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Abstract

The aim of the current study is to improve the performance of corporate through application of System
Dynamics (SD) methodology. The paper discusses the importance of system dynamics modelling in
enhancing corporate performance and how it shows the dynamic behaviour of the system. For this
purpose a system dynamics model for an Indian Steel company has been prepared. The paper also
covers a brief introduction of the system dynamics modelling, a brief narration of Steel Sector and the
process adopted in modelling. Some of the important corporate performance parameters such as
market share, revenue, employee’s strength, number of shareholders, installed capacity have been
taken to reflect corporate behaviour. The behaviour of these performance parameters over time is used
for both validation of the model as well as for reflecting their future pattern. The paper concludes that
the SD modelling approach has high potential in understanding corporate performance behaviour and
their by gaining insight into the corporate functioning and taking appropriate remedial steps for
improving its performance.
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1. Introduction Code; the negative relationship between CEO
turnover and performance became stronger following
Corporate performance is a very actual output or  the Code’s issuance; and the increase in sensitivity of
result of a corporation as measured against its  turnover to performance was concentrated among
intended outputs, which can be reflected in many  firms that adopted the Code.
ways. Corporate performances build the image of the Richard et al. (2009) states that organizational
corporation in front of shareholders, investors, performance encompasses three specific areas of firm
funding agencies, competitors; fulfil the goal of the  outcomes: (a) financial performance (profits, return
company etc. It also effects on the image of the board ~ on assets, return on investment, etc.); (b) product
of the corporation and their governance. It’s related to ~ market performance (sales, market share, etc.); and (c)
revenue, return on investment, overhead and  shareholder return (total shareholder return, economic
operational costs. Many companies strive to be the  value added, etc.
best in their market and most never succeed. Many of Beaver (2000) states that performance appraisal
the ones that do, so only temporarily and subsequently  is a serious business and not some academic fad that
lose their position through misunderstanding how  will fade like so much of the indulgent language and
they got there and what is needed to stay there. Very ~ management tools and techniques currently in vogue
few, as Collins (2001) has stated, are capable to going  at its most fundamental. Performance appraisal is the
from “good to great”. principal means for an organization to assess the
Corporate performance is viewed from the  effectiveness of its decision making. In doing this,
perspective of different stakeholders as businesses  judgements can be made about the success or failure
respond to contemporary developments and broader  of its strategic management in the context of its
strategic, commercial and social consideration. organizational paradigm. The notion of corporate
Dahya, et. al. (2002), In 1992, the Cadbury  success is a natural derivative of a firm’s
Committee issued the Code of Best Practice which  achievements which is in turn a reflection of the
recommends that boards of U.K. corporations include  quality of its management decisions in relation of the
at least three outside directors and that the positions of ~ quality of its management decisions in relation to
chairman and CEO be held by different individuals.  strategic objectives, market and a whole range of
The underlying presumption was that these internal and external circumstances. Given the
recommendations would lead to improved board  unpredictability of these circumstances, many of the
oversight. They empirically analyse the relationship  current methods of measuring corporate performance
between CEO turnover and corporate performance.  effectively, realistically and consistently appear to be
CEO turnover increased following issuance of the
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facile and inappropriate and subject to imaginative
financial engineering and plain management abuse.

Based upon the explanation of Majumdar (1997)
whether larger firms are superior in performance to
smaller firms, or vice-versa and whether older firms
are superior in performance to younger firms, or vice-
versa, have generated large amount of theoretical and
empirical research in the economics, management and
sociology disciplines. Cheng (2008) provides
empirical evidence that firms with larger boards have
lower variability of corporate performance. The
results indicate that board size is negatively associated
with the variability of monthly stock returns, annual
accounting return on assets, Tobin's Q, accounting
accruals, extraordinary items, analyst forecast
inaccuracy, and R&D spending, the level of R&D
expenditures, and the frequency of acquisition and
restructuring activities. The results are consistent with
the view that it takes more compromises for a larger
board to reach consensus, and consequently, decisions
of larger boards are less extreme, leading to less
variable corporate performance.

Prasetyantoko and Parmono (2008) disused that
firm size is positively related to firm profitability, but
it is not related to market capitalization and ownership
factors matters on firm performance.

Wheelen & Hunger (2002) pointed that
businesses are tending to rely less on financial
measures (which are based on Accounting Standards)
such as, profit, return on investment, and return on
assets, alone to assess over all corporate performance

Wheelen and Hunger (2002), defined
performance simply as the end result of activity. At
one level, it maybe as simple and mundane as this
definition, although at another level the notion of a
general measure of performance is both intriguing yet
continually disappointing (Bonoma & Clark 1988).

Choosing a performance measure is one of the
most critical challenges facing organizations (lttner &
Larcker 1998). It is common for corporations to have
numerous performance measures (Neely, Adams &
Kennerley 2002), though financial measures dominate
for Autralian, UK and US executives (Phillips &
Shanak 2002; Clark 1999; Kokkinaki & Ambler
1999).

Irala (2007) states that traditionally periodic
corporate performance is most often measured using
some variant of historical accounting income (eg. Net
Profit, EPS) or some measures based on the
accounting income (eg. ROI/ ROCE). And he also
examines whether Economic Value Added has got a
better predictive power relative to the traditional
accounting measures such as EPS, ROCE, RONW,
FCF, Capital Productivity (Kp) and Labor
Productivity (Lp)

Harols and Belen (2001) investigate the relation
between the ownership structure and the performance
of corporations if ownership is made multi-
dimensional and also is treated as an endogenous
variable.
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Qi, Wu, Zhang (2000), investigate whether and
how the corporate performance of listed Chinese
firms is affected by their shareholding structure.
Adams et al (2005) develop and test the hypothesis
that firms whose CEOs have more decision-making
power should experience more variability in
performance. They suggest that the interaction
between executive characteristics and organizational
variables has important consequences for firm
performance

Joy et al (2007) has shown in their research that
women representation on board increase return on
equity (ROE), return on sales (ROS), return on
investment (ROI) corporate performance. Bryan
(2007) state that companies should redesign their
financial-performance metrics for this new age.
Normally companies focus far too much on measuring
returns on invested capital (ROIC) rather than on
measuring the contributions made by their talented
people. Times have changed. Metrics must change as
well.

During the 1990s and beyond, countries around
the world witnessed calls and/or mandates for more
outside directors on publicly traded companies' boards
even though extant studies find no significant
correlation between outside directors and corporate
performance. Dahya et. al (2007) examine the
connection between changes in board composition
and corporate performance in the U.K. over the
interval 1989-1996, a period that surrounds
publication of the Cadbury Report, which calls for at
least three outside directors for publicly traded
corporations. They find that companies that add
directors to conform to this standard exhibit a
significant improvement in operating performance
both in absolute terms and relative to various peer
group benchmarks. They also find a statistically
significant increase in stock prices around
announcements that outside directors were added in
conformance with this recommendation. They do not
endorse mandated board structures, but the evidence
appears to be that such a mandate is associated with
an improvement in performance in U.K. companies.

Norburn, and Birley, (1998) tested the
relationship  between the characteristics and
background of U.S. top executives, and measures of
corporate performance. Results were generally
positive: managerial characteristics not only predicted
performance variations within industries—the top
performers having significantly different managerial
profiles than poorly performing companies—but also
that the characteristics of managers within high-
performing companies were similar across the five
industries.

Firth et al. (2006) has examined the
compensation of CEOs in China's listed firms. First,
they discuss what is known about the setting of CEO
compensation and then we go on to examine factors
that may help explain variations in the use of
performance related pay. In China, listed firms have a
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dominant or controlling shareholder. Firth et al.
(2006) argue that the distinct types of controlling
shareholder have different impacts on the use of
incentive pay. We find that firms that have a State
agency as the major shareholder do not appear to use
performance related pay. In contrast, firms those have
private block holders or SOEs as their major
shareholders relate the CEQO's pay to increases in
stockholders' wealth or increases in profitability.
However the pay—performance sensitivities for CEOs
are low and this raises questions about the
effectiveness of firms' incentive systems.

Above discussion shows that corporate
performance as a whole is missing. Most of them
have worked on composition of the committee,
financial aspect of the company etc., but corporate
performance as a whole like operational performance,
financial performance has not been combined
together. The purpose of this paper is to combine both
operational as well as financial performance together
to measures the performance of the company with
using management science tools like system dynamics
(SD).
and

2. System Dynamics: principles

concepts

The system dynamics (SD) has been developed as
industrial dynamics approach has at MIT by Prof. J.
W. Forrester in late sixties. It amalgamates ideas
developed in various system theories. It is a branch of
control theory, which deals with socio-economic
systems and also a branch of management science,
which deals with the problems of controllability. It is
a way of studying the behaviour of any systems to
show how policies, decisions, structure and delays are
inter-related to influence growth and stability. It
integrates the separate functional areas of
management — marketing, investment, research,
personnel, production, accounting etc. Each of these
functions is reduced to a common basis by
recognizing that any economic or corporate
(candidates, instructed) activities consists of flows of
money, orders, materials, personnel, and capital
equipment. These five flows are integrated by an
information network. Industrial dynamics recognizes
the critical importance of this information network in
giving the system its own dynamics characteristics.

It combines both qualitative and quantitative
aspects to explore, realize and communicate complex
ideas. The qualitative part entails the creation of
causal relationship, in which variables are mapped in
a cause and effect relationship pattern.

The quantitative  aspect involves the
development of a computer model based upon a
“stock and flow diagram, and equations which depict
interrelated variables in the system. Stock variable
(rectangles) represents the state variables and are the
accumulations in the system. Flow variables (valves)
alter the stocks by filling or draining the stocks.
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Arrows point the causal relation between two
variables and also reflects the flow of information
within the model structure.

System dynamics models, however, have two
important differences which are major advantages:

1. They allow for far more complex multiple
interrelationships of variables over time, and
outcomes of those relationships are calculated by the
model rather than being done externally and inputted
in advance.

2. They can include the impact of variables
which are not normally subject to quantification. This
is done by arbitrarily assigning a value of 1.00 to a
subjective variable, and allowing it to vary based on
the management group’s expectations of what would
happen under certain conditions.

System thinking and dynamics plays an
important role in understanding the relationship
between strategic choices and its outcomes. Five
decades ago, Jay Forrester, regarded as the father of
SD, started to advocate for the application of systems
and feedback theory to the formulation of
organizational and social policies (Forrester, 1961).
Peter Senge’s The Fifth Discipline (1990) has been an
important source for understanding system thinking
and dynamics to a wide audience. SD importance is
rooted on the decision-makers limitations to fully
understand their environment and business system
realities due to three main conditions: complexity,
uncertainty, and cognition limitations (Folke, 2006).
Rather than try to optimize for a solution, the
decision-maker choose for satisfying explanations.
This is the groundwork of Simon’s “theory of
bounded rationality”, the type of rationality that a
decision-maker draws on when the situation is too
complex relative to their limited rational abilities
(Simon, 1979). He reasons that decision-making in
practice challenge existing assumptions that
“...decision-makers pursuit optimal choices in all
conditions.” For the operational strategist this
discussion implies that he/she will be only somewhat
capable of retaining and manipulating sufficiently
representative information and structural relations
during the process of strategy formulation due to the
steering of intermediaries, which may be particularly
difficult to anticipate and control (Nobs, Minkus, &
Rummert, 2007).

In SD, a system is a way of understanding any
dynamic process and many complex relations in the
organizations. SD creates a representation of the
operations choices and studies their dynamics,
facilitating the understanding of the relation between
the behavior of a system over time and its underlying
structure and decision rules. Better performing
organizations attempted to gain an understanding of
the system structure before they proceeded to develop
strategies and take action. Concisely, SD is based on a
structural theory that offers a panorama on operations
strategy issue
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Rahdari and et.al (2007) discussed the model the
effects of fluctuations in world steel price on
stockprice of one of Iranian steel producers. They also
offer some policies to mitigate the global fluctuation
effects on stock price of steel-makers in Iran

Sahay (2011) highlighted an application system
dynamics methodology and develop a cause and
effect relationship model for corporate strategy, which
has potential of integrating board parameters/variables
significant in corporate strategy development.

Kumar and Vrat (1989) discussed the application
of system dynamics to simulate the production flow in
a steel plant. The feedback concepts underlying the
model of a production shop were discussed. Models
of various shops were assembled to construct the
entire flow of the steel production system. The
applications of the model in the area of corporate
planning were discussed.

Sahay (1984) stated that system dynamics model
validation is a systematic trial-search process. He
emphasized the use of both qualitative and
quantitative criteria for model validation followed by
sensitivity  testing for monitoring information
economically for the purpose of exercising desired
controls in organizational functions to achieve its
goals.

King et al (1983) conceptualized an integrated
general model of business performance that combined
the individual management disciplines of industrial
economics, reenfield theory and business policy
within the framework of a dynamics feedback model.
Measures to assess the position of a company in its
business environment and the process of strategic
choice were discussed.

King et al (1983) conceptualized an integrated
general model of business performance that combined
the individual management disciplines of industrial
economics, organisation theory and business policy
within the framework of a dynamics feedback model.
Measures to assess the position of a company in its
business environment and the process of strategic
choice were discussed.

Brugnoli (1999) states that Trainers can improve
the evaluation-decision process of management
through improving its system thinking capabilities.

Gary et al (2008) have found that there is
opportunity for system dynamics research to develop
explanations for the observed longitudinal patterns of
performance differences among firms. Such work
addresses an important issue for policy makers,
shareholders, and general managers, and would make
enormous contributions to the strategy field.

3. Objectives of the Paper

Objective of this research paper is to prepare an
integrated dynamic model for improving the
performance of Indian steel company both in its
operational performance (installed capacity actual
production, market share, manpower involved etc.) as
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well as financial performance (return on investment,
expenditure and revenue etc.). Authors have chosen
system dynamics techniques for developing a model
among the availability of number of management
science tools and techniques due to its effective and
dynamics behavioural pattern.

4. Steel Industry

Steel industry is a booming industry in the whole
world. The increasing demand for it was mainly
generated by the development project that has been
going on along the world, especially the
infrastructural works and real estate projects that has
been on the boom around the developing countries.
Steel industry was till recently dominated by the
United Sates of America but this scenario is changing
with a rapid pace with the Indian steel companies on
an acquisition spree.

Steel Industry has grown tremendously in the last one
and a half decade with a strong financial condition.
The increasing needs of steel by the developing
countries for its infrastructural projects have pushed
the companies in this industry near their operative
capacity.

The main demand creators for Steel industry are
Automobile  industry,  Construction  Industry,
Infrastructure Industry, Oil and Gas Industry, and
Container Industry.

The Steel industry has enough potential to grow
at a much accelerated pace in the coming future due to
the continuity of the developmental projects around
the world. This industry is at present working near its
productive capacity which needs to be increased with
increasing demand.

It is common today to talk about "the iron and
steel industry” as if it were a single entity, but
historically they were separate products. The steel
industry is often considered to be an indicator of
economic progress, because of the critical role played
by steel in infrastructural and overall ("Steel
Industry". Retrieved 2009-07-12.)

The economic boom in China and India has
caused a massive increase in the demand for steel in
recent years. Between 2000 and 2005, world steel
demand increased by 6%. Since 2000, several Indian
and Chinese steel firms have risen to prominence like
Tata Steel (which bought Corus Group in 2007),
Shanghai Baosteel Group Corporation and Shagang
Group. ArcelorMittal is however the world's largest
steel producer.

In 2008, steel began trading as a commodity on
the London Metal Exchange. At the end of 2008, the
steel industry faced a sharp downturn that led to many
cut-backs. (Unchiselled, Louis (2009-01-01). "Steel
Industry, in Slump, Looks to Federal Stimulus”. The
New York Times. Retrieved 2012-04-15)

Iron and steel are used widely in the construction
of roads, railways, other infrastructure, appliances,
and buildings. Most large modern structures, such as
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stadiums and skyscrapers, bridges, and airports, are
supported by a steel skeleton. Even those with a
concrete structure will employ steel for reinforcing. In
addition, it sees widespread use in major appliances
and cars. Despite growth in usage of aluminium, it is
still the main material for car bodies. Steel is used in a
variety of other construction materials, such as bolts,
nails, and screws (Ochshorn, Jonathan (2002-06-11).
"Steel in 20th Century Architecture”. Encyclopedia of
Twentieth Century Architecture. Retrieved 2010-04-
26.) Other common applications include shipbuilding,
pipeline transport, mining, offshore construction,
aerospace, white goods (e.g. washing machines),
heavy equipment such as bulldozers, office furniture,
steel wool, tools, and armour in the form of personal
vests or vehicle armour (better known as rolled
homogeneous armour in this role).

Authors have chosen the field of steel sector for
the study because Indian Steel sector has large
contribution in development of economic base and
industrialization in India. The demand of steel is
growing day by day due to its need in rapid

development  of infrastructure,  Construction
Company, power sector, telecommunication,
railways, etc.

In India both public and private sector

companies are involved in producing steel. Steel
Authority of India (SAIL), Rashtriya Ispat Nigam Ltd.
(RINL), NMDC Ltd., Maganese Ore (India) Ltd.,
MSTC Ltd., Hindustan Steel works Construction Ltd,
MECON Ltd., Bharat Regrafactories Ltd., Sponge
Iron India Ltd., Kundremukh Iron Ore Company Ltd.
are the Indian government undertaking public sector’s
steel plants and Tata Steel Ltd., Essar Steel Ltd., JSW
Steel Ltd., Jindal Steel & Power Ltd., Spat Industries
Ltd. Bhusan Power & Steel Ltd., Monnet Ispat &
Energy Ltd., Sponge Iron Industry, Pig Iron Industry,
Electric Arc Furnace Industry, Induction Furnance
Industry, Hot Rolled Long Products Units, Steel Wire
Drawing Units, Hot Rolled Steel Sheets/Strips/Plates
Units, Cold Rolled Steel Sheets/Strips Units,
Galvanised and Color Coated Sheets/strips Units, Tin
Plate Units are private sectors companies

Steel production in India has increased by a
compounded annual growth rate (CAGR) of 8 percent
over the period 2002-03 to 2006-07. Going forward,
growth in India is projected to be higher than the
world average, as the per capita consumption of steel
in India, at around 46 kg, is well below the world
average (150 kg) and that of developed countries (400
kg). Indian demand is projected to rise to 200 million
tonnes by 2015. Given the strong demand scenario,
most global steel players are into a massive capacity
expansion mode, either through brownfield or
greenfield route. By 2012, the steel production
capacity in India is expected to touch 124 million
tonnes and 275 million tonnes by 2020. While
greenfield projects are slated to add 28.7 million
tonnes, brownfield expansions are estimated to add

”

40.5 million tonnes to the existing capacity of 55
million tonnes.

5. System Dynamics Modelling for
Corporate Performance of Indian Steel
Company

Improvement in corporate performance in traditional
way primarily made through the decision makers at
various levels such as board of the corporation and the
managers of the works based on comparing and
judging various identifies factors and the corporate
performance empirically; or through factor analysis
combining methods of investigating exceptions and
drawing commonality in the pattern of the outcome
and the behaviour; or using regression analysis/multi-
variant analysis or econometric model.

These approaches provide very broadly the
future course of action without understanding intrinsic
causes. They are piece meal approach and laps
coherence and system thinking and dynamics of the
system. The application of system dynamics
methodology attempts on improvement intervention
based on system thinking and has potential to solve
complex problem. Sector-wise simulated results are
discussed below.

5.1Demand and capacity

Here, demand of product and installed capacity are
considered as a level variable. Demand of product is
31000 MT and installed capacity is 3500 MT/year in
the reference year 2001.

Figure 1 show that demand of product is
increases with demand of product increasing rate and
demand of product increasing rate is calculated by
demand rising fraction multiply by demand of product
and divided by year. Installed capacity is depend on
installation time and additional capacity multiplier.

Market share is an auxiliary variable and it has
calculated by demand of product, sales and demand
fulfilling factor.

We can see in figure 2 that demand of product in
the country and installed capacity increases every
year. It has rise from 31000 MT to 51000 MT
(64.5%) and installed capacity of the company has
increased 3500 MT to 6000 MT (71.4%) in six year.

5.2 Revenue and Expenses

In this sector, manufacturing cost, other expenses,
loans & advances are considered as level variables.
Manufacturing cost changes over the time with the
help of increase in manufacturing cost rate and
manufacturing cost rate is effected and percentage
increase in manufacturing cost per year. Similarly
other expense also changes with other expenses
increasing rate and inflation rate of general
commodity per year. loans & advances changes.
Revenue is calculated with sales and price per TMT
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and for the calculation of price per TMT, selling price
in ref year, product mix factor and ratio of current
inflation index to normal index have taken.

Board members salary and compensation, salary of
employee, annual manufacturing cost, annual other
expenses, S&A expenses, interest payment have
considered to calculated expenditure.

5.3 Corporate Performance

In this sector, authors have assumed that desired
corporate performance level should be minimum 60 in
the reference year 2001 and for the result of corporate
performance index; they also have calculated total
corporate performance with market share, profit,
installed capacity, employee, shareholders etc. and for
each variables, there is some weigthages point.

5.4 Validated criteria for the developed
model

For validation, very few selected performance
indicators for enhancing the performance of corporate
has taken like employee’s strength, no. of
shareholders, installed capacity, return on investment,
market share, expenditure, revenue etc.

The validation in the system dynamics
modelling means behaviour of the model is resembles
the actual behaviour of the system. This means from
the model, some important variables are chosen and
their simulated behaviour is compared with actual
values for the reference period.

The SD model with the data collected from the
company’s report of the reference year 2001 has been
simulated. The results are observed both in the tabular
and graphical form for important variables from each
sector. By modifying some of the structural
relationships, values of some multipliers and graph
functions and simulated till acceptable model output
is obtained.

Figure 1. Demand and Capacity Stock- flow diagram
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Figure 2. Standard run of demand of product and installed capacity of the company
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Figure 3. Demand and Capacity Stock- flow diagram
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Figure 4. Standard run of demand of product and installed capacity of the company
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The process of validation progresses after having
the initial run often, if modeller finds some erroneous
and implausible results, by modifying some of the
erroneous structural relationships included in the
model by mistake or wrong assumptions or assumed
values, of some multipliers, or graph functions etc
(taken earlier with some assumptions) The model is
run for simulation again and again incorporating some
modifications each time, till valid output is obtained.
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9:43 PM Tue, Oct 22, 2013

An attempt has been made to compare the model
behaviour with that of the actual data for employee,
shareholders, installed capacity, production capacity,
revenue, expenditure, return on investment, market
share etc as depicted in figures they show close
resemblance.

In the reference year installed capacity of the
company is 3500 MT and it increases year by year.
This table shows the comparison of actual vs.
simulated result.

Figure 5. The comparison of actual vs. simulated result

Cemand of Product (Actual vrs. Sim ulsted) Installed Capacity (A ctualvrs. Simulate d)
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Years Years
5.5 Future Projection the structure of the model, the model is run for

For knowing the corporate performance in future years
say (2008 to 2017), reference year has been changed
to the year 2006-2007 and initial values of variables
and some other values taken accordingly, keeping
other values and relationships is structure of the model
unchanged for simulation. This means without modify

VIRTUS,

”

simulation for next ten years.

The projected result shows for next ten years i.e.
2017, in 2007 installed capacity of the company is
6,000 MT/ year and it shall be double after 3 years
(2010) and in 2017 it shall be 22,950 MT. Even
company wants to double its capacity by 2010.
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Demand of product in the country is shall be
from 51,000 MT to 110,000 MT from 2007 to 2017.
11" Five Year Plan of India (ministry of steel) and

National Steel Policy of India indicated the demand
growth will be 121,000 MT by 2019.

Figure 6. Future projected result of demand of product, installed capacity and actual production of the
company

ﬁ 1: DEMAND OF PRODUCT

1: O -
2: 25
3

2: INSTALLED CAPACITY

3: ACTUAL PRODUCTION

6. Conclusion

System Dynamics is a powerful method to gain useful
insight into situations of dynamic complexity and
policy resistance. It is increasingly used to design
successful policies in companies and public policy
settings. In this paper we reported an ongoing research
effort to study the performance of corporate. iThink®
software has been extensively used to develop a
comprehensive system dynamics model of corporate
performance. We have also utilised the computer
simulation tools of the software to handle the high
complexity of the resulting feedback model.

System dynamics model for the corporate
performance developed has been put to generate
model behaviour by simulating using solution interval
1 year and 6 years as simulation run length with initial
values for the year 2001. For future projection,
solution interval is 1 and simulation length is 10 yrs
with initial value for the year 2007.

The performance of corporate lies not only in
having efficient plan but by implementing the plan
efficiently to enhance the desired performance without
much of deviations.
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