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Abstract. In this paper, we examine a novel two-stage mechanism for selling government
securities, wherein the dealers underwrite in the first stage the sale of securities, which are
auctioned in stage 2 via either a discriminatory auction (DA) or a uniform price auction
(UPA). Using proprietary data on auctions during 2006–2013, we find that (a) the first stage
underwriting auction generates significant information, including predicting the likeli-
hood of devolvement, and bid shading, and (b) the outcome of the underwriting auction
may generate enough asymmetry amongst bidders that may make DA dominate UPA in
certain counterfactual situations. We document that the unique two-stage auction design
provides amarket-drivenmechanism to simultaneously insure against auction failures and
produce information about the quality of the underlying issue.
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1. Introduction
Auctions of government securities (or “Treasurys”)
are by far the largest class of auctions in the world,
widely used across the globe to sell hundreds of
billions of dollars’ worth of securities annually. Even
in large and liquid markets, however, these auctions
sometimes fail—for instance, the Chinese treasury
auction on June 23, 2015, of Rmb 26 billion attracted
total bids of only Rmb 25.16 billion, the second time
this had happenedwithin a year1—and fear of auction
failures has begun to haunt even the most developed
markets.2 McConnell and Seretto (2010) show that
auction failures may impose ex ante costs on issuers.
In the context of auction rate preferred securities
(ARPS), they show that investors demand a risk pre-
mium to account for potential failures. There is also
evidence that the failure of the ARPSmarket in 2008 led
to significant losses of several mutual funds. Alongside
fear of failure has been a persistent concern of possible
collusion among bidders, leading to subpar outcomes
for the seller even when auctions do not fail.3

In this paper, we study a unique variant on stan-
dard Treasury auctions from India that addresses
both of these concerns. Government securities are
sold in India using a two-stage procedure. In the first
stage, an underwriting auction is conducted in which
100% of the securities to be sold in the second-stage
auction are underwritten by the primary dealers (PDs).
The mechanism is one in which the issuer obtains

insurance against auction failure as well as unsatis-
factory auction outcomes (which may be the result of
collusive behavior or simply poor market conditions).
The providers of this insurance are precisely the pri-
mary dealers in the main auction, and the insurance is
obtained from them via a competitive underwriting
auction, which precedes the main auction. This con-
catenation of auctions generates a number of ques-
tions of economic interest, including the impact of
competitive underwriting, especially information pro-
duction in the underwriting auction and its im-
pact on main auction outcomes and behavior in the
second-stage main auction as well as the costs and
benefits of insurance and a novel twist on an issue of
traditional interest in auction theory: the differential
impact of uniform price auction (UPA) versus dis-
criminatory auction (DA) forms.4 Our analysis of
these questions is facilitated by a proprietary data set
obtained from India’s central bank, the Reserve Bank
of India (RBI).
A detailed description of the two-stage mechanism

with an example is presented in the online appendix,
but here is a brief summary. In the first stage, the RBI,
as debt manager, auctions the underwriting of the
aggregate amount of the securities on offer. All pri-
mary dealers must mandatorily participate in the un-
derwriting auction. This underwriting auction is dis-
criminatory in style; its outcome determines the number
of winning underwriters, the amount each winning
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entity underwrites, and the fees (“commission”) re-
ceived for providing these underwriting services.Upon
completion of the underwriting auction, the results are
announced, and the second stage, the actual auction
of the debt, commences. This second-stage auction
is either a DA or a UPA (the form is announced in
advance of the underwriting auction), and participants
in this stage include the primary dealers as well as other
financial market participants. Outcomes in this second
stage are determined in the usual fashion but with an
important caveat: the RBI may, at its discretion, ignore
all or part of the second-stage submissions, exercise
its insurance option, and “devolve” any or all of the
auctioned quantity to thewinning underwriters in the
first stage.

The economics of this two-stage auction forms our
focus in this paper. The framework that informs our
analysis is straightforward. By obtaining insurance
via the underwriting, the government gains an op-
tion, the right to “put” any part of the supply in stage 2
back to bidders in the event of unsatisfactory second-
stage outcomes, such as insufficient demand. (We
note that over the period of our study, this right was
exercised by the RBI in more than 10% of the auctions.)
Set against this benefit are the costs of obtaining this
insurance. The direct costs are the underwriting com-
missions paid, the magnitude of which depends on
bidding behavior in the underwriting auction, behavior
that, in turn, depends on a number of factors, including
the anticipated strength of demand in the second round
and the possibility of devolvement and whether the
main auction is aUPAor aDA. In addition, theremaybe
indirect costs in the form of “bid shading” by partic-
ipants in the main auction, the extent of which may
depend on whether the bidder is also a winner in the
underwriting auction, whether the main auction is a
DA or a UPA, and the nature of information revealed
in the underwriting auction.

Motivated by these considerations, there are two
broad sets of questions we investigate in this paper.
First, we examine the differential impact on auction
outcomes of the second-stage auction being a DA
versus a UPA; we are interested in the impact this
choice has on first-stage underwriting auction be-
havior and outcomes as well as the broader question
of whether, from the seller’s standpoint, one auction
form dominates the other. Second, we study the in-
formational impact of the first-stage underwriting auc-
tion outcomes on second-stage behavior and out-
comes. In particular, we wish to understand the extent
to which first-stage behavior and outcomes presage
second-stage behavior and outcomes, including the
strength of second-stage demand, the extent of bid
shading in the second stage, the likelihood of devolve-
ment following the second stage, and how second-stage
bidding behavior is affected by being a “winner” in the

underwriting auction. Bid shading by the bidders
leads to concessions of auction identified price rela-
tive to the contemporaneous as well as postauction
day secondary market prices. The former is com-
monly referred to in the literature as auction under-
pricing and the latter as price pressure. We also ex-
aminewhether and towhat degree “underpricing and
price pressure,” a widely documented phenomenon
in other Treasury auction markets, obtains here.
Theory and intuition offer some guide to what we

might expect tofind. Treasury auctions, like all common
value auctions, are subject to a “winner’s curse” effect,5

which induces auction participants to “shade” their
bids. An argument going back at least to Friedman
(1963), and demonstrated formally in Milgrom and
Weber (1982) in the context of single-unit auctions,
notes that the winner’s curse stings less—and so par-
ticipants in a commonvalue auction are likely to bidmore
aggressively—under a UPA than a DA.6 However, re-
cent theoretical and empirical auction literature (Jackson
and Kremer 2006, Hortaçsu and McAdams 2010,
Ausubel et al. 2014) have established that the dis-
criminatory format may dominate the uniform price auc-
tion depending on bidder asymmetry and heterogeneity.
Jackson and Kremer (2006) showed that a dis-

criminatory auction may generate higher revenue
when the marginal valuations of bidders are farther
apart. This points to a possible link between the
preauction secondary market and the auction process
and the optimal auction design. If the secondary
market volatility is higher, then it is reasonable to
expect that the bidders have procured their inventory
at very different prices. This makes the value of
existing inventory quite different for different bid-
ders, thereby generating potentially very different
marginal valuations for additional units. This, in turn,
may affect the revenue of the bidders, and the auc-
tioneer may be able to generate higher revenue by
switching to a discriminatory format when volatility
is reasonably high in the secondary market.
The volatility of the secondary market should po-

tentially also affect the cost of insuring auctions that
may get devolved. This is a channel through which
secondary market volatility may affect the under-
writing commission. Suppose that the bidders’ cost of
insuring is heterogenous because of differential costs
of procuring and holding inventory. This can result in
a volatile demand for underwriting premia. If the
underwriters expect that the underwriting bid func-
tions of their rivals are more volatile, then, ceteris
paribus, the probability of winning any underwriting
amount is higher with bidders submitting a higher
underwriting commission. This in equilibrium po-
tentially makes the equilibrium underwriting com-
mission cutoff rates higher in a discriminatory auc-
tion. To the extent that the underwriting commission
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is also a signal about the quality of the underlying issue,
higher underwriting commissions should prompt bid-
ders to shade their bidsmore in a discriminatory format.
If all the other bidders are shading their bids more,
ceteris paribus, the primary dealers should also shade
their bids more in equilibrium in DA relative to UPA.

These arguments suggest that first-stage underwrit-
ing auction outcome commission rates should be in-
formative about the second-stage auction outcomes.
Specifically, higher first-stage commission rates should,
ceteris paribus, be associated with discriminatory auc-
tions, weaker second-stage demand, greater bid shad-
ing, and a higher probability of devolvement. This has
significant policy implications as we document in this
paper: the unique two-stage auction method can pro-
vide a market-driven mechanism to simultaneously
insure against auction failures and produce information
about the quality of the underlying issue.

1.1. Summary of Results
Using a proprietary data set obtained from the RBI
that covers 590 reissue auctions of government secu-
rities in India from 2006 to 2013, we find empirical
confirmation of the economic intuition developed in the
earlier section. During this period, the debt manager
switched the auction format five times (thrice in 2009,
once in 2012, and once in 2013) from uniform to dis-
criminatory or vice versa. Underwriting commissions
for DAs are significantly (about two times) higher on
average and exhibit more volatility than those for
UPAs. Award concentrations in the first stage are also
higher for DAs. So, importantly, are the second-stage
bid shading and consequent underpricing and price
pressure in the main auction.7 (It is important to
emphasize that the duration risk of the securities
auctioned did not differ across the two auction for-
mats in our sample.)

The greater bid shading that we find under DAs
suggests that perhaps the benefits of obtaining under-
writing insurance (the ability to put the securities to
winning underwriters) may be greater for DAs than
UPAs. We estimate a monetary measure of the benefits
in each devolved auction by comparing the revenues
obtained by the government under devolvement to
what it would have obtainedwithout devolvement.We
find that the average benefits per auction are almost two
times higher under DAs than UPAs. However, this is
insufficient to offset the higher underwriting costs
underDAs,which are, aswenote, on averagemore than
two times higher than under UPAs. As a consequence,
although the average net benefit per UPA is Indian
rupee (INR) 5.9 million, there is a small net loss of INR
1 million on average for DAs.

Turning to the impact of the first-stage under-
writing auction on the second-stage behavior and
outcomes, we find strong evidence that underwriting

auction outcomes predict the nature of the second-
stage selling outcomes, such as devolvements, bid
shading, price pressure, and underpricing.8 We find
that the bid shading by primary dealers in the main
auction is, ceteris paribus, larger the more “pessi-
mistic” the underwriting auction outcomes are (es-
pecially a higher underwriting auction cutoff price);
individual bidder–level bid shading is also greater the
larger the amount underwritten in the first round by
the respective bidder and is larger under DAs than
UPAs. These results are obtained after controlling for
information in preauction secondary market prices,
which are trumped by information revealed in the
underwriting auction. They are also economically
significant; for example, one standard deviation in-
crease in the amount underwritten increases bid
shading by about 1.4%.
Measures of information produced in the first-stage

auction are also statistically and economically sig-
nificant in explaining the strength of demand and the
probability of devolvement in the second-stage auc-
tion. In particular, measures of aggressiveness of the
underwriting bids (such as the stop-out yields) and
bidder uncertainty in the first-stage auction matter.
Higher underwriting stop-out yield and higher bidder
uncertainty predict higher probability of devolvement.
Auction-related variables trump measures constructed
from secondary market information, such as volume of
trading prior to bidding, in explaining the outcomes in
stage 2 auctions.
Finally, a long literature in Treasury auctions has

found evidence of underpricing and price pressure in
the auction (relative to market prices), a phenomenon
commonly attributed to bid shading causedbywinner’s
curse fears. Consistentwith this literature, we too find
evidence of underpricing and price pressure in the
main auction: on the auction day, the closing sec-
ondary market prices are higher than the auction-
determined price. In addition, we also find evidence
of price pressure in preauction and postauction dates.
Preauction prices are systematically higher than the
equilibriumprices at which the second-stage auctions
clear the supply as are the postauction prices. This
leads to a “V” shape reminiscent of the results in the
auctions concessions literature, as in Lou et al. (2013).
Lou et al. (2013) attribute the price pressure phenom-
enon to primary dealers’ limited risk-bearing capacity
and end-investors’ imperfect capital mobility. The
two-stage nature of the Indian treasury auctions, in
which the first-stage underwriting auction acts as
an insurance mechanism against devolvement of the
second-stage auction, is a setting in which the primary
dealers’ risk-bearing capacity should perhaps play an
even more important role. We find that the shoulders
of the “V” shape are explained by the information
produced in the first-stage auction, and they improve
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the explanatory power well beyond other measures
that rely only on secondary market data.

One issue that has plagued the analysis of the
Treasury auction literature also applies to our setting:
are there unobserved factors that prompt the debt
manager to choose one auction mechanism over an-
other? This unobserved heterogeneity, if present,may
affect our reduced form results described previously
by creating an endogeneity bias. What factors might
affect the auctioneer’s auction format choice is an
open question. Brenner (2009) noted thatmost countries
use a discriminatory format (24) while 9 countries use a
uniform auction. It has been argued in the literature,
both theoretically and empirically (Jackson andKremer
2006, Hortacsu 2012), that which format dominates in
terms of revenue is an empirical question. Jackson and
Kremer (2006) outlined a scenario when discrimina-
tory format dominates the uniform price format. They
argued that if there is a big difference in the marginal
valuation of the bidders, DP format may generate
higher revenue than the UPA format.

One of the factors that may affect the marginal
valuation of the bidders is the acquisition and off-
loading costs of their inventory in the preauction and
postauction secondary market. The primary dealers
also play the role of market makers in the secondary
market, and their behavior in themain auctionmay be
influenced by the preauction and postauction sec-
ondarymarkets. Hence, the auctioneermay take a cue
from the preauction secondary market about the
possible dominance of auction format and set the for-
mat accordingly. The role of the preauction secondary
market information as a determinant of auction type
choice and bidding behavior, however, has not been
analyzed in the literature. Brenner et al. (2009) pointed
this out as a future research topic: “The effect of the
secondary market on auction design is an interesting
topic and so is a study about the switch that some
countries have made, from one auction type to another,
the reasonsbehind it and the consequencesof it” (p. 273).

The presence of such variables that may affect the
auction format choice leads to an endogeneity concern.
Although we have controlled for various preauction
secondary market variables throughout, it does not
rule out the possible unobserved heterogeneity bias.
In Section 5, we, therefore, use a switching regression
technique to address this issue. Our results are robust
to controlling such unobserved heterogeneity. Using
a switching regression technique, we can also do the
counterfactual analysis for our main variables: what
would have been the probability of devolvement, bid
shading, etc., if the auctioneer chose a different format.
Consistent with the predictions of Ausubel (2014) and
Jackson and Kremer (2006), we found that UPA does
not always dominate the auction choice format.

The rest of this paper is organized as follows.
Section 2 reviews the literature. Section 3 describes
the data, defines the variables of interest in our
analysis, and provides summary statistics. Section 4
presents our results, Section 5 presents robustness
and counterfactual analysis, and Section 6 concludes.

2. Related Literature
2.1. Two-Stage Auction
Theoretical analysis of the information production
role of a first-stage auction in a two-stage setting has
so far been confined to the single unit setting in the
literature. Ye (2007), in a single unit auction setting,
showed that, if the first-stage bidding has payoff
relevance for the bidders, then bidders bid truthfully
in the first-stage indicative bidding.We are not aware
of any theoretical analysis of a two-stage auction in a
multiunit setting. To our knowledge, we are the first
to provide an empirical analysis of multiunit auctions
in a two-stage setting. In our case, the first-stage
bidding has two sources of payoff relevance.
a. The commission rate that bidders should be

charging to underwrite and insure. Bidders’ payoff
comes from direct commission as well as net of any
costs in case of possible devolvement. The commis-
sion rate should reflect the fair premium they should
be charging. This creates direct payoff relevance.
Given that there may be some common value element
before the first stage, truthful revelation by one in
equilibrium prompts the other to reveal truthfully.
b. The additional source of payoff relevance comes

from the implications of a reduction of winner’s curse
in the second stage based on truthful revelation of
first-stage signals by all PDs. If the first-stage auction
generates enough information for the possibility of
devolvement and valuation of the underlying issue,
then it reduces the winner’s curse for all the primary
dealers in the second stage. This may induce truth
telling as a best response if others are telling the truth.
A simple example may be useful here to illustrate

this point. Suppose there are two primary dealers,
and both of them have the perfect information about
the issue quality. The issue could be either good or
bad. If the quality of the issue is bad, then it ends up
devolving in the second stage, and the underwriter
who had underwritten the first-stage auction has to
take the issue at a loss in its book. In this simple
setting, it is easy to see that truth telling is a best
response. For example, suppose the issue is of bad
quality. Then if underwriter 1 tells the truth and calls
it bad (and charges a high commission), then it is the
best response for underwriter 2 to call it bad as well. If
underwriter 2 deviates and calls it good (and charges
a lower premium), then underwriter 2 ends up win-
ning the underwriting rights for issues that will de-
volve post the second stage and, hence, lose.
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These discussions guide us to the following hy-
pothesis related to the two-stage auction format and
the information production role of the first stage.

Hypothesis 1. The first stage underwriting auction out-
come predicts devolvement, aggregate demand, and bid
shading in the second stage.

2.2. Uniform Price vs. Discriminatory Price
The literature on auction theory and empirical work
in Treasury auctions is extensive. A question of par-
ticular interest in this literature has been whether UPAs
dominate DAs from the seller’s perspective. For auc-
tions of a single indivisible unit, Milgrom and Weber
(1982) and others have shown that second-price sealed
bidauctions (the analogofUPAs) strictlydominatefirst-
price sealed bid auctions. A fundamental reason is the
impact the auction form has on the winner’s curse. In
unit auctions, winning implies that the conditional
value of the good upon winning is updated to a lower
value relative to unconditional expectation. Rational
bidders take this winner’s curse into account and
shade their bids. The extent of bid shading depends
on the precision of the signals that they have about the
good that is being auctioned but ceteris paribus is
lower for second-price than for first-price auctions as
intuition suggests. Based on this intuition, a long line
of authors from Friedman (1963) to Chari and Weber
(1992) has made the argument that UPAs generate
more revenue for the seller than DAs. However,
theoretical support for this position is mixed: Trea-
sury auctions are divisible good auctions, and the
work of Wilson (1979) and Back and Zender (1993)
suggests a more nuanced set of outcome possibilities
than inunit auctions.9More recently, however,Goldreich
(2007) has offered a set of conditions under which
UPAs do dominate DAs. Ausubel et al. (2014) and
Jackson and Kremer (2006) have shown that whether
the UPA dominates the DA is an empirical question
and depends on bidder heterogeneity and asymmetry.

A substantial empirical literature has also explored
the implications of auction theories in the context of
government securities auctions. Related work in-
cludes Nyborg and Sundaresan (1996), and Nyborg
et al. (2002), Keloharju et al. (2005), Hortaçsu and
McAdams (2010), Hortaçsu and Kastl (2012), among
others. Thework of Lou et al. (2013) and Fleming et al.
(2016) document the evidence of price pressure, re-
ferred to as the decline of the underlying security
prices in the secondary market for the period leading
up to the auction and increase afterward.

Recent work by Hortaçsu and McAdams (2010)
suggests that a switch from discriminatory to uni-
form price auctionsmay not produce significant gains
to the seller. The role of the secondary market and its

impact on auction format choice has not been ex-
plored in the literature and is referred to as a future
research topic in Brenner (2009).
The extant multiunit auction literature as outlined

here describes various equilibrium arguments about
why a UPA format may dominate the DA price format.
In a two-stage auction format in which the second stage
can be either UPA or DA, if we take one such equilib-
rium in the second stage, then, via backward induction,
we need to explain what kind of behavior we should
expect in equilibrium in the first-stage underwriting
auction. If we start from a second-stage equilibrium
in which UPA dominates the DA in terms of bid
shading, then there is more bid shading in equilibrium
in the second stage. This, in turn, makes the ex ante
devolvementmore likely forDA. If ex ante devolvement
is more likely in the second stage, then the primary
dealers in the first stage should demand higher pre-
miums to underwrite and insure the underlying issue.
This, in equilibrium, should lead to higher underwriting
commissions for DA relative to UPA.
This discussion guides us to testable hypotheses for

the relative performance of UPA versus DA in a two-
stage setting.

Hypothesis 2 (UPA vs. DA in the First Stage). Underwriting
premium outcomes in the first-stage underwriting auction
are higher on average if the second stage is the DA format
relative to UPA.

Hypothesis 3 (UPA vs. DA in the Second Stage). Bid
shading and auction price pressure are higher and bid cover
is lower in DA relative to UPA.

2.2.1. An Example. In this section, we give a hypothet-
ical example of the auction mechanism via discrimina-
tory auction for the reissue of a 10-year bond. Because
it is a reissue with the coupon set and fixed at the orig-
inal auction, the auction is conducted in price terms
(in contrast, newsecurities are auctioned inyield terms).
As described in detail in the online appendix, the

underwriting part of the auction has two components.
First, all primary dealers are subject to a mandatory
minimum underwriting commitment (MUC). The com-
mitment amount is the same across all dealers, irre-
spective of differences in their capital or balance sheet
size.10 The second component is the auction part. All
primarydealers are required to submit bids for additional
competitive underwriting (ACU) for the remaining 50%.
In the underwriting stage, the aggregate MUC

amount was half of the issue amount and the ACU
underwriting auction for the remaining half of the is-
sue amount. A total of 19 primary dealers participated
in the auction—same as the number of dealers in most
of the data. In this hypothetical auction, the ACU
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underwriting auction has a total of 49 bids (quantity–
commission rate pairs) submitted, representing a
total quantity of far more than the issue amount and
well over the amount to be underwritten. The lowest
commission rate submitted was 1.8 (per INR 100 face
value of bonds) for a quantity of INR 200 million, and
the highest submitted commission ratewasmore than
50 times higher at 100 per INR 100 face value. The bids
included one for a quantity of INR 14 billion (28% of
the entire notified amount) by a single bidder at a rate
that also became be the cutoff commission rate. The
aggregate underwriting supply curve is pictured in
the upper panel of Figure 1; the large flat segment
around the cutoff represents the INR 14 billion sub-
mission. INR 13.50 billion of this bid was met, rep-
resenting 27% of the entire notified amount of the
auction. Note the sharp steepening of the curve a bit
farther down. The weighted average commission rate
of all successful bids, which was the commission rate
for the MUC for those dealers who underwrote at
least 4% of the notified amount in the ACU under-
writing auction, was roughly INR 0.000033 per INR
100 face value, and the weighted average commis-
sion rate of the three lowest bids—used as the MUC
commission rate for all other dealers—worked out to
only 60% of this amount at INR 0.000020 per INR 100
face value.

In the main auction, total bids well in excess of the
issue amount on offer were received, ranging from a
high bid of INR 100.15 for a quantity of INR 100
million to a low bid of INR 97 for a quantity of INR 1
billion. (Bids are for INR 100 in face value.) The ag-
gregate demand curve is pictured in the lower panel
of Figure 1; as in the underwriting auction, the ag-
gregate curve (here, a demand curve) steepens sharply
beyond a point. The cutoff was reached at a price closer
to INR 99.5.

3. The Data and Summary Statistics
This section describes the data set, defines the vari-
ables of interest in our analysis, and presents sum-
mary statistics.

3.1. Data
Our data set has two components: primary market
auction data and secondary market trading data.
Primary market auctions for government debt are
generally conducted for two types of securities: new
issues and reissues. New issues are those securities
that are auctioned for the first time. Reissues are those
securities that were previously issued and opened
up again for a primary market auction to sell addi-
tional amounts of the same security. In a reissue, with
the coupon set and fixed at the original auction, the
auction is conducted in price terms (as mentioned, new
securities are auctioned in yield terms). The reissues are

already trading in the secondary market and have an
active reference price. The debt manager of the gov-
ernment generally prefers to use reissues over new is-
sues for raising capital because of the presence of a
liquid secondary market; in fact, most of the auctioned
securities for our data period are reissues. In this paper,
we only look at the reissue auctions for homogeneity
and availability of preauction secondary market data.
The secondary market data were obtained from the

secondary market trading data repository: Clearing
Corporation of India Ltd. The primary market data
were received from the Centre for Advanced Finan-
cial Research and Learning (CAFRAL), a research
wing of the RBI. The primary market data set has two
components: the first-stage underwriting auction that
determines underwriting commissions and quantities
and the associated second-stage main auction for the
government securities. For each auction, we have all the
basic information, such as auctiondate, notified amount
of the government bond being auctioned, its maturity
date and coupon rate, the number of primary dealers
participating, and individual price–quantity pair bids
by each bidder in the underwriting as well as in the
main auction.
The identities of the primary dealers and other

bidders are masked but in a consistent way across
auctions that enables us to follow the bidding be-
havior of each primary dealer across the first-stage
(underwriting) auction and the second-stage (bond)
auction for the same issue. Our total database covers
678 auctions of government securities over the period
2006–2013. The secondary market data contains in-
traday trading information (prices and quantities) for
each trade for each bond. We have secondary market
trading price and volume information for the bonds in
590 of the 678 auctions.
We observe the complete supply curve (commis-

sion rate–quantity pairs) submitted by each dealer in
the ACU auction and thereby the cutoff commission
rate at which the entire auctioned quantity is un-
derwritten as well as the commissions received by
each primary dealer as ACU and MUC commissions.
The availability of this data enables us to compute an
important component of the costs of underwriting the
sale of government securities.
The second-stage auctionmay be, also as noted in the

online appendix on the institutional design, uniform
price or discriminatory in style. Of the 590 auctions in
our data set, 415 were of the uniform price format and
175 were discriminatory. During our sample period
(2006–2013), the debt manager switched the auction
format five times (thrice in 2009, once in 2012, and
once in 2013) from uniform to discriminatory or vice
versa. For each auction,we observe the entire demand
curve (price–quantity pairs) submitted by each bidder
and the cutoff auction price, the highest price atwhich
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demand equals or exceeds supply. A total of 73 of these
auctions ended up being devolved by the RBI. For the
devolved auctions, we also observe the devolvement
price set by the RBI and the quantity devolved to each
primary dealer. For each devolved auction, we also
calculate the price at which the auction would have
cleared the entire supply had devolvement not oc-
curred. (Because each of the primary dealers is required,
in the main auction, to bid for an amount at least equal
to the amount underwritten by thePD, the total demand
always equals at least 100% of the notified amount—
that is, the amount being auctioned—so this hypo-
thetical clearing price is always well defined.)

3.2. Devolvement by the RBI
The bonds being auctioned in the second stagemay be
devolved at the RBI’s discretion. By design of the
underwriting auction, the underlying issue is 100%
insured; that is, primary dealers would have underwritten

the entire issue in the first stage in exchange of theMUC
(50% of the notified amount) and ACU (remaining 50%
of the notified amount) commissions. The primary
dealers are required to bid at least their entire under-
writing commitment in the second-stage main auction.
Hence, by design, the second stage receives bids equal
to at least 100% of the issue size and the bid–cover ratio
can never be less than one. Hence, no auction can
devolve because of lack of demand. Auctions devolve
if the RBI believes that the auction-identified price is
not satisfactory. However, there is no preannounced
devolvement policy by the RBI, making it somewhat
akin to choosing a secret reserve price in the second-
stage auction.11

In case of a devolvement, the RBI announces (i) a
price for the underlying issue, which is higher than
the auction-identified cutoff price, and (ii) a devolved
amount that is then absorbed pro rata by the primary
dealers on thebasis on their underwriting commitments.

Figure 1. (Color online) The Auction: A Hypothetical Example

Notes. This figure describes a hypothetical auction of INR 50 billion as described in the text. The upper panel shows the bids received in the ACU
underwriting auction that preceded the main auction. The vertical axis represents the commission rate bid (in INR per INR 100 face value of
bonds), and the horizontal axis represents the aggregate quantity of bonds. The ACU underwriting auction was for half of the issue amount as
shown in the figure. The lower panel shows the bids received in themain auction. The vertical axis represents the price bid per INR 100 face value
of bonds, and the horizontal axis represents the aggregate quantity of bonds. The total volume of bonds being auctioned was INR 50 billion as
shown in the figure, and the cutoff price was close to INR 99.5.
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For example, suppose, based on the actual demand
curve submitted by all the bidders, the auction-
identified cutoff price (at which the aggregate de-
mand equals the notified amount) is INR 97.83 for an
INR 100 face value bond. However, suppose the RBI
finds that this price is too low and decides to choose a
cutoff price of INR 98.50. Suppose further that, based
on the actual demand curve, a cutoff price of INR 98.50
leads to a shortfall of INR 400 million. In this case, the
RBI would publicly announce12 that the auction is
being devolved at a cutoff price of INR 98.50, and the
shortfall of INR 400 million is then devolved pro rata
to the primary dealers based on their underwriting
commitments. The primary dealers may offset their
accepted bids (bids above price INR 98.50 in the ex-
ample) against their underwriting commitment. For
example, if primary dealer 1 has an underwriting
commitment of INR 100 million of the devolved
amount of INR 400 million and, based on primary
dealer 1’s submitted bids in the second-stage auction,
if INR 70 million are above price INR 98.5, then
primary dealer 1 has to take INR 30 million of the
devolved amount on primary dealer 1’s book at the
price of INR 98.50.13

Out of 73 total devolvements in our data, a large
number of devolvements (21) happened in 2009 at the
height of the financial crisis, and another 24 took place
in 2013. The remaining devolvements were spread
out over 2008 (two), 2010 (four), 2011 (12), and 2012
(four). Devolved and successful auctions did not
differ much in terms of the issue characteristics of the
auctioned securities as the following table shows. The
differences in duration or issue size are not statistically
significant either by t-test or by the Kolmogorov–
Smirnov test of equality of distribution.

Table 2 describes summary statistics of the devolved
auctions compared with successful auctions. The av-
erage devolved amount is about 21% of the issue size
as shown in with significantly higher devolvement
happening in discriminatory auctions. To get a feel

for how the RBImay be setting the devolvement price,
we compare, in the table below on actual vs. coun-
terfactual auction price, the price difference between
the devolved price set by the RBI and the counter-
factual price that would have prevailed had the RBI
not devolved the issue, normalized by the preauction
secondary market price for the same bond. On av-
erage, the devolvement price was set about 0.39%
higher than the counterfactual price relative to the
preauction secondary market price (e.g., if the pre-
auction secondary market price is INR 100, then the
devolved price is INR 100.39), but there is a signifi-
cant difference between uniform and discriminatory
auctions with the latter commanding larger discounts
on average. The table describes the percentage of
notified amount devolved.
Table 3 describes the difference between the coun-

terfactual price that would have prevailed had the
RBI not devolved and the devolved price set by
the RBI.
Based on the data, it does not clearly appear that the

RBI follows a threshold policy based on this discount
to decide on devolvement. The maximum discount
given in some successful auctions (3.38%) is much
higher than the maximum discount allowed in some
devolved auction (2.1%). If the RBI was following a
threshold policy based on the discount relative to the
secondary market price, then those should have been
devolved. Therefore, based on the summary statis-
tics in these tables, it appears that the RBI follows a
secret reserve price policy, which is difficult to forecast
based on preauction behavior and issue characteris-
tics. In Section 5, we analyze the determinants of
devolvement in a regression setting.
We also note another interesting feature in the

devolved auctions. The uniform price auction seems
to dominate the discriminatory price format in terms
of the amount of discount. This is consistent with our
narrative given in Section 2. If the equilibrium bid
shading is higher in the discriminatory auction, then
the auction-identified price is likely to be lower in the
discriminatory format, which increases the ex ante
probability of devolvement for DA auctions. This
should lead to a higher discount based on the auction-
identified cutoff price in the DA format, which ac-
tually devolved ex post as seen based on the discount
relative to actual cut-off price.

Table 1. Auction Duration

Successful Devolved Difference

Duration 11.69 11.41 0.28
Notified amount (INR billions) 38.74 38.19 −0.42

Table 2. Percentage of Notified Amount Devolved

Uniform Discriminatory Difference

Mean 20.9% 23.9% −3.0%
Median 19.8% 22.3% −2.5%

Table 3. Discount Relative to Devolved Price

Uniform Discriminatory Difference

Mean 0.36% 0.56% −0.20%
Median 0.27% 0.24% 0.03%
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3.3. Summary Statistics and Nonparametric Results
Table 4 provides some basic summary statistics across
the auctions in our data set. It highlights some im-
portant points. Devolvement is more common when
the main auction is a UPA than a DA; 17 out of 175 (or
roughly 10.2%) of DAswere devolved comparedwith
56 out of 511 (about 11%) of UPAs. And, strikingly,
when the second-stage auction is a DA, the average
underwriting commission cutoff in the first stage is, at
six basis points (bps), more than two times higher than
the corresponding number when the second-stage
auction is a UPA.

Figure 1 in the online appendix provides kernel
densities for selected stage 1 and stage 2 outcomes.
The figure makes several points. The top left panel
shows that the underwriting allocations in stage 1 are
much more concentrated when stage 2 auctions are
DAs compared with when they are UPAs. The top
right panel shows that the average underwriting
cutoff rates are much more skewed to the right when
the stage 2 format is a DA; the underwriting cutoff
rates are also much higher when the stage 2 auction
format is a DA. These findings are consistent with the
intuition expressed in the Introduction and Hypothe-
ses 2 and 3 that, anticipating higher bid shading under
discriminatory auctions (and, hence, a greater proba-
bility of devolvement), primary dealers will demand a
higher underwriting premium if the second stage is a
DA.Primarydealers are also asymmetric in termsof their
inventory holding capacity in case of a devolvement; for
example, bank PDs can absorb some of their inventory
toward reserve requirements. In turn, this may lead to
the wider variability of underwriting bids documented

in the Online Appendix Table 1, and to concentrated
underwriting allocation as in the top left panel.
That stage 2 bid shading is significantly higher

when the auction format is a DA is confirmed in the
lower left panel of Figure 1 in the online appendix.
The lower right panel looks at devolved auctions and
the difference between the actual price (at which
devolvement occurred) and the counterfactual price
(that would have prevailed had devolvement not
taken place). As anticipated, this difference is much
larger for DAs. Overall Figure 1 in the online ap-
pendix supports the hypothesis that the DA format
not only makes the second stage less competitive but
has a significant effect on the level of competition of
the first stage too.
Table 2 in the online appendix provides the names

of the PDs that were active in mid-2014. (There are 20
PDs during this period; throughmuch of the period of
our study, the number of primary dealers was a bit
smaller at around 16–18.) The PDs are classified as
either a stand-alone (standalone PD) or bank primary
dealer (bank PD). Bank PDs are those primary dealers
who also provide other banking services in India.
Our masked identities include information on whether
a primary dealer is a bank PD or a stand-alone PD.
The distinction is important because bank PDs may use
the amount of government bonds won in an auction
towardmeeting their “statutory liquidity ratio” (SLR),
the reserve requirement that commercial banks in India
are required to maintain with the RBI. The ability to buy
in the auction to fulfill the SLRmay induce the bank PDs
to bid differently from the stand-alone PDs. We explore
this possibility later in our analysis.

Table 4. Summary Statistics of the Auctions

Uniform Discriminatory Total

Panel A: All auctions

Number of auctions 511 175 678
Average notified amount 38.3 42.1 39.2
Number of devolved auctions 56 17 73
Average auction identified price 98.8 99.2 98.9
Average duration of auctioned security 12.6 12.8 12.7

Panel B: Auctions with secondary market prices

Number of auctions 415 175 590
Average notified amount 39.8 39.7 39.8
Number of devolved auctions 56 17 73
Average auction identified price 98.8 99.1 98.8
Average duration of auctioned security 10.9 10.7 10.8

Notes. This table provides summary statistics concerning the auctions in our sample, such as the average
auction size (“notified amount”), number of auctions that were devolved, and the duration of the
securities being auctioned. Panel A looks at all 678 auctions in our sample. Panel B looks at that subset
of 590 auctions for which we also have secondary market prices of the bonds being auctioned. Note that
all 73 devolved auctions are also in panel B.
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3.3.1. Key Economic Variables of Interest. Table 5
describes the key economic variables of interest that
we use as dependent variables in our various re-
gressions. There are four key ones: a devolvement
dummy, the bid–cover ratio, the degree of bid shad-
ing by an individual dealer, and the degree of auction
price pressure. Section 4.1 uses a logistic regression
with a devolvement dummy to estimate the proba-
bility of devolvement. Section 4.2 examines bid shad-
ing at the dealer level defined as

1 − value-weighted average bid
PPostAuc

,

where value-weighted average bid is computed from the
bids submitted by that dealer in that auction and
PPortAuc is the postauction secondary market price
measured after the auction results are announced on
auction day. (That is, a lower submitted value-weighted
average bid relative to the postauction secondarymarket
price corresponds to a greater degree of bid shading.)

Finally, Section 4.3 looks at the degree of price pres-
sure in the main auction defined as

ln
Pt+1

Auction Stop-out Price

( )
.

Table 6 provides summary statistics on these vari-
ables. On average, there is bid shading of about 0.54
basis points and price pressure of about 0.2 basis
points per INR 100 in face value. But the data reveals
wide variability across auction formats. Discrimina-
tory auctions result in a substantially greater degree
of bid shading and price pressure relative to uniform
price auctions. Similarly andunsurprisingly, auctions
that were ex post devolved were associated with a
much greater degree of bid shading and price pres-
sure relative to those that turned out successfully.

3.3.2. Independent Variables. Table 7 defines the right-
hand side variables we use in our regressions, listed
alphabetically.14 The variables fall into three groups.

Table 5. Variable Definitions: Key Economic Variables

Economic variables Definitions

Devolved Dummy variable, takes on the value one if the auction devolved and is zero otherwise
Bid cover Total competitive demand divided by the notified amount
Bid shading 1 − (value-weighted bid submitted by dealer/PostAuctionPrice)
Underpricing ln(PostAuctionPrice/Auction cutoff price)
Price pressure ln(Pt+1/Auction cutoff price)

Notes. This table provides definitions of the key economic variables used in the various regressions in our analysis. As noted in
the text, Pt+1 refers to the value-weighted price in the secondary market the day after the main auction computed using all the
market trades in that bond on that day. PostAuctionPrice is the auction price in the secondary market on the day of the auction
after the auction results are announced.

Table 6. Summary Statistics of Dependent Variables

Mean Median Standard deviation

All auctions
Bid cover 2.35*** 2.26*** 0.53
Bid shading, bps 0.54*** 0.29*** 2.11
Price pressure, bps 0.20*** 0.12*** 0.01

Uniform price auctions
Bid cover 2.27*** 2.2*** 0.46
Bid shading, bps 0.43*** 0.33*** 1.87
Price pressure, bps 0.16*** 0.12*** 0.49

Discriminatory price auctions
Bid cover 2.67*** 2.7*** 0.68
Bid shading, bps 0.74*** 0.26*** 2.49
Price pressure, bps 0.32*** 0.12*** 1.11

Devolved auctions
Bid cover 1.80*** 1.76*** 0.31
Bid shading, bps 1.06*** 0.42*** 2.11
Price pressure, bps 0.61*** 0.19*** 1.60

Successful auctions
Bid cover 2.39*** 2.29*** 0.52
Bid shading, bps 0.54*** 0.29*** 2.11
Price pressure, bps 0.16*** 0.12*** 0.54

Notes. This table provides summary statistics for the dependent variables used in our analysis in
Section 4.2. The variables are defined in Table 5.

∗∗∗denotes statistical significance at 1%.
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The first group consists of numbers that charac-
terize the underwriting auction: the underwriting cut-
off price and amount “won” by each dealer (i.e., the
amount underwritten in the ACU auction).

The second group comprises outcomes of the main
auction, such as the notified amount (the amount
being auctioned), the time to maturity of the bond
being auctioned, and the number of bidders partici-
pating in the main auction.

The final group of variables is data from secondary
markets (both preauction and postauction). Because
the underwriting auction is held the day before the
main auction, for preauction data, we use data from
two days before the main auction. The secondary
market data used in our analysis includes the pre-
auction and postauction market prices (defined as the
value-weighted price obtained from all trades on that
day), the volume of trading (measured in INR bil-
lions), the number of trades, and the standard devi-
ation of intraday preauction prices (calculated using
all trades on that day). The last variable is a proxy for
the winner’s curse effect; a larger standard deviation
implies a larger range of opinions concerning the
correct market price.

Table 3 in the online appendix provides summary
statistics on each of these variables.

4. Regression Analysis
As we note in the Introduction, our main expectations
based on the extant theoretical literature are twofold.
First, we expect first-stage underwriting auction out-
comes to be informative about key outcomes in the
second-stagemain auction, in particular, concerning the
likelihood of devolvement; strength of main auction
demand; and second-stage bid shading, price pressure,
and auction underpricing. Second, we anticipate that,
when the second stage is a DA rather than a UPA,
bidding is less aggressive and there ismore bid shading,

greater auction price pressure underpricing, and higher
underwriting commission rates. The descriptive sta-
tistics in the last section and the kernel density plots
provide some evidence of the last set of hypotheses. We
build on that evidence here using regression analysis.
Section 4.1 looks at the probability of devolvement

and establishes the key role of the underwriting auction
in information production. Potential bid shading at the
dealer level is the subject of Section 4.2, and Section 4.3
looks at bid cover in the main auction. Finally, Sec-
tion 4.4 looks at the overall economics of the auction to
compare the outcomes under DAs and UPAs.

4.1. The Likelihood of Devolvement
A key question underpinning our analysis is the in-
formation content of the underwriting auction: does
the underwriting auction generate information in
addition to that already reflected in preauction sec-
ondary market prices?
Table 8 provides a first answer. The table examines

the extent to which the likelihood of devolvement is
predicted by outcomes of the underwriting auction. It
presents the results of a logistic regression in which
the dependent variable takes the value one if the
auction devolved and zero if was successful (i.e., did
not devolve). The independent variables include both
preauction secondary market variables (the variance
of preauction market prices and the volume of pre-
auction trading) and underwriting auction outcomes
(including the variability of ACU bids and the un-
derwriting cutoff price) as well as time dummies.
Because there was no devolvement in the year 2007,
we lose those observations because of the presence of
a yearfixed effect and 501 observations for thefinal set
of regressions.
As the fourth (andmost inclusive) column of the table

shows, the only preauction or underwriting auction
variable that is statistically significant in explaining

Table 7. Variable Definitions: Independent Variables

Variable Definition

Underwriting auction variables
Underwriting bid volatility Standard deviation of ACU bids normalized by Pt−2, the value-weighted price two days before the

main auction
Underwriting share ACU amount won by a primary dealer bidder in underwriting auction normalized by notified amount
Underwriting stop-out commission rate (Natural) log of the cutoff price in the underpricing auction

Main auction variables
Auction supply (Natural) log of the amount being auctioned measured in INR billions
Auction competition The number of bidders in the main (i.e., the second-stage) auction
Duration The Macaulay duration of the underlying bonds

Secondary market variables
Secondary market volatility Standard deviation of secondary market prices two days preauction computed using all trades and

normalized by Pt−2

Preauction secondary market volume The volume of secondary market trading (measured in INR billions) two days before the auction

Notes. This table describes the independent variables used in the various regressions in our analysis. As noted, Pt−2 refers to the value-weighted
price in the secondary market two days before the main auction computed using all the market trades in that bond on that day.
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devolvement is the underwriting cutoff price and in the
expected direction: a higher value of the cutoff increases
the probability of devolvement. Other underwriting
auction outcome variables lose significance when the
underwriting cutoff is included, and the preauction
information is (as column (1) shows) even by itself of
limited value in explaining devolvement.

The underwriting cutoff price is also economically
significant. One percentage point increase in the log un-
derwriting cutoff increases the probability of devolve-
ment by about 5.1%.

4.2. Bid Shading in the Main Auction
As auction theory has noted, participants may ra-
tionally shade their bids in common value auctions
in response to the threat of a winner’s curse; bid
shading may also stem from other sources, such as
risk aversion.

Table 6 shows that there is average bid shading over
all dealers and all auctions of around 0.54 basis points
(i.e., INR 0.0054 per INR 100) in our data. The average
degree of bid shading is substantially higher in dis-
criminatory auctions than in uniform-price auctions
(0.74 versus 0.43 bps) and in devolved auctions than
in successful ones (1.06 versus 0.5 bps).

Table 9 examines the determinants of the degree of
bid shading at the level of the primary dealer. The
dependent variable in the regressions is the degree of
bid shading by a dealer; the independent variables

include, apart from the ones identified in Table 7,
a dummy variable indicating if the bidder is a bank
primary dealer (as opposed to a stand-alone primary
dealer). As we noted earlier, bank PDs can use the
amount won in the auction toward their statutory li-
quidity requirements, which generates asymmetry
amongst primary dealers.
Column (4) of the table, the most inclusive one,

confirms the key role of the underwriting auction in
influencing dealer behavior in the main auction. As the
numbers show, the degree of bid shading increases with
an increase in the underwriting cutoff and with an in-
crease in the standard deviation of preauction secondary
market prices, a proxy for the winner’s curse.
A key variable of interest is the impact of auction

format on bid shading. As we argue earlier, in equilib-
rium, primary dealers shade their bid more in the dis-
criminatory format, which, in turn, leads them to de-
mand more underwriting commission in the first stage.
This channel is confirmed here; the uniform auction
dummy is significantly negative, signifying that primary
dealers shade their bid less in uniform price auctions
relative to the discriminatory format.
The coefficients are also economically significant.

A one standard deviation increase in the log of the
underwriting cutoff increases the degree of bid shad-
ing by 0.14 basis points, and a similar increase in the
standard deviation of secondary market prices in-
creases the degree of bid shading by 0.18 basis points.

Table 8. The Determinants of Devolvement

Spec1 Spec2 Spec3

Auction competition −0.000105*** −9.36e-05**
(0.00004) (0.00004)

Uniform auction dummy 0.00173* 0.00172* 0.00225*
(0.001) (0.001) (0.001)

Duration 1.32E-05 3.24E-05
(0.00004) (0.00004)

Auction supply 0.000799 0.000756
(0.001) (0.001)

Secondary market volatility 0.286 0.147 0.0842
(0.37) (0.36) (0.37)

Preauction secondary market volume −0.00327*** −0.00291** −0.00227*
(0.001) (0.001) (0.001)

Preauction number of trades 4.17e-06** 4.57e-06** 3.78E-06
(0.000002) (0.000002) (0.000002)

Underwriting stop-out commission rate 0.000243*
(0.0001)

Constant −0.0130*** −0.0121*** −0.0105***
(0.0004) (0.0037) (0.0039)

Year fixed effects Yes Yes Yes
Observations 590 590 590
R2 0.13 0.148 0.155

Notes. This table describes the results of a logistic regression in which the dependent variable is zero if
the auction was successful and one if the auction ended up devolving. Robust standard errors are in the
parentheses.

∗, ∗∗, and ∗∗∗ represent significance at 10%, 5%, and 1% levels, respectively.
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A move from discriminatory to uniform price format
reduces the bid shading by about 0.8 basis point.

Besides these, a number of other variables are also
significant in explaining bid shading. For instance, bid
shading increases with the time to maturity of the bond
being auctioned (larger duration risk), and a higher
volumeof preauction secondarymarket trading (greater
secondary market liquidity) decreases bid shading. Bid
shading also decreases if the dealer is a bank PD and
increases with the amount won in the ACU auction.

4.3. Price Pressure and Bid Cover in the
Main Auction

One potential consequence of bid shading by dealers
is price pressure and underpricing in themain auction
(relative to the secondary market price).

Table 6 provides summary statistics on bid cover
and price pressure in our data set.15 The average level
of price pressure across all auctions is around 0.21
basis points (i.e., INR 0.0021 per INR 100 face value)
and is substantially higher in discriminatory auctions
than in uniform price auctions (0.32 versus 0.16 bps).
Unsurprisingly, the degree of price pressure is also
sharply higher in auctions that end up being devolved

versus ones that do not (0.61 versus 0.16 bps). Simi-
larly, auction demand (bid cover) is much lower for
devolved auctions relative to successful auctions (1.8
versus 2.39).
Figure 2 compares the average auction-identified

price to the averages of both preauction and postauction
secondarymarket prices (computed twodaysbefore and
two days after the auction, respectively). The bands
represent the mean 95% confidence intervals for each of
these quantities. In all the formats of the auctions, the
prices depict a “V”-shaped pattern signifying under-
pricing in the auction relative to both preauction and
postauction secondary market prices. Expressed in
rupee terms, the total volume of ex post price pressure
is INR 49.31 billion (21 basis points of the total notified
amount of INR 23,482 billion).
Table 10 looks to identify the determinants of price

pressure and auction demand using both preauction
and underwriting auction variables on the right-hand
side.As in the earlier analyses, the underwriting auction
cutoff again emerges as a significant explanatory vari-
able. It is also economically significant. Using the co-
efficients in the last column and against an average level
of price pressure in our data of 0.21 basis points, a one

Table 9. Bid Shading by Primary Dealers

Spec1 Spec2 Spec3 Spec4

Uniform auction dummy −0.04*** −0.009*** −0.02*** −0.003***
(0.005) (0.003) (0.005) (0.001)

Duration 0.002*** 0.0001 0.003*** 0.0003***
(0.0002) (0.0001) (0.0003) (0.00004)

Auction supply −0.001 0.001 −0.05*** −0.003***
(0.005) (0.003) (0.006) (0.001)

Underwriting share 0.02 0.007***
(0.021) (0.001)

Underwriting stop-out commission rate 0.006*** 0.0002**
(0.0009) (0.0001)

Bank primary dealer dummy −0.0008 −0.0007***
(0.0022) (0.0003)

Auction competition 0.003*** −0.00003
(0.00028) (0.00002)

Preauction number of trades −0.000009 −0.000002**
(0.000008) (0.000001)

Preauction secondary market volume −0.0001 −0.002***
(0.0035) (0.0005)

Secondary market volatility 3.004*** 1.363***
(1.06) (1.16)

Constant −0.02 0.001 0.09*** 0.02***
(0.023) (0.014) (0.024) (0.004)

Year fixed effects Yes Yes Yes Yes
Observations 8,618 8,618 8,618 8,618
R2 0.033 0.015 0.068 0.094

Notes. This table presents the results of OLS regressions on determinants of bid shading by primary
dealers in the second-stage auction. The dependent variable is (1 − value weighted bids/PPostAuc) by
each bidder. Robust standard errors are in the parentheses.

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01.
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standard deviation increase in the underwriting cutoff
increases price pressure by 0.15 basis points.

In addition, as with bid shading, the volume of
trading in the secondary market (a measure of market
liquidity) again emerges as a significant driver of price
pressure with the degree of price pressure decreasing
with an increase in secondary market liquidity. The
winner’s curse proxies, however, are insignificant.

Hence, the regression results supports our Hy-
potheses 1–3. Specifically, the underwriting auction
predicts devolvement, bid shading, aggregate de-
mand, and price pressure. Moreover, the UPA format
dominates the DA format with lower bid shading,
auction price pressure, and higher bid cover. We later
see in Section 5 that, in counterfactual analysis, the
ranking of UPA versus DA is not clear.

4.4. The Economics of the Underwriting Auction
Tables 4 and 5 in the online appendix summarize
the direct cost and direct realized benefit of the

underwriting auction from the RBI’s standpoint. In
option-theoretic terms, the cost is the premium paid
for the option to put the bonds to the dealers and the
benefit is the depth-in-the-money of the put when it is
exercised.
The direct cost is the total amounts paid as un-

derwriting commissions (for both theMUCandACU)
summed over all the auctions in our data. Table 5 in
the online appendix shows that the mean direct costs
when the second-stage auction is a DA are, at INR
54 million, roughly six times the mean direct cost of
INR 9 million when it is a UPA.
The direct realized benefit is the extra revenue

generated from devolvement; that is, it is the sum
over all devolved auctions of the amount

Pdev − Pauc( ) ×Devolved Amount ÷ 100,

where Pdev is the price (per INR 100 in face value) at
which the devolved amount is devolved and Pauc is the
auction stop-out price (per INR 100 in face value) that

Figure 2. (Color online) Price Behavior Around Auction Day

Notes. This figure compares preauction and postauction value-weighted secondarymarket prices to the price arising in the auction. The numbers
are averaged across all auctions. The bands around each price represent 95% confidence intervals. VWP2daypre is the value-weighted price two
days before the auction, VWP1daypre is the value-weighted price one day before the auction, VWPPreAuc is the value-weighted price in the
secondarymarket on the day of the auction before auction results were announced, Auction Price is the auction-identified price, VWPPostAuc is
the value-weighted price in the secondary market on the day of the auction after auction results were announced, and VWPPost is the value-
weighted price in the secondary market on the day after the auction.

Gupta, Sundaram, and Sundaresan: Underwriting Government Debt Auctions
3140 Management Science, 2021, vol. 67, no. 5, pp. 3127–3149, © 2020 INFORMS



would haveprevailed in the absence of the devolvement.
Table 6 in the online appendix shows that the direct
realizedbenefit of underwritingwhen the second stage is
a DA is around INR 13.4 million, about three times the
direct realized benefit when the second stage is a UPA.

The final column of Table 6 in the online appendix
describes the direct net benefits of the underwriting
auction, that is, the direct realized benefits minus the
direct costs. Although the underwriting auction
provides, on average, a small net benefit to the RBI of
INR 2.1 million per auction, the net benefit under
UPAs is about INR +4.8 million and that under DAs is
negative at INR −1 million.

5. Robustness: Endogeneity of
Auction Choice

In this section, we allow for the endogeneity of the
auction format choice by the debt manager (RBI) and
the role of other macro factors affecting the choice. Both
theoretical and empirical auction literature (Jackson
and Kremer 2006, Hortaçsu and McAdams 2010,
Ausubel et al. 2014) have established that the notion
that the uniform format dominates discriminatory in
terms of revenue is an old and incorrect idea. The role
of the preauction secondary market information and
other macro factors as a determinant of auction type
choice and bidding behavior, however, has not been

analyzed in the literature. Brenner et al. (2009, p. 273)
pointed this out as a future research topic: “The effect of
the secondary market on auction design is an interest-
ing topic and so is a study about the switch that some
countries have made, from one auction type to another,
the reasons behind it and the consequences of it.”
We further explore this issue and its impact in our

empirical analysis. Although, to our knowledge, no
theoretical or empirical work exists on secondary
market and auction mechanism choice, we wanted to
explore a reasonable narrative based on the current
theoretical analysis of auction mechanism choice.
The current consensus in the literature is that the
dominance of either auction formats (at least based
on the expected revenue) depends on the specifics and
is an empirical question (Jackson and Kremer 2006,
Ausubel et al. 2014). Hortaçsu and Kastl (2012), in a
structural estimation framework, also could not find
uniform dominating discriminatory format. The role
of the secondary market and past experiences must
have also given the auctioneer clues of dominance of
discriminatory format under certain circumstances
as “Most countries use a discriminatory auction (24)
while nine countries use a uniform auction” in the
sample of Brenner et al. (2009, p. 268).
The theoretical motivation for the auction choice

should, therefore, be based on the auctioneer’s

Table 10. Auction Demand and Price Pressure

Bid cover Price pressure

Underwriting stop-out commission rate 0.307 0.0002*
(0.3) (0.0001)

Auction competition 0.01 0.024** −0.0001*** −0.00009**
(0.02) (0.01) (0.00004) (0.00004)

Uniform auction dummy −2.473 −1.798* 0.00172* 0.00225*
(1.8) (1.1) (0.001) (0.001)

Duration −0.0475 −0.0264 0.00001 0.00003
(0.07) (0.04) (0.00004) (0.00004)

Auction supply −0.8*** −0.84*** 0.0008 0.0008
(0.2) (0.2) (0.001) (0.001)

Preauction secondary market volume −0.82 0.025 −0.003** −0.003*
(1.0) (1.3) (0.001) (0.001)

Preauction number of trades 0.0008 −0.0003 0.000005** 0.000004
(0.001) (0.001) (0.000002) (0.000002)

Secondary market volatility −71.35* −140.5 0.147 0.0842
(39.5) (106.6) (0.36) (0.37)

Constant 5.9*** 7.96* −0.01*** −0.01***
(2.1) (4.4) (0.0037) (0.0030)

Year fixed effects Yes Yes Yes Yes
Observations 590 590 590 590
R2 0.035 0.045 0.148 0.155

Notes. This table reports the results of OLS regressions in which the dependent variable is the extent
of price pressure in each auction measured as log(Pt+1/Auction-identified Price) in the first two
columns and auction demand measured as the bid cover in the main auction. Robust standard errors
are in parentheses.

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01.
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perspective—about the auctioneer’s expectation about
the influence of the secondary market outcome and
other macro factors on one format dominating the
other. Jackson and Kremer (2006) outlined a scenario
in which the discriminatory formatmay dominate the
uniform price format in terms of revenue. According
to them, “in a situation where each bidder has a large
difference between marginal valuations for some
objects, then we saw in Example 4 that it is also
possible for the revenue of the discriminatory auction
to exceed that of the uniform price auction” (p. 975).

Although we do not observe the marginal valua-
tions of bidders, one proxy for a large difference in
marginal valuation is the volatility of actual bids
submitted by bidders. To check the association be-
tween the volatility of actual bids with preauction
secondary market volatility, we run a regression of
the bid volatility as a dependent variable with auction
type and preauction secondary market volatility as
independent variables along with some controls. Our
detailed analysis is not reported here. But we find that
the coefficient of the uniformauction dummy interacted
with the secondary market volatility is significantly
negative. It suggests that bidders have higher volatility
of their marginal valuations when the auction format is
discriminatory. It also confirms the intuition of Jackson
and Kremer (2006) that “there might be some rela-
tionship between the shape of individual demand
curves and the revenue ranking of the two auction
formats” (p. 975).

A possible narrative of choosing different auction
format based on the secondary market condition and
other macro factors by the RBI may be the following
according to the arguments of Ausubel et al. (2014)
and Jackson and Kremer (2006). They showed that a
discriminatory auction might generate higher reve-
nue when the marginal valuations of bidders are
further apart. If the secondary market volatility is
higher, it is expected that the bidders have procured
their existing inventory at very different prices. This
makes the value of existing inventory quite different
for different bidders, and hence, generating the mar-
ginal valuation of additional units very different. This,
in turn, affects the revenue of the bidders, and the
auctioneer can generate higher revenue by switching to
a discriminatory format when volatility is reasonably
high in the secondary market.

Ausubel et al. (2014) also showed that discrimi-
natory format may dominate all equilibrium of the
uniform price format in terms of both revenue and
efficiencywhen bidders are a symmetric private value
auction. However, if bidder asymmetry is allowed,
then uniform may dominate the discriminatory for-
mat in certain situations. The differential inventory
position, underwriting auction position, and funding

costs are some examples of factors that may induce
enough asymmetry amongst bidders.
This narrative establishes a linkage between the

auction choice and the bidder behavior and, hence,
auction outcomes perhaps via some unobserved fac-
tors (such as the funding costs). This should affect the
bid shading by primary dealers and, hence, affect
the auction underpricing and, hence, the auctioneer’s
revenue. These and perhaps other macro factors af-
fecting the RBI’s auction mechanism choice are un-
observed to the econometrician. Therefore, simple
ordinary least squares (OLS) regressions of (say) bid
shading are affected by such confounding factors and
are inconsistent. The propensity to adopt a uniform-
or discriminatory-type auction depends on the net
difference in bid shading or auction price pressure
that might result from one particular auction design.
Empirically, this type of problem can be handled by a

switching regressionmodel (Maddala 1983, Woolridge
2014). A switching regression model has a binary
“switching” equation, which, in our case, represents
the auction type choice by the RBI. It also has a
continuous choice regression of (say) bid shading
choice by the primary dealers. Formally,

I∗ $ Z′
iγ + εi (1)

y1i $ x′iβ1 + u1i (2)
y2i $ x′iβ2 + u2i, (3)

where the observed choice of auction type is repre-
sented as Ii, where

Ii $ 1 iff I∗i > 0

and

Ii $ 0 iff I∗i ≤ 0.

The auction type choice as described is modeled in a
reduced form. As discussed in the theoretical moti-
vation section, the auction type choice is probably
result of an equilibrium in which expectations of the
potential bidder behavior in either format prompts
the auctioneer to choose either a uniform or dis-
criminatory regime. The underlying variables that
affect the equilibrium auction choice are represented
by Zi. As argued in the discussion earlier, we use
preauction secondary market variables, such as sec-
ondary market volatility, trading volume, and num-
ber of trades as the primary determinant of the auc-
tion choice.
The dependent variable y in Equations (2) and (3)

represents the final auction outcomes (such as price
pressure and total demand in auction) and bidder
level outcome, such as bid shading in uniform and
discriminatory auction format, respectively. Specifi-
cally y1i is the primary dealer level bid shading
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(or auction level price pressure or bid cover) for the
uniform auction regime; y2i is defined accordingly.

The endogeneity between the auction-type choice
and the auction- or bidder-level choices are modeled
by allowing the residuals fromEquations (2) and (3) to
be correlated with the residuals in the auction choice
equation such that unobserved ormissing variables in
the auction choice equation are allowed to also affect
the bid shading or price pressure and auction-level
demand. Therefore, the residual variance covariance
matrix is nondiagonal as represented by

cov u1i, u2i, εi( ) $
σ11 σ12 σ1ε
σ21 σ22 σ2ε
σ1ε σ2ε 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (4)

Lee (1978) used this type of model to allow endoge-
neity between unionism and wage rates, and Fang
(2005) used this model to analyze the effect of under-
writer reputation on yield among many others. More
details about this type of treatment effect model can be
found in Maddala (1983) and Woolridge (2014).

Ignoring the joint dependence of the error terms
leads the OLS to be inconsistent as can be seen from
the following observation:

The expected value of y1i (bid shading or auction
price pressure or auction demand) is only observed
depending on the auction regime and can be written as

E y1i
[ ] $ E yi |Ii $ 1

[ ]

$ E yi |I∗i > 0
[ ]

$ E X′
iβ1 + u1i |Z′

iγ + εi > 0
[ ]

$ X′
iβ1 + E u1i |Z′

iγ + εi > 0
[ ]

. (5)

Given the correlation structure in Equation (4), the
second term does not have a zero mean, which makes
the OLS inconsistent. Under the joint normality as-
sumption of the error terms, it can be shown that

E u1i |Z′
iγ + εi > 0

[ ] $ σ1ε
φ −Z′

iγ
( )

1 − Φ −Z′
iγ

( )
( )

$ σ1ε
φ Z′

iγ
( )

Φ Z′
iγ

( )
( )

$ σ1ελi . (6)

If we can estimate this term and put it back in the E[y1i]
equation, thenOLSyields a consistent estimate.Heckman
(1976) suggested a two-step estimation procedure in
which the inverse Mill’s ratio (6) is first estimated by a
probit regression, and then the estimated Mill’s ratio
is used for consistent estimation of E[y1i] via OLS.
The full information-based maximum likelihood is
also a possibility.

We can also use this technique for counterfactual
analysis to answer the following question: what would
have been bid shading (price pressure) during the

uniform (discriminatory) regime if the auctioneer had
used a discriminatory (uniform) format? To answer
this question, we need the following:

E y2i |I∗i > 0
[ ]

⏟̅̅̅̅̅⏞⏞̅̅̅̅̅⏟
Hypothetical

− y2i⏟⏞⏞⏟
Actual

. (7)

Using similar arguments, it can be shown that the
hypothetical bid shading in the discriminatory re-
gime had an uniform auction format been used can be
written as

E y2i |I∗i > 0
[ ] $ E X′

iβ1 + u1i |Z′
iγ + εi > 0

[ ]

$ X′
iβ1 + σ2ε

φ Z′
iγ

( )

Φ Z′
iγ

( )
( )

. (8)

The estimated inverse Mill’s ratio can, therefore, be
used to estimate the counterfactual outcomes.

5.1. Description of Results for Bid Shading and
Auction Price Pressure

In Table 11, we first report the probit equation of the
first-stage auction type choice equation. The depen-
dent variable in that regression is a dummy variable
that takes value one if the auction type was uniform
and zero if the auction type was discriminatory. The
explanatory variables are preauction secondary mar-
ket variables such as volatility, volume traded, and
number of trades.
Table 12 shows estimation results from second-stage

price pressure regression. Only auction-specific vari-
ables, such as auction size (notified amount), issue
duration, preauction liquidity and volatility proxies,
and underwriting cutoff commission rate are included
as independent variables. All the variables have desir-
able signs. Significant variables include auction size,
preauction volatility, and liquidity proxy and the
underwriting cutoff with desirable signs; a higher un-
derwriting cutoff, signifying lower quality of the un-
derlying issue leads to higher price pressure.
Table 13 shows estimation results from second-stage

bid cover regression. Only auction-specific variables,
such as auction size (notified amount), issue duration,
preauction liquidity and volatility proxies, and un-
derwriting cutoff commission rate are included as
independent variables. All the variables have desirable
signs. Significant variables include auction size, pre-
auction liquidity proxy, and the underwriting cutoff
with desirable signs; a higher preauction liquidity,
signifying higher secondary market demand and lower
trading costs, leads to higher bid cover.
Table 14 shows the second-stage bid shading re-

gressions. The independent variables include auction-
level variables, such as duration, size (notified
amount), preauction liquidity and volatility proxy,
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and underwriting cutoff. Bidder-level variables are the
amount of underwriting portion won (underwriting
share) and a dummy for whether the bidder is a bank
primary dealer or not. The underwriting cutoff is sig-
nificantly positive for both auction type and has much
higher impact during discriminatory regime. Bank
primary dealers shade their bids less than the stand-
alone primary dealers during the uniform regime.

5.2. Counterfactual Analysis
For each outcome variable (auction price pressure, bid
cover, and bid shading), the counterfactual question
we are interested in is what would have been the
outcome if the auction format was uniform instead of
discriminatory (or vice versa)? To answer this, we
need the following:
For counterfactual in the uniform regime, we are

interested in

E y2i |I∗i > 0
[ ]

⏟̅̅̅̅̅⏞⏞̅̅̅̅̅⏟
Hypothetical

− y2i⏟⏞⏞⏟
Actual

, (9)

and for counterfactual in the discriminatory regime,
we are interested in

E y1i |I∗i ≤ 0
[ ]

⏟̅̅̅̅̅⏞⏞̅̅̅̅̅⏟
Hypothetical

− y1i⏟⏞⏞⏟
Actual

. (10)

As discussed earlier, we can estimate these counter-
factual outcomes by using the estimated inverse Mill’s
ratio. The results are reported in Table 15.
Interestingly, the counterfactual outcome does not

rank one auction format for all three outcomes (bid
cover, price pressure, and bid shading). Although a
uniform instead of a discriminatory format would
have been better for lowering bid shading and auction
price pressure, a discriminatory format would have
been better instead of the uniform format to increase
auction demand (bid cover). Specifically, bid shading
in the discriminatory auction formatwould have been
higher by about 0.9% if uniform auctionwas used and
would have increased by 4.7% if the discriminatory

Table 11. First-Stage Probit Regression of Auction
Format Choice

Dependent variable: Uniform dummy

Duration −0.066***
(0.01)

Auction supply −1.77***
(0.29)

Preauction secondary market volume −2.70***
(0.45)

Secondary market volatility 153.41***
(62.19)

Preauction number of trades 0.004***
(0.00)

Constant 6.84***
(1.12)

N 590
Pseudo R2 0.0943

Notes. This table provides first-stage probit regression results of
auction format choice of the two-stage switching regression. The
dependent variable takes value one if the auction format is uni-
form and zero for discriminatory. All variable definitions are in the
variable definition table in the paper. Robust standard errors are in
the parentheses.

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01.

Table 12. Switching Regression of Price Pressure

Determinants of price pressure

Uniform auction Discriminatory auction

Duration 0.000004 0.0001 0.0002*** 0.0002***
(0.00004) (0.00005) (0.00008) (0.00011)

Auction supply 0.0007 0.0010 0.004** 0.0037
(0.001) (0.001) (0.002) (0.002)

Secondary market volatility 0.0580 −0.2178 1.24*** 1.17***
(0.20) (0.22) (0.49) (0.52)

Preauction secondary market volume −0.001** −0.0013 −0.0009 −0.0009
(0.001) (0.001) (0.001) (0.001)

Underwriting stop-out commission rate 0.0002*** 0.0001
(0.0001) (0.0002)

Constant −0.0005 0.0001 −0.0159 −0.0166
(0.003) (0.003) (0.007) (0.008)

N 590 590 590 590

Notes. This table provides regressions of the determinants of price pressure in the second stage of the
switching regression. The dependent variable is price pressure. All variable definitions are in the variable
definition table in the paper. Robust standard errors are in the parentheses.

∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01. LR test of independent equations:χ2(1) = 51.94, probability>χ2 = 0.0000.
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format was used instead of the uniform format. We
must add the caveat to this observation here that the
counterfactual outcomes are based on the reduced
form switching regression model under the joint
normality of errors assumptions. A full structural
model of bidding behavior is necessary to get more
accurate counterfactual predictions.

5.3. Devolvement: Switching Probit
The process of devolvement involves a binary out-
come (devolve or not devolve) in an endogenous

switching framework fromuniform to discriminatory
format and can be analyzed analogously following
Aakvik et al. (2000) in a switching probit framework.
Let Ii be the observed auction format choice as before.

I∗ $ Z′
iγ + εi. (11)

The devolvement happens according to the following
process,

y∗1i $ x′iβ1 + u1i (12)
y1i $ I y∗1i > 0

( )
, (13)

Table 13. Switching Regression of Auction Demand

Determinants of bid cover

Uniform auction Discriminatory auction

Duration 0.00 0.01 −0.13 −0.10
(0.00) (0.00) (0.11) (0.13)

Auction supply −0.4*** −0.4*** −0.34 0.06
(0.07) (0.06) (1.63) (1.80)

Secondary market volatility 4.44 −27.54 −91.73 −72.32
(17.56) (17.35) (368.65) (379.37)

Preauction secondary market volume 0.02 0.06*** −0.35 −0.43
(0.03) (0.02) (0.60) (0.59)

Underwriting stop-out commission rate 0.02*** 0.11
(0.01) (0.26)

Constant 3.51*** 3.92*** 7.03 5.91
(0.27) (0.23) (6.84) (6.96)

N 590 590 590 590

Notes.This table provides regressions of the determinants of auction demand in the second stage of the
switching regression. The dependent variable is bid cover. All variable definitions are in the variable
definition table in the paper. Robust standard errors are in parentheses.

∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01. LR test of independent equations:χ2(1) = 66.08, probability>χ2 = 0.0000.

Table 14. Switching Regression of Bid Shading

Determinants of bid shading Uniform auction Discriminatory auction

Duration 0.0001 0.0003*** −0.0004 0.001***
(0.0002) (0.0000) (0.0004) (0.0001)

Auction supply 0.008*** −0.003*** −0.02*** −0.008***
(0.003) (0.001) (0.006) (−0.002)

Secondary market volatility 8.70*** 1.05*** 3.65* 2.31***
(0.6) (0.1) (2.2) (0.4)

Bank primary dealer dummy 0.005*** (0.0003) −0.02*** −0.002***
(0.002) (0.0003) (0.004) (0.001)

Preauction secondary market volume −0.02*** −0.002*** 0.002 −0.0023***
(0.002) (0.000) (0.003) (−0.0008)

Underwriting stop-out commission rate 0.0002*** 0.003***
(0.0001) (0.0001)

Underwriting share 0.01*** 0.07***
(0.003) (0.008)

Constant −0.06*** 0.01*** 0.088 −0.05***
(0.010) (0.002) (0.020) (0.006)

N 8,618 8,618 8,618 8,618

Notes. This table provides second-stage switching regression results of the determinants of bid shading.
The dependent variable is bid shading by primary dealers in the main auction. All variable definitions
are in the variable definition table in the paper. Robust standard errors are in the parentheses.

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01. Probability > χ2 = 0.0000, LR test of independent equations: χ2(1) =
27,277.32, probability > χ2 = 0.0000.
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the variable y1i is the observed binary outcome of
devolvement in the uniform auction format. y2i, the
observed binary outcome of devolvement in the
discriminatory auction format is defined analogously

y∗2i $ x′iβ2 + u2i (14)
y2i $ I y∗2i > 0

( )
. (15)

As before, u1i,u2i, and εi follow a joint normal dis-
tribution, which induces endogeneity:

cov u1i, u2i, εi( ) $
σ11 σ12 σ1ε
σ21 σ22 σ2ε
σ1ε σ2ε 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (16)

which leads to a correlation matrix:

cor u1i,u2i, εi( ) $
1 ρ0 ρ1

1 ρ10
1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (17)

This system is estimated using a full information
maximum likelihood procedure following Heckman
et al. (2000).

We can also calculate the counterfactual outcome
(what would have the probability of devolvement if a
uniform auction format was used instead of a dis-
criminatory format and vice versa) using the estimated

parameters. For example, what would have been the
probability of devolvement to those auctions in dis-
criminatory format if a uniform format was used can be
computed as

TU x( ) $ Pr y1 $ 1|I $ 0,X $ x
( )

− Pr y0 $ 1|I $ 0,X $ x
( )

. (18)

The first term measures the probability of devolve-
ment in a uniform price format (y1 $ 1) given that the
original auction format was discriminatory (I $ 0).
The second term measures the original probability of
devolvement under the original discriminatory for-
mat Pr(y0 $ 1|I $ 0,X $ x).
The results of switchingprobit are reported inTable 16.

Overall, based on the results,wefind that our results are
robust even after controlling for the possible endoge-
neity of the auction format choice by the RBI.Moreover,
in a counterfactual analysis,wefind that neither auction
format dominates the other, confirming the theoretical
motivation of Ausubel et al. (2014) and Jackson and
Kremer (2006).

6. Conclusion
In this paper, we analyzed a unique two-stage auc-
tion process in which the conduct of the main auction
is preceded by a first-stage underwriting auction
throughwhich the auctioneer obtains insurance against

Table 15. Counterfactual Predictions for Auction Demand, Price Pressure,
and Bid Shading

Panel A: Bid cover counterfactual

Price pressure counterfactuals Counterfactual format

Original auction format Uniform t-statistic Discriminatory t-statistic

Uniform auction −1.83% (−35.464)***
Discriminatory 1.26% (1.869)***

Panel B: Price pressure counterfactual

Bid cover counterfactuals Counterfactual format

Original auction format Uniform t-statistic Discriminatory t-statistic

Uniform auction 0.16% (−5.785)***
Discriminatory 0.17% (3.42)**

Panel C: Bid shading counterfactual

Bid shading counterfactuals Counterfactual format

Original auction format Uniform t-statistic Discriminatory t-statistic

Uniform auction −4.7% (−310.05)***
Discriminatory 0.87% (2.55)**

Notes. This table provides counterfactual predictions of bid shading, price pressure, and auction
demand based on the respective switching regression outputs as described in Equations (9) and (10).
The t-statistics of the hypothesis that the counterfactual differences are not different from zero are
reported in parentheses.

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01.
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unfavorable outcomes in the second-stage main auc-
tion. We find that stage 1 outcomes differ a great deal
depending on whether the stage 2 auction is a DA or
UPA. Average underwriting premia are significantly
higher when DAs are used in stage 2 as is the con-
centration of underwriting allocation. DAs also lead to
greater bid shading in the second round and conse-
quent greater auction price pressure. We also find that
thefirst-stage underwriting auction outcomes provide
significant information about the possible devolve-
ment (tail risk) of the main auction, bid shading in the
second stage, and consequent main auction price pres-
sure. We also find that, although DAs lead to average
underwriting benefits that are four times higher than
under UPAs, they also have direct costs in the form of
underwriting premia that are two times higher. Finally,
we find that, in certain counterfactual situations, DAs
dominate UPAs.
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Endnotes
1 See “China treasury bond auction failure raises concerns on debt
plan,” Financial Times, June 24, 2015, http://www.ft.com/cms/s0/
00129228-1a3c-11e5a130-2e7db721f996.html#axzz4Dvegvzos.
2 In January 2016, a UK auction attracted barely enough bids to cover
the amount on offer; the bid-to-cover ratio was the lowest since the
last UK auction failure in 2009. (See, e.g., https://www.bloomberg.com/
news/articles/2016-01-26/u-k-flirts-with-failed-debt-auction-as-analysts
-wince-at-depth, accessed February 24, 2020.) More recently, bond
market volatility and Brexit-related issues have fed into fears of UK
auction failures. (See, e.g., https://www.ft.com/content/02181264-dc92-11e5
-827d-4dfbe0213e07 or http://www.wsj.com/articles/u-k-government-bond
-auction-could-fail-on-volatility-says-dmo-head-1433772690, accessed
February 14, 2018.) For concerns in the U.S. auction markets, see http://
seekingalpha.com/article/3988056-failure-looks-like-10-year-treasury
-auction-edition, accessed February 11, 2017.

Table 16. Devolvement: Switching Probit

Panel A: Determinants of Devolvement

Uniform auction Discriminatory auction

Duration −0.08*** −0.06** 0.02 0.03
(0.03) (0.03) (0.03) (0.04)

Auction supply 0.21 0.32 0.73 1.15
(0.31) (0.31) (0.61) (0.84)

Secondary market volatility 191.8*** 134.33*** 201.02*** 210.3***
(49.6) (57.0) (73.1) (76.2)

Preauction secondary market volume −0.26 −0.26 −8.19 −8.56
(0.25) (0.25) (8.19) (8.47)

Underwriting stop-out commission rate 0.04*** 0.09
(0.02) (0.12)

Constant −1.43 −1.72 −5.44*** −6.72**
(1.10) (1.11) (2.54) (3.09)

N 590 590 590 590

Panel B: Devolvement Counterfactual

Underpricing counterfactuals Counterfactual format

Original auction format Uniform t-statistic Discriminatory t-statistic

Uniform auction 16.10% (16.31)***
Discriminatory 8.50% (21.51)**

Notes. This table provides regressions of the determinants of devolvement price by RBI. The dependent
variable is percentage price difference (RBI cutoff − counterfactual cutoff/counterfactual cutoff). The
independent variables are various auction level and preauction secondarymarket variables. The variable
prebond counterfactual defined as the ratio of preauction secondary market price to the counterfactual
price. Robust t-statistics are in the parentheses.

∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01. LR test of independent equations:χ2(1) = 222.14, probability>χ2 = 0.0003.
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3A recent investor lawsuit in the United States alleges, for example,
that fully 69% of all Treasury auctions appear to have “suspicious”
outcomes based on the same analytical techniques that exposed
the Libor fixing scandal. See http://www.bloomberg.com/news/
articles/2015-09-17/primary-dealers-rigged-treasury-auctions-investor
-lawsuit-says, accessed February 11, 2017.
4Government security auctions worldwide commonly use one of two
structures. In a DA, winning bids are filled at the bid price; that is, the
demands of the bidders are met by starting with the highest price
bidder downuntil the entire quantity is exhausted. In aUPA,winning
bidders pay a flat price, called the stop-out price for each unit they
receive; the stop-out price is simply the lowest winning price, that is,
themaximumprice at which the aggregate demand equals the supply
being auctioned. A substantial literature has examined the theoretical
implications and empirical performance of these auction forms, in
particular, the possible dominance, from the seller’s viewpoint, of one
auction over the other. We briefly review this literature in Section 2.
5By definition, the winning bids are the most optimistic of the
submitted bids, Thismeans the expected value of the object being sold
conditional on everyone’s information is less than the expected value
conditional on the information of only the winning bidder. This is the
winner’s curse.
6Or, more accurately, under a second-price auction (the analog of
UPAs in the single-unit case) than under a first-price auction (the
analog of DAs). The work of Wilson (1979), Back and Zender (1993),
and others suggests a more nuanced set of possibilities obtains in
multiple-unit auctions; see Section 2 for a review of the literature.
7These results on award concentrations are similar to the evidence
presented in Malvey et al. (1992), which was one of the reasons cited
for the U.S. Treasury’s decision to switch from DAs to UPAs.
8 In unablated results, we have similar results on auction under-
pricing as auction price pressure.
9 In such auctions, Ausubel (2004) has identified the problem of
“champion’s plague”: the more the bidder wins in auction, the worse
off the bidder is. A rational bidder in a multiunit auction reflects these
economics by lowering the demand curve.
10 See Reserve Bank of India (2006). Most of the institutional details are
derived from RBI publications. See also Rajaram and Ghose (2012).
11RBI may also cancel an auction altogether; see, for example, the
RBI notification on auction announcement: https://rbi.org.in/scripts/
NotificationUser.aspx?Id=4555&Mode=0 (accessed February 11, 2017).
Given a very small sample size (six during our sample period based
on the data gathered from the RBI notifications website) of cancelled
auctions, we believe that cancelled auctions will not substantially
affect our results. We, therefore, exclude cancelled auctions.
12 For an example of such an announcement, see https://www.business
-standard.com/article/markets/rbi-s-bond-auction-devolves-partially
-114080101542_1.html (accessed February 14, 2018).
13 See the RBI notification: https://www.rbi.org.in/scripts/Notification
User.aspx?Id=5820&Mode=0, accessed February 11, 2017.
14We also examined the impact of several other variables but found
that they were insignificant and did not affect the results in any way,
so in the interest of brevity, we do not describe them here.
15The results are qualitatively similar if, for discriminatory auctions,
we use the weighted average of winning bids in the denominator
rather than the auction stop-out price. We report only auction price
pressure results here.We also have similar results (not tabulated here)
on auction underpricing (concessions of auction price relative to
intraday contemporaneous secondary market price).
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