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Introduction

Objectives of This Work

This paper proposes contrarian investment strategies for
cryptocurrencies in the presence of nonstationary common factors.

Cryptocurrency price as a martingale process (Schilling and Uhlig,
2019) Crypto Prices Data Properties

CES aggregation to motivate an N-currency version model
Propose contrarian investment strategies with defactored crypto
prices (Bai and Ng, 2004, 2010)
Proposed strategies outperform conventional momentum/contrarian
strategies based on past returns
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Introduction

Emergence of the Cryptocurrency Market

Since Nakamoto (2008) introduced the construction and trading
system for a cryptocurrency, the original Bitcoin and numerous
altcoins have received increasing attention as well as fierce
criticism.

The cryptocurrency market has experienced rapid growth with
extremely high volatility. Market Cap

The market capitalization of cryptocurrencies reached nearly $3
trillion in November 2021, which declined to below $ 1 trillion in
November 2022.

Skeptics now admit cryptocurrencies have become non-negligible
financial assets.
Bitcoin futures, cryptocurrency ETFs
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Introduction

Related Research Work

Schilling and Uhlig (2019, JME) provide a OLG model with a
cash-in-advance type constraint to describe the dynamics of the
Bitcoin price.

See Fernández-Villaverde and Sanches (2019, JME) Garratt and
Wallance (2018, EI) for more skeptical views on the fate of
cryptocurrencies.
See Liu, Tsyvinski, and Wu (2022, JF) for related work to this
manuscript.

This paper applies the investment strategy models of Balvers, Wu,
and Gilland (2000, JF) and Kim (2009, JEF) to the
cryptocurrency market utilizing cross-section information via
latent common factor models of Bai and Ng (2002, 2004,
Econometrica).
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Introduction

Major Takeaways

The contrarian investment strategy can be useful in the
cryptocurrency market when cross-section information is utilized
via defactored prices.

Our factor-contrarian strategies outperform conventional
investment strategies, especially momentum strategies, that rely
on past return performance.

How to remove nonstationary common factors is crucial to obtain
superb performance via our factor-contrarian strategies.
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The Econometric Model

The Empirical Baseline model (Bai and Ng, 2004, 2010)

Let pi,t, i = 1, ..., N, t = 1, ..., T obeys the following stochastic
process.

pi,t = ci + λ
′
ift + ei,t,

∆ft = ut,

ci: Fixed effect intercept of pi,t,
ft: Latent common factors,
λi: Idiosyncratic factor loadings,
ei,t: Idiosyncratic error term.
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The Econometric Model

The Empirical Baseline model (Bai and Ng, 2004, 2010)

In the presence of nonstationarity in the data, common factors can
be consistently estimated by applying the method of principal
components (PC) to the first-differenced data. For this,

∆pi,t = λ
′
i∆ft + ∆ei,t

After proper normalization, the method of PC yields ∆f̂t, λ̂i, and
the residuals ∆êi,t = ∆pi,t − λ̂

′
i∆f̂t.
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The Econometric Model

The Empirical Baseline model (Bai and Ng, 2004, 2010)

By cumulative summing these, we obtain,

êi,t =

t∑
s=2

∆êi,s, f̂t =

t∑
s=2

∆f̂s

We now define p̃i,t as follows.

p̃i,t = pi,t − λ̂
′
if̂t = ĉi + êi,t

p̃i,t, the defactored price of cryptocurrency i, obeys a stationary
mean-reverting process, which provides a justification to employ
the contrarian investment strategies.
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The Econometric Model

Theoretical Motivation: Schilling and Uhlig (2019)

Using an overlapping generation model with a cash-in-advance
constraint, Schilling and Uhlig (2019) derived the following.

Et

[
u′ (ct+1)

Pt
Pt+1

]
= Et

[
u′ (ct+1)

(Qt+1/Pt+1)

(Qt/Pt)

]
where Qt is the dollar price of Bitcoin

If u′ (ct+1) /Pt+1 is uncorrelated with Qt+1, conditional on time-t
information, then the Bitcoin process obeys a martingale,

Qt = EtQt+1
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The Econometric Model

Extension to a N-Currency Model

We may extend Schilling and Uhlig’s model to an N-currency
model by using a CES aggregator.

Qt =

[∫ 1

0
p1−θi,t di

] 1
1−θ

A linear model can be derived by discretizing the following result.

d lnQt =

∫ 1

0

(
p1−θi,t

Q1−θ
i,t

)
d ln pi,tdi
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The Econometric Model

Nonstationary Common Factors with Known Factor Loadings

The baseline model nests the models used in Balvers, Wu, and
Gilliand (2000) and Kim (2009).

Assume that pi,t is mean-reverting around its time-varying
fundamental variable ft.

pi,t = ci + ft + ei,t

pi,t and ft are cointegrated with the cointegrating vector [1,−1]′

by assuming that ei,t obeys a stationary stochastic process.

This is a special case of our baseline factor model.
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The Econometric Model

Nonstationary Common Factors with Known Factor Loadings

ft is not directly observable. Furthermore, it cannot be estimated
via PC because the factor loading is constrained to be one.

Define the price deviations from a leading crypocurrency such as
the Bitcoin (BTC) price,

p̃B,i,t = pB,t − pi,t = c̃i + ẽi,t,

where c̃i = cB − ci and ẽi,t = eB,t − ei,t.
Similarly, p̃E,i,t is defined with Ethereum (ETH).
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The Econometric Model

Nonstationary Common Factors with Known Factor Loadings

The contrarian investment strategies again apply since p̃B,i,t obeys
a stationary process.

If Bitcoin is assumed to be the leading cryptocurrency price pB,t,
one may short cryptocurrencies that are performing better than
Bitcoin, but buying the coins that are performing worse than
Bitcoin.

The portfolio is constructed based on their relative performance
from the leading coin price dynamics.
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The Econometric Model

Nonlinear Stationary Models

In the presence of non-negligible transaction cost, arbitrages occur
only when the current state departs substantially away from the
equilibrium.

I employ nonlinear stochastic model approaches following the
framework of Park and Shintani (2005, 2016).

There are two regimes,
1 ∆pi,t = ei,t
2 ∆pi,t = ρipi,t−1 + ei,t, ρi < 0

The transition function π(pi,t−d|θ) is defined as a weight on the
stationary regime.
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The Econometric Model

Nonlinear Stationary Models

The stochastic process of pi,t can then be jointly represented by,

∆pi,t = ρiπ(pi,t−d|θ) + ei,t,

where pi,t−d is the potentially nonstationary transition variable
with delay lag d ≥ 1.

I consider a band threshold autoregressive (BTAR) model as
follows,

π(pi,t−1|θ) = [(pi,t−1 − τ1)I {pi,t−1 ≤ τ1}+ (pi,t−1 − τ2)I {pi,t−1 ≥ τ2}] ,

where the stochastic process enters the unit root regime whenever
pi,t−1 belongs to [τ1, τ2], while pi,t follows a stationary process
outside the inaction band.
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The Econometric Model

Nonlinear Stationary Models

Alternatively, the exponential smooth transition autoregressive
(ESTAR) or the band logistic smooth transition autoressive
(BLSTAR) models can be employed.

The contrarian investment strategies apply only when pi,t−1 is
located outside the identified inaction band. No portfolio
adjustments would be necessary when pi,t−1 ∈ [τ1, τ2].
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Empirical Findings

Data Descriptions

We obtained top 20 cryptocurrency prices from
coinmarketcap.com with a minimum $100 million market
capitalization as of April 21, 2021. Data Properties Crypto Prices

Observations are daily frequency and span from August 8, 2015
until April 21, 2021.

Also used weekly frequency data
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Empirical Findings

Data Descriptions

The cumulative returns during the entire sample period range
from 246% (BCN) to 901% (XWC).

The top 2 representative cryptocurrencies, Bitcoin (BTC) and
Ethereum (ETH), are ranked 13 and 3, respectively.

Average returns tend to be greater than the medians with
exceptions of the top 2 coins.

The standard deviations are also substantially higher for these
coins in comparison with the top 2 coins.

The JB test (Jarque and Bera, 1980, 1987; Deb and Sefton, 1996)
rejects the null of normality for all crypto price returns, although
the p-values of the top 2 turn out to be relatively higher than the
others.
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Empirical Findings

Data Descriptions

Figure 1 ( Crypto Prices ) reports dynamics of these top 20
cryptocurrency prices.

All prices are trending upward, implying the existence of a
nonstationarity component in the data generating process.

All crypto prices seem to be better described as nonstationary
processes with stochastic trend.
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Empirical Findings

Dynamics of Defactored Crypto Prices

Table 2 ( Defactored Prices ) presents summary statistics of three
types defactored crypto price data:

1 PC defactored cryptocurrency prices (pi,t − λ̂
′

if̂t)
2 Cryptocurrency price percent deviations from the Bitcoin price

(pBCT,t − pi,t)
3 Cryptocurrency price percent deviations from the Ethereum price

(pETH,t − pi,t)
In what follows, we present our model estimation results with
weekly prices to avoid heavy computational burden especially for
nonlinear models.

Weekly prices are end of period values on Saturdays.
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Empirical Findings

Persistence Properties of Defactored Prices

The contrarian investment strategies require price reversals to
occur in a reasonably short investment time horizon.

One may generate profits by shorting better performing assets but
including worse performing assets in the portfolio.

How to identify over/under performing assets are the key.
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Empirical Findings

Persistence Properties: pi,t − λ̂
′
if̂t

Table 3 ( Persistence: PCD )presents supporting evidence in favor of
the contrarian strategies in the presence of nonstationarity.

The ADF test statistic was -1.496 (p-value: 0.536) for the first
common factor, thus fails to reject the null of nonstationarity for
the PC latent common factor.

The ADF test rejects the null for 7 out of 20 cases for defactored
prices.
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Empirical Findings

Persistence Properties: pi,t − λ̂
′
if̂t

Table 3 ( Persistence: PCD )presents supporting evidence in favor of
the contrarian strategies in the presence of nonstationarity.

The panel unit root test by Bai and Ng (2004, 2010) rejects the null
of nonstationarity at the 1% level.

PUp̂i,t =
−2
∑N

i=1 ln pp̂i,t
− 2N

2N1/2
→d N (0, 1),

where pêi denotes the p-value of each ADF test of the defactored
series.

Strong evidence to justify the validity of the contrarian investment
strategies for utilizing defactored series.
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Empirical Findings

Persistence Properties (MUE)

Next, we estimate the persistence of each p̃i,t using the median
unbiased estimator for αi via the grid bootstrap method (Hansen,
1999). Persistence: MUE

We implement 10,000 nonparametric bootstrap simulations of 30
fine grid points (αi,j ∈ [αi,1, αi,2, · · ·αi,30], i = 1, ..., N) around the
LS estimate to generate the (p percentile; p = 0.5 for the median
unbiased estimator) grid bootstrap quantile function estimates,
q̂∗T,p(αi,j) = q̂∗T,p(αi,j , ϕ(αi,j)), where ϕ denotes nuisance parameters
such as β′s that are functions of αi,j .
We obtain the median unbiased estimate αMUE by matching the
grid-t statistics tN (αi,j) with the estimated 50% quantile function
q̃∗T,50%(αi,j).

The 95% confidence intervals are constructed similarly.
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Empirical Findings

Persistence Properties (MUE)

αMUE estimates imply highly persistent dynamics of p̃i,t.
Persistence: MUE

Estimated finite half-lives range from 0.126 (RDD) to over 4 years
(XLM).
For DOGE, its persistence parameter estimate is over 1, meaning
that very weak evidence of mean reversion (price reversal) in a
reasonably short investment time horizon.
The 95% confidence intervals extend to infinity with two exceptions,
RDD and EMC2.

We also report a panel version median unbiased estimate via the
fixed effect panel regression model.

The 95% confidence interval of αPMUE is compact, roughly
6-month to 11-month. The point HL estimate is roughly 7-month.
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Empirical Findings

Persistence Properties: pBCT,t − pi,t and pETH,t − pi,t

We report evidence that price reversals are less likely to occur for
pBCT,t − pi,t and pETH,t − pi,t possibly due to remaining
nonstationary common factors. Persistence: BTC Persistence: ETH

The ADF test rejects the null of nonstationarity for 2 out of 19
p̃BTC,i,t.
The test rejects the null for 8 out of 19 p̃ETH,i,t.
Ethereum seems to play a stronger role in leading the price
dynamics in the cryptocurrency market.
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Empirical Findings

Persistence Properties: pBCT,t − pi,t and pETH,t − pi,t

Persistence parameter estimates deliver similar information.

αMUE estimates of the deviations with BTC tend to be close to
unity.
The panel half-life estimate from αPMUE was 5.66 years. The upper
bound half-life estimate was over 13 years.
The half-life estimates of ETH deviations tend to be shorter than
BTC deviations.

Cryptocurreny prices seem to to fluctuate around the ETH price
more closely than the BTC price, although deviations require
quite long time to trigger price reversals.
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Empirical Findings

Nonlinear Speed Adjustment

We allow such reversion occurs only when the size of deviations is
large enough, employing the band threshold autoregressive
(BTAR) model specifications.

Table 6 ( BTAR: PC ) reports estimation results for p̃i,t.

We first report infT statistics by Park and Shintani (2005, 2016),
which rejects the null of nonstationarity against the stationary
BTAR model for 19 (15) out of 20 cryptocurrencies at the 10%
(5%) significance level.
The median half-life estimate was 1.2 months (0.102 year), which is
substantially shorter than those from linear models.
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Empirical Findings

Nonlinear Speed Adjustment

We allow such reversion occurs only when the size of deviations is
large enough, employing the band threshold autoregressive
(BTAR) model specifications.

Table 6 ( BTAR: PC ) reports estimation results for p̃i,t.

We also report the realized probability of the cryptocurrency price
to stay in the inaction band, [τ1, τ2], which ranges from 0.3% (GTS)
to 69.4% (BTS and BCN).
We report strong evidence of nonlinear mean reversion that
demonstrates substantially high speed of price reversal in the
cryptocurrency market when the PC factor is used.
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Empirical Findings

Inaction Bands

Figure 2 ( Inaction Band ) provides intuitive illustration of the
empirical findings from this nonlinear model estimations for the
top 2 cryptocurrencies, BTC and ETH.

Unlike pBTC,t (right axis), defactored price p̃B,i,t (left axis) does not
exhibit particular trending dynamics, reflecting that its
nonstationary common factor component λ

′

Bft has been removed.
Furthermore, large deviations from the inaction band, area between
the two dotted lines, often revert back to the inaction band,
providing strong evidence in favor of nonlinear stationary behavior
of p̃B,i,t.
Report a longer duration in its inaction band of p̃E,i,t.
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Empirical Findings

Nonlinear Adjustments: p̃B,i,t and p̃E,i,t

Table 7 ( BTAR: BTC ), the infT test rejects the null of
nonstationarity against nonlinear stationarity for only 4 (3)
cryptocurrencies out of 19 cases at the 10% (5%) significance level.

The convergence back to its inaction band turns out to be slow in
comparison with p̃i,t.

The median half-life estimate was 0.173-year, which is longer than
the median half-life (1.2-month) for p̃i,t.

The median probability to be in the inaction band was 55.9%.
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Empirical Findings

Nonlinear Adjustments: p̃B,i,t and p̃E,i,t

Table 8 ( BTAR: ETH ), the infT test rejects the null of
nonstationarity against nonlinear stationarity for only 12 (8)
cryptocurrencies out of 19 cases at the 10% (5%) significance level.

The median half-life estimate was 0.143-year, which is longer than
the median half-life (1.2-month) for p̃i,t.

The median probability to be in the inaction band was 45.5%.
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Empirical Findings

Detecting Remaining Nonstationarity

We investigate the presence of common factors in the defactored
prices, using Pesaran’s (2021) cross-section dependence (CD) test
statistic.

CD =

(
2T

N(N − 1)

)1/2
N−1∑

i=1

N∑
j=i+1

ρ̂i,j

→d N (0, 1),

where ρ̂i,j , i, j = 1, ...N is the pair-wise correlation coefficients
from the residuals (ε̂i,t) of the ADF regressions.
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Empirical Findings

Detecting Remaining Nonstationarity

Table 9 ( CDS ) reports the average values of ρ̂i = N−1
∑N

i 6=j ρ̂i,j
for the weekly crypto returns (∆pi,t) as well as the three
defactored series.

We observe strong degree of remaining correlations in all
specifications except the PC defactored series p̃i,t, which implies
the existence of remaining nonstationary common factors in these
series.

The formal cross-section dependence test via the CD statistics also
confirmed these findings.
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Empirical Findings

Detecting Remaining Nonstationarity

In the presence of remaining (near) nonstationarity, the
momentum strategies are likely to perform better because price
reversals may take a long time even if it occurs.

See also heatmaps. Heatmaps
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Empirical Findings

Detecting Remaining Nonstationarity

We further investigate this issue by estimating common factors in
p̃BCT,i,t, and p̃ETH,i,t via the PANIC approach.

We chose 1 common factor in both cases by the IC (Bai and Ng,
2002).
However, we estimate and report up to 2 common factors to better
understand the crypto price dependence on the underlying data
generating process.
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Empirical Findings

Detecting Remaining Nonstationarity

we report the shares of variation in p̃BCT,i,t defined as follows.

SVBTC,i,j =
σ
(
λjif

j
t

)
σ
(
p̃BCT,i,t − λ

′
if
j
t

) , i = 1, ..., N, j = 1, 2,

where σ denotes the standard deviation, f jt is the jth common
factor at time t, and λji is crypto i′s factor loading for f jt .

SVBTC,i,j measures the relative importance of the jth common
factor to its idiosyncratic component.
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Empirical Findings

Detecting Remaining Nonstationarity

Figure 4 ( SV BTC ), we observe consistently high ratios for
SVBTC,i,1 that often exceeds unity, whereas SVBTC,i,2 values are
mostly below one.

Factor loadings on the first common factor are of equal signs, while
those on the second common factor do not show any patterns.

Strong evidence in favor of one remaining common factor in
p̃BCT,i,t.
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Empirical Findings

Detecting Remaining Nonstationarity

Figure 5 ( SV ETH ) shows much weaker, but non-negligible
evidence of remaining nonstationary common factors in p̃ETH,i,t.

SVBTC,i,1 tends to be a little greater than SVBTC,i,2, although the
shares are smaller than those of BTC

Stronger evidence of remaining nonstationary common factors
when BTC is used as the leading cryptocurrency.

Overall, Weaker evidence regarding the usefulness of the
contrarian investment strategies when the top 2 dominant players
in the crypto market are used to remove the nonstationarity.
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Portfolio Swtiching Strategies

Simulations

We report empirical assessment of the validity of our investment
strategies that utilize the indiosyncrtatic components of
cryptocurrency prices after removing nonstationary common
factors.

We implement an array of simulation exercises employing different
portfolio switch strategies for the top 20 cryptocurrencies.
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Portfolio Swtiching Strategies

Simulation Schemes

We focus on the following state variables: ∆pi,t, p̃i,t, p̃BTC,i,t, and
p̃ETH,i,t.

Under the contrarian investment scheme, cryptocurrencies that
underperformed in the past are selected in the portfolio.

Cryptocurrencies that are currently outperforming others are
selected in the portfolio under the momentum investment scheme.
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Portfolio Swtiching Strategies

Simulation Schemes

Conisder simulation exercises that one adjust/reformulate the
portfolio every j weeks based on the immediate past performance
of each cryptocurrency.

Obtain the initial j-week price information for all cryptocurrencies
at time t = T0.
Under the contrarian (momentum) strategy principle, 5 worst (best)
performing cryptocurrencies, i.e., first (fifth) quintile group, of the
initial j-week returns are included with equal weights in the
portfolio.
At time t = T0 + 1, realize and keep the return from the first stage
portfolio, then reformulate the porfolio based on the same principle
for the the next period.
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Portfolio Swtiching Strategies

Simulation Schemes

Conisder simulation exercises that one adjust/reformulate the
portfolio every j weeks based on the immediate past performance
of each cryptocurrency.

At time t = T0 + 2, the j-week return from this portfolio is realized,
and we add it to the previous portfolio return to obtain the
compound gross returns from t = T0 to T0 + 2.
We continue this procedure until we reach the end of the sample
period t = T . That is, the last portfolio that was reformulate at
time t = T − 1 is realized at time t = T , then we evaluate the
cumulative return of the portfolio during the entire sample period.
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Portfolio Swtiching Strategies

Simulation Schemes

The investment strategies with defactored idiosyncratic prices, p̃i,t,
p̃BTC,i,t, and p̃ETH,i,t, utilize the recent past j-week average values.

Calculate the average p̃i,To
during the first j weeks, then include the

cryptocurrencies in the first quintile group in the portfolio under
the contrarian scheme that are kept until t = T0 + 1.
After calculating the realized capital gain/loss during the initial
investment period, the portfolio is reformulated using the first
quintile of p̃i,T0+1.
We continue this process until t = T − 1.
At time t = T , we calculate the compound gross returns by adding
all period realized returns.
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Portfolio Swtiching Strategies

Simulation Schemes

The momentum strategy employs the same process except it
utilizes the fifth quintile group cryptocurrencies.

The portfolio switching schemes with deviations from either
Bitcoin or Ethereum are implemented similarly using p̃BTC,i,t or
p̃ETH,i,t, respectively.
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Portfolio Swtiching Strategies

Simulation Results

Figure 6 ( 8-week Sim ) reports our findings from our exercises with
an 8-week investment horizon.

The first panel shows the cumulative returns from the contrarian
and the momentum strategies using the past return state variables
(∆pi,t).
The compound gross return of the former was 880% that surpasses
280% return from the latter.
The contrarian strategy outpeforms the momentum investment
scheme with a great margin.
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Portfolio Swtiching Strategies

Simulation Results

Figure 6 ( 8-week Sim ) reports our findings from our exercises with
an 8-week investment horizon.

The contrarian scheme with p̃i,t performs particularly well
dominating all other investment strategies.
The gross compound return was over 1,000%, whereas the
momentum strategy with p̃i,t yields much weaker 250% returns.
When p̃BTC,i,t or p̃ETH,i,t are used as the state variable, the
momentum and the contrarian stategies perform overall similarly,
yielding 550% to 730%.
Maybe due to remaining nonstationary component
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Portfolio Swtiching Strategies

Simulation Results

Figure 7 ( 4-week Sim ) reports our findings from our exercises with
an 4-week investment horizon. Results are similar.

When one uses the past return (∆pi,t) or p̃i,t for the state variable,
the contrarian strategy outpeforms the momentum strategy with a
big margin.
the PC defactored price model with the contrarian investment
strategy generates 1,180% gross returns, while the momentum
strategy yields 150% returns.
The models that employ either BTC or ETH as a leading
cryptocurrency perform overall better under the momentum
strategy, yielding over 800% returns each, implying the existence of
remaining nonstationary common factors.
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Portfolio Swtiching Strategies

Simulation with Nonlinear Models

Figure 8 ( Nonlinear Sim ) reports nonlinear model simulation results,
showing overall similar results as those from linear models.

The contrarian investment scheme significantly outpeforms
whenever PC defactored idiosyncratic prices are employed, yielding
over 1, 200% and 1, 390% gross returns with 8-week and 4-week
investment horizons, respectively.
The momentum strategy generates much lower returns, 98% and
−27% with 8- and 4-week horizons.
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Portfolio Swtiching Strategies

Simulation with Nonlinear Models

Figure 8 ( Nonlinear Sim ) reports nonlinear model simulation results,
showing overall similar results as those from linear models.

The momentum strategy performs better than the contrarian
strategy when deviation prices from either BTC or ETH are used.
Cumulative returns range from around 780% to 970%, whereas the
contrarian scheme yields from around 310% to 620%.
These results again highlight the possibility of the existence of
remaining nonstationary common factors in the defactored series
using a leading cryptocurrency.
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Portfolio Swtiching Strategies

Simulation with Nonlinear Models

In a nutshell, the contrarian investment strategy outpeforms other
alternative investment schemes both under the linear and
nonlinear frameworks when nonstationary common factors are
throughly removed.
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Conclusion

Concluding Remarks

I propose a factor-contrarian investment strategy for the
cryptocurrency market.

Show nonstationary common factors can be identified and removed
via the principal component approach.

Over- and underpriced cryptos can be identified more effectively
when nonstationary common factors are thoroughly removed.

The contrarian approach with PC defactored prices outperform
other conventional investment approach with a great margin.
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Conclusion
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Market Capitalization of Crypocurrencies
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Normalized Cryptocurrency Price Dynamics
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Band Threshold AR Model Estimations
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Cross-Section Correlations
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Relative Variation Analysis of Factors: p̃B,i,t
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Relative Variation Analysis of Factors: p̃E,i,t
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8-week Horizon Simulation Exercise
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4-week Horizon Simulation Exercise
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Nonlinear (BTAR) Model Simulation Exercise
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Top 20 Cryptocurrency Prices
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Summary Statistics of Defactored Prices
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Persistence of PC Defactored Crypto Prices
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Persistence of p̃B,i,t
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Persistence of p̃E,i,t
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Nonlinear Persistence of pi,t − λ̂
′
if̂t
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Nonlinear Persistence of p̃B,i,t
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Nonlinear Persistence of p̃E,i,t
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Cross-Section Dependence in the Defactored Prices
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