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Abstract:

The thesis that the number of mathematically possible switch points is reduced by the number
of affected industries and by ambiguous price relations in the vicinity of the intersection points
of wage curves must be supplemented by the condition of complete observability of the
innovative technology. The rigorous proof that the number of switching points is reduced by
conditions that can be regarded more realistic than the widely held theoretical view that two
systems with alternative techniques differ, in general, at switch points in only one method of
production could be an important step towards the empirical testing and practical application
of the neo-Ricardian theory.
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Introduction

The big topic of the neo-Ricardian school was and still is ‘reswitching’” — the return to a
technology that had previously been used, structurally caused by a change in the distribution of
the surplus product between capital and labour. (Kurz; Salvadori 2024) Re-switching requires
switching to a different technology to have taken place beforehand whilst retaining the same
kind of product; the theoretically estimated number of such switches differs significantly from
the number of empirically observable technology switches. Since 1977 there are the following
theses that have guided the discussion and analysis of technological changes:

“... if at profit rate 7, the two alternative systems « and S ... are to yield exactly the same

solution for all prices, they can, in general, differ in only one equation (except for the peculiar
cases of equation systems with the rare coincidence of having identical solutions). ... The
implication is that the two alternative matrices

2@ | | a®
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differ, in general, in only one column (leaving aside the peculiar case just mentioned.)”
(Pasinetti 1977: 163)

While at first ignoring the “peculiar case” of an exception, Pasinetti went on:

“The conclusion to be drawn is that, on the technological frontier, although the various
techniques may differ in more than one method of production (and the corresponding matrices
in more than one column), those techniques which are adjacent at a switch point will differ, in
general, in only one method of production (and the corresponding matrices will differ in only
one column). In other words, as one gradually moves along the technological frontier, the
methods of production will change, in general, one at a time only one method of production
will change at each switch point.” (163-164)

If this were true, the “peculiar case” of two technological matrices that differ in more than one
column could be replaced by a series of two matrices that differ in one column only. This is the
method for handling complex technological changes proposed by Pasinetti.

So, let us consider the case where a certain innovation affects more than one branch. In this
case, the technological matrices of the two systems differed across several columns.
Nevertheless, each system generates only one wage curve, so that the comparison of the
technological alternatives boils down to examining exact two wage curves in terms of their
points of intersection. Pasinetti, however, presents this case in a completely different light:

“There remains, of course, the exceptional case of coincidental solutions. This corresponds to
the very special case in which more than two curves happen to intersect at exactly the same
point (as shown in Fig VI 4) Even in this very special case, however, the various curves which
intersect at exactly the same point (yielding, at this point, exactly the same price) can, in general,
be so ordered as to make only one method of production change between adjacent curves. Hence



the necessary comparison can always be made between matrices which differ in only one
column.” (164)
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Fig VI4 Excepuonal case of 3 1echnical methods whach are equn profitable at the same
rate of profit =,

What Pasinetti presents here (p. 164) is a comparison of three systems which produce the same
point of intersection of the wage curves. However, this is yet another special case which has
nothing to do with a comparison of fwo systems representing simultaneous changes in
technology across several sectors, but not in all. Pasinetti did not deliver a strong argument for
his thesis. Nevertheless, it is widely accepted. As recently as 2024, a critic of that school
claimed: “As can be shown, techniques that alternate at switching points differ only in the
production of a (basic) commodity...” (Helmedag 2024: 265; own English translation)

Some preliminary strictures

(1) Pasinetti’s thesis raises the question of how complex technological changes that rarely affect
just a single sector alone are to be analysed. If it were true that ‘switch points’ occur one after
the other on the technological front, one could depict complex technological changes as a
dynamic process in which the rate of profit changes gradually. However, there is an explicit
warning against such a notion that contradicts with the long-run perspective of Sraffa’s theory.
Neo-Ricardian models generally depict states of equilibrium which are assumed to be reached
in the long run under constant conditions. Each state of equilibrium is associated with a specific
rate of profit and a specific wage rate. If we mentally shift to a different rate of profit and a
different wage rate, this may well represent an entirely different economy, one that is
technologically identical but whose state has emerged at some point and in some place entirely
of its own accord and independently of the state previously considered. Discussions of wage
curves are thus part of comparative statics: the comparison involves different equilibrium states
of the economic system under analysis, each of which is established in the long run:

“There is no implication here of a process of change from one equilibrium to another. Different
equilibria are to be regarded as if they were different planets with no connection between them.”
(Harris 1973: 101)

(i1) There is no strong mathematical proof that analyzing complex technological changes in a
stepwise manner leads to a correct result. As a matter of fact, there can be no proof because the



analysis of two matrices that differ in more than one column is excluded by Pasinetti’s method.
But it is precisely this analysis that is a prerequisite for a comparison with the proposed method.

(ii1) It was shown in a previous study (Quaas 2024), that a step-by-step analysis of complex
technological changes does not lead to a clear-cut result. It has also been shown that the
alignment of price vectors is a necessary but not sufficient condition for switching points, that
a distinction must be made between true and spurious switching points, and that the number of
possible switching points may decrease as the number of affected industries increases. Building
on this study, the question of the maximum number of switch points is revisited here. This
replaces the case-analysis made in that study and the proof provided in the appendix, which
was, unfortunately, inconclusive.

Theoretical Prerequisites

Within the framework of Piero Sraffa's model involving n > 2 single-product industries, it is
possible to compare economic systems with different technologies even when, in the long run,
they involve multiple sectors. The crux of such a comparison is the effect of technological
innovations on the price system, which is captured by price vectors:

p'=wl'[I-(1+r)AT" (1)
Prices of system C, called the new or innovative system, are given by:

p¢ =wl[1-(1+r)C]" )
The individual terms of system A are:

p'= [ ! plo. pf] (vector of prices, a row vector)
A= Hal.j H: (technological matrix, squared, non-negative)

1" = [ZIA o nA] (employees per output, a row vector, strictly positive)

Analog definitions apply to System C. It is additionally assumed that the matrix C is irreducible.
The same may be true for matrix A, but this plays no role in the following argumentation.

The parameter w refers to the wage-rate, which is the same for all employees, parameter 7 is the
rate of profit on capital.

The physical structure of the regarded economic systems is assumed to fulfil the condition of
survivability, i.e., they produce a surplus, no matter how small it may be. Explained in terms of
the System C, this means:



q° -z =(I-C)q“ =s“20; s“ =0 (3)

The explanations of individual terms are:

q¢ = (qlc g5 ... qC ) (positive vector of outputs, a column vector)
¢ = (zlc A ch) (circulating capital, a column vector)
s¢ = (slc ss ... snc) (surplus, a column vector)

Whenever possible, the convention is followed to denote a column vector by round brackets
and a row vector by square brackets. Unlike scalars, vectors and matrices are written in bold.

Among other things, the following theorems will be needed:

Since C is nonnegative and irreducible, and q° >0 satisfies Cq“ < q“ with strict

inequality in at least one component, the Perron—Frobenius theorem (Gantmacher II: Chapter
XIII) implies that the highest characteristic value of the corresponding characteristic equation
is less than one:

CqQy = Aoy <Uhy = A <1 (4)

max

Here, qgg is the eigenvector of matrix C corresponding to the maximum characteristic root,
which is not needed further in this context.

Applying the matrix C on the vector 1° of direct applied labour we get the vector of indirect
labour 1¢ =1°C that is needed to produce the circulating capital. Repeating this operation, leads

to the vector of labour needed to produce the circulating capital for producing the circulating
capital — and so on. We define the labour vector at the i-th stage of production

1° =1°C’ (5)
and consider the first n+1 vectors:
15,10,...,1¢ (6)

According to the theory of matrix algebra, there cannot be more than n linear independent
vectors among the set (6). In every given case, there are exactly p linear independent vectors

with 1< p <n in such a way that lg can be depicted as a linear combination of the preceding

vectors: There are exactly p linear independent vectors (1< p <n) by which the (p+1)-th

vector can be depicted as a linear combination of the preceding vectors:



I =alj+a, I +.. +al (7)
To formulate one of the key assumptions here, the following observation matrix € is defined

with reference to (5) and (7):

Q(IC,C): : (8)

lCC.n_l
System C is called completely observable if rank (Q) =n .

Since prices depend on both the vector 1° and the matrix C, there is an analogy to Kurz and
Salvadori (1997: 165-168), who showed that the technological matrix C can be reconstructed
using the price vectors, provided there are # linearly independent price vectors for n profit rates.
This is the case of complete observability, which we assume as given in what follows.

Since 1977 it is well known that
p(r)=p(r) ©)

is a necessary but not sufficient condition for a so-called switch point. (Pasinetti 1977: 159) A
switch point is an intersection of the wage-profit functions of system A and C which could lead
to a turnover to the other technology under certain additional conditions. Because these
conditions are not subject of this study we call the profit-rate  an intersection point of the wage-
profit functions and not a switch point when (9) happens.

As shown in Quaas (2024), condition (9) is equivalent to the validity of the following equation:
~(L+r ) [1-(14r)C] 'D=1" (10)
with D=C-A and 1” =1° - 1" (11)

D is the matrix of technological innovations, and 1° the difference of spared or additional
needed workers in system C compared to system A. Some elements of these terms can be
positive, others negative, and some, but not all, are zero. A single column of D can be noted as
a column vector:

d,=(d, d,, .. d,)

1j

The following assumptions concerning the technological innovations and their mathematical
representation are made:



The number k of non-vanishing columns vectors d, # 0 of matrix D equals to the number of

industries that are affected at the same time by a complex technological change which could, at
least in the long run, transform system A to system C: The number of industries can be any
number between 1 and n: £ =1,2,...,n. Without loss of generality, we assume that only the first

k columns of matrix D are different from zero-vectors, and only the first k£ elements of the vector

1” are different from zero:

D=|d, d, ... d, 0 ... 0

s = 0

An important but realistic assumption is that the first £ column vectors d; are linearly

independent: The innovations are unique in every industry.

Some properties of the inverse matrix

The inverse matrix in equation (2) can be split into a determinant and the corresponding adjoint
matrix:

-1 B(ﬁu
[1-(1+7)C] =4 (12)

N— |

with 1= IL . Equation (12) is valid for 1> 4 > 4, respective for 0<r <r_ . In the following,
+r

these restrictions are called “the allowed range” of A respective of r. A is the Perron-
Frobenius eigenvalue of matrix C. Element b, of matrix B(1) is the algebraic complement
(the cofactor) of element A, in the determinant A(1)=|AI-C|. Both, the determinant and its
adjoint matrix B ( /1) are strictly positive for parameters in the allowed range, because matrix

C is irreducible. In this range it is also:

A[B(2)]=[a(2)]" >0 (13)
Therefor the n column vectors of the adjoint matrix B(1) are linearly independent.

Because the elements of B(1) are (n—1)x(n—1) minors of A(4), they are polynomials of
degree (n—1) at most. The highest degree can be found in b, (/1) fori=1,...,n. As A increases,

the diagonal elements grow by the highest power of n—1 coupled to the positive coefficient 1.

Introducing equation (12) into equation (10) delivers:

1°B(2)D+A(4)1° =0 (14)



Equation (14) was called the “embedded system of equations” (Quaas 2024) — embedded in the
primary equations (1) and (2) and equivalent to equation (9).

Analysis of single terms
The elements of the row vector 1°B (/1) are linear combinations of polynomials with the highest

degree of n—1:

1°B(1)

" b, (4 21, 0 (A) ilfbm(/l)H (15)
i=1 i=1

All elements of this vector are positive because /, >0 and b, > 0. The coefficient of 2" is

just 1°. Multiplication from the right with the matrix of innovations D produces a row vector
with elements that are kind of weighted sums of the elements of vector (15):

1°B(1)D =

S b, (2)d, b, (2 YA OH (16)

i,j=1 i,j=1 i,j=1

The determinant A(/l) is a polynomial of degree n. The highest power has a coefficient of 1.

Within the allowed range of A4 the determinant is positive and can be written as follows:
A(A)=A" =5 A" —...—s

The coefficient s, is the sum of diagonal elements of the matrix C' (Gantmacher I: 87). Adding
A (/1) 1” to vector (16) produces a row vector g of which the elements are polynomials with the

highest degree of n:

g=rn(2) (1) . ©n() 0 .. 0

The A-th individual element of this vector is:

Zlcb )d, +17A(A) with h=1,...k.

i,j=1
Separating the algebraic components
Polynomials can be ordered by powers of 4. We define a row-vector

A=[/1" A7 1]

and start with the reconstruction of the term 1°B(4). A (n+1,n)-matrix M



0 0 0

C C C

I b L,
M =|m, m,, my,
mnl ng mnn

with coefficients m; (i=2,3,...,n; j=1,2,...,n) can be constructed in such a way that the

following relationship holds:
I°B(1) =AM (17)

Multiplying by matrix D from the right produces & different sums of the elements depicted in
(15), i.e., a row vector with £ more or less different polynomials whose highest degree is n-1:

1°B(1)D = AMD (18)

Only the first k elements of the row vector 1” A(/I) are different from zero. These elements are

polynomials with the highest degree of n. We define a column vector
s=(1 —s, —s, - =s,)
and get for the second term in (14):
1°A(2) = Asl” (19)
Substituting the equations (18) and (19) into equation (14) gives:
A(MD +s1”)=0 (20)
The mere algebraic part can be defined as a (n +1, n) -Matrix G:
G =MD +sl”
With this transformation one gets a very short version of the embedded equation:
AG=g=0 (21)

We are interested in how many roots A this equation has under which conditions. For this

purpose, we analyse the rank of matrix G. There are only k& non-vanishing columns in G
therefore we know already that rank(G) <k.
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Hypothetical roots

The coefficients of row vector g are polynomials with the highest degree of n. In the literature,
it was often remarked that there could be n different roots solving the polynomials in (21). To
be precise, this argument must be applied to the specific case in which only a single industrial
sector is affected. However, when & >1 the roots that fulfill (21) need to be common to all &

polynomials. Let us assume that there are exactly m (0 <m< n) different roots that are common

for all non-vanishing elements of g. With these roots we can construe m different row vectors
AA)=[A A7 A7 A4 1] j=12..m (22)

that are linearly independent from each other (because the roots are different) and fulfill all the
following equation:

A(%4)G=0 (23)

It means that matrix G has at least a defect of m. We say “at least” because there can be more
than one vector which belongs to any root 4. and which are linearly independent from the ones

we have counted. Because the rank of a matrix G is the difference between the dimension of
the room in which G operates and its defect d (G), it follows:

rank(G):n+l—d(G)£n+l—m (24)

From this inequality, we can determine the maximal number of roots of the embedded equation
if the rank of matrix G is known.

The rank of the embedded equation

We assume provisional that the k£ columns of matrix G are linearly dependent. In this case a
column-vector exists:

x=(x1 x, = x, 0 - O);tO
that fulfils the following equation:
Gx=(MD+sl”)x=0 (25)

On the other hand, we have proposed that the first £ columns of matrix D are linearly
independent. Therefor it follows necessarily that
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Dx=y=#0 (26)
With this vector, equation (25) can be rewritten:

My +sh =0 with h=1"x (27)
After multiplying from the left by A (1) we get:

1°B(A)y +A(A4)h =0 (28)
This is a polynomial identity which consists of two parts:

1°B(A)y =A""1y + A" 1°B, L,y +...+1°Byy (29a)

A(A)h=2A"h-sA""h—...—s,h (29b)

If we compare the two polynomials while taking their powers into account, we find that for 4"
it must be the case that

h=0 (30)

With (30) the equation (28) reduces to:
1°B(4)y =0 (1)
Because A(/I) > 0 in the allowed range, we can divide (31) by the determinant and get:
1°(A1-C) 'y=0 (32)

We expand the inverse matrix into an infinite series:

R c cr! c!
1S(A-C) 'y =—1°| T+ —=4— 4. .+ Food—a.. ly=0 33
( ) ¥=7 ( PR P A jy (33)

The equation (33) is an identity in A that is valid for all 2> A__ . Since the left-hand side is

identically zero, all coefficients of this Laurent expansion must vanish. In particular:

Iy =1°Cy =---=1°C""'y =0 (34)
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By the help of the observability' matrix equation (34) can be written as:
Q1,C)y =0 (35)
In the special case that the rank (Q)=n, it follows that

y=0 (36)

Because the relevant columns in matrix D are linearly independent, it also follows that under
complete observability it must be:

x=0 (37)

That means: The first £ columns of G can never be linearly dependent if p =n (p is the number

of linear independent labour-vectors). Under this condition we can determine the rank of matrix
G in an exact manner:

rank(G) =k (38)

Taking equation (24) into account, the consequence is that the maximum number of solutions
of the embedded equation is restricted in the case of complete observability:

m<n+l—k (39)

Therefore, the following conclusion needs to be drawn: It is not the number of affected
industries per se, but rather the number of algebraically independent technological changes and
the observability of the new technology that determines the extent to which the number m of
different, but common rates of profit is limited at which the two wage-profit curves of the old
and the new system intersect. It was already shown (Quaas 2024) that the number of
mathematically possible switch-points is restricted by the number of intersection points and
may often be less because of ambiguous price relations in the vicinity of intersection-points.

Note on the use of artificial intelligence tools

There were the following tools of artificial intelligence used: E-Views for the detailed and
extensive calculations, MathType for the presentation of formulas, DeepL for controlling the
British English, and ChatGPT for controlling the logical structure of the mathematical
arguments. The responsibility for all aspects of the final version of the manuscript lies entirely
with the author.

"The use of the observability matrix for solving Equation (33) was proposed by ChatGPT.



13

Literature

Gantmacher, F. R. (1960): The Theory of Matrices. Volume one. Chelsea Publishing Company,
New York, N. Y.

Gantmacher, F. R. (1964): The Theory of Matrices. Volume two. Chelsea Publishing Company,
New York, N. Y.

Harris, Donald J. (1973): Capital, Distribution, and the Aggregate Production Function. In: The
American Economic Review , Mar., 1973, Vol. 63, No. 1 (Mar., 1973), pp. 100-113.

Helmedag, Fritz (2024): Warenproduktion mittels Arbeit. Vierte und ergénzte Auflage.
Metropolis-Verlag Marburg.

Kurz, Heinz D./Salvadori, Neri (1997) Theory of Production. A Long-Period Analysis.
Cambridge University Press.

Kurz, Heinz D.; Salvadori, Neri (2024): The 1966 Special Issue of the QJE on Capital Theory
and Reswitching. A View from the Archives. Hitherto unpublished paper.

Pasinetti, Luigi L. (1966): Changes in the Rate of Profit and Switches of Techniques. In: The
Quarterly Journal of Economics, Vol. 80, No. 4, pp. 503-517.

Pasinetti, Luigi L. (1977): Lectures on the Theory of Production. The Macmillan Company of
India limited.

Quaas, Georg (2024): Joint Technological Changes in Multiple Industries. Working Paper Nr.
182 der Wirtschaftswissenschaftlichen Fakultit der Universitdt Leipzig.



Universitit Leipzig

Wirtschaftswissenschaftliche Fakultit

Nr.

Nr.

Nr.

Nr.

Nr:
Nr.

Nr.

Nr.

Nr.

Nr.
Nr.

Nr.

Nr.

Nr.

Nr.

Nr.
Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

20

21

22

.23

24

25

26

27

.28

Wolfgang Bernhardt

Thomas Lenk / Volkmar Teichmann

Wolfgang Bernhardt

Kristin Wellner

Gerhardt Wolff

Thomas Lenk / Friedrich Schneider

Thomas Lenk

Thomas Lenk / Andreas Mathes

Thomas Lenk / Volkmar Teichmann

Kai-Uwe Graw

Adolf Wagner

Anja Birke

Rolf H. Hasse

Wolfgang Bernhardt

Adolf Wagner

Thomas Lenk / Anja Birke

Thomas Lenk

Dirk Biiltel

Stefan Dierkes / Stephanie Hanrath

Thomas Lenk / Andreas Mathes / Olaf Hirschefeld

Stefan Dierkes

Thomas Lenk

Wolfgang Bernhardt

Thomas Lenk

Wolfgang Bernhardt

Thomas Lenk

Soren Bir

Wolfgang Bernhardt

Stock Options wegen oder gegen Shareholder Value?
Vergiitungsmodelle fiir Vorstinde und Fiihrungskréfte
04/1998

Bei der Reform der Finanzverfassung die neuen Bundesldnder nicht vergessen!
10/1998

Gedanken iiber Fiihren — Dienen — Verantworten
11/1998

Moglichkeiten und Grenzen kooperativer Standortgestaltung zur Revitalisierung von Innenstadten
12/1998

Brauchen wir eine weitere Internationalisierung der Betriebswirtschaftslehre?
01/1999

Zuriick zu mehr Foderalismus: Ein Vorschlag zur Neugestaltung des Finanzausgleichs in der Bundesrepublik
Deutschland unter besonderer Beriicksichtigung der neuen Bundeslander
12/1998

Kooperativer Forderalismus — Wettbewerbsorientierter Forderalismus
03/1999

EU - Osterweiterung — Finanzierbar?
03/1999

Die fisikalischen Wirkungen verschiedener Forderungen zur Neugestaltung des Landerfinanz-ausgleichs in der
Bundesrepublik Deutschland:

Eine empirische Analyse unter Einbeziehung der Normenkontrollantréige der Lander Baden-Wiirtemberg, Bayern
und Hessen sowie der Stellungnahmen verschiedener Bundeslénder

09/1999

Gedanken zur Entwicklung der Strukturen im Bereich der Wasserversorgung unter besonderer Berticksichtigung
kleiner und mittlerer Unternehmen
10/1999

Materialien zur Konjunkturforschung
12/1999

Die Ubertragung westdeutscher Institutionen auf die ostdeutsche Wirklichkeit — ein erfolgversprechendes
Zusammenspiel oder Aufdeckung systematischer Mingel?

Ein empirischer Bericht fiir den kommunalen Finanzausgleich am Beispiel Sachsen

02/2000

Internationaler Kapitalverkehr in den letzten 40 Jahren — Wohlstandsmotor oder Krisenursache?
03/2000

Unternehmensfiihrung (Corporate Governance) und Hauptversammlung
04/2000

Materialien zur Wachstumsforschung
03/2000

Determinanten des kommunalen Gebiithrenaufkommens unter besonderer Beriicksichtigung der neuen
Bundesldnder
04/2000

Finanzwirtschaftliche Auswirkungen des Bundesverfassungsgerichtsurteils zum Landerfinanzausgleich vom
11.11.1999
04/2000

Continous linear utility for preferences on convex sets in normal real vector spaces
05/2000

Steuerung dezentraler Investitionsentscheidungen bei nutzungsabhidngigem und nutzungsunabhéngigem
Verschleil des Anlagenvermdgens
06/2000

Zur Trennung von Bundes- und Landeskompetenzen in der Finanzverfassung Deutschlands
07/2000

Marktwerte, Kapitalkosten und Betafaktoren bei wertabhingiger Finanzierung
10/2000

Intergovernmental Fiscal Relationships in Germany: Requirement for New Regulations?
03/2001

Stock Options — Aktuelle Fragen Besteuerung, Bewertung, Offenlegung
03/2001

Die , kleine Reform* des Lénderfinanzausgleichs als Nukleus fiir die ,,groBe Finanzverfassungs-reform*?
10/2001

Biotechnologie im Spannungsfeld von Menschenwiirde, Forschung, Markt und Moral
Wirtschaftsethik zwischen Beredsamkeit und Schweigen
112001

Finanzwirtschaftliche Bedeutung der Neuregelung des bundestaatlichen Finanzausgleichs —
Eine allkoative und distributive Wirkungsanalyse fiir das Jahr 2005
112001

Grundziige eines Tourismusmarketing, untersucht fiir den Siidraum Leipzig
05/2002

Der Deutsche Corporate Governance Kodex: Zuwahl (comply) oder Abwahl (explain)?
06/2002



Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

.29

30

31

32

33

.34

35

.36

37

38

39

40

.41

42

43

44

.45

46

.47

48

.49

50

51

52

.53

54

55

. 56

57

. 58

59

Adolf Wagner

Adolf Wagner

Sabine Klinger / Jens Ulrich / Hans-Joachim

Rudolph

Thomas Lenk / Anja Birke

Wolfgang Bernhardt

Udo Hielscher

Uwe Haubold / Michael Nowak

Thomas Lenk

Uwe Haubold / Michael Nowak

Wolfgang Bernhard

Hermut Kormann

Matthias Folk

Wolfgang Bernhardt

Thomas Lenk / Karolina Kaiser

Sabine Klinger

Thomas Lenk / Heide Kopping

Wolfgang Bernhardt

Thomas Lenk / Karolina Kaiser

Thomas Lenk / Christine Falken

Michael Nowak / Stephan Barth

Wolfgang Bernhardt

Christian Milow

Anja Eichhorst / Karolina Kaiser

Ullrich Heilemann / Nancy Beck

Gunther Schnabl

Hermut Kormann

Wolfgang Bernhardt

Ullrich Heilemann / Annika Blaschzik

Ullrich Heilemann

Ullrich Heilemann / Roland Schuhr / Annika

Blaschzik

Christine Falken / Mario Schmidt

Konjunkturtheorie, Globalisierung und Evolutionsékonomik
08/2002

Zur Profilbildung der Universitéiten
08/2002

Konjunktur als Determinante des Erdgasverbrauchs in der ostdeutschen Industrie?
10/2002

The Measurement of Expenditure Needs in the Fiscal Equalization at the Local Level Empirical Evidence from

German Municipalities
10/2002

Die Lust am Fliegen
Eine Parabel auf viel Corporate Governance und wenig Unternehmensfiihrung
11/2002

Wie reich waren die reichsten Amerikaner wirklich? (US-Vermdgensbewertungsindex 1800 — 2000)
12/2002

Risikoanalyse fiir Langfrist-Investments
Eine simulationsbasierte Studie
12/2002

Die Neuregelung des bundesstaatlichen Finanzausgleichs auf Basis der Steuerschitzung Mai 2002 und einer
aktualisierten Bevolkerungsstatistik
12/2002

Auswirkungen der Renditeverteilungsannahme auf Anlageentscheidungen
Eine simulationsbasierte Studie
02/2003

Corporate Governance Kondex fiir den Mittel-Stand?
06/2003

Familienunternehmen: Grundfragen mit finanzwirtschaftlichen Bezug
10/2003

Launhardtsche Trichter
11/2003

Corporate Governance statt Unternehmensfiihrung
11/2003

Das Pramienmodell im Landerfinanzausgleich — Anreiz- und Verteilungsmitwirkungen
11/2003

Die Volkswirtschaftliche Gesamtrechnung des Haushaltsektors in einer Matrix
03/2004

Strategien zur Armutsbekdmpfung und —vermeidung in Ostdeutschland:
05/2004

Sommernachtsfantasien
Corporate Governance im Land der Traume.
07/2004

The Premium Model in the German Fiscal Equalization System
12/2004

Komparative Analyse ausgewdhlter Indikatoren des Kommunalwirtschaftlichen Gesamt-ergebnisses
05/2005

Immobilienanlagen im Portfolio institutioneller Investoren am Beispiel von Versicherungsunternehmen
Auswirkungen auf die Risikosituation
08/2005

Familiengesellschaften — Quo Vadis? Vorsicht vor zu viel ,,Professionalisierung und Ver-Fremdung
11/2005

Der Griff des Staates nach dem Wihrungsgold
12/2005

The Instiutional Design of Bailouts and Its Role in Hardening Budget Constraints in Federations
03/2006

Die Miihen der Ebene — Regionale Wirtschaftsforderung in Leipzig 1991 bis 2004
08/2006

Die Grenzen der monetiren Integration in Europa
08/2006

Gibt es so etwas wie typisch mittelstiandige Strategien?
11/2006

(Miss-)Stimmung, Bestimmung und Mitbestimmung
Zwischen Juristentag und Biedenkopf-Kommission
11/2006

Indicators and the German Business Cycle
A Multivariate Perspective on Indicators of 1fo, OECD, and ZEW
01/2007

“The Suol of a new Machine” zu den Anfiangen des RWI-Konjunkturmodells
12/2006

Zur Evolution des deutschen Konjunkturzyklus 1958 bis 2004
Ergebnisse einer dynamischen Diskriminanzanalyse
01/2007

Kameralistik versus Doppik

Zur Informationsfunktion des alten und neuen Rechnungswesens der Kommunen

Teil I: Einfiihrende und Erlduternde Betrachtungen zum Systemwechsel im kommunalen Rechnungswesen
01/2007



Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr:

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

. 60

.61

62

63

. 64

65

. 66

67

. 68

69

.70

.71

72

73

74

75

.76

71

78

79

80

.81

82

83

84

85

86

87

. 88

Christine Falken / Mario Schmidt

Udo Hielscher

Ullrich Heilemann / Stefan Wappler

Adolf Wagner

Ullrich Heilemann / Jens Ulrich

Gunther Schnabl / Franziska Schobert

Andreas Schafer / Simone Valente

Wolfgang Bernhardt

Ullrich Heilemann / Jens Ulrich

Christian Groth / Karl-Josef Koch / Thomas M. Steger

Andreas Bohne / Linda Kochmann

Andreas Bohne / Linda Kochmann / Jan Slavik / Lenka
Slavikova

Paul Lehmann / Christoph Schréter-Schlaack

Ronald McKinnon / Gunther Schnabl

Wolfgang Bernhardt

Moritz Schularick / Thomas M. Steger

Gunther Schnabl / Stephan Freitag

Christina Ziegler

Thomas Lenk / Oliver Rottmann / Florian F. Woitek

Thomas Steger / Lucas Bretschger

Marcela Munoz Escobar / Robert Hollédnder

Robert Holldnder / WU Chunyou / DUAN Ning

Georg Quaas

Ullrich Heilemann / Hagen Findeis

Gunther Schnabl / Andreas Hoffmann

Georg Quaas

Volker Grossmann / Thomas M. Steger / Timo Trimborn

Wolfgang Bernhardt

Philipp Mandel / Bernd Siissmuth

Kameralistik versus Doppik

Zur Informationsfunktion des alten und neuen Rechnungswesens der Kommunen
Teil I Bewertung der Informationsfunktion im Vergleich

01/2007

Monti della citta di firenze
Innovative Finanzierungen im Zeitalter Der Medici. Wurzeln der modernen Finanzmirkte

03/2007

Sachsen wichst anders

Konjunkturelle, sektorale und regionale Bestimmungsgriinde der Entwicklung der Bruttowertschépfung 1992 bis

2006
07/2007

Regionalokonomik: Konvergierende oder divergierende Regionalentwicklungen
08/2007

Good bye, Professir Phillips?
Zum Wandel der Tariflohndeterminanten in der Bundesrepublik 1952 — 2004
08/2007

Monetary Policy Operations of Debtor Central Banks in MENA Countries
10/2007

Habit Formation, Dynastic Altruism, and Population Dynamics
11/2007

5 Jahre Deutscher Corporate Governance Kondex
Eine Erfolgsgeschichte?
01/2008

Viel Larm um wenig? Zur Empirie von Lohnformeln in der Bundesrepublik
01/2008

‘When economic growth is less than exponential
02/2008

Okonomische Umweltbewertung und endogene Entwicklung peripherer Regionen
Synthese einer Methodik und einer Theorie
02/2008

Deutsch-tschechische Bibliographie
Studien der kontingenten Bewertung in Mittel- und Osteuropa
06/2008

Regulating Land Development with Tradable Permits:
‘What Can We Learn from Air Pollution Control?
08/2008

China’s Exchange Rate Impasse and the Weak U.S. Dollar
10/2008

Managervergiitungen in der Finanz- und Wirtschaftskrise
Riickkehr zu (guter) Ordnung, (klugem) Maf und (verniinftigem) Ziel?
12/2008

Financial Integration, Investment, and Economic Growth:
Evidence From Two Eras of Financial Globalization
12/2008

An Asymmetry Matrix in Global Current Accounts
01/2009

Testing Predictive Ability of Business Cycle Indicators for the Euro Area
01/2009

Public Corporate Governance in Public Enterprises
Transparency in the Face of Divergent Positions of Interest
02/2009

Globalization, the Volatility of Intermediate Goods Prices, and Economic Growth
02/2009

Institutional Sustainability of Payment for Watershed Ecosystem Services.
Enabling conditions of institutional arrangement in watersheds
04/2009

Sustainable Development of Industrial Parks
07/2009

Realgrofen und Preisindizes im alten und im neuen VGR-System
10/2009

Empirical Determination of Aggregate Demand and Supply Curves:
The Example of the RWI Business Cycle Model
12/2009

The Theory of Optimum Currency Areas and Growth in Emerging Markets
03/2010

Does the macroeconomic policy of the global economy’s leader cause the worldwide asymmetry in current
accounts?
03/2010

Quantifying Optimal Growth Policy
06/2010

Corporate Governance Kodex fiir Familienunternehmen?
Eine Widerrede
06/2010

A Re-Examination of the Role of Gender in Determining Digital Piracy Behavior
07/2010



Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

. 89

90

.91

92

93

94

95

96

97

. 98

99

Philipp Mandel / Bernd Siissmuth

Thomas Kohstall / Bernd Siissmuth

Martina Padmanabhan

Gunther Schnabl /Ansgar Belke

Ullrich Heilemann / Roland Schuhr / Heinz Josef Miinch

Gunther Schnabl / Holger Zemanek

Andreas Hoffmann / Gunther Schnabl

Andreas Schifer / Maik T. Schneider

Volker Grossmann / Thomas M. Steger / Timo Trimborn

Erik Gawel

André Casajus

Frank Hiittner / Marco Sunder

Volker Grossmann / Thomas M. Steger / Timo Trimborn

Andreas Hoffmann

Andreas Hoffmann

Christina Ziegler

José Abad / Axel Loffler / Gunther Schnabl /

Holger Zemanek

Georg Quaas / Robert Koster

Andreas Schiéfer / Thomas Steger

Andreas Hoffmann / Bjorn Urbansky

Finn Marten Korner / Holger Zemanek

André Casajus / Frank Hiittner

André Casajus

Georg Quaas

André Casajus / Frank Hiittner

André Casajus

Erik Gawel

Volker Grossmann / Andreas Schifer / Thomas M. Steger

Volker Grossmann / Thomas M. Steger

Guido Heineck / Bernd Siissmuth

Andreas Hoffmann

Andreas Hoffmann / Axel Loeffler

Gunther Schnabl

Size Matters.
The Relevance and Hicksian Surplus of Agreeable College Class Size
07/2010

Cyclic Dynamics of Prevention Spending and Occupational Injuries in Germany: 1886-2009
07/2010

Gender and Institutional Analysis. A Feminist Approach to Economic and Social Norms
08/2010

Finanzkrise, globale Liquiditit und makrodkonomischer Exit
09/2010

A “perfect storm™? The present crisis and German crisis patterns
12/2010

Die Deutsche Wiedervereinigung und die européische Schuldenkrise im Lichte der Theorie optimaler
Wihrungsraume
06/2011

Symmetrische Regeln und asymmetrisches Handeln in der Geld- und Finanzpolitik
07/2011

Endogenous Enforcement of Intellectual Property, North-South Trade, and Growth
08/2011

Dynamically Optimal R&D Subsidization
08/2011

Political drivers of and barriers to Public-Private Partnerships: The role of political involvement
09/2011

Collusion, symmetry, and the Banzhaf value
09/2011

Decomposing R* with the Owen value
10/2011

The Macroeconomics of TANSTAAFL
11/2011

Determinants of Carry Trades in Central and Eastern Europe
11/2011

Did the Fed and ECB react asymmetrically with respect to asset market developments?
01/2012

Monetary Policy under Alternative Exchange Rate Regimes in Central and Eastern Europe
02/2012

Fiscal Divergence, Current Account and TARGET2 Imbalances in the EMU
03/2012

Ein Modell fiir die Wirtschaftszweige der deutschen Volkswirtschaft: Das “MOGBOT” (Model of Germany’s
Branches of Trade)

Journey into the Unknown? Economic Consequences of Factor Market Integration under Increasing Returns to
Scale
04/2012

Order, Displacements and Recurring Financial Crises
06/2012

On the Brink? Intra-euro area imbalances and the sustainability of foreign debt
07/2012

Nullifying vs. dummifying players or nullified vs. dummified players: The difference between the equal division
value and the equal surplus division value
07/2012

Solidarity and fair taxation in TU games
07/2012

Ein Nelson-Winter-Modell der deutschen Volkswirtschaft
08/2012

Null players, solidarity, and the egalitarian Shapley values
08/2012

The Shapley value without efficiency and additivity
11/2012

Neuordnung der W-Besoldung: Ausgestaltung und verfassungsrechtliche Probleme der Konsumtionsregeln zur
Anrechnung von Leistungsbeziigen
02/2013

Migration, Capital Formation, and House Prices
02/2013

Optimal Growth Policy: the Role of Skill Heterogeneity
03/2013

A Different Look at Lenin's Legacy: Social Capital and Risk Taking in the Two Germanies
03/2013

The Euro as a Proxy for the Classical Gold Standard?
Government Debt Financing and Political Commitment in Historical Perspective
05/2013

Low Interest Rate Policy and the Use of Reserve Requirements in Emerging Markets
05/2013

The Global Move into the Zero Interest Rate and High Dept Trap
07/2013



Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Axel Loeftler / Gunther Schnabl / Franziska Schobert

Burkhard Heer / Bernd Siiimuth

Hans Fricke / Bernd Siilmuth

Ulrich Volz

André Casajus / Helfried Labrenz

Pablo Duarte

Erik Gawel

Friedrun Quaas

Gene Callahan / Andreas Hoffmann

Karl Trela

Erik Gawel / Miquel Aguado

Ulf Papenfull / Matthias Redlich / Lars Steinhauer

Karl Trela

Ulf Papenfuf3 / Lars Steinhauer / Benjamin Friedlander

Gunther Schnabl

Ulf Papenful$ / Christian Schmidt

Philipp Mandel / Bernd Stilmuth

Gunther Schnabl

Ulf Papenfu3 / Matthias Redlich / Lars Steinhauer / Benjamin
Friedlander

Friedrun Quaas / Georg Quaas

Bastian Gawellek / Marco Sunder

Benjamin Larin

Friedrun Quaas / Georg Quaas

Thomas Lenk / Matthias Redlich / Philipp Glinka

Michael von Prollius / Gunther Schnabl

David Leuwer / Bernd Siiimuth

Gunther Schnabl

Ullrich Heilemann / Karsten Miiller

Gunther Schnabl / Sebastian Miiller

Gunther Schnabl

Pablo Duarte / Bernd Siiimuth

Sophia Latsos

Gunther Schnabl / Klaus Siemon

Limits of Monetary Policy Autonomy and Exchange Rate Flexibility by East Asian Central Banks
08/2013

Tax Bracket Creep and its Effects on Income Distribution
08/2013

Growth and Volatility of Tax Revenues in Latin America
08/2013

RMB Internationalisation and Currency Co-operation in East Asia
09/2013

A property rights based consolidation approach
02/2014

The Relationship between GDP and the Size of the Informal Economy: Empirical Evidence for Spain
02/2014

Neuordnung der Professorenbesoldung in Sachsen
03/2014

Orthodoxer Mainstream und Heterodoxe Alternativen
Eine Analyse der 6konomischen Wissenschaftslandschaft
04/2014

The Idea of a Social Cycle
05/2014

Klimaanpassung als wirtschaftspolitisches Handlungsfeld
06/2014

Neuregelungen der W-Besoldung auf dem verfassungsrechtlichen Priifstand
08/2014

Forschend und engagiert lernen im Public Management: Befunde und Gestaltungsanregungen eines Service
Learning Lehrforschungsprojektes
102014

Political climate adaptation decisions in Germany - shortcomings and applications for decision support systems
11/2014

Beteiligungsberichterstattung der 6ffentlichen Hand im 13-Léander-Vergleich:
Erfordernisse fiir mehr Transparenz iiber die Governance und Performance 6ffentlicher Unternehmen
02/2015

Japans Lehren fiir das Schweizer Wechselkursdilemma
02/2015

Determinants of Manager Pay in German State-Owned Enterprises and International Public Policy Implications:

3-Year Study for Sectors, Performance and Gender
02/2015

Public education, accountability, and yardstick competition in a federal system
05/2015

Wege zu einer stabilitits- und wachstumsorientierten Geldpolitik aus dsterreichischer Perspektive
06/2015

Forschend und engagiert lernen im Public Management: Befunde und Gestaltungsanregungen eines Service
Learning Lehrforschungsprojektes — 2. aktualisierte Auflage
08/2015

Hayeks Uberinvestitionstheorie
102015

The German Excellence Initiative and Efficiency Change among Universities, 2001-2011
01/2016

Bubble-Driven Business Cycles
02/2016

Effekte des Kapitalmarktzinses auf die Preis- und Produktivititsentwicklung
Eine Analyse der deutschen Volkswirtschaft 1970-2014
02/2016

Nachhaltige Stadtfinanzen -Akzeptanzsteigerung der biirgerschaftlichen Beteiligung an der Haushaltsplanung
02/2016

Geldpolitik, Arabellion, Fliichtlingskrise
10/2016

The Exchange Rate Susceptibility of European Core Industries, 1995-2010
05/2017

Monetary Policy and Wandering Overinvestment Cycles in East Asia and Europe
05/2017

Wenig Unterschiede — Zur Treffsicherheit internationaler Prognosen und Prognostiker
07/2017

Zur Zukunft der Européischen Union aus ordnungspolitischer Perspektive
10/2017

Ultra-lockere Geldpolitiken, Finanzmarktblasen und marktwirtschaftliche Ordnung
10/2017

Implementing an approximate dynamic factor model to nowcast GDP using sensitivity analysis
02/2018

Real Wage Effects of Japan’s Monetary Policy
03/2018

Die EU-Insolvenzrichtlinie zu vorinsolvenzlichen Verfahren aus ordnungspolitischer Perspektive
The EU Directive on Preventive Restructuring Frameworks from a Ordoliberal Perspective
07/2018



Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Marika Behnert / Thomas Bruckner

Gunther Schnabl

Wolfgang Bernhardt

Friedrun Quaas

Sophia Latsos

Gunther Schnabl

Wolfgang Bernhardt

Gunther Schnabl / Tim Sepp

Karl-Friedrich Israel / Sophia Latsos

Wolfgang Bernhardt

Friedrun Quaas

Gunther Schnabl / Nils Sonnenberg

Georg Quaas

Wolfgang Bernhardt

Gunther Schnabl / Taiki Murai

Friedrun Quaas / Georg Quaas

Georg Quaas

Gunther Schnabl / Tim Sepp

Karl-Friedrich Israel / Tim Sepp / Nils Sonnenberg

Gunther Schnabl / Tim Sepp

Alexander Herborn / Gunther Schnabl

Georg Quaas

Karl-Friedrich Israel / Tim Florian Sepp / Nils Sonnenberg

Gunther Schnabl

Wolfgang Bernhardt

Tim Sepp / Karl-Friedrich Israel / Benjamin Treitz / Tom Hartl

Tim Sepp / Karl-Friedrich Israel / Benjamin Treitz / Tom Hartl

Georg Quaas

Ullrich Heilemann / Roland Schuhr

Ullrich Heilemann / Roland Schuhr

Georg Quaas

Cost effects of energy system stability and flexibility options — an integrated optimal power flow modeling ap-
proach
09/2018

70 Years after the German Currency and Economic Reform: The Monetary, Economic and Political Order in Eu-
rope is Disturbed
10/2018

Corporate Governance und Compliance
Bunte Streiflichter 2018
11/2018

Der spezifische Liberalismus von Hayek im Spektrum des Neoliberalismus
01/2019

The Low Interest Policy and the Household Saving Behavior in Japan
03/2019

Die Verteilungseffekte der Geldpolitik der Europdischen Zentralbank und
deren Einfluss auf die politische Stabilitéit
06/2019

30 Jahre nach dem Fall der Mauer
Einheit in Zweiheit?
07/2019

30 Jahre nach dem Mauerfall Ursachen fiir Konvergenz und Divergenz zwischen Ost- und Westdeutschland
09/2019

The Impact of (Un)Conventional Expansionary Monetary Policy on Income Inequality — Lessons from Japan
11/2019

30 Jahre nach dem Fall der Mauer am 9. November 1989
Einheit in Zweiheit — Teil I
11/2019

Pluralismus in der Okonomik — verpasste Chance, iiberfilliges Programm oder normalwissenschaftliche Reali-
tat?
03/2020

Monetary Policy, Financial Regulation and Financial Stability: A Comparison between the Fed and the ECB
04/2020

The reproduction number in the classical epidemiological model
04/2020

Der (ost-)deutsche Witz ist tot - Der Volksmund schweigt. Warum?
Zum 3. Oktober 2020
09/2020

The Japanese Banks in the Lasting Low-, Zero- and Negative-Interest Rate Environment
12/2020

COVID-19 und das européische Impfdesaster
02/2021

The measurement of the reproduction number
04/2021

Inflationsziel und Inflationsmessung in der Eurozone im Wandel
06/2021

Japanese Monetary Policy and Household Saving
07/2021

Niedrigzinspolitik und Sparkultur in Japan: Implikationen fiir die Wirtschaftspolitik
08/2021

‘Wohnimmobilienpreise, Inflationsmessung und Geldpolitik im Euroraum
03/2022

Fritz Helmedags saldenmechanisches Modell. Eine kommentierte Rekonstruktion der aktuellen Version
08/2022

The Effects of Unconventional Monetary Policy on Stock Markets and Household Incomes in Japan
02/2023

Regulierung, Deglobalisierung und Arbeitskriftemangel als Transmissionskanéle von der Geldpolitik zur Inflati-
on

07/2023

Feuermacher statt Feuerwehr - 34 Jahre nach dem Fall der Mauer am 9. November 1989 — Streiflichter

11/2023

Monetary Policy and the Resilience of the German Banking System: From Deutsche Bundesbank to ECB
02/2024

Monetary Policy and Bank-Type Resilience in Germany from 1999 to 2022
04/2024

Joint Technological Changes in Multiple Industries
02/2025

"Economic Discomfort" in Germany 1951 to 2021 — Results and Policy Implications
05/2025

"Frome here on it got rough..." Misery Indices and German Federal Governments 1951 to 2024
12/2025

“The Algebra of Economic Innovations. A neo-Ricardian study”
10/2026



