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ABSTRACT

Interest Rate Bands of Inaction and
Play-Hysteresis in Domestic Investment:
Evidence for the Euro Area®

The interest rate represents an important monetary policy tool to steer investment in
order to reach price stability. Therefore, implications of the exact form and magnitude of
the interest rate-investment nexus for the European Central Bank’s effectiveness in a low
interest rate environment gain center stage. We first present a theoretical framework of
the hysteretic impact of changes in the interest rate on macroeconomic investment under
certainty and under uncertainty to investigate whether uncertainty over future interest
rates in the Euro area hampers monetary policy transmission. In this non-linear model,
strong reactions in investment activity occur as soon as changes of the interest rate exceed
a zone of inaction, that we call ‘play’ area. Second, we apply an algorithm describing
path-dependent play-hysteresis to estimate investment hysteresis using data on domestic
investment and interest rates on corporate loans for 5 countries of the Euro area in the
period ranging from 2001Q1 to 2018Q1. We find hysteretic effects of interest rate changes
on investment in most countries. However, their shape and magnitude differ widely across
countries which poses a challenge for a unified monetary policy. By introducing uncertainty
into the regressions, the results do not change much which may be due to the interest rate
implicitly incorporating uncertainty effects in investment decisions, e.g. by risk premia.
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1 Introduction

The European Central Bank (ECB) has been reducing its key interest rate since the financial
crisis in 2008, even hitting the zero lower bound steadily in the more recent past. Alongside
this development, domestic interest rates on the credit market, for private as well as for
corporate lending, have been falling since the key interest rate works as a main driver of the
market interest rate. However, this decline happened at different levels across the individual
member states of the currency union. The ECB’s intention behind this unconventional mon-
etary policy is to stimulate demand in the Euro area, i.e. consumption and investment, and,
by this, preserving price stability. Against this background, the negative relation between
investment and investment costs leads to the question if and if so, where exactly the interest
rate thresholds for additional investment (as well as for disinvestment) are located. In terms
of the hysteresis concept, the question is: how wide is the band of inaction or to what extent
does the interest rate underlying our study have to decrease until it induces significantly
additional investment. The interest rate is of great importance, since interest rates as the
main determinant of the cost of capital are of crucial relevance for profitability. In other
words, we shed light on an important element of the monetary policy transmission process
in the Euro area.

We start with a visual inspection of the development over time of the interest rate relevant
for corporate lending and of domestic investment for France in Figure [I| from 2000 onwards.
The negative trend of the interest rate is mirrored by a positive trend in investment as
theoretically expected. However, the slopes of the trend lines do not correspond to each
other with merely opposing signs, hinting at a non-linear relationship. We even find periods
of parallel development of the two variables as for example in 2002 or in the quarters leading
up to the financial crisis.

In the following, we focus on the hysteretic nature of the relation between investment and
the relevant credit market interest rate, following Belke & Gocke (200942019). We start with
the presentation of a microeconomic model and show the inherently path-dependent nature
of investment decisions. In this regard, we derive the difference between the (low) interest
rate triggering investment activity and the (high) interest rate triggering a disinvestment of
a single firm. Sunk costs may be the reason for this divergence between the two interest
triggers, if the investment is firm-specific for example and no sale is possible at the full
purchasing price. Additionally, we come up with an extension of the model by introducing

uncertainty related to stochastic future revenue and/ or future interest rate changes. Option



Figure 1: French interest rate on corporate lending (lagged by one quarter) and French
domestic investment
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Notes: Quarterly data from Furostat and the European Central Bank. Investment on right axis in million
€, interest rate on left axis in percent.

value effects then amplify the hysteresis characteristicsﬂ Next, we present an approach
which incorporates the path-dependent non-linear dynamics on the macroeconomic level. It
is called play-hysteresis, since it shows an analogy to mechanical play. The integration of play
into a standard regression framework enables the use of macroeconomic data. Hereby, the
theory developed can be empirically tested using more readily available macroeconomic data,
which is a step into the direction of bringing the concept of hysteresis closer to applicability
and increasing its policy relevance. To the best of our knowledge, this study is the first
to empirically examine the theoretical concept of interest rate hysteresis in macroeconomic
investment in Belke & Gocke| (2019)).

The remainder of this paper proceeds as follows: we present the theoretical concept of
sunk cost hysteresis and non-ideal relays in section [2| capturing the non-linear hysteresis-
type dynamics inherent in the relationship between interest rates and investment if sunk
adjustment costs matter for investment market entry and exit decisions. In addition, option

value effects of waiting due to uncertainty are introduced into the model. Section |3|addresses

!Dias & Shackleton| (2005)) also present a model of investment hysteresis with stochastic interest rate
changes. Stochastic differential equations are the foundations of their mathematically complex approach,
which allows for numerical solutions. Nevertheless, our model is simpler, hereby enabling algebraic closed
form expressions that can be directly interpreted.



the aggregation of microeconomic hysteresis loops and the macroeconomic investment - hys-
teresis. A description of play-hysteresis is in section 4] while section [5| presents an algorithm
capturing linear play, which allows an estimation of the macroeconomic hysteresis loop. In
section [6] we introduce the data and estimate the impact of the corporate lending interest
rate on domestic investment in five Euro area countries. Section [0 concludes and derives

some (monetary) policy conclusions.

2 Sunk cost hysteresis and non-ideal relays

2.1 Sunk cost hysteresis and interest rate changes

In order to illustrate the hysteresis effects on a microeconomic level, we will apply a sim-
ple microeconomic model presented by Belke & Gocke| (2009,2019). A price-taking firm j
decides in period ¢ whether or not to invest into one unit of capital K;(= 1) and to start
production. If it invests, the firm has to pay the sunk investment costs H;(> 0). H; is
completely firm specific and cannot be regained if the firm is disinvesting. The specific part
H; decays immediately as soon as the firm does not produce and sell, however, selling the
unspecific capital stock K at price 1 is possible. Using capital, the firm produces and sells
the production immediately resulting in a revenue e;;, which is the (marginal gross) rate
of return of the additional unit of capital. Interest costs of the firm are related to both
types of capital. Using unspecific capital K; as an input factor, the interest rate 7, has to
be paid as an opportunity cost. If the firm has not produced in the preceding period, it has
to pay additionally for the starting costs H;(> 0). However, if it has been active and is just
continuing production only the interest costs on K are relevant.

The net rate of proﬁtﬂ (disregarding the adjustment costs) in period ¢ is:
Rjy = ejp—ir- Kj = ejp — i (1)

As a simple example we assume the firm is expecting for the next period (t+1) a single once
and forever change in the interest rate by p, which remains constant for the whole infinite
future: i, = 4, + p (for all 7 > 0). The future gross rate of return is expected constant as

well: e;;1, = e;+ = e;. Thus, the future net rate of return is:

Rj7t+7- =€t — lppr = €; — (Zt + ,0) (wzth T > O) (2)

2We do not explicitly account for depreciation of assets. Nevertheless, depreciation is implicitly included
when interpreting the net rate of return.



In the case of an ongoing activity the present value of future revenues as an annuity (with
payments at the end of the periods) is:
&+t (L+i+p) ¢

V=L it g 1 3
R T A (F s R ) )

Under certainty the present value of revenues has to cover (at least) the value of the
capital stock K; = 1 plus the sunk entry costs (V;, > K; + H;) to make an entry a profitable
investment. If the interest rate is assumed to be the single input variable, while the rate of
return is ceteris paribus expected as constant (ej; = €;), the entry condition can be solved
for the interest rate, and an entry trigger interest rate a; can be calculatedﬂ For a first
illustration, we assume the simplest case of p = 0. The entry/investment trigger interest
rate solving the entry condition (V;; = 1+ H;) in this simple case is:

.
=0 = 1+]Hj

for p=0: entry if i < a; (4)
A low interest rate results in low capital costs for K; and H; and in a high present value
of future revenues, which makes an investment profitable.
A firm that was active in the preceding period will leave the market and sell the unspecific
capital K, if the interest rate is too high compared to the revenue. Thus, an exit of the firm
is optimal if (V;; < 1), and the exit/disinvestment trigger interest rate for a scenario with a

high interest rate is:
for p=0: b;=¢ exit if iy > b; (5)

The results show, that an entry requires interest costs on both, unspecific capital (nor-
malized to K; = 1) and sunk investment costs (H; > 0), to be covered by the revenue, i.e.
by the gross rate of return e;, to make an investment profitable. This is the case for low
interest rates. On the other hand an exit will only occur, if the rate of return e; no longer
covers the interest opportunity costs just on the unspecific part of the capital K;. Thus,

disinvestment takes place if the interest rate exceeds the rate of return.

3 See |Gocke, (2019) for a discussion of economic vector-hysteresis with multiple input variables, i.e. a
situation with simultaneous revenue and interest rate changes.
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For a constant level of the rate of return (e;; = e;), an (unexpected) change of the interest
rate 7; results in a non-ideal relay pattern with respect to the interest rate as the input

variable, which is depicted in Figure [2| (see (Gocke|2019, p. 6) for a similar representation):

(

1 Zf (Kj,t—l =0A4 < CL]‘)
1 4 Kiy1=1N15 <D
K, = f ( Jt=1 t = ]) (6)
0 Zf (Kj,t—l =0A it Z CL]')
0 ’Lf (Kj,t—l =1ANiy > b]>

Figure 2: Non-ideal relay related to the interest rate as the input variable
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A non-ideal relay describes a path-dependent multiple-equilibria characteristic. Starting
in an inactivity situation at point L in Figure 2} by reducing interest costs on K; and Hj, a
decreasing interest rate makes an investment profitable, triggering investment at interest rate
a; (entry) a point M. This results in a jump from the (K;=0)-inactivity-line to the (K;=1)-
activity-line. A later interest rate increase will result in disinvestment if the opportunity
costs only on the unspecific K; are no longer covered (exit at point N at trigger rate b;).
A switch between the two equilibrium-branches takes place when the triggers are passed -

otherwise the activity status remains the same. Therefore, the area between both triggers



a; and b; can be called a "band of inaction” or hysteresis-band (Baldwin||1989, Baldwin &
Lyons [1989). Dependent on the past, two different equilibria are possible: The current level
of the input variable (interest rate) does not unambiguously determine the current state of
the output/dependent variable (firms activity). A temporary change of the input variable
results in a switch between these equilibria and causes a permanent effect on the output

variable (called remanence), which is the constituting feature of hysteresis.

2.2 Option value effects in a scenario with stochastic revenue

changes

In a situation with uncertainty, a real option approach applies (Belke & Gocke| /1999, 2009,
2019, Bentolila & Bertola||1990, Dixit| 1989, |Dixit & Pindyck 1994 Pindyck 1988 |1991). We
again refer to the simple case of no expected change in the interest rate (p = 0) to illustrate
the option effects related to revenue uncertainty. A firm which is currently inactive has to
decide whether to invest now or not, having the option to invest later. The option to decide
in the future results in risk reduction based on a wait-and-see strategy. A firm can avoid
future losses by staying passive, if the stochastic future rate of return will be unfavourable.
This wait-and-see-option to enter later is eliminated by an instantaneous investment. Thus,
in order to trigger an immediate investment, the respective option value has to be covered
in addition to the sunk costs.

The option value effects are demonstrated based on a simple example: assume a single
non-recurring stochastic change of the rate of return, which can be either negative (—ey,
with the index d indicating a downward movement) with probability P, or a positive change
(+€u, with the index u indicating an upward movement) with probability (1 — P) and [e,4 >
0]. From period t + 1 on, the firm will decide under certainty again. In a scenario with
uncertainty, the option to wait and to decide on the investment in the next period has to
be taken into account. If the future revenue level will turn out to be favourable (+¢,) the
firm still has the option to invest in the next period. On the other hand, potential future
losses can be avoided by staying passive in the case of a negative change (—e4). The firm
receives zero profits in the current period ¢ if it stays passive. In case of a (+¢,)-realization,
the firm will use its option to invest in ¢ + 1 and will receive an annuity of (e; + &, — i)
by paying discounted sunk investment costs. If a (—g4)-realization emerges, the firm will

remain passive.



The decision is based on a comparison of the expected present value of the wait-and-see
strategy E (Wﬁ?ﬁy) with the expected present value [E(V;;) — H;] of an immediate entry

(without a re-exit):

1-— P e; +¢&, — it

EW™M) = | L——— - H, 7

e e ) )

EV.)—-H, =P.| —— % 1—-P). =2 | _1_H. 8

(.77t) J ( 1+Zt >+( ) < 1+Zt J ()

Indifference between immediate entry and wait-and-see [E (Wﬁ?try) = E(V;;) — H,] results
in an entry trigger:

. P- Ed . 1 P Ed
=g (1+ H))+ ——2 - e, — — =2 9
e] 27 ( + ])+ Zt+P g Ut 1+H_7 (ejzt Zt+P) ( )

A comparison with the entry trigger in a situation with no uncertainty from equation
shows that the interest rate resulting in an entry is lower, due to an option value effect of
the size [—(P - e4)/ (it + P)].

A currently active firm, deciding to disinvest now or to stay active with an option to exit
later if an unfavourable (—g4) revenue change emerges, has an analogous decision problem.
Remaining active for one period results in a current profit of (e; — ;). In case of a (—&g4)-
realization, the firm will use its option to exit in ¢ + 1. Conditional on (+¢,) the firm will
continue activity with a future annuity of (e; + ¢, — i;). The expected present value of the

wait-and-see strategy E(W ") is:

E(wesity = p. [ 22—t 1—-pP)- | 22— 10
iy = pe (S )+ =P (s (10
E(W£i*) is compared with the expected present value of an immediate exit (without a re-

entry), which is zero. Indifference [F (I/V]e"f”) = 0] between wait-and-see and immediate exit

gives the condition for an exit/disinvestment-trigger:
(1-=P)- g,
T+ (1-P)
For the exit trigger a comparison with the certainty case in equation shows a positive
option value effect [(1 — P) - &,]/[i; + (1 — P)].

(11)



2.3 Option value effects in a scenario with stochastic interest rate

changes

Qualitatively similar option value effects will result if other stochastic impacts on the profi-
tability may happen, e.g. if stochastic future changes of the interest rate itself are included.
This is demonstrated by an analogous example: A single non-recurring stochastic change
of the interest rate, which can be either positive (+p,) or negative (—p4) (and p,qa > 0).
The probability of a positive interest change (4p,) is P, and (1 — P) for a negative change
(—pq). From period ¢t + 1 on, the situation is assumed to be constant again. The option to
wait and to decide on the investment later has again to be taken into account. If the future
interest change is negative (—pq), and thus favourable for investors, the firm can still invest
in the next period. However, by staying passive, potential future losses can be avoided if the
positive interest rate change (+p,) leads to increasing interest costs. The current net profit
is (R;; = e; — i;. The future interest rate, relevant for future interest costs and discounting,
is (it4r =y = iy + p,) With probability (P) and it is (iyy, = iq = is — pg) with probability
(1 — P). From equation (2|) the future profit follows if i; 4 p is substituted by either (i, + p,)
or (i — pa). For both cases, the present values of future revenues can be calculated based on
equation , applying the same substitution:
VtuE(lJr?ter.“)'ej’t—l and thE(lJr?t_ed).ej’t
T (L) - (i pu) T (Tt - (5 — pa)
A currently inactive firm compares the expected present value of an immediate entry
[E(Vj+) — Hj] with the expected present value of the wait-and-see strategy E(W7""), which

is based on the option to invest in ¢t 4 1. It will invest if the interest costs are decreasing i.e.

1 (12)

conditional on a (—pg)-realization of the stochastic interest rate, which has a probability of
(1-P).

E(V;))—H;j=P-Vi,+(1—P)-Vigy (13)
1-P €;
E(WTY) = | —— - H; 14
i =1 (2 ) 1)
Under interest rate uncertainty, the entry trigger condition [F (Wﬁ?t’"y) = E(V;;) — Hj]
leads to:
P (1+H, ' , - P
e =i (14 Hy)+ 2o U)o G P (15)

i+ put P 1+ H  itptP

Comparing this result with equations and @D shows again an option effect lowering



the entry trigger interest rate, now by [—(py- P)/(it+p,~+P)]. This option value effect is only
related to the potential increase of the interest rate. In this case, an immediate investment
later will turn out to be wrong due to increasing costs of capital. On the other hand, the
chance of a decreasing interest rate is not relevant for an immediate entry, since in this case
there is no risk of having conducted the wrong investment.

A currently active firm can disinvest now or stay active. Remaining active results in a
current profit of (e; — i;). For a (—pg)-realization, the firm will continue activity with a
future annuity of (e;+ —i:+ pa), resulting in a present value V; 4. With probability P the firm
will use the disinvestment option in the case of a (+p,,)-realization in ¢t + 1. The expected

present value of the wait-and-see strategy E(W*) is:

€j — U

) (- P) Vi (16)

An immediate disinvestment results in zero profits. Hence, indifference is given by
[E(W:7") = 0], determining the exit trigger:

pa-(1—P)
Zt—pd+1—P

(17)

it:€j+

Comparing this exit trigger with equations and shows again a positive option
value effect [pg - (1 — P)]/[ix — pa + 1 — P]. This option effect is only related to the potential
risk of a decreasing interest rate, since an immediate disinvestment would turn out as the

wrong decision for this realization.

2.4 Non-ideal relay related to interest rates in a stochastic sce-

nario

In the previous two subsections, we showed that the entry/exit triggers are affected by option
values. Explicitly solving the trigger conditions for ¢; to calculate the interest rate triggers
a; and b; will lead to a mathematically complex result including some root expressions.
Nevertheless, the direction of the option value effects on the level of the interest rate triggers
is unambiguous for both different types of stochastic effects. Equations @D and make
clear that there is a negative effect of the option value of a potentially decreasing future rate
of return and of a potentially increasing future interest rate on the interest rate that triggers
an immediate investment. In Figure [2| this would be depicted as a shift of the investment
trigger a; to the left. For the disinvestment decision, equations and state a positive
option value effect on the level of the exit trigger interest rate in both uncertainty scenarios.

The risk of a rising future rate of return and the risk of a future interest rate decrease creates



an option value of waiting with the disinvestment. Hence, the immediate exit interest rate
trigger b; is shifted to the right in Figure[2]in both scenarios. Summarizing, in all uncertainty
scenarios the underlying option value effects lead to a widening of the band of inaction, i.e.
the distance between the entry and exit triggers a; and b; is increased due to uncertainty.
However, the general non-ideal relay characteristic of two different path-dependent equilibria

and remanence related to passing specific triggers remains under uncertainty.

3 Aggregation and macroeconomic investment hystere-
sis

With the microeconomic (investment) behaviour of firms being characterized by non-ideal

relays, aggregation is not trivial if there is heterogeneity concerning the entry /exit triggers of

different firms. An adequate explicit aggregation procedure, the Preisach! (1935)) - [Mayergoyz

(1986)) model, is presented by Belke & Gocke (2019) as a modified version for the application

of investment hysteresis. This aggregation procedure results in an aggregated macroeconomic

hysteresis loop with some differences concerning the quality of path-dependent features.

Figure 3: Aggregation for 3 heterogeneous firms

(aggfegatle/\
capita A, B, C
stock) , K+K™+K
K .
! A B
A, B— L KK
K +K 1 \:/
N KA —
— KB! (interest
A Y rate)
tal 1
capital A
firmA KA
A Vv
Y - N
capital B iﬁ\m i'g\ut i
firmB K
A v
. B ‘B >
capital / In Iout '
firm C \ I KC
),\\0
: )4 S
C i C i
Lin lout :

10



In this paper, we do not want to explicitly present the aggregation procedure, but only
to give an impression of the effects and problems of aggregation in the case of heterogeneous
firms. To this purpose, an example with 3 heterogeneous firms with non-ideal relay type
reactions is depicted in Figure . The individual firm’s activity is depicted for 3 firms (A, B
and C) in the lower part of the diagram, while the dynamics of the aggregate capital stock
resp. production is illustrated in the upper part of Figure If no firm was initially active

(i.e. for a very high initial interest rate i), a monotonously decreasing interest rate i will
A

result in an entry of firm A at interest rate 7, firm B will start activity at i2 < i2, and an

wm?

interest rate below i§, < iZ will cause an entry of firm C. If subsequently the interest rate
c

out?

no firm will be active

increases monotonously, firm C will exit at an interest rate above i, ,, and firm A will exit

. A C . . . B
an interest rate above i/, > 1,,. If the interest rate rises to 7 > i),

anymore.

Figure 4: The continuous "macroeconomic” hysteresis loop for the aggregate investment
activity related to the interest rate for a large number of firms

K tA aggregate capital/investments
(output variable)

B

(input variable)
interest
rate

A

It
If the micro behaviour is characterized by non-ideal relays, the aggregate loop for all firms
together shows a kind of stairway (i.e. a step function) for decreasing and for increasing

input variables with a band-of-inaction between the stairway-up and the stairway-down

region. The higher the number of hysteretic firms underlying the aggregation procedure, the

4 Firm C depicts a more general case of a non-ideal relay, where not only the typical jump at the trigger
points but, additionally, a marginal effect of the interest rate on the size of unspecific capital is allowed.
Such a generalization is generally possible, but for simplicity reasons was not presented in the micro model
in this paper.

11



smaller is the relative size of the individual firm’s steps, converging towards a more and more
continuously looking smooth aggregate reaction on both stairways. For a large number of
non-ideal relay firms the aggregate loop will converge to a continuous macroeconomic loop as
it is depicted in Figure 4] if the different triggers of the heterogeneous firms are distributed
continuously. The qualitative characteristics of this continuous macro loop are different: At
the micro/firm level, a passing of triggers is necessary to induce a discontinuous jump as
a permanent effect. However, for a continuous macro loop, every local extremum in the
time-path i.e. every switch in the direction of the development of the input variable will
have a persisting/remanence effect. For this reason, the macro hysteresis pattern has been
called ”strong hysteresis” (e.g. Amable et al.| (1991))).

4 Play-hysteresis as an approximation

Applying the explicit Preisach-Mayergoyz procedure, Belke & Gockel (2001,2005) show that
even the aggregate behaviour is characterized by areas of weak reactions and that the con-
tinuous macro loop can be approximated by a relatively simple dynamic pattern which -
corresponding to backlash in mechanics - is called ”play” | As far as changes occur inside
some play area, there are no persistent effects from small changes in the input variable. How-
ever, if changes go beyond the play area, sudden strong reactions of the output variable (and
remanence effects) resultﬂ In contrast to the microeconomic band-of-inaction of Figure ,
the play area is shifted with the history of the forcing input variable: Every change in the
direction of the movement starts with traversing an inaction area. After this play area is
passed, a stronger reaction (called spurt) results if the input variable continues to move in

the same direction.

® For a mathematical presentation of play-hysteresis, see (Krasnoselski & Pokrovski|1989, pp. 6 ff.), and
(Brokate & Sprekels|[1996), pp. 24 f. and pp. 42 ff.).

® See (Pindyck|[1988, pp. 980 ff.) and (Dixit & Pindyck|/1994] pp. 15 f.) for a non-technical description
of macroeconomic spurts due to a microeconomic sunk cost mechanism.
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Figure 5: Linear (demand side) play-hysteresis and spurt areas
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Figure |5| gives an impression of play dynamics for a simple case with linear segments.[]
In our example, the dependent variable is the aggregate capital K and the forcing variable
is the interest rate 7. A preceding interest rate increase had led to an initial situation in
starting point A (iy) located on the downward leading (right) spurt-line. Changing direction
(i.e. now an i-decrease) results in entering the play area. A weak play reaction results until
the entire play area of absolute width (> 0) is passed. The upward leading spurt-line starts
in point G at i5 (with: v = ig — i5). In the play area (between points A and G) only a
weak reaction of the dependent variable K results from changes in the forcing variable 7. A
further decrease of ¢ would induce a strong response of K along the (left) upward leading

spurt-line.

7 Actually, the presented play loop is an example of demand-side hysteresis, since the demand of the
factor capital of the firms is modelled. On the demand side a price increase is reducing the quantity: i.e.
an interest rate increase reduces capital demand. Thus, the play loop shows negative slopes in the case
of demand-hysteresis. Contrary, in the supply-side hysteresis case the play loop has positive slopes. For a
differentiation of both cases see |Gocke & Werner| (2015)).
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Alternatively, think of an interest increase starting from iy (A) up to ¢; (point B) and
a subsequent decrease to is (C). The corresponding reaction of K first evolves along the
right spurt-down line from A — B. With this movement, the relevant play area is vertically
downward-shifted, from line GA to line EB (v =iy — i5 = i1 — i3). Now a decrease from iy
(C) to i3 (E) takes place in a play areaﬁ This play area is partially penetrated in point C by
an extent 'a’. A further interest decrease is — i3 — iy (With trajectory points C — E — F)
leads to passing the entire play width ~ at point E (i3), followed by a strong reaction on the
upward leading (left) spurt-line until point F. On this spurt-up line, a further input decrease
suddenly leads to a strong increase of the dependent variable. However, this (continuous)
change in behaviour is not related to a constant trigger level as in the micro loop, but path-
dependent, since the play lines are vertically shifted by movements along the spurt-lines.
The play area now is shifted in the opposite direction as before, so that for a subsequent
increase back to iy — i3, a weak play reaction (F — H) describes the reaction. Summarizing,
persistent effects emerge if movements go beyond a play area and lead to reactions on a spurt-
line, resulting in a shift of the play area. In contrast, there are no permanent effects from
small variations taking place only inside the play-areas.

Actually, interpreted in terms of Figure the spurt-lines are a kind of continuous
”stairway-up/-down” reaction due to aggregation over a large number of heterogeneous firms,
and the width ~ of the play area is related to the distance between both stairways. Of course,
using play dynamics with linear segments and a constant play width is a simplified way to
capture macro/aggregate dynamics. The slope of the branches of the macro loop depends
on the distribution of the firms’ triggers and is in general non-linear. However, even a
curved aggregate loop (as depicted in Figure 4)) can be seen as approximated by the kinked
play—loopﬂ

Moreover, since the band of inaction is due to option value effects widened by uncertainty
on a microeconomic level, increased uncertainty that is prevalent for all firms on the market
will result in a widening of the play area on the aggregate level.@ Thus, for capturing
changing uncertainty effects, changes in the play width must be implemented into the play
model, which is illustrated in Figure @ After some upward movement on the (left) spurt up
line we start from point J (i). If the width of play is changing, the opposite (right) spurt-line
is horizontally shifted, while the location of the left spurt-line is fixed as long as an upwards

movement is continued. Generally, the spurt-line on which the most recent movement has

8 In the original case of mechanical play there would be even no reaction of K inside a (horizontal) play
area (Krasnoselski & Pokrovski|[1989, p. 8).

9 For a discussion of the quality of the approximation of the non-linear hysteresis loop by linear segments
see Hallett & Piscitelli| (2002]).

10 For an integration of these effects into a play loop see [Belke & Gocke, (2005).
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Figure 6: Linear spurt-lines and variable play width
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taken place serves as an anchor (here the spurt up line) while the opposite spurt-line (in
our example the right spurt down line) is shifted horizontally via play variations. If, e.g.
an initially high degree of uncertainty leads to a large play width ~q, this leads to a right
spurt located at (spurt down,). An interest increase from ig — i7 in the 7g-situation results
in a weak play reaction (points J — M). However, if later on the uncertainty is reduced
starting from a situation described by point M, this causes a reduction of the play width
7Y — 1. Thus, a horizontal shift of the right (spurt down,) to (spurt down;) occurs. Due
to the reduction of the play width the system ends up in point N, and at the same time the
play area is shifted downwards. Summarizing, movements on the spurt-line resulting from
changes in the forcing variable ¢ as well as variations of the width of the play area result in

vertical shifts of the relevant play line, i.e. in persistent hysteresis effects.

5 An algorithm capturing linear play

Based on summing up the input variable movements on the spurt-line as well as effects of
changes in the play width, an algorithm presented by Belke & Gocke (2001) calculates an
artificial shift variable. This spurt variable s; sums up all spurt movements which had led to
shifts of the play area. Actually, the spurt variable s; is just the series of the original input
variable 7, where all small changes inside the play areas are filtered out. Since this filtering

is based on the play width, the resulting spurt variable s; depends on the size of 7. After
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the filtering algorithm is applied on #; to calculate the spurt variable s;, a standard linear

equation of the following type can be estimated (e.g. by OLS):

investment; = ¢+ a - i;—1 + 0 - s¢(:) + function(further variables) (18)

The slope of the play area is stated by the parameter « of the original input variable and
the difference in the slope between play areas and spurt-lines is given by the parameter 3 of
the spurt variable s;. Thus, the resulting slope of the spurt-lines is stated by the parameter
sum (a + (). In the case of play hysteresis we would expect a low (absolute) level of «,
i.e. flat play areas, and a steep spurt-line, with a higher size of (o 4+ ). L.e. a typical play

hysteresis loop follows, if the following condition holds:

la] < |a+ f), i.e. "flat” play areas and "steep” spurt-lines (19)

Moreover, in the case of demand hysteresis, the slope of the spurt-line is expected to be
negative.

For a detailed presentation of the filtering algorithm (and for a translation into an EViews
batch program) we refer to Belke & Gocke (2001). Our implementation of the play algorithm
allows to control the play width by another variable. In order to capture the positive impacts
of uncertainty on the play width, we model the variable play width in a simple linear way

as a function of an uncertainty proxy variable u.

Ye=p+6-u with: 1,6 >0 andu;, > 0= >0 (20)

Applying an OLS-Procedure, we suppose that the standard regression model assumptions
hold: the error term is independently, identically and normally distributed with a constant
finite variance over all sections, and the regressors are measured without any error and are
not correlated with the error term. However, our model is non-linear in its parameters,
since the knots are not known a-priori and since the play width + has to be estimated in
order to determine the spurt variable s. In such a (spline) model with unknown but con-
tinuous switches, the OLS-/ML-estimator leads to consistent and asymptotically normally
distributed estimates. Unfortunately, the finite sample properties of the play regression
model remain problematic: The parameter estimates are not even approximately normally
distributed for small samples and local maxima in the likelihood function may occur.E More-
over, non-stationary variables might imply non-finite variance, while at the same time play

dynamic represents a mixture of short-term and long-term dynamics, which obstructs the

11 See |Hujer| (1986, pp. 231 ff.), Poirier| (1976, pp. 108 ff., pp. 117 ff. and p. 129), Hudson| (1966) and
Hinkley| (1969).
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application of standard cointegration analysis. As a consequence, the small sample distribu-
tion and the critical values of the estimators have to be interpreted with caution. However,
a solution to these econometric problems is beyond the scope of this paper. In order to
minimize the residual sum of squares (i.e. applying OLS), a grid search over the parameters

of the play is executed.

6 Empirical application

6.1 Data

In order to check for the empirical relevance of the hysteresis model for domestic investment
in several countries of the Euro area, we estimate equation (18) which generalizes hysteretic
behavior of investment dependent on movements in the interest rate. In the empirical ap-
plication, we use data on domestic investment in five countries of the Euro-area - namely
Austria, Finland, France, Germany, and Spain - as the dependent variable and the interest
rate as the hysteretic input variable. Data availability of the hysteretic input variable led to
the final selection of the countries in the empirical analysis. To be as parsimonious as possi-
ble, we include real GDP, a linear trend and seasonal dummies as additional non-hysteretic
control variables.

The GDP variable enters with a lag of one quarter into the regression, because lagged
GDP data produce the best fit in our regressions and assist in avoiding problems of reverse
causation. We choose the same approach for the interest rate, which enters in its lagged
form.[:g] The spurt variable then is calculated based on the lagged interest rate. This general
setting is applied in all estimations in this paper.

The exact specifications of the time series are as follows: investment is covered by quar-
terly gross fixed capital formation data which comprises fixed assets acquisitions of resident
producers, less disposals. It is seasonally and calendar adjusted, as well as deflated since the
time series are chain-linked volumes with 2010 as base year. We select this variable to picture
investment due to its availability for all countries in the sample in the national accounting
database of Eurostat. We consider the bank interest rate on loans to corporations of up to 1
million Euro with a duration of 1 to 5 years as most relevant for the purpose of our analysis,
as it is probably the crucial rate for investment of small and medium sized enterprises. The
interest rate time series are taken from the ECB database which provides monthly values

for the different countries separately. The series are available from January 2000 on, but

12 Using lagged GDP avoids problems related to endogeneity effects of the dependent variable (investment)
and the regressor (GDP). Since investment could theoretically contemporaneously affect the interest rate on
bank loans, we have also decided to use the lagged value of the interest rate in the estimations.
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they only cover all months up to 2018 for the five countries stated above.E We convert the
time series to a quarterly format and limit our investigation to the five countries, so that our
estimation period ranges from 2001Q1 to 2018Q1. The corresponding real GDP time series
are taken from Eurostat. We employ all variables in levels so that the regression results show

the absolute change of the variables.

Figure 7: Policy Uncertainty Index
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We apply a political uncertainty index (Baker et al.2016]) to measure economic uncer-
tainty in Europe. Figure [7| displays its development since 2000. In its construction, three
components are considered. The first one quantifies newspaper-coverage of policy-related
economic uncertainty. The second component counts federal tax code provisions which are
about to expire in future years. And the third component accounts for disagreement between
economic forecasters to proxy uncertainty. The series has been seasonally adjusted using the
Census X-12 procedure in EViews.

Additionally, we employ the variance in the interest rates as another driver of uncertainty
to test the robustness of the results applying variable play. Hence, we take the positive log of
the variance of the past twelve months for the interest rate on corporate loans and introduce

it as another measure of uncertainty.

6.2 Estimation without play (i.e. the standard linear model)

A simple OLS regression allows for the estimation of the linearized model. We start with

a regression of French investment on the French interest rate on corporate bank loans, the

13 The Estonian time series for the interest rate is also complete. However, we chose to include only
countries into our regressions that did belong to the Euro area from the beginning.
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French real GDP and, additionally, a linear trend dummy plus dummy variables for the first
3 quarters (Q1-Q3) in the upper panels of the following tables containing results. In the two
lower panels, we show the results of the regressions for Germany and Austria respectively.
At a first stage, we exclude spurt or play effects, i.e. we apply the restriction 5 = 0 (or
equiv