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ABSTRACT

1. Introduction
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Cryptocurrency volatility

Stablecoins
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1.1 Non-custodial (decentralized) stablecoins

Contract for difference
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Variants on contracts for difference

DStablecoin risks

https://makerdao.com/dai
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Existing DStablecoins

https://nubits.com/
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(a) NuBits trades at cents on the dollar
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1.2 Relation to prior work

(b) BitUSD has broken its USD peg
 

Figure 1: Depeggings in decentralized stablecoins.
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1.3 This Paper
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2. Model

Agents
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Assets
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Model outline

2.1 Stablecoin holder

2.2 Speculator

t = 0 t
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A =t p +n̄t t
E p =m̄t t

D p +n̄t−1 t
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2.2.1 Ether expectations

rt μt
σt2

rt

μt

σt2

= (1 − γ)r + γ ,t−1 pt−1E
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= (1 − δ)μ + δ log ,t−1 pt−1E

ptE

= (1 − δ)σ + δ( log − μ ) .t−1
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ptE
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2.2.2 Optimize leverage: choose 

γ = δ

γ = δ = 0

Δt

Lt t t

L =t L +t−1 Δt Δ >t 0

Δ <t 0

t

n p −t t
E βLt

n p −t t
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E[p ] =D 1
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Aggregate vs. individual speculators

Formal optimization problem

2.2.3 Liquidation constraint: enforced by the protocol

Δt

Δt
max

s.t.

r (n p + Δ p (L ))− Lt t−1 t
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t t
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t t

Δ ∈ Ft t

F t
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E βLt−1 Δt n p <t t

E βLt
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2.2.4 Risk constraint: self-imposed speculator behavior

Example: VaR-based constraint

λ =t .
assets

β ⋅ liabilities

λ ≤t 1

λ ≤t exp(μ −t ασ ),t
α > 0

VaRa,t a t

a

1 − a P(n p ≥t t+1
E βL ) ≥t 1 − a. Δt
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VaR constraint with normal returns

VaR constraint with heavy tails

Generalized risk constraint

(n p +t−1 t
E Δ p (L ))(1 −t t

D
t VaR ) ≥a,t βL .t

λ ≤t 1 − VaRa,t

:λ~t = exp(μ −t ασ )t λ~t μt σt
α

λ~t

(μ ,σ )t t

VaR =a,t 1 − exp(μ +t σ erf (2a −2 t
−1 1)). α = − erf (2a −2 −1 1)

a λ ≤t 1 − VaR =a,t exp(μ −t ασ ).t

X μt
σt2 α > 1

P(X < μ −t ασ ) ≤t .
2α2
1

a

α a = 2α2
1 μ −t ασt

VaR =a,t 1 − exp(μ −t ασ )t
λ ≤t exp(μ −t ασ )t
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2.3 DStablecoin market clearing

w ( p +t
D n̄t−1 t

E p (L )) =m̄t−1 t
D

t L p (L ).t t
D

t

pt
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3. Stable Asset Market Dynamics

3.1 Solution to the speculator’s decision

Solving the leverage constraint

Solving the leverage optimization

p (Δ) =t
D .

Δ − y
x

Δ ≥min Δmax Δ

−βΔ +2 Δ( (z +λ~ x) − β(L − y))− zy +λ~ βLy.

Δ > y

Δ ,Δ ∈min max R [Δ ,Δ ] ∩min max (y,∞)

=λ~ 1

Δ > y Δ < y p <t
D 0

lim p =Δ→y+ t
D ∞

Δ > y

[Δ ,Δ ] ∩min max (y,∞) r := rt Δ =∗ y + −yrx
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3.2 Maintenance condition for the stable asset market

3.3 Deleveraging effects, limits to market liquidity

Limits to the speculator’s ability to decrease leverage.

f(Δ) = rΔ −
Δ− y
x

Δ.

Δ∗ Δ ∈∗ [Δ ,Δ ] ∩min max (y,∞)

Δmin Δ <∗ Δmin
Δmax Δ >∗ Δmax

( (x +λ~ z) − βLw ) <D
2

4β Lxwλ~ E

βLw ≥D 0

∈λ~ [0, 1] x + z ≥ 0

Δ < y
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Deleveraging affects collateral drawdown through liquidity crises

−y = L(1 − w )D

Δ

z t

Δ :− = y.
z + x
z

t y

pt
D



Cryptoeconomic Systems • (In)Stability for the Blockchain: Deleveraging Spirals and Stablecoin Attacks

23

Table 1
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Results explain real market data

Figure 2(a): Model Results explain data from Dai market. Dai deleveraging 
feedback in November 2018 – December 2018 (image from coinmarketcap.com).
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Figure 2(b): Model Results explain data from Dai market. Dai normally trades 
below target with spikes in price due to liquidations (image from 

dai.stablecoin.science).

∼ 50%

∼ 10% > 2%
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Figure 3(a): Black Thursday in March 2020. ∼ 50% ETH price crash (image from 
OnChainFX).
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4. Stability results

Figure 3(b): Black Thursday in March 2020. Liquidation price effect on Dai DEX 
trades (image from dai.stablecoin.science).
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4.1 Stability if leverage constraint is non-binding

Δ −r̂
L+Δ

D Δ,

Δ =∗ −L + .LDr̂

w A =t
D

t D r =t r̂

t

=
pt−1
D

pt
D

.
Dr̂
L

D ≈ L

μ̄t σ̄t

≈μ̄t 0 t
ln −pt−1

D
pt
D

≈μ̄t 0

w A =t
D

t D r =t r̂

L =0 D ,μ̄0 σ̄0
t

L =t D ,r̂ 2t
2 −1t



Cryptoeconomic Systems • (In)Stability for the Blockchain: Deleveraging Spirals and Stablecoin Attacks

29

Interest rates and trading below $1 USD

4.2 Instability if leverage constraint is binding
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r̂

y

x

x

Figure 4(a): DStablecoin volatility, 10k simulation paths of length. Histogram of 
DStablecoin returns when leverage constraint is binding vs. non-binding with 

constant r.̂
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Figure 4(b): DStablecoin volatility, 10k simulation paths of length. Heat map of 
volatility under different speculator γ = δ memory parameters.

r
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Figure 5(a): Heatmaps of DStablecoin volatility for different speculator risk 
management behaviors. Ether returns ∼ t-distr(df = 3, μ = 0).
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Figure 5(b): Heatmaps of DStablecoin volatility for different speculator risk 
management behaviors. Ether returns ∼ t-distr(df = 3, μ = r0).
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5. Simulation Results

Figure 5(c): Heatmaps of DStablecoin volatility for different speculator risk 
management behaviors. Ether returns ∼ normal(μ = 0).

D = 100

https://github.com/aklamun/Stablecoin_Deleveraging
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5.1 Speculator behavior affects volatility



Cryptoeconomic Systems • (In)Stability for the Blockchain: Deleveraging Spirals and Stablecoin Attacks

36

5.2 Stable asset failure is dominated by collateral asset returns
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Figure 6(a): Heatmaps of DStablecoin failure times for different speculator risk 
management behaviors. Ether returns ∼ t-distr(df = 3, μ = 0).
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Figure 6(b): Heatmaps of DStablecoin failure times for different speculator risk 
management behaviors. Ether returns ∼ normal(μ = 0).
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6. Stablecoin Attacks

Figure 7: Relative mean-squared difference (MSD) of simulated volatility and 
stopping time for given speculator strategy vs. risk neutral strategy. Different lines 

represent different output (volatility or stopping time) and different return 
distribution assumptions for the simulations.
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6.1 Expanded Model: Adding an Attacker

6.2 Profitable bets on liquidations

6.3 Attacks

Attack 1:

δ t

s δ + ε
D =t D + δ D =s D − (δ + ε)

δ = 1 t = 1 1.0008 p1
D t = 3

δ + ε = 1.083
8.3%

Table 2: Example scenario of a profitable bet on liquidations.

δ,ε ε ≤
p2
D

δ+ϵ .
po
D
δ

δ = 4.5,ε = 0.59 13% δ

5 − 13%
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Attack 2:
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Mitigations

7. Discussion

Failure risks
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Remark on oracle risks

A good fee mechanism may quell deleveraging spirals
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An alternative ‘collateral of last resort’ idea in Dai

Uses of limited fee revenue
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Stablecoin risk tools

Future directions
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Appendix

A. Derivation of Results

Proposition 1

Proposition 2

t =λ~ λ
Δ pt

D

Δ

(z +λ~ Δ ) =
Δ− y
x β(L +Δ).

Δ > y Δ

−βΔ +2 Δ( (z +λ~ x) − β(L − y))− zy +λ~ βLy = 0.

Δ > y

[Δ ,Δ ] ∩min max (y,∞)
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Δ t
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Proposition 3

Δ y
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Δ <∗ Δmin Δmin Δ >∗ y Δ >min y f
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Proposition 4

Proposition 5

Theorem 1
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Case I:

δ = 1/2 μ̄t

2 (1 −
k=1
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Case II:

δ = 1/2 μ̄t

2 (1 − δ)
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Footnotes

σ̄t2 ≤ (1 − δ) ((1 − δ) + ln ) + (1 − δt

k=1

∑
t
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t σ̄0t
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↩

↩

↩

↩

↩

↩
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