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1 Summary

1.1 The Paper

Makarov and Schoar ask whether the law of one price holds in bitcoin markets. They assemble
tick data for 34 exchanges across 19 countries from Kaiko, bitcoincharts.com and three exchanges
contacted directly, covering January 2017 through April 2018. They document large and persistent
price deviations across exchanges, show the deviations are far larger across countries than within
them, and tie the cross-country pattern to capital controls. Their fourth stylized fact, and the one
Table 5 and Fig. 8 deliver, is that countries carrying a higher average bitcoin premium over the US
price also widen their arbitrage spreads most when US buying pressure rises. The cross-sectional
slope of the premium on this arbitrage beta is 0.30 with a t-statistic of 4.6.

1.2 Replication Findings

The headline relation replicates. Regressing the average premium on the arbitrage beta across
countries produces a slope of 0.206 with a t-statistic of 3.34 and an adjusted R2 of 0.438, against
the paper’s 0.30, 4.6 and 0.56. The country premia themselves reproduce almost cell by cell, cor-
relating 0.982 with the paper’s printed Table 5 row across the 14 countries obtainable today, and
the betas correlate 0.854. Three concrete causes explain the magnitude gap, chiefly that the three
countries lost to dead data feeds all sit above the paper’s fitted line. Out of sample, from May 2018
through December 2023, the relation keeps its sign but loses significance, with a slope of 0.075 and
a t-statistic of 1.76, because the arbitrage spreads themselves collapsed.
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2 Data

The paper’s own inputs are unobtainable. Kaiko is a paid vendor that WRDS does not carry, and
api.bitcoincharts.com, the public tick archive the paper leans on for the smaller markets, no
longer answers as of 22 August 2026. Table 5 survives this loss because its regressor is a weekly
Hodrick–Prescott residual, so minute data are not required.

The replication builds each country’s price from the bitcoinity data service
(data.bitcoinity.org) through its CSV export endpoint, which returns a daily, per-exchange,
volume-weighted bitcoin price and a matching daily bitcoin volume for roughly twenty quote
currencies back to 2011. Its exchange coverage overlaps the paper’s Table 1 closely, supplying
bithumb and korbit for KRW, bitflyer for JPY, bitcoin.co.id for IDR, btcmarkets for AUD, bitso for
MXN, mercadobitcoin for BRL, bit2c for ILS, bitbay and bitmarketpl for PLN, coinbase for GBP,
kraken for CAD, bitstamp, coinbase and kraken for EUR, and bitstamp, coinbase, gemini and
kraken for the US benchmark. Bitcoinity’s daily price is a volume-weighted average and not a
close, which was verified by recomputing a VWAP from Coinbase Exchange hourly candles for 1
June 2017, which gives 2400.25 against bitcoinity’s 2404.02 and a daily close of 2419.99. BTC/TRY
comes from BTCTurk’s free graph-api daily OHLC feed, whose average field is the day’s VWAP.
Fiat exchange rates come from the ECB euro reference rates in place of the paper’s Bloomberg
series.

Three substitutions change a venue. BTC-e, the paper’s Russian and one of its US venues,
was seized by the US Department of Justice in July 2017, so RUB uses EXMO. Koinim, the paper’s
Turkish venue, is defunct, so TRY uses BTCTurk. Quoine, the paper’s Singapore venue, is defunct,
so SGD uses itbit. Three countries drop out entirely for want of any surviving public history,
namely VND (VBTC), PKR (Urdubit) and ZAR (Luno, whose public API refuses any timestamp
older than 24 hours).

The estimation sample runs 1 January 2017 through 30 April 2018 and holds 6,971 currency-
days across 15 quote currencies, of which 14 enter the cross-section once the US benchmark is
excluded. Full-coverage currencies contribute 485 daily observations and 70 weekly observations
each, while ILS contributes 243 days, TRY 426 and MXN 450.

3 Methodology

For currency c on day t, the regional price is the volume-weighted average across that currency’s
exchanges,

Pc,t =
∑e pe,t ve,t

∑e ve,t
,

converted to dollars through the ECB cross rate. With PUS,t the same average over Bitstamp,
Coinbase, Gemini and Kraken in dollars, the dependent variable is the log price deviation dc,t =
log PUSD

c,t − log PUS,t. Buying pressure is the cyclical component of the weekly log US price under
a Hodrick–Prescott filter, BPw = log PUS,w − HPw.

Table 5 reports, for each country, an OLS regression of the Monday-anchored weekly mean
deviation on buying pressure, dc,w = ac + βcBPw + εc,w, over 70 weeks, with Newey–West standard
errors at four weekly lags. The premium is the mean of dc,t over the same window. Fig. 8 regresses
the premium on the beta across countries by plain OLS with an intercept and homoskedastic
standard errors, which is what the paper’s reported slope, t-statistic and adjusted R2 imply. The
United States is excluded because its deviation is identically zero.
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The paper states that it extensively cleans outliers and stale prices and gives a 10% adja-
cent price-movement rule. With daily substitute data, an observation is removed only when the
country–US deviation jumps and reverses by more than 10% and its BTC volume is below 1%
of that currency’s median. This removes two isolated SGD prints of 0.0013 and 0.011 BTC while
retaining high-volume country-premium episodes.

Key differences from the paper. Four deviations matter. First, prices come from daily volume-
weighted averages rather than tick data aggregated to the minute. That smooths intraday ex-
tremes, visible in a replicated annualized daily return standard deviation of 0.815 against the pa-
per’s Table 3 value of 1.07, but it leaves a weekly price-level ratio essentially untouched. Second,
three countries are missing, and all three lie above the paper’s fitted line, which flattens the Fig.
8 slope. Third, the two venue substitutions in RUB and SGD flip those two betas relative to the
paper, although cleaning reduces SGD’s disagreement materially. Fourth, the paper never states
the Hodrick–Prescott smoothing parameter. This report uses λ = 1600, chosen against the pa-
per’s own description of Fig. 7 Panel B rather than against the target number, and the alternatives
λ = 270,400 and λ = 45.7M deliver slopes of 0.36 and 0.38 with weaker t-statistics of 2.65 and 2.63
and worse agreement with the paper’s printed beta row.
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4 Results

4.1 Table 5: country premia and arbitrage betas

Table 1: Bitcoin premium and arbitrage beta by country, 1 January 2017 to 30 April 2018. Premium is the
mean log ratio of the country’s volume-weighted bitcoin price in dollars to the US volume-weighted price.
Beta is the slope of a weekly OLS regression of that deviation on the cyclical component of the weekly
log US bitcoin price. Replication t-statistics use Newey–West standard errors with four weekly lags on
70 weekly observations for full-coverage currencies. The paper prints no standard errors, t-statistics or
observation counts for Table 5. Values are decimals, not percent.

Premium Arbitrage beta

Currency Paper Replication Paper Replication (t) Weeks

KRW 0.066 0.0559 0.220 0.2318 (3.27) 70
JPY 0.015 0.0150 0.061 0.0716 (3.66) 70
IDR 0.025 0.0234 0.135 0.1578 (4.33) 70
SGD 0.008 −0.0021 0.049 −0.0091 (−2.38) 69
VND 0.024 — 0.071 — — —
AUD 0.028 0.0251 0.080 0.0941 (5.35) 70
PKR 0.058 — 0.067 — — —
ZAR 0.081 — 0.147 — — —
TRY 0.024 0.0189 0.068 0.0907 (4.19) 68
MXN 0.027 0.0239 0.078 0.1160 (4.11) 66
BRL 0.067 0.0576 0.049 0.0763 (1.75) 70
ILS 0.023 0.0119 0.034 0.0785 (1.42) 35
PLN 0.005 0.0045 −0.002 0.0061 (0.33) 70
GBP 0.008 0.0091 0.006 0.0132 (1.67) 70
RUB −0.009 −0.0172 −0.050 0.0750 (2.20) 70
CAD −0.003 −0.0056 −0.036 −0.0329 (−2.70) 70
EUR −0.001 0.0006 −0.009 −0.0041 (−0.65) 70

Cross-country correlation with the paper, 14 shared currencies: premium 0.982, beta 0.854.

The premium column reproduces the paper closely. JPY matches to three decimals at 0.0150
against 0.015, and PLN, GBP, IDR, AUD, MXN and CAD all land within 0.003 of the printed
value. The two largest premia in the paper’s obtainable set, KRW at 0.066 and BRL at 0.067, come
back at 0.0559 and 0.0576, preserving both the level and the ranking. Signs agree in 12 of 14 cases.
SGD and EUR disagree, and both are printed at magnitudes below 0.01 where a venue change
easily flips a sign.

The beta column agrees on the large values and disagrees on two. Korea, the country the pa-
per builds its narrative around, comes back at 0.2318 against a printed 0.220, and Indonesia at
0.1578 against 0.135. Japan, Australia, Turkey and Mexico all reproduce with the right sign and
a similar magnitude, each with a t-statistic above 3.6 except Mexico at 4.11. The two failures are
RUB and SGD, and both trace directly to the substituted venue rather than to the specification.
The paper’s Russian price comes from BTC-e, which the Department of Justice seized in July 2017
and which therefore stops contributing exactly when the December 2017 buying-pressure spike
arrives. EXMO carries the whole window and delivers +0.0750 where the paper prints −0.050.
The paper’s Singapore price comes from Quoine, a Japanese-owned venue serving Singapore res-
idents. Itbit’s SGD book is thinner and stale for 45 days of the window, and after two isolated
low-volume prints are removed, its beta comes back at −0.0091 where the paper prints +0.049.
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4.2 Fig. 8: the cross-section of premium on beta

Table 2: Cross-sectional OLS regression of the average bitcoin premium on the arbitrage beta. Homoskedas-
tic standard errors. One observation per country, the United States excluded. Sample 1 January 2017 to 30
April 2018.

Replication Paper (Fig. 8)

Slope on arbitrage beta 0.206 0.30
t(slope) (3.34) (4.6)
Intercept 0.0040 not reported
t(intercept) (0.70)
Adjusted R2 0.438 0.56
N (countries) 14 17
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Figure 1: Replication of Fig. 8. Filled markers are the replication’s country estimates with the fitted line,
and hollow markers are the paper’s printed Table 5 pairs with the paper’s reported slope of 0.30 with its
intercept reconstructed from the printed Table 5 pairs. The three countries the replication cannot build,
ZAR, PKR and VND, appear only as hollow markers and all sit above the paper’s line.

The claim replicates. The slope is positive and significant at the 1% level, so countries with a
higher average bitcoin premium do widen their arbitrage spreads more when US buying pressure
rises. The replicated slope of 0.206 is about 69% of the printed 0.30 and the fit is looser, 0.438
against 0.56.

Three mechanisms account for the gap, and they push in the same direction. The dominant
one is sample loss. The paper’s ZAR pair sits at a beta of 0.147 and a premium of 0.081, well above
the 0.044 its own line predicts, and PKR sits at a beta of 0.067 and a premium of 0.058 against
a predicted 0.020. Both are high-leverage points that steepen the paper’s line, and both are un-
available now that bitcoincharts is dead. The second is the RUB substitution, which moves that
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country from the third quadrant, where a negative premium pairs with a negative beta and rein-
forces a positive slope, into the fourth, where a negative premium pairs with a positive beta and
drags the slope down. The third is the unstated smoothing parameter. At λ = 270,400 the slope is
0.3555 and at λ = 45.7M it is 0.3781. Each has a t-statistic near 2.6 and a beta-row correlation with
the paper of 0.70 and 0.67 against 0.85 at λ = 1600. Reading the ladder as a whole, the positive
relation is robust to reasonable filter choices.

Robustness leaves the conclusion intact. Measuring the premium as a simple ratio minus one
rather than a log ratio gives 0.197 with a t-statistic of 3.27. Cutting the premium window at Febru-
ary 2018, as the paper’s Section 5.1 text says rather than as its Fig. 8 caption says, gives 0.199 with
a t-statistic of 3.41. Estimating the betas at daily rather than weekly frequency gives 0.200 with a
t-statistic of 3.31 and raises the beta-row correlation with the paper to 0.842.

4.3 Out-of-sample test, May 2018 through December 2023

Table 3: The same specification re-estimated after the paper’s sample. Countries enter with at least 100
weeks of data in the window, which drops BRL, ILS and SGD when their venues stop reporting.

Out of sample In sample Paper

Slope on arbitrage beta 0.075 0.206 0.30
t(slope) (1.76) (3.34) (4.6)
Adjusted R2 0.172 0.438 0.56
N (countries) 11 14 17

The relation weakens rather than reverses, and the reason is that its object dissolved. Korea’s
average premium falls from 5.6% to 1.2%, Indonesia’s from 2.3% to 0.7%, Australia’s from 2.5%
to 0.2% and Turkey’s from 1.9% to 0.8%. Every arbitrage beta collapses toward zero, the largest
surviving magnitude being Poland’s −0.014 against Korea’s in-sample +0.232. Regional bitcoin
markets integrated after 2018 as institutional market makers, deeper stablecoin rails and profes-
sional custody arrived, so the cross-sectional dispersion the test needs on both axes is largely gone.
The finding is best read as historically true and no longer operative.

One data trap surfaced only in this window and is worth recording. The ECB stopped pub-
lishing its rouble reference rate on 1 March 2022. An unlimited forward fill of a business-day rate
onto a 24-hour asset carried that stale rate for two years and manufactured a 10.2% Russian bitcoin
discount, which alone produced an out-of-sample slope of 1.84 with a t-statistic of 7.7. Capping
the forward fill at seven days removes the artifact. The in-sample estimates are unaffected because
every rate is published continuously through 2017 and 2018.
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