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Abstract

We examine the effect of market efficiency on the efficiency of capital allocation in the set-

ting of decentralized exchanges of crypto assets. Utilizing data on nearly 100 million trades in

concentrated liquidity pools on two leading blockchains, we construct a highly granular, capital-

market-based measure of capital allocation efficiency. We also design and implement a method

of identifying market-efficiency-restoring arbitrage transactions among all blockchain transac-

tions and construct arbitrage-based granular measures of market efficiency. We find that market

efficiency has positive, economically and statistically significant, and causal impact on capital

allocation efficiency.
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In this paper we examine the impact of one important component of financial market devel-

opment — market efficiency — on the efficiency of allocation of capital in this market. Our main

result is that there seems to be a positive, statistically and economically significant, and likely

causal link between market efficiency and capital allocation efficiency.

Our setting is decentralized exchanges (DEXes) of crypto assets. The market for crypto cur-

rencies is still in its infancy: The overall crypto market capitalization is around 1.4 trillion dollars

as of November 2023, compared with roughly 100 trillion dollars capitalization of global equity

markets. Yet, this market and in particular its decentralized part, which is characterized by a

unique trading technology in which assets are exchanged without reliance on financial intermedi-

aries, present a unique laboratory for investigating our research question. The reason is that in

this market it is possible to measure both market efficiency and capital allocation efficiency at the

level of granularity unattainable in traditional financial markets.

Utilizing data on close to 100 million trades in crypto assets facilitated by so-called ”concen-

trated liquidity pools” over a 2.5-year period on two blockchains — Ethereum and Polygon —

we estimate a measure of capital allocation efficiency for every liquidity pool every week. There

are nearly 50,000 pool-week observations on Ethereum blockchain and nearly 25,000 on Polygon

blockchain. The main reason for examining two blockchains is that one of them (Polygon) serves

as a control sample in an identification test of the causal relation between market efficiency and

capital allocation efficiency on the other (Ethereum).

Our capital allocation efficiency measure is based on examining how useful concentrated liquidity

is in reducing the price impact of trades. For every pool-week, we estimate the liquidity of a

hypothetical non-concentrated-liquidity pool that would lead to the lowest average normalized

difference between the price impact that would have occurred in this hypothetical pool and the

realized price impact in the real, concentrated-liquidity pool. Our estimation procedure is able to

match trade outcomes quite precisely. We define capital efficiency as the ratio of liquidity in the

hypothetical pool with non-concentrated liquidity to the liquidity of the concentrated-liquidity pool.

This pool-week measure exhibits large cross-sectional (across pools), time-series, and cross-chain
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The reason for performing the analysis on two separate blockchains is twofold. First, due to

orders-of-magnitude differences in costs of transacting on Ethereum (where transactions tend to be

quite expensive) and Polygon (where transactions are cheap), the distributions of trades on the two

blockchains are dissimilar. There are lower economies of scale on Polygon, leading to significantly

smaller transactions on average. The vastly different distributions of transactions have important

implications for estimation of capital allocation efficiency, measurement of market efficiency, and

the relation between the two. Thus, examining transactions on Polygon in addition to Ethereum

enhances external validity of our analysis. Second, (a subset of) liquidity pools on Polygon serves

as a control sample in an identification test that we perform that is based on a significant event

affecting market efficiency that occurred on Ethereum blockchain but not on Polygon.

These trading data are vast, encompassing over 30 million transactions in concentrated liquidity

pools on Ethereum and over 45 million transactions on Polygon. The trading data was generated

from the raw blockchain data using a series of data transformations. The raw blockchain data

for Etherum, Polygon and several other chains is made available to the public in the form of

SQL tables available through publicly available datasets hosted on Google BigQuery analytical

platform. The data extraction and transformation processes required to create and update the

tables are developed and maintained by Blockchain ETL project (https://github.com/blockchain-

etl). The raw blockchain data tables contain the table of all transactions and also the table of all

log events. Log events are usually emitted by smart contracts to make the information about their

inner state available to potential consumers. For example, most AMM pool smart contracts issue

log events such as swap (when a swap operation occurs), mint (when liquidity is deposited into

the pool), burn when liquidity is withdrawn from the pool, and more. The source tables created

by Blockchain ETL contain the data in binary format, and meticulous research was required to

create mappings between binary representations of data and specific events. Using the mappings,

a multi-stage SQL transformation process was created. In the process, first the swap and liquidity

even data was extracted per protocol, then an overall table of swaps was created. In addition,

higher-level tables were also created, uniting several swaps into a logical transaction. For example,
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outcomes. We find that concentrated liquidity leads to significant improvements in trading effi-

ciency (i.e. leads to efficient capital allocation) in most cases. However, there is a sizable fraction

of observations in which concentrated liquidity results in subpar capital allocation. This highlights

the need for developing and studying optimal methods for provision of liquidity — a question that

is a subject of ongoing research.

Our market efficiency measure is based on identifying, among all blockchain transactions, arbi-

trage trades that restore market efficiency, and computing the fraction of such arbitrage transactions

out of all weekly trades in every liquidity pool. We also identify non-efficiency-restoring arbitrage

transactions and overall bot activity in each liquidity pool and control for these transactions while

examining the effect of market efficiency on the efficiency of capital allocation.

Our main finding, obtained using both large samples of pools on Ethereum and Polygon and a

smaller sample of matched pools that we use in conjunction with a shock to market efficiency on

Ethereum, is that market efficiency seems to positively influence capital allocation efficiency. We

choose the setting for analysing out research question — decentralized finance — as its characteris-

tics, such as blockchain transparency and ability to facilitate smart-contract-governed trades that

do not require financial intermediation, allow us to construct the unique measures that we use in

the empirical analysis. Notably, there are no particular features of this setting that make us believe

that our findings would not have external validity in other financial markets. In other words, an

implication of our study that developed financial markets (at least in the sense of market efficiency)

can contribute to economic growth through efficient capital allocation.

31



References

Acemoglu, D., S. Johnson, and J. Robinson (2005). Institutions as a fundamental cause of long-run growth.

Handbook of Economic Growth 1, 385–472.

Adams, H., N. Zinsmeister, and D. Robinson (2020). Uniswap v2 core. https://uniswap.org/whitepaper.pdf .

Adams, H., N. Zinsmeister, M. Salem, R. Keefer, and D. Robinson (2021). Uniswap v3 whitepaper.

https://uniswap.org/whitepaper-v3.pdf .

Amiram, D., E. Lyandres, and D. Rabetti (2023). Competition and product quality: Fake trading on crypto

exchanges. Tel Aviv University working paper.

Angeris, G., T. Chitra, and A. Evans (2023). When does the tail wag the dog? curvature and market making.

Bain Capital working paper.

Aoyagi, J. (2020). Liquidity provision by automated market makers. University of Hong Kong working

paper.

Barbon, A. and A. Ranaldo (2023). On the quality of cryptocurrency markets: Centralized versus decen-

tralized exchanges. University of Hong Kong working paper.

Beck, T. and R. Levine (2002). Industry growth and capital allocation:: does having a market-or bank-based

system matter? Journal of Financial Economics 64 (2), 147–180.

Boyd, J. and E. Prescott (1986). Financial intermediary-coalitions. Journal of Economic Theory 38 (2),

211–232.

Caparros, B., A. Chaudhary, and O. Klein (2023). Blockchain scaling and liquidity concentration on decen-

tralized exchanges. Warwick Business School working paper.

Capponi, A. and R. Jia (2023). The adoption of blockchain-based decentralized exchanges. Columbia

University working paper.

Capponi, A., R. Jia, and Y. Wang (2021). The evolution of blockchain: from public to private mempools.

Columbia University working paper.

Capponi, A., S. Olafsson, and H. Alsabah (2023). Proof-of-work cryptocurrencies: Does mining technology

undermine decentralization? Management Science forthcoming.

Cong, L. and Z. He (2019). Blockchain disruption and smart contracts. Review of Financial Studies 32 (5),

1754–1797.

Cong, L., Z. He, and J. Li (2021). Decentralized mining in centralized pools. Review of Financial Stud-

ies 34 (3), 1191–1235.

Cong, L., X. Li, K. Tang, and Y. Yang (2023). Crypto wash trading. Management Science forthcoming.

Cong, L. and Y. Xiao (2021). Categories and functions of crypto-tokens. Book Chapter in Palgrave Handbook

of FinTech and Blockchain, Palgrave MacMillan, 267–284.

32



Demirguc-Kunt, A. and V. Maksimovic (1998). Law, finance, and firm growth. Journal of Finance 53 (6),

2107–2137.

Deng, J., H. Zong, and Y. Wang (2023). Static replication of impermanent loss for concentrated liquidity

provision in decentralised markets. Operations Research Letters 51 (3), 206–211.

Diamond, D. (1984). Financial intermediation and delegated monitoring. Review of Economic Studies 51 (3),

393–414.

Durnev, A., K. Li, R. Morch, and B. Yeung (2004). Capital markets and capital allocation: Implications for

economies in transition. Economics of Transition 12 (4), 593–634.

Egorov, M. (2019). Stableswap - efficient mechanism for stablecoin liquidity.

https://classic.curve.fi/files/stableswap-paper.pdf .

Fama, E. (1970). Efficient capital markets: A review of theory and empirical work. Journal of Finance 25 (2),

383–417.

Foley, S., P. O’Neill, and T. Putnins (2023). Can markets be fully automated? evidence from an “automated

market maker. UC Berkeley working paper.

Frtisch, R., S. Kaser, and R. Wattenhofer (2023). The economics of automated market makers. ETH Zurich

working paper.

Hansson, M. (2022). Arbitrage in crypto markets: An analysis of primary ethereum blockchain data. Stock-

holm University working paper.

Hasbrouck, J., T. Rivera, and F. Saleh (2022). The need for fees at a dex: How increases in fees can increase

dex trading volume. New York University working paper.

Heimbach, L., E. Schertenleib, and R. Wattenhofer (2022). Risks and returns of uniswap v3 liquidity

providers. ETH Zurich University working paper.

Hertzog, E., G. Benartzi, and G. Benartzi (2017). Continuous liquidity and asynchronous price discovery for

tokens through their smart contracts; aka “smart tokens”. https://whitepaper.io/document/52/bancor-

whitepaper .

Jayaratne, J. and P. Strahan (1996). The finance-growth nexus: Evidence from bank branch deregulation.

Quarterly Journal of Economics 111 (3), 639–670.

Jensen, M. (1986). Agency costs of free cash flow, corporate finance, and takeovers. American Economic

Review 76 (2), 323–329.

John, K., L. Kogan, and F. Saleh (2022). Smart contracts and decentralized finance. Massachusetts Institute

of Technology working paper.

John, K., M. O’Hara, and F. Saleh (2022). Bitcoin and beyond. Annual Review of Financial Economics 14,

95–115.

33



King, R. and R. Levine (1993). Finance and growth: Schumpeter might be right. Quarterly Journal of

Economics 108 (3), 717–737.

Lehar, A. and C. Parlour (2023). Decentralized exchange: The uniswap automated market maker. UC

Berkeley working paper.

Lehar, A., C. Parlour, and M. Zoican (2023). Liquidity fragmentation on decentralized exchanges. UC

Berkeley working paper.

Levine, R. (1998). The legal environment, banks, and long-run economic growth. Journal of Money, Credit

and Banking 30 (3), 596–613.

Levine, R., N. Loyaza, and T. Beck (2000). Financial intermediation and growth: Causality and causes.

Journal of Monetary Economics 46 (1), 31–77.

Malamud, S. and M. Rostek (2017). Decentralized exchange. American Economic Review 107 (11), 3320–

3362.

Martinelli, F. and N. Mushegian (2019). A non-custodial portfolio manager, liquidity provider, and price

sensor. https://balancer.fi/whitepaper.pdf .

Milionis, J., C. Moallemi, T. Roughgarden, and A. Zhang (2022). Automated market making and loss-

versus-rebalancing. Columbia University working paper.

Nakamoto, S. (2008). A peer-to-peer electronic cash system. https://bitcoin.org/bitcoin.pdf .

Park, A. (2023). The conceptual flaws of decentralized automated market making. Management Sci-

ence forthcoming.

Rajan, R. and L. Zingales (1998). Financial development and growth. American Economic Review 88 (3),

559–586.

Saleh, F. (2021). Blockchain without waste: Proof-of-stake. Review of Financial Studies 34 (3), 1156–1190.

Schaffner, T. (2021). Scaling public blockchains: A comprehensive analysis of optimistic and zero-knowledge

rollups. University of Basel working paper.

Tobin, J. (1969). A general equilibrium approach to monetary theory. Journal of Money, Credit and

Banking 1 (1), 15–29.

Wurgler, J. (2000). Financial markets and the allocation of capital. Journal of Financial Economics 58 (1-2),

187–214.

Yadav, Y. (2022). (crypto) exchanges as regulators? Vanderbilt University working paper.

34
















