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Abstract

In the paper the model of macroeconomic turnover and
its possibilities for investments modelling are shown.

The model consists of four blocks: in the first the the-
oretical model is described. In the second the model is
reflected in accordance with the requirements of system
dynamics method, there are shown included influences,
intercommunications and equalizations. The third block
examines demand and supply model for capital and invest-
ments. The fourth part complements previous parts, descri-
bes additional indexes.

The method is offered for using both in forecasting and
in teaching.

Keywords: investment, aggregated demand, macroeco-
nomics, simulation model, system dynamics.

Introduction

Research problem, novelty and relevance

Research problem. Development of economy of
any country depends not only on GDP, consumption,
export, but also on investments. In Latvia in 2009 in-
vestment decrease was near 40%. One of the possible
reasons for decrease may be related to investment bo-
om in Latvia in 2007-2008. In stable development si-
tuation it is possible to use for investment forecasting
statistics-based forecasting methods, but in changes
these methods do not work. In changeable situation
is necessary to use for forecasting more powerful fore-
casting methods.

Research novelty. In reality macroeconomic fore-
casting models in system dynamics created by econo-
mists are very rare. Mostly papers of this type are writ-
ten by specialists of mathematics; therefore they are
not very popular among economists. The first global
model was developed by Forrester, but it was not eco-
nomic model, but World dynamics model. Now bet-
ter macroeconomic models are developed by Kaoru
Yamaguchi (Japan), David Wheat (Norway). The ge-
neral part of Yamaguchi model is related to financial
markets and their place in macroeconomic turnover.
Wheat model is developed in theoretical form, for te-
aching. Each model is related with its author and is
unique. Each author developed the model for specific
condition or proceeding from personal understanding

of a problem. Novelty of this paper is related to spe-
cial role of investment in macroeconomic turnover.
Investments determine development of economy not
only for current moment, but also for years to come.
Research relevance. Effective forecasting methods
include the creating of macroeconomic environment
model and its uses for different indexes simulation,
including investments. Traditional approach to mac-
roeconomic model development is based on econo-
metric method. But in very changeable condition this
method does not work either. This happens because
the method uses defined statistical relation between in-
dexes, but in boom or crisis time, it changes, too. Sys-
tem dynamics method is rarely used, new method for
investments forecasting and modelling. Its advantage
is in possibility to use it in non-stable, rapidly chan-
ging economic conditions, when forecasting with tra-
ditional quantitative methods is problematic. System
dynamics method does not use statistical relation,
but uses analytical or logical relations system, which
shows excellent forecasting results in any condition.

Research subject
Research subject is macroeconomic and invest-
ment modelling system dynamics model.

Research aim
Research aim is to show macroeconomic and in-
vestment modelling system dynamics model.

Research objectives

Research objectives are to explain system dyna-
mics method and it terminology, show income and
goods circulation flow theoretical model, extend it
to system dynamics model, specify investments ro-
le in macroeconomic system dynamics model, show
additional parameters needed for functioning of the
model, analyze the model and method possibilities in
teaching economic theory.

Research methods

The paper shows use of system dynamics method
for macroeconomic and investment forecasting. This
method is chosen for problem solving because it has
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advantages in comparison with traditional methods.
In changes, boom and crisis time traditional methods
do not serve the purpose. But system dynamics met-
hod is intended for long time forecasting in changing,
indefinite conditions.

Theoretical basis of system dynamics method
and it use for macro process forecasting

System dynamics (systems approach, systems thin-
king) is an approach to understanding the behaviour
of complex systems over time. It deals with internal fe-
edback loops and time delays that affect the behaviour
of the entire system. In economics, system dynamics
deals with the economic impact on the set of econo-
mic relationships among objects of study. Predicting
economic behaviour of the object, the main task in the
model is to reflect the real world analytically as cor-
rectly as possible; it is a challenge to any economist.
Commonly used econometric methods are based on
a statistically determined relationship/correlation, but
system dynamics reflects analytically defined correla-
tion results, and ultimately it could act in circumstan-
ces with changing statistical value of indicators. In
other words, system dynamics answer the question of
what the development should be, taking into account
relations in the model.

System dynamics approach was created in the last
century (in the end of 70s — beginning of 80s) and de-
veloped by Forrester. Economic forecasting models
in system dynamics created by economists are very
rare, books of this type are written mostly by mathe-
matics specialists, therefore they are not very popular
among economists (Turnovsky, 2000; Sargent, 1987).
Development of each method depends on strong per-
sonalities who use this method. For traditional scien-
ces its development can depend on number of it users
(adopters). But in system dynamics we cannot tell that
there are many adopters, now in the World, in system
dynamics society there are less than a thousand mem-
bers, and nearly % of them are economists (others use
this method in physics, engineering, etc.). In small
countries, such as the Baltic States, this method is not
known very much, for example, in Latvia there are on-
ly two scientists who use this method, one physicist
and one economist. In Germany there are nearly 60
specialists in system dynamics (including students),
which is very little for developed, knowledge-based
country. With small number of scientists, amount of
researches and publications on system dynamics is li-
mited, but each of them has good response. Figure 1
shows scientists’ response (citations) to basic system
dynamics publications.
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Fig. 1. Citations in system dynamics in preceding five year periods (Moxnes, 2009)

Peak in citations of Forrester and Meadows (first —
author of Limits to Growth, 1972) was after the publica-
tions of World Dynamics, 1971 and Limits to Growth,
1972, Sterman’s career started later and citations of
his works show stronger growth than of Forrester and
Meadows. They are three better authors in system
dynamics. It is interesting to compare Sterman’s cita-
tions to citations of 2002 Nobel Prize laureate in eco-
nomics Vernon Smith. Sterman’s citations in 2009 are
very close to Smith’s citations in 2000. This means
that for specialists their works may be equal. Current-
ly the best book on system dynamics is by Sterman
(Sterman, 2000). Unfortunately this book describes

system dynamics approach at the business level or at
the micro level. At the macro level there are not many
publications, but different countries (Japan, Norway
and Latvia) are preparing for publication some mac-
roeconomic model in system dynamics. Now better
macroeconomic models are developed by Yamaguchi
(Japan), Wheat (Norway). General part of Yamaguchi
model is related to financial markets and their place in
macroeconomic turnover. Wheat model is developed
in theoretical form, for teaching. The lack of research
in economics with system dynamics method gives un-
limited possibilities for theory development.
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In Latvia, system dynamics method has shown the
best results in the construction sector, which reveals
that the construction boom has no economic basis,
but there are speculative reasons (Skribans, 2002).
This method has also been used to estimate the cre-
dit burden potential of Latvian population (Skribans,
2008a), study the labour and wage market in relation
to migration from Latvia (Skribans, 2009a), model
the mobile phone market development in Latvia (Skri-
bans, 2008b), etc. The method has great potential in
economic forecasting, however in Latvia its develop-
ment is hindered by, firstly, high start-up costs of adop-
tion (system dynamics software is rather expensive,
10 thousand. USD per license is not the upper limit).
And, secondly, there are almost no lecturers in Latvia
who are willing to teach courses on system dynamics.
Positive side of the method’s development is that Lat-
vian firms already see its advantages and order resear-

ches with this approach at Riga Technical University.
Therefore, with the aim of reflecting the opportunities
and advantages of the method in investment model-
ling, the paper sets the task to explain the nature of the
method, what is done in this section.

This section describes the basic elements of sys-
tem dynamics mentioned in Sterman’s book and furt-
her an investment forecasting model is created on the
basis of these elements. It is important to note that
the elements described below are widely used, but
they could be somewhat different in books by other
authors or other recently published books. This is rela-
ted to changes over time, technology development or
alternative computer applications.

Graphical objects of system dynamics consist of
the following elements: stocks, physical (material)
flows, non-material and information flows, flow regu-
lators and converters. They are reflected in Figure 2.

— material flows; ! external environment;
non-material and information A stock “A”;
——
flows;
<C> converter or stock “C” from the B converter “B”.
related sub models;
® material flow regulator.

Fig. 2. System dynamics elements

The elements consist of the following: collected
stocks materials, money, people, reflected stock of
material, stock raising and using opportunities. Stock
can be entered and exited by material flows (cash, buil-
dings, people, etc.). Physical inflows and/or outflows
determine the stock increase and/or decrease. Stock is
characterized by initial level and maximum capacity;
all other stages of stock are forecasting objects. Ma-
terial flows can enter/exit stocks and/or external envi-
ronment. Amount of physical flow can be constant or
variable over time, it is set by regulators. Information

and transmission of regularities is done by converters
and information flows. Information flows transfer the
information and/or operation from stocks, material
flows, regulators and converters to the material flows,
regulators and converters. In this case, converters pro-
cess the action or information. Converters can not on-
ly process information, transmit it, but also store it.
The external environment is an artificial object that
can both supply and consume everything. Figure 3 re-
flects an example of dynamics model which combines
all the above-mentioned elements.

1 X B oooulati 5= >
Birth rate—e  Population opraen Population ~<e&—Mortality rat
growth reduction ortality rate

Fig. 3. Example system dynamics model for Latvian population growth

Graphic images in dynamics modelling are usually duplicated by mathematical formulas.

Population = INTEGRAL (Population growth - Population reduction, 2261294)

Population growth = Population * Birth rates
Population reduction = Population * Mortality rate
Birth rate = 1.4/ 1000

Mortality rate = 13.7 /1000

(M
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Formula (1) reflects the data from model in Figu-
re 3. This is a simple model and it serves as an exam-
ple of system dynamics model. In the model one stock
shows population. Two material flows with their re-
gulators indicate growth and decrease. Population
growth and decrease depend on the population and
corresponding coefficients, as shown by the informa-
tion flows in Figure 3. The image only reflects that
one element is connected with another, but the formu-
las specify relationship among elements. The model
also has two converters: the birth and mortality rates.
Simple formulas are enclosed in these ratios, but they
could also include variables complex.

Using of dynamics modelling techniques presented
in this section can create any degree of complexity of
forecasting models, testing with it various economic
theories and assumptions. The offered investments fo-
recasting model is shown below.

Macroeconomic system dynamics model gene-
ral scheme

The development of macroeconomic or sector mo-
del is an ongoing scientific work, which could not be
done instantaneously, without careful preparation. Al-
so, this paper presents a model produced in different
years. The first preparatory phase of the model was
completed in 2008. The author of this paper, together

with Dr.habil.oec. Pocs, conducted a research project
on Latvian business competitiveness. The research
analyzed Latvian economy in subsectors, and, by
combining them and adding some sub-blocks, system
dynamics model for business competitiveness was
designed (Skribans, 2010). At the beginning of 2009,
considering the rapid change in the national economy
as well as tax policy changes, the model was adap-
ted for tax revenue and state budget forecasting. The
model has good forecasting quality, but taking into
account that the model brings together all sectors of
the economy, further use of the model requires signifi-
cant work, updating and maintaining of databases. In
addition, the model of mutual correlations is so diver-
se and wide that the model adoption also takes some
time. Therefore the model is used by narrow circle
of specialists. At the beginning of 2009 the author of
this paper made the first attempt to develop a model
that would be easy and comprehensive for all econo-
mists (Skribans, 2009b). Unfortunately, this model
was not published, but this paper slightly talks about
its performance. Since that time the model was signi-
ficantly revised, it contains more correlations, and is
more detailed. But compared to the model of 2008, it
is no longer possible to estimate the development of
individual economic sectors. A general scheme of the
model is shown in Figure 4.
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Fig. 4. General scheme of macroeconomic system dynamics model
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Figure 4 shows that the system dynamics model
is based on the model of macroeconomic flows. The
base of the model consists of households and firms.
Households own all the resources. They supply la-
bour force, material and other resources. Households
create demand and consumption of consumer goods
and services. In the model household demand is desc-
ribed as Households consumption, i.e., the sum that
firms receive from households in exchange for manu-
factured products. Households pay for the goods at
the expense of income received from firms for use of
labour, land and other production factors. One of the
specific types of income is dividends that households
receive from firms for the use of the business factors.
All households revenues obtained from firms are sum-
med up into one flow, which is marked as Salary and
dividend income, there is underlined the importance
of wage income to households, and importance of di-
vidends to the firms.

Not only households and firms, but also the sa-
vings are reflected in the common framework. House-
holds could spend a part of their income on consump-
tion, and another part could be saved. Also they could
spend more than they receive from firms, paying the
difference with credits. It is a negative form of sa-
vings. In the general model both household savings
and household loans are reflected in one flow, which
is designated as the Households savings. Household
savings together with firms’ and government savings
form total savings, in the model denoted as Savings.
Unlike households’, firms’ savings and their use are
reflected in two flows, i.e., Firms savings and Invest-
ment. According to economic theory, the amount of to-
tal investment should comply with amount of total sa-
vings. The proposed model allows realizing this prin-
ciple. It is also possible to add external environment
block, through which it is possible to increase both
the amount of investment in economy, and household
consumption. This paragraph also refers to the govern-
ment savings. In the model it is the total balance of
government savings and loans. Government savings,
the same as household and business savings, impact
total savings. Considering government’s special role
in the macroeconomic turnover model, government’s
action is discussed separately.

The government is another subject in the macro-
economic turnover model. Its role is to stabilise the
economic situation and fulfil general social interests.
The government carries out its tasks by collecting ta-
xes, paying transfers to citizens and commissioning
various products and services to firms. In the best ca-
se, the amount of collected taxes should match the

amount of transfers and public procurement, in such
a case the government has no loans and no savings.
If spending exceeds the income, government has to
borrow money, or make savings. Government related
flows in the model are referred to as Transfers — net
transfers paid to households, Government savings,
Government consumption and Taxes income.

From economist’s point of view, this description is
not a novelty; it can be seen in different books on eco-
nomics ([Joman and Jluaceit, 1994). The element of
novelty is related to the creation of mathematical for-
mulas in the system dynamics model. Analyzed corre-
lations are very complicated for traditional economic
forecasting. There are many reflective connections
that are not possible to describe using linear or similar
equations. The described turnover in the system dyna-
mics model goes from theoretical to real economic fo-
recasting circles. A more detailed description of these
equations is made in the following section.

Advanced macroeconomic system dynamics
model

The model discussed in the previous chapters is
supplemented with influencing parameters and equa-
tions, and is reflected in Figure 5.

Figure 5 shows that the practical realization of
the system dynamics model is repeating Figure 4
stock and flows. The aim of this section is to descri-
be and explain the model forming relationships. It is
important to note that Figure 5 is supplemented with
stock — Inventories, its forming flows, GDP, Aggre-
gate demand; and households stock is supplemented
with flow — Cash withdrawals. This is discussed furt-
her in the article.

The first stage to explain Figure 5 and its forming
equations is a description of stocks. The equations
show that volume of stocks is calculated from the
initial volume, integral from incoming and outgoing
flow difference. Actions of stocks and flows were ge-
nerally described in the previous section; therefore he-
re are reflected only previously not described stocks
and flows. First of all, the flow — cash withdrawals
from households — has been established to display the
amount of money that households withdraw from eco-
nomical flow. It complements the household savings
flow. The household savings flow is made savings,
which later could be used for investment or other pur-
poses, but the cash withdrawals create household sa-
vings that do not participate in the turnover, but this
money could be used if households get in financial
difficulties.
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Fig. 5. Practical realization of the system dynamics model

In accordance with Figure 5, system dynamics formulas are formed.

Households = INTEG (Salary and dividend income + Transfers - Households consumption -
Household savings - Cash withdrawals, initial level) (2)

Firms = INTEG (Investment + Households consumption + Government consumption - Salary and dividend inco-
me — Taxes income — Firms savings, initial level)

Savings = INTEG (Firms savings + Households savings + Deposits net changes + Government savings — Investments,
initial level)

Government = INTEG (Taxes income - Transfers - Government savings - Government consumption, initial level)

Inventories = INTEG (GDP - Aggregate demand, initial level)

GDP = (Employed " Production function coefficient) * (Effective Capital ™ (1 - Production function coefficient))

Aggregate demand = Nominal aggregate demand / (Price Index / 100)

Nominal aggregate demand = Households consumption + Government consumption + Investment

Salary and dividend income = Nominal wages + Nominal dividend - Individuals taxes

Taxes income = Individuals taxes + Firms taxes

Firms savings = Firms available incomes - Nominal dividend

Households savings = Transfers + Salary and dividend income - Average consumption

Deposits net changes = Increase norm - Withdrawal norm

Transfers = Social transfers + Interest payments

Government consumption = Budget - Transfers

Households consumption = Average consumption

Cash withdrawals = Withdrawal norm

Investments = Nominal investments

Government savings = - Deficit

Where: INTEG (a, b) — the integral from a; in starting point, where it is impossible to calculate the integral,
the function adopted b value.
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Substantial improvement is associated with the
stock — Inventories. Firstly, it reflects inventories in
system and, secondly, it reflects gross domestic pro-
duct (GDP) from production and expenditure side. In
short-term production of goods may not match the con-
sumption, in the given circumstances material stocks
are growing or decreasing. Modifications of invento-
ries could be covered with the external environment
(international trade). Thus, in the model inventories
are complemented by GDP, which is the total value of
all goods and services produced in state. GDP model
is calculated using Kobb-Douglas production function
(see Equations 2). GDP depends on the labour and ca-
pital use intensity. In the model, they are shown as
Employed and Effective capital. Variables — employe-
es and effective capital — are not included in the clas-
sical macro economic flow, they are not reflected in
the basic section of the model, but it is indicated that
they are from the related sub-model. Unfortunately,
due to the limited number of pages it is not possible to
show all sub-models and their variables, so the variab-
les of the related subsections will not be discussed in
the paper. Next inventories related flow is aggregated
demand; usually it is estimated GDP from expenditu-
re side. In the model the aggregate demand is analy-
zed considering price changes. The Price index from
sub-model and Nominal aggregate demand form cal-
culation of aggregate demand. Aggregate demand is
calculated as nominal aggregate demand divided by
the price index (see Equations 2). Nominal aggregate
demand, according to the economic theory, consists
of household consumption, government consumption
and investment; it is calculated in the model in the sa-
me way. The model shows closed economic system,
and the external environment (or international trade)
is not shown in the paper.

Further we will discuss the model forming flows.
From the author’s point of view, all other equations re-
flected in the model are simple; it is no longer necessa-
ry to explain them. For example, salary and dividend
income flow is equal to the sum of nominal wages and
nominal dividends minus personal taxes, as shown in
Figure 5 and its equations. Problems could arise if the
model equations show that some indicator is influen-
ced only by one parameter. For example, households
consumption is equal to the average consumption or
government savings are equal to the minus govern-
ment deficit. That is due to the fact that in the present
basic model these values are not defined. They are
defined in another sub-model; and according to the
above mentioned limitation will not be reviewed in
the paper.

Taking into account that paper theme is restricted
to investments, further in the work investments sub-
model is examined.

Investments model

In sub-model creation one important role is to un-
derstand the concept of investments. In theoretical
macroeconomics they are understood as production
of products, which will not be spent, but will be used
in the future. Usually it extends in money expression.
This definition is clear and needs no explanations, but
further it is offered to look at it from another point
of view, not from the investment definition point of
view, but from that of consumer products. Or answer
a question why investments are necessary for produc-
tion of consumer goods.

So, in order to produce goods, resources are neces-
sary. They can be acquired by using capital. Capital
is also necessary in production process. Accordingly,
one of the alternative definitions of investments can
be the following: investment is production capital inc-
rease in the economic system. Accordingly, for esti-
mating of increase in production capital the compre-
hensive analysis of factors influencing capital actions
(increase and decrease) is necessary.

First of all, let us agree that demand expected in
the long run is known. In each economic system it can
be characterized with the Leontief production func-
tion coefficients, which stipulate production resource
and output correlations. Having taken capital and out-
put correlations together with the long run expected
demand it is possible to estimate amount of capital
which allows producing according to demand. Next,
by knowing desired and actual capital it is possible
to determine lack of capital. It is important to retreat
from the above-mentioned idea by the author and it
should be explained and reminded that it is necessary
to analyse not only needs and actual capital, but also
the capital that leaves the system, it can be called a ca-
pital decrease. Capital decrease is constrained with li-
mited life time of capital. Investing means each inves-
tor plans to get means back. Accordingly with it, in the
state, it is possible to calculate the average investment
time, or capital average life time. The invested capital
leaves system after its average life time. Accordingly,
on this sum it is necessary to attract capital, let provi-
de output level. Together with required and actual ca-
pital, capital decrease stipulates lack of capital. Also,
if we take into account capital decreasing, in future it
will allow calculating net capital changes.

Knowing the lack of capital, it is possible to attract
capital. In reality, it is not possible to attract capital
immediately, but it can be done after some time. Furt-
hermore, capital attraction is possible only if there are
savings the system. The described relations are repre-
sented in graphical form in Figure 6.
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Fig. 6 Investments model

Accordingly with Figure 6, system dynamics formulas are formed.

Capital = INTEG (Capital additions - Capital depreciation, initial level) 3)

Capital depreciation = Capital delay

Capital additions = MAX (0, MIN (Savings, Capital on order / Capital delivery time))
Capital on order = INTEG (Capital order - Capital additions, initial level)

Capital order = Absence of capital

Capital delay = DELAY FIXED (Capital additions, Capital delivery time, Capital / Average life of capital)
Absence of capital = Desired capital + Capital depreciation - Capital

Desired capital = Real long run expected demand * Capital and output ratio

Nominal investments = Capital additions * (Price index / 100)

Where: MAX (a, b) — logical choice operator, return maximal value of a or b;
MIN (a, b) — logical choice operator, return minimal value of a or b;
DELAY FIXED (a, t, b) — time delay operator, delay a at time t, before it, b is used.

In general, relations represented in Figure 6 were
analysed beforehand. Separate indicators, such as Ave-
rage life of capital, Capital and output ratio, Capital
delivery time can be taken as fixed for different states.
In a short-run this is in accordance with real life. The-
se indicators theoretically can change in a long-run,
but in a short-run their changes are not visible.

It is necessary to explain equalizations in Figure 6.
It is evident that for capital increase is applied expres-
sion Max (0, (Min (a, b)). First of all, suppose capital
increase is positive (maximal in comparison to zero)
and, secondly, suppose select a capital increase less
from savings (a) and from ordered capital (b). Theoreti-
cally, in case of diminishing populations, demand can
diminish. In such circumstances use of capital must
decrease. But its decrease will occur gradually, taken
into account Average life of capital. Next argument
for necessity of this limitation is that investment can-
not be negative. Positive capital increase is provided
by operator Max (0, Y). In case of declining demand
this model can estimate Effective capital, i.e. such ca-
pital that corresponds to a new, diminished demand
taking into account Leontief production function.

Operator Min (a, b) provides logical choice between
an investment volume: there is no need to add more
capital than is ordered and it is impossible to add any
more than are in savings. All other equalizations are
simple and do not require additional explanations.

It is necessary to talk about relation of investments
sub-block to basic model and other model indicators.
From general scheme, analysing Figure 5, conclusion
can be drawn that investments are possible only if the-
re are savings in the system. Accordingly, in Figure 6
a variable Savings from basic model can be seen. Al-
S0, Price index was already mentioned in the basic mo-
del. Variable Real long run expected demand is from
expected demand sub-model and it will be examined
later.

Expected demand

Determination of expected demand is based on es-
timation of aggregate demand, material inventories
and on expected time of their changes. This model is
represented in Figure 7.
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Accordingly with Figure 7, system dynamics formulas are formed.

Real long run expected demand = INTEG (Changes in long run expected demand, initial level)

“4)

Changes in long run expected demand = (Aggregate demand + Inventory adjustment - Real long run expected de-

mand) / Expected output adjustment time

Inventory adjustment = (Desired inventories - Inventories) / Inventory adjustment time
Desired inventories = Aggregate demand * Inventory coverage

The aggregate demand and Inventories, which are
examined beforehand in general model, serve for ex-
pected demand model as the start point. Times of chan-
ges, also Material coverage, are fixed coefficients that
can be calculated for each state separately. Coefficient
Material coverage shows demand correlation betwe-
en material inventories and aggregate demand. This
coefficient very slightly changes over time, therefore
for short and middle term forecasting it is taken as
fixed. If aggregate demand changes, then according
to this coefficient it is possible to calculate desirable
materials inventories. From required inventories, ta-
king into account actual inventories and time of their
changes, it is possible to calculate the changes of the
inventories. Inventories changes, aggregate demand
and time of output change in aggregate forms chan-
ges in expected demand. Taking into account changes
in expected demand and a previous period expected
demand, it possible to calculate expected demand.

Alternative application of the model

Use of the model in investment forecasting is not
the only way of model application. System dynamics
could be used not only in economic forecasting, but
also in student teaching, lecturers’ qualification rai-
sing, etc. Unfortunately, this part of system dynamics
is not developed in Latvia. Researches show (Wheat,
2007) that students choose to acquire knowledge of
macroeconomics using the system dynamics method
rather than traditional methods. This is related to the
transparency of the method, students do not study
statistics, analytical theoretical methods, but with re-
al data they make sure that the change of one para-
meter could affect macroeconomic flows throughout
the system. Consequently, compared with traditional

methods of training, the method based on system dy-
namics approach yield better results, students show
better understanding of the macroeconomic processes
(Wheat, 2007). Hopefully the system dynamics mo-
del will soon be used in Latvia for both forecasting
macroeconomic processes and teaching at higher edu-
cation institutions.

Conclusions

In the paper the system dynamics model of mac-
roeconomic and investment modelling is worked
out. The research aim is achieved. All research
objectives are reached: system dynamics method
and its terminology are explained; the circulation
flow model is shown both theoretically and in sys-
tem dynamics form; investments role and additio-
nal parameters are shown separately; possibilities
of the model and method in teaching economic
theory are analyzed.

The represented model is produced only in a theo-
retical form, it is not possible with it to represent
the results of operation of the model. To finish the
model it is necessary to do national economy ana-
lysis (it is possible to do for any country), calcula-
te separate fixed coefficients. The previously done
researches on development of models with a sys-
tem dynamics method in Latvia in construction
sector (Skribans, 2002), in population’s potential
credit burden estimation (Skribans, 2008a), in mo-
bile phone market analysis (Skribans, 2008b), in
migration, labour and wage market research (Skri-
bans, 2009a), and in national business competiti-
veness study (Skribans, 2010) confirm the conclu-
sion drawn in the paper that in the Baltic States,
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for forecasting economic processes, this method
is more appropriate than others.

3. The use of the model in investment forecasting
is not the only way of model application. System
dynamics could be used not only in economic fo-
recasting, but also in student teaching, lecturers’
qualification raising.
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Co3nanue MoaeJ M HHBECTHIMH METOIOM CHCTEMHOH JTUHAMHKH

Summary

Paspurtne sxoHOMEKH JlaTBHH, Kak U 000 CTpaHHI,
3aBUCHUT HE ToJbKo oT BBII, moTpebnenus, sxcnopra, HO
TakKe M OT MHBECTUUMU. MHBecTHIIMM Npenonpenestor
pa3BUTHE YKOHOMUKH KaK Ha TEKyUIMl MOMEHT, TaKk W U
Ha nocaeayroue roapl. B JlaTBum nocie HEYKIOHHOTO B
TedeHune Oosee necsaTu JeT npupocta B 2009 rony oobem
WHBECTHIIUN COKPATHJICS MOYTH BABoe. OO0 yMCHBIICHUU
MHBECTULUN Mpeaynpekaaln psl SKCIEPTOB, HO TEM HE
MEHEE KaueCTBEHHBIX IPOIHO30B O BPEMEHU H3MEHEHMS
TEHJEHIMI U TPALyIUX 00beMax MHBECTHIIMN HE OBLIO
npenoctaBieHo. OTCyTCTBUE JEHCTBEHHBIX KOHIEMIUI
0 pa3BUTHH CUTYaIlMd HApPAIY C BaXHOCTHIO TPOOIEMBI
JUTS HApOJTHOTO XO3SHCTBA B IIEJIOM OOYCIIOBIMBAIOT aKTy-
AJIBHOCTbH MPOTHO3UPOBAHMSI 00bEMOB MHBECTHUIMHA. OnuH
13 BO3MOXKHBIX METOJIOB IMPOTHO3UPOBAHUSI COCTOUT B
CO3/IaHUU MAaKpPOIKOHOMUYECKOW MOJIEIN OKpY’KaoLIEi
SKOHOMMYECKOW Cpellbl U €€ HCIIOJIb30BAaHUU JIJIsl MOje-
JIMPOBaHUS Pa3IUYHBIX TIOKa3areseil, B TOM 4KCciie HHBEC-
THUMA. B gaHHOW cTarbe A MOIEIMPOBAHMSI MakKpo-
SKOHOMMYECKOH Cpelibl MPEeAaraeTcs UCIoyIb30BaTh METO
CUCTEMHOM JUHAMHKH, KOTOPBIH SBISIETCSI HOBBIM METOIOM
JUISl IPOTHO3MPOBAHMSI U MOJEIUPOBAHUS WHBECTULIMH.
[IpeumyiiecTBa JaHHOTO METOJAa 3aKJIIOYAIOTCS B BO3-

MOYKHOCTH €TO IPUMECHEHUS BHECTAOMITHHBIX, OBICTPO MCHSI-
IOLMXCA HKOHOMMUYECKHMX YCJOBMSIX, B KOTOPBIX IPOIHO-
3I/Ip0BaHl/Ie Tpa}IHHMOHHbIMM KOJIMYCCTBCHHBIMHU MECTOAAaMU
MpEICTaBIseTCs] BEChbMa JUCKYCCHOHHBIM, IOCKOJBKY
OHH HE MOTYT 3aQUKCHpPOBATh MOMEHTH W3MEHECHUS
TEeHJIEHINI, a CIOCOOHBI TOJBKO HAUTH M TMPOJOIKUTH
UMeEIoIMecs TpeHnbl. B yclIoBMSX TpsaylIero Kpusuca
pe3yaprarthl TPAAULMOHHBIX METONOB CTaTHCTUYECKOIO
[IPOTHO3UPOBAHUS UIYT B pa3pe3 ¢ MHEHHMEM SKCIEPTOB
0 TOM, YTO, COIVIACHO TPEABIAYIIEMY OIBITY, KaK pOCT,
TaKk W TaJCHUC HE MOTYT JUIUThCS OeckoHeuHo. Tem
HE MEHee SKCIEPThl HE YKa3blBAIOT TOYHOI'O MOMEHTa
U3MEHEHUSI TeHAECHIMNW. MeTon CHUCTEMHOM JWHAMHKU
Ha OCHOBE HUMECIOLIMXCS B3aUMOCBA3CH M OrPaHUYCHUIL
MTOKA3bIBACT MPEACIBl POCTA, M MPH HMPUOIIIKCHUN K HUM
3aMeJUIsIeT TEMIIbl OCHOBHOI'O TpeH1a. B yacTHBIX ciryyasx
METOJI CUCTEMHOW ITHHAMHUKH MOXKET HH()OPMHUpPOBATH 00
M3MEHEHUH TeHJISHIIHH, a TAK)Ke O IIMKINYHOCTU Pa3BUTHS
SKOHOMHMKH, HHBECTULIMHI U T.1I.

B craree ommcan MeTOm CHCTEMHOW IWHAMHKH,
JTaIlbl €r0 CTAHOBJICHUSA U paSBI/ITI/Iﬂ, yKa3aHBI OCHOBHBIC
MPU3HAHHBIE HA MEXIYHAPOJHOM YpPOBHE CHELMAIUCTHI,
YIOOMSIHYTBl UX TpyAbl. MeTon CHCTEMHOH JTUHAMUKU
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MOJjpasyMeBaeT N3yUeHHE MOBEICHUS CIIOKHBIX CHCTEM B
T€YEHUE BPEMEHHM W OINEpUPYET CUCTEMOW TMoKazareiei,
UX B3aUMOCBSI3SIMH M BPEMEHHBIMH 3aJiepKkamu. B
SKOHOMHUKE CHCTEMHAs IWHAMHKA aHAJIW3UPYET BIMS-
HHE COBOKYITHOCTH OJKOHOMHYECKHX OTHOMICHHH U
B3aUMOCBsI3ell 00bEKTOB uccieaoBanus. [Ipu nporuosupo-
BaHHMW YKOHOMHUYECKOTO [TOBE/ICHHS 00bEKTa INIaBHas 3a1a4a
MOJICNT 3aKJF0YaeTcs B AHAJTUTHYCCKOM MAaKCHMAalbHO
KOPPEKTHOM OTOOPayKeHUH PeaTbHOTO MHpPA, YTO SBISIETCS
BBI30BOM Ul JtoOoro skoHomucra. K coxasieHuro,
9KOHOMHCTBHI CUHTAIOT METOJ| CUCTEMHOW JMHAMUKH HE
SKOHOMHYECKHM METOAOM W3y4YCHHS DSKOHOMHUYECKHUX
BSaHMOCBHSCﬁ, a MareMaru4eCKuM, BCICIACTBHEC YCIo
OH cpeAd HHUX He pacmpocTpaHeH. B crtpanax bantum
JAHHBIM METOIOM B OOJbBINCH CTCIIEHH HHTEPECYIOTCS
MaTeMaTuK{, TPOTPaMMUCTBI, KOTOpBIE HE O0O0IamaroT
JIOJKHBIM  YPOBHEM HKOHOMUYECKUX 3HaHuM. JlaHHas
CTaThs SIBISIETCS] OJJHOM M3 HEPBBIX IOINBITOK TTOCTPOUTH
MOJIeNTh MaKpOIKOHOMUYECKOTO PaBHOBECHS, HHBECTHUIINI
C TOYKH 3PEHUS SKOHOMHUCTA.
BcrarbenpecraBieHaMoies b MAKpOIKOHOMHYECKOTO
000poTa pecypcoB, TOBAPOB M JOXOJ0B, XapaKTEePU3YIOTCS
€€ BO3MOJKHOCTH JUISI MOJICTPOBAHMS HHBECTUITHH. [laHHas
MOJIEJTh COCTOUTU3UEThIPEX OJIOKOB. BriepBoM Oi1oke ontmcan
TEOPETUUECKUH aCIEeKT MOJEIN MaKpOIKOHOMHUYECKOTO
o0opoTa pecypcoB, TOBapoOB U 0X070B. OCHOBY MOIEIH
COCTaBJIIIOT JOMOXO3siicTBa M (pupmbl. Jlomoxo3siicTBa
(GbopMHPYIOT BHYTpEHHEE MOTPeOJICHHE, MPEIOCTABIISIOT
TIPEANIPUSATHSIM pabodyIo CHILy M Tpo4He pecypchl. Dupmsl,
B CBOIO O4Yepenb, MPOWU3BOMAT IMPOMAYKIHUIO, TOBApHl U
YCITyTH; OTUIAYUBAIOT Pa00YyIO CHITY W TIPOU3BO/ICTBECHHBIC
PECYpChI; BbIIIAYUBAIOT AWBUJACHIBI ﬂOMOXO3HﬁCTBaM.
B oOmyro cTpykTypy MOAENH MaKpOIKOHOMHYECKOTO
000poTa BKITIOUCHBI COCPEIKEHHS, KOTOPBIE (HOPMUPYIOTCS
KaK COBOKYIHBIA OamaHc COEpeKeHU JTOMOXO3SHCTB,
¢upm, rocymapctBa M HMHBecTHLMH. COINIACHO HSKOHO-
MHYCCKOM TEOpHUH, CYMMapHBIH 00bEeM WHBECTHINI
JOJDKEH COBITAJaTh C CYMMapHBIM 00BEMOM cOepeKeHHI.
[IpennoxxeHHas: HaMU MOJENb IO3BOJISIET PEa30BaTh
naHHbI  npuHOMIL. CleayromM CEerMEHTOM MOJIENN
MaKpOIKOHOMHYECKOTo 000poTa SBISETCS TOCYIapCTBO,
BIHSTIOIIIEE TIOCPECTBOM HAJIOTOB, HOTPEOICHIEM TOBAPOB
W YCIIYT, BBITUIATOH TpaHC(EpTOB, y4acTHEM B (UHAHCOBBIX
PBIHKAX, A€OUTOPCTBOM WM KPEIUTHPOBAaHHEM. BakHyio
POIb B MAaKPOIKOHOMHUYIECKOM 000pOTE UTPaeT M3MCHEHHE
MaTepHaJbHBIX 3aMacoB, YTO OTPAXKACT CIEAYIOMIHNN
0JIOK OmMChIBaeMOil MojieiH. B ompesieneHHbIX ciydasx
PBIHOYHASI MOJIETTh MOXET TIOTEPIeTh (PUACcKO: BCIIEACTBHE
TIEPENPON3BOACTBA TOBApPOB OOBEM TIPOM3BOICTBA HAa

HEKOTOpOE BpeMs MOXKET YIacTh A0 HyJs, HO HE BHI3BATh
HECTaOWJIBHOCTH WM KoJIIarca Bceil cuctembl. Hamnume
MaTepHaJbHBIX 3alacoB CIIOCOOHO KOMIICHCHPOBATh
KpHU3UC B Tpom3BOACTBe. lIpencTaBieHHass MOAETbh OTpa-
JKaeT 3aKPHITYI0 IKOHOMHUIECKYIO CHCTEMY, BHEIITHIS Cpeia
(mm MexayHapoIHas TOPTOBISA) OCTallach 3a pPaMKaMH
HacTosllel  crarbu. Peanuzanusi  BBINIEYTOMSIHYTOM
TEOPETHUYCCKON MOJENIN TIPECTaBlIcHa BO BTOPOM OIIOKE
B COOTBETCTBHUH C TPEOOBAaHUSIMHU METOJa CUCTEMHOW M-
HaMUKH, TTOKa3aHbl paboTarome YJKOHOMUUECKHE B3aUMO-
CBSI3M M WX MEXAHHU3MBI, PACCMOTPCHBI (POPMHUPYIOIIHE
MOJIEITh TIOTOKH.

B T1perbem Onoke wucciemyercsi (HOPMHPOBAHHE
crpoca W MPEIOKEHUsT Ha KamuTal W WHBECTHUIIUH,
AHATM3UPYIOTCS B3aUMOCBSI3H IMON0JI0KA WHBECTHIAN C
OCHOBHOW MOJIENBI0O M OCTATbHBIMH €€ IIOKa3aTeIIsIMH.
B ocHoBe ompeneneHuss oObeMa WMHBECTHIIMHA JICKUT
CpaBHEHHE (AKTUYCCKH HMMEIOMIErocs W HE0OXOAUMOTO
JUIA TIPOM3BOJCTBA KamuTana. KX pa3sHOCTh B ciydae
MIPEBHIICHIS TOTPEOHOCTEH B KaIIMTaJIe ITOKa3bIBaeT 00beM
uHBecTHIUA. HeoOXomumblil [Isi IPOM3BOACTBA KalUTAall
OIPEIEIIICTCS HUCXOAS W3 OXUIAEMOr0 TOTpPeOICHUS
(cmipoca). [lpuBneueHre HEOOXOAMMOTO KamuTaja, WA
WHBECTULIUMA, TIPOUCXOAMUT C OIpPEAEICHHOH BpEMEHHOM
3aJIEPXKKOH, YTO BBI3BIBACT IUKIUYECKUE M 3aTyXalol[ue
KoJIcOaHMSI B SKOHOMHUKE.

UYerBepThiid OJOK MOIETH IOTIONHSCT MPEIbIAyIINe,
B HEM OIIMCBIBAKOTCA HeO6XO}II/IMLIe JJIs1 UX (I)yHKI_II/IO-
HUPOBAHUS TIOKa3zaTesnu: (OpPMUPOBAHUE OXKUIAEMOTO
moTpeOIeHNs], HaIWYNe W W3MEHEHHE MaTepHaIbHBIX
3amacoB B cucteme. Oxxumaemoe morpebieHue (Crpoc)
OTIpEICNISICTCS MCXONs M3 JOJATOCPOYHOTO OXKHUIAAEMOTO
CIpoca, KpaTKOCPOUHBIX HM3MEHEHHH B MaTepUalbHBIX
3amacax, BPEMEHHBIX 3aJepKEK, CBS3aHHBIX C HEOOXO-
JUMOCTBIO TIPUBECTH BBIITYCK MPOIYKIIMN B COOTBETCTBHE
CO CIIPOCOM.

[Ipennaraercs HCHONB30BaTH METOJ CHCTEMHOM
JUHAMUKA HE TONBKO ISl TIPOTHO3HPOBAHHS MaKpOIKO-
HOMMYECKHX MOKa3aTeNei, HHBECTHUIIUN, HO U JJIsI 00y YSHHSI
SKOHOMHUYECKON Teopuu. MccnemnoBaHusi IMOKa3bIBAIOT,
YTO CTYACHTHI 3aHHTCPECOBAHBI B ITONyUYCHUH 3HAHUH 110
MaKpPOIKOHOMHKE C HCIOJIB30BAHHEM METOJa CHUCTEMHOMN
JUHAMHUKHU B 6OJ'IBU_ICI7I CTCIICHU, 4Y€M C MNPHUMCHCHUEM
TpaJULIMOHHBIX MeTOA0B. Mcronb30BaHue METOAa CHCTE-
MHOM JTHAMHUKH B TIpo1iecce 00yIeHUS MOBBIIIACT yPOBEHB
YCBOGHUSI M BOCTIPHSITHS SKOHOMHYESCKUX 3HAHHUH.

Kniouesvie cnosa: vHBeCTULINHU, MTPOTHO3UPOBAHUE,
MOJIEJIMPOBaHUE MAaKpPOIKOHOMHUYECKOW Cpellbl, METOJ
CHUCTEMHON TUHAMHUKN
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