
A Macro Finance Model for Proof-of-Stake
Ethereum

Urban Jermann

Wharton School, University of Pennsylvania



I New monetary and fee policies
I What to expect for money supply and ETH price?

I Staking ETH generates yield
I How much will be staked?

I Optimal monetary policy
I How to set parameters optimally?
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Ethereum

I Second in capitalization after Bitcoin
I ETH is "programmable money", BTC is "digital gold"
I ETH collects about 5mn USD in fees per day (annually
1.8bn)

I For crypto trading, NFT trading, ETH transfers,
stablecoins, layer 2s



ETH monetary and fee policies

Change in ETH supply = Validator rewards� Burnt fees



Fees

I Base fee & Priority fee (tip)
I Base fee is burnt, priority fee for validators
I Base fee rate
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I G �gas, unit of computational e¤ort, G� �target
I At daily frequency approximately �xed supply
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Validator Rewards

I Validator tasks: propose blocks, attestations
I Rewards and penalties based on performance of execution
I Average reward under best-case conditions
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I Daily data
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Model

I Agents buy ETH to use or stake
I Agents get utility using ETH and gas
I Money supply and fee policies follow protocol
I ETH and gas prices clear markets
I Shocks: productivity/adoption, discount factor, priority
fee share



Model

I

max Ct+j ,Gt+j ,
MU
t+1+j ,M

S
t+1+j

∑∞
j=0 Etβ

jΛt+j

"
Ct+j+

v
�
At+j , pt+jMU

t+j ,Gt+j
� #

G gas, MU ETH used, MS ETH staked, p ETH price, A
productivity, C consumption

I Ct + pt ftGt + ptMS
t+1 + ptM

U
t+1 =

ptMS
t

�
1+ kp

M̄S
t
+

φt ft Ḡt
M̄S
t

�
+ ptMU

t + Yt

I Mt+1 = Mt + k
p
MS
t � (1� φt) ftGt

I Mt+1 = MS
t+1 +M

U
t+1 and G

� = Gt



Model
I Money-in-utility function

I v (.) = A
1�σ
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pMU
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G θ
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I Productivity/adoption shock
I At = γAt�1 exp (zt ) ,

I zt = ρz zt�1 + σz εz ,t

I Discount factor
I Λt+1

Λt
= exp (�rz ,t + ρΛrσr εr ,t+1 � ρΛzσz εz ,t+1) ,

I rz ,t = ρr rz ,t�1 + σr εr ,t

I Priority fee share
I ln φt = φ0 + zφ,t ,

I zφ,t = ρφzφ,t�1 + σφεφ,t



First-order conditions and equilibrium
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Steady state �no shocks
I ETH staked, ETH used, gas price, (scaled) ETH price
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I Staking share
MS

MU +MS = θ



Steady state money supply

I
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"Supply equilibrium",Elowsson (2021)
I Equalize staking rewards and fees burnt�
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I In my model, at steady state
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Estimation based on �rst-order conditions
I FOCs for MU
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Parameterization
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Implied moments and targets
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Risk-adjustment for steady state money supply

I Replace βγ by E
�
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I No-arbitrage
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Sensitivity to parameter values
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Variance decomposition



Policy experiments

I Generalized staking yield
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Conclusion

A macro model for Ethereum

I Theory
I Determinants of steady state staking share and money
supply

I Neutrality with respect to staking reward factor

I Empirically, preliminary
I Long-run staking share estimate: 26%
I Long-run money supply estimate: << 120 ETH mn
I Alternative/activist policies uncertain/small gains, but
can stabilize staking share




