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Abstract

Can concentrated market power emerge in markets with formally open participation? Study-
ing Ethereum block production, where payments between intermediaries are publicly recorded,
we show that market power arises endogenously from arbitrageurs’ need for privacy. Using
data distinguishing private from public order flow, and crypto crises and protocol hacks as in-
struments, we find that a 1 percent increase in private information value raises block builders’
profit shares by 0.57 percent, while public revenue is competed away to proposers. A bargaining
model rationalizes this: temporary exclusivity over private order flow creates an outside option

generating information rents—even in transparent digital markets.
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1 Introduction

A recurring puzzle in economics and finance is that markets with open participation often exhibit
persistent rent-extraction. This paper studies one source of that rent-extraction in Ethereum block
production: privileged access to private order flow. Ethereum is a useful setting because several
objects that are hidden in traditional financial markets—bilateral payments, transaction-level rev-
enues, and the allocation of rents across on-chain intermediaries—are recorded on a public ledger.
This transparency allows us to measure how the source of order-flow value affects the split of rents
between competing intermediaries.

Our central hypothesis is that private, unobservable order flow gives block builders a valuable and
partially excludable assetE The public-private distinction speaks directly to market microstructure:
private order flow resembles opaque off-exchange trading venues, while public order flow resembles a
lit exchange, allowing us to study rent allocation when informed order flow is separated from public
liquidity (Kyle, [1985; [Han et al., 2020; [Zhul,|2013; Battalio et al., [2016; Barbon et al.; 2019)). In this
sense, private routing to Ethereum block builders is the on-chain analog of payment for order flow
in equity markets: in both settings, an intermediary receives order flow that never touches the lit
venue, and the open question—which our transparent setting allows us to answer directly—is who
captures the surplus from that privately routed flow.

The setting is increasingly relevant beyond academia as blockchain-based markets are being in-
tegrated into traditional finance: the SEC’s approval of spot Bitcoin and Ethereum ETFs marked
a first wave of institutional adoption, followed by tokenized money-market funds from firms such as
BlackRock (Figure . In 2025, the Guiding and Establishing National Innovation for U.S. Stable-
coins (GENIUS) Act created the first comprehensive federal framework for stablecoins, prompting

traditional financial institutions to explore issuing their ownE|

1.1 The DeFi Intermediation Chain

The decentralized structure of Ethereum allows for numerous competing Decentralized Finance

(DeF1i) protocols—including decentralized exchanges, crypto-collateralized stablecoins, and lending

!Even if some information is secret before trades are executed, once executed all payments between intermediaries
and trades are publicly recorded.

2Hannah Lang, 2025, “Companies plan stablecoins under new law, but experts say hurdles remain," Reuters,
www.reuters.com| (accessed August 18, 2025).
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Figure 1: Institutional Ethereum holdings (in Billions USD) from Q4 2020 to Q4 2024. The chart
shows the dramatic increase in institutional investment across different types of financial entities,
with Investment Advisors and Research Firms dominating holdings by the end of 2024.

platforms. This multiplicity of protocols creates a constant stream of violations of the law of one
price, together with ensuing arbitrage opportunities. Ethereum allows arbitrageurs who find such
price discrepancies to obtain a guaranteed non-negative profit by submitting groups of transactions
atomically—either all transactions are executed, or none of them are. These transactions therefore
constitute risk-free arbitrage opportunities. However, the Ethereum ecosystem also introduces a
novel limit to arbitrage in the spirit of [Shleifer and Vishny| (1997): arbitrageurs with private infor-
mation need a way to have their trades appended to the public blockchain without alerting potential
rivals. This tension gives rise to the DeFi intermediation chain: arbitrageurs identify mispricing
across DeF'i protocols or between centralized and decentralized exchanges; block builders aggregate
transactions into blocks, acting as gatekeepers of private information; block proposers, selected ran-
domly via proof of stake, choose one winning block among bids from multiple builders; and ETH
depositors delegate stake to proposers through delegated staking. Thus, the same block connects

arbitrage profits, builder rents, proposer revenue, and depositor returns.

1.2 Impact of Private Information on Profit Sharing

Our central contribution is illustrated in Figure[2} Ethereum block builders earn a higher profit share
when a larger share of block revenue comes from private arbitrage transactions, i.e., transactions

privately submitted to them by arbitrageurs. The intuition is that private arbitrage makes the
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Figure 2: Block builder’s profit share as a function of the share of the block’s revenue that is due to
private information. There is a strong positive relationship between the two variables. This figure
is generated with binscatter, using 20 bins.

builder a gatekeeper for a non-contestable opportunity. By contrast, revenue from public arbitrage
opportunities is accessible to proposers through competing builders, so competition among builders
passes most of this revenue to proposers. To address simultaneity and omitted-variable concerns,
we use stringent fixed effects and two instrumental variables: a dummy for major crypto-market
crises and a dummy for hacks of exchanges and decentralized protocols. We identify crises as the
FTX bankruptcy (November 8-12, 2022) and the SVB run (March 9-12, 2023), and define the hack
dummy using Ethereum protocol or exchange hacks from DefiLlama. As shown in Section [4] crises
and hacks shift both total block revenue and private information value, but in different proportions:
crises tend to generate more public transactions, while hacks primarily increase private information
value. This differential impact allows the two instruments to span our two explanatory variables.
Using this instrumental-variable approach, we show in Section [4] that a 1% increase in the value
of private information increases the builder profit share by 0.57%. In contrast, after controlling for
private information, the effect of larger block revenue on the builder profit share is negative. The
results therefore show that builders’ market power comes from private, non-contestable information,
not from the total value of the block they produce. Public information, even when valuable, is

competed away and captured by proposers.



1.3 A Bargaining Model of DeFi Intermediation

We complement the empirical analysis with a simple bargaining model building on the outside-
option logic of Rubinstein (1982)). The model formalizes how private information generates market
power in the DeFi intermediation chain. Builders are better informed than proposers about the
contents and value of the blocks they build. When this informational advantage is common to
all builders, as with public arbitrage opportunities, competition prevents any individual builder
from exploiting it. When the advantage is private to a specific builder, however, the builder can
threaten to withhold the opportunity in the current period and sell it in a later period to a proposer
randomly selected by proof of stake, who need not be the current proposer. This threat creates
an intertemporal outside option. The model therefore rationalizes both empirical findings: private
transaction value raises the builder’s profit share, while public block revenue, conditional on private

value, raises the proposer’s share.

1.4 Related Literature

There is an extensive literature spanning different aspects of financial intermediation (see |Leland
and Pyle (1977), Campbell and Kracaw| (1980)), |Diamond and Dybvig (1983), Diamond| (1984)),
Allen (1990), |Allen and Gale (1997), Boot and Thakor| (1997), Diamond and Rajan (2001)), as
well as (Gorton and Winton| (2003)) and references therein). The prevalence of intermediation rents
in financial markets have been widely documented in the empirical literature (Green et al., 2007}
Di Maggio et al., 2017} Hollifield et al.,[2017; Li and Schiirhoff] 2018; Farboodi et al., [2025). However,
identifying the source of these rents empirically has proven challenging as the balance sheet of
large financial intermediaries is opaque and it is hard to acquire data about their comparative
advantage. We contribute to this literature by first distinguishing the role of financial intermediaries
in blockchain systems, cryptocurrency and DeFi, which represent the most recent developments in
financial technology. Second, we identify private information as a source of intermediation rents in
this market.

The paper also speaks to foundational theories in the industrial organization of financial markets.
Guerrieri et al.| (2010) and |Guerrieri and Shimer| (2014) consider competitive search models with

adverse selection and analyze the impact of private information on bilateral matching outcomes,



probability and terms of trade, as well as market liquidity. Our setting provides a transparent
environment to test these predictions, cleanly isolating the value of private information from other

confounding frictions. In this respect, our work also contributes to the literature on intangible

capital as a source of firm value and market power (Crouzet et al. 2022; Terry et al. 2022). We

show that privileged access to order flow functions as a measurable, excludable intangible asset that
generates persistent rents, providing a specific microfoundation for how such advantages arise and

are sustained.

Our paper contributes to a fast-growing literature on blockchain technology. [Raskin and Yermack|

(2018) provide a preliminary overview of financial systems built on blockchains. |[Cong and He

(2019)), |Abadi and Brunnermeier| (2018)) and Biais et al.| (2019)) expand on consensus mechanisms,

focusing on proof-of-work. There is a small but growing body of work that studies the economics of

Bitcoin, both theoretically and empirically. Athey et al.| (2016), Cong et al.| (20214), Pagnotta and|

Buraschi (2018)) and [Sockin and Xiong (2023)) develop alternative theoretical frameworks to study

the decentralized Bitcoin network. [Prat and Walter| (2021) provide an estimate of the computing

power of Bitcoin network and |Cong et al.| (2021b) study the effect of mining pools on energy

consumption, which is a significant input to proof-of-work consensus. (2025)) suggests lack
of security facing external attacks as a limit to economic viability of Bitcoin.

A number of papers consider the degree of decentralization in blockchain, focusing on proof-of-

work consensus protocols (Cong et al., |2023; Huberman et al., 2021} [Ferreira et al., [2023; [Makarov|

land Schoar} [2021; Capponi et al., [2025; (Cong et al., 2021b; Lehar and Parlour} [2023; Budish), |2018).

In addition, some previous work studies staking systems, including the game-theoretic properties

of proof-of-stake consensus mechanisms (Saleh, 2021} |Schwarz-Schilling et al., 2023), the valuation

of native tokens such as ETH (Fanti et al., 2021), and the valuation of non-native tokens that

can be staked in DeFi protocols (Cong et al., [2025). In contrast to these papers, we focus on the

emergence of intermediation in a financial sector built on proof-of-stake technology and study bar-

gaining power in this intermediated market. We emphasize the influence of arbitrage opportunities,

as documented in |Makarov and Schoar| (2020), on the degree of market concentration, and show

that the combination of proof-of-stake consensus and smart contracts can lead to a high degree of
bargaining power in the Ethereum crypto intermediation market.

The nature and type of arbitrage opportunities in a proof-of-stake blockchain is at the core of



our analysis. Daian et al. (2020)); Gupta et al. (2023)); Heimbach et al.| (2024) provide early empirical
evidence and classification of MEV and private and public arbitrage opportunities in a blockchain
network. Alternatively, [Milionis et al.| (2023)) theoretically models the relationship between public
and private transactions and market volatility. |Capponi et al.| (2024) provide a game-theoretic
model of proposer-builder separation. We use a simplified definition of private transactions, where
a transaction is private if it is not broadcast to the network before it appears on the blockchain,
a simple and intuitive definition that can be measured precisely in the data, in contrast with
heuristic based definitions proposed by |Gupta et al.| (2023) and Heimbach et al. (2024)). In Section
[l we use their classification to show the robustness of our empirical findings. Our instrumental
variable approach relies on the observation that crypto crises can be an exogenous shock that creates
arbitrage opportunities (Liu et al., [2023). To the best of our knowledge, we are the first to use these
crises as instrumental variables in empirical analyses of DeFi.

The rest of the paper is organized as follows. Section [2] describes the institutional details
of the DeFi intermediation chain. Section (3| provides details of the block level data from the
Ethereum blockchain that we use for our empirical analysis. Section [4] describes the instrumental
variable approach and presents the main empirical results. Section [5| proposes a model to provide
the economic mechanism that underlies the empirical findings. Section [6] provides a number of

robustness exercises. Section [7] concludes.

2 Institutional Details

We start by summarizing the intermediation chain behind Ethereum block formation—for a detailed
description, please see |Azar et al| (2025). The relevant agents are arbitrageurs, builders, valida-
tors (also called proposers), and ETH depositors. Arbitrageurs identify price discrepancies across
decentralized exchanges, lending protocols, bridges, and centralized venues, and choose whether to
broadcast the resulting transaction publicly or route it privately to a builder. Builders aggregate
public and private order flow into candidate blocks and bid for inclusion. Validators, selected by
Ethereum’s proof-of-stake protocol, choose the winning block. ETH depositors delegate stake to
validators or staking pools, sharing in the rewards generated by block production. The key empirical

object is the split of block revenue between builders and validators; the key source of variation is



whether block value comes from public transactions or private, builder-specific order flow.

The relevant strategy sets are simple. An arbitrageur chooses whether to broadcast a transaction
publicly or submit it privately, and if privately, which builder or routing channel to use. A builder
chooses which transactions to include, what bid to submit to the selected validator, and whether
to delay or forgo a private opportunity. A validator chooses the highest-value acceptable block,
typically through a relay. Depositors choose whether and where to delegate stake. Our empirical
exercise focuses on the builder-validator margin, but the arbitrageur’s routing decision is what
generates cross-block variation in private and public value.

The public-private distinction is central to both measurement and interpretation. A transaction
that is publicly broadcast makes it visible to other arbitrageurs and builders. Private submission
reveals the transaction only to the chosen builder before it appears on-chain. Public arbitrages
(e.g. arbitrages between decentralized exchange mispricing) are typically already observable on
the Ethereum blockchain, so privacy is less valuable and the relevant margin is speed of inclusion.
Private arbitrages, by contrast, often depend on information or execution legs not fully visible on
Ethereum, such as centralized-exchange prices, off-chain inventory, cross-chain activity, or private
order flow. Revealing such transactions publicly can dissipate rents by alerting competitors. The
arbitrageur’s choice of builder is therefore shaped by trust, execution probability, and repeated re-
lationships: large arbitrageurs can rely on stable or affiliated builder relationships, while smaller
searchers may coordinate around builders that offer broad aggregation and high execution probabil-
ity. Most builders and arbitrageurs are vertically integrated, with the two largest hedge funds (SCP
and Wintermute) being the main providers of arbitrage transactions to RSync and Beaverbuild,
respectively. Most of the other transactions are routed through Titan, which is a builder known to
include OFAC-sanctioned transactions.

Once builders complete a block of transactions, they compete to sell these blocks to the validator
selected for the current slot. Under proposer-builder separation, builders submit candidate blocks
and bids through relays; validators observe commitments and payments rather than inspecting and
copying the full block before acceptance. This makes the builder-validator interaction a short-
horizon bargaining problem. A builder with private order flow has an outside option: if the current
validator does not accept a bid that leaves the builder some rents, the builder may withhold the

opportunity and try to sell it in a later slot. This threat is limited because arbitrage opportunities



decay quickly and because mishandling private order flow can damage the builder’s reputation, but
Ethereum slots are short enough—12 seconds per slot—that even brief exclusivity can matter. This
institutional structure motivates the empirical design: private and public block composition are
endogenous, so the analysis uses protocol hacks and systemic crypto crises as shifters of the value

and composition of arbitrage opportunities.

3 Data

We use Dune Analyticaﬂ to obtain block-level data, the identity of the builder and proposer, the
MEYV revenue for the block, and the revenue split between the builder and the proposer. We use
data from the Secure Decentralized Systems Lab’s Mempool Guru project (Yang et al.,[2024)) to keep
track of which transactions were broadcast to the network before being appended to the blockchain,
and which were not broadcast to the network. We classify transactions broadcast to the network as
public, and transactions not broadcast as private.

Let B; denote the block added to the blockchain at time slot ¢. We consider the block to be
an MEV block if two conditions hold. First, the block builder is different than the block proposer.
Second, the last transaction of the block is issued from the block builder to the block proposer. In
our sample—which spans from the switch to proof-of-stake in September 15, 2022, to September
30, 2024—77.6% of the blocks satisfy both of these conditions, and are considered MEV blocksﬁ

The key independent variable in our analysis is the value of private transactions in the block

generated at time t. We define private and public transactions as follows.

Definition 1.

Public Transaction A transaction in the block added at time t is public if it is broadcast to the
network before time t, and is not a direct payment to the builder who built the block generated at
time t.

Private Transaction A transaction in the block added at time t is private if either it is not broadcast
to the network before time t or it is a direct payment addressed to the builder who built the block

generated at time t.

3https://www.dune. com
4The total number of blocks in our sample is 5,326,069, and the number of blocks satisfying the MEV conditions
is 4,132,184.


https://www.dune.com

Mean Std. Dev.  Min 5th Median 95th  99th Max Skewness Kurtosis

Revy 0.14 1.49 0.00 0.02 0.05 0.35 1.27 802.79 228.41 83247.25
IIB,¢ 0.02 0.66 -0.30  -0.00 0.00 0.03 0.17 791.74 616.15 615521.41
IIp: 0.12 1.22 0.00 0.02 0.05 0.32 1.09 691.96 260.66 108839.84
0B, 0.05 0.12 -0.10 -0.04 0.01 0.29 0.58 1.00 3.23 15.94
Op.¢ 0.95 0.12 0.00 0.71 0.99 1.04 1.08 1.10 -3.23 15.94
log Private; 0.08 0.17 0.00  0.00 0.03 0.27 0.78 6.69 8.82 128.29
log Public, 0.02 0.05 0.00 0.01 0.02 0.06 0.14 5.20 26.73 1295.27
Hack Dummy 0.07 0.25 0.00  0.00 0.00 1.00 1.00 1.00 3.42 12.71
Crisis Dummy 0.01 0.11 0.00  0.00 0.00 0.00 1.00 1.00 8.58 74.63

Observations 3924921

Source: Dune Analytics and Mempool Guru Project

Table 1: Summary Statistics

The key concept behind this definition is that public transactions are non-exclusive: any builder
can collect their value if they are chosen as the block builder at time ¢. Private transactions,
however, are exclusive: only the builders that know about them, or the builder whom the payment
is addressed to, can collect the value of these transactions.

In our setting, private information pertains to any transaction that is exclusively known by one
builder. Whether broadcasting this transaction more broadly means diluting the profitability of an
arbitrage or running the risk of having arbitrageurs front-run a large order-flow transaction does not
matter for generating information rents. It is the exclusivity of these transactions and the urgency
of withholding their fees which gives builders market power and an ability to extract rents.

Let Rev; denote the total revenue from block t. Moreover, let IIg; and IIp; denote the net profit
of the block builder and proposer, respectively. The net profit for the builder, Iz, consists of the
sum of direct payments they receive and priority gas feesE minus the payment to the proposer at the
end of the block. The net profit for the proposer, Ilp;, is the value of the block’s final transaction.

The key dependent variables in our analysis are the profit shares of the builder and proposer are

Ip¢
Revy

and Op; = et respectively.

denoted as Op; = Revy”

Table 1| presents the summary statistics of the key variables.lﬂ It shows that all profits are highly

5Any Ethereum transaction must pay a base gas fee Feepase to be included in the block. This fee is always
“burnt” and removed from the system, and is not part of the builder’s revenue. However, if the transaction is valuable
or important, the user who submits the transaction may choose to pay the builder an excess gas fee F'e€gzcess, which
is part of the builder’s revenue.

SThroughout, we use log X to denote log(1 + X).
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skewed to the right, with the majority of blocks generating minimal revenue. On average, a block
generates 0.14 ETH in revenue, more than 85% of which is captured by the proposer.

There are many blocks where the builder makes negative profits. This behavior is likely a
strategy to ensure that the builder’s block is chosen and to build market share: by subsidizing
proposers during regular periods, builders aim to dominate the market share of proposed blocks,
attracting arbitrageurs with lucrative arbitrage opportunities when they arise, thereby securing
blocks that yield positive profits. Our main analysis considers only blocks where the builder profit

share is greater than —10%, which represent 94.9% of the MEV blocks in our sample]]

4 Information Rents in Ethereum Intermediation

In this section, we estimate how a block’s share of private revenue affects the builder’s profit share.

The simplest specification would be a regression of the form

0B+ = a+ Blog(1 + Private;) + .

However, estimating this regression with OLS would introduce biases in three ways. First, there is
an omitted variable bias because there are many characteristics of the block which can affect 0p
which are not captured in the specification. The most important variable that is missing from the
specification is the other transactions included in the block, Public;. Second, the specification above
does not capture any relationships between builders and proposers which may lead the builders to
treat some proposers more or less favorably.

To address the potential for omitted variable bias and pre-existing relationships between builders

and proposers, we estimate the slightly more complicated regression :

Opt = Blog(l + Privatet) + ylog(1 + Publict) + iy + nje) + Pice) je) + €t- (1)

As Revy = Private; + Publics, including the Public; allows us to capture the effect of both private

information as well as the total revenue of the block. The fixed effects terms ¥, n(1), Pir),5(1)

"Section El and Appendix |[B| report the results for the full sample and show that they are even stronger than the
restricted sample. We limit ourselves to blocks with small subsidies in the main text to ensure that the results are
not driven by subsidies.

11



capture relations between the builders and proposers. Because the proposer shares of ETH staked
are relatively stable over time, these fixed effects capture the relative market power of different
proposers.

Finally, simultaneity creates an additional identification concern. The builder chooses both the
transactions to include in the block and the payment to the proposer, which mechanically determines
Op,¢. Thus, private and public block value cannot be treated as conditionally exogenous: builders
decide how much private information to monetize in a given block, arbitrageurs choose whether
to route transactions publicly or privately, and builders differ in the order-flow relationships they
attract. Our IV strategy is designed precisely to isolate variation in block composition that is
plausibly unrelated to the latent bargaining strength of a given builder-proposer pair.

To address simultaneity, we use an instrumental variables approach with two instruments, both
of which are dummy variables. The first dummy, Hacked;, is equal to 1 if block ¢ is appended to the
blockchain on a day where there is a crypto protocol hack, and 0 otherwise.ﬂ The second dummy,
Crisisy is equal to 1 if block ¢ is appended to the blockchain during either the FTX or SVB crisesﬂ

The first-stage specification is given by

log(1 + Private;) = B\lﬂackedt +71Crisisg + Py i) + 77/1J(\t) + b1i),5t) T €165

~ — o —
—

log(1 + Publicy) = faHacked; 4+ Y2Crisisy + o 0) + M2j(t) + P2,i(e),j ) T €2+

The exclusion restriction for our two instruments—crypto hacks and major market crises—is that
these events affect builder profit shares through their impact on the composition and value of blocks,
rather than through a direct change in the builder-proposer bargaining protocol. This assumption
is plausible because the proof-of-stake assignment rule, relay infrastructure, and proposer-builder
separation mechanism do not change on hack or crisis days. The identifying variation comes from
shifts in the arbitrage opportunities available to arbitrageurs and builders, not from changes in the
rules governing builder-proposer trade. We nevertheless include builder, proposer, and builder x

proposer fixed effects, so the estimates are not driven by persistent differences in bargaining strength

8The list of hacks is obtained from DefiLlama (https://defillama.com), and we keep only hacks which affected
only the Ethereum chain.

9The FTX crises occurred between November 8 2022, and November 12 2022. The SVB crisis unfolded between
March 9 2023, and March 12 2023. Other crypto crises, such as the Terra crash, occurred before the transition to
proof-of-stake and are therefore not in our sample.

12
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Figure 4: Effect of the instrumental variables on an average block’s private and total revenue.
Crypto crises increase private and total revenue by similar amounts, while Hacks tend to increase
private revenue disproportionately—spanning our space of explanatory variables.

across builder-proposer pairs.

These two instruments span our two explanatory variables, due to the distinct ways in which
hacks and crises affect the DeFi ecosystem. Crypto crises, such as the FTX collapse or the SVB crisis,
impact the entire crypto market in a broad, systemic manner. This is reflected in our first-stage
results shown in Table [2| During crises, both private and public revenue increase, with coefficients
of approximately 0.12 for log private revenue and 0.01 for log public revenue. In contrast, hacks
typically affect individual protocols or platforms within the Ethereum ecosystem. These events are

more likely to generate private revenue opportunities for insiders or those with early knowledge

13



of the hack. This is evidenced by the differential impact of hacks in our first-stage results: the
coeflicient on log private revenue is positive, while the coefficient on log public revenue is a precise
0. Figure [4]illustrates the differential impact of the two instruments, and shows how they span the
space of explanatory variables.

A natural concern is that hacks and crises affect builder profit shares through market conditions—
volatility, congestion, or elevated fees—rather than through the composition of order flow. Much of
this concern is resolved mechanically by measurement: base gas fees are burnt and never enter block
revenue, while priority fees and direct payments to builders are components of measured transaction
value. Any instrument-induced change in fee revenue therefore operates through log Private; and
log Public; themselves, and poses no threat to identification. The residual concern is that market
stress could alter the division of surplus conditional on block composition—for instance, if volatility
changes the speed at which private opportunities decay, shifting builder—proposer bargaining for a
given private value. The structure of our first stage speaks directly against this channel: a bargain-
ing effect driven by aggregate stress should load on both types of order flow, yet hacks raise private
transaction value while leaving public value at a precise zero (Table . Moreover, because the two
instruments shift the composition of order flow in different proportions, our estimates are identified
from relative movements in private versus public value rather than from the overall level of market
activity on event days. Together with the builder, proposer, and builder x proposer fixed effects,
this implies that the estimates are not driven by market-wide stress at the time of the block, but

by the value and exclusivity of the arbitrage opportunities it contains.

Results Table |3 shows the results of OLS and 25LS regressions where 6p; is the dependent vari-
able, and log Private;, log Public; are the independent variables. Columns (1) and (2) show the OLS
results without and with builder x proposer fixed effects. Columns (3) and (4) show the results from
the instrumental variable regressions using the Hacks and Crises dummies as instruments—again
without and with builder x proposer fixed effects.lﬂ The results using instrumental variables and
fixed effects are very strong, showing that a 1% increase in the value of private arbitrages increases

the builder’s revenue share by 0.57%. We highlight that the coefficient on public information is

10We use the commands reg, reghdfe, iwreg2 and ivreghdfe to compute each of these four columns. Note that when
using reghdfe or using ivreghdfe the constant is not reported because it is a normalization factor chosen algorithmically
to ensure all fixed effects have zero mean.

14



(1) (2) (3) (4)
log Private; log Private; log Public, log Publicy

Hack Dummy 0.0107*** 0.0094*** -0.0011** -0.0001

(0.0006) (0.0007) (0.0003) (0.0002)
Crisis Dummy 0.1187*** 0.1230*** 0.0219*** 0.0139***

(0.0095) (0.0098) (0.0015) (0.0014)
Constant 0.0732*** 0.0243***

(0.0015) (0.0008)
Observations 3924921 3419294 3924921 3419294

Standard errors in parentheses

*p<0.10, ™ p < 0.05, ™ p < 0.01
Note: This table shows the first stage estimation results for our different 2SLS specifications. Columns (1) and (2)
show how log Private is affected by our instrumental variables, without and with builder, proposer, and builder X
proposer fixed effects. Columns (3) and (4) show analogous results for log Public. All standard errors are clustered

at the builder x proposer level.

Table 2: First Stage Regression Results

negative. This follows from a simple economic intuition: since a block can contain multiple sources
of revenue, many of which are public, a larger amount of public information after accounting for
private arbitrages will shift market power to the proposer, and away from the builder.

To address potential issues with our use of two endogenous regressors we report additional F
statistics (Kleibergen-Paap F statistics and Sanderson-Windmeijer F statistics ), all of which are
strong. Additionally—even though our instruments are strong—we report weak-iv-robust Anderson-
Rubin confidence intervals, all of which avoid 0, and contain the point estimates in the regression.
Finally, we observe that our IV coefficients are larger in magnitude than the OLS coefficients. This
suggests attenuation bias, driven by the possibility of having correlation between the OLS residuals

and our endogenous regressors.

5 Model: Information-Driven Market Power

In this section, we develop a stylized model to formalize the central economic mechanism driving
our empirical results: the process by which private information confers market power. The DeFi
intermediation chain involves three key relationships: between arbitrageurs and block builders,

builders and proposers, and proposers and ETH depositors. Our formal model abstracts from
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(1) (2) (3) (4)
OLSNoFE OLSFE IVNoFE IVFE

log Private; 0.155*** 0.141*** 0.422***  0.575"**
(0.0149) (0.0184) (0.0709) (0.135)
log Public; -0.126*** -0.0448"*  -3.048***  -4.787***
(0.0118) (0.0111) (0.363) (1.086)
Constant 0.0390*** 0.0381***  0.0906***
(0.00318) (0.00121)  (0.00588)
N 3924921 3924921 3924921 3419294
Cragg-Donald F 417.05 64.24
Kleibergen-Paap F 106.549 13.379
SW F: log Private 214.78 33.54
SW F: log Public 219.29 31.35

Standard errors in parentheses

Weak-instrument-robust 95% Anderson-Rubin projection confidence sets:
IV No FE: log Private [0.26, 0.58]; log Public [-3.88, -2.10].

IV FE: log Private [0.31, 1.06]; log Public [—o0, -2.66].

*p<0.10, ™ p < 0.05, ™ p < 0.01

Note: This table shows our multivariate estimation results when the builder profit share is the dependent variable.
Columns (1) and (2) show OLS results, without and with builder, proposer, and builder x proposer fixed effects.
Columns (3) and (4) show 2SLS results, without and with builder, proposer, and builder x proposer fixed effects.
All standard errors are clustered at the builder x proposer level. The instrumental variables are Hacked; and
Crisisg.

Table 3: OLS and Two-Stage Least Squares Results

the first and third of these relationships to focus squarely on the core bargaining game between
builders and proposers, where the rents from private information are ultimately divided. The
market structures of the other two relationships, while important for the overall ecosystem, can
be understood through the lens of more standard economic forces—mamely vertical integration,
coordination externalities, risk-sharing, and delegation—which we discuss at the end of this section.

The model applies a standard insight from bargaining theory: an agent’s share of surplus rises
with the value of its outside option. The contribution is not a new bargaining solution. Rather,
the model identifies the institutional source of the outside option in Ethereum block production:
temporary exclusivity over private order flow. Public order flow is contestable and therefore gener-
ates no builder outside option; private order flow is non-contestable for a short period and therefore

does.
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5.1 The Model

We model the construction of the blockchain as the stationary steady state of an infinitely re-
peated game between two types of agents— proposers and block builders. Time is indexed by
t € {0,1,2,..., }.There are N proposers, indexed by n € {1,..., N}, each with stake w,. Motivated
by the empirical observation that proposers’ market shares of staked ETH are very stable over time,
we assume that proposers’ stake is constant. There are M block builders, indexed by m € {1, ..., M }.
Agents are profit maximizers and they do not discount the future.

In each period t, a proposer n is chosen among the N proposers via the proof-of-stake consensus

mechanism with probability v, = > v2— to add the next block to the blockchain. Let By, ; denote

i=1 Wi

the block built by builder m at time ¢ with total value Rm,tﬂ We denote the set of all the blocks
created at time ¢ by By = { Bt }meq1,..,m3}-

At each time t, blocks are made up of three type of transactions: regular transactions, which have
a low payoff and arise every period, and two types of arbitrage transactions that are high payoff but
arise rarely. Thus, the majority of time periods are regular periods with no arbitrage opportunities.
An arbitrage opportunity arises at small Poisson rate p < 1 per period. The arbitrage opportunity
is public with i.i.d. probability 7, and private with complementary probability 7, = 1 — m,. Public
arbitrage transactions are known by all block builders while each private arbitrage transaction is
known by a single block builder. A private arbitrage opportunity becomes publicly known at Poisson
rate pg < 1 per period, where p; > p. As all block builders know each public arbitrage transaction,
they all include it in their respective block. As such, a public arbitrage transaction in period t is
included in every B, € B;.

For expositional purposes, we assume a very simple process for transaction payoffs. We assume
that the payoff of all arbitrage transactions, public or private, comes from the same distribution.
The payoff of regular transactions come from of a different distribution that has a significantly lower
support. More precisely, assume all blocks that include the arbitrage transaction in period ¢ have
the same high revenue, R; and all the other blocks at time ¢ have the same low revenue, R,, and

R, = R and R, = R, VtB Table |1| documents that the distribution of block revenue is strongly

" One can assume that there is fixed cost ¢ > 0 associated with building a block. It does not change any of the
results and does not add any intuition, thus we set ¢ = 0.

121 general, R, and R; can be random variables themselves with different supports, as long as the upper bound
of support of R, is sufficiently smaller than the lower bound of support of R;. The extreme skewness of block revenue
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skewed to the right. Motivated by this empirical evidence, we assume R > R.

Let “public blocks” denote all the blocks in a regular period or in a period with public arbitrages,
with the same value E The value j%\t varies across periods— low in regular periods, R, and high
in periods with publicly known arbitrages, R. Thus, R; € {R, R}.

Alternatively, a “private block” includes a private arbitrage transaction. Recall that a private
arbitrage that arrives in period ¢ is picked up by a single builder, m, who incorporates it in his
block Bm,tH In that sense, the private arbitrage opportunity is the “private information” of builder
m, thus, we call By ; the “private block” at time ¢. The low Poisson arrival rate of arbitrage
transactions imply that every other block at time ¢ is a public block with low total revenue, i.e.,
V Byt € By, m # m, we have R, ; = R.

With a slight abuse of notation, let p; denote the proposer selected, b; the block builder, By
the block added to the blockchain, and R; denote the block’s revenue, in period t. Proposer
p¢ and block builder b; trade and divide the net block value with exogenous bargaining powers
(&p,&B) = (1 —6,0),and endogenous outside options Y p; and YT, for the proposer and the block
builder, respectively. The asymmetric bargaining powers can be simply derived from a variation
of an alternating-offer bargaining game a la |Rubinstein (1982) played by the proposer and block
builder in virtual time within each period[”]

The net value from adding block By to the blockchain is given by Ry, the total value generated
by block By, minus the sum of outside options of the block proposer and the block builder, S; =

R, — Ypy — Yp;. Consistent with the notation in Section , let IIp; (6py) and g, (6p,) denote

distribution documented in Table |I| supports this assumption.

3The assumption that an arbitrageur with a private arbitrage offers his block to a single block builder is consistent
with the empirical pattern that block builders try to build market share in order to capture arbitrageurs. It is also
the optimal strategy for the arbitrageur, as it ensures a high profit for him while almost certainly being added to the
chain by safeguarding his information advantage.

14T6 be precise, assume the proposer and the block builder play an alternating-offer bargaining game a la Rubin-
stein| (1982) in virtual time in each period ¢, and the block builder always makes the first offer. The proposer and
the block builder face probabilities of within-period trade-breakdown 1 — 61 and 1 — 2, respectively. This implies
0= 65(_15712;) . Thus, in equilibrium, the initial block builder’s offer, i.e. the observed bid of the block builder for each
block, is set to achieve the profits implied by the bargaining game with bargaining powers (£p,&5) = (1 — 6,6) and
endogenous outside options (YT p+, Tr.¢).

The alternating-offer game of Rubinstein| (1982) is a game of public information between the two bargaining parties.
Note that the block builders and proposers play this game infinitely many times and after each block is added its
information become public. Furthermore, within each period, the proposer has the monopoly to choose the block of
his choice and can punish any block builder who has not bid truthfully in a prior period. As such, we assume that
the proposer can infer the true value of block B; perfectly from the bid he observes at period ¢ and thus we can use
the alternating-offer game of |Rubinstein| (1982) within each period.
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the profit (profit share) of the proposer and builder in period t, respectively. They are given by:

Il =05+ Yy,

Tp; = (1—8)S; + Tpy.

Table [I] shows that the mean block builder’s profit is very low, close to zero. As such, we are

particularly interested in the case where § — 0, in which case IIp; and IIp; simplify to

g =Ygy, (2)
HP,t = Rt - TBJ (3)
which in turn imply
Tt

Opy = —" 4
Bt Rt ) ( )

Ry —Tp, Tpt
Opr=——>=1——= 5
Pt 7 R, (5)

Recall that block builder and proposer outside options, T p; and T p;, are equilibrium outcomes
that are determined endogenously. In turn, they determine the profit levels and profit shares of the
block builder and the proposer. Equations , , and highlight the main intuition of the
model— that the source of block builders’ revenue is their outside option.

The model should not be interpreted as assuming that private arbitrages are indefinitely durable.
The relevant distinction is relative durability. A public transaction loses exclusivity immediately
once observed by all builders. A private transaction may decay rapidly, but it can remain exclu-
sive for at least a small number of slots. Because Ethereum slots are short, even this short-lived
exclusivity creates a continuation value. The parameter pg captures this decay: as pgy rises, private
information becomes less durable and the builder’s outside option falls.

Proposition [I| summarizes the main theoretical results of the model that rely on this intuition

and tightly connect to the empirical patterns documented in Section [4]

Proposition 1 (Information-Driven Market Power). If arbitrage transactions are sufficiently

more profitable than reqular transactions, the following two statements hold
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1. Higher value of private transactions in a given block increases the profit share of the block

builder and decreases that of the proposer.

2. Higher value of public transactions in a given block, controlling for the value of private trans-
actions, has the opposite impact. It decreases the profit share of the block builder and increases

that of the proposer.

The proof of proposition 1| shows that block builders’ outside option is governed by their private
information. We call this the information-driven market power of block builders. In order to get
some intuition for this result, it is most insightful to consider the determination of the outside
options.

First, assume period ¢ is a period with only public blocks, i.e., with no private arbitrage trans-
actions. In this case, the selected proposer p; can choose any B,,; € B; and none of them has
an advantage over the others. On the other hand, block builders cannot do anything other than
offering their block to proposer p; only in period t. In particular, any block that is chosen as B; and
is added to the blockchain at time ¢ includes the same set of transactions. As such, all the other
blocks in B; lose their value as soon as B; is added to the blockchain. This implies that the block

builder b;’s outside option is zero. Thus, for the public blocks added to the blockchain Equations

and reduce to

bli
e =0 (6)

ngf}’“ﬂ R, (7)

Next, consider a period ¢t when there is a builder m with a private block, By ;. Let n denote

the index of the proposer who is chosen in period ¢, and let ¢, = > ~n2— denote their share of the

i=1 Wi

stake. The proposer p; has the choice to pick the block By, ; and add it to the blockchain at time ¢
to have By = By, ¢, or not.

Let X denote the expected profit that proposer p; obtains from the private block By, ; if he does
not choose to add By, at time ¢, i.e., By # Bp, ;. The proposer p; can extract X from the total
revenue of the private arbitrage block By, at time t if he decides to choose it at time ¢ and have

By = By
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If proposer p; does not choose the private block By in period ¢ to add to the blockchain,
the private arbitrage transaction will not be exploited at time t. In each following period, it will
turn public with probability pg, in which case it will be added to the blockchain right away and
exploited. Otherwise it will stay part of a private block that builder m creates in the future periods
until another proposer accepts the bid and adds the private block to the blockchain.

Proposer p = n has an i.i.d. probability v, to be chosen by the proof-of-stake consensus
mechanism in each period . In each future period 7 > ¢ that he is the proposer, p; = p;, there are
three contingencies. First, the private arbitrage transaction is still private and unexploited, in which
case it is included in block By, » and proposer p; can obtain X from choosing B; = By . Second,
the private arbitrage just turned public, in which case it is included in every block at period 7 and
proposer p; obtains R from it. Third, the private arbitrage has already turned public in period 7/,
t < 7 < 7 and is already exploited by the proposer in that period, in which case proposer p; gains
nothing from it in period TE

As such, an upper bound for X is:

X

I
=3
+
<
3
o]

which is increasing in ¢, and decreasing in pg;. These comparative statics are intuitive: A higher
stake share 1), implies that it is more likely for p,, to be the proposer next period and add this block.
Alternatively, an increase in pg implies that it is more likely that this private arbitrage transaction
turns to a public one before proposer p; is chosen again, in which case it is exploited by some other
proposer. Put differently, 1%” and pg act as the effective discount rate for proposer p;.

For any pair (¢, pg) such that ¢, < 1 and pg > 0, R < %
other words, when R < R proposer n is willing to leave profit R — X for block builder /7 in order

R guarantees X < R. In

to be able to add the block By, ; in period ¢ to the blockchain. Thus, using Equations and ,

5To be precise, this calculation gives an upper bound on X as it assumes that if the private arbitrage transaction
is still private at time 7, in the interim periods 7', ¢ < 7' < 7, none of the proposers have added the block By, ./
to the blockchain, so the private arbitrage opportunity remains unexploited until time 7. This only strengthens the
result as we need X < R, which is true if an upper bound in X is less than R.
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for a private block we have

1 — (1= 9n)(1 = pq)
pd

R+ynR<R = 05" <1 (9)

H%rjg/ate > (1 . ¢n)Rt N

1-— (1 B %)(1 - pd)
Pd

R>0 = 057 >0 (8)

IN

private
HP,t

Comparing Equation @ with and with @D clearly illustrates the opposite impact of the
private arbitrage opportunities on profit shares of block builders and proposers. It also shows
that higher block revenue leads to a higher share for the block builder only if the block revenue
comes from private arbitrages. All the rest of the block revenue is captured by the proposer and
thus increases his profit share, while decreasing the profit share of the block builder. As such,
Proposition [I] provides a consistent mechanism for the empirical findings of Table [3]

Equation also implies that a private arbitrage transaction which remains private longer leads
to a higher profit share for the block builder. This is intuitive as it corresponds to a longer duration
for the limited availability of the arbitrage transaction, which in turn makes the private information

of the block builder more valuable and improves his bargaining positionm

6 Robustness

In our main analysis, we removed blocks where the builder profit share was less than —10%, con-
sisting of about 5% of the sample, to prevent outliers from skewing the results. In this section, we
show our results hold—in fact they are stronger—when we don’t remove these blocks. We also show
that the results hold when we use alternative definitions of private transactions.

Appendix [B] presents the results of these robustness exercises. Importantly, in each of these
robustness checks, we obtain a significant positive effect for the value of the builder’s private infor-
mation on their profit share. Furthermore, our instrumental variables based on crypto crises and

cyber-attacks remain strong throughout all our alternative specifications.

16We abstract from the full searcher-builder contracting problem because the empirical outcome of interest is the
builder-validator surplus split. Section 2 discusses how searcher routing generates private order flow; the model takes
this private order flow as the state variable and studies how it affects bargaining with validators.
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6.1 Blocks With And Without Subsidies

Table [] in Appendix [B] displays the summary statistics of the full sample. It shows that there are
blocks where the builder gives a very large subsidy to the proposer, with the largest subsidy being
56.13 ETH. This subsidy skews the builder profit share 6p; heavily, with the share being highly
negative for blocks with large subsidies. In the main text, we restrict ourselves to blocks with a
builder profit share 6p; > —0.1. In this section, we show that our findings are robust to including
all the blocks in the sample.

Tables [ and [6] in Appendix [B] present the first and second stage estimation results for the full
sample, including blocks that contain transactions with large proposer subsidies. The instruments

stay strongly significant and the effect of private information is approximately doubled.

6.2 Alternative Definition of Private Information

In the main analysis, we use a simple definition of private information, where a transaction is private
if and only if it is not broadcast to the network before being appended to the blockchain. We use
this definition in order to be able to utilize the classification of private versus public transactions
provided by a third party, Secure Decentralized Systems Lab’s Mempool Guru project (Yang et al.,
2024]).

However, there may be many arbitrage trades that, while sent privately to a builder, may
be observed by many arbitrageurs. For example, any price discrepancies between decentralized
exchanges (DEXs) on the blockchain may be observed by multiple arbitrageurs who have algorithms
scanning the blockchain for such trades. Even if we observe an arbitrageur sending such transactions
privately to a builder, it is possible that other arbitrageurs have sent them to other builders, making
the arbitrage essentially public.

Because we know the details of these arbitrages, we can apply a number of heuristics which
identifies them as essentially public albeit having been sent privately. Such an arbitrage meets all
of the following criteria. First, these arbitrages consist of at least two transactions: one which is
intended to buy low and another to sell high. Second, the gross position of this strategy must be
greater than or equal to zero. Finally, the net position of all but the first and last transaction must

net to zero, so that the strategy forms a loop. These heuristics are akin to those used by research
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teams such as EigenPhi to detect atomic arbitrages. These transactions are then labeled as public
and excluded from the pool of private transactions.

The intuition for this heuristic is that an arbitrage is private if it can only be discovered using
some private, off-chain signal. The vast majority of private arbitrages are arbitrages between cen-
tralized exchanges (CEXs) and decentralized exchanges. A CEX-DEX arbitrage takes advantage of
mispricings quoted between two or more exchanges, but one is a centralized exchange whose prices
and orders are off-chain. In contrast to DEX-DEX arbitrages, the CEX-DEX arbitrage’s legs are
not executed simultaneously, so there is inventory risk as the arbitrageur holds the off-chain posi-
tion. For this reason, an arbitrageur wants their public position to execute as soon as possible and
exclusively, so they will certainly include a direct payment to a block builder and do so privately.
Moreover, as only the on-chain leg is observable on the blockchain, the strategy looks like a swap
between two tokens, one of which is traded on a centralized exchange.

Appendix [B] presents the first and second stage estimation results using the alternative definition
of private information. The instruments stay strongly significant and the effect of private information
is approximately doubled.

It is worth noting that an interesting qualitative difference surfaces with the alternative definition
of private information. While in all other specification, OLS and IV, value of public transactions
negatively impact the profit share of the block builder, in Table [§|the OLS coefficient for log Public,
is positive and becomes negative only when using instrumental variables. We believe the reason
is that as the definition of private arbitrage is much more restrictive, many transactions which
would have been classified as private in our main analysis are no longer classified as such in this
specification. Therefore, a block with a large number of transactions has many other sources of

revenue for the builder that are not covered in the alternate definition of log Private;.

7 Conclusion

We examine the impact of private information on the profit shares of financial intermediaries in
Decentralized Finance (DeFi). Using novel DeFi transaction data, we find that arbitrageurs’ need
for privacy leads to the emergence of block builders as key intermediaries in the Ethereum blockchain.

Furthermore, we quantify the intermediation profits generated by block builders’ access to valuable
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private information.

Employing an instrumental variable approach using crypto crises and thefts of funds from crypto
institutions and protocols as instruments, we find that a 1% increase in the value of private informa-
tion leads to a 0.57% increase in the block builder profit share. We propose a repeated bargaining
model to provide an economic mechanism for our empirical findings. This evidence highlights the
crucial role of private information in determining the revenue shares of intermediaries in decentral-
ized financial markets. As traditional and decentralized finance become increasingly interconnected,
understanding the dynamics of intermediation in decentralized markets becomes increasingly rele-

vant for both academics and practitioners.
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A  Proofs

Proof Proposition [ It is sufficient to characterize Y, across different periods.

Classify periods into two groups: First, periods where all transactions are public, (whether
a public arbitrage opportunity is present or not), and second, periods where a private arbitrage
transaction happens. Note that as arbitrage opportunities arise with a small Poisson rate indepen-
dently, the probability that two arbitrage opportunities of any kind happen in the same period is
vanishingly small.

In a public period, every block has the exact same value. As such, all block builders act as
perfect competitors and undercut each other. Therefore, all the profits from adding a block to the
blockchain in this period are appropriated by the proposer chosen by the proof-of-stake consensus
mechanism. As such, Yp; =0p; =0, 0p; = 1.

Next, consider a private period t. We would like to show that Tp; > 0 in private periods. Let
By, ¢ denote the private block and n denote the chosen proposer (i.e., pr = n). When § — 0, the
builder and proposer profit shares are given by Equations and , respectively. Let X be the
profit proposer n can obtain from the existence of the private arbitrage transaction which is in block
By, 4, if he doesn’t choose By = By, ; in period t.

In order to show that Tp; > 0, it is more convenient to characterize X and prove that it is
smaller than R. To characterize X, consider the following observations. First, if n doesn’t choose
By, + now, he chooses a public block with value R; in period t. Second, in the stationary steady
state, in each future period 7 > ¢, he will be the proposer with probability 1. In each such period,
there are three contingencies: 1) the private arbitrage transaction is still private and unexploited,
in which case it is included in block By ; and proposer n adds it and obtains X from choosing
B; = Bj+; 2) the private arbitrage just turned public, in which case it is included in every block
at period 7 and proposer n obtains R from it; or 3) the private arbitrage has already turned public
in period 7/, t < 7/ < 7 and is already exploited by the proposer n’ who was chosen in that period,
in which case proposer p; gains nothing from it in period 7.

Thus, the expected value that n gets from not adding block By, ; to the blockchain at time ¢ is
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given by:

X <R
+ Pn [paR + (1 — pa) X
+ (1= ¥n)thn [pa x 0+ (1 — pa) [paR + (1 — pg) X]]

+ (1= hn)*¥n [pa X 0+ (1= pa)pa x 0+ (1 = pa)® [paR + (1 — pa) X|] + -+

The first term, R, is what proposer n gets from adding any other block at time ¢. Each line j
that follows corresponds to proposer n payoff if he is chosen as the proposer at time 7 =t + j for
the first time after time ¢. If in any period 7/ = t + j', 7/ € {1,---j — 1}, this private arbitrage
transactions has become public, it is exploited already and proposer n gets nothing. If the arbitrage
transaction is still private until period j — 1, proposer n can obtain pgR+ (1 — pg) X from it at time
7 =t + j assuming that no interim proposers have exploited itm FEither the arbitrage turns public
with probability pg4, in which case proposer n gets all the surplus R, or it remains private in which

case proposer n gets R. As such, we have

o0

X <R+, [de + (1 - pd)X] Z ((1 - wn)(l - pd))T_t_l
T=t+1

=Ry + ¢ [paR+ (1 — pa)X]| - !

(1= n)(1 = pa)

Thus
- %(1 - pd) ) %Pd =
* <1 0o —p)) B T b
¥ Pd <Rt Vnpd _

1_(1_wn)(1_pd) 1_(1_¢n)(1_pd)

Thus, an upper bound for X is:

X— 1_(1_¢n)(1_pd)7 B,

I
=3
+
<
3
X

"The assumption of no exploitation of the private arbitrage by interim proposers implies the inequality, which
provides an upper bound on X as explained in the text.
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For any pair (¢, pg) such that ¥, < 1 and pg > 0, let

max __ pd(l — wn) >
= ol —g)

If R < R™> then X < R and thus X < R. Thus assumption R <« R guarantees that X < R. As
such, proposer n is willing to leave profit R — X for block builder /m to add By, + to the blockchain
in period t, Tp; > R—X >0.

Substituting the lower bound for T g ; in Equations and leads to Equations and @D,
where the last inequality in each equation is satisfied if R < R™**. These inequalities directly imply

eg{?&te > 0 and agfivate <1 O

B Robustness Regression Tables

In this Appendix, we show the robustness regression Tables described in Section [6 Table [ shows
summary statistics for the full sample. Tables [5] through [6] show our regressions using the full

sample. Tables [7] and [§] show the regressions using an alternative definition of private information.

Mean Std. Dev. Min 5th Median  95th  99th Max Skewness  Kurtosis

Revy 0.13 1.45 0.00 0.02 0.05 0.34 122 802.79 234.22 87570.02
Mg, 0.01 0.64 -56.13  -0.00 0.00 0.03 0.16 791.74 628.64 643411.84
IIp: 0.12 1.19 0.00 0.02 0.05 0.31 1.05 691.96 266.84 114216.68
0B, 0.02 0.77 -947.07  -0.10 0.01 0.28 0.57 1.00 -585.59 591582.47
Op,t 0.98 0.77 0.00 0.72 0.99 1.10  1.37 948.07 585.59 591582.46
log Private; 0.07 0.17 0.00 0.00 0.03 0.26 0.75 6.69 8.98 133.29
log Public; 0.02 0.05 0.00 0.01 0.02 0.06 0.14 5.20 27.20 1346.59
Hack Dummy 0.07 0.25 0.00 0.00 0.00 1.00 1.00 1.00 3.46 12.94
Crisis Dummy 0.01 0.11 0.00 0.00 0.00 0.00 1.00 1.00 8.57 74.44

Observations 4132184

Source: Dune Analytics and Mempool Guru Project

Table 4: Summary Statistics for the Full Sample
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(1) (2) (3) (4)
log Private; log Private; log Publicy log Public,

Hack Dummy 0.0116*** 0.0104*** -0.0008™** 0.0001

(0.0006) (0.0007) (0.0002)  (0.0002)
Crisis Dummy 0.1136™** 0.1158*** 0.0213"** 0.0134™**

(0.0095) (0.0099) (0.0013) (0.0012)
Constant 0.0700"** 0.0237"**

(0.0015) (0.0008)
Observations 4132184 3604011 4132184 3604011

Standard errors in parentheses
* p<0.10, ** p < 0.05, ™ p < 0.01

Note: This table shows the first stage estimation results with our full sample. Columns (1) and (2) show how
log Private is affected by our instrumental variables, without and with builder, proposer, and builder x proposer
fixed effects. Columns (3) and (4) show analogous results for log Public. All standard errors are clustered at the
builder x proposer level.

Table 5: First Stage Regression Results For The Full Sample

(1) (2) 3) (4)
OLSNoFE OLSFE IV NoFE IV FE
log Private 0.205"** 0.184** 0.562"** 1.180™**
(0.0163) (0.0199) (0.140) (0.393)
log Publict -0.07227** -0.0275 -7.161%** -16.28"**
(0.0242) (0.0273) (1.469) (3.988)
Constant 0.0106™** 0.0111***  0.155™**
(0.00256) (0.00114) (0.0303)
N 4132184 4132184 4132184 3604011
Cragg-Donald F 415.75 60.56
Kleibergen-Paap F 111.961 11.050
SW F: log Private 225.69 30.76
SW F: log Public 224.21 28.56

Standard errors in parentheses

Weak-instrument-robust 95% Anderson-Rubin projection confidence sets:
IV No FE: log Private [0.24, 0.93]; log Public [-10.52, -3.80].

IV FE: log Private [0.41, +oo]; log Public [-30.61, -7.16].

*p<0.10, " p < 0.05, *** p < 0.01

Note: This table shows our multivariate estimation results with our full sample. Columns (1) and (2) show OLS
results, without and with builder, proposer and builder x proposer fixed effects. Columns (3) and (4) show 2SLS

results, without and with builder, proposer, and builder X proposer fixed effects. All standard errors are clustered
at the builder x proposer level. The instrumental variables are Hacked; and Crisis;.

Table 6: OLS and Two-Stage Least Squares Results For The Full Sample
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(1) (2) (3) (4)

log Private; log Private; log Public; log Public:
Hack Dummy 0.0097*** 0.0084™** 0.0009*** 0.0017***

(0.0006) (0.0007) (0.0003) (0.0003)
Crisis Dummy 0.1039*** 0.1086™** 0.0512*** 0.0428***

(0.0082) (0.0084) (0.0043) (0.0048)
Constant 0.0702*** 0.0288***

(0.0015) (0.0009)
Observations 3924921 3419294 3924921 3419294

Standard errors in parentheses
* p<0.10, ™ p < 0.05, ™" p < 0.01

Note: This table shows the first stage estimation results for our different 2SLS specifications using an alternative
definition of public and private information. Columns (1) and (2) show how log Private is affected by our
instrumental variables, without and with builder, proposer, and builder x proposer fixed effects. Columns (3) and
(4) show analogous results for log Public. All standard errors are clustered at the builder x proposer level.

Table 7: First Stage Regression Results Using Alternative Definition of Private and Public

Information
(1) (2) 3) (4)
OLSNoFE OLSFE IV NoFE IV FE
log Private; 0.149"** 0.136™*" 1.030*** 1.4677**
(0.0156) (0.0190) (0.137) (0.325)
log Public -0.000946 0.0265"**  -2.415"** -3.629™"*
(0.00455) (0.00395) (0.289) (0.860)
Constant 0.0369"** 0.0370"**  0.0446™**
(0.00311) (0.00133)  (0.00326)
N 3924921 3924921 3924921 3419294
Cragg-Donald F 181.34 30.50
Kleibergen-Paap F 80.563 10.269
SW F: log Private 163.51 22.22
SW F: log Public 161.53 21.92

Standard errors in parentheses

Weak-instrument-robust 95% Anderson-Rubin projection confidence sets:
IV No FE: log Private [0.72, 1.39]; log Public [-3.17, -1.75].

IV FE: log Private [0.94, +o0]; log Public [—o0, -2.23].

*p<0.10, ** p < 0.05, *** p < 0.01

Note: This table shows our multivariate estimation results when the builder profit share is the dependent variable,
using an alternative definition of private and public information. Columns (1) and (2) show OLS results, without
and with builder, proposer and builder x proposer fixed effects. Columns (3) and (4) show 2SLS results, without
and with builder, proposer, and builder x proposer fixed effects, respectively. All standard errors are clustered at
the builder x proposer level. The instrumental variables are Hacked; and Crisis;.

Table 8: OLS and Two-Stage Least-Squares Results Using Alternative Definition of Private and
Public Information.
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