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Abstract

This paper shows that consumers’ beliefs about firms’ production costs are an

important determinant of cost pass-through. By incorporating imperfect information

about costs to a canonical model of consumer search, I show that changes in costs that

consumers are aware of get passed through more completely than those they are un-

aware of. This model provides a first unified explanation of incomplete pass-through,

over-shifting, and pass-through asymmetry. I test a novel prediction of this model

using US mortgage data. I find that different components of the marginal cost of

mortgage lending have different average pass-through rates. Widely known costs are

passed through nearly completely while more obscure costs have much lower pass-

through rates. This pattern is consistent with my model but cannot be explained by

existing theory. I estimate that more precise information about lending costs would

save small mortgage borrowers $289 million, annually.
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1 Introduction

The extent to which producers’ costs pass through to prices varies widely across markets
and is important for understanding consumer welfare. This is especially true in an infla-
tionary environment with rapidly changing costs. As fluctuating prices of materials and
labor change the marginal cost of producing goods and services, pass-through rates allow
economists and policy makers to study incidence and predict how much of the burden is
borne by firms and how much is passed along to consumers through higher prices.

One popular piece of business advice on effectively transferring increased costs to
prices is to explain the underlying cost increases to customers (Dholakia (2021); Heaslip
(2022); Emmer (2022)). This is puzzling from the viewpoint of the existing theory on
pass-through rates, which provides no scope for consumer awareness of firm costs to affect
prices. In existing models of pass-through, consumers only affect pass-through rates via
the shape of the demand curve, which is independent of the costs borne by firms.

In this paper, I study how consumers’ awareness of firms’ costs affects pass-through
rates in markets with costly search. I show how a model of costly search with imper-
fect information about costs can explain a wide range of well-documented empirical facts
about pass-through. This model provides a unified framework for explaining established
empirical patterns of incomplete pass-through (pass-through less than one), over-shifting
(pass-through greater than one), and asymmetric pass-through (greater pass-through of cost
increases than decreases). The key result is that the extent to which firms’ pass changes in
costs to consumer prices increases with consumers’ awareness of these cost changes.

The model captures the following intuition. If a consumer sees a high price following
a well publicized increase in market wide production costs, the consumer will think that
the high price is the result of the cost increase and they will not be able to find cheaper
prices elsewhere. However, if a consumer sees a high price and has no idea that firms’
costs have increased, they will think that other firms must still be offering lower prices
and could do better by continuing to search. In equilibrium, firms increase their prices by
less in the low information setting in order to deter search. Therefore, if consumers have
imperfect information about the costs governing firms’ pricing, then both actual costs and
their beliefs about these costs will ultimately play a role in determining the distribution of
prices.

Empirically testing the central prediction that pass-through is increasing in consumers’
knowledge of cost changes presents a challenge. One needs to estimate pass-through in
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a setting where consumers’ information about costs varies, but all of the other determi-
nants of pass-through, such as the demand curve and firm conduct, are held constant. Any
comparison of pass-through rates across markets or time will fail to hold demand con-
stant and hence not be convincing. The solution is to focus on a novel prediction of my
model: different cost components of the same product in the same market should have
different pass-through rates. Specifically, cost components that consumers are aware of
should have higher average pass-through rates than components they are unaware of. I
therefore leverage unique institutional details of the US residential mortgage market to test
these predictions of the model using confidential Home Mortgage Disclosure Act (HMDA)
data.

I show that different components of lenders’ costs get passed though at different rates.
This is an ideal setting because there are many observable “components of costs” for
lenders, and some of these components are commonly understood by consumers, while
others are not. Specifically, borrowers are generally aware of the interest rate environment,
which affects the payments made by mortgage backed securities investors to lenders, so-
called TBA prices. Borrowers are likely unaware of special “payups” that MBS investors
pay to lenders for certain types of low loan balance loans. I leverage discontinuities around
loan size cutoffs for these specified pool payups to identify the pass-though of payups rel-
ative to the pass-through of the more transparent TBA price. I find that TBA prices are
passed through at roughly unity, while specified pool payups are passed-though at roughly
0.4. These findings are consistent with the model and cannot be explained with existing
theories of price competition. Finally, I show that this has meaningful consequences for
consumer welfare: I estimate that more precise information about specified pool payups
would save small mortgage borrowers $289 million, annually.

I establish the main result of the paper, that pass-through is increasing in consumers’
awareness of cost changes, by developing a theoretical model of consumer search and
studying it under different consumer information settings. First, I show that that if con-
sumers have complete information about firms’ costs, as in canonical search models (Bur-
dett and Judd, 1983; Stahl, 1989, e.g.), costs pass-through to average transacted prices at
a rate of one. This demonstrates that introducing search frictions alone is not enough to
generate imperfect pass-through and establishes a benchmark to compare with models of
incomplete information.

Second, I introduce consumers’ imperfect information over firms’ costs, similarly to
Janssen, Pichler, and Weidenholzer (2011), and show that cost changes pass-through to
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average transacted prices at a rate proportional the the number of non-captive consumers
(those who search for more than one price).1 I decompose the cost into two parts: the part
that consumers know (their expectation of the cost) and the part that they do not know (the
difference between that expectation and the actual cost). I find that the part that consumers
know about gets passed through more completely than the part that they do not. This
can explain a range of pass-through rates, both above and below unity, holding consumer
demand for the good fixed, but varying consumers’ beliefs about costs. I also show that
different components of marginal cost can have different pass-through rates, the prediction
that motivates the empirical test of my model.

Finally, I establish the main result of the paper: that pass-through is increasing in con-
sumers knowledge of costs. To do so, I develop a model of how consumers form their
beliefs over firms’ costs. This model nests Stahl (1989) and Janssen, Pichler, and Wei-
denholzer (2011) as two cases. I show that if consumers receive a series of noisy signals
about firms’ ever changing marginal costs, the average pass-through rate is decreasing in
the variance of these signals. In other words, in environments where consumers can closely
track the costs that firms face, pass-through is high. In markets where costs are opaque and
unknown to consumers, pass-through is lower. This leads to incomplete pass-through on
average.

The pass-through rate in this environment depends on signal realizations, so it is stochas-
tic. It is greater than one with positive probability when signals are informative but imper-
fectly so. I show that when consumers have either perfect information about costs or no
information about costs, the probability of a pass-through rate greater than one, or over-
shifting as Pless and van Benthem (2019) call it, is zero. However, in between these ex-
treme cases, the probability of over-shifting is strictly positive. Intuitively, over-shifting
occurs when consumers beliefs about costs are very high relative to actual costs.

Finally, when firms can pay to credibly disclose their costs to consumers, firms publicise
cost increases but not price decreases—leading to the well documented asymmetry in pass-
through which Peltzman (2000) describes with “prices rise faster than they fall.” As an
example of such a scenario, consider restaurants printing signs saying “Due to the national
shortage of avocados, guacamole prices have increased.” I show that this ability to disclose

1While search behavior is an equilibrium object, it turns out this is equivalent to consumers with non-
positive search costs. The fraction of non-captive consumers can be thought of as a measure of market power.
When it is one, the market faces perfect competition. When it is zero, the Diamond (1971) paradox is realized,
and all firms operate as monopolies in separate markets. In between these extreme cases, firms have some
degree of market power. I assume that the share is non-zero throughout the paper.
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costs generates an equilibrium in which costs above a certain threshold are disclosed, while
costs below it are not. In this version of the model, costs above the threshold have a pass-
through rate greater than or equal to unity, while costs below this value have a pass-through
rate less than one.

I use the US residential mortgage market as a case study for the novel prediction that
pass-through varies with consumers’ information about firms’ costs. The US mortgage
market has three key features that make it ideal for studying this issue. First, it is well
documented that borrowers face search frictions (Allen, Clark, and Houde (2014), Bhutta,
Fuster, and Hizmo (2020))2. Very few borrowers receive more than a handful of interest
rate quotes and almost half receive only one (Alexandrov and Koulayev (2018)). There is
considerable price dispersion in interest rates paid even for identical borrowers on the same
day (Bhutta, Fuster, and Hizmo (2020)).

Second, from a practical point of view, the mortgage market has incredibly detailed
administrative data which is essential to accurately measure pass-through rates. I use a
confidential version of the HMDA database linked to mortgage backed securities (MBS)
data, that allows me to precisely observe components of cost that would not be possible
with any publicly available data.

Third, and most importantly, mortgage pass-through rates can be measured separately
for different cost components to test the prediction that, all else equal, pass-through rates
increase with consumers’ knowledge of cost changes. The marginal cost of lending can be
broken down into multiple components that have varying levels of visibility to borrowers.
This variation in consumers’ knowledge about the costs makes the market the perfect lab-
oratory to observe this mechanism. All of these components of cost impact firms’ bottom
line in the same way, but the pass-through rates on the components are quite different. Pre-
vious studies have documented a number of factors that cause pass-through to vary across
markets. Weyl and Fabinger (2013) show that the curvature of the demand and supply
functions, as well as firm conduct all determine pass-through. Muehlegger and Sweeney
(2021) demonstrate that whether cost shocks are market-wide or firm specific is an im-
portant factor. In this setting, all components of cost are market-wide and are part of the

2While large search frictions in the mortgage market make it an ideal case study for the mechanism, it is
far from the only market in which consumers must search to discover prices. Kaplan and Menzio (2015), for
example, find that price dispersion characteristic of consumer search can be found in a wide range of markets
for consumer goods. Furthermore, search frictions are prevalent in other large, high-stakes markets such as
the market for automobiles (Moraga-González, Sándor, and Wildenbeest (2023)). This model potentially has
implications for pass-through in any such market across the economy.
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same product; therefore, the demand curves and firm conduct are held fixed. If different
components of cost have different pass-through rates in the same market, with the same
firms, and the same borrowers, then we can plausibly attribute the difference in prices to
the difference in consumers’ information about each cost.

In this setting, I show that two components of the cost of lending are passed through at
dramatically different rates. One of these costs, the cost of funding through the MBS mar-
ket, closely tracks a number of widely publicized and tracked measures of interest rates.
Mortgage borrowers are generally well aware of this component of the cost of lending and
previous studies have found that it is passed through almost completely. The other determi-
nant of cost, the specified pool payup, is idiosyncratic to the borrower, more opaque, and
less well publicized. Consumers have less precise knowledge of the payup component of
the cost and I find that it is passed through at a far lower rate. These findings are consistent
with a model in which consumers have more precise expectations on the MBS yield than
on payups. I find that the difference in pass-through rates between these components is
robust to a wide range of assumptions about the total price that borrowers pay.

While these estimates of pass-through are primarily used as a test of the theoretical
model, they can also be used to estimate the consumer welfare gains from specified pool
payups. Furthermore, they allow me to compare how these welfare gains would change
under a counterfactual consumer information regime. Specifically, I compare current con-
sumer welfare gains from specified pool payups to what these gains could be if consumers
had equally precise information about payups and general MBS yields. I find that if the
average specified pool eligible consumer had more precise information, they would save
between $670 and $905 in upfront payments. I estimate that if small loan size borrowers
whose loans are guaranteed by Fannie Mae had more precise information about specified
pool payups, they would save a total of $289 million, annually.

The rest of the paper is structured as follows. Section 2 places this paper in the context
of the related existing literature. Section 3 develops a theoretical model of pass-through
with search and imperfect information. Section 4 gives an overview of the US residential
mortgage market. Section 5 discusses the empirical strategy used to test the predictions of
the theoretical model and presents the empirical results. Section 6 discusses implications
of the model and concludes.
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2 Literature Review

The literature measuring the pass-through rates of marginal costs is extensive. To the best
of my knowledge, this is the first paper to measure the pass-through rate of multiple sep-
arate components of marginal cost for the same product and demonstrate that they are
different — a result that is not explained by existing models of equilibrium pass-through.
Economists have studied the pass-through to prices of costs from material inputs such as
oil (Borenstein, Cameron, and Gilbert (1997)) and coffee beans (Nakamura and Zerom
(2010)); taxes such as excise taxes on cigarettes (Sumner (1981), Bulow and Pfleiderer
(1983) or fuel (Marion and Muehlegger (2011)); exchange rate fluctuations (Goldberg
and Knetter (1997)); monetary policy (Fuster, Lo, and Willen (2017)); and many others.
Pass-through rates have been used indirectly to study welfare analysis (Chetty (2009)), de-
mand elasticities (Miller, Remer, and Sheu (2013), and merger implications (Jaffe and Weyl
(2013), Miller, Remer, Ryan, and Sheu (2016)), among other things.

Weyl and Fabinger (2013) provide extensive analysis on how market “conduct” de-
termines pass-through and ultimately incidence. In a model that nests perfect competi-
tion, monopoly pricing, and many commonly used models of imperfect competition, they
demonstrate how to map the market structure into a sufficient statistic of the degree of
competition in a market which then can be used in the calculation of pass-through rates and
incidence. While the work of Weyl and Fabinger (2013) has been useful in studying the
effect of market structure on welfare, one notable limitation is that it only focuses on mar-
kets with complete information. Critically, this rules out markets in which consumers are
not aware of the prices offered by every firm in the market and must perform costly search
to learn these prices. The model presented in this paper allows for incomplete information
about prices, giving rise to a beliefs channel in pass-through.

This paper also contributes to theories of pricing in the presence of search frictions.
Seminal models of equilibrium under search such as Burdett and Judd (1983) and Stahl
(1989), generate price dispersion due to consumers’ incomplete information about prices
in the market. Benabou and Gertner (1993) and Fishman (1996) introduce consumer un-
certainty over production costs in which consumers are unable to differentiate between
industry-wide and firm specific cost shocks. Dana Jr (1994) presents a theory of consumer
learning about an industry-wide cost. The model in this paper is most closely related to
Janssen, Pichler, and Weidenholzer (2011). Their paper features consumers learning about
an industry’s stochastically drawn costs through sequential search. They relate the distribu-
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tion of prices to both actual costs and consumers’ expectations of costs. This paper expands
upon their analysis by placing structure on how consumers initially form beliefs over costs
for a given cost shock. This framework allows me to study how the precision of consumers’
knowledge of the market state impacts pass-through of costs. This produces (and empir-
ically tests) novel predictions that different components of cost for the same product can
have different pass-through and that these pass-through rates are increasing in the precision
of consumers’ information. 3

This paper is also related to the literature on awareness and salience. Chetty, Looney,
and Kroft (2009) demonstrates that consumers underreact to taxes that are not salient.
Kroft, Laliberté, Leal-Vizcaı́no, and Notowidigdo (2023) model the interaction between
tax salience and market power and empirically show that the incidence of sales taxes
on many retail goods falls primarily on consumers. Busse, Silva-Risso, and Zettelmeyer
(2006) shows that, in the automobile industry, well-publicized consumer rebates get passed
through to consumers more completely than dealer discount promotions. The model pre-
sented here provides a distinct new channel through which tax salience may break the
equivalence of statutory incidence of taxes. If consumers are unaware of a tax placed on
producers, the tax may be passed through at a lower rate than a similar tax added to the
price that consumers see. As in the above papers, my model predicts that consumers’ in-
formation about taxes determines how much of the tax burden is borne by consumers.

Similarly, papers such as Bordalo, Gennaioli, and Shleifer (2013) and Bordalo, Gen-
naioli, and Shleifer (2015) model how consumers’ awareness of different utility relevant
components of the product (e.g. price or quality) affect consumer choice and firms’ strate-
gic decisions. Within the literature on financial products, there are many examples of con-
sumers being unaware of payoff relevant elements of the product. Anagol and Kim (2012)
finds that Indian mutual fund investors are inattentive to shrouded upfront fees. Agarwal,
Chomsisengphet, Mahoney, and Stroebel (2015) shows that limits on certain types of credit
card fees were not undone by increases in interest rates, as interest rates are salient to con-
sumers and these fees were not. Liu (2019) and Benetton, Gavazza, and Surico (2021) both
study the UK mortgage market and find that borrowers are less sensitive to the mortgage
contract’s upfront fees than they are to interest rates and that lenders strategically respond

3Other papers such as Yang and Ye (2008) and Tappata (2009) show how non-sequential models of search
can generate asymmetric pass-through. Cabral and Gilbukh (2020) studies asymmetric pass-through in a
dynamic model of search where consumers only learn through prices. Janssen and Shelegia (2020) studies
pass-through in a market with consumer uncertainty over costs but focuses on the specific informational
setting of vertical industries.
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to this difference in sensitivity. While this paper also studies consumers’ awareness, it dif-
fers in a critical respect. All of the aforementioned papers focus on salience, or consumers’
awareness, of payoff relevant aspects of a product. In each of the cited papers on financial
products, consumers have less information about some component of the price they are
paying. This paper studies how consumers’ awareness of firms’ production costs, a non-
payoff relevant aspect, affects prices. Importantly, a model in which consumers have less
info about some components of price than others, does not predict that different compo-
nents of firms’ costs will be passed through at different rates. This is, therefore, a novel
mechanism through which consumers’ awareness affects the pass-through rate of costs. I
show that consumers’ incomplete information about firms’ costs can affect pass-through
even when consumers fully understand and internalize all aspects of a product’s price and
its utility relevant attributes.

This paper relates to research in macroeconomics on the relationship between inflation
expectations and realized price levels. In the textbook New Keynesian model, expectations
over future inflation primarily affect the current price level through two channels (Weber,
D’Acunto, Gorodnichenko, and Coibion (2022)). First, if firms face adjustment costs when
changing prices, they must set their prices to maximize expected profit for the entire period
that their prices are fixed. More closely related to this paper is the effect of consumer
expectations of inflation on pricing. Theoretically, if consumers expect higher prices in the
future, they should make durable goods purchases now while prices are lower. Research
has shown that consumers do not form accurate expectations over future inflation and that
these expectations are biased by personal experiences such as their own grocery shopping
(D’Acunto, Malmendier, Ospina, and Weber (2021)). Most of this research describes the
relationship between agents’ expectations for future inflation and current prices. This paper
illustrates a channel through which uncertainty over current inflation can affect current
prices.4

4Within the macroeconomics literature there is also a strand of research on what authors call “customer
markets,” as in Rotemberg (2005). In these models, consumers react negatively to prices they perceive as
unfair by not making repeated purchases with the firm. This dynamic consideration can generate price rigidity
and lower pass-through of cost changes (Nakamura and Steinsson (2011)). Firms in my model make an
entirely static pricing decision, but the intuition underlying the models is similar. Similarly, Eyster, Madarász,
and Michaillat (2021) show that if consumers have preferences for fairness and update their beliefs about costs
sub-proportionally, pass-through is incomplete.
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3 Model

I examine a model in which N firms sell a homogeneous, indivisible good. A mass of con-
sumers, have unit demand for this good at a value of v dollars, which is common knowledge
to all agents. The market is characterized by search frictions similar to those found in Stahl
(1989). Measure 1 − µ consumers search sequentially and must pay a search cost of s in
order to learn a single price drawn randomly from the remaining firms. The other measure
µ consumers are “shoppers,” have a search cost of zero, and can costlessly view the prices
offered by all of the firms in the market. Firms only make a single price offer to any given
consumer.

To sell to a customer, a firm must pay a (common across firms) marginal cost of produc-
tion C which is the sum of multiple components (indexed by j); so C =

∑J
j=1 cj . I write

the vector of these costs as c. Each of these costs is drawn from a joint distribution function
of costs and a signal xj , Gj(cj, xj) before sellers offer prices to consumers. Consumers do
not directly observe any cj .

The second random variable in this joint distribution is a signal xj that both firms and
consumers see. Normalize xj such that, conditional on cj , E[xj|cj] = cj . Each cost compo-
nent can then be rewritten as, cj = xj + ϵj where ϵj is, by construction, mean zero noise. In
this framework, xj represents the consumers’ expectation of cj and ϵj is the difference be-
tween reality and expectation. All consumers and firms observe the same vector of signals
x. Denote the distribution of ϵj conditional on xj as Hj(ϵj|xj).

I propose a reservation price equilibrium in the spirit of Stahl (1989). In a reservation
price equilibrium, the consumers’ optimal strategy is straightforward. Each consumer has
a reservation price r and if they search and receive a price that is below r, they buy the
good at that price. If they only receive prices that are higher than r, they search again.
Below, I seek to characterize this reservation price and the distribution of prices offered by
firms, F (p). These values differ from the equilibrium values found by Stahl (1989) and
later researchers in that r is a function of the signals received by the consumer. For that
reason I write r as a function of the vector x, r(x).

The key object of interest is the pass-through rate of costs to prices. Because this
environment is characterized by price dispersion in equilibrium, I focus on pass-through
to the mean transacted price. I denote this price p̄(c,x). I denote the pass-through rate of
each component of cost as ρj =

∂p̄(c,x)
∂cj

.
In this framework, the pass-through rate depends on how consumers beliefs about costs
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respond to actual changes in costs. To see this, we can use the decomposition of cost from
above, cj = xj + ϵj , to rewrite the definition of pass-through as a total derivative.

ρj =
∂p̄(c, x)

∂cj
=

∂xj

∂cj
∗ ∂p̄

∂xj

+
∂ϵj
∂cj

∗ ∂p̄

∂ϵj
(1)

Here one can see that ρj is a function of how consumers’ information (xj and ϵj) affects
prices as well as how actual costs (cj) affect consumers’ information. This model therefore
has two components: a model of the interaction of consumers and firms in this market and
a model of consumer belief formation over costs. The model of consumer and firm interac-
tion in a market with search costs and imperfect information determines how prices change
as consumers’ beliefs change ( ∂p̄

∂xj
and ∂p̄

∂ϵj
). The model of consumer belief formation then

dictates how beliefs change as costs change (∂xj

∂cj
and ∂ϵj

∂cj
).

In Subsection 3.1, I consider the familiar case in which consumers have perfect infor-
mation about costs. In this example, xj = cj , so we only need to consider one of the above
partial derivatives. Proposition 1 tells us that pass-though is complete in this special case,
establishing a benchmark to compare to cases of imperfect information. Then, in Subsec-
tion 3.2, I pin down ∂p̄

∂xj
and ∂p̄

∂ϵj
for a general class of beliefs. Proposition 2 states that

the parts of firms’ costs that consumers are aware of get passed through more completely
than those the consumer is unaware of. Here, I also motivate this paper’s empirical tests
with Corollary 2.1. Having defined how prices react to beliefs, one can use any model of
consumer belief formation to close the model and fully define pass-through. In Subsec-
tion 3.3, I suggest one such model of belief formation, in which Bayesian consumers form
beliefs rationally in response to costs that follow a Gaussian process. This model gives us
Proposition 3, which predicts that pass-through is increasing in the precision of consumers’
information about costs. Finally, in Subsection 3.4, I extend the model to allow firms to
reveal their costs to consumers. This extension generates asymmetric pass-through which
is stated in Proposition 4.

3.1 Perfect Signals - Benchmark Pass-through

As a benchmark, consider the case where consumers perfectly observe firms’ costs. In this
case, H(ϵ|x) is a degenerate distribution (ϵ1 = ϵ2 = 0 with probability 1) and thus we
can write any reference to x as c. This case corresponds to the model in Stahl (1989). A
symmetric Nash equilibrium of the model is characterized by all firms mixing according to
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a price distribution F (p) with support p ∈ [
¯
p, p̄] and a consumer reservation price r, such

that all prices in the support of F are in the best response correspondences of the firms
and r is chosen optimally with respect to F . Given these assumptions, we can state the
following:

Lemma 1 When consumers perfectly observe firms’ costs, and µ > 0, a reservation price

equilibrium exists.

Proof: Stahl (1989).
It is useful to derive this equilibrium in order to understand the decisions facing con-

sumers and firms. This is done in two parts. First, I derive the optimal firm pricing strategy,
conditional on the existence of a reservation price equilibrium with reservation price r.
Second, I derive the optimal reservation price strategy for the consumer, conditional on
firm’s pricing.

3.1.1 Equilibrium Firm Pricing

Assume that there exists a reservation price equilibrium with reservation price r. Firms’
profit function from playing a price p is:

π(p) =


(
1−µ
N

+ µ(1− F (p))N−1
)
(p− C) p ≤ r

0 p > r
. (2)

If a firm plays a price greater than the consumer’s reservation price, the consumer will
search again, and the firm will not sell to this consumer (we will see that this holds in
equilibrium). For prices less than r, the firm receives it’s markup, (p − C), multiplied
by the share of consumers it receives. This share is the sum of the probability of seeing a
captive consumer who has one price quote and the probability of seeing a shopper consumer
who has N price quotes multiplied by the probability of being the lowest price of those N

quotes. To ease notation, all further references to the profit function will only consider
p ≤ r and should be thought of as the profit from playing any price less than or equal to
the reservation price.

For this equilibrium to hold, firms must be indifferent between all prices in [
¯
p, r]. Then,

noting that F (r) = 1, profits from playing any price in this interval must be equal to profits
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from playing r which are defined by:

π(r) =
1− µ

N
(r − C) . (3)

The lower limit of the equilibrium price distribution, the point at which F (
¯
p) = 0, can be

solved for by equating the profit function (Equation 2) and profits at p = r (Equation 3)
and setting F (

¯
p) = 0. Doing so gives us the lower limit of the support of F ,

¯
p. This is the

highest price at which a firm will sell to all customers who receive a price quote from the
firm. It is obvious that selecting a price p′ <

¯
p is strictly dominated by playing

¯
p because

p′ will generate the same market share but with lower margins.
We can then solve for the price distribution F by setting (2) equal to (3). Thus, each

firm will select a price in the interval [
¯
p, r] according to the distribution F defined by:

F (p) = 1−
(
(1− µ)(r − p)

Nµ(p− C)

) 1
N−1

. (4)

We are generally interested in the pass-through to average prices, which requires us to
integrate over the density of prices which I will denote f(p).

3.1.2 Equilibrium Reservation Price

For the remainder of this section, to simplify the algebra, I focus on the N = 2 firm case.5

Given the firms’ pricing strategy, we need to find the reservation price for the non-shopper
consumer (shoppers, of course, simply purchase the good at the lowest price they see).
The non-shopper consumer compares utility from buying at the lowest price they have seen
so far, to the expected utility from searching an additional time. The reservation price is
pinned down by the price quote that makes these two values equal. It is defined implicitly
by:

r = s+

∫ r

¯
p

[f(p)p]dp (5)

Plugging in the density and
¯
p we find that r is:

r = C +
s

A(µ)
(6)

5The proof of the proposition in Online Appendix A does not depend on this restriction.
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Where A(µ) = 1− (1−µ
2µ

) log(1+ 2µ
1−µ

). A is increasing in µ, meaning consumers’ reserva-
tion prices are decreasing in µ. As Stahl (1989) notes, µ = 0 corresponds to the Diamond
(1971) monopoly pricing result, µ = 1 corresponds to Bertrand marginal cost pricing, and
values in between obtain intermediate results. We can therefore think of µ as a notion
of “competitiveness” in the market. Naturally, consumers’ reservation prices are decreas-
ing in how competitive the market is. Reservation prices are also increasing in the search
costs faced by consumers. Note that reservation prices are increasing one to one with the
marginal cost. Search costs and µ both influence reservation prices but they do not change
the relationship between marginal cost and the reservation price.

3.1.3 Pass-through

Using these equilibrium values, the following result can be obtained:

Proposition 1 When consumers perfectly observe firms’ costs, and µ > 0, a reservation

price equilibrium exists in which the pass-through rate of all marginal costs to average

transacted price, ρ, is 1.

Given consumers’ reservation prices, we can calculate the distribution of transacted prices,
the density of transacted prices, and ultimately the average transacted price (p̄):

p̄ = C +
(1− µ)s

A(µ)
(7)

Clearly the pass-through rate is 1. Levels of prices are affected by search costs and search
technologies, but pass-through is not. This demonstrates that introducing search frictions
(in this particular manner, at least) is not enough to introduce imperfect pass-through.6

Furthermore, all costs have the same pass-through rate of 1. Each component of cost enters
the expression only through C.

3.2 Imperfect Signals - Consumer Beliefs Affect Pass-through

Now assume that consumers do not perfectly observe firm’s costs. Instead, they know the
marginal distribution of costs conditional on the signal, x, that they received. As before, the

6This differs from the results of Montag, Sagimuldina, and Schnitzer (2021) because they hold fixed the
reservation price of the consumer. If one allows the reservation price to be an endogenous value pinned down
by indifference towards search, rather than their maximum willingness to pay for the good, then markups are
not a function of marginal cost, and thus pass-through is one.
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residual part of cost unknown to consumers is captured by
∑

j ϵj . When signals are imper-
fect, the distribution of

∑
j ϵj must be bounded from above in order to rule out improbable

equilibria. Formally, we must assume:

Assumption 1 There exists a value ϵ̄ ≤ s
A(µ)

+E[ϵ|p = r∗] such that h(ϵ) > 0 =⇒ ϵ ≤ ϵ̄.

To simplify analysis, we will also assume that the distribution of each ϵj does not depend
on the expectation of cost. In other words, the belief distribution of costs shifts rather than
reshapes as costs shift.

Assumption 2 For each j, Hj(ϵj|xj) = Hj(ϵj|x′
j) ≡ Hj(ϵj),∀xj, x

′
j and ϵj < ϵ̄.

An example of consumer beliefs that meet both of these conditions would be that the total
ϵ is uniformly distributed between zero plus or minus the markup charged by firms in
the perfect information case. This model is closely related to that of Janssen, Pichler, and
Weidenholzer (2011) but introduces a general class of signals about costs that are amenable
to the analysis of pass-through. Finally, we will assume that there are only two firms, for
simplicity.

Proposition 2 When consumers imperfectly observe firms costs, µ > 0, N = 2, and the

distribution of the ϵ terms meets Assumption 1, a reservation price equilibrium exists. If

Assumption 2 is also met, the pass-through rate of costs captured by consumers beliefs (x)

is 1 and the pass-through rate on costs that are not (ϵ) is µ.

To see this, assume again that there exists a reservation price equilibrium. Given a reserva-
tion price, everything from Subsection 3.1.1 holds. The firm’s profit function is the same as
before, and all characterizations of the distribution of offered prices and its support will be
the same as functions of a reservation price. However, the consumer now faces a slightly
different problem in setting r. The consumers’ search problem now involves updating
based on multiple pieces of information: the explicit cost signals and the prices received.
The consumer sets their reservation price so that after receiving a price of r, their beliefs are
such that they are indifferent between searching and not searching. Consumers with more
price quotes of r are less likely to search than consumers with fewer price quotes of r. This
means that we can pin down the search condition by the price that makes consumers with
one price quote indifferent. Consumers with more price quotes may end up with a higher
reservation price, but firms will never set a price above r because, in those cases, they are
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always in competition with at least one other firm, and in equilibrium, would lose with cer-
tainty. I therefore start off by looking at the search indifference condition for a non-shopper
consumer.7

r = s+

∫
ϵ1

∫
ϵ2

h1(ϵ1, p = r) ∗ h2(ϵ2, p = r)︸ ︷︷ ︸
Possible values of ϵ

[

∫ r

¯
pϵ

f(q|C = x1 + x2 + ϵ1 + ϵ2) ∗ q ∗ dq]︸ ︷︷ ︸
Average offered price conditional on ϵ

dϵ1dϵ2

(8)
Here, as before (in Equation 5), consumers set their reservation price by integrating over
the price distribution to get an average price if they search. However, with the added
uncertainty over cost, they must also integrate over the distribution of ϵ and calculate that
average price for any draw of cost C. With only two firms, we can use the equilibrium
density of prices from Subsection 3.1.1 to substitute in for f(q|C) in Equation 8 and solve
for r:

r = x1 + x2 + E[ϵ1|p = r] + E[ϵ2|p = r] +
s

A(µ)
(9)

This is very similar to the expression when signals were perfect. In fact, it nests that case,
because when signals are perfect, x = c and ϵ = 0. The expectation terms are constants
(they do not depend on the actual draw of the ϵj terms) which I denote ϵ̂j ≡ E[ϵj|p = r].
Assumption 2 ensures that the distribution of these ϵ terms does not vary with x which
means no moment of the distribution, such as ϵ̂j , will either. Therefore, conditional on
signals x, r is fixed, and not a function of the other part of the realized cost ϵ.

This forms an equilibrium because the value of search is decreasing in additional price
quotes. Then firms never want to play prices above r because non-shopper consumers
search and they lose any shoppers in competition. Consumers never search because they
never see a price above r which is the lowest the reservation price could be.

With this reservation price r, we can again find the density of transacted prices, and
then integrate over this density to solve for the average transacted price:

p̄ = x1 + x2 + µ(ϵ1 + ϵ2) + (1− µ)

(
ϵ̂1 + ϵ̂2 +

s

A(µ)

)
(10)

We can see from this expression that the pass-through rate of costs captured by the signal
x is 1. However, the part of the cost the consumer is unaware of (ϵ) is only passed through

7I write the following expressions for the case of two components of cost (J = 2). One could easily
rewrite these for the more general case without changing any results.
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at a rate of µ.
Proposition 2 defines pass-through for a given pair of consumers’ expectations over and

realization of the production cost. However, to fully characterize the relationship between
changes in cost and changes in equilibrium prices, one needs to define the relationship
between costs and consumers’ expectations over these costs. Equation 1 breaks the change
in cost down into its two components, consumers’ expectations x and the residual ϵ. Pass-
through is then the change in each of these components multiplied by how price changes
with response to these components. Proposition 2 defines the latter relationship and allows
us to rewrite Equation 1 as:

ρj =
∂p̄(c)

∂cj
=

∂xj

∂cj
+ µ

(
1− ∂xj

∂cj

)
(11)

This expression defines pass-through for any model of consumer belief formation about
costs. For example, Proposition 1 assumes that consumer information is perfect, or that
cj = xj . With this assumption ∂xj

∂cj
= 1. Plugging this into Equation 11, one recovers

a pass-through rate of 1, which is the conclusion of Proposition 1. As another extreme
example, consider the case in which the production cost is always drawn independently
and consumers do not observe any information about it. Here consumers’ expectations
are constant, xj = c̄j . Therefore, ∂xj

∂cj
= 0 and ρj = µ. In the following section, I

explore a model that defines a plausible relationship between changes in cost and changes
in consumers’ expectations. In Subsection 3.3, consumers update their beliefs rationally
in response to noisy signals about an evolving cost. This model defines pass-through as a
function of the precision of these signals and nests the above perfect information and no
information examples as special cases (resulting in average ρ ∈ [µ, 1]).

Proposition 2 also allows us to compare pass-through across different components of
cost, over which consumers may have different information and beliefs.

Corollary 2.1 The pass-through rate of two components of cost c1 and c2 are equal if and

only if ∂x1

∂c1
= ∂x2

∂c2
.

Pass-through of any given component cj = xj + ϵj is then a linear combination of 1 and µ.
The pass-through rate of each component is then determined by the ratio of the change in
xj to the change in cj . As consumers can have different information about different com-
ponents of cost, this allows for the possibility of different pass-through rates on different
components of the marginal cost of production, a novel prediction of this model. In stan-
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dard models of competition over price, all components of cost are passed through at the
same rate8. Corollary 2.1 motivates the primary empirical test of this model.

3.3 Dynamic Signals - Information Precision and Pass-through

In many real markets, consumers receive a stream of noisy information about the ever
evolving costs facing firms. In this section, I model consumers who continually update
their beliefs about firms’ costs as they process signals. From this analysis, we get the
key prediction of this paper, that pass-through is increasing in the precision of consumers’
information about firms’ costs.

Consider two infinitely lived firms with short-lived consumers who can observe all
signals about marginal costs, but not prices. Consumers see a long series of signals, but
only exogenously enter the market to purchase the good (and see prices) in a single period.
Costs change and signals arrive in discrete time periods. Assume that the cost evolves
according to a Gaussian process. For simplicity of notation, assume there is only one
component of cost in each time period ct.

In order to meet Assumption 1, this cost is transformed using a function with a bounded
domain. Put another way, there exists a “cost index,” which I denote c†t , which evolves ac-
cording to a random walk. Therefore c†t = c†t−1 + νt, where νt is a mean zero Gaussian
shock. Consumers know the variance of νt, which we denote σ2

ν . This index is then trans-
formed according to a function, T : R → (c̄ − γ, c̄ + γ), to get the actual cost ct. This
function is bounded on the interval (c̄ − γ, c̄ + γ) where these two values are set such
that Assumption 1 is always met. We assume that T (c†) = c̄ + t(c†). Where t(0) = 0,
limc†→−∞ t(c†) = −γ, limc†→∞ t(c†) = γ, t′(c†) > 0,∀c†, c† < 0 =⇒ t′′(c†) ≥ 0,
c† > 0 =⇒ t′′(c†) ≤ 0 and t(c†) = −t(−c†).

This gives us a transformation function that effectively truncates the tails of the dis-
tribution. This preserves the strict monotonicity of the transformation while bounding the
support of the cost distribution. A number of well-known transformation functions fit this
assumption including the normal cdf or the logistic function.

In each period, consumers receive signals about this cost index, but never observe the
actual cost. Consumers observe a signal yt and update their beliefs about c†t (and ct). This

8Note that this is true even in models where consumers have varying awareness of different components
of the price. Agarwal, Chomsisengphet, Mahoney, and Stroebel (2014), for example, provides a simple
framework for studying such markets. In such a model, salience of components of price can affect the overall
level of markups, but changes to any components of cost gets passed through at the same rate. Corollary 2.1,
therefore, makes empirical predictions that are unique to this model.
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signal is the actual index plus noise, or yt = c†t + ξt, where ξt is a mean zero Gaussian
shock with known variance σ2

ξ .
Because the transformation from index to cost (or cost signal) is deterministic and the

function is invertible, inference over costs is equivalent to inference over the index, with
the appropriate transformation. Given this setup, the consumers’ beliefs over c†t can be
represented by a Kalman filter and can be fully summarized at any time t by their esti-
mate of c†t−1, ĉ

†
t−1, and the estimated variance of this estimate, P̂t−1. These two estimates

completely capture all information up to time t. Assume that at time t, c†t−1 = 0 and thus
ct−1 = c̄.

Proposition 3 When costs and signals about costs are generated according to the above

process, a reservation price equilibrium exists and average pass-through (evaluated at

ct−1 = c̄) is between µ and 1. It is decreasing in the variance of the signal σ2
ξ and increasing

in the number of shoppers in the market µ.

To start, I show how consumers’ beliefs evolve. At time t, the individual expects the cost
index to be ĉ†t|t−1 = ĉt−1 and the variance of this is P̂t|t−1 = P̂t−1 + σ2

ν . Upon seeing a
signal, the individual updates their beliefs using the Kalman gain term:

Kt =
P̂t−1 + σ2

ν

P̂t−1 + σ2
ν + σ2

ξ

< 1. (12)

This term captures the degree to which consumers update their beliefs upon receiving new
information. After receiving the signal their expected cost index is ĉ†t = (1−Kt)ĉt−1+Ktyt.
We can use this gain term to solve for the steady state variance of the consumers’ estimate
of the production cost index, which I denote P̂ . The variance of consumers’ beliefs is
increasing in the variance of the signal (σ2

ξ ) and the variance of the shocks to the underlying
cost index (σ2

ν). It is worth noting that if either consumers perfectly observe costs (σ2
ξ = 0)

or costs evolve according to a deterministic process (σ2
ν = 0), than this variance is zero,

and the model simplifies to the perfect information Stahl (1989) case. We can also plug this
steady state variance into Equation 12 to get the steady state Kalman gain term K̂ which is
less than one and is decreasing in σ2

ξ . This defines the signal structure and updating process
of the cost index.

To present the intuition behind this proposition, I first show that the statements about
pass-through hold when costs are unbounded and the cost index is equal to the actual cost.
This violates Assumption 1 and a reservation price equilibrium does not exist when costs
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are distributed accordingly. However, the lack of transformation makes the algebra easier
to follow, and the same logic applies in the bounded case. A formal proof that the equi-
librium exists in the bounded case, and that the same statements about pass-through hold,
is presented in Online Appendix A. In this exposition, we are assuming that the actual
marginal cost of production equals this cost index. Assume that consumers have observed
these signals for a sufficient period of time and thus their beliefs over costs are normally
distributed with mean ĉt−1 and variance P̂ . We assume that consumers’ mean beliefs are
correct at the time of analysis and thus ct−1 = ĉt−1 = c̄.

If a reservation price existed for these beliefs (as it does when the cost index is trans-
formed as above), then the average price for any realization of cost (c) and noise (ξ) is
defined by Equation 10 which can be rearranged slightly as follows:

p̄(c, ξ) = x(c, ξ) + µ(c− x(c, ξ)) + (1− µ)

(
ϵ̂(c, ξ) +

s

A(µ)

)
(13)

Here I have rewritten ϵ as c − x (the actual realization of the cost less the consumers’
expectation of that cost). I have also expressed x, the mean of consumers’ beliefs over
costs, and ϵ̂, the mean of consumers beliefs over ϵ, conditional on seeing a price of r, as
functions of c and ξ. Both of these values are actually just functions of the signal that the
consumer received y. However y can be decomposed into the actual cost and the noise term
ξ. This decomposition will be useful when we integrate over possible signals. The average
price given cost c is then the average price across all possible realizations of ξ:

p̄(c) =

∫ ∞

−∞
[x(c, ξ) + µ(c− x(c, ξ)) + (1− µ)

(
ϵ̂(c, ξ) +

s

A(µ)

)
]g(ξ)dξ (14)

Where g(ξ) is normal with mean 0, variance σ2
ξ . Average pass-through is then the derivative

of this average price with respect to cost:

ρ(c) =

∫ ∞

−∞
[x′

1(c, ξ)+µ(1−x′
1(c, ξ))+(1−µ)ϵ̂′1(c, ξ)]g(ξ)dξ = µ+(1−µ)

∫ ∞

−∞
[x′

1(c, ξ)+ϵ̂′1(c, ξ)]g(ξ)dξ

(15)
When beliefs are unbounded, Assumption 2 is met and ϵ̂′1(c, ξ) = 0 for all c and ξ.9 Thus,

9This will not be the case when the distribution of c is bounded. However, as is shown in the appendix,
this value being non-zero does not change either of the conclusions made in Proposition 3
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for this exposition, the expression for average pass-through simplifies to:

ρ(c) = µ+ (1− µ)

∫ ∞

−∞
x′
1(c, ξ)g(ξ)dξ (16)

To understand this expression, it will be useful to characterize the consumers’ beliefs over
cost given an actual cost draw and the realization of the noise in their signal, x(c, ξ). First,
we know that given our assumed prior ĉt−1, a new cost c, and a noise shock ξ, consumers’
will believe that the cost c† is distributed normally with mean

x(c, ξ) = K̂ ∗ (c+ ξ) + (1− K̂)ĉt−1 (17)

and variance P̂ . The derivative of this expression with respect to c is then simply K̂.
Plugging this into Equation 16, we get that average pass-through is:

ρ(c) = µ+ (1− µ)K̂ (18)

This expression is clearly increasing in K̂. As K̂ is decreasing in the variance of the
signals that consumers receive, σ2

ξ , pass-through is decreasing in this variance as well.
Furthermore, as 0 ≤ K̂ ≤ 1, pass-through is between µ and 1 and is increasing in µ.
While the transformation that bounds costs makes the expression for pass-through more
complicated, it does not change either of these results. Therefore, average pass-through is
decreasing in the variance of consumers’ signals and moves towards one as the precision
of their information increases.

This model also gives us predictions about the probability of observing any given pass-
through rate. In the previous exercises, I discuss average pass-through, the derivative of
average transacted price with respect to marginal cost, calculated by integrating over all
possible realizations of the signal that consumers receive. Another object of interest might
be the probability of observing a certain pass-through rate. I define an observed pass-
through rate as the change in average transacted price following a change in marginal cost,
divided by that cost. As an example, given recent discussions in the media, one might
be interested in the probability of observing a pass-through rate greater than one, or over-
shifting.

Corollary 3.1 When consumers perfectly observe costs or have no information about costs,

σ2
ξ ∈ {0,∞}, the probability of observing pass-through greater than one is 0 (evaluated

at ct−1 = c̄). When consumers have imperfect information about costs, σ2
ξ ∈ (0,∞), the
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probability of an observed pass-through rate greater than one is strictly greater than 0.

Again, I show that this statement holds when costs and beliefs about costs are unbounded.
That this continues to hold when costs are bounded and Assumption 1 is met is left to
the proof in the appendix. The intuition behind this corollary is captured by this example
despite the non-existence of a reservation price equilibrium.

That the probability of over-shifting equals zero when σ2
ξ = 0 follows directly from

Proposition 1. When consumers have perfect information about the cost, as they do when
they observe noiseless signals, the pass-through rate equals one with certainty.

For σ2
ξ ̸= 0, we are again assuming that ĉt−1 = ct−1 = c̄. Assume that cost has

increased by δ > 0. Then the change in price can be written as a function of ξ (and σ2
ξ ).

When costs are unbounded, Assumption 2 is met and ∆ϵ̂ = 0. Given the simple belief
updating structure, the change in consumers’ expectations over costs reduces to K̂y or
K̂(δ + ξ), resulting in the following price change:

∆p̄(ξ, σ2
ξ ) = µδ + (1− µ)K̂(δ + ξ) (19)

This expression is clearly strictly monotonic in ξ. Therefore if there exists a value of ξ, ξ∗

for which ∆p̄(ξ∗, σ2
ξ ) = δ, it must be that ∆p̄(ξ, σ2

ξ ) > δ for all ξ > ξ∗ and ∆p̄(ξ, σ2
ξ ) < δ

for all ξ < ξ∗. In other words there exists a cutoff ξ∗ such that for any noise term greater
this cutoff, pass-through will be greater than 1. We can set Equation 19 equal to δ to solve
for this cutoff:

ξ∗ =
1− K̂

K̂
δ =

δσ2
ξ

P̂ + σ2
ν

(20)

The noise term ξ is distributed normally with mean zero and variance σ2
ξ , so the probability

of a realization of ξ > ξ∗ is 1 − Φ( ξ
∗

σξ
) = 1 − Φ(

δσξ

P̂+σ2
ν
), where Φ is the standard normal

distribution.10

For σ2
ξ ∈ (0,∞), the value of δσξ

P̂+σ2
ν

is positive and finite. This means that F (
δσξ

P̂+σ2
ν
) < 1,

and thus the probability of over-shifting is strictly greater than zero.
When σ2

ξ = ∞, the term δσξ

P̂+σ2
ν

is not finite. To see this, note that the numerator increases

linearly in σξ. The denominator, on the other hand, contains the term P̂ which increases in
σξ at a rate less than linear. This means that the probability of observing a signal ξ∗

σξ
greater

than this value is zero. The probability of over-shifting is then zero when σ2
ξ = ∞.

10One cannot make this normalization when σ2
ξ = 0. In that case, the result follows directly from Propo-

sition 1
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This corollary shows that when consumers have either perfect information about costs
or no information about costs, observed pass-through cannot be greater than one. However,
when consumers have any intermediate level of imperfect information about costs, over-
shifting occurs with positive probability.

3.4 Firm Revelation of Cost - Asymmetric Pass-through

A natural extension of this model is to allow firms to communicate the costs that they
are facing to potential consumers. Consider an extension to the model in which firms can
(at a cost d) reveal their marginal cost of production to consumers who have requested a
price quote. This model formalizes the discussion of firm revelation of cost in Section 4
of Janssen, Pichler, and Weidenholzer (2011), analyzes pass-through in this setting, and
explains the empirical phenomenon of asymmetric pass-through.

For there to exist a non-trivial equilibrium in which firms reveal their costs for some
realizations and not others, we must place bounds on the cost of revelation.

Assumption 3 Firms can pay a cost d to reveal their marginal costs. This revelation is

verifiable and d lies on the interval (0, 1−µ
2
(ϵ̄− E[ϵ|p = r])].

Then, when this assumption is met, the following Proposition holds.

Proposition 4 When Assumptions 1, 2, and 3 are met, there exists an equilibrium such that

for a given signal x, there is a value of actual cost c∗ above which all firms reveal their

costs to consumers and below which they do not. This results in an average pass-through

rate equal to one when costs are above c∗, and an average pass-through rate lower than

one when costs are below c∗.

This version of the model has a separating equilibrium. When the difference between firms’
costs and consumers expectations (ϵ) is above a certain value ϵ∗, all firms will choose to
pay the disclosure cost d and reveal their costs to consumers. Consumers then know firms’
actual costs with certainty. When costs are such that ϵ ≤ ϵ∗, firms will not reveal their
costs, leading consumers to update their beliefs about firms’ costs, knowing that ϵ ≤ ϵ∗.

If the firms reveal their costs, the consumer has full information and ϵ = 0. Then, by
the results from Equation 7, the pass-through rate is 1. Upon not seeing a revelation of
costs, consumers will update their beliefs about c, changing the x and ϵ that go into the
calculation of average price in Equation 10. Consumers’ expectations about cost become
x + E[ϵ|ϵ ≤ ϵ∗]. This expectation term is negative because the unconditional expectation
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is zero. This then gives us 2 regions with different properties of pass-through. As stated
above if ϵ ≥ ϵ∗, ρ = 1. If ϵ < ϵ∗, then the average pass-through rate must be less than one,
because the average signal is negative.

This generates an asymmetry of pass-through around the cost c∗ ≡ x + ϵ∗. More
generally, this extension to the model implies that pass-through of higher than expected
costs is greater than pass-through of lower than expected costs. If costs are dynamic as in
the previous section, this is consistent with the well documented empirical fact that “prices
rise faster than they fall (Peltzman (2000)).”

4 Data and Setting

4.1 Setting and Institutional Details

I study the role of consumer beliefs in determining pass-through in the US residential mort-
gage market. This market is ideal for testing the model’s prediction that different compo-
nents of marginal cost can have different pass-through rates if consumers have different
information about each component. Critically, the mortgage market features both search
frictions and multiple observable costs of which consumers have varied awareness. I use
the confidential Home Mortgage Disclosure Act data to show that widely known costs are
passed through at a higher rate than more obscure ones.

The majority of mortgages in this market are 30-year, fixed-rate loans that are guaran-
teed by the US government, securitized into a MBS and sold to investors. This securitiza-
tion and sale is the primary source of funding for lending and is the largest determinant of
the marginal cost of lending to a borrower. When a lender originates a loan for borrower i
at time t, securitizes, and sells it, they receive the following upfront cash flows11:

ωit = TBA Pricet+Spec Pool Payupit−LLPAit−pointsi−buydowni−unobservable costsijt−100

This cash flow, ωit is quoted in dollars per hundred dollars lent to the borrower. I will focus
primarily on three of these components: TBA price, specified pool payup and LLPA12. Im-

11Adapted from Fuster, Goodman, Lucca, Madar, Molloy, and Willen (2013)
12Points refers to an upfront payment made by the borrower in exchange for a lower interest rate. In

the empirical analysis, I will define notions of price that are inclusive of points taken. Buydown refers to
the firms’ ability to make an upfront payment to the government sponsored entities to lower the recurring
guarantee fee they pay. I assume that such a transaction has no effect on the discounted present value of
the cost to the lender, and can therefore be ignored. Unobserved costs include the many costly actions that
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portantly, all three of these components are observable to the econometrician and common
across all lenders. I will address each of them in turn.

The majority of mortgages that are securitized are sold into an MBS market known as
the to-be-announced (TBA) market13. The TBA market is an incredibly liquid, futures-like
market in which parties exchange standardized contracts outlining the future exchange of
a MBS for a set price. These contracts do not specify the exact mortgages that must be
delivered but rather broad characteristics such as the governmental agency guaranteeing
the loan and the coupon rate of the bond. The flexible nature of these contracts and the
liquidity provided by this market make TBA trades the primary funding source for lending.

This market has very transparent pricing and the yield on these securities closely tracks
most market interest rates such as the ten-year US Treasury yield. Figure 1 plots the yield
on these securities alongside the yield on the ten-year US Treasury note and shows that the
two move in tandem. The correlation coefficient on the two yields is 0.95 during the period
studied in this paper. While borrowers may not understand the exact funding process for
their loans, they are likely to be well aware of the prevailing rates and have a strong sense
of this main component of firms’ cost of lending.

Figure 1: United States 10-year Treasury Note Yields and Bank of America Fannie Mae 30
Year TBA Current Coupon Yield plotted over the studied period.

lenders must take in order to complete the lending and securitizaton process. This includes the time of the
loan officer, legal fees associated with securitization, marketing costs, and many other costs. I assume that,
conditional on a number of observable covariates, these are orthogonal to the costs being studied. Lastly, the
100 in the equation refers to the face value of the loan, paid to the borrower by the lender.

13TBA trades make up around 90% of daily trades in the agency MBS market (Fuster, Lucca, and Vickery
(2023)).
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The specified pool payup is an additional payment that lenders receive for loans that
have certain characteristics. MBS are fixed rate securities, so their value decreases when
market interest rates increase. However, they have the unique property that they are nega-
tively convex, meaning the second derivative of their price with respect to rates is negative.
When rates fall, mortgage borrowers prepay and refinance their loans, returning money to
investors at par. Similarly, when rates rise, borrowers are reluctant to prepay, lengthening
the expected duration of the bond. This causes the value of an MBS to decrease faster and
increase slower with respect to market rates than a similar, non-convex bond. To compen-
sate investors for this prepayment risk, MBS trade at a lower price and thus a higher yield
than these similar bonds. There are certain characteristics of mortgages that can reduce
this prepayment risk and thus reduce the convexity of the bond, increasing its price. When
an MBS contains many mortgages that all feature one of these properties, it is typically
traded as a specified pool and is traded at a premium to TBA. The most common example
of such a feature is low loan balance. Borrowers with a low loan balance have a lower
incentive to refinance because the rate incentive needs to be larger to offset the fixed costs
of refinancing. Therefore investors prefer these sorts of borrowers.

Market conventions have settled on trading loans with low loan balances by “buckets”
of loan sizes. For example, Low Loan Balance or LLB bonds exclusively contain mort-
gages with a loan balance below $85,000. Medium Loan Balance or MLB bonds contain
loans with balances between $85,000 and $110,000. These different categories of MBS
are commonly traded up to a category containing loans between $175,000 and $200,000.
Naturally, a LLB bond has lower prepayment risk than a MLB bond, and thus trades at a
higher price. A lender therefore gets greater cash flow at origination, a higher “payup” to
TBA, and thus has a lower marginal cost of lending, for loans that can be placed in a better
specified pool. This creates a discontinuity in the marginal costs faced by lenders with
respect to loan size. An $84,000 loan is very similar to an $86,000 loan in every sense,
besides the fact that the $84,000 loan can be placed in an LLB bond while the $86,000 can-
not, meaning the marginal cost of lending to the $84,000 borrower is, all else being equal,
lower. Borrowers are unlikely to be aware of the market for specified pools. Furthermore,
the sign of the effect of increasing loan size and moving from one specified pool bucket to
another is the opposite of what intuition would lead borrowers to believe. Generally, in-
creasing loan size spreads the fixed costs of lending over a larger loan, lowering the cost of
lending. However, near these loan-size cutoffs, an increase in loan size causes a drop-off in
pay-ups, resulting in a discrete increase in the lenders’ cost, unbeknownst to the borrower.
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Loan level price adjustments (LLPAs) are payments made by the lender to Fannie Mae
and Freddie Mac to guarantee the credit risk of the loan upon securitization. The GSEs
require greater upfront payment for riskier borrowers, but they make this assessment based
on discrete buckets of credit scores and loan-to-value (LTV) ratios, creating a “grid” of
LLPA values14. This, again, creates a discontinuity in the marginal cost of lending to
borrowers in the credit score and LTV dimensions. For example, consider two identical
borrowers taking out loans with an LTV of 80%, one of which has a credit score of 699,
the other 701. The true credit risk of these borrowers is more or less indistinguishable but
a lender to the 699 borrower needs to pay an LLPA of 1.75% while a lender to the 701
borrower needs to pay an LLPA of 1.25%. Therefore, lenders face a lower marginal cost of
lending when borrowers are below one of these thresholds. Borrowers may be unfamiliar
with the exact details of how LLPA is determined, but they are likely to be aware that lower
credit scores and lower down payments (higher LTV ratios) result in higher costs to lenders.

4.2 Data

I use the confidential version of the Home Mortgage Disclosure Act (HMDA) database
from 2018-2020. These data contain almost all residential loans made in the US during
this time period and contain critical fields such as the loan application date, loan amount,
interest rate, other payments and fees, credit score, loan-to-value ratio, debt-to-income ra-
tio, lender, home location (3 digit zip code), and other borrower demographics. I exclude
the pre-2018-2020 period because interest rates were not previously recorded in HMDA.
To study a homogenous product, I also restrict attention to purchase loans that are con-
ventional, conforming, 30-year, fixed-rate, single-family, owner-occupied, and standard-
amortization15.

The confidential version of the data provides two advantages relative to the publicly
available data set. First, it provides credit scores and exact loan amounts, which allow for
exact identification of LLPAs and specified pool payups. Second, it provides exact loan
application dates rather than loan application months or quarters, which allows for the use
of daily TBA prices and specified pool payups. This reduces measurement error in marginal
costs which is critical for identifying pass-through rates without attenuation bias. I link the

14For current LLPAs see grid.
15This segment of the mortgage market was chosen because it is the largest portion of the market and is

closest to what market participants would consider “standard mortgages.” I have not performed any of the
following analysis on any other subset of the market.
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confidential HMDA data to eMBS securities level data, which records the specific MBS
pools that loans have been placed in. This allows me to attribute specified pool payups
to loans that were actually placed in specified pools rather than just those that are eligible

to be placed in specified pools. For TBA and specified pool payup pricing, I use daily
historical TBA prices and specified pool payups from Citigroup’s Citi Velocity platform16.
Finally, for LLPAs, I use Fannie Mae’s LLPA matrix.

4.3 Converting Interest Rates to Prices

To estimate the pass-through rate of marginal cost to equilibrium prices, the two must be
measured in the same units. In most of the literature, this is straightforward, both cost and
price can be expressed in dollars. However, in the mortgage market, the costs that we are
studying are each upfront payments to or from the lender. The most prominent element
of the price, on the other hand, is the interest rate. Therefore, to estimate pass-through, I
must convert the payments made by the borrower into a measure of present value. Below,
I suggest one such method of doing so, using present value calculations.

My primary method of calculating the price paid by the borrower is to calculate a
present value of the loan to the borrower. The borrower receives the face value of the
loan upfront, less fees and points paid, but then pays a monthly payment based on the inter-
est rate of the loan for the life of the loan. If we assume a discount rate and a prepayment
schedule, we could calculate the present value of all of these cash flows. Here I use the
industry standard PSA prepayment model which assumes borrowers do not prepay at all
in the first month, ramp up their prepayment over the next 30 months linearly, and then
prepay at a constant rate for the remaining months. This is of course a simplification of
borrowers’ prepayment behavior, but it is used as a benchmark by market participants and
approximates actual payments. In my main specification, I assume an annual discount rate
of 10% and assume prepayment of 250 PSA. I then calculate the cash flows in each month
under this prepayment assumption and discount them to get a present value. The benefit of
using this method is that it reflects how economists think of the total benefit or loss received
by a borrower from a change in the interest rate. The main downside is that it requires us
to make assumptions about the discount rate and prepayment behavior.

In the following section, I estimate pass-through using this measure of price. In Online

16This platform did not report payups for the more infrequently traded specified pools with loan size less
than $200,000. To calculate payoffs for loans that were placed in these pools, I extrapolate from the payups
of $150,000 and $175,000 cutoff pools.
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Appendix B, I suggest two additional methods of calculating price: using prices facing
borrowers and using prices facing lenders. I repeat the below analysis using these notions
of price (and find qualitatively similar results).

5 Results

5.1 Empirical Strategy

The main goal of this empirical exercise is to measure and compare the pass-through rates
of the three components of the marginal cost of lending. To do this, I first run what Mueh-
legger and Sweeney (2021) call the “canonical pass-through regression,” but modified to
include multiple components of marginal cost. Specifically, I regress (in levels):

Priceijlt = ρ1TBAt + ρ2Payupit + ρ3LLPAi + βXi + νl + ϵijlt (21)

Where ρ1, ρ2, and ρ3 are the pass-through rates being studied. The dependent variable,
Priceijlt, is the transaction price between borrower i and lender j in county l on day t. To
estimate pass-through of cost to price, this price must be measured in the same units as
TBAt, Payupit, and LLPAi, dollars paid upfront per hundred dollars of loan. This presents
a challenge, as the “price” facing borrowers is typically quoted as an interest rate. To
address this issue, I use the aforementioned methods of converting all of the payments
made by borrowers into one upfront price and demonstrate that each of these leads to the
same conclusion: pass-through is not uniform across these components of cost.

The vector Xit contains individual level characteristics, most importantly those that are
used to determine Payupit (loan size) and LLPAit (credit score and LTV). Location fixed
effects are denoted by νl. An unobservable individual level term, ϵijlt, allows for correlation
within firm, location and time.

This specification allows for the identification of the three pass-through rates under the
following assumptions. Parameter ρ1 is identified if the TBA price is statistically inde-
pendent from ϵijlt. This is a common assumption in the literature (Fuster, Lo, and Willen
(2017) and Scharfstein and Sunderam (2016)) and it is plausible given the massive size of
the TBA market and its interconnectedness with other global rates markets.

The identification of ρ2 and ρ3 is similar to that of a regression discontinuity design
(RDD). Using the terminology of Cattaneo and Titiunik (2022), I present identification

28



arguments under a continuity framework and a local randomization framework. In the con-
tinuity framework, parameter ρ2 is identified if the relationship between the unobservable
costs of lending and borrowers’ loan sizes is continuous around the specified pool cutoffs
and loan size is continuously distributed. Parameter ρ3 is identified under a similar as-
sumption. Unobservable costs must be continuous in credit score and LTV ratio around the
cutoffs for different LLPA buckets.

In the local randomization framework, ρ2 is identified if, for a given borrower wanting
to take out a loan for an amount near a cutoff, whether their loan is above or below that
cutoff is random. Likewise ρ3 is identified if, near the LLPA cutoffs, whether a credit score
or LTV ratio is above or below the cutoff is random. The identification of these parameters
rely on the assumption that the running variables are not strategically chosen by borrowers
which I address in more detail below.

Ideally, these ρ2 and ρ3 are identified by comparing loans made to individuals directly
above and below one of the cutoffs. Local randomization of these the three running vari-
ables (loan size, credit score, LTV) is plausible. Secondly, the relationship between these
variables and the unobservable elements of price should be continuous at each cutoff. Intu-
itively, individuals with a credit score of 699 should be similar to individuals with a credit
score of 701 in all aspects besides the LLPA they pay. Likewise individuals who take out
a $109,000 loan should be similar to those who take out a $111,000 loan. Borrowers may
make a strategic decision over the down payment they make and thus the LTV ratio of their
home. I therefore estimate ρ2 and ρ3 both across LTV ratios and holding it fixed at 80, the
most common choice made by borrowers.

I use two different approaches to estimation. The first is an RDD with multiple cutoffs.
Here, I estimate Equation 21 using only loans that are near a cutoff. In my first specification
using this approach, I focus on loans with an LTV of 80% because there is a large mass
of borrowers with this LTV ratio as this is the cutoff above which borrowers need to take
out mortgage insurance. This has the added benefit of making the local randomization of
loan size assumption more plausible. If borrowers are committed to an 80% LTV loan,
then their loan size is simply 80% of the homes’ purchase price which should be locally
random. Credit scores are determined by an external agency and are difficult to game above
and below a certain cutoff. I allow for different slopes of β with respect to loan size and
credit score around the different cutoffs but estimate only single values of ρ2 and ρ3

17. I

17This is accomplished using indicator variables specifying which loan size bucket the loan is in and
interaction terms between these indicators and the loan size variable. These terms are added to the matrix Xi
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then estimate the same equation on the broader set of loans with an LTV ratio less than 80
that are near one of the LLPA cutoffs. Here I allow for different slopes of β with respect to
loan size, LTV, and credit score around the different cutoffs.

The second approach is to jointly estimate these parameters using the entire dataset.
Here, it is important that we allow for sufficient flexibility in the relationship between the
running variables and price. I therefore estimate a slightly different equation:

Priceijlt = ρ1TBAt+ρ2Payupit+ρ3LLPAi+f(Loan Sizei)+g(FICOi)+h(LTVi)+βXi+νl+ϵijlt

(22)
Here I include third order polynomial terms to non-parametrically estimate the continuous
relationship between the three running variables and price. Then any change in price caused
by the discontinuous jump in payups or LLPA at the cutoffs will be captured by ρ2 and ρ3.
I estimate this equation on the larger, full sample of loans.

5.2 Hypothesis

Connecting these regression models to the predictions made by the theoretical model of
pricing outlined above, the theory predicts that the ρ terms will be functions of the precision
of information borrowers have about each component of cost. Assuming consumers have
less information about some components (such as specified pool payups) than others, we
should expect ρ1 ̸= ρ2 ̸= ρ3. Specifically, if one believes that consumers will have more
precise information about rates and LLPAs than specified pool pay-ups, then the model
predicts that ρ1, ρ3 > ρ2. This is in contrast to other models of equilibrium pricing which
predict ρ1 = ρ2 = ρ3 = ρ.

5.3 Graphical Results

Before jumping into the results of the regressions above, I visually inspect the relationship
between the pricing of two of the components of marginal cost, TBA prices and specified
pool payups. Below, I present a series of bin-scatter plots. In each of these, I use the present
value of the loan to the borrower (assuming 250 PSA prepayment and a 10% discount rate)
as the measure of transacted price18. This present value is decreasing in the interest rate

in Equation 21. A similar approach is used with credit scores and/or LTV ratios when estimating pass-through
of LLPA.

18The use of a single, constant prepayment rate for all borrowers is a simplification of how borrowers view
the total price of the loan. Borrowers vary in their propensity for prepayment; however, what is important to
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paid by the borrower and should be increasing in TBA prices and specified pool payups.
I then residualize this present value by regressing it against controls for county and the
LLPA grid. Finally, I plot this residualized present value against either TBA prices or
payups. Figure 2 studies the pass-through of TBA prices while Figures 3 and 4 study the
pass-through of specified pool payups.

Figure 2 plots residualized transacted present value against the 3.5% coupon TBA price
on the day the loan was originated. Present value is residualized against county, loan
amount, and LLPA bin fixed effects. One can see that these transacted values are closely
tied to the TBA prices. Furthermore, the slope of this line is 1.03 which is the estimated
pass-through of TBA prices. Note that throughout these results, the overall levels of pass-
through depend on the transformation used to convert interest rates to upfront payments.
This study is not concerned with the overall level of pass-through per se, but rather the
relative levels of pass-through of the different components. This estimated pass-through is
similar in magnitude to the nearly complete pass-through found in Fuster, Lo, and Willen
(2017) of 0.92. This slope is therefore useful primarily as a benchmark to compare to the
pass-through of specified pool payups.

the regression-discontinuity-like empirical design, is that any relationship between observable characteristics,
such as loan size, and prepayment behavior is continuous. Borrowers with $109,000 loans should not have
significantly different prepayment behavior than borrowers with $111,000 loans, for example. Furthermore,
the use of a constant prepayment rate assumption should be viewed as a conservative estimate of the test of
differential pass-through. If borrowers with smaller loan sizes prepay more slowly than borrowers with larger
loan sizes, than my estimates for the total prices paid by small loan borrowers are biased downward. Lenders
to these small loan borrowers receive larger payups, therefore the estimates for pass-through of payups would
be biased upwards, making it more difficult to reject the null hypothesis that the pass-though of TBA prices
and payups are equal.
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Figure 2: Transacted borrower present values less county, loan amount, and LLPA bin fixed
effects plotted against 3.5% coupon TBA price on the day of loan origination. Solid line
plots the line of best fit, representing the pass-through of TBA price to borrower prices.

Next, Figure 3a plots residualized borrower present values against the borrower’s loan
size. Present values are residualized against county, date, and LLPA bin fixed effects. As
discussed above, loan size determines the specified pool that loans can be placed in and
thus determines the specified pool payup that the lender receives. As loan size increases,
the loan becomes ineligible for higher payup pools and thus the payup the lender receives
decreases. Figure 3b shows how the average payup earned by lenders varies across loan
sizes. The payup difference across these cutoffs is on average about $0.25 per $100 of face
value. While Figure 3a shows that there are clear downward jumps in borrower present
value at each of the loan size cutoffs, the decreases in present value to the consumer are
small relative to the loss in payup to the lender. The sizes of these jumps in borrower present
value relative to the changes in payups provide a visual representation of the regression
discontinuity approach to estimating the pass-through of specified pool payups.
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(a) Transacted borrower present values less
county, application date, and LLPA bin fixed ef-
fects. Solid lines plot the lines of best fit within
each LLPA bucket. Vertical lines show specified
pool loan size cutoffs.

(b) Average specified pool payups received by
lenders plotted against loan size. Vertical lines
show specified pool loan size cutoffs.

Figure 3: Regression discontinuity plots of prices and costs against loan size.

To compare the pass-through of specified pool payups directly to that of TBA prices,
Figure 4 plots residualized borrower present values against the specified pool payup for
that loan. Present values are residualized against county and LLPA bin fixed effects as well
as linear effects of TBA prices and the size of the loan (where the effect is allowed to vary
by specified pool bucket as in an RD regression). This figure only uses loans for borrowers
with loan sizes close to the specified pool cutoffs to isolate the effect of specified pool
payups on price. The slope of the line of best fit is 0.23, which is the estimate for pass-
through of payups to borrower present value. The dashed blue line in this figure represents
what the relationship between payups and borrower present value would be if the pass-
through of specified pool payups was the same as that of TBA prices. Comparing the line
of best fit to this dashed line, it is clear that the pass-through rate of specified pool payups
is far lower than that of TBA prices.
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Figure 4: Transacted borrower present values less county and loan amount fixed effects
with linear effects of TBA price and linear effects of loan size that vary across specified
pool buckets plotted against specified pool payups. Plot only contains data points within
$5,000 of a specified pool cutoff. Solid line plots the line of best fit, representing pass-
through of specified pool payups to borrower prices. Dashed blue line plots the hypothetical
relationship between specified pool payups and prices if payups had the same pass-through
rate as TBA prices.

The identification strategy for LLPA pass-through is very similar to that of specified
pool payups. Instead of using discrete cutoffs in loan sizes used by the specified pool
market, we use the discrete buckets of credit scores and LTV ratios used to determine the
LLPAs set by the GSEs.

Based on the above figures, it appears that the pass-through of specified pool payups
is far lower than that of TBA prices. This difference in the relative pass-through rates
is consistent with the theoretical model above, but not with other models of equilibrium
pricing. Below, I confirm this using the regression discontinuity regressions discussed
above.

5.4 Regression Results

Table 1 estimates pass-through of the three different components of cost using borrower
present value as calculated above as the notion of price. In each column, I report the point
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estimate for pass-through of these components under a different specification. Below the
point estimate is the 95% confidence interval for that pass-through rate. Finally, at the
bottom of each column, I report the p-values for a F-test that compares the coefficients
(pass-through rates) of TBA price vs specified pool payups or LLPA. When this value is
below a critical value, we can reject the null hypothesis that the components have the same
pass-through rate. This null hypothesis is the hypothesis under a standard price competition
model.

Column 1 of Table 1, reports the results of estimating Equation 21 without the LLPA
terms, isolating the estimation of ρ1 and ρ2. The equation is estimated using only loans
that are within $5000 of a specified pool cutoff. I control for loan size linearly but with
the relationship between loan size and cost allowed to vary across loan size buckets. I then
control for county and LLPA bucket fixed effects. Under this specification, I receive point
estimates of ρ1 = 0.85 (TBA price pass-through) and ρ2 = 0.37 (Specified pool payup
pass-through). These estimates are significantly different at a 1% significance level. We
can therefore be confident that specified pool payup pass-through is significantly lower than
that of TBA prices.

Column 2 reports the results of estimating Equation 21 without the payup terms, iso-
lating the estimation of ρ1 and ρ3. Here, the equation is estimated only on loans with an
LTV ratio of 80 that have a FICO score within 5 of the LLPA cutoffs. This is done to
estimate the pass-through of LLPA using only the variation in the borrowers credit score.
I estimate this separately as credit score is more likely to meet the assumption of being
locally random near the cutoffs than LTV ratio. In this regression, I control for credit score
linearly but allow the relationship to vary across LLPA buckets. I include county and loan
size bucket fixed effects. Here, I receive point estimates of ρ1 = 0.97 and ρ3 = 0.87 (LLPA
pass-through) although the difference between these rates is not significant. We therefore
cannot reject the null hypothesis that TBA prices and LLPAs are passed through at the same
rate.

Column 3 estimates the same equation as column 2, but uses the larger sample of loans
that are either within 5 of a credit score cutoff or within 2 of an LTV ratio cutoff. I use the
same fixed effects but introduce additional linear controls for LTV ratio that can vary across
LLPA buckets. This gives us very similar point estimates of ρ1 = 0.99 and ρ3 = 0.96.
Again, we cannot reject the null hypothesis that TBA prices and LLPAs are passed through
at the same rate.

Column 4 estimates the full Equation 21, jointly estimating ρ1, ρ2, and ρ3. Here I again
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restrict the sample to only loans with an LTV ratio of 80. This restriction provides the
same benefits as in column 2, but also strengthens the local randomness assumption on
loan size. If borrowers are taking out a loan with the default LTV ratio of 80, their loan size
is just 80% of price of the home, which is unlikely to be determined based on specified pool
payups. Then, I restrict the sample to loans that are both near an LLPA credit score cutoff
and near a loan size cutoff. I use county fixed effects and linearly control for loan size and
credit score, allowing both relationships to vary across buckets. Here, I get point estimates
of ρ1 = 0.85, ρ2 = 0.36, and ρ3 = 0.87. We can reject the null hypothesis that ρ1 = ρ2 at
the 1% level but not that ρ1 = ρ3. Pass-through of specified pool payups is different than
that of TBA prices or LLPAs.

Column 5 estimates the same thing, but again loosens the sample restriction to any loan
that is near a loan size cutoff and either within 5 of a credit score cutoff or within 2 of an
LTV ratio cutoff. Point estimates are similar at ρ1 = 0.85, ρ2 = 0.37, and ρ3 = 0.89.
Again, we can only reject the null hypothesis that pass-through of TBA prices is equal to
that of specified pool payups.

Finally, Column 6 estimates Equation 22. This makes use of all loans. I control for the
continuous relationship between marginal costs and loan size, credit score, and LTV ratio
by using (interacting) third degree polynomial terms. This specification assumes that these
polynomial terms fully capture the relationship between these three running variables and
the unobserved component of marginal cost. In exchange for this (strong) assumption, the
regression can leverage additional data points away from the cutoffs, increasing power. I
again include county fixed effects. Point estimates are qualitatively similar at ρ1 = 0.95,
ρ2 = 0.22, and ρ3 = 0.82. Here, only the null hypothesis that ρ1 = ρ2 can be rejected.

Online Appendix Section B demonstrates that the above results are robust to a wide ar-
ray of specifications. Qualitatively similar results are obtained when one repeats the above
analysis but uses borrower discount points or differences in TBA prices to calculate the
price. It is worth noting that changing the notion of price used primarily changes the levels
of the three pass-through rates rather than the magnitude of the difference between them.
The results lead to the same conclusions when we use different regression discontinuity
windows, estimate pass-through separately for each specified pool cut-off, or use a differ-
ent base coupon rate for TBA prices. Online Appendix Section B contains the details of
these robustness checks.
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(1) (2) (3) (4) (5) (6)
Present Value Present Value Present Value Present Value Present Value Present Value

TBA Price 0.85 0.97 0.99 0.85 0.85 0.95
[0.74,0.96] [0.85,1.10] [0.87,1.11] [0.75,0.94] [0.74,0.96] [0.80,1.10]

Payup 0.37 0.36 0.37 0.22
[0.14,0.60] [0.14,0.59] [0.15,0.59] [0.043,0.39]

LLPA 0.87 0.96 0.87 0.89 0.82
[0.77,0.98] [0.86,1.05] [0.59,1.14] [0.78,1.01] [0.70,0.94]

Loan Size Controls ✓ ✓
Credit Controls ✓
LTV Restriction ≤ 80 = 80 ≤ 80 = 80 ≤ 80 ≤ 80
Sample Window Loan Size FICO FICO or LTV Size and FICO Size and FICO or LTV All
N 69,252 93,344 216,596 13,636 37,462 399,260
R2 .652 .665 .67 .656 .653 .68
P(TBA = Spec) .003 .001 .003 0
P(TBA = LLPA) .195 .672 .858 .522 .175

Table 1: Borrower present values regressed on TBA prices, specified pool payups, and
LLPAs. All regressions control for county fixed effects. All standard errors are clustered
at the location, firm, time level. Point estimates for pass-through rates reported with 95%
confidence intervals in brackets. Loan size controls are fixed effects for loan size calculated
using $50,000 buckets. Credit controls are fixed effects by LLPA bins. LTV restriction
refers to whether the sample was restricted to borrowers with an LTV of 80 or not. Sample
window refers to restriction of the sample to loans that are close to specified pool or LLPA
cutoffs. Loan size refers to within $5000 of a specified pool cutoff, FICO refers to within
5 of an LLPA credit score cutoff, and LTV refers to within 2 of an LLPA LTV cutoff.
N reports the sample size. P(TBA = Spec) reports the p-value of an F-test comparing
the coefficients (pass-through rates) on TBA prices and specified pool payups. P(TBA
= LLPA) reports the p-value of an F-test comparing the coefficients on TBA prices and
LLPAs.

5.5 Discussion

No matter the methodology used to convert interest rates into upfront prices, it appears that
the pass-through rates of TBA prices and specified pool payups are different. It does not
appear that the pass-through rates of TBA prices and LLPAs are different. This evidence is
inconsistent with the models of equilibrium pricing found in the existing literature. In these
models, all components of marginal cost should be passed through at the same rate. Here,
each of the components of marginal cost - TBA price, specified pool payup, and LLPA
- enter the firms’ profit function in the same way. Each of these costs is common to all
firms. Each is part of the same product ruling out differences in demand or firm conduct.
Therefore, this evidence is inconsistent with these existing models.

On the other hand, this evidence is consistent with the model presented above if borrow-
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ers have less precise beliefs about specified pool payups than the other two components. As
explained above, this seems like a reasonable explanation. Borrowers are likely aware of
prevailing interest rates and their effect on the costs faced by lenders. Likewise, borrowers
are likely to know that it is more costly to lend to borrowers with lower credit scores and
lower down payments (higher LTV ratios). While they may not be aware of or understand
the TBA market or the determination of LLPAs, they are likely to be aware of the corre-
lations between marginal cost of lending and interest rates, credit scores, and LTV ratios.
However, it seems unlikely that borrowers are aware of the specified pool market and their
intuitions about the relationship between marginal cost and loan size would probably lead
them in the opposite direction. The above evidence on pass-through rates rejects exist-
ing models but remains consistent with a model in which consumers’ expectations impact
pass-through.

5.6 Counterfactual Consumer Information

The above empirical exercises are primarily intended as a test of the novel theoretical pre-
diction that pass-through can vary across components of marginal cost. However, the es-
timated pass-through rates are also sufficient statistics for measuring the gain in consumer
welfare created by the specified pool market both under current conditions and under a
counterfactual consumer information regime. These estimates allow us to use the model
to predict the additional welfare that they could receive if they had the same information
about specified pools as they do about general interest rates.

The specified pool market allows lenders to receive additional revenue from the origi-
nation of loans below a certain loan size. In this section, I study how much of the surplus
generated by the specified pool market is received by consumers. Specifically, I use the
model to perform the following thought experiment: holding all else fixed, how much sur-
plus would a small loan size borrower lose if their loan were not eligible to be securitized
as a specified pool (and had to be sold via TBA instead). To quantify the savings that these
borrowers receive from the specified pool market, I estimate the upfront points they would
need to pay the lender in order to maintain the same interest rate. This allows me to specify
the total upfront savings a borrower receives from being eligible for their given specified
pool. I can then compare these savings to the savings in a counterfactual in which con-
sumer’s information about the specified pool market is equally precise as their information
about TBA prices.
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With the above estimates of the pass-through rates, I can estimate these savings both
under consumers’ actual information and under the counterfactual. Without additional as-
sumptions about consumers’ expectations about specified pool payups, I cannot make any
statements about the levels of price in the counterfactual information scenario.19

Table 2 reports the results of these counterfactual exercises for current borrowers that
are eligible for each specified pool story. Throughout this section, I use the estimates from
Table A.1, Column 1. These estimates allow me to express consumer surplus as the points
the borrower would need to pay upfront to maintain the same interest rate if they were not
eligible for the specified pool. One could easily use any of the above estimates to perform
a similar exercise.

The first four rows present the results in points (dollars paid/saved upfront per hun-
dred dollars of loan size). The first row reports the average payup received by lenders for
borrowers whose loans were pooled in a given specified pool story. This is taken directly
from the data and is generally decreasing in the loan size cutoff20. The second row reports
estimated borrower savings due to specified pool eligibility (in points). Here we are com-
paring the price lenders would offer given the payup they actually received and the price
they would offer given a payup of zero. Under the model, this can be calculated by simply
multiplying the payup received by the pass-through rate on specified pool payups. Average
savings for specified pool borrowers were between 0.25 and 0.61 points. The third row re-
ports the estimated borrower savings due to specified pool eligibility in the counterfactual
scenario in which borrowers’ information about specified pool payups is equally precise as
their information about TBA prices. In the model, by Corollary 2.1, two components of
marginal cost have the same pass-through rate if and only if the precision of consumers’
beliefs about the components are the same. We can therefore estimate the savings specified
pool eligible borrowers would receive in this scenario by multiplying actual payup by the
pass-through rate on TBA prices. In this scenario, we estimate that specified pool eligibility
would save borrowers between 0.66 and 1.59 points. The fourth row reports the difference

19Depending on consumers’ current expectations of payups, it is possible that prices for specified pool
eligible borrowers decrease, prices for ineligible borrowers increase, or some combination of the two. There-
fore, without additional assumptions, I can only make statements about the difference in surplus between
otherwise equivalent eligible and ineligible borrowers. However, if one makes the reasonable assumption
that borrowers currently believe payups are zero, then these results can be interpreted as the change in prices
specified pool borrowers would receive in the counterfactual information setting.

20Average payups received by borrowers are higher for HHLB and 200k borrowers because of composi-
tional effects. These stories were not widely traded at the beginning of the sample period, and became more
common at a time when all payups were higher. On any given date, HHLB and 200k payups were less than
LLB, MLB or HLB ones.
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between these two estimates. This represents the additional savings specified pool eligible
borrowers would receive if they had more precise information about payups. Estimates for
these additional savings range from 0.41 to 0.98 points.

The middle four rows calculate savings per borrower. Here, I report the average loan
size for each specified pool story and then each of the above savings estimates in dollars. I
estimate that average savings created by the specified pool eligibility are between $415 and
$561. With more precise information, these borrowers could have received an additional
$671 to $905.

The final four rows report the total savings generated by the Fannie Mae specified pool
market. I estimate that the current total borrower surplus generated is roughly $178 million
dollars per year. I estimate that borrowers would save about $467 million dollars annu-
ally with counterfactual information. I therefore estimate that across these specified pool
stories, borrowers miss out on $289 million dollars in savings per year.

LLB MLB HLB HHLB 200k

Specified Pool Payup in Points 1.48 1.32 0.77 0.84 0.62

Current Savings in Points 0.61 0.54 0.32 0.34 0.25

Counterfactual Savings in Points 1.59 1.42 0.83 0.90 0.66

Difference in Points 0.98 0.88 0.51 0.56 0.41

Loan Amount at Origination 68,016.16 98,710.89 131,258.26 162,615.29 188,333.34

Current Savings in Dollars 415.65 534.84 432.77 560.55 478.73

Counterfactual Savings in Dollars 1,086.59 1,398.19 1,131.35 1,465.39 1,251.49

Difference in Dollars 670.94 863.35 698.58 904.84 772.76

Fannie Mae Annual Issuance ($MM) 3,279.2 5,454.8 12,459.0 13,865.8 16,617.3

Annual Savings ($MM) 20.0 29.5 39.9 47.1 41.5

Annual Counterfactual Savings ($MM) 52.1 77.5 103.4 124.8 109.7

Annual Difference ($MM) 32.1 48.0 63.5 77.6 68.1

Table 2: Table reports averages for each variable grouped by specified pool story. Specified
pool stories are LLB (Loan Size ≤ $85,000), MLB ($85,000 < Loan Size ≤ $110,000),
HLB ($110,000 < Loan Size ≤ $150,000), HHLB ($150,000 < Loan Size ≤ $175,000),
and 200k ($175,000 < Loan Size ≤ $200,000). All measures of savings are calculated
using estimates from Table A.1, column 1. Each is reported in points (dollars up-front per
$100 in loan amount), upfront dollars (points/100 multiplied by loan size), and total annual
savings (points/100 multiplied by average annual Fannie Mae pool issuance). Average
annual pool issuance for Fannie Mae by story is calculated from Fannie Mae’s MBS Data
Dynamics pool details data.
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6 Conclusion

This paper provides a model of pass-through with consumer search and cost uncertainty
which is able to explain a wide variety of empirical patterns in pass-through, holding fixed
standard determinants of pass-through. I find that consumers’ expectations about the costs
facing firms are critical in determining whether firms can pass these costs on to consumers.
Generally, firms are more able to pass through costs that consumers are aware of. Pass-
through is higher in environments where consumers have precise information about the
marginal cost of production. If firms are able to reveal their production costs (at a cost),
this can lead to asymmetric pass-through in which firms choose to reveal higher costs,
leading to high pass-through of higher costs. I find that pass-through rates differ across
components of marginal cost in the US mortgage market, a fact that is consistent with this
model, and inconsistent with existing theory.

This research has many additional implications. For macroeconomists, this model may
serve as a new mechanism for explaining the amplification or dampening of inflation. If
consumers in an economy believe that inflation is high and that firms are facing unusually
high production costs, this could lead to firms raising prices. It would be interesting to see
this model applied to a model of the aggregate macroeconomy.

For microeconomists, this research has important implications for counterfactuals made
based on measured pass-through rates. If consumers have different beliefs over different
components of the marginal cost of production, these components could have different
associated pass-through rates. Therefore, a pass-through rate measured using one element
of marginal cost may not be applicable to another.

The model also has implications for tax incidence that might be of interest to policy
makers and public economists. The model implies that taxes will have different effects on
consumer welfare depending on the information consumers have about the tax. This could
break the equivalence of statutory incidence. A non-salient tax that is placed on producers
may have lower pass-through to prices than a similar tax placed on consumers. 21

For regulators, this model adds an additional wrinkle to discussions over whether more
accurate information will help or harm consumers. Here, the effect is ambiguous and de-
pends on the directionality of underlying costs, as well as the distribution of these costs

21Note that this operates through a different channel and in the opposite direction than the results of Chetty,
Looney, and Kroft (2009). In their model, consumers may not fully consider all of the components of the
offered price. In this model, consumers perfectly understand prices, but must use their beliefs about costs to
form expectations about other prices in the market.
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across a population. Market regulators should note that pass-through is dependent on both
the level of competition in a market and consumers’ beliefs about these costs.
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Online Appendix A Proofs

A.1 Proposition 1

Equilibrium existence (Lemma 1) is proven in Stahl (1989).

To prove that pass-through rate is equal to 1, consider a normalization of the problem
in which p̂ = p− C and Ĉ = c− c = 0. Given these new variables, there exists a function
F̂ such that, F̂ (p̂) = F̂ (p − C) = F (p), where F is defined as in Equation 4. Then the
firms profit function (Equation 2) can be rewritten in terms of F̂ :

π̂(p̂) = (
1− µ

N
+ µ(1− F̂ (p))N−1)p̂

The set of markups, p̂, that maximize π̂(p̂), do not depend on C.

We can also rewrite the consumers’ search indifference condition in terms of these nor-
malized variables:

r̂ + C = s+

∫ r̂+C

ˆ
¯
p+C

[f(p̂+ C)p̂+ C]dpi

Where r̂ = r − C and ˆ
¯
p =

¯
p− C. One can subtract C from both sides, substitute f̂ for f ,

and use a change of variable from p to p̂ (and adjust the bounds of integration accordingly):

r̂ = s+

∫ r̂

ˆ
¯
p

[f̂(p̂)p̂]dp̂

The markup at which consumers are indifferent between searching and not searching, r̂,
therefore does not depend on C. Equilibrium is then defined in terms of the firms’ strategic
object p̂ and the consumers’ strategic object r̂, neither of which depend on C. As none
of the equilibrium strategies in markups depend on C, the average chosen (or transacted)
markup will not depend on C. The average transacted price is then, simply, the average
transacted markup plus C. Average transacted markup does not depend on C so the deriva-
tive of average transacted price and C must be 1.

That all components of cost are passed through at a rate of 1 follows simply from the
previous statement and that C =

∑J
j=1 cj .
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A.2 Proposition 2

To prove existence of this equilibrium it will first be useful to characterize consumers’ re-
turns from search. Assume that there exists a reservation price strategy such that consumers
purchase a good if they receive a price less than or equal to r but search otherwise. Then,
from the previous section, firms’ prices will be found on the interval [

¯
p, r] and distributed

according to the density function f(p|C) where:

¯
p =

(1− µ)r + 2µc

1− µ+ 2µ
.

and
f(p|C) =

(1− µ)(r − C)

2µ(p− C)2
,

Consumers with a single price quote (non-shoppers) must decide whether to search again
and do so if the expected value of searching is positive. This value of searching depends
on the first price quote, p, the consumer received and their prior beliefs. Given p, one can
use Bayes’ rule to compute the posterior probability of the firms’ marginal costs:

h(C|X, p) =
h(C|X)f(p|C)∫
h(γ|X)f(p|γ)dγ

Plugging in the equilibrium density function for prices:

h(C|x, p) =
h(C|X) (1−µ)(r−C)

2µ(p−C)2∫
h(γ|X) (1−µ)(r−γ)

2µ(p−γ)2
dγ

Critically, h(C|x, p) = 0 for all C > p, as this would result in negative profits for the firm
and will never be played in equilibrium. Given these updated beliefs, the consumers returns
to search are:

ϕ(p) = −s+ p−
∫
c

h(C|X, p) ∗
∫ r

¯
p

f(q|C) ∗ qdqdC

The second integral is the average offered price given C and can be evaluated for any C:∫ r

¯
p

(1− µ)(r − C)

2µ(q − C)2
∗ q = (1− µ)(r − C)

2µ
[log(q − C)− C

q − C
]|r(1−µ)r+2µC

1−µ+2µ
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=
(1− µ)(r − C)

2µ
[log(

r − C
(1−µ)r+2µC

1−µ+2µ
− C

)− C

r − C
+

C
(1−µ)r+2µC

1−µ+2µ
− C

]

Rearranging:

=
(1− µ)(r − C)

2µ
[log(

1 + µ

1− µ
)) + (

2µ

1− µ
)(

C

r − C
)]∫ r

¯
p

f(q|C) ∗ qdq = (1− A(µ))r + A(µ)C

A(µ) is a constant that takes on values between 0 and 1 and is strictly increasing in µ, the
number of shoppers. So the average offered price is a convex combination of r and C. We
can then plug this back into the consumer search value function:

ϕ(p) = −s+ p−
∫
c

h(C|X, p) ∗ [(1− A(µ))r + A(µ)C]dC

Then, noting that r does not depend on the actual draw of C, it only depends on the signals
the consumer has:

ϕ(p) = −s+ p− (1− A(µ))r − A(µ)

∫
C

h(C|X, p) ∗ CdC

For this function to be monotonically increasing in p, it must be that, for all p:

p > A(µ)

∫
C

h(C|X, p) ∗ CdC = A(µ)Eh[C|X, p]

This statement will always be true. Given h(C|X, p) = 0 for all C > p, it must be that
Eh[C|X, p] < p. A(µ) ≤ 1, therefore this statement will always hold. Therefore, condi-
tional on firms playing the equilibrium price distribution for a reservation price strategy of
an arbitrary r, consumers’ value of search is increasing in the price that they see. There-
fore, this function must have a root r∗, such that above r∗, the value of search is positive,
and below r∗ the value of search is negative. The search value function can be rewritten in
terms of the signal X and the expected noise ϵ and then we can solve for the root in which
p = r = r∗ which will give us Equation 9:

r∗ = X +
s

A(µ)
+ E[ϵ|p = r∗]
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Given the construction of this value r∗, it is optimal for consumers to search when the first
price they see is p > r and purchase when p ≤ r.

Next, one can show that the distribution of prices played by firms is optimal. It is clear
from the construction of the distribution that profits from playing any price in [

¯
p, r∗] are

the same, thus firms are indifferent between playing any of these prices. It is also obvious
that they would not want to play any price less than

¯
p because 1− F (

¯
p) = 1, and they are

already maximizing their market share. Therefore playing a lower price can only lead to
lower profits. Firms will not play prices above r∗ because this will induce the consumer
to search. If the consumer searches, the other firm will be playing a price less than r∗ in
equilibrium, therefore the firm will earn zero profits. All that remains to be shown is that
the profits from playing a price in [

¯
p, r∗], which are equal to the profits from playing r∗, are

greater than or equal to zero. For this to be true, it must be that r∗ ≥ c for all possible C.
Therefore for this equilibrium to exist, it must be that for all possible ϵ:

r∗ = X +
s

A(µ)
+ E[ϵ|p = r∗] ≥ X + ϵ = C

Simplifying this expression, there must be an upper bound ϵ̄ such that h(ϵ) > 0 =⇒ ϵ ≤ ϵ̄

and
ϵ̄ ≤ s

A(µ)
+ E[ϵ|p = r∗]

If this restriction is met, then the firms’ strategy is also optimal, and the equilibrium exists.

Given this equilibrium, it is straightforward to show that the pass-through rate of costs
captured by consumers beliefs (X) is 1 and the pass-through rate on costs that are not (ϵ)
is µ. One can plug this reservation price into the expression for the density of prices, then
use this to get that the average transacted price is:

p̄ = X + µϵ+ (1− µ)(ϵ̂+
s

A(µ)
)

Clearly the derivative of p̄ with respect to X is 1 and the derivative of p̄ with respect to ϵ is µ.

To demonstrate the second part of this proposition note that cj = xj + ϵj . From the above
equation, pass-through of a component of cost cj is a convex combination of 1 and µ where
the weight placed on 1 is ∂xj

∂cj
and the weight placed on µ is 1 minus this value or ∂ϵj

∂cj
. As µ
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is constant across cost components, if ∂x1

∂c1
= ∂x2

∂c2
⇐⇒ ρ1 = ρ2.

A.3 Proposition 3

To demonstrate this, I first need to show how individuals beliefs evolve. At time t, the
individual expects the cost index to be ĉ†t|t−1 = ĉt−1 and the variance of this is P̂t|t−1 =

P̂t−1 + σ2
ν . The individual updates their beliefs using the Kalman gain term:

Kt =
P̂t−1 + σ2

ν

P̂t−1 + σ2
ν + σ2

ξ

< 1. (23)

This term captures the degree to which consumers update their beliefs upon receiving new
information. We can use this to solve for the steady state variance of the consumers’ esti-
mate of the untransformed production cost:

P̂ =

√
4σ2

ξσ
2
ν + (σ2

ν)
2 − σ2

ν

2
(24)

The variance of consumers’ information is increasing in the variance of the signal (σ2
ξ ) and

the variance of the shocks to the underlying untransformed cost (σ2
ν). It is worth noting that

if either consumers perfectly observe costs (σ2
ξ = 0) or costs evolve according to a deter-

ministic process (σ2
ν = 0), than this variance is zero, and the model simplifies to the perfect

information Stahl (1989) case. We can also plug this steady state variance into Equation
23 to get the steady state Kalman gain term K̂ which is less than one and is decreasing in σ2

ξ .

This defines the signal structure and updating process of the untransformed cost. Assume
that the consumers have observed signals for a sufficient period of time and thus believe
that costs are normally distributed with mean ĉ†t−1 = 0 and variance P̂ (ĉ†t−1 can be at any
level, but I will assume it is equal to zero to simplify the algebra). We will assume that
consumers’ mean beliefs are correct at the time of analysis and thus c†t−1 = 0 and ct−1 = c̄.
Denote the inverse of t as s : (−γ, γ) → R.

Given these prior beliefs about the cost index, the consumers believe that actual marginal
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costs are distributed over the interval (c̄− γ, c̄+ γ) according to distribution function:

G(ct−1) = F (
s(ct−1 − c̄)

P̂
) (25)

Where F is the standard normal distribution. Beliefs over costs will always be bounded
and satisfy Assumption 1 so the average price for any realization of cost (c) and noise (ξ)
is defined by Equation 10 which can be rearranged slightly as follows:

p̄(c, ξ) = x(c, ξ) + µ(c− x(c, ξ)) + (1− µ)(ϵ̂(c, ξ) +
si

A(µ)
) (26)

Here I have rewritten ϵ as c − x (the actual realization of the cost less the consumers’
expectation of that cost). I have also expressed the mean of consumers’ beliefs over costs
(x) and the mean of consumers beliefs over ϵ, conditional on seeing a price of r (ϵ̂) as
functions of c and ξ. Both of these values are actually just functions of the signal that the
consumer received y. However y can be decomposed into the actual cost and the noise term
ξ. This decomposition will be useful when we integrate over possible signals. The average
price given cost c is then the average price across all possible realizations of ξ:

p̄(c) =

∫ ∞

−∞
[x(c, ξ) + µ(c− x(c, ξ)) + (1− µ)(ϵ̂(c, ξ) +

si
A(µ)

)]g(ξ)dξ (27)

Where g(ξ) is normal with mean 0, variance σ2
ξ . Average pass-through is then the derivative

of this average price with respect to cost:

ρ(c) =

∫ ∞

−∞
[x′

1(c, ξ)+µ(1−x′
1(c, ξ))+(1−µ)ϵ̂′1(c, ξ)]g(ξ)dξ = µ+(1−µ)

∫ ∞

−∞
[x′

1(c, ξ)+ϵ̂′1(c, ξ)]g(ξ)dξ

(28)
To understand this term we need the expressions for x(c, ξ) and ϵ̂(c, ξ). I will show that at
c = c̄, 0 ≤ x′

1(c̄, ξ) + ϵ̂′1(c̄, ξ) ≤ 1 and thus µ ≤ ρ(c̄) ≤ µ+ K̂(1− µ) ≤ 1.

First, we know that given our assumed prior ĉt−1 = c̄, a new cost c, and a noise shock
ξ, consumers’ will believe that the cost index c† is distributed normally with mean

ĉ†(c, ξ) = K̂ ∗ (s(c− c̄) + ξ) (29)
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and variance P̂ . They therefore believe that the mean (transformed) cost is:

x(c, ξ) = c̄+

∫ ∞

−∞
t(K̂ ∗ (s(c− c̄) + ξ) + ζ)f(ζ)dζ (30)

Where f(ζ) is normal mean 0, variance P̂ . The derivative of this expression with respect
to c is then:

x′
1(c, ξ) = K̂

∫ ∞

−∞
t′(K̂∗(s(c−c̄)+ξ)+ζ)∗s′(c−c̄)g(ζ)dζ = K̂

∫∞
−∞ t′(K̂ ∗ (s(c− c̄) + ξ) + ζ)

t′(s(c− c̄))
g(ζ)dζ

(31)
Under no transformation, t is linear, t′ is constant, and this derivative is simply K̂. This
expression is generally difficult to evaluate, however, at c = c̄, t′(s(0)) is at its maxi-
mum (we assumed 0 is the inflection point of t). Therefore at c = c̄, the denominator is
weakly greater than the numerator for all values of ζ being integrated over. Furthermore,
t′ > 0 at all points so we know that this fraction term lies between zero and one and thus
0 ≤ x′

1(c̄, ξ) ≤ K̂ ≤ 1.

When there is no transformation, Assumption 2 is met and ϵ̂′1(c, ξ) = 0. This would result in
a pass-through rate of µ+K̂(1−µ) which lies between µ and 1. However, given the curva-
ture of t, we need to account for the ϵ̂′1(c, ξ) term. ϵ̂ is defined implicitly and will generally
be difficult to define analytically. However, we can prove that −x′

1(c̄, ξ) ≤ ϵ̂′1(c̄, ξ) ≤ 0,
which would complete the proof that µ ≤ ρ(c̄) ≤ 1.

To show this, we can define ϵ̂(y) where y = s(c− c̄+ ξ). Then:

ϵ̂(y) = E[c− E[c|y = y]|y = y, p = r] = E[c|y = y, p = r]− E[c|y = y] (32)

The probability of seeing a price of r (conditional on y) is strictly increasing in c. Therefore
E[c|y = y, p = r] ≥ E[c|y = y] and ϵ̂(y) > 0. Taking the derivative of ϵ̂ with respect to y:

ϵ̂′(y) =
∂E[c|y = y, p = r]

∂y
− ∂E[c|y = y]

∂y
=

∂E[c|y = y, p = r]

∂y
− x′

1(c̄, ξ) (33)

The first term must be smaller than the second term. Fixing p = r narrows the prior dis-
tribution over costs relative to not knowing p. Therefore, the signal y causes a smaller
update to the expected cost when we fix the price to r. If 0 < ∂E[c|y=y,p=r]

∂y
< x′

1(c̄, ξ), then
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−x′
1(c̄, ξ) ≤ ϵ̂′1(c̄, ξ) ≤ 0. This implies µ ≤ ρ(c̄) ≤ 1.

To see that ρ(c̄) is decreasing in σξ, it is useful to rewrite the expression for ρ(c̄) explicitly
in terms of σξ:

ρ(c) = µ+ (1− µ)

∫ ∞

−∞
[x′

1(c, ξ ∗ σ2
ξ , σ

2
ξ ) + ϵ̂′1(c, ξ ∗ σ2

ξ , σ
2
ξ )]ϕ(ξ)dξ (34)

Where ϕ(ξ) is the standard normal density and the third argument of each function is the
variance of the noise term (which enters K̂). Then taking the derivative of this function
with respect to σ2

ξ we get:

∂ρ(c̄)

∂σ2
ξ

= (1−µ)

∫ ∞

−∞
[ξ∗(x′′

12(c, ξ∗σ2
ξ , σ

2
ξ )+ϵ̂′′12(c, ξ∗σ2

ξ , σ
2
ξ ))+x′′

13(c, ξ∗σ2
ξ , σ

2
ξ )+ϵ̂′′13(c, ξ∗σ2

ξ , σ
2
ξ )]ϕ(ξ)dξ

(35)
Under no transformation, the first two terms (the ones multiplied by ξ) are equal to zero.
The fourth term would also be zero because ϵ̂ does not depend on c. The third term would
simply be ∂K̂

∂σ2
ξ

which is negative. Therefore, if t is linear, ∂ρ(c̄)

∂σ2
ξ

< 0. However, with our
transformation we need to account for distortions caused by t.

From the identity in Equation 32, we know that x(c, ξ ∗σ2
ξ , σ

2
ξ )+ ϵ̂(c, ξ ∗σ2

ξ , σ
2
ξ ) = E[c|y =

y, p = r]. Denote ĉr = E[c|y = y, p = r] to capture the consumers’ expectation of firms
costs conditional on the signal they see and seeing a price of r. Then:

∂ρ(c̄)

∂σ2
ξ

= (1− µ)

∫ ∞

−∞
[ξ ∗ ĉr ′′12(c, ξ ∗ σ2

ξ , σ
2
ξ ) + ĉ′r

′′
13(c, ξ ∗ σ

2
ξ , σ

2
ξ )]ϕ(ξ)dξ (36)

This expectation ĉr is a function of the signal y which is a function of c and ξ. When ξ

is positive (and c = 0), ĉr ′′12 will be negative. As ξ increases and moves away from zero,
t′ decreases which causes the consumer to place less probability weight on these higher
realizations of c. Likewise when ξ is negative, ĉr ′′12 will be positive because, as ξ decreases
from zero, t becomes flatter, and updating is dampened. Therefore the term ξĉr

′′
12 will be

weakly negative for all ξ.

The last term is clearly negative. σ2
ξ enters ĉr

′
1 only through K̂. K̂ is decreasing in the

variance of the signal so this term is negative. Therefore both terms of the integral are
negative for all ξ and the whole integral will be negative. Then ρ(c̄) is decreasing in σ2

ξ .
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Finally, ρ(c̄) is clearly decreasing in µ. Equation 34 shows that pass-through is a con-
vex combination of 1 and a term less than one (the integral) where µ determines how much
weight is placed on 1. Increasing µ increases ρ(c̄) and moves pass-through closer to one.

A.4 Corollary 1

That the probability of pass-through greater than one is zero when σ2
ξ = 0 is a direct result

of Proposition 1. The remainder of the proof refers to the case of σ2
ξ > 0.

Here we are again assuming that ĉt−1 = ct−1 = c̄. In the previous proof, I show that
average transacted price for a given signal and underlying cost can be written as:

p̄(c, ξ, σ2
ξ ) = x(c, ξ, σ2

ξ ) + µ(c− x(c, ξ, σ2
ξ )) + (1− µ)(ϵ̂(c, ξ, σ2

ξ ) +
si

A(µ)
) (37)

Assume that cost has increased by δ > 0. Then the change in price can be written as a
function of ξ (and σξ):

∆p̄(ξ, σ2
ξ ) = µδ + (1− µ)[∆x(c̄+ δ, ξ, σ2

ξ ) + ∆ϵ̂(c̄+ δ, ξ, σ2
ξ )] (38)

We are interested in finding the probability that ∆p̄(ξ, σ2
ξ ) > δ. I will show that there is a

cutoff value ξ∗ above which ∆p̄(ξ, σ2
ξ ) > δ and below which ∆p̄(ξ, σ2

ξ ) < δ. First, writing
out the expression for when observed pass-through will be greater than one:

δ ≤ µδ + (1− µ)[∆x(c̄+ δ, ξ, σ2
ξ ) + ∆ϵ̂(c̄+ δ, ξ, σ2

ξ )] (39)

Rearranging:

δ ≤ ∆x(c̄+ δ, ξ, σ2
ξ ) + ∆ϵ̂(c̄+ δ, ξ, σ2

ξ ) = ∆ĉr(c̄+ δ, ξ, σ2
ξ ) (40)

The left hand side of this inequality is a constant. The right hand side is monotonically
increasing in ξ (it is ∆ĉr where ĉr is once again the expected cost upon seeing a price of
r). Consumers’ expectation of cost conditional on seeing a price of r is strictly increasing
in the signal that they see, which is increasing in ξ. Therefore, if there exists a value ξ∗

of ξ for which this inequality binds, it must be that the inequality is satisfied if and only if
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ξ ≥ ξ∗. We can write this as an equality in terms of ξ∗:

δ = ∆ĉr(c̄+ δ, ξ, σ2
ξ ) (41)

We can decompose the right hand side of the equation into the change in consumers’ beliefs
in the un-transformed cost case and a residual term that captures the distortion introduced
by the transformation:

δ = K̂(δ + ξ∗) + ζ(δ, ξ∗, σ2
ξ ) (42)

The function ζ takes on a negative value and is decreasing (becoming more negative) in its
argument ξ. As ĉr is strictly positive for positive δ + ξ, ζ is also bound between K̂(δ + ξ∗)

and 0. We can then rearrange the above equation to implicitly solve for ξ∗:

ξ∗ =
σ2
ξδ

P̂ + σ2
ν

−
ζ(δ, ξ∗, σ2

ξ )

K̂
(43)

As ζ is negative, ξ∗ takes on a greater value than it does in the un-transformed cost case.
When there is no transformation, this results in the expression in the main text.

The probability that a pass-through rate greater than one is observed is:

Pr(ρ̂ > 1) = Pr(ξ > ξ∗) = 1− Φ(
ξ∗

σξ

) (44)

Where Φ is the standard normal distribution. Therefore, the probability of a pass-through
rate greater than one is positive if ξ∗

σξ
is finite.

ξ∗

σξ

=
σξδ

P̂ + σ2
ν

−
ζ(δ, ξ∗, σ2

ξ )

K̂σξ

(45)

The first term, is clearly positive and finite for all σξ ∈ (0,∞). The term ζ(δ, ξ∗, σ2
ξ )

is bounded, therefore − ζ(δ,ξ∗,σ2
ξ )

K̂
is positive and finite for all σξ ∈ (0,∞). Therefore,

Pr(ρ̂ > 1) > 0.

When σξ = ∞, the first term is not finite. The numerator is increasing linearly in σξ.
As a reminder:

P̂ =

√
4σ2

ξσ
2
ν + (σ2

ν)
2 − σ2

ν

2
(46)
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This expression is increasing in σξ but at a rate less than linearly.

The second term is positive so the overall expression remains infinite when added to the
first term. Therefore, at σ2

ξ = ∞, the term ξ∗

σξ
is not finite and so the probability of a draw

of ξ
σξ

greater than this is zero. The probability of over-shifting is then zero.

A.5 Proposition 4

Consider an equilibrium in which the signal consumers received is X and both firms make
the same decision to reveal or not reveal their costs. In both cases, the equilibrium is a
mixed strategy Nash equilibrium in which firms are indifferent between all prices in the
support of the equilibrium price distribution. Therefore, firm profits from revealing or not
revealing will be equal to the profits from playing the price r in either case. Then, we
can plug in the reservation price with certainty from Equation 6 into the profit function in
Equation 3 to get profits from revealing:

π(r) =
1− µ

2
((C +

s

A(µ)
)− C)− d =

(1− µ)s

2A(µ)
− d (47)

Next, we can plug in the reservation price from Equation 9 into this profit function to get
profits from not revealing:

π(r) =
1− µ

2
(X+E[ϵ|p = r, ϵ > ϵ∗]+

s

A(µ)
−C) =

1− µ

2
(E[ϵ|p = r, ϵ < ϵ∗]−ϵ+

s

A(µ)
)

(48)
Profits in Equation 48 are strictly decreasing in ϵ, while profits in Equation 47 are constant.
Therefore, if there exists a value ϵ∗ such that the firm is indifferent between revelation and
not, then for any ϵ > ϵ∗ the firm strictly prefers revelation, and for any ϵ < ϵ∗, the firm
strictly prefers no revelation. Setting these two profits equal, we can solve for that value:

(1− µ)s

2A(µ)
− d =

1− µ

2
(E[ϵ|p = r, ϵ < ϵ∗]− ϵ+

s

A(µ)
)

ϵ∗ =
2d

1− µ
+ E[ϵ|p = r, ϵ < ϵ∗]

This implicitly defines ϵ∗. A solution to this equation does not exist when d = 0 as ϵ∗ ̸=
E[ϵ|p = r, ϵ < ϵ∗]. However, for a small d, this value will exist. It will not be well defined
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for sufficiently large d. Specifically, it will not exist when even the largest draw of ϵ, ϵ̄ does
not induce the firm to reveal. Specifically when:

(1− µ)s

2A(µ)
− d <

1− µ

2
(E[ϵ|p = r]− ϵ̄+

s

A(µ)
)

d >
1− µ

2
(ϵ̄− E[ϵ|p = r])

Given Assumption 3, d lies in the interval in which ϵ∗ is well defined.

For draws of ϵ such that ϵ ≥ ϵ∗, the firm (weakly) prefers to reveal. In this case, the
conditions for Proposition 1 are met and ρ = 1.

For draws of ϵ such that ϵ < ϵ∗, the firm prefers not to reveal. In this case, the average
transacted price is given by Equation 10.

p̄ = X + µϵ+ (1− µ)(ϵ̂+
s

A(µ)
)

However, each of the terms must be recalculated given the consumers knowledge that the
firm did not reveal, and thus ϵ < ϵ∗. Denote the consumer’s expectation of ϵ conditional

on it being less than ϵ∗, ϵ∗∗ (ϵ∗∗ = E[ϵ|ϵ < ϵ∗] =

∫ ϵ∗

¯
ϵ ϵh(ϵ)dϵ

F (ϵ∗)
). This term must be negative

because the unconditional expectation of ϵ is 0. The firms expectation of cost is now X +

ϵ∗∗. The ϵ term is now C −X − ϵ∗∗ = ϵ− ϵ∗∗. The ϵ̂ term will change relative to when the
consumer did not know that ϵ < ϵ∗ but it remains a constant with respect to the actual draw
of ϵ. Therefore it does not affect pass-through. Then rewriting the average price:

p̄ = X + µϵ+ (1− µ)(ϵ̂− ϵ∗∗ +
s

A(µ)
)

Then, because pass-through is linear in X and ϵ and the average value of ϵ in this region
is ϵ∗∗ which we know to be negative, we know that the average pass-through rate in this
region is less than one.

Lastly, we know that both firms will reveal their cost when ϵ ≥ ϵ∗. Because the deci-
sion to reveal is only relevant when the firm is facing a customer without the other firm’s
price quote, the other firm’s decision to reveal has no effect on the firm’s incentives. There-
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fore, if one firm finds it optimal to (not) reveal, the other firm will also find it optimal to
(not) reveal.

Therefore in equilibrium, for a given there exists an equilibrium such that for a given signal
x, there is a value of actual cost c∗ ≡ x + ϵ∗ above which all firms reveal their costs to
consumers and below which they do not. Average pass-through rate is equal to one when
costs are above c∗ and average pass-through rate is lower than one when costs are below
c∗.

Online Appendix B Robustness

B.1 Alternative Notions of Price

There exist alternative methods of calculating the “price paid” by borrowers. The first and
simplest of these conversions is to use the price of “discount points” typically offered to
borrowers. When a borrower takes out a mortgage, the lender generally gives them the
ability to “pay points” or to make an additional upfront payment in exchange for a lower
interest rate. As an example, a borrower could be offered a 4.25% interest rate with no
points paid, or they could pay an additional 1% of the face value of their loan upfront in
exchange for a 4% interest rate. In this example, the borrower paid 1 point and received
a 25 basis point discount on their rate. This exchange rate of points to interest rate can
vary across lenders and time, but a 1 point to 20-25 basis point rate serves as a good rule
of thumb22. This methodology is nice in that it represents surplus to the borrower in a way
that is directly accessible to a real borrower. If costs increased such that offered interest
rates increased by roughly 20 basis points, a borrower could simply pay an additional point
upfront and receive the same rate as before. The loss to the borrower resulting from the
cost increase is just that point paid upfront. One downside to this method is that it is linear.
As costs change more dramatically, this approximation might become less accurate.

Another way to convert the interest rate to an upfront payment is to use the prices
facing the lender. After originating a loan, the lender must choose the coupon rate of the
MBS pool that the loan will go into. These MBS generally only trade in 50 basis points
increments (e.g. 3.0%, 3.5%, etc.). As the interest rate charged by the lender increases,

22Fuster, Lo, and Willen (2017) finds an exchange rate of “around 20 basis points” while Agarwal, Ben-
David, and Yao (2017) finds an average of 22 basis points. In my main specification, I use 22 basis points.

58



they can place these loans into higher coupon securities, which trade at higher prices. One
way to convert the interest rate paid by the borrower into an upfront price is therefore
to interpolate between the differences of these prices of MBS of each coupon. If costs
increased in such a way that offered interest rates increased by 50 basis points, this would
allow lenders to place the loans in a higher coupon MBS and earn the difference between
the two prices. To quantify the harm or benefit to the borrower from a change in interest
rates, I use the 3.5% TBA price as a basis (the median coupon in the data) and a 4.25%
interest rate (roughly the minimum interest rate for a loan that can be placed in a 3.5%
MBS). I normalize the benefit to the borrower of having a 4.25% interest rate as zero.
I then multiply the difference in the interest rate by the difference in the price of the next
highest or lowest coupon MBS (divided by 0.5). This method maintains the benefit of using
real market prices and it also captures some of the non-linearity of the relationship between
interest rates and upfront payments. The price difference between coupons decreases as the
coupon rate increases, meaning the rate of conversion between rate and upfront payment
for this measure decreases as interest rate increases. A downside to this method is that TBA
prices do not reflect an actual payment to the borrower.

In the following section, I estimate pass-through using each of these different measures
of price (and find qualitatively similar results).

B.2 Regression Specifications

In this section, we repeat much of the analysis from Section 5, varying some of the as-
sumptions made in estimation. Throughout this section, we find that the results presented
in Section 5 are robust to the assumptions tested.

Table A.1 runs the same 6 regressions as Table 1 in the main text, but using the bor-
rowers’ points and fees paid to get to an interest rate of 4.25 as the price. I add the points
and fees that the borrower actually paid to 0.22 times the difference between the transacted
interest rate and 4.25. This assumes that borrowers are able to transact upfront points for a
discount on their interest rate at the average exchange rate found in Agarwal, Ben-David,
and Yao (2017). This measure would represent the borrowers’ upfront payment if they
always took out the same interest rate and used discount points to achieve that rate.

The pass-through estimates using this notion of price are scaled up slightly relative to
those in Table 1, but the relative comparisons are qualitatively similar. We can still reject
the null hypothesis that ρ1 = ρ2 at a 1% level under every specification. Thus, we can
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be confident that the pass-through rate of TBA prices to the borrowers’ price measured in
points is different than the pass-through rate of specified pool payups to that price. We gen-
erally cannot reject the null hypothesis that ρ1 = ρ3, though we can do so for specification
6 at the 5% level. It does not seem likely that the pass-through of TBA prices and LLPAs
is different.

Table A.2 repeats the analysis but using the difference in TBA prices across coupons to
value the differences in interest rates. As discussed above, I take the median gap between
TBA price at each coupon, and then calculate an upfront value of the difference between
the borrowers interest rate and 4.25 by interpolating between these prices. I then add this
to the points and fees paid by the borrower. This notion of price represents the price of the
borrowers’ loan as valued by the TBA market.

In this table, pass-through estimates are scaled down relative to those using the first two
notions of price. Again, the null hypothesis that ρ1 = ρ2 can be rejected across all relevant
specifications. The null hypothesis that ρ1 = ρ3 is rejected only in the specifications that
utilize LTV variation, and the sign of the difference is the opposite of what is found using
the other two notions of price.

Table A.3 tests the sensitivity of the results to the loan size window used for the re-
gression discontinuity. Each column of Table A.3 estimates the same regression equation
as Table 1, column 1, but varies the loan size window used for the regression discontinu-
ity. In each column, we report the estimates for ρ1 and ρ2 (pass-through of TBA price and
specified pool payup, respectively), using a different subset of the data. Column 1 reports
estimates using loans that have an original loan size within $5,000 of a specified pool cut-
off. These are the results presented in Table 1. Columns 2-4 report estimates from using
loan sizes within $1,000, $500, and $100 of the cut-offs, respectively. The estimates from
these specifications are increasingly noisy due to decreased power, though all conclusions
are identical. Most notably we can still reject the hypothesis that ρ1 = ρ2 at the 1% level.
Finally, to ease concerns about borrowers (or lenders) manipulating loan sizes to be directly
below the cut-offs, we estimate the same equation using loans that are within $5,000 of a
cut-off but not within $500 of the cut-off. Again, we can clearly reject the equality of the
two pass-through rates.

Table A.4 reports the results of estimating pass-through separately for each specified
pool cut-off. One could worry that borrowers of different loan sizes have different demand
for mortgages and thus different pass-through. Aggregating the results across each of the
specified pool cutoffs as we do in the main specification increases the power of the test
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but also increases the risk of misspecification. We therefore run the same regression as in
Table 1, column 1, but using only the loans near a single cut-off at a time. This makes the
assumption that borrowers in the treated group (those in the higher pay-up specified pool)
are the same as those in the untreated group more credible. In Table A.4 we can see that
the results are quantitatively similar across each cut-off. The lower sample size makes each
individual estimate noisier, but in each case the point estimate for TBA price pass-through
is far greater than the estimate for specified pool payup pass-through. We can reject the
null hypothesis that they are equal for LLB, MLB, and 200k eligible loans, but not for
HLB or HHLB. For those two categories of loans, the standard errors on the estimate are
quite wide due to low power. Taking all of these results together, it appears that the main
result of different component-specific pass-through is not an artifact of aggregating across
specified pool cut-offs. The result holds across each individual cut-off, though it is noisier
and is not conclusive for two of the cut-offs when the results are viewed in a vacuum.

Last, Table A.5 reports the results of estimating each of the specifications in Table 1,
but using a different MBS coupon rate as the basis for analysis. To estimate pass-through
of TBA prices and payups to the prices paid by borrowers, a researcher needs to take a
stance on which coupon MBS the loan is going into. In most of the analysis, I use the
3.5% coupon because this is the median coupon during the period studied. However, Table
A.5 demonstrates that using the 4% coupon for TBA prices and payups does not change
the main conclusion. We can still reject the hypothesis that the pass-through rates of TBA
prices and payups under all specifications. Here, the pass-through of LLPAs is relatively
lower than when 3.5% coupon MBS are used, although this varies across specifications
and this hypothesis cannot be rejected across each of them. Overall, it is clear that the
hypothesis that the pass-through of TBA prices and payups are different is not caused by
the choice of base coupon.
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