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® Since the GFC, modelling instability in financial markets as complex ecosystems (i.e. financial network) has
been proposed but a general understanding of precisely how network topology creates instability remains
imperfectly understood. [See overview paper on ‘Systemic Risk in Financial Network’ by Jackson and
Pernoud (2021)]
®* Haldane (2009, ‘Rethinking the Financial Network): financial networks have the property of being ‘robust-yet-
fragile’ in the sense that “within a certain range, connections serve as shock-absorbers [and] connectivity
engenders robustness. However, beyond that range, interconnections start to serve as a mechanism for the
propagation of shocks, ‘the system [flips to] the wrong side of the knife-edge,” and fragility prevails.”
® This idea has been developed rigorously by Acemoglu et al. (2015, ‘Systemic Risk and Stability in Financial

Network’) to study the the role of the interbank networks as shock propagation and amplification mechanisms.
® Based on similar concept of market instability, our paper makes use of recent literature on applied

mathematics, i.e. network geometry to study the instability of global equity market.
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® Studies of financial network and market instability are not only limited to economists but also quite an
active area among network scientists.
®* While introduced long ago by Gauss & Riemann, curvature is a central geometry concept that quantifies the
extent to which a space is curved, a recent focus in network science has been the development of
‘geometry-based measures’ to characterize the structure of complex networks.
®* Recent advances in network science suggest that higher-order architecture of complex financial systems
can significantly enhance our ability to estimate systemic risk as well as measure the robustness of
financial systems. For example,
® Sandu et al. (2016, ‘Ricci curvature: An economic indicator for market fragility and systemic risk’): Ricci
curvature, a key seometric feature of a given network, is negatively correlated to increases in network fragility.
®* Samal et al. (2021, ‘Network Geometry and Market Instability’): Geometry- inspired network measures, such as
the Ollivier-Ricci curvature and Forman-Ricci curvature, can be used to capture the network fragility and
continuously monitor financial dynamics.

®* However, both works do not provide explicit conditions under which financial connectedness can become

either shock absorbers or shock amplifiers as well as the underlying sources of market instability.
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Our goal is to propose a novel analytical method based on the concept of network flows and to construct an
indicator that reflects the conditions under which the system could either amplify or absorb shocks. Our flow
quantifier is heavily inspired by inbound and outbound-edge Forman-Ricci curvature.

® Recent work on (in)stability analysis by Sandhu et al. (2016) was conducted via Ollivier-Ricci curvature.
However, such an approach limits our concentration to systemic pairwise correlation rather than tail risk,
and requires exhaustive computation time.

The Forman-Ricci curvature stands out as an attractive alternative as its formula is simple yet powerful.
The formula involves the concept of ‘inflow’ and ‘outflow’ between relationship. Despite its advantage, it
may not be able to effectively capture the asymmetric relationship between assets.

Therefore, we develop our concept of flows between variables and design the underlying shock process in
order to best capture the actual behavior as well as create a(n) (in)stability indicator. Our methodology
greatly resembles the concept of inflow and outflow described in the Forman-Ricci curvature, but our

calculation differs.
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Flow Concept

(Flow)
M; = Z Pk (Asset i’s influence)

m; = Z Dj.k (Asset j’s influence)

1
R;; = (Relationship’s strength)
Pi,j
YLl
Pij = tz:—j (Conditional probability)
n t,i

I ; = indicator whether asset i jumps at time ¢
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Asset (Matrix N) Distribution (Matrix U) Relationship (Matrix E)
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Flow Shock Process ® denotes element-wise multiplication

Sk = Flow vector (shock process)
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Shock process based on flow concept
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 erdu fiduileddud domain Wuanudesusuaes Matrix N, U uag E uag
co-domain ve4 f 10U Shock process spectrum
2. NMIUsTANUATIY8Y Contribution AMUIUAIN first-order Taylor’s approximation
3. N15UTENNIUAIYY partial derivatives A1UUAN finite difference
Josandladdu f 1duileddy analytical almost everywhere
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Contribution to stability
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