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Abstract

Cross-numeraire pricing efficiency is central in digital asset markets because
the same asset trades continuously against fiat, Bitcoin, and stablecoin-linked
numeraires. This paper studies Ethereum (ETH) triangular consistency across
ETH/USD, ETH/BTC, and BTC/USD prices, where USD denotes the U.S.
dollar and BTC denotes Bitcoin. The benchmark requires the direct ETH/USD
price to equal the synthetic price implied by ETH/BTC and BTC/USD. Using
single-venue Coinbase true-USD hourly data from January 2022 through June
2023, I find that the log wedge has a near-zero mean, Augmented Dickey—Fuller
diagnostics reject a unit root, first-order persistence is low, and absolute wedges
widen during stress episodes. A Binance extension using Tether (USDT) as the
dollar proxy shows a tighter unconditional wedge, which cautions against treating
stablecoin denomination as the dominant average source of deviations in this
sample. A Gate.io order-book extension for the Terra/Luna, FTX, and USD Coin—
Silicon Valley Bank (USDC-SVB) stress windows constructs bid—ask executable
bands and finds no positive after-fee executable breach across 524 common event-
hour observations. The results show that Ethereum cross-numeraire prices are
tightly consistent on average, but stress-state wedges should be interpreted as
frictional parity deviations rather than executable arbitrage opportunities.

Keywords: Ethereum; cryptocurrency market efficiency; triangular pricing consistency;
cross-numeraire pricing; limits to arbitrage; digital asset markets

JEL Classification: G12, G14 , G15, G23 , C58

1 Introduction

Digital assets trade continuously across multiple venues and numeraires. Ethereum
is quoted against the U.S. dollar, Bitcoin, and stablecoin-linked dollar proxies, and
those markets remain open through weekends, stress events, and periods of uneven
liquidity. Cross-numeraire consistency therefore matters because efficiency in this
market requires the cross-rate system to remain internally coherent, not merely each
individual pair to be liquid in isolation. This paper asks whether Ethereum prices
are mutually consistent across USD, BTC, and stablecoin-linked numeraires, and how
deviations should be interpreted during market stress.

The paper develops that question in a deliberately conservative way. The core
restriction is the triangular identity linking ETH/USD, ETH/BTC, and BTC/USD.
If the direct and synthetic ETH/USD prices coincide, then Ethereum pricing is cross-
numeraire consistent at that instant. If they do not coincide, the discrepancy is



measured by a relative pricing wedge,

¢, = log PtETH/USD ~log PtETH/BTC ~log PtBTC/USD.

The object €; is interpreted throughout as a parity deviation or triangular consistency
wedge. It is not interpreted as evidence that Ethereum is intrinsically overvalued or
undervalued in dollars, and it is not automatically an executable arbitrage profit.

Framed this way, the paper sits closer to the literature on no-arbitrage restrictions,
change of numeraire, triangular parity, and limits to arbitrage than to the literature
proposing ever-richer valuation formulas for ETH. The formal starting point is standard:
change-of-numeraire arguments write pricing problems in relative units rather than
treating one asset as a uniquely privileged anchor, as in the measure-change framework
of Geman, El Karoui, and Rochet (1995). Cochrane (2005) provides the broader asset-
pricing language for distinguishing a pricing restriction from a structural valuation
model.

The empirical complication is equally standard: an observed parity deviation is not
automatically a costless arbitrage. Fenn, Howison, McDonald, Williams, and Johnson
(2009) study triangular arbitrage using high-frequency executable FX prices, while
Akram, Rime, and Sarno (2008) show in related real-time FX arbitrage evidence why
synchronization and execution matter. Chaboud, Chiquoine, Hjalmarsson, and Vega
(2014) shows how algorithmic trading changes the frequency of triangular-arbitrage
opportunities. In crypto markets, segmentation and uneven arbitrage capacity make
those issues at least as relevant (Makarov & Schoar, 2020).

The novelty is not the triangular identity itself, but the empirical design used to
measure and interpret deviations from it. The baseline is a single-venue Coinbase spot
triangle with true USD pairs, hourly observations, intersection-only synchronization,
and no forward fill. The supporting evidence then adds pre-specified stress-window
analysis, a Binance USDT comparison, and a Gate.io bid—ask executable-band diag-
nostic. This design intentionally narrows the scope of interpretation. Because all three
baseline legs are native Coinbase spot markets and the dollar leg is true USD rather
than a stablecoin proxy, the baseline triangle is a narrow reduced-form measurement of
cross-numeraire consistency within one venue. It does not identify stablecoin-specific
mechanisms, and it is not intended to.

Within that baseline, three findings are central. First, the wedge has a near-zero
mean. Over 13,100 hourly observations from 2022-01-01 to 2023-06-30, the sample
mean is approximately —0.065 bp, which is economically indistinguishable from zero.
Second, the wedge shows little persistence rather than a slow drift. The diagnostics
report an Augmented Dickey—Fuller statistic of —110.893, continued unit-root rejection
under lag augmentation, an AR(1) coefficient of approximately 0.0315, and an implied
half-life of about 0.20 hours. Third, parity deviations widen during stress episodes.
Mean absolute wedges are larger during the Terra/Luna, FTX, and USD Coin-Silicon
Valley Bank (USDC-SVB) windows than in calm periods, with the FTX episode
showing the strongest event-study contrast by the Welch statistic.

Three completed extensions sharpen, rather than overturn, that baseline interpre-
tation. The first is a Binance spot triangle that uses USDT as the dollar proxy over
the same sample window. In unconditional terms, that extension produces a materially
tighter wedge than the Coinbase true-USD baseline. The second is a Gate.io order-book
extension over the Terra/Luna, FTX, and USDC-SVB stress windows. It uses genuine
bid and ask snapshots for ETH/USDT, ETH/BTC, and BTC/USDT, and finds that
the event-hour midquote wedges remain inside bid—ask plus fee costs. These extensions
do not support treating stablecoin denomination as the dominant average source of
pricing noise in this sample; they instead point to venue-level liquidity, quote depth,
and arbitrage efficiency as additional determinants of wedge magnitudes. Stablecoin-
related mechanisms remain relevant as a stress-state hypothesis, but the completed
extensions counsel against treating them as the leading unconditional explanation.
The third extension attempted to move the Coinbase baseline from close-based mea-
surement to a quote-based interpretation. However, no historical top-of-book midquote
series is available for the Coinbase true-USD sample; the resulting high-low midrange



proxy is not a valid substitute for synchronized historical midquotes in a triangular
pricing test. The paper therefore reports that exercise as a methodological limitation
and negative result rather than as a robustness success.

These results support a modest interpretation. They are consistent with the view
that triangular pricing holds tightly on average in normal conditions, but that the
wedge widens when market stress raises frictions or changes the speed with which
relative prices adjust. That is closer to the language of parity wedges in constrained
arbitrage settings (Du, Tepper, & Verdelhan, 2018) and to the broader limits-to-
arbitrage logic of Shleifer and Vishny (1997) than to any claim of persistent intrinsic
mispricing. The paper therefore treats nonzero €; as a state-dependent parity deviation,
not as a direct measure of fundamental misvaluation.

The paper makes three contributions. Conceptually, it frames Ethereum pricing as
a cross-numeraire triangular consistency problem within digital asset market efficiency
rather than as a standalone dollar-valuation exercise. Empirically, it shows that the
Coinbase true-USD triangle has a near-zero average wedge, low persistence, and stress-
state widening. At the microstructure margin, Binance USDT and Gate.io order-book
evidence distinguish venue, liquidity, and friction effects from stablecoin denomination
and executable arbitrage. The headline evidence remains the Coinbase true-USD
triangle; stablecoin-proxy and executable-band evidence are reported as supporting
extensions.

The rest of the paper proceeds as follows. Section 2 places the paper in the
literatures on triangular parity, numeraire choice, parity wedges, and crypto market
structure. Section 3 presents the triangular pricing restriction and defines the wedge.
Section 4 describes the baseline data and variable construction. Section 5 outlines the
empirical design and distinguishes the headline baseline from supporting extensions.
Section 6 reports the baseline evidence. Section 7 discusses stress episodes. Section 8
interprets the findings conservatively. Section 9 concludes.

2 Related Literature

This paper speaks to several related literatures.

First, it draws on the triangular-arbitrage and triangular-pricing literature in
foreign exchange. Fenn et al. (2009) show that triangular-arbitrage opportunities in
spot FX are short-lived, small, and measured most meaningfully with high-frequency
executable prices. Akram et al. (2008) provide related real-time FX evidence showing
that apparent arbitrage opportunities depend on synchronization, execution, and
market microstructure. Cui, Qian, Taylor, and Zhu (2020) formalize triangular-arbitrage
detection under nontrivial transaction costs. Gradojevic, Erdemlioglu, and Gencay
(2020) show that limit-order-book conditions, realized volatility, and cross-correlations
help predict ultra-high-frequency triangular arbitrage opportunities.

The same literature also disciplines how this paper interprets nonzero wedges.
Chaboud et al. (2014) show that algorithmic trading changes the frequency of triangular-
arbitrage opportunities in FX, and Ito, Yamada, Takayasu, and Takayasu (2020)
emphasize execution risk when a trader must complete multiple legs. Reynolds, Sogner,
and Wagner (2021) provide a close bridge to crypto-relevant triangular parity analysis
by studying deviations involving Bitcoin. This literature motivates the paper’s emphasis
on synchronized pricing and on the distinction between a measured wedge and a
realizable arbitrage profit.

Second, the paper is informed by the change-of-numeraire tradition in asset pricing.
Geman et al. (1995) formalize the link between numeraire changes and probability-
measure changes in pricing problems. Schroder (1999) uses the same logic to derive
parity results for futures, forwards, and options. The point used here is narrower:
relative pricing relations can be written across numeraires without treating the dollar
leg as the only natural anchor. Cochrane (2005) is especially useful because it clarifies
the distinction between a general pricing restriction and a structural model of cash-flow-
based valuation. That distinction is central for Ethereum, where much of the applied
discussion begins with a dollar valuation question rather than a consistency question.



Third, the paper is related to work on parity wedges and constrained arbitrage
in international finance. Du et al. (2018) document large and persistent covered-
interest-parity deviations after the global financial crisis. Cerutti, Obstfeld, and Zhou
(2021) study macrofinancial determinants of those deviations. This tradition supplies
the analogy for the present design: a crypto triangular wedge can be studied as
an economically meaningful pricing object even when it does not imply frictionless
arbitrage. This perspective is reinforced by the broader limits-to-arbitrage framework
of Shleifer and Vishny (1997).

Fourth, the paper connects to the literature on crypto market structure and
segmentation. Makarov and Schoar (2020) document large and recurrent cross-market
cryptocurrency price deviations. More recent evidence suggests that these opportunities
have become harder to exploit as market efficiency has improved (Crépelliere, Pelster,
& Zeisberger, 2023), and that the introduction of Bitcoin futures improved spot-market
synchronicity (Augustin, Rubtsov, & Shin, 2023).

This market-structure literature is useful because it gives a mechanism, not just
background. Saggese, Belmonte, Dimitri, Facchini, and Béhme (2023) provide micro-
level evidence that crypto arbitrage activity can be concentrated among a small set of
sophisticated traders. Shynkevich (2023) directly compares law-of-one-price deviations
and arbitrage trading in Bitcoin and Ethereum. These papers are not tests of the
Coinbase triangle studied here, but they motivate the idea that small average deviations
can coexist with stress-state widening when arbitrage capacity is uneven.

Fifth, the paper is deliberately distinct from both general crypto asset-pricing
models and Ethereum protocol-economics work. The return-factor literature studies
expected returns and common risk exposures in cryptocurrency markets; Liu and
Tsyvinski (2021) is the benchmark example. Ethereum-focused protocol-economics
papers ask a different set of questions: Liu et al. (2022) evaluates EIP-1559’s empirical
effects on fees, waiting times, and consensus security. Those studies ask what determines
returns, network-resource prices, or protocol-level incentives. By contrast, the present
paper asks whether observed spot prices of ETH are mutually consistent across
numeraires. In that sense, the contribution is complementary to valuation and protocol-
economics work, not a substitute for it.

A final adjacent literature concerns stablecoin stress and dollar-proxy fragility.
Ahmed, Aldasoro, and Duley (2024) show how public information can affect stablecoin
run dynamics, and Ma, Zeng, and Zhang (2025) emphasize the centralization of
arbitrage in stablecoin runs. Galati and Capalbo (2024) study the USDC-SVB episode
as a shock to stablecoin stability. Badev and Watsky (2023) study DeFi spillovers from
the Terra collapse. That channel matters for interpretation, but it is not the baseline
mechanism because the Coinbase triangle excludes USDT and other stablecoin dollar
proxies by construction.

Taken together, these literatures establish the importance of triangular parity, cross-
exchange crypto arbitrage, law-of-one-price deviations, and crypto market segmentation.
Less is known about whether ETH prices are internally consistent across USD, BTC,
and stablecoin-linked numeraires within a controlled single-venue design, and how
stress-state wedges differ from executable arbitrage once quote bands and fees are
imposed. This paper addresses that narrower gap by pairing a Coinbase true-USD
baseline with supporting Binance USDT and Gate.io executable-band diagnostics.

3 Theoretical Framework

3.1 Triangular pricing consistency

Let PtETH/ YSP denote the direct spot price of ETH in USD, the spot price

of ETH in BTC, and PtBTC/USD the spot price of BTC in USD. In frictionless and
synchronized trading, internal consistency requires

ETH/BTC
pFTH/

PtETH/USD _ PtETH/BTC v PtBTC/USD. (1)

Equation (1) is not a new valuation formula. It is a relative pricing restriction implied
by internal consistency across directly traded spot rates.



The restriction is algebraically simple, but its empirical content is nontrivial in
crypto markets. Observed prices are discrete, venues differ in liquidity, dollar legs may
be fiat- or stablecoin-denominated, and measured wedges may not survive bid—ask
spreads, taker fees, timing risk, or inventory constraints.

Taking logs yields the additive representation

log PtETH/USD ~ log PtETH/BTC +log PtBTC/USD' 2)
The paper measures departures from (2) with
e = log PtETH/USD ~log PtETH/BTC ~log PtBTC/USD. 3)

When ¢; = 0, the triangle is exactly consistent. When ¢; # 0, the direct and synthetic
ETH/USD prices differ.

3.2 Interpretation of the wedge

The wedge ¢, is interpreted as a relative pricing wedge, parity deviation, or deviation
from triangular consistency. This terminology matters. A nonzero €; need not imply
an exploitable round-trip arbitrage after bid—ask spreads, fees, timing risk, algorithmic
competition, and inventory constraints are taken into account. Fenn et al. (2009) make
this distinction in triangular FX evidence based on high-frequency executable prices,
while Akram et al. (2008) make a related point for real-time FX arbitrage evidence
more generally. The transaction-cost formalization in Cui et al. (2020) makes the
same point from a detection perspective. Nor does ¢; identify a latent intrinsic value
of Ethereum. It instead measures the extent to which observed direct and synthetic
pricing paths fail to align at a common information time.

The wedge-versus-arbitrage distinction can be written explicitly once bid and ask
quotes are observed. Let b7 and a denote the best bid and ask for each leg

j € {ETH/USD, ETH/BTC, BTC/USD},

and define the log-midquote m? = {log al +log !} /2 and log half-spread h! = {logal —
log b7} /2. Let the midquote wedge be ¢, = m;ETH/USD - mtETH/BTC - m,}?TC/USD, and
let f be the per-leg taker fee.

Proposition 1 (Midquote wedge and executable band). Under synchronized quotes,
the absence of positive after-fee triangular round trips in both directions is equivalent to

ETH/USD ETH/BTC
C, = pFTH BTH/

—Cy < <O, +h + RSP 3l0g(1 - £). (4)

The forward executable return is e, — Cy, and the reverse executable return is —e; — Cy.

Proposition 1 clarifies the interpretation used throughout the paper. A nonzero
midquote wedge is evidence of a parity deviation, but a positive executable arbitrage
requires the wedge to cross the bid—ask plus fee band. The Gate.io extension below
computes the forward and reverse round trips directly from observed bids and asks, so
the reported breach count does not rely on a close-price or OHLC proxy.

This interpretation is especially important for Ethereum. If USD is treated as the
only natural valuation anchor, one may be tempted to read deviations in the direct
dollar price as absolute valuation errors. The triangular framework argues against that
move. In a multi-numeraire environment, a useful prior question is whether Ethereum
prices cohere across numeraires. The object of interest is therefore a no-arbitrage-style
restriction in relative prices, not an absolute valuation benchmark.

3.3 Baseline restriction versus extensions

In the completed baseline evidence, the wedge is constructed from hourly Coinbase
spot prices using an intersected, single-venue, true-USD triangle. This design supports



a narrow interpretation of ¢;: parity deviations within one venue, absent stablecoin-
dollar contamination. Three extensions add discipline to that interpretation. First,
a Binance triangle with USDT legs yields a smaller unconditional wedge on average
than the Coinbase baseline, which disciplines how the stablecoin channel should be
interpreted. Second, a Gate.io order-book extension over the three stress windows
constructs a genuine bid—ask executable band on a secondary USDT venue and finds
no positive after-fee triangular round trip. Third, a proxy-midquote exercise based on
hourly high-low midranges does not provide a valid historical top-of-book robustness
check for the Coinbase baseline and is therefore not treated as core evidence. The paper
therefore treats the Coinbase wedge as a reduced-form measure of relative pricing
tension, while using the Gate exercise to show that the stress-window wedges need not
imply executable arbitrage once spreads and fees are imposed.

4 Data and Variable Construction

4.1 Baseline sample

The baseline uses Coinbase spot data at hourly frequency from 2022-01-01 00:00:00
UTC through 2023-06-30 23:00:00 UTC. The three required markets are ETH/USD,
ETH/BTC, and BTC/USD. Synchronization is intersection only, with no forward fill.
The resulting baseline contains 13,100 hourly observations.

This sample design is intentionally conservative. All three legs are native Coinbase
spot markets. No leg is constructed from a stablecoin proxy for USD, and no cross-
venue matching is required. As a result, the baseline evidence is insulated from several
interpretation problems that would arise immediately in a broader sample, including
reserve-risk contamination in a stablecoin-based dollar leg and pure cross-exchange
settlement frictions.

4.2 Sampling frequency

The hourly sampling frequency is a baseline compromise rather than a claim that one
hour is intrinsically optimal. Daily sampling is too coarse for a market that trades
continuously and for stress episodes whose effects often occur within the day. It also
imposes an arbitrary UTC close on a 24/7 market. At the other extreme, minute-level
sampling would be attractive only with synchronized trades or historical top-of-book
quotes for all three Coinbase legs. In their absence, a minute close-price triangle would
be more exposed to asynchronous trades, bid—ask bounce, and microstructure noise
than the hourly baseline.

To check that the main facts are not mechanical artifacts of the one-hour grid, I
recompute the Coinbase true-USD wedge after coarsening the three price legs to four-
hour and daily UTC bars, always using the last observed leg price in each bar and then
recomputing the triangular wedge. Table 1 reports the result. The signed mean remains
economically close to zero at all three frequencies, ADF diagnostics reject a unit root
in every case, and the pooled stress-window mean absolute wedge remains larger than
the calm-period mean. The daily design has only 22 event observations, so it is not
used for event-by-event inference, but it is useful as a coarsening check. The hourly grid
is therefore retained because it preserves intraday stress variation while avoiding the
stronger synchronization assumptions that a full-sample minute design would require.

Table 1 Sampling-frequency robustness in the Coinbase true-USD baseline

Frequency n  Mean e Mean [¢] AR(1) ADF Event l¢] Calm |e|
1 hour 13,100 -0.065 2.655 0.032  -110.893 3.882 2.604
4 hours 3,276 -0.088 2.673 0.064 -53.655 3.526 2.637
1 day 546 -0.043 2.649 -0.002 -23.344 4.520 2.570

Notes: All wedge magnitudes are in basis points except AR(1) and ADF. Coarser frequencies
are constructed by taking the last available price for each leg within each UTC bar and
recomputing €;. Event observations pool the Terra/Luna, FTX, and USDC-SVB windows;
daily event inference is descriptive because the pooled event sample contains only 22 daily
observations.



4.3 Wedge construction

For each synchronized timestamp, the baseline wedge is constructed as in equation
(3). The baseline implementation uses hourly close prices. That choice is sufficient for
the single-venue true-USD baseline, but it is not the most stringent microstructure
design. For that reason, the paper distinguishes three objects: the baseline close-price
wedge, an unsuccessful Coinbase high—low midrange proxy that is treated only as a
data limitation, and a separate Gate.io order-book extension that uses actual bid and
ask snapshots in stress windows.

To keep interpretation conservative, the paper uses both signed and absolute
versions of the wedge. The signed wedge ¢; is informative for average consistency and
persistence diagnostics. The absolute wedge |e;| is informative about the magnitude of
parity deviations, especially during stress windows where widening matters more than
sign.

4.4 Gate.io order-book extension sample

The executable-band extension uses Gate.io historical spot order-book files for
ETH/USDT, ETH/BTC, and BTC/USDT during the Terra/Luna, FTX, and USDC-
SVB windows. For each hourly archive file, the construction uses only the initial
full-depth snapshot block and extracts the best bid, best ask, midpoint, and half-spread
for each leg. This produces one quote-based observation per market-hour. The design
is intentionally snapshot-only: attempted replay of subsequent update rows generated
crossed books under plausible update semantics, so the paper does not impose an
undocumented order-book cleaning rule.

Across the three event windows, the archive contains 524 usable common hours
out of 528 expected hours. The missing hours are two FTX hours on 2022-11-14 and
two USDC-SVB hours on 2023-03-10; in each case all three Gate legs are missing for
the same hour. They are dropped by common-hour intersection, with no interpolation
and no cross-venue patching.

4.5 State variables in the baseline

The baseline state-dependent specification for |e;| uses three right-hand-side variables: a
24-hour realized volatility measure for BTC/USD, RV@ZE ; the log of hourly Coinbase
ETH/USD volume; and an indicator, Event;, that equals one during the pre-specified
Terra/Luna, FTX, and USDC-SVB stress windows. These variables are best viewed
as reduced-form state controls rather than structural mechanisms. In particular, the
volume proxy is informative but still crude, and the baseline does not include fee,
spread, funding, or order-book depth measures.

5 Empirical Design

5.1 Completed baseline evidence

The empirical design distinguishes sharply between headline baseline evidence and
supporting extensions.

The completed baseline evidence consists of four elements. First, the paper summa-
rizes the unconditional behavior of €;, including its mean, dispersion, and tails. Second,
it evaluates unit-root behavior and short-run persistence using the reported ADF,
KPSS, and AR(1) diagnostics. Third, it estimates a simple state-dependent regression
for |e;| using BTC volatility, ETH/USD volume, and a pooled event indicator. Fourth,
it compares wedge magnitudes during three stress episodes—Terra/Luna, FTX, and
USDC-SVB—with calm periods.

In addition, three extensions are now sufficiently developed to be discussed in
the main text with appropriately narrow interpretation. The Binance USDT exten-
sion contributes descriptive evidence on unconditional wedge magnitudes under a
stablecoin-based dollar leg. The Gate.io order-book extension contributes a stress-
window executable-band check using actual bid and ask snapshots on a secondary
USDT venue. The Coinbase midquote extension contributes a methodological negative



result: because no historical top-of-book midquote archive was available for the true-
USD Coinbase triangle, an OHLC high—low midrange proxy could be constructed, but
that object is not treated as a valid replacement for synchronized historical midquotes
in triangular parity testing.

5.2 Baseline estimating equations

The unit-root and persistence diagnostics can be summarized with the following
reduced-form law of motion:

€ = c+ Per_1 + uy, (5)

where a small |¢| together with ADF rejection of a unit root indicates that parity
deviations do not drift persistently in the baseline sample.
The state-dependent specification is

let| bp = a + blRV{%EhC + by log VolumetETH/UsD

+ by Event; + uy, (6)
where |€;|pbp is the absolute wedge measured in basis points and standard errors are
Newey-West HAC (Newey & West, 1987).

Equation (6) is used cautiously. It is informative about state dependence, but it
does not separately identify liquidity effects, inventory constraints, transaction-cost
bands, or stablecoin-dollar stress.

5.3 Scope of extensions

The evidence has different inferential weight, so the paper separates the headline
baseline from supporting tests. The Gate.io stress-window extension is the only com-
pleted quote-based test of executable triangular returns, and it is used only for the
available event-hour snapshots. Re-estimating the wedge at one- to five-minute fre-
quency would still be useful, because it would help distinguish genuine short-run
dislocations from hourly sampling effects. The Binance USDT extension is informative
about unconditional wedge magnitudes and now enters the stress-interaction design,
but it remains a supporting comparison rather than a replacement for the Coinbase
true-USD baseline. The longer 2019-2026 Coinbase and Binance panels are also useful
as context reported in Online Resource 1 (Supplementary Appendix): they confirm
near-zero means and low persistence while spanning market regimes that differ from
the pre-specified 2022-2023 event design.

Cross-venue and long-sample evidence therefore discipline the interpretation with-
out expanding the headline claim beyond the Coinbase true-USD baseline. Table 2
summarizes this hierarchy. Online Resource 1 (Supplementary Appendix) reports long-
sample context, event-window sensitivity, pseudo-wedge placebo checks, Gate.io fee
sensitivities, and synchronization diagnostics.

6 Cross-Numeraire Consistency in the Coinbase
True-USD Triangle

6.1 Unconditional properties of the wedge

The first baseline result is that the Coinbase true-USD triangle satisfies the pricing
restriction closely on average. The signed wedge has a sample mean of —6.461 x 107 log
points, or roughly —0.065 bp, over 13,100 hourly observations. Its standard deviation
is 3.868 bp, its mean absolute value is 2.655 bp, its 5th to 95th percentile range is from
—5.83bp to +5.68 bp, and its extrema are approximately —35.14 bp and +41.50 bp.
Taken together, these moments suggest a clear baseline fact: within a single venue
and with true USD legs, direct and synthetic ETH/USD prices line up tightly on
average, even though economically nontrivial deviations occur in the tails. This is
exactly the pattern one would expect if triangular consistency is a useful first-order
restriction but not a frictionless identity at every instant. Table 3 reports the baseline



Table 2 Evidence hierarchy

Status

Evidence

Role in interpretation

Headline baseline

Supporting
extension

Online Resource 1
checks

Coinbase true-USD hourly
triangle, 2022-01-01 to
2023-06-30

Binance USDT triangle
and Gate.io stress-window
bid—ask snapshots
Event-window sensitivity,
pseudo-triangle placebo,
structural-break and

Defines the paper’s main empirical
object: a single-venue, true-USD
triangular wedge with
intersection-only synchronization.
Disciplines stablecoin and executable-
arbitrage interpretations, but remains
subordinate to the baseline.

Checks whether the baseline facts are
fragile without adding new headline
claims.

long-sample summaries
Coinbase true-USD
executable band,
higher-frequency quote
reconstruction, broader
matched venue panels

Future agenda Requires additional data or stronger
synchronization discipline before it

can support publishable main claims.

Notes: The table is a scope-control device. It prevents the supporting Binance, Gate, and long-
sample evidence from being read as replacing the narrow Coinbase baseline or as establishing
market-wide no-arbitrage.

summary statistics, while Figures 1 and 2 show the full hourly series and unconditional
distribution.

Table 3 Coinbase true-USD baseline summary statistics

Variable n Mean Std. Dev. Min P5 Median P95 Max
€t 13,100 -0.065 3.868 -35.138 -5.830 -0.127 5.681 41.502
let|bp 13,100 2.655 2.814 0.00002 0.167 1.874 7.744 41.502
Notes: Coinbase spot triangle with ETH/USD, ETH/BTC, and BTC/USD,
sampled hourly from 2022-01-01 through 2023-06-30 using intersection-only
synchronization and no forward fill. All entries except n are in basis points.
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Fig. 1 Coinbase true-USD wedge time series. The figure plots the hourly triangular-pricing wedge
from 2022-01-01 through 2023-06-30 using UTC timestamps and intersection-only synchronization.
The y-axis reports €; in basis points, where 1bp = 10~* log units.

6.2 Unit-root diagnostics and mean reversion

The second baseline result is that the wedge does not behave like a slowly drifting gap.
The ADF statistic is —110.893, well beyond conventional critical values, rejecting the
null of a unit root. Lag-augmented ADF checks through 168 hourly lags also reject
the unit-root null. The AR(1) coefficient is approximately ¢ = 0.0315, with an implied
half-life of about 0.20 hours.

These estimates matter for how the object should be interpreted. A low-persistence
wedge is not consistent with a slowly moving intrinsic-value gap. It is more consistent
with a relative pricing discrepancy that is usually corrected quickly, albeit not instan-
taneously, in a market with small but nonzero frictions. A KPSS level-stationarity
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Fig. 2 Coinbase true-USD wedge distribution. The histogram uses the same hourly Coinbase true-
USD baseline sample as Figure 1. The x-axis reports ¢; in basis points; the fitted normal curve is
included only as a visual benchmark.

diagnostic rejects strict unconditional level stationarity, so the safer interpretation is
not that the process is invariant across states. Rather, the signed wedge has a near-zero
mean and low persistence, while its dispersion changes with stress conditions. The low
first-order autocorrelation and rapid decay of the autocorrelation function are aligned
with that interpretation.

6.3 Stablecoin denomination versus venue liquidity: Binance
USDT evidence

The completed Binance extension uses the same triangular restriction over the same cal-
endar window, but with Binance spot pairs ETH/USDT, ETH/BTC, and BTC/USDT.
Its main contribution is descriptive rather than causal. The average wedge is tighter
than in the Coinbase true-USD baseline: the mean absolute wedge is 0.862 bp, com-
pared with 2.655bp in the Coinbase sample, and the standard deviation falls from
3.868 bp to 1.152bp. The signed mean remains close to zero at +0.024 bp. Table 4 and
Figures 3-4 summarize these unconditional properties.

This comparison is informative because it runs against a simple prior that stablecoin
denomination might mechanically produce a looser wedge on average. In this sample,
it does not. The conservative inference is therefore that venue liquidity and arbitrage
efficiency are important alongside numeraire type for unconditional wedge magnitudes.
That does not eliminate stablecoin-related mechanisms. Rather, it narrows their
interpretation: absent sharper stress-state evidence, stablecoin effects are better framed
as possible tail-event mechanisms than as the dominant unconditional driver of parity
deviations.

The USDT extension remains deliberately limited. It is not a second headline
baseline and should not be read as a cross-venue ranking of pricing quality. Its event-
state role is addressed only through the reduced-form stress-interaction regression
below, which shows that the Binance USDT response is smaller than the Coinbase
response in the FTX and USDC-SVB windows. That evidence narrows the stablecoin
interpretation but does not identify a causal mechanism.

Table 4 Binance USDT extension summary statistics

Variable n Mean Std. Dev. Min P5 Median P95 Max

€t 13,103 0.024 1.152 -12.567 -1.699  0.023 1.803 14.288
let|pp 13,103 0.862 0.764 0.000002 0.064 0.699 2.272 14.288

Notes: Binance spot triangle with ETH/USDT, ETH/BTC, and
BTC/USDT, hourly 2022-01-01-2023-06-30. All entries except n
are in basis points.
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Fig. 3 Binance USDT wedge time series, hourly 2022-01-01-2023-06-30; y-axis in basis points.
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Fig. 4 Binance USDT wedge distribution. Histogram for the same hourly Binance USDT extension
sample as Figure 3; x-axis in basis points and fitted normal curve shown only as a visual benchmark.

6.4 Methodological limitation: why OHLC high—low midrange
is not a valid top-of-book substitute

The attempted midquote extension does not alter the paper’s main evidence. No
historical top-of-book bid—ask archive is available for the full Coinbase true-USD
sample. Coinbase’s public historical endpoint provides OHLCV candles rather than
synchronized historical best bid and ask quotes, and the available ticker endpoint gives
only a contemporaneous snapshot. The extension therefore used an hourly high—low
midrange proxy, (H; + L¢)/2, for each leg.

That proxy is not a valid substitute for synchronized historical midquotes in a
triangular pricing test. It is a midpoint over realized intrabar trade prices, not a
common-time quote midpoint, and it can therefore import aliasing and intrabar range
effects that are conceptually distinct from a quote-based wedge. Consistent with that
concern, the proxy-midrange wedge is substantially wider and has very low correlation
with the close-based baseline series. The paper accordingly presents the exercise as a
methodological negative result: it shows why true historical top-of-book quote data are
needed for a publishable midquote or executable-band extension, not that the baseline
findings are robust to a quote-based redesign.

6.5 Measured wedges versus executable arbitrage: Gate.io
order-book evidence

The Gate.io order-book extension addresses the same concern from a different angle.
Rather than approximating Coinbase midquotes with OHLC data, it uses historical
Gate order-book snapshots for ETH/USDT, ETH/BTC, and BTC/USDT in the
three stress windows. The sample contains 524 common event-hour observations after
dropping four missing common hours from the official archive. Each observation is
built from the initial full-depth hourly snapshot, yielding synchronized best bid, best
ask, midquote, and half-spread measures for all three legs.

The Gate exercise is not a Coinbase robustness test; it is an executable-band
diagnostic showing how measured midquote deviations can disappear once synchronized
bid—ask spreads and taker fees are imposed.

11



The midquote wedge remains small in this quote-based stress-window sample.
Across all Gate event hours, the mean wedge is —0.172 bp, the mean absolute wedge
is 2.660 bp, and the maximum absolute wedge is 21.435bp. More importantly for
interpretation, the average three-leg spread-plus-fee band is 36.825 bp, consisting of
6.810bp in summed half-spreads and 30.015bp in taker-fee cost under the 10 bp
per-leg taker-fee assumption, which matches the public VIPO spot taker schedule on
Gate’s fee page (Gate.com, 2026). The largest net executable gap is —23.102bp, so
even the closest event-hour remains inside the executable band by more than 23 bp.
The breach count is zero in every event. A sensitivity check with a lower 5 bp per-leg
fee also produces zero breaches, with the closest reverse-direction gap still negative at
—8.091 bp. Table 5 summarizes the primary 10 bp specification.

Table 5 Gate.io order-book executable-band extension

Event n Mean |e| Spread  Fee Band  Gap Cushion Breaches
Terra/Luna 216 2.925 9.785 30.015 39.800 -23.102  23.102 0
FTX 214 2.561 5.942 30.015 35.957 -24.170 24.170 0
USDC-SVB 94 2.278 1.949 30.015 31.964 -24.119 24.119 0
All 524 2.660 6.810 30.015 36.825 -23.102 23.102 0

Notes: All non-count entries are in basis points. Gate.io spot order-book triangle
with ETH/USDT, ETH/BTC, and BTC/USDT, sampled once per available event-
hour from the initial full-depth snapshot of each hourly archive file. Spread is
the sum of the three leg-level half-spreads. Fee is —3log(1 — f) for f = 0.001.
Spread+fee is the approximate executable band width in Proposition 1. Max gap

is the larger of the two actual after-fee executable round-trip returns within each

event. Min cushion is the smallest value of — max{gtf“’d,g:ev}; positive values

indicate that the nearest observed round trip remains inside the executable band.
A breach is a positive net executable gap in either direction. Online Resource 1
reports 5, 10, 15, and 20 bp per-leg fee sensitivities.

This result does not replace the Coinbase true-USD baseline, because the Gate
triangle is a secondary USDT venue and the sampling rule is hourly snapshot-only.
It does, however, directly address the main bid—ask objection in the data that are
available: in the stress-window order-book snapshots, the measured quote wedges
remain inside the stated spread-and-fee benchmark rather than becoming positive
after-fee triangular returns.

6.6 State dependence in the baseline sample

The third baseline result is that parity deviations widen in states associated with stress.
To separate generic stress from a stablecoin-venue interpretation, the stress-interaction
specification stacks the Coinbase true-USD triangle with the Binance USDT supporting
extension over common hourly timestamps. The omitted category is Coinbase during
calm hours. The event coefficients therefore measure Coinbase true-USD event shifts,
while the USDT interaction terms measure whether the Binance USDT response differs
from the Coinbase response in the same calendar events.

The pattern is useful for interpretation. Conditional on BTC realized volatility and
ETH/USD base-volume controls, the FTX and USDC-SVB coefficients are positive
in the Coinbase true-USD baseline. The corresponding USDT interaction terms are
negative and statistically significant, meaning that the Binance USDT wedge response
is smaller, not larger, in those stress windows. Table 6 reports the specification.
The result does not identify a causal mechanism, but it disciplines the stablecoin
interpretation: in the completed data, stablecoin denomination is not supported as the
dominant unconditional or event-state explanation for wedge magnitudes.

7 Stress-State Widening and Digital Asset Market
Frictions

The paper examines three stress windows in the same Coinbase baseline: Terra/Luna
in May 2022, the FTX collapse in November 2022, and the USDC-SVB weekend in
March 2023. In each case, the mean absolute wedge is higher than in the calm baseline.
The mean absolute wedge rises from 2.604bp in calm periods to 3.161 bp during
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Table 6 Stress-state interaction regression for wedge magnitude

Variable Coef. NW S.E. t D
Constant -0.1980 0.1815  -1.0909 > 0.10
RVELE 0.0008 0.0002  4.7656 < 0.001
log VolumeFTH 0.2951 0.0235  12.5421 < 0.001
Binance USDT -2.0477 0.0529 -38.6928 < 0.001
Terra/Luna 0.2033 0.2384  0.8529  >0.10
FTX 1.3779 0.4310  3.1968 < 0.01
USDC-SVB 1.3549 0.5816  2.3297 < 0.05
USDT x Terra/Luna  -0.4361 0.2483  -1.7568 < 0.10
USDT x FTX -1.4405 0.4410  -3.2663 < 0.01
USDT x USDC-SVB  -1.5358 0.5827  -2.6354 < 0.01
n 26,150
R? 0.1866
NW lag 29

Notes: Dependent variable is |e¢| in basis points. The panel stacks
Coinbase true-USD and Binance USDT triangles on common
hourly timestamps from 2022-01-01 through 2023-06-30. Coin-
base calm hours are omitted. Event coefficients are Coinbase
event shifts; USDT interactions measure the differential Binance
response. Newey—West HAC standard errors use Bartlett weights

with L = [n'/3]. The design is reduced-form and should not be
read as causal mechanism evidence.

Terra/Luna, 4.472bp during FTX, and 4.176 bp during the USDC-SVB window. The
strongest baseline event evidence is associated with the FTX episode, which has the
largest Welch statistic in absolute value. Table 7 summarizes the event windows, and
Figure 5 plots the FTX episode directly.

These patterns support a restrained conclusion: the triangular wedge widens during
stress. They do not, on their own, establish why. In the baseline design, one defensible
interpretation is that stress raises frictions, slows cross-rate adjustment, changes
balance-sheet capacity, or induces short-run risk repricing across the ETH and BTC
legs. Because the baseline triangle does not use USDT or USDC as the dollar leg,
the stress results cannot be taken as evidence that stablecoin-specific dollar-proxy
mechanisms are driving the wedge in this sample.

Table 7 Coinbase baseline event-study summary

Event n Mean || SD Outside Welch ¢
Terra/Luna 216 3.161 4.221 8.80%  2.886
FTX 216 4.472 6.602 15.28% 5.644
USDC-SVB 96 4.176 5.561 16.67% 4.142

Calm baseline 12,572 2.604 3.782  4.96% 0.000

Notes: Mean and SD are reported in basis points. The outside column reports the share of observa-
tions with |e;| above twice the calm-period standard deviation of |e;|. Event windows are Terra/Luna
2022-05-07-2022-05-15, FTX 2022-11-06-2022-11-14, and USDC-SVB 2023-03-10-2023-03-13. Event-
window boundaries are fixed from the episode dates rather than estimated from the wedge series.

8 Discussion

The discussion follows directly from the scope of the baseline evidence. The paper’s
first claim is narrow: Ethereum pricing can be productively analyzed as a relative
asset-pricing problem across numeraires. That claim rests on the triangular restriction
itself and on the empirical fact that the wedge is near zero on average in the narrowest
baseline sample. The wedge is therefore informative precisely because the identity
usually holds closely, not because it fails dramatically all the time.

The second claim is also narrow: when the wedge widens, the baseline evidence
is more consistent with frictions and stress-period risk repricing than with persistent
intrinsic mispricing. Three features point in that direction. First, ADF diagnostics reject
a unit root and AR(1) persistence is low. Second, wedge magnitudes are larger during
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Fig. 5 FTX stress window in the Coinbase true-USD baseline. The figure plots |e¢| in basis points for
the hourly Coinbase true-USD triangle around the 2022-11-06 to 2022-11-14 UTC event window. The
shaded region marks the event window; the displayed sample includes a 14-day buffer on each side.

market stress windows. Third, the baseline excludes USDT and related stablecoin-
dollar legs, so the observed widening cannot be mechanically attributed to dollar-proxy
instability in this sample.

A placebo falsification reinforces that interpretation. If the measured wedge were
merely a generic artifact of stitching together three log-price series, then breaking the
contemporaneous identity should produce a similar residual. It does not. A pseudo-
wedge that lags the ETH/BTC leg by 24 hours has mean absolute magnitude of
132.35 bp, compared with 2.66 bp for the true contemporaneous wedge on the matched
Coinbase sample, and its AR(1) coefficient is 0.958 rather than 0.032. The wedge
behavior documented in the baseline is therefore a property of contemporaneous
triangular pricing consistency, not a generic algebraic residual.

The newly completed Binance USDT extension further disciplines the interpretation.
In unconditional average terms, the USDT triangle is tighter, not looser, than the
Coinbase true-USD baseline. That fact does not show that stablecoin denomination
is irrelevant. It suggests that one should not treat stablecoin status as the dominant
unconditional explanation for measured wedge size in this sample. A more defensible
reading is that venue liquidity, trading depth, and arbitrage efficiency matter in the
unconditional average, while stablecoin-related mechanisms remain plausible candidates
for tail behavior in stressed states.

The Gate.io order-book extension adds a different kind of discipline. It is not a
Coinbase robustness test; it is an executable-band diagnostic showing how measured
midquote deviations can disappear once synchronized bid—ask spreads and taker fees
are imposed. In the available stress-window order-book snapshots, measured midquote
wedges do not translate into positive after-fee executable triangular returns. This
strengthens the paper’s distinction between a relative pricing wedge and an arbitrage
profit. A nonzero €¢; can be economically informative about market stress without
being directly monetizable once the bid—ask band and taker fees are imposed.

The Coinbase midquote exercise points in a different direction. It does not strengthen
the evidence base; rather, it clarifies a data limitation. Without a historical top-of-book
bid-ask archive for the Coinbase true-USD triangle, the high—low midrange proxy
cannot be read as a genuine midquote robustness check. The paper therefore refrains
from drawing substantive inference from that exercise and treats the Gate analysis as
the only completed quote-based executable-band extension.

That interpretation remains intentionally bounded. The paper does not claim to
separate market microstructure frictions from broader risk-bearing constraints. It does
not construct a Coinbase true-USD executable band, and the Gate extension is hourly
snapshot-only rather than a reconstructed one-minute order book. It also does not
establish whether stablecoin-based dollar legs amplify tail behavior in matched event-
state data. Those questions are natural extensions, but they are outside the headline
baseline claim.

The long-sample outputs are useful in the same disciplined way. The 2019-2026
Coinbase and Binance panels preserve the near-zero mean and low-persistence pattern,
but the long window spans materially different regimes, including the COVID aftermath
and post-2023 market structure. For that reason, the long sample is best read as Online
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Resource 1 context that supports scope, not as a replacement for the pre-specified
2022-2023 event design.

This separation between baseline findings and supporting extensions keeps the claim
bounded. The paper has a defined relative pricing wedge, a conservative single-venue
true-USD design, evidence of near-zero mean and low persistence, state-dependent
widening during stress, and cross-venue, placebo, and executable-band checks that
discipline overinterpretation. Further mechanism analysis can build on this structure
without changing the interpretation of the baseline object.

9 Conclusion

This paper advances a simple argument. Ethereum need not be approached only as a
dollar-denominated absolute valuation problem; it can also be studied as a relative
asset-pricing problem across numeraires. The empirical counterpart of that argument
is a triangular pricing restriction linking ETH/USD, ETH/BTC, and BTC/USD, and
the central empirical object is the relative pricing wedge €;.

In the baseline evidence from a single-venue Coinbase true-USD triangle, that
wedge has a near-zero mean, rejects a unit root in ADF diagnostics, and has low first-
order persistence. The wedge also widens during stress episodes, with the strongest
baseline episode around the FTX collapse. A completed Binance USDT extension
shows that the average wedge can be even tighter under a stablecoin-based dollar proxy,
which suggests that venue liquidity and arbitrage efficiency matter alongside numeraire
type for unconditional wedge magnitudes. A Gate.io order-book extension further
shows that the available stress-window bid—ask snapshots do not contain positive
after-fee executable triangular breaches. Stablecoin-related interpretation is therefore
best reserved for tail-event mechanisms to be tested more directly in future work, not
treated as the dominant unconditional driver in this paper.

The paper’s contribution is therefore best understood as an asset-pricing restriction
paper. It provides a disciplined way to study Ethereum pricing across numeraires
before committing to any particular absolute valuation model. The attempted Coinbase
midquote extension underscores that this agenda requires genuine historical quote
data rather than OHLC-based proxies, while the Gate extension shows how the
same framework can be sharpened when bid and ask archives are available. Future
work should extend the framework to higher-frequency quote reconstruction, broader
matched venue panels, and true-USD executable bands to help separate generic market
frictions from genuinely numeraire-specific stress.
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