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Tokens in the recent phenomenon of the staking economy offer transaction convenience in digital networks and are frequently 
staked for base-layer consensus generation or incentivizing platform development (consequently earning staking rewards), 
thereby generating both currency-like and commodity-like properties as hybrid assets. This paper builds a theoretical model 
where heterogeneous agents dynamically allocate their wealth over staking, on-chain transaction, and off-chain consumption. 
Model implications and empirical findings from stakable tokens corroborate the predictions: (i) the staking ratio positively 
correlates with reward rates; (ii) higher staking ratios predict greater excess returns; and (iii) uncovered interest-rate parity is 
violated, generating significant crypto carry premia. 
 
 

The past decade witnessed an explosive growth in cryptocurrencies and rising interest in Decentralized 
Finance (Harvey et al., 2021), which totaled 2.5 trillion USD and over 130 billion USD respectively as of 
February 2022.  The world is also just starting to understand the categorization of tokens and valuations 
of digital assets (e.g., Cong et al., 2021; Cong and Xiao, 2021).  The recent phenomena of token staking, 
value locking, and yield farming for higher-layer Decentralized Finance (DeFi) innovations as well as for 
base-layer consensus formation calls for a better understanding of tokens as transaction media, 
investment assets, and deposit-like or collateral instruments for earning rewards and deriving utilities.  
 
To this end, this paper offers the first study relating various utility-based functions that crypto-tokens 
provide to users (e.g., transaction convenience via medium of exchange and rewards via staking) from 
both theoretical and empirical angles.  In brief, agents’ utility in holding tokens comes either from 
transactions, which naturally relate to currency-like properties or from value lock-up staking, which is 
closely related to the phenomenon of commodities as collateral (Tang and Zhu, 2016), thus making crypto-
tokens in the staking economy a hybrid asset. 
 
The present work constructs a continuous-time model of an economy with token-based digital networks, 
where agents heterogeneous in wealth optimally solve consumption-portfolio problems and interact with 
each other through their staking decisions.  The framework portrays the structure and economic activities 
of the staking economy and endogenously explains token pricing.  In particular, the staking ratio plays an 
important role in both platform development and linking the staking reward rate to price appreciation. 
The latter naturally relates to the classical puzzle in the foreign-exchange market, i.e., the violation of the 
uncovered interest-rate parity (UIP) in practice, where the staking reward rate corresponds to the deposit 
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rate, while the price appreciation corresponds to the exchange-rate changes.  Precisely, higher reward 
rates attract greater future staking, increasing an individual’s staking allocation and the staking ratio in 
aggregate, which in turn predicts positive excess returns. 
 
The comprehensive article empirically corroborates the model predictions.  Furthermore, since the UIP is 
violated, investors have the opportunity to earn both a higher staking reward rate and price appreciation.  
The article also discusses a potential investment strategy based off this research, which at least historically 
has had high risk-adjusted returns. 
 
Relevance of the Research Question 
 
This research is crucial not only for constructing a unified framework for studying the phenomena of 
staking and yield farming, but also for connecting utility tokens as financial technology (FinTech) 
innovations to traditional assets, such as currencies and commodities.1  It adds to the framework of 
tokenomics and serves as a basis for the Commodities Futures Trading Commission (CFTC) to treat 
cryptocurrencies as commodities.2  This research also relates to a sizable international finance literature 
on UIP and the carry trade. 
 
Model and Implications 
 
The theoretical model captures the following two distinguishing features of Proof-of-Stake (PoS) 
consensus protocols and higher-layer stakable projects.  First, such tokens are used on platforms that 
support specific economic transactions or broader use in on-chain-based projects.  This generates utility 
flows in, e.g., transaction convenience.  Second, the rate of staking rewards that an agent earns is 
influenced by other agents’ behavior in aggregate, but individuals take it as given when making decisions. 
 
Agents in the economy derive utilities from consumption over an infinite horizon with a time discount. 
They allocate and adjust their holdings of staked tokens, tradable tokens, and numeraire under a budget 
constraint, trading off staking rewards, transaction convenience, and numeraire convenience for offline 
(off-chain or off-platform) consumption.  The resulting equilibrium is characterized by a Master Equation 
in the mean-field-games (MFGs) framework, which captures the value function that is related to individual 
states and also influenced by the system states with systematic shocks. The staking reward rate is 
determined by a fixed point problem.  Token price dynamics are fully endogenous and are described by a 
partial differential equation akin to the Black-Merton-Scholes formula. 
 
There are three main model implications.  First, the staking reward is positively related to the staking ratio 
in the cross-section. While more staking reduces the reward rate for any given reward quantity, more 
tokens-as-rewards increase the staking yield, which naturally attracts more staking, creating a higher 
staking ratio in aggregate and for individual agents.  Second, the expected price appreciation increases 
with the aggregate staking ratio.  In equilibrium, agents stake more when the platform productivity is low, 
yet that is exactly the time that more wealth can be potentially allocated to the platform in the future. 
Third, there are generally predictable excess returns to staking over holding the numeraire, arising as 
compensation for the losses in transaction and consumption convenience.  This is particularly interesting 
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when relating stakable tokens to traditional assets such as currencies.  The token price can be treated as 
an exchange rate against a numeraire (such as USD), whereas the reward rate can be viewed as a deposit 
interest rate of the token.  Then the model implies that the classical UIP fails. 
 
Data and Empirical Results 
 
The empirical analysis utilizes staking reward rates, staking ratios, and token prices from 
Stakingrewards.com.  Our sample covers daily observations of 66 stakable tokens with the largest market 
capitalization and longest time span, including both base-layer pan-PoS protocols and higher-layer DeFi 
platform tokens.  The sample period covers July 2018 through November 2022, which includes the initial 
birth and rapid growth of “staking,” as well as bear markets.  
 
The empirical findings support the model predictions.  First, we document that a higher reward ratio for 
staking significantly and positively relates to a higher staking ratio.  As the aggregate reward (relative to 
the total amount of tokens) increases by 0.1 units, the corresponding staking ratio increases by 7.9%. 
Moreover, the reward rate has a predictable effect on changes in the staking ratio both in the cross-section 
and in the time series.  On average, a 1% increase in reward rate in the previous week increases the staking 
ratio in the following week by about 0.024%.  This property is robust to adding both two-way fixed effect 
and control variables including market capitalization and volatility.  However, its significance decreases 
with longer time intervals, reflecting to some extent the mechanical downward adjustment of the reward 
rate when more tokens are staked (because the same staking rewards have to be divided among more 
staked tokens) and the fact that in practice, tokens are locked for a prolonged time. 
 
Second, a larger staking ratio predicts greater price appreciation in subsequent weeks.  When the staking 
ratio increases by 1%, the corresponding token price appreciates by 0.066% in the following week. 
Considering that the variation of the staking ratio is often large, especially in the cross-section, this effect 
is relevant for investment decisions.  Crypto market return and size factors do not explain the predictive 
power of the staking ratio, which is closely related to market liquidity and depth and reflects the fact that 
tokens can be commodity-like. 
 
Finally, to test for violations of UIP, we follow Fama (1984)’s method and obtain that the estimated 
coefficient of the interest-rate spread significantly deviates from zero (where the coefficient should be 
zero under UIP.)  Figure 1 on the next page includes an illustration of UIP violation in the cryptocurrency 
market over our sample period. 
 
As a corollary of UIP violation, there exists a crypto carry premium.  We construct a carry trade strategy 
that goes long the top 50% high-carry crypto assets and shorts the low-carry assets, yielding a Sharpe ratio 
of 1.60, which is due to assets with higher carry generating greater returns.3  
 
Panel regressions further show that crypto carry predicts excess returns almost one-for-one in the cross-
section, with a reduced albeit significant effect in the time series.  This does not appear in currencies but 
does in commodities (Koijen et al., 2018).  When a commodity has a high spot price relative to its futures 
price, implying a high carry, the spot price tends to depreciate on average, thus lowering the realized 
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return on average below the carry.  For stakable tokens, however, a different mechanism may be 
responsible for this phenomenon.  In the model, while a high reward rate leads to a high staking ratio and 
thus a higher price appreciation, there is a downward adjustment effect of the reward rate in the time 
series.  As the sum of carry (approximately equal to the reward rate) and the price appreciation, the excess 
return is then influenced by the adjustment. 
 
Figure 1  
UIP Violation in Cryptocurrency Markets 
 

 
 
Note:  This figure depicts the violation of uncovered interest-rate parity (UIP) in the cryptocurrency market based on the data 
sample.  The U.S. dollar is treated as local currency and the 1-Year Treasury interest rate is the local interest rate.  Each point 
in the figure indicates a weekly data point for a particular in-sample token.  The staking reward rate (annualized) is used as the 
foreign interest rate, and the x-axis, the interest-rate spread, is calculated as the foreign interest rate minus the local interest 
rate.  The y-axis is the excess return in the next week, including the interest-rate spread and the price appreciation.  Since the 
tokens are priced in U.S. dollars, the price change is the change in foreign exchange rates.  The grey line shows a linear trend 
of the scatter points.  If UIP held, the grey line’s slope should be close to zero. 
 
 

Conclusions 
 
This paper relates stakable crypto-tokens to other major asset classes such as currencies and commodities 
and verifies model implications in our data analysis.  In particular, the staking ratio resembles liquidity and 
market depth since a high staking ratio leads to a lower amount of available tokens available for trade. 
The staking ratio is proportional to the reward rates in the cross-section but negatively correlated to 
reward rates in the time series; it positively predicts the price appreciation.  
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Furthermore, the theoretical framework rationalizes violations of the uncovered interest-rate parity and 
a significant crypto carry premia that we empirically document.  As a corollary in investment applications, 
a strategy of buying high-carry tokens and shorting low-carry tokens yields a Sharpe ratio of 1.6, which 
can be attributed to transaction convenience in certain digital networks.  Meanwhile, we also indicate and 
rationalize the impact of the reward adjustment due to the staking mechanism on carry trade returns. 
 
 

Endnotes 
 
Professor Cong presented on this topic at the Annual Meeting of the Commodity & Energy Markets Association (CEMA) on June 
22, 2022 in Chicago. 
 
1 Staking in general involves two broad categories of activities:  those related to pan-PoS consensus protocols and those in 
higher-layer DeFi applications.  Under pan-PoS, agents who stake native tokens have opportunities to append blocks and earn 
block rewards and fees as compensation.  This also contributes to contract execution and platform development.  In DeFi 
applications, staking is popular for incentivizing desirable behavior and guarding against misbehavior, which also increases the 
security level of the platform.  Users on DeFi platforms receive staking rewards as a form of interest payment from their staked 
token balance. 
 
2 The Commodities Futures Trading Commission (CFTC) regards cryptocurrencies as commodities; see, e.g., CFTC (2019).  
 
3 The performance of the long-short carry trade strategy relies on investors' ability to easily short crypto-tokens.  But in practice, 
short selling may be difficult.  Therefore, we alternatively have tested long-only strategies. Separate results show that the 
benchmark, i.e., equal weighting of all stakable tokens, yields a Sharpe ratio of 0.20, while the portfolio that consists of 
equal weighting the top 50% of high-carry tokens yields a Sharpe ratio of 0.61.  We conclude that this indicates the existence 
of a carry premium. 
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