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Introduction Model Empirical Findings Conclusion

Blockchain & DeFi Innovations

• Blockchain as decentralized consensus:
▶ Cong & He, (2019); Chen, Cong, & Xiao, (2020); etc.
▶ Single point of failure, systemic risk, market power, data silos.
▶ Supply chains, smart contracting, secure-MPC, etc.

• Tokenomics:
▶ Categories and Functions of Crypto-tokens (Cong & Xiao, 2020; Cong,

Karolyi, Tang, & Zhao, 2021; Cong & Wilson, 2022).
▶ General Payment Tokens, Platform Tokens, Ownership/Product Tokens,

Security Tokens.
▶ Dynamic adoption, token pricing, and token-based monetary policy on

platforms: Cong, Li, & Wang (2021a,b).

• Decentralized Finance (DeFI, Harvey, Ramachandran, & Santoro,
2021):
▶ Stablecoins/payment; lending/yield farming, etc.
▶ DeFi U.S. $ 120 B according to CoinMarketCap.

• Contributions:
1. First studies on asset pricing of staking (also Saleh, John, and Rivera, 2021).
2. Application of mean field game in finance beyond inequality/macro settings.
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Institutional Background of Staking

• Proof-of-Stake (PoS) protocols; inefficiency and environmental
costs of PoW (Cong, He, & Li, 2021; Saleh, 2021); Proof-of-Credit
(POC) in NULS, etc.; US $21 B → $326 B (Oct 2021) in a year.

• 60 stakable DeFi assets, 27 masternodes and more than 50
mainstream cryto; 8%-15% on average.

• Derivatives collateral (Synthetix), liquidity (Curve, Uniswap),
money market (Compound), Oracles (ChainLink), insurance, etc.

• Reward determination and slashing, typically quantity based.

• Informational environment; TVL, tokens staked, etc.;
Stakingrewards.com, earncryptointerest.com, etc.

• (Bank) deposit, interest rate, and currency carry.
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Outline

• Introduction and Background

• A Model of Consensus/DeFi Staking

• Empirical Findings

• Discussion and Conclusion
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The Staking Economy

• Time is continuous infinite horizon: t ∈ [0,∞).
• Native platform token and consumption numeraire.
• Platform productivity (Cong, Li, & Wang, 2021a):

dAt
At

= µAdt + σAdZt.

• Agents: unit measure; indexed by i, characterized by wealth wi,t;
allocate wealth onchain (xt + lt), offchain (nt), & consumption yt.

• Token convenience (Cong, Li, & Wang, 2021a,b):

dv(xt) = dvt = x1−α
t (U(wt)At)

αdt.

• Transaction costs in consumption (numeraire convenience, Bansal
& Coleman, 1996; Valchev, 2020):

Ψt = Ψt(yt,nt) ≥ 0, ∂Ψ

∂y > 0 & ∂Ψ

∂n < 0.
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Staking and Price Process

• Aggregate reward process:

Rt = ιtQt + Ft(Qt,At) = ιtQt + τtQt.

• Reward rate/yield:

rt ≡
Rt
Lt

, where Lt is the aggregate no. staked.

• Slashing rate ct < rt.
• Endogenous token price:

dPt = Ptµtdt + PtσtdZt.

• Staking ratio:

Θt = Θ(rt) =
Lt
Qt

=

∫
W l(t,wt; rt)m(t,wt)dwt∫

W[x(t,wt; rt) + l(t,wt; rt)]m(t,wt)dwt
.
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Agents’ Optimal Allocation, Staking, and Consumption

• Agent’s wealth process:

dwt = [(xt+lt)µt+lt(rt−ct)+vt−yt−Ψt]dt+(xt+lt)σtdZt, yt ≤ wt−lt.

• Individual staking as optimal control:

max
{ys,xs,ls}∞

s=t

t
∫ ∞

t
e−ϕ(s−t)U(ys)ds,

• Indirect utility and Hamilton-Jacobi-Bellman (HJB) equation:

J(t,wt; rt) = max
{ys,xs,ls}∞

s=t

t
∫ ∞

t
e−ϕ(s−t)U(ys)ds

0 = max
{yt,xt,lt}

{
U(yt)− ϕJ + f(yt, xt, lt;wt, rt)

∂J(t,wt; rt)

∂w

+
σ2

t
2 (xt + lt)2 ∂

2J(t,wt; rt)

∂w2

}
,

where f(yt, xt, lt;wt, rt) = (xt + lt)µt + lt(rt − ct) + vt − yt −Ψt.
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Solving the Mean Field Game

• System dynamics a la Fokker-Planck; m(0,w0) = m0.

0 =
∂

∂tm +
∂

∂w [f(yt, xt, lt;wt, rt)m]− 1
2

∂2

∂w2

[
(xt + lt)2

σ2m
]
,

where f(yt, xt, lt;wt, rt) = (xt + lt)µt + lt(rt − ct) + vt − yt −Ψt.

• Agents take reward rate as given but equilibrium belief is
consistent: rt =

Rt
QtΘ(rt)

→ a fixed point problem.

• MFG equilibrium:
▶ Agents’ controls {yt, xt, lt}∞

t=0 and law of motion for system states
{Pt, rt,Θt, mt}∞

t=0.
▶ (i) Each agent solve her optimization, (ii) token markets clear, (iii) system

satisfies Fokker-Planck, and (iv) reward rate solves fixed point problem.
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Model Implications

1. ∂rt
∂Θt

< 0. Higher staking ratio instantly decreases reward rate.

2. ∀ρ′t > ρt, Θ′∗
t ≥ Θ∗

t , with ρt = Rt/Qt;
Θ′∗

t = Θ∗
t only if everyone’s wealth is fully staked (unlikely).

Higher reward rate attracts the investors to stake more.
3. Higher staking ratio predicts higher price appreciation.
4. UIP violated across tokens.
5. Dynamic token pricing formula:

0 =
∂P
∂QQtιt +

∂P
∂AAµA +

(
∂P
∂A

)2
(
Ix

P +
QΘ

I )
(
AσA)2

+
1
2
∂2P
∂A2

(
AσA)2

+
( ρ

Θ
− c + In

)
P,

(1)

where I =
∫
Σ

∂wJ
∂wwJ mdw, Ix = A

I

(
1−α
r−c

) 1
α ∫

Σ
Umdw, and

In = 1
I
∫
Σ

∂Ψ
∂n

∂wJ
∂wwJ mdw.
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Optimal Staking and Equilibrium Staking Ratio
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Staking Ratio and Price Dynamics
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Outline

• Introduction and Background

• A Model of Consensus/DeFi Staking

• Empirical Findings

• Discussion and Conclusion
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Data
Daily observations from stakingrewards.com, 30 stakable tokens, July
2018-Aug 2020, pan-PoS protocols and on-chain projects.
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Reward Adjustment Mechanism
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Higher Reward Attracts More Staking
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Staking Ratio Predicting Token Price Returns
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Uncovered Interest Rate Parity Violations

Et [st+1 − st] = it − i∗t .
Fama (1984):

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

where λi,t = logPi,t+1 − logPi,t + (ri,t − ci,t)− rf
t,

(2)
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Crypto Carry and Predictability of Returns

Carry (Koijen et.al., 2018):

return ≡ carry + E(price appreciation) + unexpected price shock.

Crypto carry:

carryt ≡
rt − ct − rf

1 + rf .

Return Predictability:

ExcessReturni,t = ai + bt−1 + cCarryi,t−1 + ϵi,t
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Cumulative Returns of a Crypto Carry Strategy
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Excess Return Predicted by Carry
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Conclusion

• Blockchain and DeFi Innovation.

• Staking Ratio and Dynamic Token Pricing.

• UIP Violation and Crypto Carry.

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