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ABSTRACT

Total value locked (TVL) is widely used to measure the size
and popularity of protocols and the broader ecosystem in
decentralized finance (DeFi). However, the prevalent TVL
calculation framework suffers from a “double counting” issue
that results in an inflated metric. We find existing method-
ologies addressing double counting either inconsistent or
flawed. To mitigate the double counting issue, we formalize
the TVL framework and propose a new framework, total
value redeemable (TVR), designed to accurately assess the
true value within individual DeFi protocol and DeFi systems.
The formalization of TVL indicates that decentralized finan-
cial contagion propagates through derivative tokens across
the complex network of DeFi protocols and escalates liqui-
dations and stablecoin depegging during market turmoils.
By mirroring the concept of money multiplier in traditional
finance (TradFi), we construct the DeFi multiplier to quantify
the double counting in TVL. Our empirical analysis demon-
strates a notable enhancement in the performance of TVR
relative to TVL. Specifically, during the peak of DeFi activity
on December 2, 2021, the discrepancy between TVL and TVR
widened to $139.87 billion, resulting in a TVL-to-TVR ratio
of approximately 2. We further show that TVR is a more
stable metric than TVL, especially during market turmoils.
For instance, a 25% decrease in the price of Ether (ETH) re-
sults in an overestimation of the DeFi market value by more
than $1 billion when measuring using TVL as opposed to
TVR. Overall, our findings suggest that TVR provides a more
reliable and stable metric compared to the traditional TVL
calculation.

1 INTRODUCTION

An important notion within the emerging decentralized fi-
nance (DeFi) sector is the total value locked (TVL), which
refers to the cumulative value of crypto assets deposited by
users in a DeFi protocol or a DeFi ecosystem [27]. Analo-
gous to the concept of assets under management (AUM) in
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traditional finance (TradFi) [60], TVL represents a similar
measure of assets pooled for investment. However, unlike
TradFi, where assets are managed by financial advisors or
wealth managers, DeFi operates through a network of in-
terconnected smart contracts, enabling investors to directly
engage with these contracts to achieve their investment ob-
jectives. TVL stands as a crucial metric for gauging both
the size and popularity of the DeFi ecosystem. Moreover,
it provides insights into the confidence investors have in
various DeFi protocols, acting as a comprehensive indica-
tor of market activity. This metric effectively captures the
evolving dynamics within the DeFi landscape, serving as a
vital barometer for understanding shifts in investor behavior
and protocol performance. According to DeFiLlama [21], the
TVL stands at approximately $175.39 bn on March 19, 2024.
This represents an impressive 211-fold increase compared to
the TVL four years prior, illustrating the rapid growth and
escalating popularity of the DeFi sector.

However, the present methodologies of computing TVL
in the DeFi domain grapple with a challenge known as “dou-
ble counting” [11]. Double counting is the problem whereby
the value of (certain) underlying cumulative crypto assets
locked in DeFi products is counted more than once. Double
counting occurs as a result of the rapid increase in derivative
tokens and complex financial instruments, obscuring the
true value held within the DeFi ecosystem and potentially
leading to confusion among investors. Additionally, the ap-
proaches to calculating TVL in the DeFi arena are not only
non-uniform but also frequently lack clarity. This results in
various platforms providing TVL statistics for distinct DeFi
protocols, each using their own specific calculation meth-
ods [21, 38, 47, 55]. The calculation methods employed by
these platforms, along with any potential biases in their data,
are often not transparently disclosed. This absence of stan-
dardization and transparency impedes the accurate determi-
nation of a DeFi system’s actual usage and value contained.
Consequently, the financial metrics and figures reported up



to this point lack the ability to convey an unequivocal and
objective truth about the underlying value or performance.
This ambiguity underscores the need for more reliable and
transparent measurement methods in the field.

The problem of double counting poses a significant finan-
cial risk. For example, this issue exacerbates the potential
for exaggerated declines in the inflated TVL during market
downturns. This is primarily manifested via a downward
spiral in the endogenous prices and quantities of derivative
tokens within protocols for loanable funds (PLF), ultimately
leading to increased liquidation events. Such distortions can
lead to unwarranted panic among investors, as the perceived
value may decrease more dramatically than actual market
conditions warrant. This phenomenon not only undermines
the financial stability of the DeFi ecosystem but also intro-
duces significant risks. These include the potential for rapid
capital withdrawal and loss of confidence by investors, which
could further affect the overall cryptocurrency and TradFi
markets.

To overcome these challenges, we propose a novel metric
termed total value redeemable (TVR), designed to eliminate
double counting. Establishing such a metric is vital for ac-
curately assessing the true underlying crypto asset value
locked in DeFi products.

In addition, our research quantifies risk within the tradi-
tional TVL framework and introduces indicators for DeFi
risk monitoring. This includes metrics akin to the money
multiplier used in monetary economics. Our formalization of
TVL demonstrates that financial instability in the sector can
spread through the DeFi network via derivative tokens. This
process exacerbates liquidations and causes stablecoins to de-
viate from their pegs during periods of market turmoil. Our
balance sheet approach applied to the inter-DeFi network
provides evidence of the complex interconnections between
instruments and their contributions to the emergence of fi-
nancial contagion. We finally extend our debate by linking
our analysis in DeFi to the the causes and mechanisms of
traditional financial contagion in the inter-bank network
such as the propagation of subprime mortgage crisis.

In this work, we: (1) provide in-depth anatomy of the dou-
ble counting problem under the TVL framework, (2) iden-
tify drawback in existing methodologies addressing double
counting, (3) propose TVR: an enhanced measurement frame-
work to address the double counting problem, (4) conduct
an empirical analysis to accurately assess the total value
locked in the DeFi system and evaluate the magnitude of
double counting involved, (5) measure the risk of financial
contagion under the traditional TVL framework, (6) propose
a metric to quantify the double counting.

Overall, our contribution to the current literature on TVL
can be summarized as follows:
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(1) TVL formalization and DeFi accounting framework
establishment: We employ accounting concepts to
model operations in DeFi and formalize the TVL,
quantifying the extent of double counting.

(2) Revealing the origin of double counting: Based on the
DeFi accounting framework and TVL formalization,
we heuristically explain the mechanism of double
counting under the TVL framework.

(3) Identifying drawback in existing methodologies ad-
dressing double counting: We find existing method-
ologies addressing double counting either inconsis-
tent or flawed.

(4) Establishing a double-counting-free measurement
framework: We introduce an enhanced measurement
framework, the TVR, to evaluate the actual value
locked within a DeFi system and avoid double count-
ing. We present the algorithm for TVR, a more effi-
cient and user-friendly framework to address the dou-
ble counting problem compared to the input-output
framework in economics. By decomposing TVL of all
DeFi protocols and calculating TVR, we find a sub-
stantial amount of double counting within the DeFi
system, with a maximum of $139.87 billion with a
TVL-TVR ratio around 2. We track the evolution of
token composition in TVR over time.

(5) Quantifying financial contagion risk comparatively
under the traditional TVL and the new TVR frame-
works: Based on the system of six representative DeFi
protocols, we uncover the financial contagion risk
stemming from double counting within the tradi-
tional TVL framework. Our findings reveal that TVL
exhibits greater sensitivity to market downturns in
comparison to TVR, highlighting TVR as a more sta-
ble metric. A 25% drop in Ether (ETH) price leads to
a significant divergence, resulting in approximately a
$1 billion greater decrease in TVL compared to TVR.

(6) Quantifying double counting and documenting its
correlation with macroeconomy and crypto market:
We are also the first to build the DeFi money multi-
plier based on TVR and TVL in parallel to the TradFi
macroeconomic money multiplier to quantify the
double counting. We document that the DeFi money
multiplier is positively correlated with crypto market
indicators and negatively correlated with macroeco-
nomic indicators.

2 BACKGROUND AND TERMINOLOGIES
2.1 Ethereum and proof-of-stake (PoS)

Ethereum is the blockchain powering thousands of decen-
tralized applications. PoS is Ethereum’s current consensus
mechanism [25]. Under the PoS mechanism, a holder of ETH
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Figure 1: Ether staking and DeFi composability. The
amounts in orange represent the value of tokens de-
posited or issued. This figure compares the PoS staking
versus complicated DeFi staking operations for opti-
mizing rewards with $1 million worth of ETH.

(Ethereum’s native currency) can lock 32 ETH into a deposit
contract and participate as a validator in block attestation.
While keeping online and utilizing blockchain knowledge,
a validator receives a reward for successful attestation; con-
versely, unsuccessful attestation results in a penalty for the
validator, as shown in the PoS part in Figure 1.

2.2 Decentralized Finance (DeFi) and DeFi
Protocols

DeFi is an ecosystem of (DeFi) protocols operating autonomously

through smart contracts run on blockchains. DeFi protocols
are decentralized applications with financial utilities. Many
DeFi protocols, such as asset exchanges and lending plat-
forms, draw inspiration from and mirror traditional central-
ized finance systems [48, 60, 61]. For our study, we select
Lido, MakerDAO, Aave V2, Uniswap V2, Curve, and Convex
(see Figure 1). These protocols have the highest TVL and,
as of today, represent approximately the 68% of the total
TVL [21]. These six protocols can be classified into PLF and
non-PLF.

2.2.1 PLF. Protocols for Loanable Funds (PLF) are DeFi pro-
tocol that allow users to supply and borrow cryptocurrency
under overcollaterization mechanism. The overcollateriza-
tion mechanism in PLF necessitates users to pledge increased
collateral to borrow a reduced amount of debt, capped at a
maximum dollar value equal to the loan-to-value ratio (LTV)
times the debt value. This mechanism ensures the overall
solvency of the platform. If a user’s account collateral-to-
debt ratio falls below one, the liquidation may be triggered,
resulting in a fixed portion of the collateral being wiped
out [1, 2, 41, 48]. In certain PLFs, as the health ratio drops
to various thresholds, the proportion of liquidated collateral
varies. In the case of Aave V3, there are two thresholds for
liquidation. If the account’s collateral-to-debt ratio is below
1, half of the collateral can be liquidated in a single liquida-
tion. If the ratio drops below 0.95, the entire collateral can be
liquidated in a single process [2]. PLF includes collateralized
debt position (CDP) such as MakerDAO (orange block in
Figure 1) and lending protocols (purple block). Unlike lend-
ing protocols, which allow borrowing of any cryptocurrency,
users in CDP can only generate noncustodial stablecoins [17].
The collateralization model in DeFi’s CDP mirrors a tranche
system, where stablecoins represent senior debt and users
resemble buyers of the junior tranche in a CDO, as seen in
TraFi [33]. Stablecoins are a cryptocurrency designed to of-
fer the stability of money to function effectively, aiming to
provide price stability relative to a specific reference point,
often the USD [45].

2.2.2  Non-PLF. Applying the method of exclusion, liquidity
staking, decentralized exchange (DEX), and yield aggregator
fall into the category of non-PLF. Liquidity staking proto-
cols allow users to earn rewards by staking any amount
of tokens, while also offering a tradable and liquid receipt
for their staked position. The liquidity staking protocol Lido
(blue block in Figure 1) accepts any amount of ETH from ETH
holders, and in exchange issues liquid receipt tokens (stETH
and wstETH) that can be further used in other DeFi protocol.
At the same time, Lido allocates ETH to selected knowledge-
able Lido validators in order for them to participate in block
attestation in the Ethereum blockchain. Rewards and penal-
ties for block attestation are distributed among staking users,
the Lido protocol, and Lido validators. DEXs such as Uniswap
(purple block) and Curve (dark blue) are the DeFi protocol
that allows users to provide liquidity and swap assets [61].
Yield platforms such as Convex (grey block) are protocols
that reward users for staking or providing liquidity on their
platform.

2.2.3 DefFi token, liquidity pool, and DeFi composability.
DeFi tokens are cryptocurrencies that provide users access to
the DeFi system. The liquidity pool operates as the functional
unit within the DeFi protocol, operating as a smart contract



to facilitate users in supplying, borrowing, or swapping DeFi
tokens. DeFi composability refers to the capability of mul-
tiple DeFi protocols to seamlessly communicate with each
other, enabling DeFi tokens to be chained and integrated to
create new DeFi tokens and financial services. Incentivizing
users to contribute liquidity to DeFi protocols and sustain
the functionality of liquidity pools, many protocols provide
interest rewards to users staking tokens in these pools. In
contrast to PoS mentioned in §2.1 where validators cannot
utilize locked ETH, several DeFi protocols allow liquidity
providers (LPs) to get receipt tokens (e.g. wstETH from Lido
in Figure 1) which holds the same notional value of the
locked tokens (e.g. sStETH staked in Lido). To increase lig-
uidity and achieve other functionality, users can take these
new tokens and stake them into other protocols (e.g. Mak-
erDAO). Given the additivity of interest and composability
across different protocols, DeFi users commonly repeat this
process multiple times among several protocols to maximize
rewards, as depicted in Figure 1. Additionally, DeFi staking
has the advantage of not demanding a minimum deposit
or block attestation knowledge compared to PoS, making it
more appealing for user participation.

2.2.4 DeFi protocol metrics, double counting, and DeFi trac-
ing website. To assess the size and popularity of DeFi proto-
cols, metrics such as TVL, protocol revenue, and protocol
users are utilized, with TVL being the most influential and
widely used. However, the TVL calculation method faces the
known problem of double counting [11]. DeFiLlama (one the
few tracing services which aggregates tokens breakdown
of almost all DeFi protocols to compute the TVL) tries to
accounts for double counting by excluding protocols cate-
gorized under liquidity staking or those feeding tokens into
other protocols. DeFiLlama has the “double count” toggle in
its TVL dashboard to let users decide whether to filter out
the double counting by removing the TVL of protocols that
deposit into another protocol from the total TVL of single
chain or all chains, as shown in Figure 2. As we will show in
§3.3, this approach is both rudimentary and imprecise.

2.3 Total Value Locked (TVL)

According to [9, 27], we offer the following definition along
with a mathematical expression (cf. Equation 1) for the term
TVL.

Definition 1 (Total Value Locked). Total Value Locked is
defined as the total value of assets staked by users in a DeFi
protocol or DeFi ecosystem at a specific moment.

TVL = 3 TVLi= > > pesdl, (1)
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Figure 2: DeFiLlama’s TVL dashboard after activating
the double count toggle. When a user activates the dou-
ble count toggle, protocols that deposit into another
protocol will be excluded from the total TVL calcula-
tion, and their TVL numbers will be displayed in grey.

where: TVL; is the total TVL of the DeFi ecosystem at time
t; I, and 7," are respectively the set of all DeFi protocols at
time ¢ and the set of all tokens in protocol i at time ¢; TVL;,
is the TVL of protocol i at time t; p., is the dollar price of
token c at time ¢; and qé, ; is the quantity of the token ¢ locked
in the protocol i at time .

As shown in Table 1, the disclosure of TVL counting
methodologies is currently inconsistent across the DeFi data
providers. Each of them offers varying levels of disclosure
about their methodologies, with often inconsistent practices
among them. Furthermore, only two of them attempt to
tackle the issue of double counting. In Figure 1, the TVL is the
sum of all orange numbers, totaling 4.7474 million—4.7474
times the initial ETH value deposited.

3 TVL DOUBLE COUNTING ANALYSIS

In this section, we explain the double counting problem
using a balance-sheet approach. A balance sheet provides a
concise overview of an entity’s assets, liabilities, and equities.
We apply this traditional accounting framework to DeFi
platforms.

3.1 Balance Sheet of DeFi Protocols

For each specific protocol, we use a balance-sheet approach
to consolidate double-entry bookkeeping and describe its
financial condition. The aggregate value locked can be re-
garded as a significant element on the asset side of a DeFi
protocol’s balance sheet [23]. In the context of a DeFi sys-
tem, we apply the principles of consolidated balance sheets
to depict its financial status on an aggregated basis. By lever-
aging the principle of non-duplication used in consolidated
balance sheet accounting (whereby, accounting entries that
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Table 1: Survey of DeFi tracing websites with a focus on protocols coverage and TVL-related information disclosure

as of 1 March 2024. (@: disclosure, O: no disclosure)
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(c) Hypothecation in TradFi. (d) Leveraging in TradFi.
Figure 3: Two common operations of DeFi compos-
ability and their corresponding TradFi analogies. The
process of wrapping in DeFj, as illustrated in Figure 3a,
mirrors the hypothecation process in TradFi, as shown
in Figure 3c. Both DeFi and TradFi involve leveraging
processes, depicted in Figure 3b and Figure 3d, respec-
tively. The black circle (@) with a white number indi-
cates the step.

are recorded as assets in one company and as liabilities in
another are eliminated, before aggregating all remaining
items) [24], we can effectively eliminate instances of double
counting within a DeFi system.

3.2 The Anatomy of Double Counting
Problem

Double counting problem occurs when the value locked in
multiple protocols within a DeFi system is double-counted in
the TVL calculation due to composability. The composability
enables DeFi users to achieve sophisticated operations within
the DeFi system (c.f. Figure 1), making the double counting

Table 2: Protocol-perspective balance sheets and dy-
namics of TVL of the wrapping scenario. We highlight
the TVL and value locked in red.

(a) Balance sheet of Lido. (b) Balance sheet of Maker-

DAO.
(1) (2) (1) (2)

Assets $000 $000  Assets $000 $000
Value Locked - stETH 1,000 1,000 Value Locked - wstETH - 1,000

Receivables - DAI - 571
Total Assets 1,000 1,000 Total Assets - $1,571
Liabilities $000 $000  Liabilities $000 $000
Payables - wstETH 1,000 1,000 Payables - wstETH - 1,000

New Money - DAI - 571
Total Liabilities 1,000 1,000 Total Liabilities - 1,571

(c) Dynamics of TVL. (d) Consolidated balance sheet

of Lido and MakerDAO.

(1) (2) (1) (2)
Sw Sw Sw Sw
$000 $000  Assets $000 $000
Value Locked 1,000 1,000
Receivables - 571
Total Assets 1,000 1,571
Liabilities $000 $000
Payables 1,000 1,571
Total Value Locked 1,000 2,000  Total Liabilities 1,000 1,571

problem non-trivial. For illustration purpose, we describe
two common operations that lead to double counting.

3.2.1 Wrapping. Figure 3a depicts a scenario where an in-
vestor initially supplies $1m in stETH to Lido (step 1), which
is then converted into $1m of wstETH (step 2). Subsequently,
the investor deposits this wstETH into MakerDAO (step 3)
and borrows up to $571k in DAI (step 4), based on the TVL
of the wstETH low fee vault at the time of this paper. The
financial flows generated by the wrapping in DeFi can be
related to the rehypothecation process in TradFi, illustrated
in Figure 3c. The promissory hypothecation enables lenders



Table 3: Protocol-perspective balance sheets and dy-
namics of TVL of the leveraging scenario. We highlight
the TVL in red.

(a) Balance sheet of Aave. (b) Balance sheet of Uniswap.

(1) (3) (1) (3)
ST S ST S
Assets $000 $000 Assets $000 $000
Value Locked - DAI 2,000 2,900 Value Locked - ETH 1,800 900
Receivables - dETH 900 900 Value Locked - DAI 1,800 2,700
Total Assets 2,900 3,800 Total Assets 3,600 3,600
Liabilities $000 $000 Liabilities $000 $000
Payables - aDAI 2,000 2,900 Payables - ETH-DAI-LP 3,600 3,600
Payables - aETH 900 900
Total Liabilities 2,000 3,800 Total Liabilities 3,600 3,600

(d) Consolidated balance sheet
of Aave and Uniswap.

(c) Dynamics of TVL.

(1) (3) (1) (3)
ST S ST S
$000 $000 Assets $000  $000
Value Locked 5,600 5,600
Total Assets 5,600 5,600
Liabilities $000 $000
Payables 5,600 5,600
Total Value Locked 5,600 6,500 Total Liabilities 5,600 5,600

who provide loans to borrowers (step 1) and issue a promis-
sory note (step 2) to pledge the promissory note (step 3) and
borrow money from the bank (step 4) [5].

Table 2 shows the balance sheets of Lido and MakerDAO,
and the consolidated balance sheet of the DeFi system con-
sists of Lido and MakerDAO. In S\S;), the value of the DeFi
system is $1m, where S represents a NCB stablecoin (see See
Table 4 for a comprehensive list of notations). However, if we
deposit the receipt token wstETH from Lido into MakerDAO
to issue another receipt token DAIL the TVL will be $2m
under the traditional TVL measurement. The balance sheets
are expanded and the TVL is double-counted due to the ex-
istence of wstETH. In the consolidated balance sheet, the
TVL is adjusted to $1m after eliminating the value associated
with the wstETH.

3.2.2 Leveraging. As illustrated in Figure 3d, the leveraging
operation in DeFi can be related to the leveraging process
in TradFi. In TradFi, the investor can use her house as col-
lateral (step 1) to borrow cash (step 2) and then use cash
to buy another house (step 3). In the scenario of Figure 3b,
we assume that liquidity providers have already supplied
$900k ETH to Aave and $1.8m ETH along with $1.8m DAI to
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Uniswap to facilitate swaps and borrowing. Initially, Aave
has $900k ETH in assets and $900k worth of aETH in lia-
bilities, while Uniswap holds $1.8m ETH and $1.8m DAI in
assets and $1.8m worth of ETH-DAI LP tokens in liabilities.
An investor provides $2m DAI (step 1) as collateral to borrow
$900k ETH (step 3) in Aave, swaps the borrowed $900k ETH
to $900k DAI (step 4) in Uniswap, and then deposits $900k
DAI (step 5) from Uniswap in the Aave to issue the receipt
token aDAI (step 6).

Table 3 shows the balance sheets of Aave and Uniswap, and
the consolidated balance sheet of the DeFi system consisting
of Aave and Uniswap. In SL(I), the value of the DeFi system
is $5.6m. However, if the user borrows $900k ETH, swaps
the ETH into DAL and deposits the DAI into Aave, the TVL
will be $6.5m under the traditional TVL measurement. This
TVL is also double-counted because it includes DAL In the
consolidated balance sheet, the TVL is adjusted to $5.6m
after eliminating the value associated with DAL

3.3 Limitations in Existing Methodologies
Addressing Double Counting

Some DeFi tracking websites strive to mitigate the issue of
double counting, yet they may not be able to eradicate it
entirely. The methodology put forward by DeFilLlama, as
elaborated in §2.2.4, encounters limitations due to the vary-
ing degrees of double counting across different protocols.
Thus, simply excluding a particular category of protocols
does not suffice to address the problem of double counting
comprehensively. This is further illustrated through the ex-
ample of Figure 3a, highlighting MakerDAO and Aave, where
double counting is evidenced through a balance-sheet anal-
ysis, as shown in Table 2. Despite we show the occurrence
of double counting within Aave, DeFiLlama accounts for
Aave’s TVL (see Figure 2).

4 ENHANCED MEASUREMENT
FRAMEWORK

In the following section, we formalize the TVL to show the
risk under the traditional TVL framework and introduce our
new measurement framework called total value redeemable
(TVR) to accurately assess the value within the DeFi ecosys-
tem.

4.1 DeFi Token Classification

To formalize TVL and derive TVR, we initially classify DeFi
tokens U into plain tokens ¥ and derivative tokens TC,
which can be represented as U = F U 7C. See Table 4 for a
comprehensive list of notations. We provide the following
definitions for the plain and underlying tokens:
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Table 4: Mathematical notations in formalization.

Notation Definition

DeFi token classification

Set of staked DeFi tokens.

Set of plain tokens

Set of derivative tokens

Set of governance tokens such as MKR

Set of native tokens such as ETH

Set of non-crypto-backed (NCB) stablecoins such as USDT
Set of crypto-backed stablecoins

0Lz LY

TVL formalization
TVL, TVL of a DeFi system at time ¢
TVL;; TVL of a DeFi protocol i at time #

I; Set of DeFi protocols at time ¢
Py Set of PLF at time ¢
Sot[: Set of non-PLF at time ¢
Tit Set of token staked in protocol i at time ¢
Pit Price of token i at time ¢
qit Quantity of token i staked in the DeFi system at time #
Endogenous derivative token price formalization
d Derivative token d; d € TC
u Underlying token u of derivative token d
7] Ultimate underlying token @ of derivative token d
La Set of the underlying tokens of derivative token d
Bus The ratio between underlying token u quantity and deriva-
tive token d quantity
€dr Short-term depegging of derivative token d price due to

secondary market’s demand and supply dynamics at time ¢
Pd.r The pegged value of crypto-backed stablecoin d at time # set

by the CDP

I; The ratio of total collateral value to total debt value in a CDP
at time ¢

Endogenous token quantity in PLF formalization

S Close factor for a specific threshold in a PLF, the proportion
of collateral wiped out in the liquidation

14 Threshold for the health factor subjected to different close
factors

a The liquidation threshold for a collateral, a percentage at

which a position is defined as undercollateralized

h The health ratio computed from the PLF user’s collateral
value in USD multiplied by the current liquidation threshold
o for each of the user’s outstanding assets c at time ¢,
divided by the user’s borrow value in USD

H The profitability ratio of an account in a liquidation, com-
puted from the total collateral value in USD divided by the
total debt value in USD

D Set of token borrowed
TVR formalization
Pa: Total payables in the balance sheet of account a at time ¢
Ra: Total receivables in the balance sheet of account a at time ¢

Money multiplier
MPeFi DeFi money multiplier computed from TVL divided by TVR
Ml radFi  TradFi money multiplier computed from M2 divided by M0
CPI; Sticky price consumer price index less food and energy at
time ¢
FFER; Federal fund effective rate at time ¢
S&P; S&P Cryptocurrency Broad Digital Market Index at time ¢
Gas; Ethereum gas price at time ¢

ETH, Ether price at time ¢

Definition 2 (Plain Token). A DeFi token without underly-
ing tokens.

Definition 3 (Derivative Token). A DeFi receipt token or
I-owe-you (IOU) token generated in a given ratio by lock-
ing a designated quantity of its underlying tokens into the
smart contract of the protocol to represent the ownership of
underlying tokens for future redemption.

In the example used in Figure 1, ETH is a plain token that is
initially deposited in the system and has no underlying token.
Instead, other tokens (stETH, wstETH, DAIL, aDAI, a3CRYV,
and cvxa3CRYV) are derivative tokens with underlying tokens.

According to Definition 2, we can further classify plain
tokens into governance tokens G, native tokens N, and non-
crypto-backed (NCB) tokens S, which can be expressed as
¥ = G UN US. Native tokens, encompassing both layer 1
and layer 2 tokens, along with governance tokens, serve as
representative units of value within the blockchain and DeFi
projects and have no underlying token, respectively [14-16].
NCB stablecoins refer to stablecoins that are not backed by
other cryptocurrencies.

4.2 Formalizing TVL

4.2.1 TVL formula from the classification. Based on the clas-
sification of derivative tokens and plain tokens in §4.1, we
can compute the TVL by summing the total value of plain
tokens and derivative tokens locked in the system:

TVL =Y ( > pre-qre+  ». ppe-dpe) ()

icl; feFnNTis f/eqrtcm‘yl’.t

Plain Tokens Derivative Tokens

4.2.2 Endogenous derivative token price. Derivative tokens
have endogenous prices determined by the underlying token
prices. According to Definition 3, the relationship between
the quantity of issued derivative tokens and their locked
underlying tokens is defined by a specific ratio. The price of
the derivative token is also pegged in a specified ratio, with
fluctuations influenced by the secondary market’s demand
and supply dynamics.

For derivative tokens that are not crypto-backed stable-
coins generated by the CDP, the following relationship exists
between the price of the derivative token and the price of all
its underlying tokens:

Pa:(PresPots - - Par) = Z Bui - Dus +€ay (3)

uely

where d € {x|x € 7C x ¢ C}. The temporary depegging
€4 is exogenous, being associated with the token’s supply
and demand dynamics as well as liquidity factors. For exam-
ple, stETH depegged in 2022 due to the selling pressure from



Celsius and market illiquidity [44]. For crypto-backed sta-
blecoins generated by the CDP, the relationship is different
due to the overcollaterization mechanism. The overcolla-
terization mechanism requires that CDP users should keep
the collateral value higher than the debt value to a certain
extent, ensuring the overall solvency of the system. Other-
wise, the liquidation of the user account will be triggered,
wiping out the user’s collateral. The relationship between
the crypto-backed stablecoin and its underlying tokens is as
follows:

\%
.

Pdt + €ds I;

Z Z Pu,tqu,t

ac AueT,

— ——— t€&s;
Z qd.t

aceA

Z Z PutQu,t

acAuecT,
1'} = u

Z Pd.t49d,t
acA

Pat(PrePots - Par) =

I} <1

©

where d € C. Appendix C shows a detailed explanation
of the derivative token pegging mechanism that supports
Equation 3 and Equation 4.

DeFi composability allows the underlying token of a de-
rivative token to serve as the derivative token of another
token, as illustrated in Figure 1 and Figure 3a. We can derive
the derivative token price function in terms of its ultimate
underlying token, which belongs to the category of plain
tokens:

Pai(PrePots - Pat) =
[Pd,t °Pdyt---© Pd,,,t] (Prt: P2ts - - > Pat)

where @ € ¥ and o is the function composition operator.

®)

4.2.3 Endogenous token quantity in PLF. Tokens staked in
a PLF, including CDPs such as MakerDAO or lending pro-
tocols such as Aave, have a token quantity determined by
the token price due to the liquidation mechanism. The quan-
tity of tokens staked in a PLF is equal to the summation
of the quantity of this token across all accounts. A drop in
collateral price results in a reduction of the account’s health
ratio, leading to different scenarios: (1) When the health ra-
tio of an account, denoted as h.;, is greater than or equal
to 1, the account is deemed safe, and the quantity of collat-
eral in the account remains unchanged, represented by g ;.
(2) When the health ratio of an account A falls below 1, the
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user may face liquidation, prompting the smart contract to
transfer varying proportions of collateral g. 5, and sell it
off. Additionally, when the profitability ratio of an account,
represented by H,;, is greater than or equal to 1, it indicates
that the total collateral value is sufficient to cover the to-
tal debt value. In this scenario, the liquidation is deemed
profitable for liquidators, leading to a successful liquidation.
As stated in §2.2.1, health ratios h., falling below distinct
thresholds ¢, will result in different proportions &, of collat-
eral being subject to liquidation. (3) If the profitability ratio
of an account, denoted as He;, is less than 1, the liquidation
is considered unprofitable for liquidators, rendering the liqui-
dation unviable and the quantity of collateral in the account
unchanged, represented by g, ;. For plain tokens staked in
the PLF, the token quantity can be expressed in Equation 6.

qe,t hey >1orHep <1
et [1 - 50] l//1 < hc,t < 1and HC’[ >1
Qes[1-611 Y2 <her<yrandHep 21
qc,t(pc,t) = Z .
aeA .
qc,t [1 - 51171] ¢n < hc,t < [ﬁnfl and Hc,t >1
QC,t [1 - 5n] hc,t < ¢n and Hc,t >1
Z Qc,tPe,tqc,t Z Pe,tqct
hc’t _ ceFrNTg Hc,t _ ceFrNTg
Z Pbtqb,: Z Pb,tqb,t
beD, beD,

(6)

The quantity of derivative tokens locked in the PLF can be
influenced by the price of their ultimate underlying tokens
due to the endogenous derivative price. When derivative
tokens are staked in the PLF account as collateral, the health
factor h.; of the account can be expressed as a function
of their underlying token prices h¢;(p1s, pass---» Pat) ac-
cording to §4.2.2. Since the health factor is the condition of
Equation 6, the quantity of derivative tokens locked in the
PLF can also be the function of its ultimate underlying token

prices ge¢(Pi: Pats - - -» Pat)-

4.2.4 TVL as a function of ultimate underlying tokens price.
According to §4.2.2 and §4.2.3, we can further split the TVL
into the following four categories: dollar amount of plain
tokens in non-PLF (f € ¥; N 7;;), plain tokens in a PLF
(f e 7‘;[: NTit), derivative tokens in non-PLF (f” € th NTit),
and derivative tokens in a PLF (f” € T;C N 75¢). Therefore,
we can further derive the following function of TVL in terms
of ultimate underlying tokens from Equation 2:
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4.2.5 Metrics inflation and decentralized financial contagion.
The existence of derivative tokens not only inflates the actual
value locked by DeFi users but also serves as the channel for
the spread of decentralized financial contagion. The value of
derivative tokens in Equation 7 represents the market worth
of tokens created through the wrapping process illustrated
in Figure 3a, leading to double counting. Furthermore, due
to the endogeneity discussed in §4.2.2 and §4.2.3, the value
of derivative tokens will also contribute to the TVL decrease,
liquidations, and the depegging of crypto-backed stablecoins
when the market experiences downturn, amplifying the im-
pact of price declines of their underlying tokens several times
over the value of plain tokens and making the TVL sensitive
to the change of plain token price.

4.3 Total Value Redeemable (TVR)

To address the double counting problem discussed in §3.2
and avoid incorporating the risk of decentralized financial
contagion discussed in §4.2.5, we introduce the metric TVR.

4.3.1 Definition and formalization of TVR. We offer the fol-
lowing definition along with mathematical expressions (cf.
Equation 8) for the term TVR:

Definition 4 (Total Value Redeemable). Total Value Re-
deemable is defined as the token value that can be ultimately
redeemed from a DeFi protocol or a DeFi ecosystem.

We can express the TVR of the whole DeFi ecosystem as
follows:

TVR = ) TVRy = . > pre-dp

iely iel; feFnTis

Plain Tokens

= Z( Z Pgt Qg t+ Z Pnt  qnt+ Z Ds,t * qs,t) (8)

iclr gegl neN; seSt

Governance Tokens Native Tokens NCB Stablecoins

Compared to TVL, TVR removes the derivative token value
and only includes the plain token value to eliminate the
double counting problem. The exclusion of inflated values

also decreases the complexity of the interplay within the
DeFi system, mitigating the high sensitivity of the metric
concerning the ultimate underlying tokens.

When evaluating the TVR for an individual protocol, ag-
gregating the total value of plain tokens is not applicable
anymore since there is no inter-protocol wrapping illustrated
in Figure 3a when focusing solely on a single protocol. How-
ever, a naive summation of the token value deposited in the
protocol, as done in the traditional TVL framework, is also
inappropriate. This is because leveraging (see Figure 3b) and
intra-protocol wrapping (a variant of Figure 3a) could also
lead to the double counting and inflate the protocol’s TVL
as explained in §3.2.

To avoid intra-protocol double counting, we can employ
the notations in the account-perspective balance sheet to
accurately evaluate the redeemable value of the individ-
ual protocol. We chose Lido as the case study to illustrate
intra-protocol wrapping and Aave to show leveraging be-
cause they represent the largest protocols where these in-
stances of double counting could occur. Table 5a shows the
account-perspective balance sheets of the Lido user in the
intra-protocol wrapping scenario. In this scenario, a user de-
posits 1,000 USD ETH to receive 1,000 USD in stETH in state
S\;f). Subsequently, the user deposits 1,000 USD in stETH to

generate 1,000 wstETH in state S\g). From the user’s stand-
point, irrespective of the frequency of intra-protocol token
wrapping, the total value of receivables remains constant
at $1 million in this scenario. Table 5b shows the account-
perspective balance sheets of the Aave user in the leveraging
scenario, as illustrated in Figure 3b. When users take leverage
to expand both protocol’s (see Table 3a) and their account’s
balance sheet, the total value of payables indicates the extent
to which receivables are inflated, which is $900,000 in the
scenario. Calculating the difference between the total value
of receivables and the actual receivables helps offset this
inflation. Therefore, the TVR of an individual DeFi protocol
i at time t can be expressed as follows:

TVRie= > Rat — . Pas )

aceA acA
L ———

Total Receivables ~ Total Payables

4.3.2  TVR Algorithm. We propose the algorithm for the TVR
measurement framework. To optimize time complexity, we
integrate a hash set to filter plain token values among the
breakdowns of protocol tokens for TVR calculation. First,
we insert all plain tokens into the hash set. Then, we fetch
on-chain token breakdowns of all protocols at this moment.
Next, we check whether the token is in the hash table. If the
token is in the hash table, its value will be added to the TVR.



Table 5: Account-perspective balance sheets of the Lido
user and the Aave user. In the Lido scenario, the user
deposits 1,000 USD ETH to receive 1,000 USD stETH
and further deposits 1,000 USD stETH to generate 1,000
wstETH. The Aave scenario aligns with the process
in Figure 3b. We highlight receivables in green and
payables in red.

(a) Lido user. (b) Aave user.

(2) (3) (1) (2) (3)
SW SW SL SL SL
Assets $000  $000  Assets $000  $000  $000
Receivables - stETH Cash - DAI 2,000 0 0
Receivables - wstETH Cash - ETH - 900 0
Receivables - aDAI
Receivables - aETH
Total Assets 1,000 1,000 Total Assets 2,000 2,900 2,900
Liabilities $000  $000 Liabilities $000  $000  $000
Payables - dETH - 900 900
Total Liabilities 0 0 Total Liabilities 0 0 0
Net Positions $000  $000  Net Positions $000  $000  $000
Initial Deposit Value - 1,000 1,000 Initial Deposit Value - 2,000 2,000 2,000
ETH DAI

Total Net Positions 1,000 1,000 Total Net Positions 2,000 2,000 2,000

Total Liabilities 1,000 1,000 Total Liabilities 2,000 2,900 2,900
and Net Positions and Net Positions

DeFillama
AP|

TVR Algorithm

HTTP calls
TVL

Measurement Protocol

Database) :

Filter

1 -
Risk /}&\ events Ay !
1 PLFUser | |
Analysis = = T Risk Algorithm Sensitivity
NE SR ) (s o
d—ct fonctions :
Ethereum Archive
P2P Network Node

(a) Data Fetching (b) Data Processing

Figure 4: Data pipeline setup overview.

5 DATA COLLECTION

The data pipeline setup is outlined in Figure 4. The data
pipeline constitutes two components: TVL measurement and
risk analysis. We crawl the tokens breakdown data and adjust
TVL (TVLfdj ) from 1st January 2021 to 1st March 2024 using
DeFiLlama API. DeFiLlama offers the most comprehensive
universe of DeFi protocols of all blockchains compared to all
other DeFi-tracing websites, as illustrated Table 1. TVL?dj is
DeFiLlama’s improved metric aimed at mitigating the double
counting problem and is regarded as flawless in §3.3. We
then aggregate the tokens breakdown of each protocol to
obtain the TVL per protocol per day (TVL; ;). Furthermore,
we sum up the TVL;, across all protocols over time to get
the total TVL over time (TVL;) and the total TVR (TVR;)
over time using the TVR filter.
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Algorithm 1 Comparative sensitivity tests for the change
in TVL and TVR in terms of the ETH price decline
Input: Protocol list I;, ETH price decline in percentage d, and on-chain

data D;
Output: ATVL, ATVR,;

1: Extract ETH and its derivative token list M from D
2: for all protocol i in protocol list I; do

3: Extract token-amount (¢ iz, n,i,r) pairs for protocol i from D
4: for all token-amount pair (cp iz, an,ir) do
5: if ¢ is a plain token then
6: ATVL < ATVL —a, -d
7 ATVR « ATVL — a, - d
8 else
9: Calculate the weight f in the composition of ¢
10: ATVL <« ATVL —a, -d-f
11: end if
12: Update the token dollar amount a; ,, after price change

13: end for
14: if the protocol is a PLF then

15: Extract every account in the PLF i from D

16: for all account a € A do

17: if Health ratio is below the liquidation threshold then

18: ATVL «— ATVL —ay -d - B

19: end if

20: end for

21: if the protocol is a CDP then

22: if Total debt value is greater than total collateral value then
23: Update crypto-backed stablecoin price after depegging
24: end if

25: end if

26: for all token-amount pair (¢y i, anir) do

27: if c is a depeggd crypto-back stablecoins then

28: ATVL «— ATVL - a, - <Cbiotalcollateral

29: end if

30: end for

31: end if

32: end for

For the risk analysis, we retrieve the data by crawling
blockchain states (e.g. MakerDAO vaults data) and blockchain
events (e.g. Aave deposit events) from an Ethereum archive
node, on a dual AMD Epyc 7F32 with 128 GB DDR4 ECC
RAM, 2 x 240G Intel SSD and 2 x 16 TB Seagate EXOS in
Raid 1 configuration. An Ethereum archive node stores not
only the blockchain data but also the chain state at every his-
torical block, supporting efficient historical state query. As
of the latest information available, establishing an Ethereum
archive node requires disk space ranging from 3 TB to 12
TB. Our sample of risk analysis constitutes six leading DeFi
protocols with the highest TVL within each respective DeFi
protocol category, as shown in Figure 1. Table 6 shows the
statistics of accounts in sensitivity tests in MakerDAO and
Aave on three representative dates.
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Table 6: Statistics of accounts in MakerDAO and Aave
on three representative dates.

Maximum TVL LUNA collapse FTX collapse

PLF
(2021-12-02) (2022-05-09)  (2022-11-08)
MakerDAO 27,051 28,220 29,711
Aave 21,336 30,859 47,957

Metrics
—_— VL
TV

Dollar Amount
-
I
S
@
1

1008 - Events
—-- Max TVL
50B 4 ==- Luna Collapse
----- FTX Collapse

Figure 5: TVL and TVR over time, where the red, blue,
and black lines represent the DeFiLlama TVL subjected
to double counting, DeFillama adjusted TVL, and TVR.

6 EMPIRICAL MEASUREMENT RESULTS

6.1 TVL, Adjusted TVL, and TVR

To apply the TVR framework, we retrieve TVL data from
DeFillama from June 1st 2019 to March 1st 2024. DeFiLlama
provides raw TVL data subjected to the double counting
and adjusted TVL using its methodology to address the dou-
ble counting problem. We build the TVR from DeFiLlama
TVL subjected to double counting using our measurement
methodology.

Figure 5 shows the all-chain DeFiLlama TVL subjected
to the double counting (TVL;), DeFiLlama adjusted TVL
(TVLfdj ), and TVR (TVR;) over time. Our empirical mea-
surement reveals the level of double counting within the
DeFi ecosystem, with TVL-TVR discrepancies reaching up
to $139.87 bn, and a TVL-TVR ratio of around 2 when the
TVL reached its all-time high. Moreover, there is a distinc-
tion between DeFiLlama’s adjusted TVL and the TVR due
to differences in methodology. Before June 2022, the TVR
exceeds DeFiLlama’s adjusted TVL because the token value
deposited of removed protocols under DeFiLlama’s method-
ology is lower than the actual value that needs to be removed
within the TVR framework. Conversely, after June 2022, the
TVR falls below DeFilLlama’s adjusted TVL because the to-
ken value deposited of protocols removed by DeFilLlama is
higher than the actual value that needs to be removed within
the TVR framework. In both scenarios, the inaccurate valua-
tion of double-counted removals according to DeFiLlama’s
methodology is highlighted, as demonstrated in §3.3. How-
ever, all three metrics follow a similar trend, encompassing
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(b) Aave V2

Figure 6: Total receivables, total payables, and TVR
of Lido and Aave V2 in the Ethereum. The green area
represents the value of total receivables, the red area
denotes the value of total payables, and the blue line
illustrates the protocol TVL.

the surge during the DeFi summer, a period marked by in-
creased investor participation in the DeFi market, as well as
the sharp decline in Luna collapse on May 9, 2022 and FTX
collapse on November 8, 2022.

Equation 9 shows the total receivables, total payables, and
TVR of Lido and Aave V2 in the Ethereum. The green area
represents the value of total receivables, while the red area
denotes the value of total payables. The protocol TVL is
calculated according to the Equation 9.

6.2 TVR Decomposition

Figure 9 depicts the time series plot of the decomposition of
TVR across all chains. We observe that native tokens domi-
nate across all periods, but their percentage decreases before
February 2022. The NCB stablecoins surge before October
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(b) Observation date: 2022-05-09, which is the end of the date
of LUNA collapse.
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(c) Observation date: 2022-11-08, which is the end of the date
of FTX collapse.

Figure 7: Decomposition of TVL. We identify four pro-
tocols with the highest TVL and group the remaining
protocols under the category of "Others". The band
width represents the dollar value of tokens. The blue
band represents the TVL value, while the orange band
represents the TVR value.

2020. The percentage of governance tokens experiences a
rapid increase before January 2021 and began to decline
thereafter. All three types of tokens exhibit stability after
February 2022, with NCB tokens and native tokens almost
equally distributed. The stability corresponds to the stable
period after the LUNA crash and before the FTX collapse
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Convex

Aavev2 - MakerDAO 1

(a) Observation date: 2021-12-02, on which the TVL
reaches the maximum value during the sample period.

Convex

0

(b) Observation date: 2022-05-09, which is the end of the
date of LUNA collapse.

(c) Observation date: 2022-11-08, which is the end of the
date of FTX collapse.

Figure 8: Token wrapping network. Node size corre-
sponds to the TVL, edge width represents the dollar
amount of tokens generated from the source protocol
and staked in the target protocol, and node color re-
flects the ratio between TVL and TVR. A darker color
indicates a higher level of double counting within the
DeFi protocol.

in TVL shown by Figure 5. After the FTX collapse, the pro-
portion of native tokens rises, while the proportion of NCB
stablecoins declines.
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6.3 Risk Analysis

To examine the financial contagion risk derived from the
existence of derivative tokens, as discussed in §4.2.5, we con-
duct comparative sensitivity tests for the change in TVL and
TVR in terms of the ETH price decline according to Equa-
tion 7. For tractability, we assume that in each liquidation,
only one rational liquidator will participate, liquidate the
maximum amount of collateral possible, and seize borrowed
assets based on their share of the user’s total debt. Leverag-
ing on the data for the six leading DeFi protocols in Figure 1,
these tests are conducted on three representative dates, con-
sidering different sets of parameters. In Table 7, we set the
default value of certain parameters and discuss the plausi-
bility of selected values for risk-specific parameters via the
reference of documentation. We detail how we implement
the sensitivity test in Algorithm 1.

Figure 8 shows the double counting that happened among
the six leading protocols. We observe that from the point
when TVL reaches the maximum value until the collapse
of LUNA and FTX, the TVL of protocols, excluding Lido,
contracts. Additionally, the overall wrapping effect dimin-
ishes. These observations align with the overall DeFi system
dynamics illustrated in Figure 5. Since almost all LP tokens
generated from the curve can be staked in convex, the wrap-
ping effect between the Curve and the Convex is significant.

In Figure 10, we show how Aryp and Arygr change with
derh. Arvi curves and Aryg curves with the default param-
eter setting are plotted in the red lines, which are compared
with A7y curves and Aryg curves with different parameter.
Irrespective of parameter values, the Aty curve is always
convex due to the existence of liquidation mechanism in
PLFs and more sensitive to dgry than the Arygr curve due
to the existence of double counting, which aligns with the
reasoning in §4.2.5.

Next, we discuss how the value setting of other parameters
in Equation 6 affects Aty and Aryg.

(1) Close factor §y: As shown in Figure 10, ceteris paribus,
higher § leads to greater drop in Aryr and Aryg.
This is true for both § aave and 8o mxr. The drop in
Aty under o mxr is greater than &y 4ave since the
MakerDAO’s TVL is higher than Aave V2’s TVL.

(2) Liquidation threshold ;. In Aave V2, {5 4avE cor-
responds to the close factor 8; aave = 100%, which
means that all collateral will be wiped out during
the liquidation when the health factor of an account
reaches /1 aavE. As shown in Figure 10, ceteris paribus,
higher ¢ 4avE leads to earlier drop in Aryy and
ATyr.
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Figure 9: Non-derivative tokens locked in the DeFi be-
fore 1st June 2023. The rise of governance tokens and
NCB stablecoins weakens the dominance of native to-
kens before October 2020. Three types of tokens re-
main stable after July 2022 with native tokens and NCB
tokens almost equally distributed. Three vertical lines
mark significant events: the peak TVL on December
2, 2021; the collapse of LUNA on May 9, 2022; and the
collapse of FTX on November 8, 2022.

6.4 DeFi Money Multiplier

Similar to traditional finance, investors can take leverage in
DeFi. TVR shares similarities with M0, the monetary base in
economics, encompassing cash and bank deposits—representing
the value directly withdrawable from the system. In com-
parison, TVL can be likened to M2, which includes MO0 plus
checking deposits and other short-term deposits.

The M2 to MO ratio, akin to the traditional “money multi-
plier”, characterizes the proportion of investor deposits that
can be utilized by the bank [26]. Drawing a parallel, we can
divide TVL by TVR to compute the DeFi money multiplier:

MtTraFi _ TVL,

- 10
TVR, (10)

This ratio mirrors the double counting and wrapping effects
within the DeFi ecosystem, similar to the traditional finance
concept of the money multiplier. Figure 11 plots the DeFi
money multiplier.

Table 9 shows the Spearman’s rank correlation coefficients
[52] between the DeFi money multiplier (MP¢f?), key macroe-
conomic indicators in the US, and representative crypto mar-
ket indicators. The observed positive correlation between the
DeFi money multiplier and cryptocurrency market indica-
tors such as S&P Cryptocurrency Broad Digital Market Index
(S&P;), Ethereum gas price (Gas;), and Ether price (ETH;)
is significant. During bullish periods in the cryptocurrency
market, investors exhibit a propensity for increased invest-
ment in DeFi, concurrently opting for leveraged positions.
The DeFi money multiplier is significantly negatively corre-
lated with the TradFi money multiplier (M]74#F?), showing
the substitution effect between the TradFi market and DeFi.
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Table 7: Default value of parameters.

Value
Parameters Reference Maximum TVL LUNA collapse FTX collapse
(2021-12-02) (2022-05-09) (2022-11-08)
PETH CoinGecko $4075.03 $2249.89 $1334.29
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Figure 10: Change in TVL Ary; and TVR Aryg as a function of ETH price decline in percentage d on three
representative point with different parameter values. Subfigures within a row represent sensitivity tests conducted
under the same snapshot, whereas subfigures within a column display sensitivity tests implemented under three
different sets of values for a given parameter.

As a robustness test, we also calculate Spearman’s rank cor- The DeFi money multiplier, derived from the TVR and
relation coefficients [52] between the natural logarithmic TVL, affords a discerning perspective on the prevalence of
return of these indicators to make variables stationary.
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Figure 11: DeFi money multiplier computed from TVL
divided by TVR.

double counting and the wrapping effect within the decen-
tralized finance DeFi realm. This metric assumes significance
not only for investors navigating the intricacies of DeFi but
also for policymakers seeking to comprehend and address
systemic risks within this decentralized financial ecosystem.

7 RELATED WORK
7.1 Total Value Locked

Chiu et al. [2023] leverage on a standard theoretical production-
network model to assess the value added and service outputs
across various DeFi sectors. Saengchote [2021] examines
the flow of a stablecoin between protocols, offering indica-
tive evidence of DeFi yield-chasing behavior, shedding light
on the true implications of DeFi total value locked. TVL is
a fundamental element in assessing the valuation of DeFi
protocols [37, 51]. Stepanova et al. [2021] investigate the
evolution of TVL. TVL can work as a valuable tool for moni-
toring market dynamics and assessing the risk of bubbles in
the digital financial landscape [43].

7.2 Double Counting

Double counting is also common in macroeconomics and
the carbon market. The input-output framework that is used
to avoid double-counting is well-known in economics [34-
36]. Double counting, leading to poor emissions accounting,
has the potential to undermine carbon markets. Schneider
et al. [2019] emphasize the pivotal role of addressing dou-
ble counting in achieving the goals of the Paris Agreement
and identify key elements for a robust resolution that en-
sures environmental effectiveness and enables cost-effective
mitigation.

7.3 Risks in DeFi

Many researchers study the liquidation risks, financial stabil-
ity risks, and fragility in the DeFi lending market [12, 19, 48].
Bekemeier [2021] examines the systemic risk in DeFi. Qin et
al. [2022] quantify the on-chain leverage risk in DeFi. Nadler

et al. [2023] introduce a fully decentralized insurance proto-
col based on smart contracts to allow risk transfer in DeFi.
Tzinas and Zindros [2023] study the principal-agent problem
in the context of liquid staking, which leads to unexpected
risks due to delegation.

7.4 Financial Contagion

Financial contagion is the transmission of market distur-
bances, typically negative, across borders on an international
scale or between banks domestically [7]. Debates persist re-
garding the underlying causes of financial contagion. [40]
empirically investigate the pricing dynamics of subprime
asset-backed collateralized debt obligations (CDOs) and their
contagion impact on other markets. [4] and [39] investigate
financial contagion arising from financial links among fi-
nancial intermediaries. [29] document that interconnected
trade relations and shared exposure to a common creditor
can explain previous clusters of crises, including not only the
debt crises of the early 1980s and 1990s but also the historical
trend of contagion. [32], [30], [31], [10], and others, outline
mechanisms where negative shocks in one market signify the
arrival of economic news directly impacting collateral values
or cash flows associated with securities in other markets. In
this scenario, contagion can be seen as the transmission of
information from more-liquid or swiftly price-discovering
markets to others. [58], 3], [40], and additional researchers
suggest that a significant negative shock in one market could
lead to an elevation in the risk premium in other markets.
In this scenario, contagion arises as adverse returns in the
distressed market influence subsequent returns in other mar-
kets through a time-varying risk premium.

8 DISCUSSION

Despite the valuable contributions made, this paper acknowl-
edges certain limitations.

8.1 Granularity

One notable area for potential expansion involves extending
the concepts of TVR and TVL beyond the protocol level to
the smart contract level. Within the DeFi ecosystem, there
exist not only protocols built on smart contracts but also
isolated token contracts that could play a role in generating
derivative tokens. A direction for future studies could involve
broadening the scope of TVL and TVR. Researchers might
consider encompassing the aggregation of all DeFi smart
contracts. This approach would provide a more comprehen-
sive understanding of the total value and risk within the DeFi
landscape, offering insights into the broader implications of
these metrics.
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Table 8: Spearman’s rank correlation coefficients [52] between macroeconomic indicators, cryptocurrency market
indicators, and DeFi money multiplier computed from TVL and TVR. *, **; and *** denote the 1%, 5%, and 10%
significance levels, respectively.

Macroeconomic / TradFi indicators

Cryptocurrency / DeFi indicators

CPI, FFER, VIX, M]radFi Gas, ETH, S&P; MPeFi
P,
CPL, 0.71%** -0.19 0.06 -0.01 0.28* 0.07 0.25
FFER
Lo071 -0.43%** 0.22 -0.33* -0.05 -0.22 -0.05
VIX: -0.19 -0.43 -0.15 0.09 -0.21 -0.19 -0.18
MTradFi
! 0.06 0.22 -0.15 -0.36™ -0.66™* -0.70%*
Gas
001 -0.33* 0.09 -0.36™ 0.64"" 065" 0.55
ETHt Hokok Skokk Hokok
0.28" -0.05 -0.21 -0.66 0.64 0.91
S&P;
0.07 -0.22 -0.19 -0.70"** 0.65* 0.91"
MDeFi
t 0.25 -0.05 -0.18 0.55*** 0.91** 0.91%**

Table 9: Spearman’s rank correlation coefficients [52] between the natural logarithmic returns of macroeconomic
indicators, cryptocurrency market indicators, and DeFi money multiplier computed from TVL and TVR. *, **, and

*** denote the 1%, 5%, and 10% significance levels, respectively.

Macroeconomic / TradFi indicators

Cryptocurrency / DeFi indicators

CPI FFER VIX, M]radri Gas ETH, S&P, MpPeri
In CPL, In FFER, 1 VIX, S In M:T;;zdﬂ In Gas, In ETH, 1 &P, In M:IﬁFi
In CPL
1 2PI, 0.30* -0.11 0.40** -0.03 0.06 0.04 -0.01
In FFER:
FFER, 1 30" -0.26 0.69%* -0.08 0.09 0.07 -0.16
In VIX:
VIXi— -0.11 -0.26 -0.25 -0.09 -0.17 -0.25 0.02
1 M[TrudFi
n —t—-—
/Vg_rl“dh 0.40** 0.69*** -0.25 -0.04 -0.05 -0.06 -0.08
1 asy
1 Gas, -0.03 -0.08 -0.09 -0.04 0.56™** 0.49*** 0.08
In ETH:
ETH;— 0.06 0.09 -0.17 -0.05 0.56™* 0.88™** 0.17
In S&P:
S&P;- 0.04 0.07 -0.25 -0.06 0.49*** 0.88™** 0.33*
1 MtDeFi
n —t——
MPer -0.01 -0.16 0.02 -0.08 0.08 0.17 0.33*

8.2 Subjectivity

This paper acknowledges the subjective nature of TVR mea-
surement, highlighting the absence of a clear method for
automating it. Careful manual processing is essential for dis-
tinguishing between plain and derivative tokens. Variation
in lists of plain tokens may result in different TVR. Due to re-
source constraints, this paper opts to retrieve the plain token
list from CoinMarketCap rather than label it. Future research
could explore automation techniques for distinguishing plain
and derivative tokens.

9 CONCLUSION

This paper empirically analyzes how double counting arises
in the traditional TVL framework. We introduce an enhanced
measurement framework, the TVR, to evaluate the actual
value locked within a DeFi system and mitigate double count-
ing. By decomposing TVL of all DeFi protocols and calculat-
ing TVR, we find a substantial amount of double counting
within the DeFi system, with a maximum of 182.15 billion
with a TVL-TVR ratio around 3. We track the evolution
of token composition in TVR over time. Additionally, we
uncover the escalating crash risk stemming from double
counting within the traditional TVL framework, employing
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the systems of two prominent protocols. We highlight the
pronounced sensitivity of TVL to token prices when double
counting exists, showing that TVR is a more stable metric
when compared to TVL. We propose the DeFi money mul-
tiplier, drawing parallels with the TradFi macroeconomic
money multiplier. The DeFi multiplier utilizes both TVR and
TVL to quantify double counting. We document that the DeFi
money multiplier is positively correlated with crypto market
indicators and negatively correlated with macroeconomic
indicators.
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APPENDIX
A ETHICS

This work does not raise any ethical issues

B DEFI BOOKKEEPING

We model value transfers of common transactions in DeFi
protocols via the double-entry bookkeeping in the traditional
accounting framework. The double-entry booking keeping
has two equal journal entries known as debit (Dr.) and credit
(Cr.), which represent a transfer of value to and from that
account, respectively [28]. The credit side should be indented.

C DERIVATIVE TOKEN PEGGING
MECHANISM

For derivative tokens that are not crypto-backed stablecoins
generated by the CDP, In cases where the pegged value of the
derivative token deviates from the market value, it becomes
subject to the arbitrage processes outlined in Arbitrager’s
Strategy 1 for values above the market and Arbitrager’s Strat-
egy 2 for values below the market.

For crypto-backed stablecoins generated by the CDP, the
stablecoin value is pegged to the value of fiat currency through
two mechanisms if the total debt value Z pd.rqd4;: is above

aceA
the total collateral value . 3, pu:qu. Crypto-backed sta-
acAueT,

blecoins utilize CDP User’s Strategies 3 and 4 for pegging. To
enhance liquidity and pegging stability, some CDPs employ
a pool between crypto-backed and non-crypto-backed sta-
blecoins (e.g., MakerDAO’s peg stability module [42]), which
allows swapping between the two stablecoins. This setup en-
ables Arbitrager’s Strategies 1 and 2 to facilitate the pegging.
If the total debt value L is below the total collateral value,
the crypto-backed stablecoins will depeg, with their price
equal to the pegged value times the ratio between the total
collateral value and debt value.

D ESOTERIC BLOCKCHAIN ANALYSIS

To gain a broader understanding of the double-counting is-
sue, we analyze two esoteric blockchains: Hedera ranked
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Table 10: Journal entries of common transactions in DeFi protocols.

Protocol Transaction Definition Journal Entry Quantity Amount Type f‘:::::elteion
User supplies g1 tokens T with dollar price p gi {R/zi;vz:iseé f T as s i‘p S izzztz
MakerDAO  Borrowing. as collateral to mint gg stablecoins S with dollar ) qar qr X PT e 0x959...0adb
price ps Cr. New Money - S qs qs X ps Liabilities
e Cr. Payables - T qr qr X pT Liabilities
Stability fee X L Dr. Receivables - S Is Is X pg Assets
MakerDAO accrualS.I Debt accrues I when its dollar price is pg. Cr. Unrealized Gain - S Is S I:‘; s Equities -
Repayment Dr. New Money - S X Liabilities
and  col-  User repays qg stablecoins S with dollar price Dr- Payables )']I‘ as qs XPS Liabilities
MakerDAO  lateral s and withdraws g collateral T with dollar Ay . qar ar X PT I 0x284...701e
with price p Cr. Receivables - S qs qs X ps Assets
- T >
drawal. Cr. Value Locked - T qr qr X pT Assets
MakerDAO ;:;ilzt:}:;i& ZT collateral experiences price appreciation  Dr. \(/:arlu;achbll(:sd:TT Ap R qr X A‘Z A f;;ﬁties .
ciation. P Ay 14 ar 14
Collateral . . L .
. - X
MakerDAO  price depre- ZT collateral experiences price depreciation  Dr. }::ayei)lles LT rd Ap R qr A‘i A I‘;ablthtles :
. r. Value Locked - ssets
ciation. 4 14 qar 14
Aliquidation penalty & applies to the initial debt ~ Dr. Receivables
MakerDAO Liquidation  and accrual stability fee when the collateral-to- - §(qs + Is) 6(qs +1Is) 8(qs +1Is) X ps Assets .
penalty. debt ratio of the user’s vault is lower than the Cr. Unrealized Gain 8(gs +1s) 8(gs +1Is) X ps Equities
liquidation ratio. -8(gs +1s)
The liquidator wins in the debt auction, sellsg7 ~ Dr. New Money - S qs qs X ps Liabilities
Liquidation collateral with dollar price p7, and repays debt ~ Dr. Unrealized Gain - S Is +6(qs +1s) (Is+8(qs +1s)) X ps Equities
MakerDAO se?tlemem gs. liquidation penalty 5(gs+Is ) and stability ~ Dr. Payables - T qr qr X pT Liabilities ~ 0x4d0...cbb4
" fee Ig with dollar price pg of the liquidated Cr. Receivables - S (1+6)(gs +1s) (1+98)(qs +Is) X ps Assets
vault. Cr. Value Locked - T qT qr X pr Assets
User supplies g7 tokens T with dollar price p
Aave Supplying. as collateral to issue g4 aToken A with dollar Dr. Value Locked -'T qar ar X pT A_SSE_t§ . 0xd49...8a04
R Cr. Payables - A qaA ga X pa Liabilities
price p 4
. A us-er borrm?vs gB tokens B Wlth. dollar price Dr. Receivables — D b aD X PD Assets
Aave Borrowing.  pp in a lending protocol to receive g debt 0xf7d...a661
. . Cr. Value Locked - B qB qB X PB Assets
tokens D with dollar price pp.
e Dot Dotk o v e et 5
est accrual. Pp; ‘p ; & B Cr. Unrealized Gain - B Ig Ig X pB Equities
dollar price is pg
i i g - X
Aave Repayment. A user repays g tokens B V&.’l(h dollar p-nce pB  Dr Value Lof:ked B qr qr X pT Assets 0x95¢._f410
to burn g debt tokens D with dollar price ppy. Cr. Receivables - D qp qp X pp Assets
Collateral
0, aterd qr collateral experiences price appreciation  Dr. Value Locked - T Ap qr X Ap Assets
Aave price apprez 5 Cr. Payables - T A XA Liabilities
ciation. P - rey 14 qar 4
11 1
Co. atera qr collateral experiences price depreciation  Dr. Payables - T Ap qr X Ap Liabilities
Aave price depre- A Cr. Value Locked - T A XA Assets .
ciation. P . 4 qar 4
When the healfh f-actor of fm A_ave user 15. IO\INEI Dr. Value Locked — B u(gp +1Ip) 1(qs +1B) X pB Assets
than one, the liquidator will trigger the liquida- Dr.U lized Gain - B ulg Ig X pB Equiti
. L . Unrealized Gain - quities
Aave Liquidation u?:; I:l?::qt‘ii:mr rigar}elz:il (ZD(-”DJr)ItOl;E(r;E Dr. Payables - A (g +1)(1+6) p(ge+Ig)(1+5) X pa Liabilities 0x682...7450
Ve
v settlement. W price pp ‘u_ 4p+D Cr. Receivables - D #(gB +1p) u(gp +1Ip) X pB Assets
8) collateral token T, where p is the close fac- Cr. Realized Gain - A ulg ulp X pp Equities
.tor and 6 ' th_e hqul.datlfm _bonu& The accrual Cr. Value Locked - T (g +Ig)(1+6) p(gp+IB)(1+0) XPT  Assets
interest is realized via minting atoken.
42nd in TVL and Ultron ranked 21st in TVL. Our findings D.1 Hedera

indicate that blockchains with limited infrastructure feature
simpler token-wrapping networks, which leads to less dou-
ble counting. Additionally, we observe that the DeFiLlama
framework addressing the double counting might deflate the
true value redeemable of an esoteric blockchain.

Hedera is a public hashgraph blockchain and governing body
tailored to meet the requirements of mainstream markets [6].
Figure 12 shows the token wrapping network of Hedera at
the end of the sample period. Hedera only has eight DeFi
protocols, with three projects having zero TVL and being
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Table 11: Derivative token pegging mechanism.

Arbitrager’s Strategy 1 p/;, <
uely

Z But Pus+ear de {xlxe Fl.xgC} or Py, <pPdr+edqr, d€C

1: Buy A derivative tokens d at price pg,, from the market using A - p/, , (scalar A depends on the budget).

2: Burn derivative tokens d to redeem all underlying tokens u € Ly in the given ratio f3,; in the liquidity pool.
3: Sell all underlying tokens d to get A - pg ; dollar and increase derivative token price p;‘t +1

4: Earn profit A(pg; — p:“) and repeat steps 1 to 5 until p;’[ﬂ = Pdr+1, 1€ €441 = 0.

Arbitrager’s Strategy 2 p:” > Z Put - Put +€qr, d € {x|x e ‘Fc,x ¢ C} or p;t > par+€qr, d€C

uely

1: Buy all its underlying tokens u € L in the given ratio f,,; from the market using A - p’ i’ (scalar A depends on the budget).

2: Lock all underlying tokens u in the given ratio f,, ; to issue A derivative token d in the liquidity pool.
3: Sell A derivative token d to get A - pg; dollar and reduce derivative token price p;, ,. ;.

4: Earn profit /l(p;“ — pd,+) and repeat steps 1 to 5 until p"d 41 = Pd,t+1; L€ €dpr1 =0.

pdt +€dr
Vault Owner’s Strategy 1 p/,, <
’ YacA SucTy Put Qut

ZaeA LucTy Putut
ZaeA Pd,t9d,t

ZaeA LueTg Putqut

>1

+e
YacA dd.t st

YacA Pd,td,t

<1

1: Buy qg, crypto-backed stablecoin d at price pd , from the market, with the total cost being the dollar amount of debt g4, [pd -

2: Repay L debt to unlock all collateral from the CDP.

3: Save a cost of qa,¢ (pa,r — p);,) to unlock all collateral and increase crypto-backed stablecoin price by decreasing its supply.

Pd.t +€dt
Vault Owner’s Strategy 1 p/,, >
’ ZaeA Zuen Pu,tQu,t

ZaeA TueTg Putdut
YaeA Pdt9d t

ZacA LucTy Putqut

+e
YacA 9dr st

YacA Pd,t9dt

<1

1: Observe that crypto-backed stablecoin price pd in the market is higher than its peg value pg;,ie. €5, > 0.
2: Supply more collateral to increase the collateral-to-debt ratio to decrease the probability of liquidation.

3: Decrease crypto-backed stablecoin price by increasing its supply.
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Figure 12: Token wrapping network of Hedera on the
observation date: 2024-03-01, which is the end of the
sample period. Node size corresponds to the TVL, edge
width represents the dollar amount of tokens gener-
ated from the source protocol and staked in the target
protocol, and node color reflects the ratio between TVL
and TVR. A darker color indicates a higher level of dou-
ble counting within the DeFi protocol.

shut down. Among the other six protocols, only one lig-
uidity staking protocol named Stader can generate receipt
tokens that can be subsequently deposited into other proto-
cols. Compared to the networks in Ethereum mentioned in
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Figure 13: TVL and TVR of Hedera over time, where
the red, blue, and black lines represent the DeFiLlama
TVL subjected to double counting, DeFillama adjusted
TVL, and TVR.

§6.3, Hedera has a simpler token-wrapping network, thus
experiencing less double counting under the TVL framework.
Figure 13 shows the TVL and TVR of Hedera.

D.2 Ultron

Ultron is an esoteric layer 1 blockchain [57] with three DeFi
protocols in its ecosystem. The Ultron Staking Hub NFT,
created by the Ultron Foundation, serves as a digital asset
growth instrument allowing users to earn daily annual per-
centage rate (APR) returns in Ultron native tokens. Each user
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Figure 14: TVL and TVR of Ultron over time, where
the red line represents the DeFiLlama TVL subjected
to double counting and TVR. The blue line represents
the DeFillama-adjusted TVL. The left-hand-side y-axis
denotes the dollar amount of DeFillama-adjusted TVL,
while the right-hand-side y-axis represents the De-
FiLlama TVL subjected to double counting,.

Name Category TVL +
Ultron Staking Hub ... Staking Pool ® $460.65m
H1 o 1chain
UltronSwap Dexes $6.87m
H 2 1chain
Q3 4 iZiSwap Dexes $201,482

21 chains

Figure 15: DeFiLlama removes the TVL of the Ultron
Staking Hub NFT protocol from Ultron’s TVL exclud-
ing double counting, as this protocol falls under the
category of protocols that deposit into another proto-
col.

can mint non-fungible tokens (NFTs) and stake them on the
protocol for 5 years with a vesting schedule. All liquidity is
securely locked within a staking smart contract and can be
claimed at specific timelines. UltronSwap and iZiSwap are
two DEXs on Ultron.

Ultron does not involve wrapping or leverage. NFTs minted
by Ultron Staking Hub NFT and LP tokens generated by two
DEXs cannot be further deposited into other protocols. There-
fore, Ultron is not subject to the double counting problem
under the TVR framework. However, DeFiLlama removes
the TVL of the Ultron Staking Hub NFT protocol from Ul-
tron’s TVL excluding double counting, as this protocol falls
under the category of protocols that deposit into another
protocol. DeFiLlama’s methodology is inaccurate as demon-
strated in §3.3, making the DeFillama-adjusted TVL of Ultron
significantly lower than its TVR as shown in Figure 14.
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