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Abstract

The dynamic and productive nature of the urban economy has, over time, turned
these geographical locations into centers for the development of new ideas,
profitability opportunities, and knowledge-based activities. Today's economy
looks at innovation as the engine of economic growth and development.
Therefore, paying attention to the factor of innovation in capital-rich
environments such as cities and identifying the mechanism of how it is created
and sustained, can be the solution to many deep urban challenges. Therefore, this
study investigates the efficiency of the urban innovation system in seven selected
cities during the period 2006-2017 using Data Envelopment Analysis (DEA). The
results of this study show that the city of Tehran has been efficient in most
innovation processes.
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Extended Abstract

1. Introduction

Cities, due to their extraordinary
potentials in idea generation, are the
beginning of new activities in all fields and
always the center of the first sparks of
change and innovation in the fields of art,
economy, culture, society, etc.. Thus,
cities are the birthplace of innovations.
The modern world is in transition from the
industrial age to the creative age. In
addition to meeting the basic needs,
modern man seeks to meet other needs
such as the need for imagination, mastery,
vitality, innovation and curiosity.
Innovation is a fundamental principle for
being human and a vital resource for the
individual, society and the life of
economics. Innovative and vibrant
societies with human potential, foster
individual growth, shine in cultural and
technological advances, generate jobs and
wealth, and embrace a variety of lifestyles
and cultures (Wrank et al., 2016). It can be
said that today, innovation has become a
very important element in urban
marketing policies around the world. The
emergence of this issue in the simplest
possible form constitutes a distinct stage
in the development of capitalism,
according to which the main force of the
economy is no longer technological and
organizational tools, but man (Vanolo,
2008). This study examines the efficiency
of the urban innovation system in seven
selected cities of Tehran, Mashhad,
Isfahan, Shiraz, Tabriz, Hamedan and
Kermanshah. Selected metropolises, due
to the concentration of population and
capital, have many revealed aspects and
dimensions of the wurban innovation
system. Therefore, the study of the
efficiency of the urban innovation system

in these cities, due to the presentation of
an overlapping and comprehensive model
of the urban innovation system can be
used as a model for the study of the urban
innovation system in other cities. The
efficiency score of these cities was
calculated by considering five connected
processes. In the next step, using Tobit
model, the role of underlying factors
affecting the efficiency of the urban
innovation system has been investigated.
Therefore, in the next sections, we review
the theoretical foundations of urban
innovation systems, then the research
methodology, and finally, the results of the
research. Therefore, understanding the
complex systems in cities increases a large
part of our current knowledge about the
urban geographical area, and the urban
innovation system is one of these systems.

2. Research Methodology

The concept of efficiency is one of the
important concepts in economics used to
describe the efficient use of resources.
Efficiency is a situation about the
performance of the process of converting
a set of production data into a set of
production outputs (Prud’homme, 2017).
Performance recognition is subject to
definition and comparison or a specific
standard limit. In studies related to
performance boundary analysis,
parametric econometric methods such as
stochastic and definite boundary methods
and non-parametric Data Envelopment
Analysis (DEA) method are wused. In
parametric methods, inefficiencies in
relation to the boundary function or the
use of statistical data are estimated. This
requires specifying the shape of the
function in question, which makes it
possible to test the hypotheses or
statistical ratios. However, the use of
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parametric methods in quality-related
activities, which are generally in the
services sector of the economy, is limited
because it is not possible to specify a
specific function for most of these types of
activities. Therefore, in these cases, DEA is
used. The mathematical programming
approach is non-parametric and enables
us to avoid the effects of inefficiency by
confusing the effects of misdiagnosis of
functional form (both technology and
inefficiency) (Freid et al., 2008). The DEA
method is a non-parametric method used
to evaluate the efficiency of decision-
making units. This study applies the DEA
method to investigate seven selected
cities of Tehran, Mashhad, Isfahan, Shiraz,
Tabriz, Hamedan and Kermanshah during
a period of 14 years from 2006-2017.

3. Research Findings

To evaluate the performance of a network
system, a network data analysis model is
needed. Network data analysis models,
unlike conventional models, do not have a
standard form and their type depends on
the desired network structure (Cao, 2009).
In fact, the advantage of network data
envelopment  analysis model over
conventional models is the power of
differentiation of these models to
determine the efficiency of each process.
Therefore, in this study, the DEA model is
used with a connected network structure.
It was first proposed by Cao and Hong

(2008). In this model for each unit, Xj (so
thatj=1,.., n)is the input of i and Y is the
output of r (so thatr =1,..., s).

In the output-driven data analysis
model, under the variable scale efficiency
hypothesis, efficiency coefficients are
calculated as follows (Afzal, 2014):

E, =maxZ, =0

S.t.

n
@Yo < Zyerj r=12,..,5s
j=1

m
Xi() > Z)/JXU i=12,..,m
i=1

n
2.1i=1
=1

]/jZO

According to the study of Karianis et al.
(2016) and the multi-stage model used in
this study, as shown in Figure 2, the urban
innovation system includes five main sub-
processes: idea generation process,
innovation production process, product
production process, process
consumption, control and modification
process.
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Figure 1 Conceptual model: framework of input, middle, output and environmental variables of
urban innovation system

The statistical population of this study
includes the cities of Hamedan,
Kermanshah, Tabriz, Mashhad, Shiraz,
Isfahan and Tehran. Due to the limited
availability of data, the time domain of this
research includes a 14-year period from
2006 to 1398 and the DEA program has

been used to estimate the efficiency
coefficients. All statistics are extracted
from the statistical yearbooks published
by the municipalities of the studied cities,
which are mentioned in the table below as
the input, middle and output variables of
the urban innovation system.
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5 4 3 2 1
1/00 0/998 1/00 1/00 1/00 Tehran
0/796 1/00  0/986 1/00  0/993 Mashhad
0/798 0/998 0/894 0/999 0/994 Tabriz
0/794 1/00  0/965 0/999 0/997 Isfahan
0/897 0/989 0/989 0/999 0/996 Shiraz
0/893 0/985 0/989 0/999 0/993 Kermanshah
0/995 1/00  0/998 0/998 0/995 Hamedan

Vie = @+ B1X1it + B2X2it + B3Xsit + BaXait
+ Eit

yie = efficiency of urban innovation
system in city i in year t

a = width of origin

X 1i = Demographic index of city i in
year t

X 2it = Political index of city i in year t
X 3it = economic index of city i in year t

X 4it = environmental index of city i in
year t

&ic = Residual error of city i in year t

The results of Scoter plot also indicate
a strong linear relationship between the
independent and dependent variables.
According to these coefficients, the
regression models can be used. Therefore,
according to the existing oblique, Tobit
regression should be used.

Table 3. Background layer of Tobit regression

Coef Var Coef Var

-0, Qo|*** . . o, SYN*FH o

(F,9) Environmental index (F,A¥) Demographic index
-0 OOV

nq, vy LR chi2 ( ’ f) Political index
—0/0

aA b et g ic indicat

obs (FAP) conomic indicators

The numbers in parentheses represent the value of the t-statistic.

*%% p <0/001** p <0/01 * p <0 /05
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4. Conclusion

Today, innovation and knowledge are
considered as a symbol of human
endeavor to achieve a better life, and its
importance is such that part of the
economic development of countries is
evaluated based on their innovative
achievements. Countries seeking to assert
their power in the international
community have increasingly invested in
knowledge and innovation. In fact, it can
be said that innovation has become a
symbol of prosperity and the power of
competitiveness at the national and
international levels. Moreover, with the
shortening of the life cycle of goods and
the technology used in them, the category
of innovation has become increasingly
important in business, which means that
many companies and enterprises are
increasingly using sources to develop and
flourish innovation. On the other hand,
knowledge-based economics, as one of
the key aspects of economic development,
are directly based on the use of knowledge
and information in production and
distribution. Innovation is now more
meaningful than ever in the knowledge-
based economy. This capacity depends not
only on the skill of the invention and the
entrepreneurial nature, but also on the
conditions and contexts in which
innovation occurs (including how
production factors are allocated), the
reinforcement and encouragement of
innovative activities, and the constraints
that limit them. There is a widespread idea
among economists and policymakers that
the capacity for innovation around the
world is a key factor in determining the
growth rate of the economic system.
Therefore, trying to understand the
mechanism of dynamics and production of
innovation is a prerequisite for achieving
the design of policies that affect the

economic growth and development. To
better understand the mechanism of
innovation, it is necessary to design a set
of factors affecting it in the form of a
codified system. Cities, as one of the
environments for fostering innovation,
have always been considered by many
researchers in this field. In recent decades,
the structure of cities has undergone
significant changes due to social and
economic  conditions  caused by
globalization and changes in the fields of
communication and information.
Therefore, there is a need to identify the
factors affecting the urban environment
accompanied by these changes. Therefore,
the innovation systems identified in the
urban environment directly affect the
optimal allocation of factors of production
by providing operational solutions with a
detailed explanation of the factors
affecting the reproduction of innovation,
providing policy approaches , and by
leading the owners of production factors
to the correct direction of markets,
especially knowledge-based markets,
financial markets and markets for the
production and consumption of goods and
services. Hence, recognizing the efficiency
of urban innovation systems with a direct
impact on how resources are allocated,
directly affects the efficiency and
capability of the urban economy and on a
larger scale the national economy. In this
research, by determining the efficiency of
urban innovation systems, its strengths
and weaknesses can be realized.

The study of the efficiency of the urban
innovation system in the cities of Tehran,
Mashhad, Tabriz, Isfahan, Shiraz,
Kermanshah and Hamedan during the
period 2006-2017 shows that the city of
Tehran is efficient in most of the five
processes of the urban innovation system.
Also, the lowest average efficiency score
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among the selected cities belongs to the
fifth process. Therefore, in general, the
urban innovation system = requires
considering the after-sales process of
innovative products, such as improving
sales procedures, after-sales service, etc.
to increase the efficiency of the urban
innovation system in the cities under
study.

Finally, using the Tobit model, the effect
of background layer factors on the
efficiency of the studied urban innovation
system was evaluated. For this purpose,
demographic, political, economic and
environmental indicators were considered
as influential environmental factors.

According to the calculation of the
efficiency of urban innovation system
processes using DEA method, it was found
that the city of Tehran is efficient in four
of the five processes defined in this
systematic set (with efficiency coefficient
of one). Therefore, it can be concluded
that the ratio of primary inputs to
intermediate outputs and finally final
output is equal, i.e., in Tehran, primary
inputs such as educational, research,
technological and financial infrastructure
lead to the production of innovation
system outputs. Several reasons can be
mentioned for this issue, including the
concentration of the above-mentioned
infrastructures in Tehran compared to
other cities in Iran. The flexibility of
industries and the proper connection
between the industry sector and the
knowledge production sector in the
context of a knowledge-based city, has led
to the efficiency of the urban innovation
system. However, in other studied cities
such as Hamedan and Kermanshah, a
growing trend is observed. Therefore, with
proper distribution of innovation inputs
among different cities, it is possible to

increase the efficiency of the urban
innovation system.

Findings show a positive and significant
relationship between economic and
demographic indicators on the whole
urban innovation system. This means that
increasing the ratio of urban population to
the total population of the country as a
potential domestic market for innovations
as well as increasing the urban economic
participation leads to increasing the
efficiency of the urban innovation system.
Also, the policy index has a negative
insignificant  relationship  with  the
efficiency of the urban innovation system.
The insignificance of the policy index in
the efficiency of the urban innovation
system indicates that political activities
over the years have not had the same
movements as the output of the urban
innovation system. Therefore, it can be
said that political participation does not
have a significant impact on the urban
innovation system. Since appropriate
political activities, including participation
in elections, lead to the selection of
capable political elites and policymakers, if
political activities can be aligned with the
country's macro-planning goals, such as
the establishment of knowledge-based
cities, it is expected that this variable can
make a significant contribution to the
efficiency of urban innovation systems.

The estimation model indicates that
there is a significant negative relationship
between the environmental index and the
urban innovation system. Since the
chemical fertilizer consumption index is
considered as an environmental index,
environmental pollution leads to a
decrease in the efficiency of the urban
innovation system. Therefore, it is
suggested to reduce the environmental
pollution  through  incentives  for
environmentalists and punishment for
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environmental polluters, helping to
promote economic participation by
improving macroeconomic components,
adopting policies to protect investors with
methods to control inflation and reduce
unemployment, and providing the
necessary grounds to increase the
efficiency of the urban innovation system.
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