Chapter 15 )
The Economic Impact of the Universities <z
in the State of Baden-Wiirttemberg

Johannes Gliickler, Robert Panitz, and Christian Wuttke

A geographical understanding of the role of universities in society includes an
appraisal of the impact they have on their regional economies. Over the past twenty
years, academic and public interest in the economic effects of higher education
institutions has risen dramatically. Two reasons for this change are the increasing
globalization of and the mounting economic competition for knowledge and inno-
vation. Because economic development depends ever more on creativity and inno-
vation, academia and the public have sought to improve the understanding of the role
that universities play in economic growth. This search is manifested in conceptual
approaches such as national and regional innovation systems (Cooke, Heidenreich,
& Braczyk, 2004; Lundvall, 1992), varieties of capitalism (Hall & Soskice, 2001),
and the triple-helix model (Etzkowitz, 2008; see chapter by Etzkowitz in this
volume). Further reasons for the elevated interest in the impact of universities are
recent retrenchment policies in the aftermath of the financial and economic crises in
North America and Europe since 2008. Budget constraints have intensified the
competition for public funding, calling for more detailed assessments of the benefits
of higher education as compared to alternative uses of funding (e.g., Hamm &
Wenke, 2002). The competition is not only for direct funding but also for land use
in urban planning, with universities pressing the argument that their positive eco-
nomic impact on the city trumps alternative uses.

It is utterly impossible to quantify all the diverse economic impacts that univer-
sities have on the economy, especially over long periods and from geographical
perspectives. A research activity, for example, may promote the production of new
knowledge as well as the qualification of students and, many years later, may
generate spin-offs or royalties from patent-related contracts. The sheer breadth of
the university’s activities and contributions to society and the economy is
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extraordinary (Bathelt & Schamp, 2002; Drucker & Goldstein, 2007; Goldstein,
Maier, & Luger, 1995; Goldstein & Renault, 2004; Salter & Martin, 2001). Univer-
sities generate new knowledge and qualify experts who, being mobile, can foster
regional innovative strength (Breschi & Lissoni, 2009). Universities are engaged in
knowledge transfer partly through contract research on the regional and interregional
economy (Ponds, van Oort, & Frenken, 2010), and they are sources of technical
innovations that spur the economy through patents or spin-offs (Vincett, 2010).
Universities also often constitute the core of regional knowledge infrastructures by
facilitating knowledge exchanges permeable enough for private business and the
public sector (Owen-Smith & Powell, 2004). Moreover, universities are often
committed to their regional community: They actively participate in civil society
in general through political processes of decision-making and policy formation
(Gliickler & Ries, 2012; Gliickler & Suarsana, 2014; Goddard, Hazelkorn, Kempton,
& Vallance, 2016; Goddard & Vallance, 2013; see also chapter by Goddard in this
volume) and influence the regional milieu through intellectual, cultural, artistic, and
moral stimulation that dynamizes social and economic life. All these dimensions of
qualification, innovation, social responsibility, and empowerment are so diverse,
often overlapping, and fundamentally long term in their effects on a society and its
economy that they are indisputably still too complex to be expressed monetarily.

In addition to these qualitative long-term impacts, universities have quantitative
short-term monetary effects. What the university and its members spend on regional
goods and services increases autonomous demand and leverages production and
employment within a region and beyond. Although this quantifiable periodic impact
of universities is just one of their many effects, we make it the sole focus of this
chapter in the context of Baden-Wiirttemberg, a large federal state of Germany. It is
one of sixteen states in the country’s relatively decentralized politicoadministrative
system, which grants each state considerable autonomy in matters of educational
policy and budgeting. Studies on the impact attributable to organizations of higher
education have a long tradition (Eisen, 1948) and have taken place on various
geographical scales. In Germany, however, such studies have been conducted
mostly at the geographic level of local catchment areas of university regions. In
Baden-Wiirttemberg these assessments are documented for the universities of Frei-
burg (Drude, 1995), Heidelberg (Gliickler & Konig, 2012; Gormsen, 1981; Grabitz,
1990), Constance (Fiirst, 1979; Oser & Schroeder, 1995), and Stuttgart (Becker,
Heinemann-Knoch, & Weeber, 1976), and for the Karlsruhe Institute of Technology
(Kowalski & Schaffer, 2012). With rare exceptions, such as Berlin (DIW econ,
2013) and Rhineland-Palatinate (Spehl et al., 2005), the impact assessments focus on
local catchment areas rather than an entire university landscape in large economic
regions.

If Baden-Wiirttemberg were a sovereign state, it would rank as the world’s 18th
largest national economy, immediately before Belgium.' It is home to 80 universities

!This calculation is our own for 2012 and is based on OECD and Macroeconomic Accounts of the
Federal States (Volkswirtschafliche Gesamtrechnung der Lander, VGRdL).
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and 55 nonuniversity research centers, with 49 of the latter facilities being located
next to one of the universities. Of these 80 universities, nine are public higher
education institutions whose interests are collectively represented in the Baden-
Wiirttemberg State Rectors’ Conference, which has called for an independent
analysis of the economic impacts of its nine comprehensive universities.” The
significance of the state universities in Baden-Wiirttemberg’s university landscape
is remarkable. Although they account for only 11% of the state’s institutions of
higher learning (9 out of 80), they train more than half (160,000 students in 2012) of
the state’s future generation of academics (Statistisches Landesamt Baden-
Wiirttemberg, 2012). These nine universities raised over 90% of Baden-
Wiirttemberg’s third-party funding (or Drittmittel, hereafter called external funding)
for research and teaching (Tanzmann, 2015), another sign of the disproportionate
significance of the state universities.

In this chapter we first outline our research strategy for surpassing the validity and
precision of conventional impact analyses of regional effects. Second, we describe
our original data collection, methodology, and several key economic indicators with
which to measure the monetary impact of the university landscape in Baden-
Wiirttemberg. The validity of the method rests on detailed, regionalized primary
data on the expenditures of all the universities, enabling us to provide improved
estimates of the regional multiplier effects by simultaneously considering rises in
production and employment. Third, we present a differential incidence analysis to
assess the “impact surplus™ of state universities relative to alternative uses of the
same public funding. Overall, we argue that the university landscape’s monetary
economic impact on the regional economy of Baden-Wiirttemberg is hardly attain-
able by alternative uses and that its true compound social and economic benefit is
still vastly underestimated.

Research Strategy and Methods

The pecuniary quantitative assessment of the economic impact of university spend-
ing is subject to three quality risks that our investigation overcomes with especially
valid primary data and several methodological adjustments. The first challenge lies
in correctly determining the payment flows of university spending, especially their
regionalization, for the share of regional expenditures will be decisive for computing
overall regional impact. This study is based on a unique database that sharply
distinguishes between university spending and other expenditures at the state level.

This chapter elaborates on an impact assessment of Baden-Wiirttemberg’s nine state universities
(Gliickler, Panitz, & Wuttke, 2015) and a study of Heidelberg University’s impact on its local
catchment area (Gliickler & Konig, 2012). The analysis encompasses the universities of Freiburg,
Heidelberg, Hohenheim, Constance, Mannheim, Stuttgart, Tiibingen, Ulm, and the Karlsruhe
Institute of Technology (including the medical schools of the universities of Freiburg, Heidelberg,
Tiibingen, and Ulm, but not their hospitals).
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The second challenge lies in assessing the multiplier effects of direct regional
demand, inasmuch as additional demand for goods in the region leads to simulta-
neous increases in production and employment in the other upstream and down-
stream sectors of the economy. Theoretically, assessment of this multiplier effect
requires detailed knowledge of the intersectorial division of labor in the regional
economic structure and of the regional population’s income-dependent consumption
profiles. Little of this information is available at the regional level, however, so
analysts must estimate these multipliers on the basis of assumptions. In conventional
impact analyses the regional economic effect is ascertained either by means of
regional supplier interdependencies (Giarratani, 1976) or through an estimate of
the regional increases in income (Bathelt & Schamp, 2002; Gliickler & Konig,
2012). Either approach alone underestimates overall regional impact. The procedure
in this chapter combines the two multipliers, improving the quality of the results
(Pischner & Stéglin, 1976).

The third challenge lies in the erroneous assumption that the achieved regional
effects would be absent if their source did not exist (Blume & Fromm, 1999).
Although this assumption seems defensible for small areas, it is not tenable in
large regions (Stoetzer & Kriahmer, 2007) such as Baden-Wiirttemberg. Particularly
in large regions one must assume that funds saved in one place can (and generally
will) be spent elsewhere within the limits set by the public budget. A few impact
analyses pertaining to a federal state (DIW econ, 2013; Spehl et al., 2005) have
ascertained only the absolute incidence. The study presented in this chapter is special
in that it characterizes the differential impact of an entire university landscape in
relation to alternative uses.

Computation of the Direct Economic Effect

The overall effect of the regional economic impact analysis is the sum of direct,
indirect, and induced effects. The analysis starts with the gross spending of the
universities and their members. This demand comprises three expenditure flows
(Blume & Fromm, 1999): (a) university expenditures for investments and for goods
and services, (b) university expenditures for the wages and salaries of their
employees, and (c) student living expenses. Proceeding from this gross spending,
analysts must first determine its direct effect, that is, what part of it translates into
demand in the region. To do so, they must calculate two things: the gross spending’s
impact on consumption, and that consumption’s impact within the region.

First, there is the impact on demand—the direct consumption-related demand as
expressed by the university’s total spending on personnel, investments, and mate-
rials and by student expenditures after deduction of taxes, social security premiums,
and other levies. This computation is easy for investments and spending on goods
because those amounts have direct impact as payments to suppliers. It is harder to
determine the impacts that wages, salaries, and student budgets have on consump-
tion. As in previous studies, wage and salary taxes and social security premiums are
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deducted from wages and salaries® because the taxes and premiums are not directly
available for consumption. University wages and salaries are reduced by an addi-
tional amount presumed to be saved. One arrives at that sum by multiplying wages
and salaries by the average savings ratio of the population in Baden-Wiirttemberg.
Because almost all students have a low income, their consumption ratio is assumed
to be 100%, minus administrative contributions, which are transferred in full to the
state administration.

Second, regionalization determines the share of expenditures that are made within
the region under study and that have a direct effect on demand. For lack of detailed
data, researchers normally make numerous assumptions to estimate the regional
distribution of expenditures (Friedrich & Rahmig, 2013; Kowalski & Schaffer,
2012). However, it is the geographic differentiation of expenditure flows that
influences the overall regional effect most. Downstream specifications of the impact
model depend significantly on the quality of these primary expenditure flows. In late
January 2013 we joined with controlling experts of the nine state universities of
Baden-Wiirttemberg to standardize the requirements for the relevant data. Hence, all
expenditures accounted for in the present study are itemized according to their type
of origin and the geographic distribution of the payment flows (Table 15.1). This
highly selective procedure has enabled us to track the flows of university spending in
unprecedented geographical detail.

Nevertheless, analysts must still make numerous assumptions when computing
effects (Table 15.2). To take account of the mobility of university personnel, we
assume, as a correction based on Blume & Fromm (1999), that 80% of the short-term
outlays by university personnel residing in Baden-Wiirttemberg occur at their place
of residence and 10% at their place of work. These figures sum to a regional quota of
90%. Conversely, we assume that 10% of the short-term outlays by university
personnel residing outside Baden-Wiirttemberg occur at their place of work. Student
spending within and outside Baden-Wiirttemberg is regionalized analogously. Stu-
dents residing in Baden-Wiirttemberg thus have a regional quota of 90%; those
outside, 10% (Blume & Fromm, 1999). The direct effect of university demand is
defined as the funding that is computed above as having an impact on demand and as
being spent in the region.

Computation of the Indirect and Induced Economic Effects

Direct spending constitutes an autonomous rise in regional demand, which triggers a
corresponding rise in production and associated supplies in related sectors of the
economy. This rise in production is called the indirect effect of university demand
and is ascertained during the analysis of production multipliers (Leontief, 1936). The

3In macroeconomic accounting the civil servant allowance is declared as a private household
expenditure, so it is disregarded in the calculation.



J. Gliickler et al.

484

A g op1sino pue ur saxmrpuadxa o3 A[ereuoniodoid pouSisse are smop armpuadxe umouyun ‘Qoudy "pakojduwa sfenprarpur pue siariddns [[e 10J [9A9] AJISTOATUN
Y} Je S[qE[IEA’ JOU QIOM SISSAIPPE [BHUSPISAI PUB SIDTOAUT JOBXH,, 'C-991¢ OSI 03 Juensind [2A9] NF oY) Je PodIde st ‘TIQUANINA -UdpEY J0J UOHBIAdIGqE
SYL, "(pa1adxa uey) SJUSPMIS JO s19qUINU JAYSIY 03 AN “3°3) s [BIPAJ Ay woyy sjues3 [euondooxd, "M JO SIS [BIOPAJ oY) £q paImsse Sudueuy dIse,

‘stoyine £q u3Is9(J :90In0S

I7T°86S°E 816 7¥€TT TL6CIS'T 8LIL99 VI £09°098°6C [e10L Sjuepm§ pajoenuon)

T6T°SS8 8 SYI°196°19¢ 80L'€L9°6C 9T8°STS I8 Y08°8L1°L6S e,

¥99°L61 60€°€T0°T 810°LE €76 TH1 L16°99C umouup)

vSOTIL'EY L80'8LLOTE 8ELLTIST 8ST°T88°IL STTTOYOvS mdau (seakordud) [outosIog

LS8°69S°1 6T9°LYSY SES'6LT Or1v88°L T8T°986°L0¢ [e10L

0 v16°Sy L66°ST TELTL 60C°0L umouun)

699°LTH'T LT9°S80°Y 1TI°SYT 88L°80€°9 STL'6SL'69T Mg ur [s10550301d SE YONS SIULAIS [IALD) [OUUOSI]

LLL'YT8'6 108°6€¥°S€T €90°LYY SE LTT'SOL'€0T T9£°979°69¢ [BI0L

YrSoTel T19°€88°CC L90°SS0°€ 991°S6L°LT 6v6°098°8 pumowun

9TL'0V8'81 61C°150°201 980°CEVST 86T 19LTY €VL0STYST Md Ul SIUSUNSIAUL pue SpOOH
uMouu() QIYMIS[O WOL Mg wory sutpuny 123png Ais1oatun ursuQ (LV A Surpnpour) Surpuads ssoin

IS [eUOnIPPY

(2uuasia) Surpuny reusoixg

Surpunj orseg

(M) Sroquoniy-uopeg Jo de1s [eIOpaJ 9y} UI (SOINS UT) asn pue UISHIo £q ‘(S[00YDS [eIIPalll JIAY) JNOYIIM) SINISIIATUN 10D ) Jo Surpung ST d[qel,



15 The Economic Impact of the Universities in the State of Baden-Wiirttemberg

485

Table 15.2 Assumptions and bases of calculating the regionalization of university spending flows

in Baden-Wiirttemberg

Variable

Assumed value Source

Employer contributions

Mandatory insurance
including health insurance
including nursing care
insurance
including pension
insurance
including unemployment
insurance

19.58% Inquiry at Deutsche Rentenversicherung
7.3% [German pension insurance authority]
0.975%

9.8%
1.5%

Employee contributions

Mandatory insurance
including health insurance
including nursing care
insurance
including pension
insurance
including unemployment
insurance

20.48% Inquiry at Deutsche Rentenversicherung
8.2% [German pension insurance authority]
0.975%

9.8%
1.5%

Regionalization of expenditures

Students

80% at place of residence
University personnel (includ-
ing civil servants such as
professors)

80% at place of residence
Employees in Baden-
Wiirttemberg

Median income tax rate

10% at place of (Blume & Fromm, 1999)

studies
10% at place of (Blume & Fromm, 1999)
work

90% in Baden-
Wiirttemberg

20.7% (Vohringer, 2012)

VAT rate

Expenditures: goods and
investments

12.0% (universities
without medical

Authors’ computation based on information
from the state universities

schools)
12.4% (with medical
schools)

Personnel 15.6% Authors’ computation based on typical
shopping carts and mean VAT rates per
sector (Destatis, 2013d; Statistisches
Landesamt Baden-Wiirttemberg, 2013b)

Students 15.9%

Average for Baden- 15.5%

Wiirttemberg

Consumption ratio

University personnel

Students
Inhabitants of Baden-
Wiirttemberg

79.6% Authors’ computation based on typical
shopping cart (Destatis, 2010)
100%
75.7%

Source: Design by authors.
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basic idea is that demand for particular goods within a region predicates prerequisite
labor output inside or outside a particular region. Demand for prerequisite work
generates further prerequisite work in additional upstream sectors of the economy,
and so on. Eventually, this effect approaches zero asymptotically. The interdepen-
dencies of performance between the individual sectors of the economy are modeled
in input-output calculations as part of macroeconomic accounting. Because input-
output tables for Baden-Wiirttemberg were regularly compiled by the State Statisti-
cal Office only until 1993 (Vogt, 2011), we had to compile our own input-output
matrix for Baden-Wiirttemberg. It is modeled on the national matrix of performance
interdependencies and scaled to the regional, sector-specific circumstances, as in the
Flegg location quotient (FLQ) procedure (Flegg, Webber, & Elliott, 1995; Lindberg,
2010).*

This indirectly triggered rise in production also causes a rise in employment in the
upstream sectors, which leads to additional income. These additional earnings by
employees further increase demand for goods and operate as an induced effect on the
overall regional effect of demand (Pischner & Stéglin, 1976). The Keynesian income
multiplier describes this induced rise of demand for goods by means of the under-
lying circulation of income, that is, by the spending of additional income, and
depends decisively on the willingness of the households to consume. However,
neither the production nor the income multiplier takes account of the effects of the
other multiplier. We therefore use an integrative approach, bringing a Keynesian
element into the regional input-output model by computing a combined multiplier
(Kowalski & Schaffer, 2012; Pischner & Stiglin, 1976). Lastly, the direct effect of
demand at production prices’ was multiplied by the foregoing combined multiplier
of indirect and induced effects to determine the overall effect of regional demand at
production prices. We then added in the value-added tax (VAT) for the direct and
induced effects to obtain the overall effect of demand at market prices (Fig. 15.1).

The Regional Economic Impact of Baden-Wiirttemberg’s
State Universities

Impact on Demand

The impact analysis starts with the gross expenditures of the universities in 2012,
which amounted to €3.049 billion for investments, goods, and personnel and €1.568
billion for consumption by students. These two figures sum to a total gross demand
of €4.6 billion, which constitutes the point of departure for computing the direct,

“This procedure is described in the technical appendix.

3 Assumed shopping carts of university personnel and students and the expenditures of the education
sector served as the basis for ascertaining each share of value-added tax, which was then deducted
from demand at market prices.
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indirect, and induced effects. The state universities, except for their medical schools,
spent €754 million for goods and investments, of which €470 million had an impact
on demand in Baden-Wiirttemberg (Table 15.1). Gross expenditures for personnel
came to €1.441 billion, of which €451 million had an impact on demand in the
region. The consumption by the 163,427 students enrolled at these universities in
2012 also increased demand for goods and services in Baden-Wiirttemberg. With
average annual receipts of €799.50 per month and student (HIS GmbH, 2010), the
corresponding overall budget for students totaled €1.568 billion. After deducting the
related administrative fees and taking account of the students’ semester postal
addresses, we found that €1.229 billion had an impact on demand directly in
Baden-Wiirttemberg. This sum corresponds to €2.150 billion as the direct effect of
overall demand. In addition, the medical schools spent a total of €295 million on
goods and investments in 2012, of which €125 million had an impact on demand
in Baden-Wiirttemberg. Of the €559 million in total personnel expenditures,
€514 million went to persons living in Baden-Wiirttemberg; the remaining €45 million,
to persons living elsewhere. The expenditures of the medical schools accounted
for €304 million of direct effect exerted by demand in Baden-Wiirttemberg. In
brief, the expenditures of the universities (including the medical faculties) came
to €1.049 billion for goods and investments, €2 billion for personnel costs, and
€1.568 billion in student expenditures. The resulting regional impact led to a direct
effect of €595 million for goods and investment, €630 million for personnel spending,
and €1.229 billion in student expenditures.

Lastly, the impact that the core universities and their medical schools had on
demand in Baden-Wiirttemberg totaled a direct effect of €2.454 billion. Because of
the interdependencies of prerequisite work in the economic sectors to which this
demand was directed, there were also indirect and induced effects, which were
computed by means of a combined multiplier. We estimate their overall impact on
demand at market prices to have been moderate, about €3.364 billion (Fig. 15.1).
The overall impact of university expenditures on Baden-Wiirttemberg’s economy
are also ascertainable for four other impact parameters: value creation, income,
employment, and taxes (Fig. 15.2).

Impact on Gross Value Added

The impact on value added is the sum of the personnel expenditures of the state
universities and the increase of gross value creation triggered by university demand
in the remaining sectors. In macroeconomic accounting, gross value creation is the
production value of an economic sector minus that proportion of prerequisite work
which is drawn on by other economic sectors. Consequently, value creation refers
only to the part of the value of goods that is added within the given sector of the
economy (in the region). Because universities in Germany are governed under public
law and thus not allowed to earn profits, the total personnel expenditures of €2
billion in 2012 constitute a direct impact on value creation and, hence, an expression
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Demand Gross Value Added Income Employment Taxes
. Federal taxes
N Personal expenses Gross income of Number of aid b
Gross Effect Gross expenses expens employees and university _pald by
of the universities universities and
students employees .
its members
. . State share of
Gross income of Number of S
. L paid federal
Gross expenses in Personal expenses employees and university

Direct Effect

Indirect Effect

Induced Effect

Total Effect

Baden-Wiirttemberg

of the universities

students in
Baden-Wiirttemberg

employees from
Baden-Wiirttemberg

taxes induced
by direct demand
and income effects

Increase in
demand through
intermediates in

other sectors

Increase in value
added through
intermediates in
other sectors

Increase in
income through
intermediates in

other sectors

Increase in
employment
through
intermediates in
other sectors

State share of
paid federal
taxes induced by
indirect demand
and income effects

Increase in
demand through
additional income
in other sectors

Increase in value
added through the
demand induced
by additional income
in other sectors

Increase in income
through the
demand induced
by additional income
in other sectors

Increase in
employment
through the
demand induced
by additional income
in other sectors

State share of
paid federal
taxes generated by
induced demand
and income effects

= Sum direct + indirect + induced effects

Fig. 15.2 Types and composition of economic impacts on a region.
Source: Design by authors.

of the knowledge work performed in the universities (Spehl et al., 2005). Moreover,
the expenditures for goods and investments in the state universities contributed €315
million of gross value creation to the economy of Baden-Wiirttemberg; the con-
sumption expenditures of their personnel and the students, another €886 million. The
direct effect on demand thus led to indirect gross value creation of €1.201 billion.
Additional income induced by direct demand increased gross value creation by €472
million, bringing the overall effect that the state universities had on gross value
creation in Baden-Wiirttemberg to €3.673 billion in 2012 (Table 15.3). This figure
amounted to approximately 1% of gross value creation in Baden-Wiirttemberg that
year.

Impact on Income

The impact on income is the sum of the university personnel’s direct gross income
and the additional gross income from labor that the demand of the universities gives
rise to in the other sectors of the economy (Rosner & Weimann, 2003). From the
macroeconomic perspective, company profits due to effect on demand ought to be
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Table 15.3 Regional economic impacts of Baden-Wiirttemberg’s state universities, 2012
(in billions of euros)

Type of effect Demand Value-Added Income Employment® Taxes®
Gross 4.617 2.000 3.127 40,836° 849
Regional
Direct 2.454 2.000 2.762 36,191 364 (156)
Indirect 630 1.201 506 19,558 399 (174)
Induced 280 472 52 7,564 46 (20)
Overall 3.364 3.673 3.320 63,313 809 (350)

Source: Design by authors.
“Refers to the number of jobs. *The parenthetic figures indicate the amount of tax revenue passed on
to the state of Baden-Wiirttemberg. “Corresponds to 32,918 full-time jobs.

included as well (Destatis, 2013b). However, it is difficult, if not impossible, to
quantify these profits reliably, so the income effect is based solely on the university
and regionally induced gross income from dependent labor. The overall effect
comprises three factors. First, the direct incomes are the €1.412 billion of gross
salaries paid by the state universities, and the incomes of their 140,667 students with
semester addresses in Baden-Wiirttemberg (€1.350 billion). Second, the demand of
the universities and their members for goods and services in Baden-Wiirttemberg
create or secure further jobs, which generate €506 million of indirect incomes. Third,
these indirect incomes likewise have impacts on demand. Because of the production
interdependencies between the other sectors, they generate an additional €52 billion
of induced incomes. The overall effect of direct, indirect, and induced incomes came
to €3.320 billion in 2012 (Table 15.3).

Impact on Employment

An alternative to representing the impact of income monetarily is to use an equi-
valence computation to determine the impact on the employment stemming from
university demand. The total number of employees at the state universities in 2012
was 40,836 (equivalent to 32,918 full-time employees). The number of these
employees residing in Baden-Wiirttemberg was 36,191 (equivalent to 27,965 full-
time employees). The indirect impact on employment results from the increases in
regional production value that are due to university expenditures and the consump-
tion of university personnel and students. One can ascertain the number of indirectly
created jobs by multiplying sectorial rise in demand with sector-specific labor
coefficients. According to this calculation, the expenditures of the state universities
seeded an additional 19,558 jobs in Baden-Wiirttemberg, inducing extra demand and
thereby creating an additional 7,564 jobs. Conservative computation implies that the
overall effect of impact on employment was at least 63,313 jobs in Baden-
Wiirttemberg alone. This figure comes to approximately 1.2% of all persons who
earn a living in Baden-Wiirttemberg. The computation still does not include the
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many scientists, administrators, and technicians who are gainfully employed at the
other universities and at research facilities outside the universities, most of whom
have purposely settled near the universities. These jobs are especially valuable to
Baden-Wiirttemberg because they are relatively secure when crises hit and fairly
insensitive to cyclical economic downturns.

Impact on Taxes

Baden-Wiirttemberg receives tax revenues from university spending (VAT) and the
incomes it generates (wages and income taxes). These two types of taxes account for
86% of Baden-Wiirttemberg’s tax revenues (Statistisches Landesamt Baden-
Wiirttemberg, 2013a). Altogether, total revenues of approximately €809 million
within Baden-Wiirttemberg in 2012 are attributable to the demand of the state
universities and their members: approximately €401 million in VAT and €408
million in wage taxes. The other taxes are disregarded in our impact model because
they are relatively unimportant. Since VAT and income taxes are federal taxes, they
are shared between the federation, the states, and the municipalities through com-
pensatory payments between the states and the federation pursuant to the vertical
distribution of taxes (Bundesministerium der Finanzen, 2013). The tax revenues
from Baden-Wiirttemberg before these compensatory payments came to €177 million
in VAT revenues and €173 million in wage tax revenues—a combined sum of
€350 million in tax revenues from Baden-Wiirttemberg. Adding in the €9 million
of students’ administrative fees that likewise accrue to the benefit of Baden-
Wiirttemberg brought Baden-Wiirttemberg’s total receipts to €359 million in 2012.

Expanding the Regional Impact Model to Include Statutory
Health Insurance

Quite beyond the university expenditures, which are usually taken into account,
there are further short-term effects that, in theory at least, would be measurable in
monetary terms if it were not for the scarcity of precise empirical regional data. Their
absence made it impossible for the regional impact model to include measurements
of the indirect and induced effects of demand that reflect the company profits arising
from increased production (exact operating surpluses) and the resulting additional
impacts on income. Likewise, we could not take account of the returns on higher
education, which have impacts on the income in a region along with subsequent
impacts on the regional economy (Schubert et al., 2012).

Another unconsidered dimension in impact studies is the effect that mandatory
insurance premiums have on demand for the system of statutory social insurance.
Statutory social insurance in Germany consists of health insurance, nursing-care
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insurance, old-age pension insurance, and unemployment insurance. Put simply,
these insurance schemes are cost-covering, pay-as-you-go systems in which the
premiums received from the community of the insured are also paid out yearly as
insurance benefits. With old-age, nursing-care, and unemployment insurance, how-
ever, the premiums are hardly ever paid out to the same employees who paid them
in. Yet the benefits of statutory health insurance can certainly be modeled regionally
because the premiums paid in the pay-as-you-go system have their impact on
demand in the health-care sector during the period in which they are paid in.

We take only the university employees who have a residence in Baden-
Wiirttemberg and for whom social insurance is mandatory into account when
modeling the regional economic impact of health-insurance premiums. Their insur-
ance premiums, including the employer’s contributions, amounted to €189 million
in 2012. In keeping with the solidarity principle, these premiums flowed into the
federal health fund and to transregional health insurers. Given the solidarity principle
of equal premiums regulated by law and because wage levels differ from one region
in Germany to the next, there are compensatory payments between the states. Baden-
Wiirttemberg, being a net payer, must transfer up to 5% of its collected premiums to
other states (Wasem, Buchner, Lux, Manouguian, & Schillo, 2007), so it follows that
only 95% of the health-insurance premiums paid in Baden-Wiirttemberg are actually
used by insured persons in Baden-Wiirttemberg and thus have an impact on demand
in the health-care sector (Destatis, 201 1a). Because part of this demand also goes to
providers outside Baden-Wiirttemberg, there is a need for a regional quota. In 2011
roughly 4.6% of all hospital patients with a residence in Baden-Wiirttemberg were
treated in hospitals beyond its borders (Destatis, 2013c). For lack of available data,
our model rests on the assumption that 95% of all health-care services rendered to
persons employed by the universities also have their impact in Baden-Wiirttemberg.

We therefore had to compute a direct effect of the €171 million impact on demand
in Baden-Wiirttemberg’s health-care sector. This effect is to be attributed solely to
the expenditures of the state universities for statutory health insurance. This direct
effect triggers a multiplier impact on indirect and induced rises in production and
income in other sectors, adding up to €248 million as an overall effect of demand.
This sum corresponded to a gross value creation of €124 million, an impact on
employment of 1,753 jobs, and gross income of €36 million. The result was €9 million
in VAT revenues and €8 million in income tax revenues, from all of which Baden-
Wiirttemberg received €7 million from the federal government.

Significance of the State Universities’ Impact on Baden-
Wiirttemberg’s Economy

According to the absolute-incidence analysis, the nine state universities secured
more than 63,000 jobs, €3.7 billion (or 1.2% of value creation), and annual tax
revenues of some €350 million in Baden-Wiirttemberg alone in 2012. But how are
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these impacts to be assessed? The following section offers two comparative per-
spectives for assessing them: the overall regional economic effect of the impact on
value creation in relation to the state funds used, and a differential incidence analysis
comparing alternative uses of these state resources.

Assessment of the Impact Relative to the Basic Funding Spent

Baden-Wiirttemberg provided its nine state universities with €2.045 billion of basic
funding for 2012. These universities also raised additional funds and attracted the
consumption expenditures of their enrolled students, achieving a total value creation
of €3.673 billion. This impact is 1.8 times the basic funding of the state universities.
Taking into account Baden-Wiirttemberg’s parallel tax revenues, which result from
the impact that its state universities have on demand and incomes, one finds that this
state’s actual net use of funds declines to €1.686 billion. The overall effect of the
university impact on value creation in Baden-Wiirttemberg is thereby 2.2 times this
net use of funds.

Differential Incidence

The second possibility for assessing the degree of the impact that Baden-
Wiirttemberg’s nine state universities have on that state’s regional economy consists
of comparing alternative uses, that is, of taking the current allocation of basic
funding and comparing it to allocations of those resources to other public uses.
The difference between the absolute incidences of their original use and alternative
uses yields the differential incidence (Stoetzer & Kridhmer, 2007) of the state
universities on Baden-Wiirttemberg’s economy. So far, empirical assessments of
the differential incidence are available only for impact analyses on a small scale
(Assenmacher, LeBmann, & Wehrt, 2004; DIW econ, 2008). Because numerous
conceivable options exist and the analyses of specific alternatives would entail great
effort, the following procedure has proven helpful. It distinguishes between three
fundamental alternative uses of basic funding (DIW econ, 2008): (a) for state
universities, that is, funding them from the state budget, without additional effects
of external funding and student expenditures; (b) for goods and investments only;
and (c) for personnel costs only, without raising additional means.

If the state universities achieve a greater absolute impact than the foregoing
alternatives would, it will indicate that public funding of education and research
has a surplus of short-term impact on the regional economy. This interpretation is
based on the assumptions that alternative public uses of the basic funding (e.g., for
administrative facilities) do not bring in any additional (external) funding and do not
attract stakeholders (students) to move permanently to Baden-Wiirttemberg. The
economic impact of the state universities must therefore be compared with the
multiplier effect of an alternative use by which only the state funds with regional
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impact on demand enter the regional circulation of the economy and induce addi-
tional demand through interdependencies of intersectorial prerequisite work. Sce-
narios for Baden-Wiirttemberg’s economy that result from an increase or decrease of
state funding for the state universities can then be worked out and simultaneously
weighed against the potential effects of reallocating state funding to other areas
(Fig. 15.3).

In 2012 the use of one euro of state funding corresponded to a direct value-
creation impact of €1.80 in Baden-Wiirttemberg. Cutting funds would forfeit value
creation and jobs that alternative uses of public funding could not completely
recoup. The quantitative difference between the impact of the state universities
and that of alternative uses of the funding depends on how those resources are
used. Sole reliance on basic funding of the state universities would result in a value-
creation effect of €1.937 billion (Fig. 15.3, scenario 1). Using state funding exclu-
sively for personnel (Fig. 15.3, scenario 2) would imply greater regional impact on
value creation than using it only to purchase goods (Fig. 15.3, scenario 3) but would
still fall short of the impact that the state universities have. The scenario shows a net
difference of at least €1.173 billion in value creation even with these reallocations of
the previous funding, which did not result in any savings for the state itself.
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Fig. 15.3 Differential incidence of the impact that Baden-Wiirttemberg’s state universities have on
gross value added.
Source: Design by authors.
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Three Factors Leveraging the Relative Economic Impact
Surplus of Uniyversities

The degree of impact that university spending has on a regional economy depends on
three basic parameters: attraction of additional income due to the migration of
students, acquisition of external funding, and the region’s specific production and
consumption profiles. The differential incidence analysis has shown that these
factors are precisely what give the state universities greater leverage to strengthen
regional demand than other public facilities have. Table 15.4 shows that the univer-
sities with high shares of both spending and out-of-state students are especially the
ones on Baden-Wiirttemberg’s periphery. This point underlines the extraregional
attractiveness of the nine state universities, which are associated with a regional flow
of capital out of Baden-Wiirttemberg as well as a flow of capital into it. Unlike the
police, fire brigades, and many other public services with a clear regional jurisdic-
tion, the universities have an impact beyond regional borders.

An exceptional case in this respect is Heidelberg University. About 55% of its
students come from outside Baden-Wiirttemberg. In the winter term 2012-2013,
approximately 17% hailed from other countries; an additional 38%, from other

Table 15.4 Share of expenditures, students, and external funding in Baden-Wiirttemberg (BW)

Expenditures outside ~ Number of students from External funding from

State BW (share of all other states and countries  outside BW (share of all
universities expenses), in € (share) funding), in €
Universities in the center of BW
University of 13,235,229 (11%) 2,117 (25%) 25,240,666 (20%)
Hohenheim
University of 19,993,965 (9%) 7,370 (28%)* 56,120,312 (23%)
Tiibingen
University of 79,911,115 (18%) 6,910 (29%) 156,905,252 (35%)
Stuttgart
Universities close to BW borders
University of 39,190,240 (25%) 3,545 (32%) 46,205,997 (29%)
Konstanz
University of 56,904,647 (18%) 8,998 (43%) 90,536,573 (29%)
Freiburg
Heidelberg 80,023,267 (22%) 15,846 (55%) 91,069,964 (28%)
University
Karlsruhe 77,744,543 (20%) 8,546 (37%) 120,469,916 (30%)
Institute of
Technology
University of 36,714,467 (29%) 4,135 (44%) 22,808,000 (17%)
Ulm
University of 36,206,797 (36%) 6,268 (53%) 14,936,813 (14%)
Mannheim

Source: Design by authors.
*For lack of data, this figure is estimated as being similar to that for Stuttgart and Hohenheim.
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federal states within Germany. Some 22% of the university’s expenses went for the
consumption of goods and services and for the salaries of employees outside the
region.® Figure 15.4, which shows the geography of spending for staff, goods, and
investments in 2008, indicates the dispersed character of expenses for material goods
and investments, whereas employees are concentrated largely within the universi-
ties’ core region.

Opverall, the attractiveness of the universities for students is an initial, important factor
leveraging the impact of the regional multiplier. It was in Baden-Wiirttemberg that 59%
of all the students at the universities of Baden-Wiirttemberg earned their university
entrance qualification. Hence, 41% of all the students in Baden-Wiirttemberg moved
from other states of Germany or another country to Baden-Wiirttemberg in order to
study there. The difference between the students whose semester address was in Baden-
Wiirttemberg and those who earned their university entrance certificate in Baden-
Wiirttemberg yields a net influx of 27% of all persons enrolled at the state universities,
or 44,437 students. On average in Baden-Wiirttemberg, each student has an annual
income of €9,594 (HIS GmbH, 2010), so this net influx of students alone constitutes a
gross effect of €426 million of annual demand.

A second factor leveraging the great impact that the state universities have on the
regional economic of Baden-Wiirttemberg is their acquisition of external funding.
Empirically, for all the states of Germany, there is a linear relationship between the
level of public funding for universities and the level of external funding acquired
competitively. German universities and other institutions of higher learning acquire
on average an additional €0.31 of external funding for each euro received in state
funding. Amounts exceeding the expected values attest to above-average acquisition
of external funding, as in Berlin, Saxony, and Baden-Wiirttemberg (Fig. 15.5). The
external funding that Baden-Wiirttemberg attracted in 2012 (€1.137 billion)
surpassed that of the two other geographically large states (North Rhine-Westphalia
and Bavaria). The sum lay about €109 million, or 10%, above the empirically
determined expected value. Baden-Wiirttemberg’s attraction of external funding
has thus been an abiding strength since 1995 (Destatis, 2013a, 2015) and is attrib-
utable mostly to the state universities. In 2012 these universities acquired an
additional €1.005 billion of external funding (based on our own data collection) or
roughly one half of their basic funding. In fact, Table 15.4 shows that most
universities achieve a positive balance between expenditures and funding from
outside Baden-Wiirttemberg.

A third factor of the regional multiplier impact is the specific production and
consumption structure of the regional context. To begin with, the portion of dispos-
able income, which has an impact on demand as a direct effect, varies with the
consumption profiles of a region’s population. The higher a population’s savings
ratio (i.e., the percentage of savings from income not spent on consumption), the less
impact income has on demand. In Baden-Wiirttemberg the population’s average

SGliickler and Konig (2012) offer a more detailed geographical overview of the expenses of
Heidelberg University.
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Fig. 15.5 The ratio of basic to external funding, by federal state in Germany, 2012.
Source: Design by authors, data retrieved from Destatis (2015, pp. 16—18).

savings ratio (12.6%) is above average; indeed, it is the second highest savings ratio
in Germany (Destatis, 2010). With a rise in willingness to consume, direct demand
could rise and thereby increase the regional impact of wages and salaries even more.
Another factor influencing the regional production and consumption structure is the
intersectorial division of labor in the regional production structure. The multiplier of
direct effects of demand rises with the regional prerequisite work ratio. Accordingly,
the greater the intraregional performance interdependencies of the sectors of
the economy, the greater the multiplier impacts of an autonomous rise in
demand. Empirically, the more delimited a region is, the greater the regional ratio
of prerequisite work. If it is just a question of a single university’s local catchment
area, the import ratio is much higher than in a state the size of Baden-Wiirttemberg,
in which virtually the entire economic portfolio of goods production is represented.
Because of the progressive global division of labor in many sectors of the economy,
the continual rise of the export ratio, and the associated increase of trade in
intermediate goods (OECD, 1999, 2010), one must assume that the regional prereq-
uisite work ratio is rather likely to decrease in the long term. Be that as it may,
universities can attract students and raise external funding but are themselves largely
unable to influence these regional production and consumption profiles.

Conclusion

Universities are key actors in knowledge-driven economies. They are centers of
knowledge creation and of the training of highly qualified knowledge workers who
shape societies and economies in the long run. Simultaneously, universities are part
of the short-term economic system of regional and national economies because they
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spend money and attract students, employees, and external funding from other
regions. By assessing the short-term, periodic economic impacts that an entire
university landscape has on one of the largest federal economies in Germany, we
have offered an insight into the magnitude of the economic impact of universities on
a large economy. Our approach has several original aspects: (a) a unique database
whose information on the spatial distribution of spending has been offered with
unprecedented precision by university accounting departments, (b) advanced differ-
ential impact analysis, (c) the geographical scale of a large federal state in the
German economy, and (d) the inclusion of statutory health-insurance premiums.
According to our analysis, the nine state universities in Baden-Wiirttemberg
stimulate additional demand in production, value creation, and employment that
almost doubles the initial basic funding that these institutions of higher education
receive from the federal government. For each euro of public funding, the univer-
sities generate an impact on gross value added of at least €1.8 in Baden-Wiirttemberg
alone. At the same time, the regional demand of the universities secures more
than 63,000 jobs in Baden-Wiirttemberg and generates immediate tax revenues of
€350 million (€359 million including student fees) just for Baden-Wiirttemberg’s
state administration. The aggregate impact even expands—to €1.9 per euro of basic
funding—if the health-care expenditures are included. Discounting the tax revenues
that Baden-Wiirttemberg earns directly and indirectly by spending the basic funding
within the same year it is received, one finds that the actual net impact of the
universities is 2.3 times greater than the initial net public funding (Fig. 15.6).

Billions of Euros

4.0
4 0124 3797 )
0827 ——D> (
35
3.0 0.908
25
20 2.045 1037
1.5
1.0
0.5
0 N J
Basic Funding  Effect of Effect of Effectof  Statutory  Overall
(Federal State) Basic Funding Third Party ~ Student Social Effect

(Federal State) Funding Expenditures Insurance

Fig. 15.6 The overall effect of value added in Germany’s federal state of Baden-Wiirttemberg,
including statutory health insurance, 2012.
Source: Design by authors.
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Because the universities attract many students with purchasing power from other
regions and countries and raise external funding for research and employment, it is
difficult to conceive of alternative uses of public funding that would exceed these
regional economic impacts.

Lastly, a disadvantage of impact analyses is that they capture only existing
supplies with upstream sectors of the economy and, hence, only the static effects
of the current regional economic system and its division of labor (Drucker &
Goldstein, 2007). But the decisive character of university activities lies precisely
in the long-term, dynamic changes in these economic interdependencies (e.g., new
technologies and sectors of the economy) and the conditions of production (e.g.,
increases in productivity). Experience shows that there are scarcely any important
cross-sectorial technologies for which public promotion of research has not been a
pivotal factor. Clearly, assessing only short-term economic impacts greatly under-
estimates the long-term overall economic impacts that universities have on their
region and federal state.

Technical Appendix

To compute the production multiplier, we used the input coefficient matrix from a
computation of Baden-Wiirttemberg’s input and output matrix. This kind of matrix
is not provided by the state offices of statistics, so it must be constructed. There are
two ways to construct a regional coefficients matrix: either with data based on
surveys or, as in this chapter, with an estimation. The underlying model for such
estimation can be based on the two matrices of national input coefficients. Because
imports are assigned directly, the domestic input matrix makes for a more realistic
estimate than the technological coefficients matrix does (Lindberg, 2010). The
domestic input matrix was thus the point of departure for the remaining computa-
tions. To reflect regional circumstances, the matrix was scaled to a regional level
through the use of local quotients. First, we scaled the national input coefficients
with the help of the location quotient (LQ) (Kowalski & Schaffer, 2012).

bR b%:
LQ; = b*IN KR, (1)
S
where biR: Number of persons employed in sector i (regional).
biN : Number of persons employed in sector i (national).
bg:: Total number of persons employed (regional).

b%: Total number of persons employed (national).

Each LQ; shows the relative significance of regional economic sector i in com-
parison to its national counterpart as measured by sectorial employment. If a quotient
lies in the range of LQ; > I, one assumes that the sector is sufficiently specialized in
the region to satisfy the demand of the other production areas and of the final
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consumers. In this case each regional input coefficient equals the corresponding national
coefficient (a;-e = aiy ). With a value of LQ; < I, one assumes that regional production
lies below the national average. Consequently, additional prerequisite work must be
imported to satisfy regional demand. The national input coefficients (af]y

aj = aj *¥LQ; 2)
must therefore be corrected through use of the LQ; in order to avoid an overestimate
for the region.

This method can be refined by using the cross-industry location quotient (CILQ).
The quotient compares the regional share of the persons employed in the production
sector with the national value and relates it to the sector to be supplied. Thus, both
the size and structure of the production sector and the sector supplied are taken into
account (Kowalski & Schaffer, 2012).

bk b sLQ,
CILQ; = oy *b’—R =30 (3)
i j J

A special case of adjusting the regional input coefficients that use the CILQ;;
arises with the diagonals of the matrix (i = j). The value is 1 by definition. Smith and
Morrison (1974) addressed this problem and proposed that the LQ; rather than the
CILQ;; be used for the cells affected.

Another problem arises because the relative sizes of the regions are not taken into
account. Flegg et al. (1995) tackled this problem and developed a new procedure
based on the CILQ;;, which they adjusted in later works by introducing the parameter A

(Flegg & Tohmo, 2013; Flegg & Webber, 2000).

FLQ;; = CILO*A (4)
bk bY
FLQ; =~ g 4 (5)
bY b
where A = <log2 (1 + bRZ/bNZ)) 9 (6)

The FLQ, like the CILQ, includes the producing and supplied sectors of the
economy in the computation. However, by means of the parameter A (0 < A< 1), the
FLQ also take account of the relative size of a region (as measured by employment).
The value of A approaches 1 with increasing region size. The exponent & can be
adjusted to influence the convexity of the function A. This choice, however, is based
on empirical work.

Recent studies on Baden-Wiirttemberg use an exponent d at the interval 0.11 < &
< 0.17 because of the diversified industrial structure (Kowalewksi, 2015). In
comparison to other studies, however, and in the absence of further verification,
this value seems to be too low. For this study we therefore adopted the value of the
empirical studies and used the FLQ formula with 8 = 0.3 (Kowalski & Schaffer,
2012; Lindberg, 2010; Schaffer & Siegele, 2008) when generating the regional
input-output table.
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Application of FLQ leads simultaneously to the procedure for deriving other

localization quotients.
aj = aj *FLO, (7)

N
i

First, the input coefficients at the federal level were scaled down according to
economic sectors to the federal state level with the FLQ procedure through the use of
the figures for employment for which social security is mandatory (Bundesagentur
fiir Arbeit, 2012). The resulting intersectorial interdependencies table (A) for the
region of Baden-Wiirttemberg covered all 71 economic sectors pursuant to the
industrial classification of 2008 and thus constituted the point of departure for the
subsequent steps of the analysis.

To compute the increase of regional production caused by an increase in demand
in a given sector, one must first compute the inverse prerequisite work matrix (X):

In the cases of FLQ;; > 1, one has al-f =a

X=>1-A)" (8)

The prerequisite work matrix (A) was subtracted from the identity matrix (7 ),7 and
the result was inverted. This step yielded the inverse coefficients of the intersectorial
interdependencies table, also known as Leontief inverses. In the final step, we
prepared an input-output table based on the regional input coefficients matrix by
including the gross value creation (Destatis, 2011b) of the economic sectors in
Baden-Wiirttemberg. In adjusting gross value creation to the 71 sectors, we assumed
that the relative regional productivity differences of the sectors can be derived from
the relative differences at the federal level. The input-output multiplier computed in
this way describes the indirect effect of rendering prerequisite work that is brought
about by the direct expenditures (AY) of the universities and their employees.

1
AY = [0 9)
0

To determine this value more precisely, the vector of additional demand (AY) is
multiplied by the inverse coefficients of the intersectorial interdependencies table.
We can express this procedure in the following manner, using (8).

X=(-A)"*Ay (10)

Computation of the income multiplier (Keynesian multiplier)

The expansion of intersectorial production leads to an induced effect on income.
The Keynesian multiplier theory describes this effect as a function of the willingness
of households to consume. It states the number of units by which the income of
employees grows because of marginal increases in state expenditures, consumption,

7 An identity matrix is a square matrix in which the elements a;; of the diagonal are 1 and the other
elements 0.
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investments, the tax rate, and exports. This multiplier rises with each euro of
additional income that the households spend. The model consists principally of
two elementary equations: the balance equation and the consumption function.
The balance equation defines GDP (Y) in the Keynesian model as the total demand
of the final consumers:

Y = C + Ny, (11)
where Y = gross domestic product (GDP).

C = expenditures of the private households.
Ny = autonomous consumption (demand of the state, or some other entity).

The consumption function
C =C(Y) (12)

implies the relationship between GDP and the amount of consumption by private
households. The consumption function also satisfies

ac
0<—=<1 13
77 (13)
This equation results in the following relationship for the marginal consumption
ratio c:

_dc

c(Y)—ﬁ

(14)

which also lies between 0 and 1.When the marginal consumption ratio is constant,
the GDP (Y) can be expressed as

1
Y:CY+N0<:>Y:<1 >N() (15)
—c
In this equation and under these circumstances, the GDP can be explained solely by
the consumption ratio ¢ and autonomous consumption N,.

Computation of the combined multiplier

The combined multiplier is based on the assumption that the marginal consump-
tion ratio stays constant over the cycles and lies in the range w, < 1. This value
causes the effect to weaken over the cycles and eventually come to a standstill.
Mathematically, we can draw on equations (8) and (16) to quantify this effect on
demand as follows (Kowalski & Schaffer, 2012; Pischner & Stéglin, 1976; Schaffer
& Siegele, 2008):

AY| = o %y ¥AP (I — A) ' %Ay, (16)

where AY;: vector of additional final demand in period 1.
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w;: marginal consumption structure of the private households.®
w,: marginal consumption ratio of the private households.’
A"’: primary input coefficients matrix (quadrant IIT).

AY(: demand trigger in period 0.

As already described, the additionally generated final demand (AY)) is the trigger
for the next round. Accordingly, equation 17 can be generalized as

AY, = ok, ¥ AP (I — A) ' %Ay, (17)

Lastly, we can derive the combined total effect by including the final demands
(AY,) that were generated in the rounds.
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