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Disclaimer

« The views expressed in this presentation are those of the
authors and may not necessarily reflect institutions.
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Introduction: The Analysis

« Examine the day-to-day mutual payment flows made by Danish
financial institutions with a univariate autoregressive model.

« The method was introduced in DNB Working Paper No. 74:
"Modelling inter- and intraday payments flows” by Van Oord and

Lin (2005)
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Motivation

e Gain insight in the Danish interbank market:
0 Can the same model be applied 11 years later on Danish data?

0 Can we decribe the pattern of the payment flows and analyze which
events affect the flows ?

= Futhermore can we spot changes in the patterns or market
behaviour ?

0 Does monetary policy tools change the use of Kronos
» Has changing current account limits afffected payment flows?
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So... what is the current account limit?

 An overall limit has been
determined for the counterparties’
total current account deposits with
DN at the close of the day.

 Limitsthe sectors ability to
speculate against the euro-peg

 Ifthe counterparties’ total current

account deposits exceed the overall :

fiy

limit, the current account deposits
will be converted into certificates of
deposit.
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Data.. The Zoom In

Time periode: 03-01-2010 — 30-12-2015

Bank initiated payments made in Kronos (Danish RTGS-system)

Aggregate daily levels for all participants

Interbank payments: three variables
0 Total value of transactions
0 Total number of transactions
O Average value per transaction
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Total value of payments

« Daily average of DKK 104 bn (EUR 14 bn)

o Stationary properties

e Point of interest : Given that the number of transactions and
available liquidity is fixed, higher daily value will result in rising

liquidity risk
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Total number of payments

« Daily average of 2,600 transactions
« Trend stationary properties

e Point of interest : Given that the value of transactions and
available liquidity is fixed, lower daily number will result in rising
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Average value per payment

« Daily average of DKK 41 mn (EUR 6 mn)

« Trend stationary properties

 Point of interest : Higher value per payment is caused by
Increasing value or decreasing number of transaction. Higher

value per payment will result in rising liquidity risk.
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Explanatory variables

e Trends

Time patterns on weekly, monthly and yearly basis

National and international closing days

Debt markets: Goverment and mortgage

 Auctions, settlement, coupons and redemtions

Current account limit regimes

« 7 different regimes

Dynamics

Before
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Approach

Construct a static model

« Purpose:i) Test relevance and structure for dummies ii) Benchmark for forecasting

Test all variables for stationary

Test for well specified models

Current account limit regimes

Forecasting ability

(L))t

=) DANMARKS

s+ NATIONALBANK
)




Results —where is the output table?
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Trend 00031108 (LODOSB44 0.00
StataOblAukticnerlh
—
Stata0OblValoelb
StataOblValor -0.417859 1 0.00 192935 1.05% 007
StatsOblValorla 4.07635 1919 0.03 156744 0.5458 002
Stusoupan1b
StataHoupon B0.12TT 9371 0.0 0.00 M.1818 2.798 0.00
StusHouponla
DEhelliglh 14.592 4.588 0.0 0.0z
17.2253 5.047 0.0 0.00
ool
285 0.0 0.00
3.481 0.0 0.00
7637 0.0 0.00 -11.3035 1573 0.00
004 -8.13891 3115 001
56.2481 1139 0.0 212018 8292 001
0.00
34 9981 16.56 003
514318 1673 0.on 0.0012029 0.02846 000 EE3E11 5.889 013
326023 131 0.03
294159 1119 ool TEB513 3535 003
0.0943367 0.01568 000 -11.4282 2889 0.00
280304 0.0
456351 .01 0.00 13.5T38 4832 001
0.on
25.1852 3.168 0.0 0.00 517958 1092 0.00
~T.66457 1337 0.0
-2.64539 1342 0.0s 0.100553 0006184 0.on -2.57986 04911 000
10.2558 1.503 0.0 0.0374387 0009361 0.00 3.59559 0.6883 0.00
304333 0.9763 0.00
4207 1.858 0.0z 0.0392a717 0.00 160471 0.7585 0.03
0.0629395 0.00
0.04032 0.00
0.0387703 0.on

5mE3D1 1616 000
DIPSTIE  DOOTTEE DD

450768 1889 001

0.065TNT

Fulioregirnel
Fulionegime? TIEESE 2641 001 350788 1159 a

Falicregime?

Al 0252367 00265 0 024567 0.0ZH9 00D 0247002 OZ4ET 0
ARz 00747163 002124 0.0004 0156154 001999 000

AR3 007817 002077 00007 0111931 00ISSS 00D 0OTTOSEE DS O.000S

Alls 0101816 001831 [ 0108852 OOITOE 00D 0120928 002462 a

AR1D 0103461 001802 0 00455326 002883 0083

AR1S DDEM44E 001957 00D

ARz0 0.0SZETES 001847 O 0067247 0o 0123979 002408 a

AR22 0.0479578

1474
0479468

DANMARKS e asewe
NATIONALBANK




|||||||

A—A—A —A—A—A
Lo
4
<

e - — -

<4 Zawibaynwi
1900100

Ang

__ yore

. Aepli
1

- —————

| Kepsaupapn
> Aepsan

< Nai

R? = 0,58026

¥Oa4

q1OAa4

1475

eOa4

T=

g1eda4
z0a4

gq120a4

S ————————————————————————— ——

N O TOa4

Aeisi4
eTsAepiioysn

sAepijoysn

Value

eTAepljioHMA

n
n
1
7
\
N

= qtAeplioHMa

uodno)Hpuogaos

| eTalnesSpuognod

< lueisuod

60
40

o o o o o o
< § 3§ % 3

Kr. Bn.
100
80

NATIONALBANK

)
X
[
<
=
=
<
(a]

Dynamic Model




Number

Dynamic Model

LogNumber

0,4

o - —

A

"

———— ===

b —-

o = e e e e e e

0,3

0,2

0,1

-0,1

-0,2

-0,3

-0,4

-0,5

-0,6

[44<\4

0cav

eTav

qdv

edv

laquadag
1snbny
aung

Aen

[udy
yaotew
Aepiiy
Aepsaupapn

NaT

R?=0,71563

Note: The constant is not included in the plot: 4,18(0,36)

eTyOad

¥0a4

1475

eteda4d

T=

20a4
e1TOad

AQ

Aeisiq
eTsAeplioysn
sAepijoysn
qTsAepijoysn
eTAeploHMA
qTAeplioHMA
uodno)puognros
3MeSpPUOGA0D

puall

¥
2
<
=
o <
=
=0
2

35
(el




k 0cdv

< oTyv

< GV

« edv

< TV

< ZawiBaynwin
| yosep

< Krenuer

< Kepu4

> Aepsaupapn

<t nai

! — i vOad

Ion
\\
/
R? = 0,429468

eteOa4d

eda4

T =1475

zda4

ieleE

-
~

AQ1

felnisiH

Value per transact

uodno)puognros

_— -7 < ET38SpUOgAOD

< a[asSpUOgA0D

« puaiL

WeIsuo)

o
o

Kr. Mn
35
30
25
20
15
10

5
0
5
-10
-15

¥
2
<
=
o <
<2
=0
2
35
(el

Dynamic Model
:




Forecasting Error

« Benchmarking the dynamic model against the static model

Root mean square error (RMSE) for the static and dynamic model,

100 days
Value Number Value per transaction
Static 17,315 0,123 6,173
Dynamic 15,716 0,111 5,940

« Dynamic model proves better
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Improvements and Explorations

« Expand to multivariate framework by using some of the results:

Effective Exchange Rate

Interest rates: Certificates of Deposit, Money Market

Change in disposable liquidity or trading volume on bond markets

Model the variable Numbers of Transactions with a volatility model (ARCH)
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Conclusions

 Trends: Unambiguously positive - But what drives this? FX swaps, algo-trading etc.
« Time patterns on weekly, monthly and yearly basis : l.e. Friday and summer effects

 National and international closing days: Interconnectiveness - 38 of 50 lowest
observationsis US Holidays

« Debt markets: Goverment and mortgage: Settlement and efficient allocation of liquidity
shocks

« Current account limit regimes: Instant utilization of CA limit with a 2 Kr. bn. buffer, but
no significant change in behavior

« Dynamics: Monthly cyclicality. AR-terms has a distinct lag structure

 Forecasting ability : Dynamic model proves better
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Thank you!

Simon Klit Harmat skh@nationalbanken.dk
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The Static Model

K 1 1 1
Yy — & T BIL T y: y: H-'k,sdk:tJrs T Z )\sftJrs T Z VsGt+s + T T €t

k=1 s=—1 s=—1 s=—1

 vy.Isthe value, number or average value of paymentsat time t,aisa
constant, Bt is linear time trend, dy ., is the k'™ institutional dummy,
fr+s Isadummy for holidays in Denmark, g;, isa dummy for the
banking holidaysin the United States and 7 is a vector containing
dummies for the first of May and the last day of a given month.

(L))t

=) DANMARKS

s+ NATIONALBANK
)




The Dynamic Model

K 1 1 1
Y = Q+ Z E’.syt—s T Z Z ﬁ:k,sdk,t—l—s + Z )\sft+s + Z YsGt+s T T 1 €

sES k=1 s=—1 s=—1 a=—1

e (is avector containing constant, linear time trend and dummies for
weekdays, months and current-account limits regimes, dj ;s is the k"

institutional dummy, f;.s is a dummy for holidays in Denmark, g;,s is a
dummy for the banking holidays in the United States and tis a vector

containing dummies for the first of May and the last day of a given
month.
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Model Selection and Estimation

Valie Number LogNumber Value per transaction
AR(23) AR(20)- GtS  AR(23)  AR(23) AR(22)-GtS  AR(23) AR(20) GtS
Test
Autocorrelation 1.43 1.3364 7,2365%** 6,1741** 2.7601 2.4716 1.4328
(0,24) (0,2631) (0,0007) (0,0021) (0,0636) (0,0848) (0,2390)
ARCH 1.36 1.6989 10,354** 13,845%* 18,202%* 1.4886 1.64
(0,24) (0,1926) (0,0013) (0,0002) (0,0000) (0,2226) (0,2005)
Normality 00,9%* 04 196** 372 63*%* 271.48%* 242 03** 63.912%* A7 TE**
(0,00) (0,00) (0,0000) (0,0000) (0,0000) (0,0000) (0,0000)
Heteroskedacity 2,02%* 3,6031%* 2. 1176%* 1,9779** 2. T6H1** 1,4982%* 4,1493%*
(0,00) (0,00) (0,0000) (0,0000) (0,0000) (0,0099) (0,0000)
RESET 1.34 1.4868 8,2057%* 1.3498 0.25646 3,2139* 0.77474
(0,26) (0,2264) (0,0003) (0,2596) (0,7738) (0,0405) (0,4610)
AIC 5.82729 5.81488 11.0897 -4.83518 -4.75635 4.03365 4.02202
SIC 5.98897 5.91907 11.2802 -4.6232 -4.64138 4.16299 4.09028
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Static vs. Dynamic Model, 100 Days Dynamic Forecast:
Value

|
VaerdiMia Forecasts VaerdiMia |

Forecasis

[ ]
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Static vs. Dynamic Model, 100 Days Dynamic Forecast:
Number
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Static vs. Dynamic Model, 100 Days Dynamic Forecast:
Value per transaction

VderdiPerTrans ‘u’zlurdinrTrans
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