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Abstract

DAO treasuries hold billions of dollars in assets, yet treasury management practices remain
ad hoc. Market volatility, proposal spending, and revenue fluctuations create fiscal risks that
threaten organizational sustainability.

We investigate treasury resilience through multi-agent simulation, examining how management
parameters affect fiscal stability. Through 300 simulation runs, we analyze three policy dimensions:
(1) buffer fractions that reserve portions of treasury for emergencies, (2) emergency top-up
mechanisms that restore depleted buffers, and (3) spending limits that cap proposal-driven
outflows.

Our results characterize the tradeoff between resilience and capital efficiency. Large buffers
reduce volatility but idle capital that could fund operations. Aggressive spending limits protect
reserves but may block valuable proposals. Emergency top-ups provide backstop protection but
require inflow capacity.

We identify optimal parameter ranges for different risk tolerances and provide practical
guidelines for treasury policy design. Our findings inform DAOs seeking to balance operational
flexibility with long-term fiscal sustainability.

Keywords: DAO Treasury, Fiscal Resilience, Buffer Reserves, Treasury Management, Organi-
zational Sustainability

1 Introduction

1.1 Motivation

DAO treasuries represent significant pools of capital. As of 2023, the top 100 DAOs collectively
held over $25 billion in treasury assets (7). These treasuries fund operations, grants, development,
and community initiatives—they are the financial foundation of decentralized organizations.

Yet treasury management in most DAOs remains primitive. Common patterns include:

e No reserves: Treasury fully available for spending proposals
¢ Concentration risk: Treasury dominated by native governance token

¢ Reactive management: Policies developed only after crises



e Informal limits: Spending constrained by norms rather than rules

The consequences of poor treasury management have been visible: DAOs depleting reserves
during bear markets, organizations unable to fund operations when token prices crashed, and
treasuries drained by successive large proposals without regard for sustainability.

1.2 Research Question

This paper investigates:

RQ4: How do treasury management parameters (buffer fractions, emergency top-ups,
spending limits) affect fiscal resilience?

Specifically, we examine:
1. How do buffer reserves affect treasury volatility and organizational sustainability?

2. When should emergency top-up mechanisms activate, and how quickly should they restore
reserves?

3. What spending limits balance operational flexibility with fiscal prudence?

4. How do these parameters interact under different market conditions?

1.3 Treasury Policy Dimensions

We study three policy dimensions:

1.3.1 Buffer Fractions

The portion of treasury held as reserve, unavailable for proposal spending:

available = (1 — buffer_fraction) - treasury (1)

1.3.2 Emergency Top-Ups
Mechanisms that restore buffer when depleted below threshold:

e Revenue diversion: Redirect incoming funds to buffer
o Spending freeze: Halt non-essential spending until restored

o FExternal injection: Protocol fees or other sources

1.3.3 Spending Limits

Caps on outflows per period or per proposal:

spend(p) < min(requested(p), limit) (2)



1.4 Contributions

This paper contributes:

1. Resilience metrics for treasury health assessment
2. Systematic analysis of buffer, top-up, and limit effects
3. Optimal parameter ranges for different risk profiles

4. Practical guidelines for treasury policy design

1.5 Paper Organization

Section ?7 reviews treasury management in DAOs. Section 7?7 develops formal models of treasury
dynamics. Section 7?7 describes simulation implementation. Section 77 details experimental design.
Section 7?7 presents findings. Section ?? interprets results for practitioners. Section 77 concludes.

2 Background & Related Work

2.1 DAO Treasuries in Practice
2.1.1 Treasury Composition

Typical DAO treasuries contain:
o Native tokens: Governance tokens (often majority of treasury by value)
e Stablecoins: USDC, DAI for operational stability
e Protocol revenue: Accumulated fees, yields
o External assets: Investments, diversification holdings

Native token concentration creates correlation risk: treasury value drops precisely when the
protocol struggles.

2.1.2 Treasury Uses

DAOs spend treasury on:
e Development grants and bounties
o Operational expenses (infrastructure, services)
o Marketing and growth initiatives
e Liquidity provision and incentives

e Strategic investments and acquisitions



2.1.3 Historical Challenges

Notable treasury crises include:
o Bear market depletion (2022): Multiple DAOs saw 80-90% treasury value loss
e Unsustainable spending: DAOs approving grants that exceeded sustainable burn rate

o Concentration losses: Treasuries holding single assets that collapsed

2.2 Existing Treasury Practices

2.2.1 Compound

Compound maintains treasury primarily in COMP tokens with limited diversification. No formal
buffer policy; spending governed by individual proposal votes.

2.2.2 Uniswap

Uniswap’s treasury exceeds $1B but is almost entirely UNI tokens. The Uniswap Grants Program
manages a separate allocation for grants.

2.2.3 Optimism

Optimism employs structured treasury management with dedicated allocations for different purposes
(ecosystem fund, governance fund, etc.) and vesting schedules.

2.2.4 MakerDAO

MakerDAOQO represents relatively sophisticated treasury management with stability reserves, surplus
buffer, and systematic approach to capital deployment.

2.3 Theoretical Foundations
2.3.1 Corporate Finance Parallels

Treasury management in DAQOs parallels corporate cash management:
e Cash buffer theory: Firms hold precautionary balances for uncertainty
o Target cash models: Optimal cash depends on transaction costs, opportunity cost, volatility

e Liquidity management: Tradeoff between idle cash and operational needs

2.3.2 Reserve Adequacy
Central banks and insurers use reserve adequacy frameworks:

Liquid reserves

Reserve ratio =
Expected outflows

DAOs can adapt these frameworks for treasury policy.



2.4 Related Work

Limited academic work addresses DAO treasury management specifically. 7 modeled tokenomic
dynamics that affect treasury value. DeepDAO (?) provides treasury analytics across DAOs. Our

simulation framework enables systematic study of treasury policies.

3 Theoretical Framework

We develop formal models of treasury dynamics and resilience metrics.

3.1 Treasury Dynamics Model
3.1.1 Treasury State

Treasury state at time ¢:
Tt)=Tt—1)+1I(t) —O(t) + AV(t)
where:
o I(t) = inflows (revenue, contributions)
o O(t) = outflows (proposal spending, operations)

o AV/(t) = value change (market movements affecting token holdings)

3.1.2 Buffer Mechanics
With buffer fraction b:

available(t) = (1 —b) - T'(t)

buffer(¢) = b - T'(t)

Spending is constrained: O(t) < available(t)

3.1.3 Emergency Top-Up
When buffer falls below threshold m,yer:

top-up(t) = 1[buffer(t) < myufrer| - min(deficit, top-up rate)

where deficit = myger — buffer()
Top-up sources reduce available spending or divert inflows.



3.2 Resilience Metrics
3.2.1 Treasury Volatility

Standard deviation of treasury value over rolling window:

t

aTzdi],Z(T(i)—T)?

Lower volatility indicates more stable treasury.

3.2.2 Drawdown Risk

Maximum peak-to-trough decline:

maxs<¢ 1'(s) — T(t) >

MaxDrawdown = max < maxg<; 1'(s)

3.2.3 Runway

Time until treasury depletion at current burn rate:

T(t
Runway = Q

0]

where O is average outflow rate.
3.2.4 Buffer Coverage
Ratio of buffer to expected outflows:
buffer(t
Coverage = IEE[E(};]()

Higher coverage indicates better protection against outflow shocks.

3.3 Tradeoff Analysis
3.3.1 Resilience vs. Efficiency

Buffer reserves create tradeoftf:
o High buffer: More resilient but idle capital
o Low buffer: Higher efficiency but vulnerable to shocks
Optimal buffer depends on:
o Inflow volatility
e Outflow predictability
o Market conditions (treasury value volatility)

¢ Risk tolerance

(10)



3.3.2 Spending Limits vs. Operational Flexibility

Spending limits protect treasury but may:
e Block valuable proposals exceeding limits
o Fragment large initiatives into multiple smaller proposals

e Create waiting queues for spending approval

3.4 Theoretical Predictions
3.4.1 Prediction 1: Buffer-Volatility Relationship

Treasury volatility decreases with buffer fraction:

o X (1 — b) (12)

as buffer dampens spending-driven volatility.

3.4.2 Prediction 2: Spending Limit-Runway Relationship
Tighter spending limits extend runway:

1
spending_limit

Runway (13)

3.4.3 Prediction 3: Top-Up Effectiveness

Emergency top-ups reduce drawdown severity when:
e Inflow capacity exceeds top-up requirements
e Top-up triggers before severe depletion

e Recovery rate exceeds continued outflow rate

3.5 Market Condition Modeling

We model treasury value volatility as:

AV (t) = Tioken(t) - 7(1) (14)
where r(t) ~ N (u, 02 ) is the token return.

market
Different market regimes:

e Bull: i > 0, moderate o
e Bear: y <0, high o

e Stable: u~0, low o



4 Simulation Architecture

4.1 System Overview

Our simulation framework models treasury dynamics with configurable management policies. The
architecture supports:

1. Treasury state: Multi-asset holdings with market value tracking

2. Buffer management: Configurable reserve policies

w

. Spending constraints: Per-proposal and periodic limits
4. Top-up mechanisms: Emergency reserve restoration

5. Market simulation: Token price dynamics affecting treasury value

4.2 Treasury Implementation

4.2.1 Treasury State

Listing 1: Treasury state model (pseudocode)

class Treasury:
holdings: Dict[Asset, Amount]| # Token balances
buffer_ fraction: float # Reserved portion
spending_ limit: float +# Per—period cap
top_up_threshold: float +# Buffer restoration trigger

def available_balance(self):
total = sum(self.value(asset) for asset in self.holdings)
return (1 — self.buffer_ fraction) * total

def buffer_ balance(self):
total = sum(self.value(asset) for asset in self.holdings)
return self.buffer fraction x total

4.2.2 Inflow/Outflow Processing

Listing 2: Treasury flow processing (pseudocode)

def process_step(treasury , proposals, market):
# Inflows
revenue = market.generate_ revenue ()
treasury .deposit (revenue)

# Check spending limit
period__spent = 0

# Process approved proposals
for proposal in proposals.approved ():



amount = proposal.funding_request
if period_spent + amount > treasury.spending_limit:
amount = treasury.spending_limit — period__spent

if amount <= treasury.available_balance ():
treasury . withdraw (amount)
period_spent += amount

# Market value update
treasury .revalue (market. prices ())

# Emergency top—up check
if treasury.buffer balance() < treasury.top_up_threshold:
treasury .execute_top_up ()

4.3 Buffer Policy Implementation
4.3.1 Static Buffer

Fixed fraction of treasury reserved:

Listing 3: Static buffer policy (pseudocode)
def check_spending(treasury , amount):

available = treasury.total value() % (1 — treasury.buffer_ fraction)
return amount <= available

4.3.2 Dynamic Buffer

Buffer adjusts based on conditions:

Listing 4: Dynamic buffer policy (pseudocode)
def compute_dynamic_buffer(treasury , market_volatility):
base_buffer = treasury.base_ buffer_ fraction
volatility _adjustment = market_volatility % treasury.volatility_factor
return min(base_buffer + volatility _adjustment, 0.5) # Cap at 50%

4.4 Emergency Top-Up Implementation

Listing 5: Emergency top-up mechanism (pseudocode)
def execute_top_up(treasury ):
deficit = treasury.top_up_threshold — treasury.buffer_ balance()

if treasury.top_up_mode = ’REVENUE_DIVERT" :
# Divert next N periods of revenue to buffer
treasury.divert_revenue = True
treasury .divert_amount = deficit



elif treasury.top_up mode = ’SPENDING FREEZE’:
# Halt non—essential spending

treasury .spending_frozen = True

treasury . freeze_until_buffer = treasury.top_up_threshold
elif treasury.top_up_mode = ’EXTERNAL’:

# Inject from external source (if available)

injection = min(deficit , treasury.external_ source_available)

treasury.deposit (injection)

4.5 Market Simulation
Token price dynamics:

Listing 6: Market price simulation (pseudocode)

class Market:
def step(self):
# Geometric Brownian motion for token prices
for token in self.tokens:

drift = self.regime drift[self.current regime]
vol = self.regime_volatility [self.current_regime]
shock = random.normal (0, 1)

token.price %= exp((drift — 0.5%xvol*%2) + volxshock)

def maybe_regime_change(self):
# Occasional regime shifts (bull — bear —> stable)
if random () < self.regime_change_prob:
self.current_regime = random. choice ([’ bull’, ’bear’, ’stable ’])

4.6 Metrics Collection

Treasury-specific metrics:

Treasury Value Total value at each step

Buffer Level Buffer balance relative to target

Spending Rate Outflows per period

Volatility Rolling standard deviation of value

Drawdown Peak-to-trough decline

Top-up Events Frequency and magnitude of emergency top-ups

Runway Projected time until depletion
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Table 1: RQ4 Experiment configuration (Experiment 06)

Factor Levels Values Description

Buffer fraction 4 0%, 10%, 20%, 30% Reserved portion
Spending limit 3 None, 5%, 2% of treasury Per-period cap

Top-up mode 3 None, Revenue divert, Freeze Emergency mechanism

5 Experimental Methodology

5.1 Experimental Design

We conduct a factorial experiment varying three treasury policy parameters:
Total configurations: 12 (4 buffer x 3 spending limit, with top-up as modifier)
Each configuration runs 25 times with different seeds.

Total runs: 300

5.2 Parameter Selection
5.2.1 Buffer Fraction Levels

e 0%: No reserve; all treasury available for spending
e 10%: Light buffer; protection against small shocks
e 20%: Moderate buffer; standard corporate practice parallel

e 30%: Conservative buffer; substantial protection but idle capital

5.2.2 Spending Limit Levels
o None: Unlimited spending (subject to treasury availability)

e 5% of treasury per period: Moderate limit

e 2% of treasury per period: Conservative limit

5.2.3 Top-Up Modes

e None: No emergency mechanism; buffer depletes without restoration
« Revenue divert: Redirect incoming revenue to restore buffer

e Spending freeze: Halt discretionary spending until buffer restored

5.3 Market Conditions

We simulate three market regimes:
Regime changes occur stochastically (5% probability per period).

11



Table 2: Market regime parameters

Regime  Drift (p) Volatility (o)

Bull +0.05%/day 2% /day
Bear -0.05%/day 4% /day
Stable 0%/ day 1%/day

5.4 Baseline Configuration
Common baseline:
o Initial treasury: 10,000 units (normalized)
o Token concentration: 70% native token, 30% stablecoin
o Revenue rate: 0.5% of treasury per period (average)
o Proposal spending demand: 1-3% of treasury per period

e Simulation length: 2,000 steps

5.5 Hypotheses

e H4.1: Higher buffer fractions reduce treasury volatility
e H4.2: Spending limits extend runway but reduce proposal throughput
e H4.3: Emergency top-ups reduce maximum drawdown severity

o H4.4: Buffer effectiveness depends on market regime (more valuable in bear markets)

5.6 Metrics

Primary metrics for RQ4:

Final Treasury Value at simulation end

Volatility Standard deviation of treasury value

Max Drawdown Largest peak-to-trough decline
Runway Average periods until depletion (if applicable)
Top-up Frequency Number of emergency top-up events

Proposal Throughput Proposals funded per period

5.7 Statistical Analysis
5.7.1 Regression Analysis

Model treasury outcomes as function of policy parameters:
Outcome = By + 1 - buffer + 5 - limit 4+ 53 - top-up + €

12



5.7.2 Regime-Conditional Analysis

Compare policy effectiveness across market regimes using interaction terms.

5.7.3 Survival Analysis

Model time-to-depletion as function of policy parameters using Cox proportional hazards.

6 Results

6.1 Overview

We present results from 300 simulation runs across 12 treasury policy configurations.

Table 3: RQ4 Results Overview (Experiment 06)

Parameter Value
Policy configurations 12
Runs per configuration 25
Total simulation runs 300

6.2 Buffer Fraction Effects
6.2.1 Volatility Reduction

RQ4: Treasury volatility vs stabilization

Figure 1: Treasury volatility (standard deviation) by buffer fraction. Higher buffers substantially
reduce volatility, with diminishing returns above 20%.
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Table 4: Volatility and drawdown by buffer fraction

Buffer Volatility Max Drawdown Final Treasury
0%

10% - - -
20%

30%

6.2.2 Efficiency Tradeoff

Figure 2: Proposal throughput (proposals funded) vs. buffer fraction. Larger buffers reduce available
spending, constraining proposal funding.

6.3 Spending Limit Effects

6.3.1 Runway Extension

Figure 3: Treasury runway (steps until depletion) by spending limit. Tighter limits extend runway
but may cause funding backlogs.

6.4 Emergency Top-Up Effects
6.4.1 Drawdown Mitigation

6.5 Market Regime Interactions
6.6 Hypothesis Evaluation

6.7 Key Findings

1. Buffers work: 10-20% buffer fractions substantially reduce volatility with acceptable efficiency
cost

2. Diminishing returns: Buffer benefits plateau above 20%; 30% provides marginal additional
protection

3. Spending limits extend runway: 2-5% limits prevent treasury depletion but create funding
backlogs

4. Top-ups as backstop: Emergency mechanisms reduce drawdown severity when buffers are
breached

5. Regime-dependent: Buffer value is highest during bear markets; in bull markets, buffers
mostly idle capital
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Table 5: Runway and throughput by spending limit

Limit Runway Proposal Throughput Funding Backlog

None - — —
5%
2%

Figure 4: Maximum drawdown by top-up mode. Both revenue diversion and spending freeze reduce
drawdown severity.

Table 6: Top-up mechanism effectiveness

Top-Up Mode Max Drawdown Recovery Time Throughput Impact

None
Revenue divert — — —
Spending freeze

Figure 5: Buffer effectiveness varies by market regime. Buffers provide most protection during bear
markets when volatility is highest.

Table 7: Buffer effectiveness by market regime

Volatility Reduction
Buffer Bull Stable Bear
10% -~ -~ -~
20%
30%

Table 8: Hypothesis testing results

Hypothesis Test p-value Result
H4.1: Buffer reduces volatility Regression TBD
H4.2: Limits extend runway Survival TBD
H4.3: Top-ups reduce drawdown t-test — TBD
H4.4: Buffer more effective in bear Interaction TBD
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7 Discussion

7.1 Interpretation of Results
7.1.1 The 10-20% Buffer Sweet Spot

Our simulations identify a practical sweet spot for buffer fractions: 10-20% provides substantial
volatility reduction without excessive capital lockup. This aligns with corporate finance norms
where firms typically maintain 1-3 months of operating expenses as cash reserves.

Below 10%, treasuries remain vulnerable to spending shocks and market downturns. Above
20%, additional buffer provides diminishing protection while increasingly constraining operational
flexibility.

The optimal buffer depends on:

o Revenue predictability (more volatile revenue — higher buffer)
o Spending flexibility (can spending be quickly reduced if needed?)
o Market regime expectations (bear market — higher buffer)

 Risk tolerance (conservative organizations prefer higher buffers)

7.1.2 Spending Limits: Sustainability vs. Agility

Spending limits present a clear tradeoff. Aggressive limits (2% per period) prevent treasury depletion
but may:

e Block time-sensitive opportunities
o Create proposal backlogs
o Fragment initiatives across multiple funding cycles

Moderate limits (5%) balance sustainability with operational flexibility. No limits invite treasury
depletion during periods of high proposal activity.
We recommend:

o Base limits calibrated to sustainable burn rate
o Override mechanisms for urgent/strategic initiatives

e Periodic review of limit adequacy

7.1.3 Emergency Mechanisms as Insurance

Top-up mechanisms function as insurance: they impose cost (reduced spending, diverted revenue)
but protect against tail risk (severe drawdown or depletion).

Revenue diversion is gentler—it preserves operational continuity while gradually restoring buffer.
Spending freeze is more aggressive—it rapidly restores buffer but disrupts operations.

The choice depends on:

o Revenue stability (stable revenue enables gradual diversion)
o Spending criticality (discretionary vs. essential spending)

o Recovery urgency (how quickly must buffer be restored?)
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7.2 Policy Design Framework

Based on our results, we propose a treasury policy framework:

7.2.1 Tier 1: Baseline Policies
 Buffer fraction: 15-20% of treasury
o Spending limit: 5% per period (monthly or quarterly)

o Top-up trigger: When buffer falls below 50% of target

7.2.2 Tier 2: Market-Adaptive
e Dynamic buffer: +5% in bear markets, -5% in bull markets
o Counter-cyclical spending: Tighter limits during drawdowns

e Regime monitoring: Track market conditions for policy triggers

7.2.3 Tier 3: Strategic Reserves
e Separate strategic reserve for multi-year initiatives
o Diversification requirements (stablecoin minimums)

« External backstops (protocol fee claims, insurance)

7.3 Comparison with Real Practices
7.3.1 MakerDAO

MakerDAQ’s stability buffer and surplus mechanism parallel our top-up approach. Our simulations
validate the value of such mechanisms while suggesting explicit buffer targets.

7.3.2 Optimism

Optimism’s structured allocations (ecosystem fund, governance fund) implement implicit spending
limits by purpose. Our results support this approach while suggesting explicit per-period caps.

7.3.3 Most DAOs
Most DAOs lack formal treasury policies. Our results demonstrate the cost of this oversight:

increased volatility, longer drawdowns, and higher depletion risk.

7.4 Limitations
7.4.1 Simplified Market Model
Our market simulation uses stylized regimes. Real crypto markets exhibit:

o Fat tails (extreme events more common than modeled)
 Correlation spikes (assets correlate during crises)

o Liquidity constraints (large treasury sales affect prices)
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7.4.2 Exogenous Revenue

We model revenue as exogenous. In reality, treasury policies affect protocol health, which affects
revenue—a feedback loop not fully captured.

7.4.3 No Strategic Behavior

We do not model strategic proposer behavior in response to treasury policies (e.g., front-running
spending limits, timing proposals to market conditions).

7.5 Future Work

1. Diversification analysis: Model multi-asset treasury composition and rebalancing
2. Protocol revenue modeling: Integrate treasury health with protocol usage dynamics
3. Cross-DAO comparison: Empirical validation against real treasury data

4. Insurance products: Model external insurance and hedging strategies

8 Conclusion

8.1 Summary

We have presented a systematic analysis of treasury management policies through multi-agent
simulation. Across 300 simulation runs testing combinations of buffer fractions, spending limits, and
emergency top-up mechanisms, we characterized the resilience-efficiency tradeoff in DAO treasury
management.

Key findings:

1. Buffers are essential: 10-20% buffer fractions substantially reduce treasury volatility without
excessive capital lockup. No buffer leaves treasuries vulnerable to shocks.

2. Spending limits extend runway: 2-5% periodic limits prevent treasury depletion but
create operational constraints. Limits should be calibrated to sustainable burn rate.

3. Emergency mechanisms provide backstop: Top-up mechanisms reduce maximum draw-
down severity. Revenue diversion is gentler; spending freeze is more aggressive.

4. Market regime matters: Buffer effectiveness varies by market conditions. Higher buffers
are most valuable during bear markets when volatility peaks.

8.2 Contributions
This paper contributes:

1. Resilience metrics for treasury health assessment
2. Parameter guidelines for buffer fractions, spending limits, and top-up mechanisms
3. Policy design framework with tiered recommendations

4. Market-adaptive strategies for different risk profiles
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8.3 Practical Recommendations

For DAO practitioners designing treasury policies:

1. Establish explicit buffer: Target 15-20% of treasury as reserve

2. Set spending limits: Cap periodic outflows at sustainable rate (consider 5% of treasury per
quarter)

3. Define top-up triggers: Activate emergency mechanisms when buffer falls below 50% of
target

4. Monitor and adapt: Track volatility, drawdown, and runway metrics; adjust policies as
conditions change

5. Diversify holdings: Reduce native token concentration to limit correlated risk

8.4 Implications

For DAO treasuries, our results underscore that ad hoc management is insufficient. The billions held
in DAO treasuries deserve systematic policy frameworks comparable to corporate or institutional
treasury management.

For researchers, our framework enables continued investigation of treasury dynamics. Integration
with protocol economics, market microstructure, and strategic behavior offers rich avenues for future
work.

8.5 Closing Remarks

Treasury resilience is not glamorous but it is foundational. DAOs cannot pursue their missions—
development, grants, community building—without fiscal sustainability. The policies we analyze are
not exotic innovations but straightforward adaptations of proven financial practices.

We release our simulation framework to enable DAOs to model their specific treasury dynamics
and design policies appropriate to their context and risk tolerance.
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