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1. The rational of this work

1) Need for analysis and stress testing on:
m Determinants of money market failure/freeze
m |IFT resilience to financial stability shocks

N -
—

Need for a joint modelling and stress testing tool

2) Structural models or classic simulation tools rely on assumptions of systems’ macro
roperties, do not capture properties emerging from the interplay of several agents

\Z /
—

Agent based modelling applied jointy to IFT and MM

3) Higher complexity in micro behavioural rules: more realistic without loss of
effectiveness in emerging macro properties and of the stress testing results
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2.A The model: agents’ behavioural
rules to comply with MMR (1/2)

Bank i at the start of the day:

] initial exogenous liquidity amount B;,
] Expected incoming and outgoing payments from time 0O to time T (v : uncertainty)
T T
v[E( ) Ous |+ E[ D hias
s=t s=t
| A minimum reserve requirement to comply with over the D days of the maintenance period
MRR;
] From a certain moment of the MP (day §), they will start to be concerned about MRR; and

start targetting a desired average end-of-day balance of next D — § days (equally splitting
|IMRR; — A;(s-1)| on the remaining days)

~

1
Aia = Aia—1) + Ggi; (MRR; — Aia-1))

| They are willing to accept some deviation around taget: symmetric corridor around it
(dimension shrinkes when approaching D)
] Desired end-of-day balance of the next D — § days B;; and the specular symmetric

corridor round it K;4
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2.A The model: agents’ behavioural
rules to comply with MMR (2/2)

200

desired average end-of-day balance 4,4,

160

120

80

40

= = = minimum reserve...

0

4 5 6 7 8 9 10
Day of MMR manteinance period

] Reserve excesses/deficits are managed in a linear fashion through the MMR period

Agents are willing to accept symmetric deviations from each end-of-day desired balances
(a corridor € around the desired level 4,4, is accepted)



2.B The model: probability of acting in the MM
when aiming to comply with MRR (day é to D) (1/6)

10”] 1 )
9 3 day &
8 4

7 4.5

day 6§ + 1

v

v~N fO, 0)

If B;y # ET(BidT)

Money Market?

tick T of
day §

3
™

If E-(B;gr) IS notin K

Not to act or to post proposal in
order to get back in K depends
on the interest rate

If Ex(Bigr) iISin K

Posting proposal to offer or raise
funds depends on interest rate
convenience (under constrain

that you do not end up out of K)
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2.B The model: probability of acting in the MM
when aiming to comply with MRR (day é to D) (2/6)

If expected end-of-day balances Er(B;47) is outside the corridor K, bank i will
consider:

1) How convenient is it to fill the gap now on the basis of the prevailing MM rate?
2) How many days remain until the end of MP?

1) How convenient is it to fill the gap how?

To this end we assume:

l. apolicy rate i), to which, absent monetary policy expectations, the market rate i,,
s likely to revert

ll. That agents will not expect that market rate i,, will fluctuate too far away from i,

determining de facto an interest rate corridor [i,,in; imasl

Example: If Er(B;gr) < K (deficit) under which conditions will i demand funds
(bid)?

- i, >inh. . pbid) =0  Why? Not at all convenient, rate expected to drop

- i, >i,: plbid)=1  Why? Rate is expected to increase again

- iy <l < imaxes-e
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2.B The model: probability of acting in the MM
when aiming to comply with MRR (day é to D) (3/6)

o if iy <y <lpgy : p(bid) = F(d, i,|0) Where 0 is a sensitivity parameter

Bid probability outside the corridor - last but one day of the MMR

1 \
0.95

0.9

«=Theta 10000
Theta 5000
e=Theta 1000
—Theta 100 ip

imax
0.85 .

market rate (imt)
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2.B The model: probability of acting in the MM
when aiming to comply with MRR (day é to D) (4/6)

2) How many days remain until the end of MMR period?

The probability p(bid) over the range [i,,; i q,] Will increase as the end of MMR
period approaches (urgency to fill the gap)

Bid probability during the period over the range ip and imax

Last day

1.00 =

0.75 -

0.50

0.25 -

0.00

i imax
p market rate

Algebra




" JE
2.B The model: probability of acting in the MM
when aiming to comply with MRR (day é to D) (5/6)

If expected end-of-day balances E;(B;47) is inside the corridor K:

the bank would not be compelled to get active on the money market to fullfill its
minimum reserve requirements but it could act as the money market rates are
profitable.

Example: If Er(B;qr) € K under which conditions will bank i offer funds
(ask)?

a) strong incentive to offer fund if the market rate lies over the maximum
expected rate i,,, (which is also the expected highest funding cost)

(i, > imax - plask) = 1)

a) no incentive to lend money if the market rate lies under the policy rate i,
because it will likely gain more in the future (i, > i, : p(ask) = 0)

c) Inbetween, If i, < iy <ipmgyx.....
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2.B The model: probability of acting in the MM
when aiming to comply with MRR (day é to D) (6/6)

o if iy <y < gyt p(ask) = F(d, i,:|0) Where 6 is a sensitivity parameter

Ask probability within the corridor

e T heta=10000
Theta=5000

e==Theta=1000

—— Theta=100

0.7 ——

0.5

0.25

imax

\s

market rate (imt)

Algebra
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2.C The model: interest rate and
guantity proposed on the MM

Setting

a) Interestrate of the proposal: ijg= iy + a@MRRimbalance 4
az(pBOOK_strength

for the ones demanding funds: (+) (+)
for the ones offering funds: (-) (-)

| f ime > s
b) Quantity of the proposal: g—" L]
ET(Bit) ET Bit)
for the ones offering funds: l}o offer \l, Q offer
Kmax

1‘ } Q Kmin | } Q demand

. (B )demand ET(Bit)
for the onz2s demanding funds ri=i

c) Revising the interest rate of the proposal if the proposal is not hit

for the ones demanding funds: (+)
for the ones offering funds: )
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3. Assessing the quality of the
model

m MM interest rate dynamic:

Positively related to liquidity at agents’ disposal
Mean- reverting

Volatility peak on the last day of MP

m  The majority of our artificial banks are able to comply with their average
minimum reserve requirements over a multiday horizon.
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4. Stress testing the model (1/6)

1)

2)

3)

High liguidity scenario:  3.00

ldO - 35@ max 2,50
Intermediate liguidity 2.00
scenario:

/LSO
B;iqo =25% K/} S
1,00

Low liquidity scenario:

0,50
Biao = 15% Kjg**

0,00

Interest rates - average across 10 simulation rounds

—Low Intermediate —High/

\ A
VAN o
Nt

I = I = e I = e I = I I = I B = B I = I B = B B = I I = e I s i D s e I
IO O OO LW OoOLWwOoOLWwmOoOLwmOoOLmOoOLwmOoOLwmOoOLwmoOLwnoLwnoLwn o
A A NN OO MO T T OO O OIN~NMNSNO0O00O OO O O A NN M

.. Iinversely correlated to participants’ liquidity....
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4. Stress testing the model (2/6)

... but tricky results for
the interest rate volatility:

a) Volatility within a scenario:

Low 20 b.p.
Interm. 7 b.p.
High 30 b.p

.t

...both extreme scenarios
seem undesirable

b) variability of i across scenarios:

Interest rate across simulations

2,00 . .
- Confidence Intervals

1,00 ]

0,00
%

-1,00 I

low —int —high

-2,00
1 101 201 301 401 501 601 701 801 901 1001 1101 1201 1301

Tick
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4. Stress testing the model (3/6)

Simulating liquidity stress testing (continues)

2. MACRO-DYNAMIC: 3. MACRO-DYNAMIC: PS performance
MRR fulfillment

Liquidity Unsettled Unsettled
- Low liquidity regime scenario exogenous endogenous
payments (% MM repayments
p— of tot value) (% tot repayment
value)
| = T m— T — Low 5.8% 15.8%
R
Interm 5.8% 16.8%

High 2.3% 3.46%

L 1 3 4 H & 7 | ¥ pLJ u o (5] 4 [ -] 1

# hank
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4. Stress testing the model (4/6)

Interest rates - averages across 10 simulation

1) No uncertainty scenario: 25 1 rounds
v~N(0,0
(0,0) 2,0 —No Uncertainty
. : Low
2) Intermediate uncertainty —High

1,5

scenario:.
%
v~N(0,0.2) H0
3) High uncertainty scenario: 05
v~N(0,0.5)

0,0

1 101 201 301 401 501 o601 701 801 901 1001 1101 1201 1301
Tick

..... Uncertainty in payments does not affect interest rate pattern....
(is this reasonable?)
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4. Stress testing the model (5/6)

... but for sure reasonable results b) variability of i across scenarios:
for interest rate volatility:

Interest rate across simulations
- Confidence Intervals

Low ——No uncertainty —High

2,0

a) Volatility within a scenario:

1,0

No 7 b.p. 0.0
(o)

Low. 12 b.p. &

High 17 b.p -1,0

\/"‘\,\/_

1 201 401 601 801 1001 1201
Tick

-2,0
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4. Stress testing the model (6/6)

Simulating an increase in payments’ uncertainty

2. MACRO-DYNAMIC:
MRR fulfillment

Earo millsn
i

| I ¥ 4 3 ¥ T B ¥ ] i Ix i3 I4 (] I

A bank

¥

Ability to fulfill MRR severely hampered

Uncertainty
scenario

3. MACRO-DYNAMIC: PS performance

Unsettled
endogenous MM
repayments (%
tot repayment
value)

Unsettled
exogenous

payments (%
of tot value)

No 2.3% 3.46%
Low 3.8% 4.58%
High 4.6% 3.95%



5. Conclusions and next steps (1/3)

=
simulating jointly IFTsystem and the MM
Capturing their decentralized nature of MM and IFT system
As a result of interaction of several agents’ choices from the model emerge
realistic macro-dynamics
=

Liquidity stress testing: when liquidity drops interest rate increases, but its
volatilty is lower in a scenario with intermediate liquidity amounts at micro level.
Banks fulfill MRR also in the low liquidity scenario.

Uncertainty on IFT payments: higher uncertainty does not increase interest
rates (the amount of liquidity is more important than uncertainty for the interest
rate level), but the volatility of the interest rate remains high until the very last
moment of the period . Uncertainty hampers ability of banks to fulfill MRR.




5. Conclusions and next steps (2/3)

Improving the model:

= Avoiding the "postpone payments if you lack liquidity" strategy (introducing
urgent payments, delay costs);

m acting on the money market also to avoid payments delay (introducing an
intraday horizon)

Expand the range of stress testing:

m stressing the impatience of agents to offer / demand funds (sensitivity
parameter 6);

m Ssimulating the default of a bank partecipating both in the IFT and in the MM



5. Conclusions and next steps (3/3)

Which level of complexity should micro behavioral rules of an ABM have to
ensure high quality stress testing?

Cristina Picillo Cristina.Picillo@bis.org
Luca Arciero Luca.Arciero@bancaditalia.it
Pietro Terna
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Appendix: Bid and Ask probability: the algebra

a If Ei(Bi) < K"

P(Askiq) =0

1 if A<0
y 1. — _ D—d l_gout(imax_?;pjg N A2 .
P(Bid;g) =<1 D —— A+6,:A it A>0
0 lf imt 2 t.m‘::r,.xs

P(N;4) = 1 — P(Bid;4)

b) If Eu(Big) € [K}":d - Ag— A(d—1)] and A <0
P*(Ask;) =0
_ z'p)Q

ip)

1 - Hz'n(ima'n
{lmin -
P*(Niat) =1 — P*(Bid;a)

P*(Bididt) = A4 95?1&2

Back to the presentation — Back again

b)

If E,(By) > Kmes

1 it A>0
P(Aski) = { 1 — D5 [=leaslimmnsiol A 4 9,,0%) it A <0
0 if it < Umin

P(Bidig) = 0
P(Nigt) = 1 — P(Askia).

If (B € [d Aig—A(d—1): K7 and A >0

_ — )2
(ASII!,Ed) 9::?1(%:1:1_;-‘ 3;0) . A_i_SmAQ
(]-ma.r - Ep)
(Bldtdt) -
P*(Niae) = 1 — P*(Askia)



