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ABSTRACT ARTICLE HISTORY

The paper provides an analytical solution to the differential Received 30 September 2021
equation that regulates the motion of the neo-Kaleckian model in Accepted 5 August 2022
the short run. After presenting a simple open economy neo-

(leckian model i govemment vy, he pane amaVical) e ln mocet i
. . o 3 adjustment period; traverse;
time required for the system to make a k percent adjustment effective demand; growth;
from one steady-state to another. The solution shows that there distribution

is an inverse relationship between the time of adjustment and (i)

the strength of the Keynesian stability condition; (ii) the behavior JEL CODES

of entrepreneurs underlying their decisions to more rapidly/  B41; E11; E12; E17; 041
slowly respond to changes in goods market conditions. Last, the

model is calibrated for the US, showing that the vicinity of the

new equilibrium is reached after a period of about 5 quarters

under a baseline calibration. By formally analyzing the out-of-

equilibrium  trajectory of the neo-Kaleckian model, this

contribution moves away from the method of comparative

dynamics and provides a historical-time representation of the

model’s traverse.

KEYWORDS

Introduction

—
.

Recause of the domination of the equilibrium mode of thought, most economists unkow-
ingly evacuate time from their analysis, exactly like Mr. Jourdain spoke prose: equilibrium
economics is really timeless economics. ,

Henry (1987, p.472)

e neo-Kaleckian growth model has been mainly criticized because of its failure
to provide a long-run convergence of the rate of capacity utilization to the normal
one (Skott 2012; Davila-Ferndndez, Oreiro, and Punzo. 2019; Girardi and Pariboni.
2019). A partial admission of the difficulties of neo-Kaleckian models in explaining
long-run phenomena has also been recently recognized by Lavoie (2018, p.9):
2Maybe the mistake was to speak of long-run equilibria; perhaps there would have
52.n no controversy if from the beginning we had called them medium-run
equilibria.’

CONTACT Ettore Gallo @ ettoregallo@newschool.edu @ The New School for Social Research, 79 Fifth Avenue, 11th FL,
New York 10003, NY, USA
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While the Kaleckian literature and its critiques have focused on issues related to
the stability of the Neo- and Post-Kaleckian models of growth and distribution
(Del Monte 1975; Lavoie 2010; Skott 2010; Franke 2017), little to no attention has
been paid to the formal analysis of the traverse from one steady-state position to
another. As a consequence, even if we admit that the neo-Kaleckian model ought to
be restricted to ghort- or medium-run analysis, it is still left to know what the short
and medium ru s < ctually are. More specifically, what needs to be proven is that the
neo-Kaleckian moael moves between steady-state positions in a time span that the exist-
ing literature identifies as either short or medium run.

Accordingly, the first research goal of this paper is to seek an analytical solution to
the differential equation that describes the short-run adjustment mechanism of a
simple open economy neo-Kaleckian model with government activity. Second, the
paper aims to explicitly find a solution to_the system in terms of the time of adjust-
ment, thus exploring how short is the shcif un in the neo-Kaleckian model by means
of model calibration. Methodologically, the paper follows the line of research pio-
neered by Sato (1963, 1964, 1980) in analyzing the adjustment period in Neoclassical
growth models.

The remainder of the paper is organized as follows. Section Two presents a simple
open economy neo-Kaleckian model with government activity, characterized by the
endogeneity of the rate of capacity utilization in the short run. Section Three discusses
the ordinary differential equation that explains the motion of the neo-Kaleckian
system in the short run, providing a general solution to it. Subsequently, the resulting
equation is then expressed in terms of the adjustment period f; required for a k
percent adjustment from one steady-state position to another second one. Section
Four calibrates the model for the US in line with existing studies and BEA data,
showing that the neo-Kaleckian model provides for a very fast pace of adjustment of
saving to investment. Last, Section Five concludes, summarizing the findings of the

paper.

2. A Simple Open Economy neo-Kaleckian Model with Government
Activity

This gection presents a simple version of an open economy neo-Kaleckian model with
gover v 2nt activity for the analysis of short-run dynamics.

In oraer to derive the growth model, let us first start with the output equation of an
open economy with government activity:

Y =C + 1 + G+ (Xi—M,) (1

where the current level of aggregate output (Y;) is defined as the sum of aggregate con-
sumption (C;), private investment (I;), public expenditures (G;) and net exports
(X;—M;). Consumption, investment, government spending, exports and imports can
be modeled as follows:

C; = Co + c(1-1)Y; ()

I; = [a; + Buy]K, (3)
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REVIEW OF POLITICAL ECONOMY e 3

G =G (4)
Mt = T’I’lYt (6)

Equation (2) assumes that aggregate consumption is partly induced . via the tax-
adjusted propensity to consume c¢(1—t) - and partly autonomous frcm the current
level of income (Cy;). Investment (gquation 3) is modeled in line with the neo-Kaleckian
treatment of capital formation as (linearly) dependent on the rate of capacity utilization
(ur = Y;/YP), as postulated by Steindl (1952) and formalized in the 80s by Rowthorn
(1981), Dutt (1984), Taylor (1983) and Amadeo (1986). More specifically, the parameter
a reflects ‘the animal spirits of firms, for instance, expectations about the future trend rate
of sales growth’ (Lavoie 2014, p. 361), while the parameter f3 represents the sensitivity of
the investment rate to changes in the actual rate of capacity utilization (1). Both «
and B are assumed to be positive." Government spending (gquation 4) and exports
(gquation 5) are both treated as autonomous expenditures, the 117t because public con-
s 1motion and investment depend on the arbitrary decisions of wne general government,
tne second because exports depend on foreign demand, which depends in turn on foreign
income. For the sake of simplicity, imports of goods and services are assumed to be lin-
early dependent on the level of income, via the propensity to import m (gquation 6).

Given gquations (2) and (4), and considering that s = 1 — ¢(1 — ¢t) is tk > (: x-adjusted
propensit save, we can write the domestic saving equation as follows:

St:Yt—ct—Gt:Yt_CTJt—C(l_t)Yt—a:SYt—CT)t_ét (7)

Dividing gquation (7) by the capital stock (K;), we can obtain the saving rate (o;), with v
denoting e capital-capacity ratio.:

gt:_:a+but )

Lastly, given gquations (5) and (6), we can obtain the net export rate (b;):

X’_Mt_g_ YtYP_)E_% (10)

bt = = m-——-=
K; K; YP K, K v

As discussed by Blecker and Setterfield (2019, p. 192), the goods market equilibrium con-
dition requires that the saving rate has to be equal to the sum of the accumulation and net

'Since the analysis is restricted to short-run dynamics, the paper abstains from the consideration of a normal degree of
utilization, in line with the original vision of Steindl (1952) and Kalecki (1954). Therefore, the model does not provide for
a return to a normal degree of capacity utilization, under the assumption 4 widely acknowledged by Kaleckian authors
= that the rate of capacity utilization is an endogenous variable, at least in the short run. For a more-in-depth discus-

sion, see Hein (2014), Lavoie (2014) and Blecker and Setterfield (2019).
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export rates:
g = gt + bt (11)

Therefore, after equating and rearranging equations (9), (10) and (11), we can obtain the
short-run goods market equilibrium as fo 101 s:

(s +m)u* o a+ B (12)

where z denotes the ratio of autonomous expenditures to the capital stock. Similarly to
Lavoie (2016), the ratio is assumed to be constant in the short run:

Zi Cu G X
gt 0 Tt A (13)
Ki K& K& K
Last, let us solve the model for the equilibrium rate of capacity utilization (u*):
. a+z  (a+2)y (14)

T Gtm/v—B s+m— P

The model leads to a stable equilibrium if and only if the denominator in gquation (14) is
positive. This implies that the short-run stability condition is met if savir ¢ 2 Jjusts faster
than investment and the trade balance to changes in the rate of utilization, as discussed by
Hein (2014, p.290).

The simple open economy version of the neo-Kaleckian model presented here main-
tains all the fundamental properties of Kaleckian analysis:*

1. Growth is demand-led through the investment channel;

2. The rate of capacity utilization is endogenous in the short-run, bearing the brunt of
the adjustment of saving to investment and the trade balance;

3. A positive change in the animal spirits parameter («) boosts accumulation (gquation 3);

4. The paradox of thrift holds in the short run: an increase in the econom /-wide tax-
adjusted propensity to save (s) lowers the equilibrium utilization and accumulation
rates;

Having sketched the basics of the model and its steady-state, let us now move to the
consideration of out-of-equilibrium dynamics, formally analyzing the characteristics of
the short-run traverse.

2t is worth noting that the paper relies on the consideration of a unique economy-wide tax-adjusted propensity to save.
The main reason is to move beyond the traditional Cambridge assumption that wage earners do not save, thus making
the analysis in Sections Three and Four more consistent with economic reality (Barbieri-Gées 2020). This way, however,
issues related to shifts in the functional distribution of income take a back seat. In order to bring them back, the analysis
should be extended by modeling the economy-wide propensity to save as equal to the average of the propensities to
save out of wages and out of profits weighted by the respective factor shares and assuming the former to be greater
than the latter, in line with the Kaleckian and Post-Keynesian literature. For the sake of analytical tractability, the paper
abstains from this further step, that would, however, permit to recover two further postulates of Kaleckian analysis, i.e.,
the ideas that demand and growth are wage-led and that the paradox of cost holds in the short run. For a more exten-
sive discussion, see Hein (2014, Sec. 7.2).
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3. Analysis of the Adjustment Period

Firms are assumed to react to any supply-demand mismatch in the goods market
through quantity adjustments. More specifically, with the principle of effective
demand at work, firms will increase ‘output and hence the rate of capacity utilization
whenever aggregate demand [D, below, note of the author] exceeds aggregate supply’
(Lavoie 2014, p. 363).” Framing the adjustment in terms of changes in the utilization
rate, it follows that:

du dY/dt wD;—=Y)Y: plli+X;—M;—S5) K

a My, Y, Y _ K Y?

= uv(g + b, —ay) (15)

where y is a parameter measuring the intensity and speed with which supply adjusts to
demand. The parameter needs to be positive for the adjustment to be possible in the
assumed direction, but not greater than 1 (instantaneous adjustment): 0 < p < 1.

Rewriting and rearranging gquation (15) in light of gquations (9, 10 and 11), it follows
that:

% = ul(a+2)v — (s +m — Bv)u] (16)
Equation (16) is of key importance, as it constitutes the first-order linear differential
equation that explains the motion of the neo-Kaleckian model in the short run. It pos-
tulates that entrepreneurs adjust the utilization of productive capacity on the basis of
goods market conditions. More specifically, whenever investment demand and the
trade balance fall short of (exceeds) the supply of savings, the rate of capacity utilization
will decrease (increase) to match the new equilibrium in the goods market, making pos-
sible the ex-post adjustment of saving to investment and net exports. Moreover, the equa-
tion captures all the fundamental properties of the neo-Kaleckian model moving towards
its new steady-state, postulating that changes in the rate of capacity utilization are pos-
itively related to changes in the animal spirits parameter («) and the autonomous
demand-capital ratio (z), and negatively related with changes in the tax-adjusted propen-
sity to save (s), in line with the paradoxes of thrift. The general solution® of gquation (16)
is given by:

_ (a+2)v— Cexp[ — tuls +m — Bv)]
B s+m— Bv

U ( 1 7)
where C is the constant of integration.’

Let us consider the case of an increase in the parameter capturing animal spirits (e).°
Accordingly, from gquation (14), it follows that the old and new steady-state values of the

3Given that the process tancs piace in the short run, potential output will not increase with output changes. Therefore, the
percentage change of the rate of capacity utilization will be equal to that of output.

“The ordinary differential equation in gguation (16) can be easily solved with most statistical &oftware. For a formal proof,
see Appendix 1.

SFor further discussion, see Appendi»

8t is worth stressing that the mathematical derivation would yield the same result for the time of adjustment t, even if
the initial change would be in s, m, B or v. The analysis starts with a change in the parameter a merely because the
mathematical derivation becomes more straightforward. In other terms, a shock in the parameters determining the
Keynesian stability condition would affect the speed of the dynamic adjustment, but not its time structure, which is
regulated by gguation (26).,
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capacity utilization rate are, respectively:

. (a+2)v

y «_ (a1 +2)v
O s+ m— B

and u, = m (18)

Since a; > a, the new equilibrium rate of capacity utilization (u]) will be greater than
the initial one (1), i.e., u] > ug.

When the increase in animal spirits - from ag to @; — occurs at time ¢ = 0, the system is
still in its initial steady state corresponding to u;, beginning the process of convergence to
the position corresponding to the new equilibrium u}. Accordingly, as the adjustment
mechanism is now triggered, the general solution of the differential gquation (16) will
reflect the new value of the animal spirits parameter («;). In other terms, gquation
(17) at time t = 0 becomes:

:(a1+z)v—Cexp[—O,u(s+m—Bv)]_(a1+z)v—C

s+m—Bv  s+m—Bv (19)

Ug

However, as discussed before, at t =0 the system is in its short-run initial equilibrium,
implying that u, in gquation (19) must be equal to u in gquation (18):

(a1 +2)v—C _ (a+2)v

s+m—Bv  s+m—Bv (20)
Simplifying and rearranging, we have that the constant of integration C is equal to:
C= (a1 —ag)v (21)
Therefore, gquation (17) can be rewritten as follows:
(a) +z)v — (a — ag)vexp [ — tuls + m — Bv)]
- (22)

s+m— Bv

At this stage, we ought to consider the difference between the two steady-states in gqua-
tion (18):

Au* — ot — gt o @)
-

O_s—i-m—,Bv (23)

Let us now denote with # the time period corresponding to a k (percent) adjustment to
the new steady-state value u}. Accordingly, the amount of the adjustment in capacity uti-
lization at time t; is given by kAu* = w; — u, implying that:

_ (ag+2)v + kv(ay — ap)

=ul +kAu* = 24
Ui = g + kAU s+m— By (24)

where uy is the value of u; at time f. Therefore, ux must be equal to u, in gquation (22)

with t = t;. Equating the former with gquation (24), it follows that:

(a1 +2)v — (a1 — ap)vexp [ — fyuls +m — Bv)] (o + 2)v + kv(ay — ay)
s+m—Bv N s+m— v

(25)

Simplifying and rearranging, we can explicitly solve gquation (25) in terms of the
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adjustment period t, as follows:

_ —In(1-#k
s +m = py)

Equation (26) provides an analytical relation between the adjustment period (more spec-
ifically, a k percent of the adjustment) and the other relevant parameters of the neo-
Kaleckian model presented in Section Two. At first glance, it can be easily noted that
there is an inverse relationship between the strength of the Keynesian stability condition
and the time of adjustment, i.e., the greater (s 4 m — Bv), the smaller the k percent
adjustment period f;. Moreover, the time of adjustment # is inversely related with the
parameter 4, that captures the speed and intensity with which entrepreneurs decide to
adjust production to demand in the goods market.

Taken together, the two conditions mentioned in the previous paragraph imply that the
time required for the utilization rate to adjust to a new steady-state position is fundamen-
tally influenced by (i) the structure of production and demand embedded in the parameters
determining the Keynesian stability condition (s, m, B and v) and (ii) the behavior of entre-
preneurs underpinning their decisions to more rapidly/slowly respond to an aggregate
demand shock by adjusting production (). In other terms, the more responsive is produc-
tion to aggregate demand changes, and the more dynamic the behavior of entrepreneurs to
such changes, the shorter will be the adjustment period.

Summing up, the inspection of gquation 25 allows to state the following fundamental
results:

Ty (26)

1. The adjustment period does not depend neither on the initial nor on the new value of

animal spirits («);

The adjustment period does not depend neither on the initial nor on the new value of

the autonomous demand-capital ratio (2);

The greater the propensity to save (s), the shorter the adjustment period;

The greater the propensity to import (m), the shorter the adjustment period;

The greater the capital-capacity ratio (v), the longer the adjustment period;

The greater the sensitivity of accumulation to changes in the rate of capacity utiliza-

tion (f3), the longer the adjustment period;

7. The greater is the speed and intensity of the adjustment of production to demand (u),
the shorter the adjustment period;

8. The greater the percentage of adjustment (k), the longer the adjustment period.

N

AN

4, Parameter Values and Adjustment Time

This section provides a parameter calibration of the neo-Kaleckian model, in order to
find an approximate time length for a given percentage of the adjustment to a new
steady-state.” By relying on existing studies and BEA data, the calibration is carried
out in light of the empirical evidence for the US economy in the period between 2002
and 2019, i.e., the years encompassing the Great Moderation and the Global Financial
Crisis, before the COVID-19 Recession.

"The interested reader may refer to Gallo (2022) for a similar numerical exercise regarding the long-run traverse in
demand-led growth models.
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In order to be able to coherently interpret the results in calendar time, it is important
to point out that we need to assume a priori that the adjustment of saving to investment
does not occur faster than the unit period inherent in the data (Gandolfo 2012). In other
terms, if we were to use an annual calibration (as most of the existing literature does), we
would need to assume that the adjustment does not take place within a year. In the oppo-
site case, it would be difficult to derive a plausible discrete-time representation of the
adjustment process, as shown by Gandolfo (2012). For this reason, using an annual cal-
ibration is somewhat problematic in the case of fast processes. Accordingly, the model is
calibrated at a quarterly frequency, under the more realistic assumption that the adjust-
ment does not occur at higher frequencies (daily, weekly or monthly). Calibrating the
accumulation rate and all other relevant parameters to account for quarter-on-quarter
growth ensures that the unit period can be interpreted as a single quarter. Therefore,
assuming that a quarter is a sufficiently small time step, we can then coherently
provide a continuous-time representation of a discrete process.

In order to calibrate the quarterly capital-capacity ratio (v), let us decompose it as
follows:

yo K _KIY hu 27)

YY IYY? g

Therefore, the capital-capacity ratio depends positively on the investment share (h;) and
on the rate of capacity utilization (1) and negatively on the accumulation rate (g;). The
benchmark value of the ratio is obtained from the analysis of capital dynamics in the US,
in line with Fazzari, Ferri, and Variato. (2020, Supplementary Appendix). The authors
abstain from the complicated matter of measuring capital and the problem of aggregating
heterogeneous capital goods, thus not relying on BEA fixed assets data. Instead, they
make use of national accounts and investment data to calibrate the capital-actual
output ratio. In particular, they do so by starting from the empirical observation of
the average investment share from 2002 to 2016 (equal to 12.5 percent) and of the
annual gross capital accumulation rate (10.9 percent) - obtained as the sum of a yearly
growth rate of 2.5 percent and a 8.4 percent depreciation rate. In quarterly frequency,
the latter observation implies an accumulation rate of 2.62 percent.® With a private
non-residential investment share of 12.65 percent and a rate of capacity utilization of
77 percent — equal to the average measure of utilization from 2002 to 2019 +- equation
(27) yields a quarterly capital-capacity ratio of 3.72.°

The value of the economy-wide propensity to save (s) is set to 0.5, in line with the
empirical estimation of Blecker, Cauvel, and Kim. (2022) and the recent gvidence and
calibration exercise by Fazzari, Ferri, and Variato. (2020, Supplementary Appendix).

®The quarterly growth rate is obtained using the formula Ggrr = (1 + gy,)V4 -1

The adopted value of the investment share is just slightly above the one used by Fazzari, Ferri, and Variato. (2020), as the
data is extended until the last quarter of 2019. In order to measure capacity utilization, the paper makes use of the
average value of the Federal Reserve Board (FRB) measure of utilization from 2002 to 2019 (for data sources, see Appen-
dix 2). It should be noted that there is no definite consensus on whether the FRB index is the most appropriate measure
of the degree of capacity utilization. For a critical discussion, the reader should refer to Nikiforos (2016) and Gahn and
Gonzalez. (2020). However, the empirical controversies on the use of FRB data are centered on the discussion of the
stationarity of the series and thus on the opportunity of using it to properly measure long-run variations of utilization.
The purpose of the current exercise is rather different, as the average value of the rate of capacity utilization is used as a
mere benchmark; the adoption of a different measure of utilization to calibrate the model would have no effect on the
overall results.
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The value of the propensity to import (m) is obtained by calculating imports of goods and
services in percent of GDP from 2002Q1 to 2019Q4 and averaging the time series; the
result yields m =17 percent

The expected growth rate ol sales («) is calibrated using quarterly real GDP growth as
a proxy of expected revenues, yielding an average growth rate of 0.51 percent at quarterly
rates from 2002 to 2019. Furthermore, the parameter that captures the impact of the rate
of capacity utilization on accumulation (f) and the autonomous demand-capital ratio (2)
are both set to match the gbove-mentioned steady-state values of the degree of capacity
utilization and the quarterly accumulation rate.'® Let us now move to the discussion of
the value of the parameter capturing the speed and intensity of the adjustment of produc-
tion to demand (¢). Given the difficulty associated with inferring it from empirical gvi-
dence, we assume it to be 0.75 in the baseline scenario, then allowing it to vary between a
lower value of 0.5 and a higher value of 0.9. This implies that every quarter entrepreneurs
respond to goods market conditions by adjusting production in a order of magnitude
between 50 percent and 90 percent of the change in demand.

The parameter values are summarized in Table 1.

Under the baseline parameter constellation (with w = 0.75), we can now explicitly
compute the adjustment period.'" Defining vicinity to the new steady-state position as
90 percent of the total adjustment, it follows that:

B —1In (1 — 0.90)
= 0.75(0.5 + 0.17 — 0.0274 x 3.72)

tg.90 A 5 quarters ~ 1 year (28)
Therefore, the model approaches the new steady-state in about 1 year, reaching it almost
entirely (99 percent of the total adjustment) in about 2 years:

—1In (1 —0.99)

t = ~ 10 quarters =~ 2 year 29
099 = 0.75(0.5 + 0.17 — 0.0274 x 3.72) 4 Y (29)

The results slightly change when we assume a different speed of adjustment of produc-
tion to demand (y). In particular, reducing y to 0.5 lengthen the time required for a 90
percent and 99 percent adjustment to about 8 and 16 quarters, respectively. Conversely, a
faster adjustment in the goods market (u = 0.9) produces a slight reduction of the time
required to approach the new steady-state position u} (with fg9 &~ 4 quarters and
to.99 & 9 quarters).

Figure 1 provides a graphical illustration of the adjustment process under the param-
eter calibration described above, following an initial increase in the expected growth rate
of sales () and allowing for three different values of y. The dotted lines match the time
needed for a 90 percent adjustment to the new equilibrium u} under the three different
parameter sets.

Therefore, under the baseline parameter calibration, vicinity (90 percent) of the new
equilibrium in the model is reached after a period of about 5 quarters (9 quarters for 99

%1t is worth noting that since neither a nor z have an effect on the length of the adjustment period, their calibration is
merely carried out for expositional purposes.

"Since the main scope of the paper is analytical rather than empirical, it does not include a sensitivity analysis, thus
deriving the qualitative results from the benchmark values reported above. However, the interested reader may
easily perform a re-parameterization of the neo-Kaleckian model using the resource reported in the Online Appendix
3.


Deleted Text
Deleted Text
above mentioned

Deleted Text
Deleted Text
evidences

adm_bifulcin
Nota
Please replace 'percent' with ' %'


410

415

420

425

430

435

440

445

450

10 (&) EGALLO

Table 1. Parameter values.

Par. Description Value Source

v Capital-capacity ratio (quarterly) 3.7204 Author’s calculation, based on Fazzari, Ferri, and Variato.
(2020)

s Propensity to save 0.5 Fazzari, Ferri, and Variato. (2020); Blecker, Cauvel, and Kim.
(2022)

m Propensity to import 0.17 Author’s calculation, based on BEA data (See Appendix 2)

a Animal spirits 0.0051 Author’s calculation, based on BEA data (See Appendix 2)

B Impact of u; on the accumulation  0.0274 Author’s calculation

rate

z Autonomous demand-capital ratio  0.1126 Author’s calculation

u Speed of adjustment (quarterly) 0.75; 0.5; 0.9 Author’s assumption

k Percentage of the adjustment 0.90; 0.99 -

Source: author’s calculation, various sources (see Appendix 2).

percent of the adjustment). This consideration implies that, in historical time, the neo-
Kaleckian model presented here is characterized by a relatively fast pace of adjustment,
compatible with the time span of short-run processes as defined by Angeletos, Collard,
and Dellas. (2020).

Before drawing conclusions from the analysis conducted above, two important
remarks are in order. First, the analysis of the short-run traverse in the neo-Kaleckian
model rests on a framework that, although simple, embeds an open economy with gov-
ernment activity and autonomous consumption spending. Conducting the same calibra-
tion exercise on a simpler model that does not account for foreign trade, government
activity and/or autonomous consumption may lead to misleading conclusions regarding
the time of adjustment needed for the transition between steady states.'” Second, even
though the calibration exercise is conducted in light of empirical gvidence for the US
economy, this does not imply that economic reality follows the same adjustment path
postulated by the model. In other terms, the analysis does not provide any empirical
support whatsoever to the Kaleckian claim that the rate of capacity utilization is endog-
enous in the short run, nor to the implication of a stable convergence of saving to invest-
ment. Rigorous econometric analysis aimed at supporting or disproving Kaleckian
investment and output theory is therefore still needed, leaving space to further research
on the matter.

5. Concluding Remarks

The paper presents a simple open economy neo-Kaleckian model with autonomous com-
ponents of aggregate demand. Most importantly, it finds an analytical solution to the
differential equation that regulates the motion of the neo-Kaleckian model in the short
run. In line with the methodology introduced by Sato (1963, 1964, 1980), the analysis
provides and discusses a general solution to the ordinary differential equation that
explains out-of-equilibrium dynamics in the model. Subsequently, the effect of an
increase in animal spirits is considered, rewriting the general solution of the neo-Kaleck-
ian model in terms of the time of adjustment #, i.e., the time required for the system to
make a k percent adjustment to the new steady-state.

'2| wish to thank Robert Blecker for pointing this out to me.
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Figure 1. The adjustment of the rate of capacity utilization to an increase in a at t = 0. Source: authors’
representation

The explicit analysis of the short-run traverse in the neo-Kaleckian model yields few fun-
damental results. First, the time of adjustment is not affected by changes neither in the
animal spirits parameter (&) nor in the autonomous demand-capital ratio (z). Second,
the adjustment period depends negatively on the propensity to save (s) and on the propen-
sity to import (). Third, # is in a direct relation with the capital-capacity ratio (v) and with
the sensitivity of accumulation to changes in the rate of capacity utilization (). Fourth,
there is an indirect relation between the speed and intensity of the adjustment of production
to demand (u) and the time of adjustment. Taken together, these conditions imply that the
time it takes for the utilization rate to adjust is largely determined by (i) the structural deter-
minants of production and demand embedded in the Keynesian stability condition and (ii)
the behavior of entrepreneurs underlying their decisions to adjust production more quickly
or slowly in response to a change in goods market conditions. In other words, the more
responsive production is to aggregate demand changes, and the more dynamic the behavior
of entrepreneurs to such changes, the shorter will be the adjustment period.

Last, the paper performs a parameterization of the neo-Kaleckian model in line with
empirical gvidence and recent Post-Keynesian literature. The calibration exercise shows
that, under a reasonable parameter constellation, vicinity of the new equilibrium 4
defined as 90 percent of the total adjustment + is reached after a period of about 4 to 9
quarters (depending on the value of y), and the model almost settles in the new steady
state (99 percent of the adjustment) after about 9 to 16 quarters. This result, implying a
relatively fast pace of adjustment compatible with short-run processes, provides more
solid foundation to Lavoie’s (2018, p. 9) claim 4 reported in the introduction +- that
the neo-Kaleckian model is better suited for short and medium-run analysis rather than
for giving a proper representation of long-run macrodynamics. While the investment
theory upon which the neo-Kaleckian model rests needs to be further assessed empir-
ically, the analysis of the short-run traverse conducted in the present contribution calls
for a closer connection between the neo-Kaleckian model of growth and distribution
and Kalecki’s original business cycle theory. As the neo-Kaleckian model appears to
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be moving between steady-state positions at business cycle frequencies (Angeletos,
Collard, and Dellas. 2020), the former is consistent with Kalecki’s idea that the short
run is characterized by damped oscillations perturbed continuously by stochastic
shocks that generate semi-regular cyclical movements (Kalecki 1971, pp. 134-135).

On a more general level, the analysis conducted in the paper points to the importance of
explicitly taking into account the time scale of steady-state growth models when describing
their comparative dynamic effects and policy implications, thus coherently combine
logical-time analysis and real-world historical time, as advocated by Joan Robinson
(1980). In this respect, the paper has analytically showed the validity of the line of argument
put forward by Henry (1987), Park (1995) and Lavoie (2016, p.183-184) on the importance
of paying more attention to the values that the relevant variables of a system take during the
traverse rather than to their potential steady-state values. Whilst the ultimate assessment of
the validity of the neo-Kaleckian model for policy analysis ought to rest on rigorous empir-
ical investigation, this contribution wishes to set the ground for a new agenda for Kaleckian
authors and demand-led growth theorists, suggesting to move away from the comfortable
but limited realm of comparative dynamics and think more carefully about the properties
exhibited by economic models during the traverse. The comparison between steady-state
positions is undoubtedly useful to grasp the logic of a model as it moves from one equilib-
rium to another, but it needs to be coupled with a precise description of the model’s out-of-
equilibrium trajectory if we want to provide a valid representation of a real-world economy
operating in historical time on human time scales.
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Appendix 1. Proof of the General Solution in Equation 17
605 1. In order to prove that gquation (17) is the general solution of the ordinary differential gqua-
tion (16), let us first cc iV niently simplify the notation. In particular, let us denote wif i (i e
term K the Keynesian ¢z lity condition, i.e., K = s + m — Bv > 0. Therefore, gquatio1 (20)
becomes:
du
610 a "~ (a + Z)I-LV - I*'LKut (Al)
2. Rewrite gquation (Al) in the form dy/dt + p;y; = g, as follows:
du
S uKu; = (o + 2)uv (A2)
615 which implies that p, = uK and q = (a + z) uv.
3. Let us find the integrating factor (,), i.e., the continuous function that satisfies the condition
n,pt = M as follows:
my = o) K _ gk (A3)
620 4. Let us now multiply all the terms in the differential gquation (A2) by the integrating factor:
K du Kt Kt
et E—i_ uK e u, = (a v o)uvet (A4)
(e"u) = (a+2)pvers (A5)
625

5. Integrating both sides of gquation (A5), it follows that:
e"y) dr = | (a + 2)uv e dt (A6)
J

(a+ 2)uv ekt

630 ey, 4 k= +c (A7)
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Subtracting k from both sides, we get:

a+z)v
erKly, = (a+ 2y e —k (A8)
K
Both ¢ and k are unknown constants and so the difference is also an unknown constant.

Therefore, we can write the difference as ¢; = ¢ — k:

(a+2)v
CMKth = 7]{

ekt ¢ (A9)

We now have only one constant of integration c;. It should be noted that the constant ¢; is
negative for economically meaningful initial values of the rate of capacity utilization (if
uy >0, then ¢; <0). For convenience, let us then define another constant C as
C = —c1/K. Therefore, gquation (A9) becomes:

_(a+zver —C

erKiy,
K

(A10)

Multiplying both sides by e #X!, we can obtain the general solution to the ODE that regulates
out-of-equilibrium dynamics in the model, as follows:

_(a+z)v—Ce

Last, substituting K = s + m — Bv, we can write u; as follows:
"= (a+ z)v — Cexp[ — tu(s + m — Bv)] (AL2)

s+m—PBv

Appendix 2. Data Sources

Capacity Utilization, Rate, All industry, SA, Federal Reserve Board (FRB), https://fred.stlouisfed.

org/series/TCU

Gross Domestic Product, Overall, Total, Constant Prices, SA, USD, 2012 Chained Prices, BEA

+ Bureau of Economic Analysis, U.S. Department of Commerce, https://www.bea.gov/data/
gross-domestic-product

_wiiate Fixed Investment, Nonresidential, Total, Constant Prices, SA, USD, 2012 Chained

Prices, BEA 4~ Bureau of Economic Analysis, U.S. Department of Commerce, https://www.

bea.gov/data/ .| /gross-domestic-product

Imports, Goc ! .ind Services, Total, Constant Prices, SA, USD, 2012 Chained Prices, BEA -

Bureau of Economic Analysis, U.S. Department of Commerce, https://www.bea.gov/dat

gdp/gross-domestic-product

All weblinks last accessed on September 26, 2021.

Online Appendix 3. Sensitivity Analysis

The interested reader could easily perform a re-parameterization of the neo-Kaleckian
model under scrutiny through the following interactive Web App 4 created with Shiny R:
https://ettoregallo.shinyapps.io/Short_run_NKMj/.
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