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Solvency stress testing
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Solvency Risk

• Solvency risk is driven by the difference in firm’s asset values
and its liabilities.

• Bank stress testing, which has become a key tool for bank
supervisors, has also mainly focused on solvency risk.

• Regulation of insurance companies also focused on solvency
risk (Solvency II, Swiss Solvency test).

• However, solvency risk does not give the full picture – we have
spectacular failures of SIFIs due to lack of liquidity:

• Bear Stearns held excess capital at the time of its default.
• AIG, which failed to fulfill large payment triggered by a downgrade,
was not insolvent at the time of failure.

• Banco Popular, which failed through a lack of liquidity in 2017,
displayed a capital ratio 6.6% in the 2016 EBA adverse scenario.
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Liquidity Risk and Default

• Liquidity risk: failure to meet a short-term payment obligation.
• Default of payment is the legal definition of default.
• Inherent risk to instability in short-term funding (e.g. debt
roll-over risk) and cash-flows (e.g. variation margin).

• Supervision and regulation of bank liquidity:
• Liquidity Coverage Ratio (LCR): banks to hold liquidity provision for
expected outflows over 30-day time horizon.

• Net Stable Funding Ratio (NSFR): limits over-reliance on short-term
wholesale funding and aims to increase funding stability.

• Liquidity stress testing: e.g. ECB’s 2019 sensitivity analysis of
liquidity risk (LiST) typically done separately from solvency stress
testing.

4



Liquidity Risk

Defining liquidity requires the introduction of a horizon T.
We use the term ‘Maturing (or Current) Liabilities’ for contractual and
projected/ anticipated liabilities over this horizon.
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The Liquidity-Solvency Nexus

Solvency and liquidity cannot be modeled independently, but
current credit risk models and stress testing approaches do not
capture their interaction adequately.

• Empirical evidence for the solvency-liquidity nexus:
• Pierret (2015): increased solvency risk leads to liquidity problems
due to credit runs and cost of asset liquidation.

• Brunnermeier et al. (2019): firms with higher capital experienced
lower outflow during the German crisis of 1931.

• Schmitz et al. (2019): evidence on the empirical relationship
between bank solvency and funding costs.

• Du et al. (2015): empirical evidence that credit quality affects the
volume but not the price of available short-term funding.

• But limited theoretical models, mostly on debt rollover failure:
• Bank run models: link run probability with firm solvency (Diamond
and Rajan, 2005; Allen and Gale, 1998; Rochet and Vives, 2004).

• Morris and Shin (2016), Liang et al. (2013): illiquidity component of
credit risk.

• Liquidity feedback effects (Kapadia et al., 2013). 7



Addressing the Liquidity-Solvency Nexus in stress tests

• Objective: develop a consistent framework for joint stress
testing of liquidity and solvency.

• Model should address the key mechanisms through which
liquidity and solvency interact:

• Variation margin requirements: transformation of solvency risk
into liquidity risk (Cont, 2017).

• Credit sensitive liabilities.
• Costs of liquidity provision.

• Concept of Liquidity at Risk: liquidity resources required for a
financial institution conditional on a stress scenario.

• Quantitative tool (online app) for assessing the impact on
liquidity of a stress scenario defined in terms of ‘solvency’
shocks to balance sheet components (assets/liabilities).
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The Liquidity-Solvency Nexus

Solvency Liquidity

Margin calls
Credit downgrade

Credit sensitive funding

Funding costs
Fire sales

9



Balance Sheet Representation

To capture liquidity-solvency nexus we need a representation of the
balance sheet which distinguishes balance sheet components
according to their interaction with solvency and liquidity.

Assets Liabilities and equity
Illiquid/encumbered assets: Maturing liabilities, S(i) Subject to margin requirements, I
(ii) Not subject to margin requirements, J

Other liabilities, LMarketable unencumbered assets:
(i) Subject to margin requirements, M
(ii) Not subject to margin requirements, N Equity, ECash/Liquid assets, C

Table 1: Stylised balance sheet of a financial institution.
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Balance Sheet Dynamics

Evolution of balance sheet components following a shock to asset
values:

- Initial balance sheet

Shock to assets:
∆I,∆J,∆M,∆N

- Scheduled cash flows
- Margin calls
- Solvency impact
- Credit rating
- Runoff

Impact on liquidity:
∆C,∆S

t = 0 t = 1 t = 2

Liquidity management:
- Borrowing
- Asset sales
→ Funding costs
→ Solvency impact

Figure 1: Evolution of balance sheet components.
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Overview of methodology
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Stress Scenarios and Direct Solvency Impact

• Stress scenarios are defined in terms of shifts to risk factors
(e.g. GDP, interest rates, equity prices). We describe stress
scenario in terms of shocks ∆X = (∆X1, ..,∆Xd) to some risk
factors Xk, for k = 1, . . . ,d.

• Direct impact on solvency: denoting by ∂kM the sensitivity of
balance sheet component M to risk factor Xk, we have

∆M = M1 −M0 =
d∑
k=1

∂kM.∆Xk = ∂M.∆X,

and similarly for other balance sheet items I, J,N.
• The impact on equity is E1 = E0 +∆I+∆J+∆M+∆N.
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Liquidity Impact

Obligations coming due at t = 2 include four components.

1. Unconditional liabilities maturing at t = 2 denoted by S0.
2. Scheduled Cash Outflows (SCO): e.g. contractual cash-flow
obligations (interest payments on debt, operating costs),
projected outflows from non-maturing liabilities, and estimated
drawdowns from undrawn credit and liquidity lines.

3. Contingent liquidity risks: a decrease in asset values subject to
variation margin leads to margin payments that add to maturing
liabilities ∆S = (∆I)− + (∆M)−, whereas increase lead to cash
inflows at t+ 2: ∆C = (∆I)+ + (∆M)+.

4. Credit risk sensitive funding: a firm’s downgrade generates
contingent cash-outflows, denoted by SD. Note the
corresponding reduction in non-maturing debt: L1 = L0 − SD.

As a result, conditional on the stress scenarios, maturing liabilities
due at t = 2 increase to: S2 = S0 + SCO+∆S+ SD1downgrade.
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Credit Downgrade and Liquidity Shortfall

• Credit downgrade occurs if capital ratio or leverage ratio cross a
certain threshold, e.g. if

Assets
Equity =

I1 + J1 +M1 + N1 + C0 + SCI
E1

> δ,

where Scheduled Cash Inflows (SCI) represent the aggregate
value of contractual claims (e.g. interest payments), and
maturing assets which are not reinvested.

• The financial institution then faces a liquidity shortfall of

λ = ( S2︸︷︷︸
Payables at t=2

− (C1 +∆C)︸ ︷︷ ︸
Available liquidity

)+.

• When λ > 0, the institution needs to raise additional liquidity.
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Mitigating Actions: Sources of New Short-Term Funding

1. Unsecuritised borrowing from short-term creditors:
• Available to creditworthy institutions at a rate rU.
• Limited in volume: vU ≤ (δE1 − {I1 + J1 +M1 + N1 + C1})+ /(1+ rUδ)

2. Repo market:
• Borrowing at a rate rR with provision of general collateral
(marketable assets).

• Volume limited by marketable assets and the associated haircut h:
vR = (1− h)(M1 + N1)

3. Repo with central bank (if available):
• Borrowing at a rate rCB > rR against non-GC assets
• limited by volume J′1 < J1 of eligible unencumbered non-GC assets
and (a large) haircut H > h: vCB = (1− H)J′1

4. Assets sales (‘fire sales’): liquidation of remaining
unencumbered assets, representing a fraction θ of all illiquid
assets at a price discount ψ can raise up to vS = (1− ψ)θJ1
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Mitigating Actions: Balance Sheet Impact

• These mitigating actions increase the cash buffer at t=2 to

C2 = C1 +∆C+ BU + BR + ω(1− ψ)θJ1,

where BU ≤ vU,BR ≤ vR represents the new unsecuritised, repo
funding respectively, and ω ∈ [0, 1] is the fraction of liquidated
eligible illiquid assets in a fire sale. (BU,BR, ω are endogenous in
the model.)

• The volume of non-maturing liabilities is updated by the
amount of new liabilities from unsecured and secured funding:

L2 = L1 + (1+ rU)BU + (1+ rR)BR.

• Impact on the equity due to new funding:

E2 = E1 − rUBU − rRBR − ωψθJ1.

• We say the bank is insolvent when E2 < 0, while it is illiquid
when C2 < S2.
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Liquidity at Risk

Consider a stress scenario S defined in terms of shocks to asset
values.

Definition (Liquidity at Risk)
The Liquidity at Risk associated with a stress scenario is defined as
the net liquidity outflow arising in this stress scenario, derived from
the mechanisms described above.

• Liquidity at Risk is a conditional concept: it quantifies the
expected draw on liquidity resources of the bank conditional on
the stress scenario being considered.

• Liquidity at Risk measures an expected net outflow. This can be
compared to the liquidity resources potentially accessible to the
bank in the stress scenario, to assess the potential for default.

• Liquidity shortfall
= Liquidity at Risk - available liquidity resources.
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Solvency-liquidity diagram

Case 1: no failure

Figure 2: Example of a liquidity-solvency diagram. 19



Solvency-liquidity diagram

Case 2: illiquid but solvent

Figure 3: Example of a liquidity-solvency diagram. 20



Solvency-liquidity diagram

Case 3: liquid but insolvent

Figure 4: Example of a liquidity-solvency diagram. 21



Synthetic Example

Assets Liabilities and equity
Illiquid assets: Maturing liabilities, S0 = 18000(i) Subject to VM, I0 = 16000
(ii) Not subject to VM, J0 = 134000 Other liabilities, L0 = 215000

(incl. deposits of 130000)Marketable unencumbered assets:
(i) Subject to VM, M0 = 43000
(ii) Not subject to VM, N0 = 16000 Equity, E0 = 14000 (5.7%)Liquid assets, C0 = 38000

Table 2: A synthetic example of balance sheet for a representative large
commercial bank (in $M). Assume SCI = 12000 M and SCO = 10000 M;
58000 M (45%) depositor runoff on downgrade.

Risk factor Shift ∆I ∆J ∆M ∆N
Interest rates +200 bps 400 4800 160 640
Equity market -750 bps 90 0 2150 400

Table 3: Balance sheet sensitivities in response to a risk factor shift ($M).

Liquidity At Risk = $ 76800 M, Liquidity shortfall = $ 38800 M 22



Loss amplification through solvency-liquidity interactions

• Initial equity = $ 14000 M (5.7%)
• Equity after adverse shock = $ 7360 M (3.0%)
• Funding cost: $ 1892 M repo and $ 958 M fire sales
• Final equity level = $ 4510 M (1.9%)→ Loss amplification 43%
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Stress-Test Analysis: Regions of Failure

Figure 5: Insolvency and illiquidity regions for a sample bank portfolio.
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Loss amplification through solvency-liquidity interactions

Figure 6: Equity loss amplification due to funding costs.
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Summary

• Solvency affects liquidity and vice versa: they can not be
modeled – or stressed – separately / independently.

• Coherent framework for joint modeling of solvency and liquidity
risk:

• Random shocks are applied to assets (‘solvency shocks’).
• Solvency shocks affect liquidity through margin requirements,
firm’s ability to raise short-term funding and through credit risk
sensitive outflows, leading to endogenous liquidity shocks.

• More realistic stress test framework which establishes coherence
between design of solvency and liquidity stress tests.

• Solvency-liquidity diagram gives a synthetic view of how
balance sheet reacts to various types of market/credit shocks.

• Online tool: http://liquidityatrisk.kotlicki.pl/
• Paper: Journal of Banking and Finance, 118, Sept 2020
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