60 Review of Economics and Finance, 2026, 24, 60-74

Economic Valuation of Tax Deed and Warranty Deed Theory and

Empirical Verification

Elli Kraizberg'~

Bar Ilan University, Ramat Gan, 52900, Israel

Abstract: A property sold and recorded as a Warranty Deed (WD) is valued differently from an otherwise identical
property sold and recorded as a Tax Deed (TD). This observation supports the common view that winning bids in
TD auctions are lower than prices observed in market transactions recorded as WD. This paper develops a rational
theoretical framework to explain and quantify the valuation differences between WD and TD properties. Using data
on TD sales in Florida, governed by Florida §197, from two periods (2011-2012 and 2021-2025), the analysis con-
firms that winning bids for TD-recorded properties are generally lower than or equal to those for WD-recorded sales.
However, when TD prices are properly adjusted for the theoretical differences identified in this paper, the adjusted

TD prices indicate overpricing.
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1. INTRODUCTION

In 2021, the average time a residential property remained
on the market in Florida was 87 days. That is, a property
owner typically had to wait nearly three months before a
single buyer was willing to offer an acceptable price. In con-
trast, during the same period, as many as 300 buyers partici-
pated in Tax Deed auctions held in Florida, all bidding on a
single day at a specific time. This stark difference suggests
that the strong appeal of Tax Deed (TD) auctions may stem
from the widespread belief that properties conveyed through
TD are priced significantly below comparable properties
conveyed through Warranty Deeds (WD). This paper exam-
ines whether such beliefs are valid and financially rational.

A property sold and conveyed by a Warranty Deed (WD)
and the same property sold and conveyed by a Tax Deed
(TD) constitute fundamentally different assets. These differ-
ences arise from legal constraints that, in turn, generate dif-
ferences in their financial values. A WD is a real estate in-
strument that provides the highest level of protection to the
purchaser, as it guarantees that the seller holds a clear title to
the property, free of any liens, mortgages, or other encum-
brances. Accordingly, the price agreed upon in a transaction
recorded as a WD is likely to reflect the property’s market
value, incorporating financial risk but largely excluding legal
risk, since the title is insurable. Because a WD involves min-
imal legal risk, the value of a property conveyed through a
WD can be considered a close approximation of its market
value.

Given the uniqueness of real estate—no two properties
are perfectly identical—the notion of market value reflects
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the price that the buyer with the highest valuation is willing
to pay for a specific property. In contrast, the sale of real
estate through a forced process initiated by a tax certificate
holder and recorded as a Tax Deed (TD) is likely to com-
mand a lower price for several reasons. For example, title
insurance companies are often reluctant to insure such titles,
limiting opportunities for immediate resale (“flipping,” in
practitioners’ terminology) or prompt development of vacant
land. In addition, the original tax-delinquent owner may re-
tain the right to reclaim the property for a period of up to
four years following the TD sale.

Two intertwined questions emerge from the definitions
above: (i) Are prices in TD auctions rationally discounted
relative to WD sales? (ii) What is the appropriate difference
between the economic values of WD and TD properties? To
address these questions, we first develop a theoretical model
to quantify the value difference, and then test it empirically.

In this paper, we focus on undeveloped residential land
properties conveyed either by WDs or TDs. Accordingly, we
adopt a valuation model for undeveloped land that corre-
sponds to the market value reflected in a WD transaction.
The literature offers a variety of approaches to estimate the
rational market value of vacant land. Shaup (1970) and
Ratcliff (1972) employ a simple present-value approach,
embedding uncertainty within the discount rates. Titman
(1985) applies option-pricing theory, treating the value of
vacant land as a derivative of a single source of uncertain-
ty—the potential value of developed space. Pindyck (1998),
building on the Samuelson-McKean (1965) framework, gen-
eralizes this approach by modeling an infinite-horizon real
option with an irreversible initial investment, conceptualized
as the option’s exercise price.

Williams (1991) further extends this framework by in-
corporating factors such as density, abandonment likelihood,
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and uncertainty regarding future construction costs. Arnott
and Lewis (1979) and Capozza and Helsley (1987) examine
the value of agricultural land convertible into urban use, de-
veloping dynamic models over a continuous infinite time
horizon with a single type of housing. Their models highlight
the impact of uncertainty on the timing of development, with
the optimal rule being to convert land to urban use once ob-
served rents reach a critical threshold; otherwise, conversion
should be deferred. Capozza and Li (1994) expand this
framework to account for multiple potential uses and varia-
ble housing and office densities. Clarke and Reed (1988)
address a similar land development problem, where land-
owners face uncertain future rents and development costs;
they demonstrate that the optimal capital intensity can be
determined independently from the optimal timing due to the
recursive structure of the problem. Finally, Eddie et al.
(2008) and Grovenstein et al. (2011) provide empirical tests
of real options theory applied to land development.The
above studies imply a critical conclusion for our analysis; a
piece of undeveloped land will rationally be held undevel-
oped indefinitely, as long as the carry costs are nil. Anderson
(1986) and Williams (1991) point out that a positive property
tax may lead to an optimal decision to develop or abandon
the land.

Allen, Faitcloth, and Nejadmalayeri (2004) model prop-
erty tax liens within a continuous-time framework and em-
pirically find that buyers’ bids for redemption penalty rates
are negatively correlated with the assessed values of the un-
derlying properties. Their dataset extends only until 2000;
more recent data indicate that 99.8% of winning bids oc-
curred at a rate of 0.25%. This pattern reflects both the his-
torically low interest rates in the U.S. economy in recent
years and the fact that, regardless of the bid, the minimum
redemption penalty rate is fixed at 5%. Jarrow and Tyagi
(2007) develop and test a simple pricing model for tax liens,
which are legal claims on unpaid real estate taxes issued by
state counties and auctioned to the public. Under this system,
the property owner retains the option to redeem the tax lien
certificate before foreclosure by paying the overdue taxes
plus penalties and interest. They argue that the tax lien auc-
tion mechanism is inherently unfair, producing non-zero net
present values (NPVs) for participants.

While Allen, Faitcloth, and Nejadmalayeri (2004) and
Jarrow and Tyagi (2007) develop methods for valuing tax
certificates sold to the public, this paper focuses on establish-
ing a valuation model for Tax Deed (TD) sales—that is, for
properties where the tax certificates have not been redeemed,
and the certificate holder has initiated a Tax Deed action.

TD sales should not be classified as distressed sales.
While there is a substantial literature on distressed sales (see
Immergluck et al., 2006; Harding, 2009, 2012; Campbell et
al., 2011; Depken et al., 2015; Doerner et al., 2016; Donner,
2020, among others), TD sales differ in important respects.
Neither the original property owner nor the certificate holder
is under a binding time constraint. The certificate holder has
up to seven years to decide when to initiate a TD sale, and
the original owner retains the right to redeem the property
for up to four years after the sale. Furthermore, the legal en-
vironment governing TD sales is fundamentally different
from that of foreclosure sales, for example, in the types of
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liens that survive the closing of each transaction. These dis-
tinctions make TD sales legally and economically distinct
from conventional distressed sales.

2. THE LEGAL ENVIRONMENT: THE TD PROCESS,
TITLE INSURANCE, AND ZONING

In this section, we outline the legal framework governing
the tax deed (TD) process in Florida, based on the relevant
statutes, since the data used in this paper were collected in
that state. We also describe the basic zoning rules incorpo-
rated into our model.

Sections Florida §197.502—197.532 pertain to the appli-
cation process, while Florida §197.542 governs the auction
mechanism. The sections most relevant to this study are
8197.552 (tax deeds), §197.562 (immediate right to posses-
sion), 8197.573 (survival of covenants and restrictions), and
§197.602 (litigation risk).

Florida § 197.552 clearly states that tax deeds are issued
without warranty and may contain title defects. Moreover, in
Texas, Georgia, and lllinois, the property owner retains the
right to redeem the property even after the tax deed sale. In
any state, an owner may seek to set aside the sale or pursue
post-sale remedies if the process is shown to be defective.

2.1. Tax Deed Process

1. Ad valorem property taxes are assessed for calendar
year t and become due and payable on November 1
of that year. Taxes become delinquent if not paid by
April 1 of year t+1.

2. If taxes remain unpaid, the tax collector is required
to sell a tax certificate at public auction (typically
by June 1 of year t+1) pursuant to Florida law. The
certificate represents a first lien on the property and
includes unpaid taxes, interest, costs, and charges.
Bidders compete by offering the lowest rate of in-
terest (from 0 to 18 percent) they are willing to ac-
cept upon redemption.

3. From the date of issuance until the expiration of two
years (but before the issuance of a tax deed), the
property owner or other interested parties may re-
deem the tax certificate. The redemption amount in-
cludes the face value of the certificate, interest at
the bid rate (subject to a statutory minimum of 5
percent), and any additional costs and fees.

4. In mid t+3, but not later than mid t+8, if the certifi-
cate was not redeemed, the certificate owner may
apply for a tax deed which will be publicly auc-
tioned. The opening bid includes:

e The amount required to redeem the certificate, in-
cluding interest and fees (for properties qualifying
for a homestead exemption, an additional amount
equal to one-half of the assessed value is included,
as required by statute); and,

e The value of all outstanding tax certificates that
were issued against this property.

5. The certificate holder applying for a tax deed must
pay all applicable costs and charges associated with
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the application and sale, including any additional
amounts needed to meet the opening bid. Proceeds
from the tax deed sale are distributed according to
statutory priority: governmental liens, homeowners’
association liens, and public utility liens are satis-
fied before any surplus is remitted to the former
property owner. If the sale proceeds are insufficient
to satisfy these liens, the remaining balance contin-
ues as a lien on the property. All other junior liens
are1 extinguished upon issuance of the tax deed ti-
tle™.

6. The property is awarded to the highest bidder at the
tax deed sale; if no higher bids are received, the cer-
tificate holder obtains title to the property. The suc-
cessful bidder receives a tax deed. The former own-
er retains the right to challenge the tax deed through
legal action; if such a challenge is successful, the
tax deed holder is generally entitled to reimburse-
ment for the purchase price, costs, and the value of
any authorized improvements made to the property.

7. Title to property acquired through a tax deed is of-
ten considered unmarketable by title insurance
companies. As a result, resale of the property typi-
cally requires the issuance of a warranty deed
backed by title insurance. This can be achieved ei-
ther by initiating a quiet title action to clear defects
in the title or by waiting the statutory period (gener-
ally four years from the date of the tax deed sale),
after which title insurers may be willing to provide
coverage.

2.2. Embedded Development Zoning

The zoning constraints incorporated into the model in-
clude permitted land uses, maximum residential density (i.e.,
allowable units per parcel), building height limits, setback
requirements and maximum lot coverage, as well as access
to municipal water infrastructure. Collectively, these regula-
tory constraints define the feasible development envelope
and are used to compute the maximum allowable buildable
floor area.

3. THE MODEL

A real estate transaction recorded as a title-insured war-
ranty deed (WD) is assumed to be legally risk-free. In con-
trast, a transaction resulting from a tax deed (TD) sale is not
immediately insurable. The model aims to identify the valua-
tion differential between WD and TD transactions.

1. There exists a risk that the sale price at a TD auc-
tion will be insufficient to cover the total value of
recorded liens that survive the sale. In such cases,
the TD purchaser may remain liable for the out-
standing balance.

! However, a title acquired through a tax deed is not risk-free. The purchaser
is responsible for conducting due diligence by reviewing public records for
potential issues, including environmental liabilities, flood zone designations,
access restrictions, bankruptcy proceedings, and zoning regulations. Some
of these risks may also arise in transactions involving a warranty deed.
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2. A purchaser at a TD sale cannot resell the property
as a title-insured WD transaction within the statuto-
ry period (typically four years), as the title is not in-
surable during this interval.

The first risk is not expected to be quantitatively signifi-
cant, as information on surviving liens is publicly available.
A prospective bidder can therefore avoid participating in tax
deed auctions where the value of such liens exceeds their
reservation price. Accordingly, the model focuses on the
second friction—namely, the requirement that the purchaser
must hold the property for a statutory period (approximately
four years) before the title becomes insurable.

The second risk is economically significant and repre-
sents a true market risk, as it cannot be diversified or avoid-
ed. The mandatory holding period before the title becomes
insurable exposes the TD purchaser to potential opportunity
costs and liquidity constraints, distinguishing it from the
relatively risk-free WD transaction.

Let L(i) be the size of a vacant or partially built? plot,
given use i, net of setback and/or maximum land coverage
requirements.

Let g denote the number of units permitted by zoning
regulations that can be built on a vacant parcel, or the addi-
tional units that can be added to a partially developed proper-

ty. Let srepresent the size of each unit. The optimal values,

s* and g*, are to be determined (see below). Let ¥ denote the

annual carrying cost rate for undeveloped land, including
property taxes, drainage, and code enforcement obligations.
The annual borrowing rate, r®, is assumed to exceed the risk-
free rate, r'.

Let V(i, s*, g*) denote the market price of undeveloped
land recorded as a warranty deed (WD), and let P(i, s*, q*)
represent the value of the property with optimal unit size and
use after construction. Following the standard approach in
the literature:

IfV(i,s',q")=P(,s",q")— C(s",q"),Q)
then the optimal time to develop the land is immediately.
IfV(i,s*,q*) > P(i,s*, q¢*)— C(s*,¢*),(2)

then it is not rational to undertake development at the present
time. Here, C(V(s*, g*) denotes the construction cost associ-
ated with building the optimal units.

It is assumed that all participants are rational and face the
same risks, though they may differ in their investment hori-
zons. To support our empirical analysis, we consider two
types of participants in tax deed (TD) auctions. The first
type, short-term participants—such as builders or “flip-
pers”—have a very short investment horizon and will submit
bids only if condition (1) is satisfied, i.e., if it is optimal to
develop the land immediately.

2 A partially developed plot is one in which the existing construction occu-
pies less than the maximum buildable area permitted under the applicable
zoning regulations.



Economic Valuation of Tax Deed and Warranty Deed Theory

The second type, long-term participants or end-users, has
a longer horizon. These participants may purchase vacant
land even when condition (2) holds, as they (i) do not plan to
sell within the four-year period before the title becomes in-
surable, and (ii) are protected in the event that the former
owner attempts to reclaim the property. This group also in-
cludes speculators who intend to hold the property and sell it
at a later date. End-users are therefore willing to make offers
under both conditions (1) and (2).

Preposition 1

A builder's rational offer, V’(i, s*, g*) for vacant land
with the size Ls(i) and a TD-recorded piece, is,

V'(i,s%,q") =
[P(,s",q") — C(s*,q")]e™ ™% if P() > €(.)
VG,s*,g)e®™ ™% if P() < c()
®)

and for the second type of bidders in TD auctions (if aban-
donment is costless),

V'(i,s* q") > MAX[[P(.s*,q") —

C(s*,q)]e™ ~"4),0] (3A)

Proof.

At the time of the TD auction, two possible states of na-
ture exist, as described in equations (1) and (2). In state (1),
it is optimal to develop the vacant parcel immediately, so
that V(i, s*, g*) = P(i, s*, g*) * C(s*, g*). A WD-recorded
transaction allows a builder to purchase the land, develop it,
and subsequently resell the property. Consequently, V(.) rep-
resents the rational price a builder would be willing to pay
for WD-recorded vacant land.

If, however, a builder wishes to bid in a TD auction, a
builder can mimic the payoff of a WD-recorded deal as fol-
lows:

e The builder may purchase vacant land in a TD-
recorded transaction at a price of V(i, s*, g*) pro-
vided that the builder submits the highest bid. How-
ever, an end-user participating in the auction with a
horizon longer than four years is likely to submit a
higher bid.

The builder can then sell a forward contract to deliver the
vacant land through a WD-recorded transaction at time
t*=t+4. The agreed-upon forward price must satisfy

F(t'=t+4)=[P(s",q")—
Cls*,q)]e 4

e Simultaneously, the builder can borrow at the pre-
sent time at an interest rate r°, using the vacant land,
its acquisition cost, and the carry costs as collateral.
The loan repayment at time t + 4 is therefore V(i,
s*, g*)e(r® + y)4. This strategy is riskless, and since
the initial net outlay is zero, the payoff at time t + 4
must also be zero; that s,
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[P(s*,q") — C(s*, q")]e ¥ —
V!(i, S*:-qﬂ:)e{y+rb}4 =0 (4)

Thus, the price that a builder will be willing to pay in a
TD-recorded deal is:

V'(i,s*,q") = [P(i,s",q") — C‘(S*.qx:)]e{rf_}-b}4 (OE
D).

Note, however, that in periods in which P(i, s*, q*) <
C(s*, g*), V’(.) represents only a theoretical price. In such
cases, a short-term bidder—such as a builder—would avoid
participating in TD auctions.

We now refine the builder’s decision rule for the optimal
bid in a TD auction, incorporating additional institutional
parameters. The minimum opening bid in the auction is
equal to the value of the tax certificate plus associated fees at
the time of sale, denoted by CER, plus one-half of the as-
sessed property value, denoted by HX (with HX = 0) for
non-homestead properties). This minimum bid excludes the
value of publicly recorded surviving liens, denoted by LEIN.
Then, the builder’s decision rule is therefore as follows:
{V’(i,s‘,q") if [PG,s",q") — C(s%, q)]e® =% > Max[CER + HX,LIEN]

Max{V'(i,s*,q") — [LIEN — CER — HX] ,0}if LIEN > CER + HX

(6)

A type 2 bidder in TD auctions may outbid the builder if
her investment horizon exceeds four years. In a state of na-
ture as described in Eq. 1, this type of bidder may rationally
bid as high as

P(I! S*! q*) - C(S*v q*)
Because
Ei[Vi44()] = Et[VtJ+4(')]-

i.e., the expected values at t + 4 of the vacant land, whether
TD- or WD-recorded, are the same.

If the state of nature described in (2) prevails, this type of
bidder becomes the sole bidder, since V(i, s*, g*) > max[P(i,
s*, g*) - C(s*, g*),0] assuming that property abandonment is
costless.

The above implicitly assumes that, for all t’such that
t<t’ <t+4,V(i,s* g*) = max{ P(i, s*, g*) - C(s*, q*),0}.

This condition is always satisfied when land carrying
costs are zero. In that (unlikely) case, the values of vacant
land—whether TD- or WD-recorded—are identical. Howev-
er, suppose there is a positive probability that at some time
t’, V(i, s*, g*) = P(s*, g*) - C(s*, g*). In that case, the holder
of a TD-recorded claim can replicate the payoff of a WD-
recorded claim by entering into a forward contract at time

t'for delivery at t +4, while borrowing to cover land costs if

and when the equality holds. The difference between the
values of WD- and TD-recorded deals can therefore be inter-
preted as the difference between American and European
options to exchange the risky variable C(i, s*, g*) for the
risky variable P(s*,g*), that is, an option with a stochastic
exercise price. We analyze this below under the assumption
of constant interest rates, and we further assume that s* and
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g*, representing the optimal choices, remain unchanged from
their current values.

3.1. The builder's optimization regarding optimal con-
struction

The next step in our analysis considers the builder’s op-
timization problem once title has been obtained and the de-
veloper determines the optimal scale of construction. This
stage is essential for our empirical assessment of the valua-
tion differences between WD- and TD-recorded properties.

We adopt a set of assumptions that differs from those in
Sheridan Titman and Sherman Williams. One key assump-
tion in their framework is the convexity of construction
costs—that is, costs increase at an increasing rate as the
number of units expands. We believe this assumption is not
realistic.

In practice, the developer’s optimization problem is more
complex (as discussed below), and construction costs may
exhibit both concave and convex regions. In addition to
specifying a cost function that more accurately reflects actual
construction behavior, it is also necessary to account for var-
iation in the value of identical structures across different
locations.

Let Ls denote the size of vacant land, net of setback re-
quirements. Let g be the number of separate units (e.g., the

number of Kitchens in residential use), and let sdenote the

size of each unit in square feet. Define P(i, q, s, I) as the
market price per square foot of a structure, given s, g, and the
location variable 1. Let C(q, s) denote the construction cost
per square foot for a structure, given s and g. We normalize
these variables by the size of the land:

p() =P()/Lsand c() = C()/Ls.

We now introduce the following assumptions, consistent
with observed practice, regarding the behavior of construc-
tion costs:
ac

73 @ d—>obn:—>o nd—{0(7)

The number of units g may be constrained by zoning
regulations. For example, a lot designated for single-family
residential use typically implies q € {0,1}. The maximum

buildable square footage per unit, given Ls, may also be re-
stricted, either explicitly through regulation or implicitly
through physical constraints. In particular, the size of the lot
may limit total buildable square footage due to setback re-
guirements and maximum allowable building height. Even in
the absence of formal air-rights restrictions, height may still
be constrained by technological considerations that render
additional height prohibitively costly. Let Q denote the max-
imum total buildable square footage on a given lot, where Ls
represents the net land area after accounting for setback re-
quirements.

Q = fiLs (8)

Where f; denotes the number of floors, as implied by any
applicable height restriction. For example, a 0.25-acre lot
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(80x125 feet) designated for single-family residential use in
Florida typically allows for a maximum buildable area of
approximately 3,500 square feet. | is the location parameter
that is reflected in the price per square foot, such
that% > 0, but ":Zf“ < 0, i.e., P(l) is a concave function in

I with a limit, Ilim P(l) = Pmax-

We can derive the following proposition under the above
assumptions.
Proposition 2

The developer optimization problem regarding the opti-
mal structure is:

ARG MAX, s p(s,q,1)sq — c(s,q)sq ,¥s,q €
Qsq=Qp=p-=s,q 9)

with the solutions:

7 <\/Q ap{) ac{})/@(ga)

ds dq

del.)

(@ by o7 @/a’ (9b)
ds ds

(9a) and (9b) become equalities if
Vq,s359=0Q, 6'13_{] =0
Proof.

(9a) and (9b) are the solutions for the following two
equations, given @ = sgq:

5‘;0() {}

qs —c(.)g = 0(10)

ap{) (}

—=sq +p(.) =0(11)

If at Q = sq V¥ g,s the market can absorb higher prices,
ie., ap” -~ 0, and the builder will select the maximum size,

Q.

The above derivations will be taken to the data in the
empirical section below. Before doing so, however, we must
account for the fact that, in practice, a developer may choose
between two alternative sales strategies:

1. The developer constructs the structure and subse-
quently offers it for sale. In this case, we assume
that the probability of sale is a function of the price;
that is, there exists a known distribution function
f(P), strongly correlated with location I, which gov-
erns the likelihood of a sale. The optimization algo-
rithm becomes,

ARG MAX, . f(p)[p(s,q,D)sq — c(s,q)sq]6,

{(Vs,q€Q,sq =Q,p = p} —>s",q" (12)
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Graph 1

The current value of vacant land, L, given rf, the risk free
opportunity costs, as a function of b the carrying costs of the
undeveloped land. P is the value of the optimal structure/use and C is
the costs of constructions. At b* develop now.

where § is the certainty equivalent factor,§ < 1. If we em-
ploy  risk-adjusted  probabilities in  f(P), then
& = 1/1 + 7 where r7 is the risk-free rate of interest.

2. The developer offers a menu of building plans with
varying sizes. The buyer selects the preferred de-
sign and unit size, after which the developer applies
for a building permit, undertakes construction, and
delivers the completed unit.

The buyer may select a unit size that is suboptimal from
the developer’s perspective, that is, relative to the develop-
er’s profit-maximizing choice. Nevertheless, the developer
seeks to preserve the same level of profit that would have
been obtained under the optimal size. Accordingly, the de-
veloper sets the price as follows:

P'(j(s, ) — c(s,q)s:q;{Vi,j qis: = Q} =
p(s*,q",1)s*q" —c(s*,q")s"q" (13)

where j(s, g) denote the customer’s choice, and let p’(-)

represent the developer’s price. The publicly reported trans-
action price, p'(j), may not reflect the true market price, even

if it is reported as an arm’s-length transaction. For example,
according to (13), if j(s, q) is smaller than the developer’s
optimal size (s*, g*), the reported price per square foot will
exceed the actual market price.

3.2. Land Evaluation

An undeveloped piece of land can be viewed as a perpet-
ual real option, whose value can, in principle, be derived
under risk-neutral valuation in a continuous-time framework,
provided a strong set of assumptions. However, most exist-

ing valuation models require the estimation of unobservable
parameters—unlike financial options, where such parameters
can often be inferred from market data. Moreover, aspects
such as the developer’s optimization are typically oversim-
plified, potentially leading to inaccurate estimates of vacant
land value. We adopt a compromise approach that relies on a
framework requiring fewer measurable parameters while
explicitly incorporating the developer’s optimization pro-
cess.

A key concept in land valuation as an option to develop
is that the option becomes effectively perpetual if carrying
costs are zero, as first noted by Paul Samuelson. In this case,
the value of the perpetual option equals the value of the un-
derlying asset—in our context, the developed structure. By
framing the problem as an option to exchange one risky asset
for another—that is, the developed structure for stochastic
construction costs, following Margabe—we can confirm this
result, as illustrated in Graph 1. The time horizon of the op-
tion warrants further analysis, as the option’s value is highly
sensitive to the difference between the opportunity cost of
capital, rf, and the rate of carrying costs, b. Graph 1 clearly
illustrates this relationship.

The graph shows that for various values of f —p, the

time horizon of the option can be effectively zero—meaning
that, under these conditions, it is rational to develop the land
immediately. For some values of »f — p, the option is worth-
less, reflecting abandonment. The only scenario in which the
option is truly perpetual occurs when b = 0.

Empirically, we can identify periods in which these dy-
namics are observable. For example, in 2021, » — p was suf-

ficiently low that the value of undeveloped land was exactly
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equal to the difference between the current value of the op-
timally developed structure and current construction costs—
i.e., the option premium above intrinsic value was zero. In
contrast, in 2011, construction costs exceeded the value of
the developed structure; in this case, regardless of 7 — b,

the value of undeveloped land corresponded to an out-of-the-
money option to exchange one risky asset for another.

Accordingly, for the 2021-2025 period, we employ a
land valuation model under the following assumptions:

Let p(i, s, q,1) be the value of the underlying structure per

square foot, normalized by the size of the lot, and reflecting a
location I. It is reasonable to assume that q is a linear multi-
plier of p as,

p[lanl} _
(5D =np(i,s, q, 1) (14)

i.e. ur%its with the same use, size, and location have the same
value®.

We assume that the stochastic behavior of p( s 4+ ; ) is

governed by a geometric Brownian motion,

)~ pydt + 0,dZ (19)

c(s,q) is the cost of development per square foot, normal-

ized by the size of the lot. It has two sources of uncertainty,
c(s,q") and c(s*, q) that follow a GBM,

dels.q)

mors? = (e — b)dt + 03dZ; + 04dZ, (16)

Where y. = wpu, + (1 —w)pu, and w is the portion of the

costs attributed to the size of the developed unit. b is an as-
sumed constant.

Empirically, we cannot disentangle the variabilities of the
two components; therefore, we adopt the following simplify-

ing assumption: ¢ _dz_. = o.dZ, +oqdZg

We are effectively dealing with an option to bear stochas-
tically evolving construction costs in exchange for the sto-
chastically evolving price of the developed property. A
unique feature of this option is that, as long as it remains
unexercised, the holder incurs carrying costs. It is reasonable
to assume that b depends on the value of the developed prop-
erty—for example, through property taxes—which in turn
are influenced by the type of development, its location, and
maintenance standards.

Following Richard Roll and Margabe, and applying It6’s
lemma along with the concept of a self-financing portfolio,

the value per square foot of size-adjusted vacant land, v(-),
satisfies the following partial differential equation (PDE):

% Obviously, in an elevator-multi-dwelling structure, higher floors command
higher values, but in this empirical study, we focus on properties with a
maximum height of two floors.

Elli Kraizberg
a2
o b + 5[iopp? + T o2ct +
8%v ] —0
apac OpOcPeplP| = (17)

Subject to free boundary conditions that at some finite
t*,v(.) =p() —ec(.), as b = 0. The solution can be derived

numerically by incorporating the free boundary condition.

4. METHODOLOGY

Our goal is to examine how winning bids in TD auctions
correspond to comparable WD-recorded market prices, while
incorporating the insights derived from Propositions 1 and 2.

4.1. Data

The dataset consists of 620 observations with complete
information on TD sales in Florida, covering two periods:
2011-2012 and 2021-2025, in counties where data were
available. These periods were chosen for their distinct mar-
ket conditions. In 2011, there was essentially no new con-
struction, and construction costs exceeded the market price
of developed properties, making the condition in Eq. (2) ap-
plicable. In contrast, during 2021-2025, the condition in Eq.
(1) was satisfied. The following parameters were available:

4.1.1. Land Parameters

Physical parameters: Location, size, overgrown planta-
tion, quality of the access road, city water/well, and electric
service.

Zoning: permitted use, setback and/or maximum land
coverage requirements”, maximum height, and driveway
permit.

4.1.2. Market Prices of Developed Properties5

Builders’ offering prices for various property sizes were
used as proxies for the market value of developed properties.
These offerings differ in both size and profit margins. In
most cases, the builders owned the underlying vacant land,
which supports our assumption that, regardless of the sizes
offered, they aim to preserve the same level of profit. This
assumption allows us to compute the optimal buildable size
(see Section I11.1). In other words, the underlying premise is
that builders set prices for suboptimal unit sizes so that the
net profit equals what would have been achieved had the
optimal size been built. Finally, the typical sizes of nearby
structures serve as an additional constraint on feasible offer-
ings.

4.1.3. Construction Costs

Various professional publications provide estimates of
construction costs per square foot (SQF) for single-family
homes of different sizes. The data support our assumption
that costs per SQF decline with size (i.e., exhibit a negative
second derivative). We adjust the baseline construction costs

4 Size-dependent as per Florida § 304-VI
5 Offering prices of builders for various sizes within 5 miles of the location,
and or, Zillow reports of WD-recorded sales within 1 mile of the location.
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to account for several factors: plantation density (which may
require clearing), lack of access to municipal water, absence
of nearby electrical infrastructure, and driveway permitting
requirements.

In practice, builders’ margins were approximately 15—
20% in 2021-2025. Margins in 2011-2012 are unknown, as
no actual development was observed during that period. We
use equations (9a) and (9b) to determine the builders’ opti-
mal margin, assuming that the land was acquired at market
price prior to construction.

Additionally, we employ an iterative procedure to vali-
date construction cost estimates. Our dataset includes listing
prices for newly constructed single-family homes. For a giv-
en property size, we solve for construction costs per built
SQF under the assumption that the builder already owns the
land. Specifically, we set an initial land value, 17, per built
SQF and iteratively solve the following equation:

c(s,q) = p(s,q)(1 — g) — v (18)

where g denotes the builder’s optimal margin. We then ap-

ply our model to compute the land value. This land value is
incorporated into equation (18), and construction costs, ¢ (),

are recomputed. The procedure is repeated iteratively until
convergence is achieved.

In the relatively rare cases where the end user provides
the land, the analysis is more straightforward, as construction
costs can be inferred directly.

4.1.4. Carrying Costs

The carrying costs of vacant land include property taxes,
stormwater drainage fees, and maintenance required by code
enforcement regulations. These costs are modeled as a pro-
portion of the market value of the fully developed property.

4.1.5. Liens Search

Active governmental liens, as reported in Florida public
records and/or identified through title searches attached to
the TD sales documentation.

4.1.6. Other Parameters

The risk-free interest rates are proxied by Treasury yields
with maturities as specified in Section 1V.3. Borrowing rates
are assumed to equal the prime rate plus 2%. Estimating the
standard deviation presents a challenge that has been ad-
dressed in the literature. We adopt the view that the best
proxy for single-family home price volatility is the return
volatility of a publicly traded firm specializing in the con-
struction and sale of single-family homes in Florida. Accord-
ingly, we use D.R. Horton (DHI), the largest such firm oper-
ating in Florida.

Similarly, we use the return volatility of CRH plc to
proxy for construction cost volatility. We then adjust the
estimated equity volatility, d,, to obtain the corresponding
asset volatility, using the following relationship:

dE
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where LEV is the firm's leverage, AS is the total balance
sheet assets, and E is the equity.

4.2. TD-Auction Parameters

We control for TD auction parameters that may influence
winning bids. Our dataset allows us to isolate the effects, if
any, of the following variables:

« the number of bidders;
« the initial bid (reservation price);

* the time interval between the bids of the two highest bid-
ders;

+ the identity of the winning bidder (business entity or indi-
vidual).

Following Proposition 1, the last variable is of particular
importance.

4.3. Timing

Solving equation (17) for the case specified in (2) re-
quires defining the time horizon of the option to exchange
one risky asset (the expected value of construction costs) for
another risky asset (the developed property), while incorpo-
rating carrying costs. Although land can, in principle, remain
undeveloped indefinitely, it is unreasonable to assume that
buyers of vacant land perceive the horizon in this way. In-
stead, buyers form expectations about the earliest date at
which development becomes optimal.

Accordingly, we adopt the following key assumption:
when condition (2) prevails, the relevant time horizon for the
buyer coincides with the expected time at which condition
(1) is expected to prevail.

We employ an empirical approach to estimate this pa-
rameter. Condition (1) is more likely to prevail during peri-
ods of strong real estate market activity. Accordingly, we
make the following assumptions:

e In the 2011-2 period: the time horizon, t, is
T =18 — (t — 2007) in localities in which the land
vacancy rate was less than 20% while in localities
in which the land vacancy rate was between 20%
and 40%, t = 24 — (t — 2007).

e In the 2021-25 period: We set 7 = 1;® although, in
theory, the option should be exercised immediately
given positive carrying costs, we account for the
time required for construction and/or the period un-
til a buyer is secured.

5. RESULTS

We begin by presenting the summary results for each
period. Table 1 reports the results for 2021-2025.

® The peaks in the real estate market in Florida were in 1987, 2007, and
2022. The average cycle, therefore, is assumed to be 18 years. We assume
that in a densely populated area with a land vacancy rate of less than 20%
the horizon is one cycle, while in a less dense area, the horizon is 2 cycles.
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%ofall |Avergewinning | WD-vale |% wmnmg bids | TD-vale |[% winmg bids
2021-2025 buyers bids (market) to WD Proposition | to TD
All buyers 100% 2421013 28570.62 84.7% 2142198 113.0%
Individual buyers 21.8% 21354 55 24356.53 87 7% 1953279 109.3%
Business entities 2. 2% 2531228 30197.12 83.8% 215115 1143%
Certdicate holders 0.0% n'r /1 n'r 0t '

Table 1 - Summary results
n/r - notrelevant asall certificates were soldto athed party

Table 2 presents the results for 2011-2012. During this
period, the value of a WD-recorded transaction was equiva-
lent to that of a TD-recorded transaction, as construction
costs exceeded the market value of the developed property.
A substantial share of sales was acquired directly by the tax
certificate holders, meaning no third-party bids were placed.
In cases where TD titles were granted to the certificate hold-
ers, the premiums of market prices over the minimum auc-
tion prices (i.e., the prices at which the titles were transferred
to the certificate holders) were significantly higher than the
winning bids in other cases (see further explanation below).

Several observations emerge from a comparison of these
tables.

3. In the 2021-2025 period, the average winning bid
in TD-recorded auctions was 84.7% of the market
price (had the sale been WD-recorded). However,
when applying Proposition 1, TD-recorded sales
were on average 13% above market prices, primari-
ly due to bids placed by end-users. This finding
supports our assertion that, for end-users—as op-
posed to short-term buyers such as builders, the dif-
ference between TD-recorded and WD-recorded
transactions is relatively minor. In the 2011-2012
period, the average final bid in the auctions was
66.2% of the market price. The larger discount
(33.8%) reflects the fact that, during this period,
construction costs exceeded the expected value of
the completed structures, and builders anticigated a
development horizon longer than four years’ wait-
ing period.

4. In the 2021-2025 period, we anticipated that auc-
tion participants purchasing for their own use would
be willing to pay higher prices than builders, as they
perceive similar values for TD-recorded and WD-
recorded transactions. Indeed, they did pay more,
87.7% of market prices compared with 83.8% for
builders, but the difference was smaller than pre-
dicted by Proposition 1. According to Proposition 1,
builders were expected to bid 26.66% below the

" Four years as per proposition 1, which is not relevant for the period 2011-
12.

market price (WD-recorded), yet in practice they
bid only 16.2% below market price. This suggests
that competition with end-users compelled builders
to submit higher bids.In the period 2021-25, build-
ers dominated the scene as 72% of the TDs were
granted to builders, while only 53% in the period
2011-12. In 2011-12, immediate construction was
unlikely as construction costs exceeded the value of
the structures and builders were willing to buy at a
very deep discount.

5. In the period 2021-25, all TDs data in the sample8
were purchased by third-party bidders (i.e., bidders
other than the underlying tax certificate holders). In
contrast, during 2011-2012, TD titles for 26% of
sales were granted directly to the certificate holders,
as no third-party bidders participated. Interestingly,
the average price—defined as the opening bid,
which includes the face value of the certificates and
additional fees—was lower than the average win-
ning bids of third-party participants. This pattern
likely reflects quality factors that are not captured in
our study.

We further analyze the results by examining the vari-
ances of each variable. While it is reasonable to expect a
strong relationship between market prices (WD-recorded
prices) and actual winning bids in TD auctions, the relation-
ship between market prices and TD-adjusted prices is less
straightforward. Recall that, according to Proposition 1, TD-
adjusted prices—accounting for the inability to sell during
the first four years following the sale—represent the rational
bids that participants seeking immediate construction would
be willing to submit.

We first report the relationship between market prices
and winning bids in TD auctions in Tables 3 and 4, corre-
sponding to the 2011-2012 and 2021-2025 periods, respec-
tively.

8 We eliminated sales of absurd properties such as unusable vacant common
areas, unbuildable narrow strips of land, etc., in which cases the TDs were
granted to the certificate holders.
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2011-2012 % of all [Averge winning] WD- value (% winning bids| TD- value |% wining bids|
buyers bids (market) to WD Proposition 1 to TD

All buyers 100% 3B49.22 5815.50 66.2% n/r n'r

Individual buyers 20.0% 4001.21 5677.69 70.5% n'r n'r

Business entities 53.8% 3945.66 58903.67 66.9% n/r n'r

Certificate holders | 26.2% 3535.35 5759.94 61.4% n'r n'r

Table 2 - Summary results for 2011-12
o't - not relevant as WD-recorded deeds have the same value as TD

SUMMARY QUTPUT

Regression Statistics
Multiple R 0.690284 The entire sample for 2012
R Square 0476492
Adjusted R 0.467466
Standard £ 2113.969

ANOVA

S8 MS F gnificance F
Regression 2.36E+08 2.36E+08 5279106 1.05E-09
Residual 2.50E+08 4468866
Total 4 .95E+08

Coefficienizandard Em  { Staf P-value _ower 93%Upper 5% ower 35.0%pper 95.0%
Intercept 2320117 3451937 6.721202 86E-09 1629.137 3011.097 1629.137 3011.097
X Variable 0272537 0.03751 7.265746 1.05E-09 0.197453 0347621 0.197453 0.347621

SUMMARY QUTPUT

Regression Statistics
Multiple R 0.347116 Builders only
R Square  0.12049
Adjusted R 0.093005
Standard E 2095.868

ANOVA

S8 MS F gnificance F
Regression 19256892 10256802 4.383876 0.04429
Residual 141E+08 4392663
Total 1.6E+08

Coefficienisandard Erm t Stat  P-value _ower 95%Upper 95% ower 93.0%pper 95.0%
Intercept 3239173 481.5193 6.500122 1.99E-07 2237.98 4240365 2237.98 4240.365
X Variable 0.123803 0.059129 2.003771 004429 0.003361 0.244246 0.003361 0.244246

SUMMARY QUTPUT

Regression Statistics
Muttiple R 0.885544 End-users only
R Square 0.784188
Adjusted R 0.775196
Standard £ 1734.888

ANOWVA

85 Ms F gnificance F
Regression 2.62E+08 2.62E+08 87.2081 1.84E-09
Residual 72236080 3009837
Total 3.35E+08

Coefficientsandard Erm  t Stat P-value Lower 95%Upper 95% ower 95.0%pper 95.0%
Intercept 1677.552 4058925 4132995 0.000376 830.8306 2515273 839.8306 2515273
% Variable 0369769 0039596 9338528 1.84E-09 0.233047 0451491 0253047 0.451491

Table 3
The relationship between the land market prices
and the winning bids in TD auction during 2012
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SUMMARY OUTPUT

Regression Statistics
Multiple R 0.688665 Entire sample
R Square 0.474259
Adjusted R 0.467431
Standard £ 12794.91

ANOVA

S8 M3 F gnificance F
Regression 1.14E+10 1.14E+10 6945991 2 3E-12
Residual 1.26E+10 1.64E+08
Tolal 2 4E+10

Coefficientsandard Em t Stat P-value Lower 95%Upper 95% ower 85.0%pper 95.0%
intercept  13204.35 1953.489 6759367 236E-09 9314.454 17034.24 9314.454 17094 24
K \Variable 0.372661 0.044714 8334261 2.31E-12 0263624 0.461699 0.283624 0.4561659

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.655167
R Square 0.429244 Business only
Adjusted B 0.418866
Standard E 13256.53

ANOVA

58 MS F gnificance F
Regression T1.27E+09 7.27E+09 4136335 3.21E-08
Residual 9.67E+09 1.76E+08
Total 1.69E+10

Coefficlentzandard Err. t Stat  P-value _ower 95%Upper 95%ower 95.0%pper 95.0%
Intercept  14898.07 2388537 623732 664E-08 10111.33 196848 10111.32 196848
X \Variable 0.344874 0.063623 6431435 3 21E-08 0.237411 0452338 0.237411 0452338

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.783579 End users only
R Square 0.613995
Adjusted B 0.594695
Standard £ 11450.84

ANOVA

85 MS F gnificance F
Regression 4 17E+09 41TE+09 31.81286 1.61E-05
Residual 262E+09 1.31E+08
Total 6.79E+09

Coefficientsandard Erm ¢ Stat P-value ower 95%Upper 95%ower 85 0%pper 95.0%
Intercept  8861.8624 3296.346 2688378 0.014133 1985766 15737.868 1985766 15737.33
X \Variable 0.449183 0.079638 5640289 161E-05 028306 0615306 028306 0615306

Table 4
The relationship between the land market prices
and the winning bids in TD auction during 2022
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SUMMARY QUTPUT

Regrassion Statistics
Multiple R 0.220423
R Sguare 0.048586
Adjusted R 0.032183
Standard E 10388.47
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Entire sample for 2012

ANOVA

55 M3 F gnificance F
Regression 3.2E+08 32E+08 2961911 0.090578
Residual 6.26E+09 1.08E+08
Total 6.58E+09

Coefficientsandard Ermi

t Stat P-value _ower 95%Upper 95%ower 95.0%pper 95.0%

Intercept  -15512.4 1696.351
X Variable 0.317237 0.184331

-9.14458 7.66E-13

-18908 -12116.8 -18908 -12116.3

1.72102 0.090578 -0.05174 0.686214 -0.05174 0.686214

SUMMARY QUTPUT

Regression Statistics

Multiple R 0.208988 Builders only
R Square 0.043676
Adjusted R 0.013791
Standard E 9681.179
AMNOVA
S5 M3S F gnificance F

Regression 1.37E+08 1.3TE+08 1461464 0.235554
Residual 3E+09 93725225
Total 3.14E+09

Coefficientsandard Em  t Stat P-value _ower 95%Upper 95%ower 95.0%pper 95.0%
Intercept -15021 2270413 -6.61598 1.85E-07 -196457 -10396.3 -196457 -10396.3

X Variable 0.230188 0273129

1.20891 0.235554 -0.22616 0.886533 -0.22616 0.886533

SUMMARY QUTPUT

Regression Statistics
Multiple R 0.230834
R Sguare 0.053284
Adjusted R 0.013828
Standard E 11609.55

End-users only

AMOVA
58 M3 F gnificance F
Regression 1.82E+08 1.82E+08 1.350801 0.256566
Residual 3.23E+09 1.35E+08
Total 3.42E+09
Coefficientsandard Em | Stal P-value _ower 83%Upper 95% ower 93.0%pper 95.0%
Intercept -16199.2 2716.157 -5.96401 3 72E-06 -21805.1 -10593.3 -218051 -105933

A Variable 0.307953 0.264969

1.16224 0.256566 -0.23891 0.854828 -0.23391 0.854828

Table 5

The relationship between the land market prices
and the TD-adjusted prices during 2012
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SUMMARY QUTPUT

Regression Statistics
Multiple R 0.650024
R Square 0.422532
Adjusted R 0.415032
Standard f 2826.209

Entire 2022 sample

ANOVA
88 MS F gnificance F

Regression 4 5E+08 45E+08 56.34068 9.04E-11
Residual 6.15E+08 7987459
Total 1.07E+09

Coefficientsandard Emm t Stat  P-value _ower 95%Upper 95%ower 95.0%pper 95.0%
Intercept  5651.265 4328594 13.05566 3.28E-21 4789.332 6513.199 4789.332 6513.199
X Variable 0.074339 0.009904 7506043 9.04E-11 0.054618 0.09406 0.054618 0.09406
SUMMARY QUTPUT
Regression Statistics
Multiple R 0.764119
R Square 0.583878 Builders only
Adjusted R 0.576312
Standard £ 2074.337
ANOVA

S8 MS F gnificance F

Regression 3.32E+08 3.32E+08 77.17288 4.6BE-12
Residual 237E+08 4302876
Total 5.69E+08

Coefficientsandard Err t Stat P-value 'ower 95%Upper 95%ower 95.0%pper 95.0%
Intercept  5820.098 373.7501 15.57216 8.16E-22 5071.086 6569.11 5071.086 6569.11

KVariable 0.073711 0.008391 8.78481 4 68E-12 0.056896 0.090527 0.056896 0.080527

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.485399
R Square 0.235612
Adjusted R 0.197393
Standard £ 4322.788

End-users only

ANOVA
S8 MS F gnificance F

Regression 1.15E+08 1.15E+08 6.164727 0.022023
Residual 3.74E+08 18686500
Total 4.89E+08

Coefficientsandard Em_ { Stat  P-value Lower 95%Upper 95% ower 95.0%pper 95.0%
Intercept  5232.633 1259.22 4155455 0.000489 2605945 7859.32 2605945 7859.32
X Variable 0.07541 0.030372 2.482887 0.022023 0.012055 0.138765 0.012055 0.138765

Table 6
The relationship between the land market prices
and the TD-adjusted prices during 2022

As expected, the results are statistically significant for
both periods and across all participant categories. In the
2011-2012 period, immediate construction was largely in-
feasible, as construction costs exceeded the value of the

completed structures. Consequently, buyers with a long-term
horizon dominated the market, as shown in Table 2. Fur-
thermore, the significance level for short-term buyers, such
as builders, was very low.
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We hypothesize that, according to Proposition 1, if we
divide the sample into builders-bidders and end-users-
bidders, then:

H1. In the 2011-2012 period, we expect an insignificant
relationship between market prices and TD-adjusted prices.
During this period, construction costs exceeded the value of
the completed structures, so long-term buyers—whose be-
havior is not captured by Proposition 1, dominated the mar-
Ket.

H2. In the 2021-2025 period, we expect a significant
relationship between market prices and TD-adjusted prices.
If confirmed, this finding would support the predictions of
Proposition 1.

H3. For the 2021-2025 period, we expect that bidders
with short-term horizons will exhibit a high level of signifi-
cance, whereas long-term bidders will show a lower level of
significance.

We report the relationship between market prices and the
TD-adjusted prices in Tables 5 and 6 for the 2012 and 2025
periods, respectively.

Our hypotheses are confirmed, and the results have clear
rational explanations. During the 2021-2025 period, imme-
diate construction was feasible, so builders participating in
TD auctions discounted the market price by the implicit
costs associated with the delay in property sale (i.e., the TD-
adjusted prices). However, builders seeking to outbid long-
term bidders—who had an advantage due to their longer
investment horizons—often had to compromise and bid
slightly above their optimal prices. When the builder’s pre-
mium, as described in Proposition 1, is added, bids in the
2021-2025 period exceeded market prices (see Table 1).

The key finding from these results is that TD-adjusted
prices provide a more accurate proxy for market prices in
periods when the value of developed properties exceeds con-
struction costs.

CONCLUSION

This paper establishes a theoretical financial framework
to evaluate the difference between WD-recorded and TD-
recorded sales. The primary distinction between these in-
struments arises from the fact that a buyer of TD property
may not resell under a WD, as title insurance may be una-
vailable for up to four years, or resale may require initiating
a costly prior QT action in court.

The raw data confirms the common observation that
winning bids in TD auctions are generally lower than WD-
recorded sale values. However, during periods when the op-
tion to develop vacant land should be exercised immediate-
ly—such as 2021-2025—the pattern is reversed. When the
value of the structure substantially exceeds construction
costs and carrying costs of vacant land are positive, TD-
adjusted prices (as per Proposition 1) are significantly higher
than both the winning TD bids and the market prices. In con-
trast, during periods such as 2011-2012, the difference is
negligible, as the option to develop is effectively “out of the
money.”

If TD auction participants are rational and the market is
perfectly efficient, the difference between TD-adjusted pric-
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es and corresponding market prices should be zero. Yet, dur-
ing 2021-2025, TD-adjusted prices exceeded market values
by 13%. This premium can be attributed to competition that
forced short-term bidders, such as builders, to outbid end-
users with longer investment horizons. Alternative explana-
tions could include potential misspecifications of the param-
eters used to compute the theoretical values.

Overall, this paper demonstrates that the conventional
belief that TD auction prices always reflect a discount is mis-
leading if one accounts for the costs implied by TD con-
straints. More importantly, the results confirm that TD-
adjusted prices, rather than the raw winning bids, provide a
more accurate proxy for market values.
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