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INTRODUCTION.

Any sepade pat of the populaed world teritory represents a sodd ecologica-
economic  sydem, which  sudaindde devdopment  depends on  naurd,  economic,
humanitarian and othes resources ue Snce the sytem is bang in a dynamic bdance
with the complex ad changing ewironmet, it is necessay to have predicted
devdopment socenaios as the sydem possble reactions on  changing  environmenta
conditions That is the reeson why dynamic modds of complex Sodo-ecologicd-
econonic  sysems became a coe  indrument of the sudanddle  devdopment
manegament.  Along  with the2 modds the infomationd technologies should  be
condructed for the decison making support on rationa ways of managemernt.

In this pgoar we use the Adaptive Bdance of Causss (or ABC) method of complex
sydems modding [1], which one could condder as a edfic veson of the sydem
dynamic agpproach [23]. To begin with the proposed modding we need to formulae
sved man concepts of sydtem andyds due to thar dgnificance for sudaingdle
devel opment management]1]. These concepts are: rdativity of development godas
integrity of  contrallable  system, cesudty, subordingtion, dynamic bdace ad
information unity.

Rddivity oconcgpt means that devdopment objectives of aiy sydem have
uncatanties due to the lack of informetion about the red and anticipated sysem's daes
Thedfore a pat of devdopmet resources should be directed to the daificaion  of
devdopment gods Integrity conoept requires the choice of a minmd st of dae
vaidble vedor paamdes desxibing the  sydem's god-ssking  movement.
Subordination conogpt  introduces the higrarchy of sysems in order of thar submission
and mekes it possble to link the short-tem devdopment scenarios with the long-tem



ones Dynamic bdance conogat podulates the debility of generd contrdllable sysem and
ther subordinates which  means tha a sysem mudt return to its bdance dae dfter
extend influence on it is cessed. And findly, informaion unity conogat points out the
importance of current adeptation of predicted devdopment scenarios to the obsarved
sydem’'s dates

Kegping in mind these concepts one could devdop a dynamic modd of ay sysem
in three main deps

1. Concept model condruction by sdedtion of minmd st of mod  important
purpose-oriented proceses in the sysem, determination of cause-effect linkeges between
them and establishing of externd driving forces,

2. Concgpt modd formdization, which means writing a s& of differentid  equations
describing sdected processes dynamics and reveeing ther prognostic scenarios,

3. Deemingion of modd codfidets and devdoping an agent-based technique for
taking into account pecific festures of inner processes in the sydem and its rddions
with exterd forang.

The ABC mehod was suggeded to paform dl thee deps In this paper we
demondrate how it works on an example of asoda macroeconomic-ecologicd sysem.

1. CONCEPT MODEL CONSTRUCTION.

Condder a mecroeconomic sydem of ndiond economy and define a st of
fdlowing processes &s the mog impotat scenaios for the sydem  sudanable
development.

1. Capitd investmentsin socid gohere,

2. Capitd invesmentsin industries,

3. Population living dandards,

4. Public consciousness,

5. Parliament pressure on government on sodid issues,

6. Production efficiency,

7. Grossindugtrid output,

8. Corporations pressure on government on indudiries capitd invesments

9. Public socid dress,

10. Crimind activity,



11. Education and research,

12. Populaion purchasing capecity,

13. Average prices,

14. Unamployment,

15. Totd demand on goods and services,

16. Totd supply,

17. Technologicd net efficiency of production,

18. Inflation,

19. Totd budget income,

20. Hedth and ecologicd ety

21. Taxes

22. Centrd bank intere<t,

23. Externd (amy) and internd (police) security,

24. Budget saldo,

25. Sate expenditures,

26. Capitd invesmentsin environment protection,

27. Ecologigts pressure on parliament, government and corporations

28. Environmentd qudlity

20, Effidency of new ecologicaly gpproved technologies,

30. Pallutants concentration in environment

31. Public ecologicd consciousness

We aume tha this st of processss will be affident for sustanddle
devdopment management, provided that esch of them could be presented with the ad of
ome numeicd index. The man purpose of modding will be reattion of these processes
on exend fodng dmuaing vaious changes in govenmentd polides on  taxes,
inflation, sodd invesments and others

Due to the large amount of parametas in the sydem daevaidie vector we begin
from the sodo-economic pat of generd concept modd, which will contan the fird 25
modd vaiables from the gened list above In ABC modding esch of the sdected 31
paameas shoud be cheked on the exigence of influences on it from othes 30
processes. The check-up reslits for the fird 25 paandes ae summaized in fig. 1,



presating cause-effect  interactions indde the  sodo-economic pat  of  the  sydem.
Numbers in rectangular correspond to the numbers of processes. For indance, the arow,
connecting block 7 with block 19 and marked with dgn “+’, means tha the process ! 7
“Gross indudrid output” has a postive influence on the process 1 19 “ Totd budget
income’.

To dmplify the explandion of this dagram we ooud dedgnate the postive
influence, coming from totd budget income as +19. Equdly conddeing, for instance,
influences directed to the block * 3 “populaion living dandards’ we could liged them
as fdlows +1 “ Cepitd invedments in sodd shere’, - 10 “ Cimind adivity”, - 14
“Unemployment”, - 13 “ Aveage prices’, + 20 “ Hedth and ecologicd sdfety”. Public
constiousness (8), is caused by + 3 “populdion living dandards’, - 9 “ Public socd
dress’ - 10 “ Crimind activity”, + 20 “ Hedth and ecdlogicd sfety”, + 23 “ Externd
(amy) and internd (police) security” and others.

Paliament pressre on govenment on sodd issues (5) depends on: - 4 “ Public
conciouness’, - 8 * Corporaions pressure on  government on  indudries  capitd
invetments’, + 9 “ Public sodd dress’. Since the public socid dress is used to be
accumulaed gradudly, the  parliament reacion on it will have some time to pes
Therefore, on the way from + 9 to 5 the time dday block D; has been placed in fig 1.
Ancther one time dday D, was placed to take into account a finite time, which is need to
rise the education and ressarch levds Time dday D, put off the gross indudtrid output
riseasaresult of the education and research levelsimprovements

The dmila explandion could be done to dl other linkages shown in figl Note
tha an ovedl st of podtive and negdive feed backs controlling the sysem, has been
fomed in a Hf-ading way by te&king into account dl possble influences indde the
sydem.

The sodo-ecologicd pat of the generd modd contains processes from 26 to 3L
Cause-effect diagram for ths pat of the modd is shown in fig2 The undelying idea of
ecologicd economic sydems expresses a gengd  bdance  condition  between  economic
profitability of naurd resources ue and the ecologicd protection of evironment.  This
could be done by a necessay dlocdion of date cgpitd invesments between indudrid
production devdopment and environmentd condition recovering and conservation.  Since



the indugrid output mekes the man impact on ewironmentd pollution contamination,
ome pat of its invesments should be oriented on naturd recovering messures That is
the reeson why the two pats of totd capitd invesments 2 and 26 ae connected by
negative influences

While the dexessng invedments in indudries may have a gshot-tem negdive
effet on production output, in a long-term perspective it could lead to the devdopment
of new ecologicdly friendy and efficdent production technologies We condder dso the
public ecologicd oconstiousness as a pat of the public constousness with  pogtive
interconnections between them.  The higher public ecologicd constiousness the  sronger
pudlic and ecologids pressure on paliamat, govenmett and corpordions redulting in
theincreesing of capita investments on environmentd protection ams.

Two fadtors meke the oconcan of ecologidss and the sodety as a whoe
evironmatd qudity 28 ad ewironmettd poluion concentraions 30.  Environmentd
qudity improvement could be achieved only with some time dday D, Two othes
ddays which wee introduced on the diagram in fig. 2, ae connected with the
decreesng  of padlution concentrations by the devdopmett of ecologicdly  friendly
indudrid technologies (Ds) and their implementation (D).

2. CONCEPT MODEL FORMALIZATION.

To produce a dynamic modd of the sodd ecologicd-economic sysem one should
explot some mehod for bdandng raes of chages of dl the processes with these
proceses itHf. It should be teken into account dso the influences on these processes
coming from inner and edend sources. The sysem dynamics (or SD) method has been
successfully gpplied to solve this problem in numerous works [23]. The SD goproach
gave riee to the devdopment of a vaidy of dandard sub modds (“molecules’) which ae
spade blocks of complex docks and flows diagrams [4]. The ovedl idea of SD
agpproach is to find out and use in a modd condruction a generd baance of podtive and
negaive feed backs which reallts in chains of different equations derived for temps and
auiliary information trandforms

In a contras with SD gpproach in Adaptive Bdance of Causss (ABC) method we
have suggeted a dandard module eguation, which could be currently used for dl of the
modding processes. We assumed, that ay  process in the sydem is being in a dae of



locd dynamic bdance with influences goplied to it from neghboring processes ad
externd forang.
Condder a sysgem with ncomponent date-vaiddes vector, presating the

Processes Xi;, X2, ... , % , Wwhich ae to be controlled. The dandard equetion for the
process x; hes the fallowing form in ABC method [1]
oy /ot = [1 - 2P0 + @ + g + .. + 8, + Y1) )

whee F® is co-cdled “besic influence fundion” - a postive risng fundtion of the
process X, itsdf and dl influences gpplied to it. Influence coeffidents g
Pg =1 2, .., n) preent the rates aygXq Of intend cause effects on x;. The item y;
means externd forcing on x,.

As it was shown in our reference works [15] the dandard equaion (1) has two
important festures

1. 1t keeps a gable balance Sate in the absence of externd influences,

2. It endblesto fallow for the externd influences by an adgptation to them.
Orne could choose in (1) a vaious types of bedc influence fundions For indance, the
mogt Imple one choiceis

F04 + @ + @uaXe + .. + @ik + Y1) =X + A% + A + ... + AinXo + Y.
It leeds to the nortliner Benoully eguetion [1], which is ussd to be exploit in some
economic and ecologicd case dudies (see for indance, the Lotka-Voltera equations in
“predator-prey” modds|[5]). In our case the Sandard equetion takes the form

dxy /dt = %[1- 204 + 8% + & + ... + 8inXn t Y1)] 2
With the use of egudion (2) the problem of dynamic modd condruction could be solved
in rather easy and sraghtforward way.

Let us goply the sandard module eguation sequentialy to dl of the processes x
i =1 2 . , 31 introduced aove for the socd ecologicd-economic sysem. In
accordance with the system concept modd shown in fig. 1 and fig2 we shdl have the st
of 31 equationsof the Smilar form
dxy /dt =x[1- 206+ &% - X~ B19%a9- V)],
Xy [t =%[1 - 206 - o4 - B 10%10~ S 22X - Vo)l
OXg /dt =X [1 - 206 - 31X + R10X10+ B1%a3+ Xy - X0~ Y3,
aXs /dt = X4 [1 - 2(X - 840X - A 11%11 + Bu10X 10~ B20X 20 - Ay 3K 35 - A2sX 23~ V)],



dxs /0t = % [1 - 206 + B54% + &% - 8o Daxo)],

dXe /att = X%6[1 - 2(% - B2% - 863% - Be11%1 - 817 X 17~ S20X20)],

dxz /dt =% [1- 2(% - & 6% - 8 15%15 - W),

dxe /0t = X6[1 - 206 + & 7% - )],

dXo /ot = X%[1 - 206 + 814 + &% - B14Xa- Yo)),

Oxgo /it = X40[1 - 2(Xe0 + QoaXat 10293 - Q014%a4~ Y10,

oxgy /ot =1 [1 - 2(%1 - &1 1205 X0 - @11D1%4- Yua)l,

X /ot = X421 - 2(X2 - B2 Xa+ A218X18 + @1213%13 - Y1),

Xz /ot = X43[1 - 2(%3 + A316X16 - Q3 18X18 - Quz21Xon - Ai322Xe2 - Ai315%4s - Yas)],
AXpa /ot = Xua[1 - 2(X4 + Ba2Xo+ Q14 10%1 + Ba7X7 - Yaa)],

dxys /ot = Xi5[1 - 2(%5 - QusXe - s 12%02 + @513%413 - Y1),

Oxge /= X6 [1 - 2(Xe6 - u67X7 - A6 17%7 - Y16))s

dxg7 /ot = %7 [1 - 2(%7 - @7 1941 - Y1),

Oxyq /t = X45[1 - 205 + Aa7%7 + 845 204~ Yad)l,

Xy /it = X40[1 - 2(X4q - B0 7%7 - B021%1 - Yro)], 3
AXao /it = Yoo [1 - 2(%0 - @0 1X1 - B011%11 - B012X12 - Y20)],

A1 /dt = %1 [1 - 2001 + 81 24X~ Y1),

Ao /dt = X% [1 - 2(%2 - @2 18%18 - V22)],

Oxas /ot = Xe3[1 - 2(%3 - @3 X1~ Y23)],

OXoq /et = %04 [1 - 2(Xo4 - Bo4 16X10 + B 25%o5~ Yod)],

OXos /it = X5 [1 - 2(%5 - @5 X1 - Bs2%2 - Yos)),

OXos /= X5 [1 - 2(%6 + Bs2X0 = B6 27%7 = Yol

OXo7 [t = X7 [1 - 2(Xo7 - Bp7 30%a0 = Bp73%a1 - Yor)],

OXag /0t = %8[1 - 2(Xs - Bs 26 Da Xos - 620%00 + B630%a0 - Yo8)],

Xao /it = Y09 [1 - 2(%e0 - @9 26 D5 Xo6 - Yoo,

dXao /dt = Xao[1 - 2(Xe0 - @0 X7 + B0 20%0 + B0 26%e8 - Y0)],

OlXay /ot = X [1 - 2(%e1 - 831X - @1 30%0 + B128%08 - Ya),

D =[1-exp(-d;t)], (=123 4,5,6).

The dynamic modd (3) has the obvious uniform dructure It could be usad for prognodic
scenarios caeuldion in the conddered sodd ecologicd-economic system.
3. DETERMINATION OF THE MODEL COEFFICIENTS.



The modd (3) has an advatage of the ABC modding method, because it dlows
for an obedive deemingion of dl codfidets a,, by reandyss of past (archivd)
scenarios of the processes observed.  Moreover, the current evduaion of coefficdets  is
posshle and hence thee codfidents could be made vaidde Tha means tha linear
goproximation of cause-efect interactions indde a sydem, which was assumed above
becomesin fact more redigtic non-liner.

To achieve the current coeffidents evauation on obsarved scenaios one should
meke an asumption that causeeffect linkages indde a sysem ae changing more dowly
then the scenarios itsdf. Then the cordations between achivd scenarios X, and externd
fodng y; must be introduced as folowvs Kuy = E{XXg} and Npq = E{Xyyq}. By applying
the Komogorov's optima interpolaion scheme [6,7] one could obtan a st of linear
equaions for deemindion of codffidets in each of eguaions (3). Thee sds of
equationstake thefallowing generd form [1]

A1 Kmam=Kim*+ N, (Lm,n=1,2,..,31), (" mnlin a,). 4
Examples of this technique implementation could be find in our reference works [1,5].

Ancther one opportunity to meke the modd (3) more redidic condds in an
inrodudng  of intdligent agents ocontrdling cause-effedt  interactions  indde  the  sydem.
Frad of dl agents may be waching for extend conditions when the sysem cames on the
edge of dedtroy of its drudure For indance, the unemployment grow may be followed
by the fdl of public consdousness x, much low the some threshold level x, resiting in
generd economic disorder, ceesng the totd demand on goods and savices x5,  and
dopping the gross indudrid output Xz This gdtudion could be accounted for by the
dmple agent dements contrdlling influences of  the totd output a, x; on unemployment
X14, tOtd SUpPly X, and inflation x,g

a;= IF[x, >, ; then a,; otherwise a,exp(-a , t)], (p= 14, 16, 18).

More complicated multi-agents control structures were suggested in our reference
works describing the information technology ABC AGENT [5,8]. This technology
implies standard operaions taking place in any economic system, which input
depends on the Stuation at resources markets and output is forced by the Situation
a goods and services markets.



The implementation of variable influence coefficients and addition of agent-
based coefficients control results in the much more complicated ABC mode for
the sysem under congderation. But the complication of modd based on the
origind set of eguations (3) is justified by the more adequate modd representation
of the socia ecologicd-economic system, which is very much complex in redity.

4. SMULATION EXPERIMENTS WITH THE MODEL

Smudion expaimats with the finite-difference verson of the modd (3) showed
thet it hes propeties of robudness to the variaions of coeffidents and rapid convergence
to the bdace dae from an abitray initid ocondition. The modd wes used to dSudy
reactions of the socid ecological- economic system on different management operaions.
Sodo-economic pats of such sydems ae used to be vay snsble to the capitd
investments in sodd soheae x,,  inflaion x5 , totd budget income X, taxes %, ad
catrd bank interest X,,. Cdauldions were made on 150 deps in time and influence
coefficents were chosen to meet the required senshility. Time ddays D, (p =1, 2, ... , 6
sydem) were ranged between 10 and 40 time deps We dte bdow only two of smulation
runs result, which coud be cdled “pessmigic’ and “optimigic’ development scenaios
More information could be find in our work [1].

To sudy pesimisic devdopment soenarios the extemd fordng yis = X5 Was
gplied to the inflaion index X, Thet wes done to dmulade an unjudified high levd of
the money emisson with the maximum on 75 time dep. The resting inflaion scenario
is shown in fig. 3 dong with the unemploymat level x, and centrd bank interest Xo,.
Noteworthy, tha maxima of inflaion and unemployment have beckwards in dtfitude on
the money emisson maximum. Hg. 4 demondrates a big rise of public sodd dress X,
caused by the unemployment, and assodaed grow of aimind edivity X decressing of
education and research x;; and worsening of hedlth and ecologica safety index Xy

For an “opimigic’ way of  sodo-economic devedopment the lowering of taxes
index x,, has been chosen. The externd management function Ys, = X, presented in
fig. 5. One can = that the minimum of the resulting central bank interet values scenario
hes a time lag in compaison with the manegemet fordng. That is an evidence of the
gydem's resgance to the changes of its dynamic bdance dae In accordance with the
decreesng of the centrd bank interet the economic paramelers grow was achieved and



inflaion and unemployment were downed. Scemarios of  populdion living dandards  xs
and public constiousness X, demondrate the grest improvemet. That is the reason why
the palianent presure on govenmet on sodd issues xs was weskened during this time
period.

CONCLUSION.

In this paper we tried to expose the innovated goproach to the sysem dynamic
method which we have cdled Adgptive bdance of causes (ABC). This method is basad
on the assumption tha ay complex sydem condds of many locd bdances which could
be pressnted by a dandad module egudion in the sysem modd. The man propaty of
the module is the prompt adgptation of its bdance dae to the changing influences
coming from naghboing modules and extand fordng goplied to the sydem. In our
view point a complex sodo ecdogicd-economic sygtem condds of the dandard modules
expressng an adgptive baance of causes.

An obvious advatege of such representetion is the smple and direct condruction
of a s&t of dynamic equaions for sodo ecologica-economic processes based on a cause-
effect diagram of the sysem. We bdieve, tha this propety of ABC modding wes wdl
illugraied by the trangtion from concept modd presented in fig. 1 and 2 to the st of
equations (3).

Ancther one advantage condds in objettive evdudion of the modd codffidents
by the reendyss of achivd scenaios of the sydem behavior. That dlows for to
inroduce in a modd not only objective but vaiade coefidents and hence to ensure
more redidic nortliner modding. We corvinced, that this opportunity of the ABC
mooding ocould be vay usfu in the processng of achiva information about the sodo
ecologicd -economic dynamicsin geo information sysems (GIS).

The ABC modding goproach supposes dso the use of intdligent agents for
executing necessty  ocontrol  operations  with the modd  influence  coeffidents While
dandad modules ensure the adaptetion of devdopment scenarios to the  currently
changing gtuation indde ad outdde of the sodd ecdogicd-economic  sydem,
intdligent agents are watching the changes and meking prescribed them actions That is a
farther way to more redigtic and relidble scenarios prediction in such sytems



We have discussd the implementation of the ABC mehod to the modd
condruction of a  sodd ecologicd-economic sygtem. This cae dudy saved only to
illusrate in brief three main 9eps of ABC modding outlined in the introduction to the
paper. More information about this sudy one could find in our reference works.
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Fig. 5. Smulated variation of average taxes rate (X,°).
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