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Abstract

This is short description of a research project in progress on understanding (through
a model and data) the key features of the primary market for short-term sovereign debt
popularly called Treasury Bills. The data (from the Indian treasury auctions) comprises of
all the bids submitted in pay as bid auctions conducted every week by the RBI from Mar
2009-Feb 2011. Bidders are classified into primary and non-primary dealers, the former
being the major bidders and winners of notified amount. After laying the field through a
series of summary statistics, we present and structurally estimate a multi-unit share auction
model, and use it to ask three counterfactuals. First, how would bids and revenue change
under a uniform payment rule − the uniform auction? Second, why do primary dealers
exist, and what happens if we remove this restriction? And, third, why do we use a multi-
unit weekly format, what if it is changed to single unit auction with a higher frequency?

1 Introduction

The idea of the sovereign raising capital to finance its activities has existed almost since the
inception of large organized societies − the Mauryan period in India and the Roman empire in
Europe are the earliest documented instances. Auctions too have existed since time immemorial.
Krishna [2010] reports evidence of the first auctions as far back as Babylon in 500 B.C. It was a
matter of time before modern economics figured out the obvious match: to issue sovereign debt
through auctions!

There are three broad reasons for auctioning government bonds, as opposed to selling it
through any other mechanism be it posted prices, beauty contests or random lotteries. First and
foremost − transparency and credibility. Raising debt is a repeated contract where credibility
of the state of finances and the ability to repay are paramount. By having a transparent method
of allocating debt the sovereign maintains the confidence of the market and the sanctity of its
debt.

Second, it is important to foster competition and distributional efficiency. There is some-
thing to be said about making access to domestic debt broadly democratic, that is, anyone with
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the ability to finance it should be allowed to buy it, with perhaps a requisite insurance structure
in place. This helps sustain liquidity, minimize distortions through potential market power,
and a maintain steady demand.

Third, and perhaps most important is price discovery. What is the right price of the Indian
bond? Who decides that and how? There is a definite understanding following the works of
Sandy Grossman amongst others, that prices for securities are best determined by the "market"
by aggregating information. A treasury auction lets market participants express their willing-
ness to pay under the watchful eyes of a regulator.

In terms of measurable parameters, a design should achieve the right yield, liquidity and ma-
turity basket for sovereign debt. By getting the right market clearing price, an auction achieves
the first target. By encouraging wide and transparent participation, it takes care of the second.
And, by making total quantity to be sold an easy instrument, it partakes in the third.

Given that auctions indeed seem like an economically sensible way to issue sovereign debt,
the next obvious question to ask is − what is the best auction design to achieve the said objec-
tives. This is a question that has attracted much attention from academics and policymakers
alike. Given the paucity of theoretical results, there are no easy answers. A burgeoning litera-
ture on structural estimation of multi-unit auctions tries to get to the heart of this fascinating
problem.

Typically three key characteristics underly auction design for government securities world
over. The auction is always multiunit and typically conducted weekly. It is either a discrimina-
tory (pay-as-bid) or uniform price auction. And, finally, the auction is insured through a set of
special bidders called primary dealers who together must bid for the total quantity up for sale.

In this research work in progress we evaluate the heritabilities of each of these design fea-
tures. While the discriminatory versus uniform question has been debated before (with no
conclusive answers), the other two are almost axiomatic in their adherence. It is our endeavor
to unpack each of the three and put them up for scrutiny using time series of bid level data from
the Indian T-Bill market.

2 Institutional Design

Three types of Treasury Bills (T-Bills) are issued by the Government of India classified by their
maturity date from the date of auction- 91, 182 and 364 days. The 91 days auction is held weekly
and the 182 and 364 days auctions are held bi-weekly on alternative weeks. The auction calendar
including the total amount put up is announced well in advance. While government securities
or "G-Secs" are meant for long term investment, T-Bills are money market instruments which
“provide investment avenues for short term tenor. By definition, money market is for a maxi-
mum of up to one year”. They are used for funding transactions in other markets, and meeting
short term liquidity requirements.

T-Bills are zero coupon securities, issued at a discount and redeemed at face value. For one
piece of paper at a face value of Rs. 100, one will typically see a market clearing price in the
set [95, 99]. For example, for the auctions conducted between March 2010-February 2012, the
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Figure 1: Face Value and Market Clearing Prices

market clearing prices ranged from 97.79 to 99.02, as can be seen in Fig 1. An auction of Rs.
200 crore bond will involve selling of 2 crore pieces of "paper" (will be denoted by Q = 2 crore)
each worth Rs. 100.1 The bidders can submit multiple bids in the form of price quantity pairs.
A typical bid of the form

{
(p1, q1), (p2, q2)

}
with 100 ≥ p1 ≥ p2 means that the bidder is willing

to buy q1 pieces of paper at a total price p1q1, and q1 + q2 pieces of paper at price p1q1 + p2q2,
and so on. If both bids win, the bidder makes a transfer of p1q1 + p2q2 to the central bank, and
is paid 100(q1 + q2) at the time of maturity.

The main features of the T-Bills auctions are as follows. First, treasury auctions world over
are share auctions − multi unit divisible goods auctions. For a total notified amount Q , each
player can bid for any fraction of Q . Multiple bidders can "win" the auction. Second, the
auction is characterized by a market clearing price. After all the bids are in they are arranged
according to descending order of prices. As we go down the list, the price at which the cu-
mulative quantity demanded exceeds Q is christened the market clearing price. Third, is the
payment rule. For the quantities won, do the bidders pay the price they bid or the market
clearing price? In the example above, if pm ≤ p2 ≤ p1 is the market clearing price, does the
bidder pay p1q1 + p2q2 or pm (q1 + q2)? The former is called discriminatory auction and latter
uniform price auction. In India, the T-Bill auction is discriminatory.

Bidders are categorized into primary dealers (PDs) and non-primary dealers (non-PDs).
The former is a set of 21 financial institutions that commit to appearing in every auction. They
are a group of financial firms or banks that play the role of intermediaries in the G-Sec and
T-Bills market. In the T-Bill auctions, the PDs have the following two obligations. First, they
agree to bid for a certain minimum fraction of the total notified amount. For example, if all
the PDs were to bid at least 5 percent of the total amount, we would have a minimum of 105

11 crore = 107.

3



Figure 2: List of Primary Dealers

percent of notified amount bid for even if no non-PDs showed up. Typically, PDs can have
different minimal commitments that add up to a number higher than 100 percent ensuring full
insurance for the auction. Second, in order to ensure "good prices", the RBI also demands that
the PDs win at least 40 percent of their minimal commitments in any given financial year. If a
PD fails to meet these obligations, the RBI may take appropriate penal action against the PD.
As we will later see in the data, the first can be a binding constraint, second not so much. Figure
2 lists all the PDs.

3 Descriptive Statistics

We have data on T-Bill auctions in two financial years: 2010-11 and 2011-12. For this note we
will concentrate on the 91 days bond − a total of 104 auctions. Figure 3 presents the summary
stats of the auctions for the two financial years.

The notified amount has a fair amount of variation. The number of non-PDs appearing
in the auctions changes quite a bit too. The number of steps is on the smaller side. Given
that there are no restrictions on the number of steps a median and mean number of 2 steps are
noteworthy.

Two keys statistics often used in the literature are worth defining. Quantity weighted bid is
the average price for the total quantity bid. For example for a two step bid

{
(p1, q1), (p2, q2)

}
,

the quantity weighted bid is givem by pw = p1q1+p2q2
q1+q2

. Next, the bid cover ratio equals the total
quantity bid for in the auction (across all bidders) divided by the notified amount. A high bid
cover ratio is considered good for it indicates a high demand for the security.2

In financial parlance a bond is characterized by its yield. The yield of a T-Bill is the imputed
interest rate due to the difference between the purchase price and face value, adjusted for the

2Note that insurance through PDs ensures a lower bound bid cover ratio in excess of 1.
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Figure 3: Summary Statistics

number of days to maturity.3 The time series of auction yields are graphed in Figure 4. In
the exact inverse of market clearing prices, the market clearing yields have an increasing time
trends. The most important fact to notice is that the market clearing yields lie strictly above the
yields at closing time the day before the auction in the secondary market. The difference can be
regarded as the markup or the premium of the intermediary.

Next, we delve a bit deeper into the difference between the bidding behavior of PDs and
non-PDs. For starters, Figure 5 indicates that PDs bid in more "steps" than the non-PDs. The
distribution of steps for PDs first-order stochastically dominates that for non-PDs.

Figure 6 reports the distribution of the fraction of total quantity bid by PDs and non-PDs
in any given auction for the whole financial year.4 PDs first order stochastically dominate non-
PDs. Thus, a PD is more likely to demand a higher proportion of the notified amount that a
non-PD.

Given that PDs have a higher demand, it is instructive to explore how they fare in terms
of prices. Quantity weighted price defined above records the average price bid for the quantity

3The yield of a T-Bill is computed as:

Yield =
(
100 − P

P

)
×

(
365
D

)
× 100

where P is the purchase price, and D is the number of days to maturity.
4Figure 6 plots the empirical cumulative distribution function of the total quantity demanded by a PD or a

non-PD in an auction.
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demanded. It gives a measure of the average willingness of to pay because it is the per-unit
price a bidder will pay if all her bids are accepted. On this metric the statistical relationship
is reversed. The distribution for non-PDs first-order stochastically dominates PDs. Figure 7
documents this. Put together Figures 6 and 7 imply that at every percentile PDs bid for higher
quantities but lower prices than non-PDs.

Since lower prices translates to higher yields, Fig 7 must imply that PDs bid at higher yields.
Furthermore, how do the PDs and non-PDs differ in the premiums they demand on the yields in
auction for a given secondary market price? Figure 8 plots the bid yields5 against the secondary
market yields at closing time the previous day. It is clear that: (1) PDs ask for a higher yield
than the non-PDs, and (2) they charge a higher premium than the secondary market yields.

In terms of numbers, Fig 9(a) reports that on average a PD bids at an yield that is 178 basis
points higher than a non-PD in the financial year 2010-11 (FY2). This difference is 52 basis
points in 2011-12 (FY3). While a PD demands 10% of the total supply on average, a non-PD
demands at most half of that on average. We can conclude that primary dealers ask for larger
quantities at higher yields. Not surprisingly then, the last column of Fig 9(a) shows that PDs
on average win much lower proportions of their demands. Fig 9(b) tells us that a PD asks for a
yield premium that is 113 (29) basis points higher than that of a non-PD in FY2 (FY3).

Finally, we plot the entire time series of quantities demanded for a select few PDs and non-
PDs (four each) for all the auctions. Figure 10 plots the quantity bid and quantity won by four
different PDs. It can be immediately noted that for bidder (b) and (d) the minimum criterion
set by RBI binds often. Also, for them the quantity won is highly correlated with its decision to
spike the quantity it bids above the minimum level.6 For bidder (a) the quantity bid is higher
than its minimum level, but quantity won is not highly correlated with bid spikes. Bidder (c)
often departs from its minimum level and often wins when he does so.

Figure 11 plots the participation decision, quantity bid, and quantity won by four non-PDs.
Bidder (b) and (c), a Nationalized Bank and a Private Bank respectively, are more regular than

5Bid Yield is the quantity-weighted yield at which a bidder demands the total quantity in a bid. It is computed as
the yield corresponding to the quantity-weighted price of a bid.

6Note that quantity won is an endogenous object. It depends on the price component of the bid, and the bids of
all other bidders through the market clearing price.
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Figure 10: Bidding behavior of PDs for all auctions
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Figure 11: Participation and Bidding behavior of non-PDs for all auctions

the Foreign Bank (bidder (a)) and Financial Institution (bidder (d)). Conditional on participa-
tion, the non-PDs win a strictly positive quantity more often than the PDs.

4 Why structural estimation

Why do we want to structurally estimate the auction? There are two key reasons. First, we
want to find out the marginal valuations of the bidders. This is a primitive to any welfare
and policy analysis of the auction. Putting structure on behavior and backing out marginal
valuations allows us to calculate bidder surplus and evaluate the efficiency of the auction.

Second, we want to find out the best possible mechanism of allocating sovereign debt, where
"best" is defined by the triple criterion of yield, liquidity and maturity. Currently the Reserve
Bank of India issues T-Bills through a weekly held multi unit discriminatory auction with pri-
mary dealers guaranteeing a minimum bid cover ratio of one. In order to ask if this is the best
possible allocation mechanism, we must evaluate counterfactuals. By structurally estimating
the model, we examine three critical features of the auction design: that it is discriminatory,
that it demands obligations through PDs, and that it is weekly share auction.
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5 Counterfactuals

Since Milton Friedman advocated the use of uniform price auction to sell treasury securities a
vibrant academic literature has sprung up around the question of multi unit auction design with
immediate policy relevance. It may be tempting to think that the discriminatory auction gives a
smaller premium to the bidders and higher revenue to the auctioneer, but that simple reasoning
will miss the important fact of the market clearing price is endogenous to the payment being
uniform or discriminatory. Friedman argued that uniform price auction encourages greater and
more aggressive participation. In the absence of a theoretical ranking, the question remains
quite open as empirical studies have proven inconclusive.

World over central banks assign a set of bidders to be primary dealers who agree to certain
commitments in order to ensure the success of the auction in form of the entire notified amount
being sold. Basically it is an insurance mechanism for an "auction failure" may signal a lack of
confidence in the sovereign’s debt. We ask what are the costs and benefits of employing PDs.
From Figure 7 we know that non-PDs are willing to pay a higher price than the PDs for the
average quantity they bid. Given that PDs win a larger fraction of quantities, this points to
clear cost associated with intuition of PDs. On other hand not having PDs might, with some
probability, lead to an an ex post realisation of a bid cover ratio of less than 1, which would
mean a failed auction. What is the probability of such an event and its associated costs?

In perhaps the first clear modelling of multi unit "share auctions" Wilson [1979] showed
that under some conditions allocating the whole good to one bidder in a single unit auction
generates higher expected revenue for the seller than allowing for multiple bidders to win shares
of the auction. There are many good reasons for issuing short-term debt through weekly multi-
unit auctions − liquidity and competition being two. Can these objectives be left unharmed by
issuing debt through a series of single unit auctions at a higher frequency?

6 Models under consideration

In order to structurally estimate the model and test for counterfactuals, we need a theory. The
existing theory is sparse but handy. The two leading estimable multi unit auction auctions are
Wilson [1979], and Hortaçsu and Kastl [2012]. We present the basic model below and follow it
up with the main limitations.

6.1 Key Ingredients

• T auctions.

• Qt identical and indivisible units with N potential bidders.

• A subset of bidders may have zero value and choose not to participate.

• Bidders are symmetric, risk neutral and have independent private values.
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• Each player bids for up to K objects based on a weakly decreasing value schedule

vi t =
(
vi t (1), .., vi t (y), .., vi t (K )

)
with a well defined density over RK

+ .

• Corresponding demand schedule is defined as

di t (p) = max
{
y | vi t (y) ≥ p

}

6.2 Auction Rules

• A bid is a (weakly) decreasing price schedule:

pi t (.) =
(
pi t (1), .., pi t (y), .., pi t (K ))

)
where pi t (y) ≥ pi t (y + 1).

• Equivalently a (weakly) decreasing bid schedule

yi t (p) = max
{
0 ≤ y ≤ K | pi t (y) ≤ p

}

• A range of consecutive quantities may be bid at the same price. If so, the range of quanti-
ties, is called a step.

• The market clearing price is determined by the point where supply and aggregate de-
mand curves intersect. If this happens at multiple prices (with step functions), we choose
the highest such price.

pct = max
p



p |

N∑
i=1

yi t (p) = Q



Because supply curve will intersect the horizontal part of aggregate (step) demand func-
tion, with positive probability the excess supply is distributed according to some rationing
principle which is implicit in the definition.

• Each bidder pays the unit bid on every unit she wins. For example if there are three
units for sale and buyer i bids

(
pi t (1), pi t (2), pi t (3)

)
, and the market clearing price pc

is such that pi t (2) > pc > pi t (3), then bidder i gets assigned 2 objects with a payment
pi t (1) + pi t (2).

• In the data though we do not directly observe yi .7 We observe price and the "additional"
quantity demanded at that price. For example if there 40 units for sale, a typical bid would
look like ((50, 10), (40, 10), (30, 10)) where each of these is a price-quantity pair. From
this, we can construct a vector:

(
yi (p0), .., yi (30), .., yi (40), .., yi (50), .., yi (pK )

)
with three

steps at prices 30, 40 and 50; and yi (p) = 30 for p ≤ 30, yi (p) = 20 for 30 < p ≤ 40,
7Suppressing t for simplicity.

12



Quantity (y)

P
ri

ce
 (

p
)

10 20 300

30

40

50

Figure 12: Example of a price quantity bid

yi (p) = 10 for 40 < p ≤ 50 and yi (p) = 0 for p > 50 (see Figure 12). If market clearing
price is 35, the bidder i gets 20 units at price 90.

• When solving simultaneously for all bidders strategies, we invoke Bayes Nash Equilib-
rium.

6.3 Residual Supply and Equilibrium

• We assume that bidder valuations and participation decisions are independent across time.
The gives us time independent strategies for the agents.

• At price any price p, the residual supply function faced by bidder i is given by:

S−it (p) = max


Qt −

∑
j,i

y j t (p, v j t (.)), 0



where y j t (p, v j t (.)) denotes bidder j ’s strategy in auction t as a function of her valuation.
Analogously, the inverse demand notation for strategies is given by pi t (., vi t (.)).

• At price pi t (y) = p, bidder i wins at least quantity y as long as the residual supply function
is greater than or equal to y. This probability is expressed as:

Gi t (y; p) = P
[
S−it (p) ≥ y

]
8

• In each auction t , bidders play symmetric pure strategies pt (., vi t (.)) so Gi t = Gt ∀i.
8Implicit in this definition is an assumption of rationing: sharing rule when the market supply intersects the

aggregate demand curve on the horizontal part of a step.
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• Interim Expected Payoffs are given by

Πt
(
p (.), vi t (.)

)
=

K∑
y=1

Gt (y; p (y))
[
vi t (y) − p (y)

]
(1)

• The equilibrium assumption states

Πt
(
pt (., vi t (.)), vi t

)
≥ Πt

(
p (.), vi t (.)

)
∀ p (.), ∀ vi t (2)

6.4 Estimation

Write down the first-order condition.

6.5 Limitations

As described above, in the actual data, the bidders are divided into PDs and non-PDs. Following
Hortaçsu and Kastl [2012], we want to separately estimate marginal valuations for these two
groups. In addition the non-PDs do not turn up for every auction. So, we want to add a entry
decision for non-PDs.

Next, we are not convinced that the existing private values model is the right foundational
framework. If the PDs are truly acting purely as intermediaries, there must be a mark-up model
in the background that drives the marginal valuations. Moreover, there must be strong common
value component to the sovereign bond.

Finally, the current state of the art in estimation strategy does not allow for estimation of
marginal valuations for single-step bids. Given that there is a large number of single step bids,
we want to come up with a better theoretical model and estimation methodology to take this
data characteristic into account.

14


