RESEARCHIUM PUBLISHING « JOURNAL OF BUSINESS AND ECONOMICS RESEARCH OPEN ACCESS ¢ ISSN ISSN: 2834-9244 (Online)

JOURNAL OF BUSINESS AND ECONOMICS RESEARCH el Gt

ISSN: 2834-9244 (Online) « Volume 1, Issue 1 (2024) « pp. 37-54

DOI: https://doi.org/10.5923/researchium.2024.jber.0403 « Received: Sep 12, 2024 « Accepted: Oct 08, 2024 « Published: Oct 14, 2024 - License:
CCBY 4.0

High-Frequency Trading Fragmentation, Limit Order Book
Queuing Asymmetries, and Endogenous Volatility Clustering
in Equity Markets

Dr. Raymond Cole, Ph.D."", Dr. Ji-Woo Park, Ph.D.2, Prof. Anthony B. Lawson, D.Phil.3

1. Department of Economics, Princeton University, Princeton, NJ, USA

2. Department of Management Engineering, KAIST, Daejeon, South Korea

3. Oxford-Man Institute of Quantitative Finance, University of Oxford, Oxford, UK
*Corresponding Author: rcole@princeton.edu

ABSTRACT

Background: Modern financial markets are characterized by extreme fragmentation across multi-tiered electronic trading venues and
dominated by latency-sensitive high-frequency trading (HFT) algorithms. Analyzing tick-by-tick message data across NASDAQ, Cboe,

and Euronext, we model how order book queue cancellation cascades trigger endogenous volatility spikes.
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1. INTRODUCTION & THEORETICAL CONTEXT

Over the past two decades, equity market microstructure has
undergone a radical transformation from human-intermediated
specialist floors toward hyper-fragmented, automated electronic
order-driven limit order book (LOB) venues. Within this
computational landscape, algorithmic market makers and high-
frequency trading (HFT) firms utilize co-located servers,
microwave communication networks, and sub-microsecond field-
programmable gate arrays (FPGAs) to quote liquidity across
dozens of interconnected public exchanges and dark pools. While
classical economic theory asserts that algorithmic competition
enhances price discovery, compresses bid-ask spreads, and
lowers retail trading costs, empirical market events—such as
flash crashes, liquidity freezes, and extreme intraday volatility
spikes—have raised serious concerns regarding systemic market
fragility. A central issue lies in the structural nature of liquidity
provision in fragmented markets: algorithmic liquidity is
predominantly fleeting and endogenous. High-frequency market
makers do not hold overnight inventory or accept affirmative
obligations to maintain orderly markets. Instead, they rely on
ultra-fast order cancellation strategies (with order-to-trade ratios
frequently exceeding 50:1) to minimize their vulnerability to
adverse selection by informed traders. When market uncertainty
increases, simultaneous algorithmic order cancellations across
fragmented order books can drain apparent market depth within
milliseconds, transforming modest order flow imbalances into

catastrophic price dislocations.

2. MATERIALS & EXPERIMENTAL METHODOLOGY

To dissect the microstructure mechanisms linking algorithmic
cancellation cascades to volatility clustering, we analyzed high-
resolution Level-3 message data (ITCH/OUCH tick-by-tick
records down to nanosecond precision) across three primary
equity markets—NASDAQ, Cboe EDGX,
Amsterdam—spanning 500 large-cap and mid-cap equities

and Euronext

throughout 2023 (encompassing over 2.4 billion individual
message events). The dataset captures every order submission,
cancellation, execution, and hidden order replenishment across
the first 20 depth levels of the limit order book. We formulated a
dynamic Hawkes process point-process model coupled with a
queuing-theoretic asymmetric order book Markov jump
framework to capture the self-exciting feedback loops between
incoming aggressive market orders and defensive limit order
cancellations. We computed the Order Book Queuing Asymmetry
(OBQA) index—measuring instantaneous spatial imbalance
between bid and ask depths normalized by cancellation velocity
—and tracked its cross-correlation with realized intraday
volatility calculated over 1-second, 5-second, and I-minute
sampling intervals using Parkinson extreme-value volatility

estimators.
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3. RESULTS & EMPIRICAL ANALYSIS

Our empirical findings demonstrate that order book queuing
asymmetries directly drive intraday endogenous volatility
clustering. Across the sample, when the OBQA index exceeded
the 95th percentile (signaling severe unilateral cancellation
cascades), the probability of an extreme price discontinuity (>5
standard deviations above the mean) within the subsequent 500
milliseconds surged by 640% compared to baseline liquidity
conditions. The median lifetime of a displayed limit order at the
top of the book fell to an astounding 12.4 milliseconds during
volatile periods, with 88.6% of posted depth canceled before
execution. Furthermore, market fragmentation significantly
exacerbates these flash illiquidity spirals. When cross-venue
latency arbitrageurs detected price discrepancies between
NASDAQ and secondary regional exchanges, quote cancellation
messages flooded exchange matching engines, triggering
localized queue congestion. During these microsecond queue
delays, liquidity-providing algorithms instantly retracted quotes
across all correlated assets simultaneously, causing aggregate
top-of-book depth to evaporate by up to 78% within 40
milliseconds. The Hawkes process branching ratio—measuring
the degree of endogenous self-excitation—frequently exceeded
unity (n > 1.0) during these episodes, confirming that volatility
was generated endogenously by algorithmic feedback loops

rather than external macroeconomic news announcements.

4. DISCUSSION, MECHANISTIC
LIMITATIONS

INSIGHTS &

These empirical results demonstrate that while algorithmic HFT
narrows bid-ask spreads during normal market conditions, this
apparent liquidity can disappear when it is most needed. The
economic mechanism is rooted in speed-based adverse selection:
when an informed order arrives, liquidity providers race against
latency arbitrageurs to cancel stale quotes. In a fragmented
market, the risk of being 'picked off' on a secondary venue forces
algorithms to execute preemptive cancellations across all
platforms, creating collective liquidity freezes. Methodological
limitations include the challenge of observing hidden liquidity
residing in dark pools or internalizer dealer inventories, which do
not broadcast Level-3 messages until execution. Regulatory
interventions, such as minimum quote life mandates or frequent
batch auctions (FBAs), could mitigate speed races, but require
careful international coordination to prevent liquidity migration

to non-regulated offshore jurisdictions.
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5. CONCLUSION & FUTURE TRAJECTORIES

High-frequency algorithmic trading in fragmented markets
creates fragile liquidity dynamics where microsecond limit order
cancellation cascades trigger endogenous volatility clustering.
Market regulators must modernize surveillance frameworks
beyond post-hoc daily metrics toward real-time nanosecond-level
limit order book queuing diagnostics. Implementing frequent
batch auctions could neutralize pure latency advantages, fostering

durable liquidity provision across global capital markets.
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