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Introduction



Introduction Model Empirical Evidence Discussion & Conclusion

Blockchain‑based Ecosystem and Tokens

• Digital platforms, Network innovations, & Blockchain‑based Ecosystems
• Infrastructure for functional trust.
• A blockchain (decentralized) solution for Web3.
• Innovations in payment, identiϐication, vesting of interests, etc.

• Token in the Ecosystem
• Local medium of exchange and form of compensation.
• Platforms support particular economic activities (e.g., Filecoin, BAT).
• Blockchain: preventing double spending, facilitating smart contracts (e.g., escrow account).

• Platformmanages token supply and development through decentralized contribution.
• Entrepreneurs’/owners’ rewards and instruments.
• Tokens used to gather resources and attract talents.

• Regulating on‑chain behavior using incentives and economic mechanisms.
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Introduction Model Empirical Evidence Discussion & Conclusion

Tokenomics Landscape

• What tokens are?
• General payment tokens, platform tokens, product tokens, security tokens.
• Hybrid between money and investable asset.
• CBDC, DCEP, monetary policy, etc.

• Token valuation and crypto vol:
• Means of payment to realize unique trade surplus on the platform.
• Sources of volatility:
• Fundamental technology/productivity/policy shocks.
• Speculation and behavioral factors.
• Endogenous adoption.

• Means more under PoS mechanism:
• Binding voting, governance rights etc.
• Linking user participation and the consensus mechanism operation.
• → A new pillar of token value.
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Literature of Tokenomics: Mechanism, Impact, & Applications

• Protocol games: Nakamoto (2008); Eyal & Sirer (2014); Biais et.al. (2018); Biais et.al. (2019); Saleh (2018); Pagnotta
(2018); Chiu and Koeppl (2018), etc.

• Market micro‑structure and fee: Easley, O’Hara & Basu (2018, 2019); Huberman, Leshno, and Moallemi (2019); etc.
• Energy cost: O’Dwyer & Malone (2014); Cong, He, and Li (2018); Benetton, Compiani, and Morse (2019).
• Smart contracts, Information & decentralization: Aune, O’Hara, & Slama (2017); Cong & He (2018).
• Risk‑sharing & decentralization: Cong, He, and Li (2018).
• Governance/R&D concentration: Alsabah and Capponi (2019); Arnosti and Weinberg (2019); Ferreira et al. (2019)
• Scalability: Abadi & Brunnermeier (2018); Hinzen, John, & Saleh (2019); Chen, Cong, & Xiao (2019).
• Manipulation & Regulation: Grifϐin & Shams (2020); Cong et al. (2020).
• Platform growth: Gans & Halaburda; Cong, Li, & Wang (2018)
• ICOs: Sochin & Xiong (2018); Li & Mann (2018); Catalini & Gans (2018); Howell, Niessner, and Yermack (2018); Canidio

(2018); Chod & Lyandres; Bakos & Halaburda; Malinova & Park (2019).
• Monetary policy & design: Balvers & McDonald (2017); Schilling & Uhlig (2018).
• Auditing: Cao, Cong, & Yang (2018); Cao et al. (2019).
• Payment and remittance: Athey et.al. (2016)
• Alternative asset: Hu, Parlour, & Rajan (2018), Li, Shin, & Wang (2019), etc.
• Gig economy & on‑demand labor: Cong, Li, & Wang (2018b)
• Valuation: Cong, Li, & Wang (2018); Buraschi and Pagnotta (2018)
• International ϐinance: Yu & Zhang (2017); Makarov & Schoar (2018), etc
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Staking Economy: Background

• Proof‑of‑Stake (PoS) protocols:
• inefϐiciency and environmental costs of PoW (Cong, He, & Li, 2021; Saleh, 2021);
• Listed in MIT 2022 10 Breakthrough Technologies; Ethereummoving to PoS;
• Rewards for consensus generation;
• Pan‑PoS: Proof‑of‑Credit (POC) in NULS, etc.;

• DeFi Staking (Harvey, Ramachandran, & Santoro, 2021):
• Staking contributes to network security level. Staking reward incentives adoption.
• Derivatives collateral (Synthetix), liquidity (Curve, Uniswap), money market (Compound), Oracles (ChainLink),

insurance, etc.

• Reward determination and slashing, typically quantity based.
• Informational environment: Issuance plan, total staked, etc.; Stakingrewards.com, etc.
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Introduction Model Empirical Evidence Discussion & Conclusion

Tokens in the Staking Economy

Token: A hybrid asset between money and other investable assets.
• Roles of tokens:
• Bootstrapping and adoption acceleration.
• Participation and operation of consensus mechanism.
• User‑base stabilization.
• Native payment.
• Corporate ϐinance toolkit: ϐinancing/incentivizing decentralized contribution.
• Compensating/incentivizing entrepreneurs and innovation.

• Commodities:
• Commodities Futures Trading Commission (CFTC) regards cryptocurrencies as commodities.
• Staking: the use of tokens as collateral.
• Using commodities as collateral for raising funds increases the underlying spot price and the convenience yield (Tang &

Zhu, 2016).
• Currencies:
• Adoption and Transaction.
• Token appreciation vs. exchange rate changes. Staking reward rate vs. deposit rate.
• Comparable to the foreign exchange market→ the uncovered interest parity puzzle.
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Introduction Model Empirical Evidence Discussion & Conclusion

This Paper

• Modeling the staking economy:
• A uniϐied framework to understand its use as transaction media, investment assets, and deposit‑like instruments for

earning rewards.
• The generation and distribution of staking rewards.
• Token valuation in the staking economy.
• The predictability of staking ratio and token pricing.

• Empirical Tests:

• The impact of the staking mechanism.

• UIP Violation.

• Linking token akin to classic classes.

• Carry: A characteristic of any class. → Crypto Carry.
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Introduction Model Empirical Evidence Discussion & Conclusion

The Staking Economy

• Time: t ∈ [0,∞). Native platform token and consumption numéraire.
• Platform:
• Platform productivity (Cong, Li, & Wang, 2021a,b):

dAt = µ
A(Θt)Atdt + σ

AAtdZt.

• Θt , staking ratio: endogenous, the ratio of the aggregate number of staked tokens to the total.
• Feedback effect: Staked tokens contribute to the development of the platform by maintaining node operations,

facilitating the achievement of consensus, and increasing the security level of network.

• Agents:
• Unit measure. Allow heterogeneous levels of wealth→wealth distribution in the extended model.
• Solve individual consumption‑portfolio problem. Stochastic optimization.
• Consumption yt . Wealth wt = on‑chain staked lt + on‑chain tradable xt + off‑chain numeraire nt .
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Agent’s Problem

• Agent’s trade‑off:
• Transaction convenience of token (Cong, Li, & Wang, 2021a,b): dv(xt) = dvt = x1−α

t (eutAt)
αdt − φdt.

• Transaction costs in consumption (numéraire convenience, Bansal & Coleman, 1996; Valchev, 2020):
Ψt = Ψt(yt, nt, At) ≥ 0, ∂Ψ

∂y > 0 & ∂Ψ
∂n < 0.

• Aggregate reward process: come from a combination of emission and fees. Rt = Et(Qt, At) + Ft(Qt, At) = ιQt + τtQt.

• Reward rate/yield: rt ≡ Rt
Lt
, where Lt is the aggregate no. staked.

• Slashing cost rate ct < rt .

• Agents’ problem:
• max{ys,xs,ls}∞

s=t
Et

[∫∞
t e−ϕ(s−t)U(ys)ds

]
, s.t.

• wealth dynamic:
dwt = [(xt+lt)µt+lt(rt−ct)+vt−yt−Ψt]dt+(xt+lt)σtdZt = f(yt, xt, lt;wt,mt, rt, At)dt+g(yt, xt, lt;wt,mt, rt, At)dZt.
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Solving the Equilibrium

• Dynamic Equilibrium:
• Staking RatioΘt: Θt = Θ(rt, At) =

∫
[0,1] θi,twi,tdi∫

[0,1] wi,tdi .

• Endogenous token price Pt = P(At, Qt)with dynamic dPt = Ptµtdt + PtσtdZt.
• Each agent solves individual optimization problem;
• Reward rate determines cross‑sectionally: Agents take reward rate as given but equilibrium belief is consistent:

r∗t = Rt
QtΘ(r∗t ,At)

= ρt
Θ(r∗t ,At)

→ a ϐixed point problem.
• Token market clearing⇒ Θt = Θ(At, P(At)).

• Dynamic pricing:
• Pricing formula PDE:

0 =
∂P
∂Q

Qι +
∂P
∂A

[
AµA − (AσA)2H

]
−

(
∂P
∂A

)2
QI(AσA)2 +

1
2
∂2P
∂A2 (Aσ

A)2 +

(
ρ

Θ∗ − c + ∂nΨ

)
P,

• Pt = P(At, Qt) =
1
Qt
V(At) → ODE with:

0 = V′(At)
[
Atµ

A
t − (Atσ

A)2H
]
− V′(At)

2(Atσ
A)2I +

1
2V

′′(At)(Atσ
A)2 +

(
ρt

Θt
− ct + ∂nΨt − ιt

)
V(At),

• Boundary conditions: limAt→0 V(At) = 0 and limAt→∞ V(At) =
∫
wtdi. I = − ∂ww J

∂w J
and H = − ∂wA J

∂w J
.
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Model Implications

1. Higher reward fraction attracts more stake,
leading to a higher staking ratio. The optimal
individual staking ratio increases with reward
rate.

2. Higher staking ratio predicts higher appreciation.
3. UIP violated across tokens. Excess returns arise

as a compensation for convenience loss.
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Extend to Heterogeneous Agents and Wealth Evolution

• Extend Setup
• Agents differ in wealth and type with a densitymt = m(wt).
• Staking ratio: Θt = Θ(mt, rt, At) =

Lt
Qt

=
∫
W l(wt,mt,rt,At)mtdwt∫

W [x(wt,mt,rt,At)+l(wt,mt,rt,At)]mtdwt
.

• Mean‑Field‑Game Equilibrium
• Wealth distribution evolves over time; At process generates aggregate shocks.• Master equation (FAME in numerical solving process, Bilal (2023))

ϕU(w,m, A) =H
(
w,

∂U

∂w
(w,m, A),

∂2U

∂w2 (w,m, A),
∂2U

∂wA
(w,m, A);m, r, A

)

+

∫
R

δU

δm
(w,m, A, y) ·

∂H
∂ξ

(
w,

∂U

∂w
(y,m, A),

∂2U

∂w2 (y,m, A),
∂2U

∂wA
(y,m, A);m, r, A

)
dm(y)

−
[∫

R

∂

∂y

δÛ

δm
(w,m, A, y)dm(y) + 2

∫
R

∂

∂w

δÛ

δm
(w,m, A, y)dm(y) +

∫
R×R

∂2

∂y∂y′
δ2Û

δm2 (w,m, A, y, y′)dm(y)dm(y′)
]

−
∂2Û

∂w2 (w,m, A) −
[
µ
AA

∂U

∂A
(w,m, A) +

1
2
(σAA)2

∂2U

∂A2
(w,m, A)

]
.

• Implications
• Baseline implications still hold.
• Heterogeneous responses to aggregate shocks constitute an additional consideration in agents’ optimization.
• Helps discover the on‑chain wealth evolution, also staking v.s. inequality (On‑going).

Cong, He, & Tang Staking, Token Pricing, and Crypto Carry 11 / 22



Introduction Model Empirical Evidence Discussion & Conclusion

Extend to Heterogeneous Agents and Wealth Evolution

• Extend Setup
• Agents differ in wealth and type with a densitymt = m(wt).
• Staking ratio: Θt = Θ(mt, rt, At) =

Lt
Qt

=
∫
W l(wt,mt,rt,At)mtdwt∫

W [x(wt,mt,rt,At)+l(wt,mt,rt,At)]mtdwt
.

• Mean‑Field‑Game Equilibrium
• Wealth distribution evolves over time; At process generates aggregate shocks.• Master equation (FAME in numerical solving process, Bilal (2023))

ϕU(w,m, A) =H
(
w,

∂U

∂w
(w,m, A),

∂2U

∂w2 (w,m, A),
∂2U

∂wA
(w,m, A);m, r, A

)

+

∫
R

δU

δm
(w,m, A, y) ·

∂H
∂ξ

(
w,

∂U

∂w
(y,m, A),

∂2U

∂w2 (y,m, A),
∂2U

∂wA
(y,m, A);m, r, A

)
dm(y)

−
[∫

R

∂

∂y

δÛ
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Introduction Model Empirical Evidence Discussion & Conclusion

Data

• 66 stakable tokens with largest market values, daily observations from stakingrewards.com.
• 80.35% of the total PoS cap; 97.88% of the total DeFi cap; 64.34% of the total crypto cap excluding BTC.
• July 2018‑Nov 2022. overlaps with the initial birth and rapid growth of “staking”, also the bear market in 2022.
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Staking Ratio Increases with Staking Reward Ratio (1)
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Staking Ratio Increases with Staking Reward Ratio (2)
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Staking Ratio Predicting Token Price Returns (1)
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Staking Ratio Predicting Token Price Returns (2)
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Introduction Model Empirical Evidence Discussion & Conclusion

UIP Violation

• UIP: Et[St+1 − St] = it − i∗t
• Test (Fama, 1984): If UIP holds, β = 0.

λi,t+1 = α + β(rft − ri,t + ci,t) + ϵi,t+1,

where λi,t = log Pi,t+1 − log Pi,t + (ri,t − ci,t) − rft,

• Empirically: β < 0 (Valchev, 2020, etc.),⇒ higher interest is associated with higher excess return.

• Result: β < 0 (≃ −1) no matter what token is chosen as the local currency.
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Crypto Carry & Predictability of Returns

• Carry (Koijen et.al., 2018):

return ≡ carry+ E[price appreciation] + unexpected price shock.

• Crypto carry (under CIP): carryt ≡ rt−ct−rf
1+rf .

• Return Predictability: ExcessReturni,t = ai + bt−1 + cCarryi,t−1 + ϵi,t.
• Carry trade portfolio: Long high carry & short low; long top 50%.
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Cumulative Returns of a Crypto Carry Strategy
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Average Cumulative Returns of Top 50% High Carry Assets
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Introduction Model Empirical Evidence Discussion & Conclusion

Excess Return Predicted by Carry

• ExcessReturni,t = ai + bt−1 + cCarryi,t−1 + ϵi,t
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Conclusion

• Further discussions:
• Long‑run fees and transformation from platform token to security token.

• Network security level LtPt .

• Wealth distribution: from on‑chain to total wealth.

• Blockchain and DeFi Innovation.

• Staking Ratio as reϐlection of consensus mechanisms operation:
Dynamic Token Valuation.

• Implication as a hybrid asset & comparison with classical assets:
UIP Violation and Crypto Carry.

• Emerging, economically intriguing, practically relevant, & exciting.
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