far agenicyodabentures, and 0102
corporate bond¥.cis setto 100 (% dacd . We cal i brate the model 6s
finding the parameter values thatrimiize the sum of squared differences between the
transaction prices produced by the model and the empirically observed average prices for round

trip trades reported in Tab% In particular, we solve the following minimization problé:

®)

St
X

%% 1n a previous version of the model, we also incorporated inventory haldstg & I&toll (1978) as well as fixed
transactions costs and adverse selection c8&tl,(1976) For any reasonable parameter selections, the predictions

of the model do not change so we suppressed them in this version of the model.

" We assign thaighest value of for corporate bonds and the lowest value for agency debentures. We use an
intermediate, value for MBS, reflecting the fact that investors are exposed to prepayment risks in addition to

default on payment guarantees extended by the sa@ncy that issued the debentuB#sce mth a lower
negotiation power of investors and a higher standard d
ask spreads, it is not necessary to leave both as free parameters (i.e., et diélected values fordo not impact

the overall fit of the model).

18 Our qualitative results do not depend on the choices for the fixed parartreteesnumerical minimization

problem, weconstrain the parameters for information costs to be positive; negotiation poveeheébaeen 0 and 1;

and holding costs of institutional investors to be at least $50. Since the main purpose of information costs is to make
institutional investors focus on larger positions and deter them from buying very small positions, we additionally
constrain the probability that an institutional investor buys a position of $100,000 to be at least 1% (if we do not
implement this very conservative constraint, we sometimes run into corner solutions in which institutional buyers

are completely excluded).
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where0 ¢l g ntp v nho J 1t bt hp x fo Rpht i 1t 1is a vector of the
midpoints ofour seven trade size buckats,refers to the -th element of this vector

37 N 6079 wis the payup (.e., the difference between transaction prices and

benchmark value) for sell or buy trades of position §izendz ; ands j refer to the average
pay-ups reported for the-th bucket in Tablé.'® Table 7 presents the results for the three
markets.
<Insert Table7 >

As Table 7 shows, our stylized model fits the typical shape of largerskidpreads for
smaller positions in the agey debentures and corporate bond market quite well. As anticipated,
the calibrated parameter values for the negotiation power of institutional invastbigher
thanthoseof retail investors for both agency and corporate béhtigormation costso are
muchhi gher for corporate bonds than for agency
more disperse and opaque defaultriske.st i t uti onal s éhvl Ae @wogor hol di n
agency debentures aﬁg A p @cdor corporae bonds are relatively small in relation to
instituti on attadeisinefre s A frimiudr. Incentast to agency debentures and
corporate bonds, the model 6s fit is very poor
than 3% of facevalueand corner solutiasfor the parameter estimatésiportantly the model

does not produce the discounted buy and sell prices found empirically for small MBS positions.

¥ For MBS, both the sell and the buy price have positiveysyin the largest bucket in Table 4. To eliminate a

possible bias introduced by this result, we subtract the averaggpaythis bucket from all prices before

calibrating the model.

2 However,it is only possible to interpret the negion parameters relative to each other and not on an absolute
value basis since they are only identified together wi
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5.2 An Extended Model Including Impediments to Aggregation and Suitabilitydfigcti

To explain discounted MBS buy and sell prices and the occurrence of crosseslizeadall
buy trades, w extend the model from Section 5.1 along two dimensions. First, we incorporate a
suitability friction that preventBuninformed retail investors fronparticipating in the market.
Second, we introducesizerelated position aggregation friction tteigments the interdealer
market for certain securities by distinguishing markets that easily accept trades of all sizes from
others where smaller positioase harder to tradélthough there has been a surge of new papers
developing models for dealer intermediation, the position aggregation friction is new to the
literature. Most papers insteasktrict theirnodek to asingle trade size (see, e.Qynne,Hau,
and Moore 2015; Jankowitsch, Nshikkar, and Subrahmanyam, 20Nekyudov, 2014) An
exception is Feldhitter (2012), whesociates trade size with dealer sdptason, althoughhe
does not consider different trade siegplicitly (his agentshold either zero or one unit). In his
model,different interdealer prices arise simultaneously for trades with unsophisticated and
sophisticated investomnly during liquidity crises. The reason for the resulting market
segmentati on i s suimptiodthagopHhisecatéd custpn2efs tahnot trade via
dealers with unsophisticated customeusing crises

In contrast to this literature, we directly assume that trdynd lot® can be sold in the
interdealer market. However, we introduce a setdof lottraders who seek touy small
positions, aggregate them into round lot sizes, and sell the aggregated positions in the interdealer
market.There is a certain probability thaity position smaller n si ze t han t he mar
acquired by a dder from a customer mukeé held to maturityf it cannot besold totheseodd lot
traders. Markets may differ in the intensity with which the trading flows in small positions

support easy arbitrage by such aggregators. Polar cases include (1) marketsustharbitrage
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is essentially costless, so thald lot traderpay dealerso for small positionsthe same price
thatthese arbitragethemselves receive upon selling aggregated roundhldie interdealer
marketand (2) markets where trading in small positions is so light that no aggregation arbitrage
is possible. The intetediate case is that dealers have some positive probability of selling a
smallerthanrroundlot position to arodd lotaggregatofor w. All dealers face position holding
costs and any position that the dealer fails to resell (either in the round idealéz market or

to anodd lotaggregator) must be held tmaturity:.

We operationalize the sizelated, position aggregation friction by speitify a size
specific probability 1 that the dealer is able to unload a position of §ifar the roundlot
valuew as:

n p Q °8 (6)

This function, which is close to 1 for large position sizes, captures the idea that the
market may not easily aggregate small positions into larger, round lot positions. Should easy
aggregation prove feasiblegwxpectt he probabi l ity of accessing
wfor any sale across all trade sizesdboone We expectthat investment grade corporate bond
and agency debenture markets would both be easy aggregatikets (i.e., 1  pforal ).

We computethe expected holding cost of dealessthe produce dhe probability that
the dealer cannot sell the positiandthe holding costs per positipne., p n :1794 We
also assume that holding costs of dealers equal thasstitdtional investors, i.eﬁ%: 69,,

The deal er 6 s for¢hemondegaalsi on val ue

p_ 1 %8 @)
f

W W
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Regarding the suitability friction, & assume thabn | v s ome fAi nf or medo

[ of retail invesbrs are aware dfondsas an investible ass&t/e interpret suitability within the
model vial and use it as the probability that, in stage two, a retail buyer appears (this
probability is one in the basic modeBince forcertain unsuitable bondi&é MBS, the informed
percentage of retail investors is lown(p a small fraction of retail investors are sophisticated
enough to invest in these bohdse setthe probability thaa dealer attempting to reselsmalt
sized MBS position actually encoens an educated retail buyertagbe p b

Unsuitable bonds like MB&reheldmainly by institutional investorglowever, die to
positiondecay, institutional investors halelgacysmall positions that they might want to sell.
Additionally, we assume that any retail investors in theskat are binand-hold investors so
that* Fthe probability that the arriving customer is an institutional investor in thtesfige of
the trading processquals one for all position sizésgure 4 provides a full description of the
extended mode

In AppendixB.2, wealsocalculate expected buy and sell prices for a given position size
1 and employ them toalibrate theextendednodel to the average empirical pags derived
from roundtrip trades using the Hong and Warga (2004) concept in 3.aMe use theame
predefined parameter values as in Section 5.1. As already noted, we additionally fip T B
We calibrat e fraepammetessd-é )N ibwnenimizing the quadratic
form given earlier by (5).

<Inset Table8 >

Table 8 presents the results for fitting the extended model to the three maltketsgh

thee x t e n d e dit fonloth ¢he ENSIA debenture and investment grade corpbratd

marketss similar to thabf thebasic modein Table7, its goodnessf-fit dramatically improve
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for the MBS data.The RMSE falls by an order of magnitude. Importanttg, ¢xtededmodel
also produceregative payupsfor bothsmall buy andgmallsell trades.

Regarding the posiin aggregation friction, the parametatue ofE T8t 1t 11 pfov v
MBS implies that the probability of a successful aggregation of a position in the smallest bucket
(N ¢l m)7is 38.6%. This probability increases quickly 16.8% (N xv 11)7in the second
bucke, and96.7% in the third bucketN p Jv T)riFor the fourth buckéfN o Jp )Tt is
already very close to 100%. Our estimate of holding d¢ogilies that arMBS institutional
investoror dealemwho is forced to hold a position until maturity incurs ta@asts of&h
A o B The estimatedegotiation poweis higher for etail thanfor institutionalMBS buyers
implying thatthe small percentagef informed retail buyereavemarket power arising from the
excess supply of small positiorisor theagency debentures and corporate bond market, the large
0 mrc wandQ 18t T p ¢inpply that the position aggregation friction is practically turned
off. The probability that positions in the smallest bucKet (¢lv 1)rtannot be aggregated is 0
for agencie and only 4% for corporate bond®r all other buckets, this probability is O for both
agency debentures and corporate bonds.

Summarizing the results from this sectidre talibration of the basic model in Table 7
clearly shows that the traditionakeirelated frictions cannot produce crossed customer buy
trades. Due to the participation constraint in the Nash bargaining game, a buy will only happen if
o’ @  w8The linear sharing rule (2) then dictates buy prices 68The same
bargainingnechanisnalsoimpliesd  68Intuitively, dealers never buy high and sell low when
they can either aggregate small positions and sell théine anterdealer market ®tor sell to an
uninformed small buyer willing to pay aboVe Once the position aggregation and suitability

frictions are incorporated in the extended model, the calibration in Table 8 fits the observed
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pricing patters much betr, because now the model allows for small buy trades to occur at prices
well belowthe interdealer marketlue.

In the extended model that includes the position aggregation and suitability frietions
dealer faces the likelihood of keeping an acquamall position to maturity and incurring
significant holding costs. thelikelihood andbr costs aréarge enough, the dealeill be
willing to sell the small position to an informed retail buyer at a significant discovhtRor an
observer of tradig across all sizes in the same security, the dealer community appears to indeed
buy high (from institutional sellers) and sell low (to informed retail buyers)
6. Conclusion

Dealers in ovethe-counter bond markets servena of retail and institutionatustomers
who differ in preferences regarding trade sk extensive literaturbas focused on disparate
transaction costdargaining powerand position holding costs the key drivers of trade size
based segmentatioh corporate and municipal bond markets. However, for these markets,
dealers and other arbitrage traders ensure that size segments never cross so that, for example, one
cust omepricéfsorbuay small trade is al waysefdna gher tF
large trade irthe same security at the same tinmeboth theory and realitgealersprofitably
bridge the two segmengsther byaggregatingnultiple small positions purchased from retail
customers for resale to an institutional custoarday splitting upa large position purchased
from an institutional customer for resale to multiple retail customers

In contrastour papeprovides strong@videncehatagency MBSnarketsconsistently
cross producingapparent violations of arbitrage conditorTraditional frictionscannot explain
these pricing patterngVe attribute the unique MBS pricing patterngvio additional frictions

that affectbond dealerén the MBS but not in the corporate bond or agency debenture markets.
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Thesefrictionsi impediments to aggregating small positions for resale to institutional customers
anda suitability guideline against recommending MBS to retail customlers mi t MBS deal e
ability to unwind retail customesdl tradesin eitherthe retailor institutionaltrade size
segmentsThe extreme market segmentation causes some dealersasduwyity at high prices
from institutional investors while other dealers sledl same securiigt low prices to retail
investors

Our findings of steep price discounts for small tradesus large trades in MBS have
important implications for proper marking of securities for investment portfolio valudten.
1940Investment Compan#ct requires a registered investment company to value securities
using market quotations when they ezadily availale. For MBS, the most generally available
market quotes would be those from trading screens for TBA contracts, which apply to
institutionalsized trades. But the brokerage statements for newly acquired positions of retalil
investors are alsmarked off of such institutionaized trade quotes. For example, the 37 retall
sizedMBS trades executed with personal and student investment fangtesummarized in
TableA.1 generated overnigliigain® of about 8% in their corresponding brokerage aots
Obviously, such brokerage statements overstate the true realizable value of such positions, which
could only have been sold at (more) heavily discounted prieedir@ings suggest that the
SEC, brokerage firms, and pricing services shailtilv adjustments foposition size when
marking MBSfor investor brokerage statement accounting purposes.

Again, while we limit our current study to agency MB8nilar frictionslikely affect
other structured products likeBS, CMBS, CMOs, CLOsand privatdabel RMBS If this is the
case, thelmur recommendations fpositionsize adjustments to seciesprice markswill be

relevantfor a much wider set of asts.
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Appendix A. Real Money Retail Investment Program

We executed a series of small purchases in agency MBS positions during the period
between January 12, 2Dand November 27, 20£2Although we confined our research sample
to Fannie Mae securities, the same forces should affect all agency MBS. Thus, we expanded our
investment opportunity purview and entertained offerings for MBS issued by all three agencies.

On any given day, we telephoned a brettealer and asked for offerings of palssough
agency MBS. For the record, upon each of our reverse inquiries, our-biezder dutifully
i nformed us that thisstrategppd iHb wreoste rr, e omemmeursched p a
and inquired about any available offerings of small MBS positions. After aboutta-three
mi nute delay to gain access t o-ddalergavdusa mé6s cur
verbal listing of the availdb securities, position sizes (original face values), and offering prices.

The brokerdealer would not provide the entire listing to us in an electronic file or any other
written format. In a world in which even retail accounts have instant and totas @cces
brokerage firm inventories via screbased trading platforms for Treasuries, corporate, and
municipal bonds, this olthshioned personal interaction seemed quaint. More importantly, this
personto-person platform emphasizes the costly nature oirgaithis product in terms of time
expended by both the brokdealer and the retail investor.

Next, we compared the brokdre al er 6 s of ferings to the rele
screens to calculate price discounts to TBA. We typically looked fornegaapu ps ( A pr i c e
di scounts to TBAO) of six or more points. [ n
at such price | evels, but on some trading day

purchased the cheapest position offereddbgtand waived the sipoint discount criterion.

ZLFINRA actually provided us with the research data in multiple batches. The firstaaiapde we examined
encompassed the period between May 16, 2011 and October 31, 2011h&hraingorogram began a littlmore
than two months after oumitial examination of trading patterns based uponfitss (short)research sample period.
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In the beginning of the trading period, between January 12, 2012 and April 27, 2012, we
asked for MBS offerings at least three times a week and traded about once a week. Typically, we
purchased the entiréze offered since the (small) dollar value of such offered positions suited
our goal to diversify across a large number on individual securities. On two occasions, we asked
and were able to trade a portion of the offered position. By the end, we exXgtsigecified
pool transactions that conform toyearhe standar
conventional agency MBS with coupon rates between 3.5% and 6.5%.

Table A.1 presents summary statistics for our trades. Out of the 37 transaction8o20 (54
were for Fannie Mae, 15 (41%) were for Ginnie Mae, and two (5%) were for Freddie Mac pass
through MBS. The majority of the trades were in haglupon, seasoned MBS with average
(median) pool factors of 0.24 (0.17). The average (median) size of thesg Was about $2,100
($1,780) in current face valueupd)hewane ah. U3 spEc
after accounting for any and all commissions. Assuming that an institutional investor can
typically sell a large position above the TBA prittl@s negative payp is equivalent to at least 8
points discount to institutional sell prices and is comparable to TB&¢678.31 point discounts to
large trades reportedin Taldléd or t he research sampleds trades
face. The trades in the highest coupon (6.5%) averaged the largest discounts (10.28 points).

On the basis of these real money results, we conclude thatseihteduy-andhold retail
investors can exploit the opportunity generated by-igiaged frictions in the MBS marke

Furthermore, each trade produced an unusual overnight result for our brokerage
statementsThe 1940nvestment Companict requires a registered investment company to
value securities using market quotations when they are readily agalasurprisirgly, the

brokerdealer immediately marked all of the retsited MBS positions on the basis of the most
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generally available market quotes, those from trading screens for TBA contracts. Obviously,
these marks overstate the true value of the positions satlogy out these positions would likely

entail even larger discounts to TBA than those captured at purchase. No purchased MBS were

sold. All of the invasxwhmeddsi weest mEabheetdhats
MBS cash flows backintoéh st r ategy, especially relevant foc
moni es. However, our brokerage statements ove

its compound annual return jumped every time an MBS was purchasesta@stical evidence
andinvestment experiencgiggest that markadjustment®ased orMBS position size would be
appropriatdor investor brokerage statement accounting purposes.

Finally, the hareto-aggregate nature of the market evidenced itself in a simple fact: once
an offeed position in a particular securityas purchased, the brokéealer never showed
another offering for that same CUSIP again.

<Insert Table A.1>
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Appendix B. Mathematical Derivations
In this appendix we provide detailed derivations for the expressions of expected sell and
buy prices within our model.
B.1 Sell and Buy Prices in tigasic Model of Bond Trading
B.1.1 Derivation of¢ 0 )
We first need tacalculate thgorobability that for a given positiasizer, the retalil
investor (R) is willing to sellUsingher participation constraird @ hthe fact thaty is

symmetricallydistributed aroundo (see Equation (3)andw  whthis probabilityequals
~'Yi Q&)a i - and isindependent of|.. For aninstitutional investor (I)the samegorobability

is given by

¢

@
n 0 Q& i — B.1
Naibk 8 1§ (B.1)

wherethe mean of the institutional selferintrinsic value now i&» 2 andf is the standard

normal cumulative distribution functiolVe can now calculate the conditional probability of a
sell to a retail investor gen that a sell to any investor occurs by using the overall proportion of
institutional investor§ as well as the density functions of the exponential distributions that
determine the position size, i.e.,
A Y Q@iE @ O Qihogd i
p “ =M I Yi Q@i (B.2)

3
p “ 0 Vi ao®ait -0 0 Q&a i
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The corresponding conditional probability of a $elan institutional investor is then
given by
~ 0 Q@NiE QL 0 Qi abp ~ Y QE@iiz QE 0 Qi Wé& (B.3)

For the calculation of the expected sell price, we fioshpute the expectesll pricein
the scenario whethe dealer trades with a retail investor. We calculate this conditional expected

value by taking expectations from Equation (4) as

6 O ifYi Q& a4 (B.4)
S — Q6

where ¢ is the probability density functioof the normal distribution. Similarly, the expected sell

price in a trade with an institutional investor is

i
“ % p - @O0 Q6
6 OG0 Qo a4 (B.6)
i
D¢ Q6
—
'rv —'Q " p —
N uhpﬁ - o (B.7)
q
B -3
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The expected sell price kencalculatedas

c0g ~'Yi QEiiE @& 0 Qi Q& AfYi Qa a i
(B.8)
~ 0 Q&iE ©E 0 Qi Qa0 Qs |

B.1.2 Derivation® 0 g
We first calculae therespectiveprobabilities thataretail or institutioal investoiis

wilingtobuy. Agai n, wusing the symmetric distribution
Equation (1))the probability thaher participation constrairttolds {.e.,0 = ® ) is-8Given

the probability that the poeaxpohentallydistributed mal | er

position limit, it follows that:

~ YOI g:n 8 (B.9)

Givenhe institutional b u,yhe pra@babilitp that Heis willimyat i o n

to buyequals:

(B.10)

8 (B.11)
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The conditional probability of a retail buy trade is then given as

~ Yoo @it Q& 0 QLo B
YOO @ p -n O @ B
"YRO@) N @o@ ~Ywo @lic o @

where the numerator equals the sum of the probabilities that the retail investor buys and at the
same time the institutional investor does not,bigy,» 'Y o @i p ~ ‘@6 @) plus the

probability that both investors are Wnlg to buy but the retail investor arrives first, i.e.,
-~ 'YQO O @i~ "@ 6 @)i. The denominator equals the probability that the retaéstor, the

institutional investor, or both are willing to buy. The conditional probability of an institutional

buy trade is then given as
A @O @ E QE 0V Qo &I p ~ Yoo @ioe ©E 0 Qo &4 (B.13)

Taking expectations from Equation (@¢livers the conditional expected buy price if the

dealer trades with a retail investor as

6 0 YD o @i (8.14)

) 23 p - 8 (B.15)
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For a trade with an institutional investor, the expected buy price is given by

- w P — @ 3FDn o
6 b ifidH 6 i (B.16)
- Qw
- —Q_ = . P -
o W p’ - 8 (B.17)
f P B =
We compute the expected buy price for a givesifion size as

B0S ~ YOO @e @& V'Qtood & 0 NAYD 6 wi

(B.18)

~ @O @D E QE L QDO OB O HHW 6 B

B.2 Sell and Buy Prices in the Extended Model

B.2.1Derivation of¢ 0 )

Since only institutional investors sell bonds in MBS market8, 9N equals

8 0 \H O A 1. Taking again expectations of Equation (4) delivers
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— % p - @ 3D Q6

s 0g 8 (B.19)

Qw

The final expressiorequiressubstitutingthe expressiofor @ from Equation(7).
B.2.2 Derivation ofp 0 )

Proceeding as iB.1.2, wefirst computethe probabiliies that the retail or the
institutional investors willing to buy, respectivelyGivent he r et ai | i nvestor os
constraintthe probability that the position is smaller thaem position limit, and the probability

thatshe is informedit follows that:

~ YOO @i P o-—oa ™ 2 h (B.20)
» VIGA

where we substitutBquation(7) for @ . Since for institutional investors, only the reservation

value of the dealeb has changedompared to the basic model, we can emglqyations

(B.10) and(7). As before, Equation®(12) and B.13) deliver conditional probabilities that

either the retail or the institutional investor trades with the ddakatuating Equations&.14)

and B.16), we can compute conditional expected buy prices given that the dealer trades with one

of the two investors. Finallyye computehe expected buy price 0 SN by empoying (B.18).
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Tablel. Trading statistics of the three markets in our sample

The sample period is from May 16, 2011 to May 31, 20t2 FNMA MBS sample consists of 3@ar conventional MBS paskroughs. Thé&-NMA debentures

sample includes all FNMA debenag with more than 3 years remaining until maturity or next call date. The corporate bond sample includes all corporate bonds
with more than 3 years left to maturity or next call date that were rated investment grade by all three rating agegbiestthnosample period=or corporate

bonds and agency debentures total customer vohgmuals the sum of face amount of all customer trades during the period, but due to TRACE reporting
restrictions, any trade for more than $5 million face amount is repast®8 million For MBS the customer volume equals the sum of current face (original face

amount * factor) of all customer trades during the period.

FNMA MBS FNMA Debentures Corporate Bonds

Measure

Total customer volume ($ millioourrent facg 1,073,941 33,882+ 918,72%

Number of trades in sample 177,596 43,559 2,023,479
Number of securities in sample 32,393 362 4,886
Mean number of trades per day per security 0.02 0.45 1.56
Median number of trades per day per security 0.01 0.05 0.45
Max number of trdes per day per security 8.43 12.86 70.06
Mean percent of days with at least one buy and one sell tradgiwensecurity 0.1% 5.2% 16.4%
Median percent of days with at least one buy and one sell tradgivensecurity 0.0% 0.0% 4.9%
Max percent oflays with at least one buy and one sell trade givensecurity 86.4% 98.9% 99.2%
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Table 2. Buy versus sell volume imbalance

The sample period is from May 16, 2011 to May 31, 20dtumeamounts are in $million of current face value. ANMA MBS sanple consists of 39ear
conventional MBS pasthroughs. The FNMA debentures sample includes all FNMA bonds with more than 3 years remaining until maturity. The complorate b
sample includes all corporate bonds with more than 3 years left to maturixtaratl date that were rated investment grade by all three rating agencies throughout
our sample period. The Ratio of Volumes is calculated as (Sell Volume/Buy Voldie)Ratio of Number of Trades is calculated as (Number of Sell Trades/
Number of BuyTrades).

Panel AFNMA 30-year MBS

Trade Size (Current Face) Buy Volume Sell Volume Ratioof Volumes No.Buy Trades  No. Sell Trades Ratioof No. Trades
Below $5,000 8.251 70.122 8.5 4,917 34,307 7.0
$5,000 to $10,000 10.470 81.944 7.8 1,430 11,315 7.9
$10,000 to $25,000 32.003 199.142 6.2 1,908 12,336 6.5
$25,000 to 50,000 58.868 283.650 4.8 1,620 7,963 4.9
$50,000 to $100,000 113.347 512.472 45 1,538 7,042 4.6
$100,000 to $250,000 384.967 1,507.879 3.9 2,298 9,065 3.9
Above $250,000 423,935.958 646,742.048 15 26,238 55,619 2.1

Panel BFNMA Debentures with 3+ Years to Maturiyéxt Call Date

Trade Size (Current Face) Buy Volume Sell Volume  Ratioof Volumes No.Buy Trades  No. Sell Trades Ratioof No. Trades
Below $5,000 8.109 13.713 1.7 2,545 4,331 1.7
$5,000 to $10,000 16.063 21.308 1.3 1,884 2,552 1.4
$10,000 to $25,000 57.262 63.781 1.1 3,020 3,457 1.1
$25,000 to 50,000 96.238 85.590 0.9 2,416 2,172 0.9
$50,000 to $100,000 182.252 126.419 0.7 2,277 1,587 0.7
$100,000 to $250,000 396.451 242.631 0.6 2,249 1,394 0.6
Above $250,000 19,112.240 13,460.220 0.7 8,258 5,417 0.7

Panel ClnvestmentGrade Corporate Bonds with 3+ Years to MatuNgxt Call Date

Trade Size (Current Face) Buy Volume Sell Volume  Ratioof Volumes No.Buy Trades  No. Sel Trades Ratioof No. Trades
Below $5,000 502.438 485.948 1.0 124,655 143,779 1.2
$5,000 to $10,000 1,763.035 952.533 0.5 186,999 105,295 0.6
$10,000 to $25,000 5,881.208 2,671.460 0.5 294,401 138,277 0.5
$25,000 to 50,000 6,882.760 3,292.135 0.5 165,24 80,088 0.5
$50,000 to $100,000 10,007.037 5,438.314 0.5 114,405 63,239 0.6
$100,000 to $250,000 17,669.162 11,533.705 0.7 96,046 63,026 0.7
Above $250,000 432,797.569 418,843.928 1.0 238,129 209,716 0.9
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Table 3.The Importance dbifferent DealerChanneldor Unwinding Retail Sell Trades

This table presentthe estimatedprobability for a trade of a given size to tmawvoundby a dealeusingone of three possible channél4) Roundripped

correspondto a matching buy trade in the same bondhensame day with the same volyrBgCombinel andResold (as a whole or in part)rresponds to nen
roundtripped trades that can be salghinst othebuy trades of less than $100,000 current face in the same bond on the saamel @ ggregated to

Institutional which istriggeredif the combined volume afemainingsell trades on that day is $100,000 or more. If a trade cannot be sold or aggregated, the bond is
left with the dealerThe sample pévd is from May 16, 2011 to May 31, 20IPhe FNMA MBS sample consists of 3@ar conventional MBS pagkroughs. The

FNMA debentures sample includes all FNMA bonds with more than 3 years remaining until maturity. The corporate bond &adeplalirmoporate bonds with

more than 3 years left to maturity or next call date that were rated investment grade by all three rating agencies throsgimml¢ period.

Panel AFNMA 30-year MBS

Trade Size (Current Face) No. Sell No. ofSell  No.Sell Trades No. Sell Trades % Round % Combined % Aggregated % Left with

Trades Trades  Combined and Aggregated to tripped and Resold  to Institutional theDealer

Roundripped Resold InstitutionalSize Size

Below $5,000 34,402 1,214 1,661.6 1,197.2 3.5% 4.8% 3.5% 88.2%
$5,000 to $10,000 11,316 234 649.2 666.4 2.1% 5.7% 5.9% 86.3%
$10,000 to $25,000 12,339 303 573.8 845.4 2.5% 4.7% 6.9% 86.0%
$25,000 to 50,000 7,961 243 329.6 659.9 3.1% 4.1% 8.3% 84.5%
$50,000 to $100,000 7,043 193 165.1 1,012.5 2.7% 2.3% 14.4% 80.5%

Panel BFNMA Debentures with 3+ Years to Maturity/Next Call Date

Trade Size (Current Face) No. Sell No. of Sell No.Sell Trades No. Sell Trades % Round % Combined % Aggregated % Left with

Trades Trades  Combined and Aggregated to tripped and Resold  to Institutional theDealer

Roundtripped Resold InstitutionalSize Size

Below $5,000 3,157 425 1,493.7 170.1 13.5% 47.3% 5.4% 33.8%
$5,000 to $10,000 2,713 212 1,304.7 218.6 7.8% 48.1% 8.1% 36.0%
$10,000 to $25,000 3,744 252 1,600.0 3344 6.7% 42.7% 8.9% 41.6%
$25,000 to 50,000 2,321 153 871.5 294.3 6.6% 37.5% 12.7% 43.2%
$50,000 to $100,000 1,722 72 527.3 389.3 4.2% 30.6% 22.6% 42.6%

Panel ClnvestmentGrade Corporate Bonds with 3+ Years to Maturity/Next Call Date

Trade Size (Current Face) No. Sell No. of Sell No.Sell Trades  No. Sell Trades % Round % Combined % Aggregated % Left with

Trades Trades  Combined and Aggregated to tripped and Resold to Institutional theDealer

Roundtripped Resold InstitutionalSize Size

Below $5,000 87,986 7,204 42,229.3 5,667.0 8.2% 48.0% 6.4% 37.4%
$5,000 to $10,000 92,415 11,499 34,1014 8,125.2 12.4% 36.9% 8.8% 41.9%
$10,000 to $25,000 165,227 27,799 48,295.6 18,108.1 16.8% 29.2% 11.0% 43.0%
$25,000 to 50,000 89,389 13,506 26,076.2 11,637.7 15.1% 29.2% 13.0% 42.7%
$50,000 to $100,000 63,623 9,335 16,185.1 11,625.7 14.7% 25.4% 18.3% 41.6%
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Table4. Regressions dérge trade pce spread on trade size bucket dummy variables

The sample period is from May 16, 2011 to May 31, 20h2 dependent variableLaiige Trade Price Spreads

theprice for each trade minus the average price of trades &i80¢000 in current face in the same security on the

same day. The reported coefficients are for the interactions between dummies farreatfacecategory ad
dummies for customer buygrsussells. The baseline categdoaptured by the constarns) customesellswith
current face above250,000.The FNMA MBS sample includes 3@ear conventional MBS paskroughs. The

FNMA debentures sample includes alligs withmore than 3 years left to maturity or next call date. The corporate
bond sample includes all corporate bonds with more than 3 years left to maturity or next call date that were rated

investment grade by all three rating agentiesughoutour sanple periodt-statistics using standard errors
clustered on securities are in parentheses. . *, **, and *** denote significance at 10%, 5%, and 1% level,

respectively.

Panel AFNMA 30-year MBS

Variable One Security Securities with &rade in Entire Sample
EachBucket
Buys Sells Buys Sells Buys Sells
Below $5,000 -4.877%* -4.165%+* -4.357%* -3.602%* -3.178** -3.316%**
(-8.88) (-16.97) (-7.66) (-19.81) (-7.18) (-20.75)
$5,000 to $10,000 0.525 -1.670%** 0.335 -1.365%* 0.308 -1.328**
(0.90) (-5.91) (0.85) (-17.41) (1.17) (-24.03)
$10,000 to $25,000 0.465 -0.928*** 0.193 -0.787*** 0.151 -0.739%*
(1.00) (-3.28) (1.55) (-19.24) (1.59) (-23.57)
$25,000 to $50,000 0.284 -0.477 0.231%** -0.449%** 0.121* -0.365%**
(0.66) (-1.58) (3.46) (-14.55) (1.79) (-12.29)
$50,000 to $100,000 0.345 -0.433 0.296*** -0.334%** 0.206*** -0.216%**
(0.80) (-1.36) (4.04) (-9.21) (3.78) (-7.93)
$100,000 to $250,000 0.133 -0.133 0.092*** -0.034* 0.037*** -0.009%**
(0.33) (-0.41) (7.10) (-2.41) (7.10) (-4.60)
Above $250,000 0.064 baseline 0.067 baseline 0.011 baseline
(0.21) (7.63) (11.08)
Constant -0.005 -0.028*** -0.003***
(-0.02) (-4.25) (-9.51)
N observations 1,789 12,229 107,704
R-squared 0.37 0.31 0.39
Panel BFNMA Debentures with 3¥ear to MaturityNext Call Date
Variable One Security Securities with &rade in Entire Sample
EachBucket
Buys Sells Buys Sells Buys Sells
Below $5,000 0.137*%** -0.289*** 0.257*%+* -0.355%** 0.257*%+* -0.367***
(8.44) (-13.02) (4.54) (-5.97) (4.63) (-6.24)
$5,000 to $10,000 0.095*** -0.306*** 0.228*** -0.250*** 0.229%** -0.267***
(7.36) (-11.57) (4.97) (-7.00) (5.12) (-7.16)
$10,000 to $25,000 0.088*** -0.122*** 0.146*** -0.177%** 0.147*+ -0.183***
(7.16) (-6.96) (5.88) (-4.70) (6.05) (-4.77)
$25,000 to $50,000 0.065*** -0.043** 0.133*** -0.126%*** 0.136*** -0.130%***
(4.98) (-2.56) (4.96) (-2.93) (5.16) (-3.00)
$50,000 to $100,000 0.068*** 0.003 0.130*** -0.105** 0.133*** -0.110**
(5.09) (0.20) (5.85) (-2.26) (6.19) (-2.36)
$100,000 to $25000 0.077** -0.016 0.117*%+* -0.020 0.124%** -0.021
(5.88) (-0.80) (7.46) (-1.38) (8.31) (-1.61)
Above $250,000 0.067 baseline 0.103 baseline 0.102 baseline
(8.01) (7.93) (9.03)
Constant -0.036*** -0.052*** -0.050%***
(-5.63) (-7.56) (-8.56)
N observations 3,345 35,163 37,443
R-squared 0.26 0.14 0.14
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Table4. (Cont.)

Panel ClnvestmentGrade Corporate Bonds with 3+ Year to Matultgxt Call Date

Variable One Security Securities with &rade in Entire Sample
EachBucket
Buys Sels Buys Sells Buys Sells
Below $5,000 1.616*** -0.253%*** 1.072*** -0.537*** 1.065*** -0.546***
(77.05) (-5.75) (23.82) (-29.63) (23.97) (-30.06)
$5,000 to $10,000 1.670*** -0.392%** 1.323*** -0.562*** 1.318*** -0.574%**
(96.04) (-6.76) (31.42) (-39.M0) (31.81) (-40.26)
$10,000 to $25,000 1.673** -0.466*** 1.303*** -0.593*** 1.295%** -0.603***
(105.15) (-12.86) (35.90) (-46.16) (36.38) (-46.82)
$25,000 to $50,000 1.599** -0.502%** 1.167*+* -0.525%* 1.158**= -0.531%**
(84.96) (-12.79) (34.23) (-45.24) (34.88) (-45.93)
$50,000 to $100,000 1.418*** -0.272%** 0.886*** -0.374%** 0.870*** -0.367***
(51.22) (-4.69) (33.07) (-37.11) (34.19) (-36.28)
$100,000 to $250,000 0.925%** -0.150%** 0.432%** -0.042%** 0.418*** -0.043***
(20.63) (-2.97) (3358) (-11.89) (35.82) (-12.95)
Above $250,000 0.286 baseline 0.252 baseline 0.246 baseline
(14.08) (52.19) (55.90)
Constant -0.192%+* -0.143%* -0.138***
(-15.51) (-45.18) (-48.39)
N observations 18,546 1,493,488 1,595,951
R-squared 0.44 0.40 0.39
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Table 5. Payups of matched customer buy and customer sell trades

The sample period is from May 16, 2011 to May 31, 2012-Upagnd spread are measured in price points. Under the Hong and Warga (2004, HW2004)
concept, we match each cusmbuy trade to the closest in time customer sell trade in the same security, execution date, size category, and atttlement d
Under theGreen, Hollifield, and Schiirhof2007a, GHS2007) concept, we start with the Hong and Warga (2004) pairing, lnegaiise that the matched buy

and sell trades have the same size. The MBS sample ugear3€onventional securities with coupon rates between 3.5% andB8%NMA debentures

sample includes all bonds with at least 3 years left to maturity or néxtatal The corporate bond sample includes all bonds with at least 3 years left to maturity
or next call date that were rated investment grade by all three rating agencies throughout our sampleepesicdlafé payips for MBS by first subtracting

the TBA daily price benchmark from each reported price and then subtracting the meam gidgrge trades in the same security over the entire sample period.
The payups for botHFNMA debentures and corporate bonds are the previously defined Large Trad8preads.

MBS Agency Debentures Corporate Bonds
Trade Size Statistic HW2004 GHS2007 HW2004 GHS2007 HW2004 GHS2007
Below $5,000 in Mean payup (Buys) -7.75 -8.31 0.19 0.27 0.83 0.81
Current Face Mean payup (Sells) -8.84 -9.86 -0.34 -0.51 -0.61 -054
Mean roundtrip spread 1.09 1.56 0.53 0.78 1.45 1.35
Number of trade pairs 1,209 949 1,673 259 57,379 7,732
$5,000 to $10,000 in Mean payup (Buys) -0.65 -0.75 0.17 0.12 111 1.14
Current Face Mean payup (Sells) -1.78 -1.52 -0.30 -0.20 -0.66 -0.72
Mean roundtrip spread 1.14 0.77 0.47 0.32 1.77 1.86
Number of trade pairs 323 203 1,066 88 83,463 12,651
$10,000 to $25,000 in  Mean payup (Buys) -0.28 -0.32 0.08 0.13 1.11 1.05
Current Face Mean payup (Sells) -1.46 -0.75 -0.25 -0.21 -0.65 -0.68
Mean roundtrip spread 1.19 0.43 0.33 0.34 1.76 1.74
Number of trade pairs 466 261 1,745 95 134,063 14,124
$25,000 to 50,000 in Mean payup (Buys) -0.07 -0.14 0.04 0.07 1.02 0.84
Current Face Mean payup (Sells) -0.50 -0.51 -0.07 -0.13 -0.57 -0.54
Mean roundtrip spread 0.43 0.37 0.11 0.19 1.60 1.38
Number of trade pairs 320 212 961 74 56,202 9,895
$50,000 to $100,000 in Mean payup (Buys) 0.07 0.04 0.06 0.27 0.75 0.61
Current Face Mean payup (Sells) -0.32 -0.20 -0.10 -0.18 -0.54 -0.41
Mean oundtrip spread 0.39 0.24 0.16 0.45 1.29 1.02
Number of trade pairs 275 177 832 41 39,388 10,998
$100,000 to $250,000 ir Mean payup (Buys) 0.02 0.03 0.07 0.07 0.37 0.20
Current Face Mean payup (Sells) -0.19 -0.14 -0.06 -0.06 -0.32 -0.16
Mean rounttip spread 0.21 0.17 0.13 0.13 0.69 0.36
Number of trade pairs 404 251 1,365 66 52,230 8,707
Above $250,000 in Mean payup (Buys) 0.06 0.05 0.05 0.03 0.15 0.07
Current Face Mean payup (Sells) -0.03 0.01 -0.05 -0.04 -0.21 -0.12
Mean roundtrip spreh 0.09 0.04 0.10 0.07 0.36 0.19
Number of trade pairs 3,841 2,792 5,421 1,079 148,834 48,090
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Table6. Crossedatustomer buyrades

The sample period is from May 16, 2011 to May 31, 2@¥2ssed buys in each market are defined as customer buy tradasngcat prices lower than the
difference between a pricing benchmark and the daily #igl range We use the volumweighted average price of matched TBA trades on the same day as a
pricing benchmark for MBS and tleeerageprice oflargesell trades (Aove $100,000 in current face) in the same security on the same day as a pricing
benchmark for agency debentures and corporate bBnd$4BS, we definethe daily HighLow range as the difference between the daily TBA Maximum Price
and the daily TBA Minimm Price.We use the difference between the intraday maximum and minimum of the BlooBtbNrigenchmarkacomposite
indicativequotefrom contributing brokersnthe Bloomberg electronic trading platforas the daily High_ow range for agency debentureglecorporate
bonds.Sampledefinitions are the same as in Tahled.

MBS Agency Debentures Corporate Bonds

Number of  Number Pct. crossec Number of  Number Pct. crossec Numberof Number Pct. crossec
Trade Size (Current Face crossed buys  of buys buys crossed buys  of buys buys crossed buys  of buys buys
Below $5,000 3,616 4,381 82.54% 11 1,210 0.909% 321 49,890 0.643%
$5,000 to $10,000 610 1,336 45.66% 2 823 0.243% 297 77,376 0.384%
$10,000 to $25,000 496 1,778 27.90% 4 1,441 0.278% 497 124,814 0.398%
$25,000 to $50,000 215 1,499 14.34% 6 1,276 0.470% 461 73,842 0.624%
$50,000 to $100,000 100 1,424 7.02% 3 1,138 0.264% 663 53,289 1.244%
$100,000 to $250,000 114 2,125 5.36% 2 1,289 0.155% 718 46,291 1.551%
Above $250,000 220 25,061 0.88% 14 4,476 0.313% 1,834 125,058 1.467%
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Table7. Baseline model as calibrated to empirical-ppg across trade size buckets

Sample period: May 16, 2011 kday 31, 202. Payup is measured in price points. To calibrate the model, we use the HoW¢pagal (20042 payps from
Table5. For each market, we calibrate the model using Equation (5) to the average gilyuys and sells in the seven buckets ang setpht 1th 1T, 7T

n p fit M pmmmft T, T8 dorMBS,, T8t for agency debentures, and T8t for corporate bondsp L Trandw p M TLP
MBS Agency Debentures Corporate Bonds
Trade Size Statistic Data Model Data Model Data Model
Below $5,000 in Meanpay-up (Buys) -7.75 0.39 0.19 0.19 0.83 0.84
Current Face Meanpay-up (Sells) -8.84 -0.79 -0.34 -0.26 -0.61 -0.84
$5,000 to $10,000 in Meanpay-up (Buys) -0.65 0.38 0.17 0.15 1.11 0.84
Current Face Meanpayup (Sells) -1.78 -0.79 -0.30 -0.25 -0.66 -0.83
$10,000 to $25,000 in  Meanpay-up (Buys) -0.28 0.35 0.08 0.13 111 0.84
Current Face Meanpayup (Sells) -1.46 -0.77 -0.25 -0.24 -0.65 -0.83
$25,000 to 50,000 in Meanpay-up (Buys) -0.07 0.31 0.04 0.11 1.02 0.84
Current Face Meanpay-up (Sells) -0.50 -0.67 -0.07 -0.20 -0.57 -0.75
$50,000 to $@0,000 in  Meanpay-up (Buys) 0.07 0.23 0.06 0.09 0.75 0.76
Current Face Meanpay-up (Sells) -0.32 -0.09 -0.10 -0.07 -0.54 -0.35
$100,000 to $250,000 ir Meanpay-up (Buys) 0.02 0.10 0.07 0.06 0.37 0.37
Current Face Meanpayup (Sells) -0.19 0.00 -0.06 -0.04 -0.32 -0.28
Above $250,000 in Meanpay-up (Buys) 0.06 0.00 0.05 0.03 0.15 0.26
Current Face Meanpay-up (Sells) -0.03 0.00 -0.05 -0.03 -0.21 -0.27
Root Mean Squared 3.10 0.06 0.16
Error
Parameter Values
Institutional Investad s 1.00 0.2 0.83
Negotiation Power
Ret ai | Il nve 0.00 0.39 0.47
Negotiation Power
Institutional Buyeés 0.00 10.60 271749
Information Cet®
I nstitution 50.00 45551 152.03

Holding Cost®

58



Table8. Extended model incorporating position aggregation and suitability frictions as calibrated to empirigas payoss trade

size buckets

Sample period: May 16, 2011 kday 31, 20P. Payup is measured in price points. To calibrate tloeleh, we use the Hong and Warga (2004)-ppy from

Table5. For each market, we calibrate the model using Equation (8) to the average gidyuys and sells in the seven buckets and set p ™ Pj

prmmy mipE-OB, mWinEACAARBAT BODAG EIAD OPIAGAGSO v fandw pmmb

MBS Agency Debentures Corporate Bonds
Trade Size Statistic Data Model Data Model Data Model
Below $5,000m Meanpay-up (Buys) -7.75 -7.52 0.19 0.18 0.83 0.97
Current Face Meanpayup (Sells) -8.84 -9.01 -0.34 -0.40 -0.61 -0.74
$5,000 to $10,000 in Meanpay-up (Buys) -0.65 -0.95 0.17 0.17 1.11 1.03
Current Face Meanpay-up (Sells) -1.78 -1.94 -0.30 -0.15 -0.66 -0.49
$10,000 to $25,000 in  Meanpay-up (Buys) -0.28 -0.06 0.08 0.08 1.11 1.03
Current Face Meanpay-up (Sells) -1.46 -0.62 -0.25 -0.11 -0.65 -0.44
$25,000 to 50,000 in Meanpay-up (Buys) -0.07 0.00 0.04 0.07 1.02 1.03
Current Face Meanpayup (Sells) -0.50 -0.37 -0.07 -0.09 -0.57 -0.43
$50,000 to $100,000 in Meanpay-up (Buys) 0.07 0.00 0.06 0.08 0.75 0.75
Current Face Meanpayup (Sells) -0.32 -0.30 -0.10 -0.09 -0.54 -0.42
$100,000 to $250,000 ir Meanpay-up (Buys) 0.02 0.03 0.07 0.08 0.37 0.31
Current Face Meanpay-up (Sells) -0.19 -0.27 -0.06 -0.08 -0.32 -0.42
Above $250,000 in Meanpay-up (Buys) 0.06 0.21 0.05 0.08 0.15 0.39
Current Face Meanpay-up (Sells) -0.03 -0.26 -0.05 -0.08 -0.21 -0.42
Root Mean Squared 0.27 0.06 0.14
Error
Parameter Values
Institution 0.68 0.80 0.74
Negotiation Power
Ret ail I nve 1.00 0.54 0.35
Negotiation Power
Institutional Buyeés 465270 103.98 3409.78
InformationCostG
Institutional 306.00 50.00 50.00
Sell erds/ De
Holding Cost®
Position Aggregation 0.000195 0.029p2 0.001388

ParameteiQ
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Table A.1.Summary statistics of MBS trades executed with personal and student investment
fund monies

We =lect only trades in 3Qear MBS with coupons between 3.5% and 6.5%. The trades were executed over the
period from January 12, 2012 to November 27, 2012.

Issuer

Coupon  Statistic FannieMae FreddieMac GinnieMae Total
3.5 Mean payup -7.17 -7.17
Mean current face value 975 975

Mean factor 0.98 0.98
Number of trades 1 1

4.5 Mean payup -6.09 -6.09
Mean current face value 2,393 2,393

Mean factor 0.81 0.81
Number of trades 2 2

5.0 Mean payup -8.02 -8.02
Mean current face value 1,002 1,002

Mean factor 0.32 0.32
Number of trades 5 5

5.5 Mean payup -6.00 -8.02 -6.51
Mean current face value 2,539 2,481 2,525

Mean factor 0.31 0.17 0.27
Number of trades 3 1 4

6.0 Mean payup -6.83 -2.48 -7.71 -7.01
Mean current face value 1,410 2,405 2,747 2,189

Mean factor 0.19 0.30 0.09 0.14
Number of trades 6 1 8 15

6.5 Mean payup -10.01 -10.39 -10.28
Mean current face value 3,264 2,025 2,397

Mean factor 0.39 0.06 0.16
Number of trades 3 7 10

Total Mean payup -7.42 -5.25 -8.96 -7.93
Mean current face value 1,832 2,443 2,410 2,099

Mean factor 0.37 0.23 0.08 0.24
Number of trades 20 2 15 37
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Figure2. Average payps of matched customer buy and sell trades groupegdedre categories

The plot shows the average pay of Hong and Warga (2004) matched customer buy and customer sell trades calculated the same way asThe MBS
sample is restricted to 3@ear conventional securities with coupon rates betwes¥ and 6.5%. The Fannie Mae debentures sample includes all Fannie Mae
bonds with more than 3 years left to matudtynext call dateThe corporate bond sample includes all corporate bonds with more than 3 years left to araturity
next call datehat wee rated investment grade by all three rating agetisiesighoutour sample period.
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Potential seller arrives

Potential buyers arrive

Dealer can trade position on

interdealer market

Potential seller arrives:
m Either institutional (/) or
retail (R) accordingto
probability =
®m determines position size
q (expressedin $ of
current face value)

® exponentially distributed
with mean g’ or g%,
dependenton investor
type

® ntrinsic value normally
distributed around bond's
fair value V with error
term a;’m(mean Oand
standard deviation g). V is
expressed inpercent of
current face value

® [nstitutional investors face
holding cost per position
¢}, (for retail investors
cr =0)

u Seller's reservation value:

iR
I/R _ /R _Cp
A V+e a

g yseN

@
o
0q
Y
=
5
0o

Participation constraint:

u |f dealer'sreservation
value V? (determined
in third stage)
exceeds seller's
reservation value

VIR
5

Bargaining outcome:
Pye=
WR VP 4 (1 gAYV

(dependenton
institutional/retail
investor's negotiation
power n'/R)

Institutional and retail buyer
arrive in random order:
® |nstitutional investor
® costtoinform himself
about security ¢!
® Retail investor
m only positions up te
position limit
(exponentially
distributed with mean
Trhaz)
® no information cost
cf=0
® Reservation value
nermally distributed with
error term £//® (mean 0,
standard deviation o)

® Buyers reservation value:

I/R
LT I/R_Cil
b =V FE q

g YseN

@
o
09
o
=
5
0a

Participation constraint:
u |f buyer's reservation
value V;"R exceeds
dealer's reservation
value V? (determined
in third stage)
® |f both the retail and
the institutional
investor are willing to
buy, the dealer sells
to the investor who
arrives first
Bargaining outcome:
Py, =
nmz vP 4+ (1 _ nuﬁ)vifR

(dependenton
institutional/retail
investor's negotiation
power '/%)

Dealer can sell any remaining position at the fair value V'
® Dealer's reservation value:

ve=v

Figure 3. Description dbasic model with traditional sizelated fictions
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Figure 4. Description aéxtended model including position aggregation and suitahiidgdns
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