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Water Resource Systems in a Regional

Development Context

1. Introduction

Every development program is concerned with either improving
that which has been developed or with establishing that which
was not previously considered possible. In both cases an inten-
sive structured thinking process has to precede whatever action/
decision which is to be made. ‘

Regional development is a term which embraces specific kinds
of activities which, if properly carried out, would result in
achieving predetermined goals. Despite many efforts to formalize
the steps in the regional development process, the results ‘
obtained thus far are rather modest. There are several reasons
which make this process difficult. Among them are the following:
complicated structure of any system on a regional level; lack of
information about the impact of a particular system's element on
all other elements; connections and mutual impact of various
regional systems, etc.

This paper deals with one of the most frequently encountered
systems in regional development; namely, water resource systems.
Water resources have always been of major importance because of
their vital nature. This is why development of a water resource
system has always taken place as the first stage of regional
development. Furthermore, because of the long history of water
resource development one might expect that everything is quite
clear and the development of such types of systems is merely a
technical question. Unfortunately, this is not the case.

Although systems analysis has penetrated deeply into the area of
water resource systems over the last 20-25 years much work remains
on the structuring of these systems, i.e. extracting the main
elements of any water resource system; hydrologic, economic and
environmental description of the elements as well as their mutual
impact. Moreover, all of the achievements in water resource
systems do not seem to have been fully utilized either in systems
analysis theory or in practice. In the paper, first of all, an
extraction is made of all the possible elements which, hopefully,
make up every water resource system. Then, those elements are
described (or, for some there is only an intention to be described)
in three aspects: hydrological, economical and environmental.
After performing those two steps one can proceed further with
generation of arbitrary systems in order to choose a particular
one. Or one can imbed these elements in an existing configuration
in order to understand how the system will react to any external/
internal changes as well as investigate the consequences of making
any decision in the system.



2. Elements of Water Resource Systems

The motivation to write this paper was found in Mario Bunge's
remark [1]: "Not all things are systems but all systems are
composed of things." This remark seems to be very important
because--in most cases--what we are doing now in systems analysis
is just the opposite, i.e., we attempt to investigate the system
without knowing in detail the behavior of the composed elements.
In many cases the obtained results would not be of the same value
as they would be if we knew the behavior of the elements in detail.
As previously mentioned, there are three major steps which pre-
cede performing systems analysis, especially in development, of
a particular water resource system:

A. Can we define the basic things (elements) which make up
a water resource system?

B. If so, can we describe them from different points of view,
say hydrological, economical and environmental?

C. Can we compose/model a system using these basic elements
and try to investigate all substantial processes in it?

" Real systems analysis would begin after we have explored
all answers to these questions,

Let us now try to answer all of the aforementioned gquestions
in turn.

A. Can we define the basic elements which make up a
water resource system?

Our intention is first of all to try to list all possible
types of elements which can be found in water resource systems,
especially in the context of systems development. This is,
fortunately, not a very difficult problem because people have
more or less always tried to do this. One, of all possible
classifications, could be the following:

Reservoirs !
Aquifers

Artificial lakes (incl. estuaries and bays)
Water ways

Channels

Pipelines

Nodes

Pumps

Treatment plants

10. Hydropower stations

11. Irrigation fields

12. Residential water supply

13. Industrial water supply
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The elements from 1 to 9 could be defined as "supply"
(or "supply supporting") elements while the rest are "demand"
elements. The demand elements have many things in common as




shown in Figure 1. In this Figure the DEMAND is intentionally
separated from the PROCESS for the sake of modeling. Figure 1
indicates that with each process the needs of both water demand
and supply alternatives are associated. All consumers produce
waste water and in the case of water treatment, waste residuals
are produced. Both waste water and waste residuals influence
the environment. Some of the feedback from the environment to
the other elements in Figure 1 are very important. Some of them
do not exist for certain types of users.
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Figure 1.

The list of elements mentioned above does not pretend to be
a comprehensive one. It depends rather on the context of the
investigation carried out. Sometimes some of the elements
overlapped (i.e. reservoirs and artificial lakes, or water ways
and channels). Situations exist which elements, at first glance,
seem to overlap, but those are completely different elements.

In the aforementioned list of elements less attention has
been paid to non-conventional supply alternatives, i.e. desali-
nation of saline water; precipitation augmentation; watershed
management to increase runoff; water transfer from adjacent basins,



etc. These were not included in the list for the following
reasons:

- some of them can be taken into account through exogenous
variables (for example, precipitation augmentation and water-
shed management will mainly influence the inflow of a reservoir);

- some of them are a combination of elements previously
described (for example, water transfer is a combination of
reservoirs (or nodes) outside of the region and channels (pipe-

lines); and

- many people think that it is too early to consider these
types of elements and economically dlsadvantageous to put them
into operation.

B. Can we describe the various basic elements? In what
context should they be described?

In tracing the history of water resource systems one notices
that in the very beginning only pure engineering and hydrologic
problems dominated. Later on, both engineering and economic
problems became crucial ones in water resource development and
management. Today in water resource systems not only hydrologic
and economic problems are important but environmental problems
should also be an indivisible part of the analysis. It is worth-
while mentioning that there have been many examples which indi-
cate the substantial role of environmental consideration when
making decisions. One should not forget that a short-term
economic gain may turn into a long-term environmental loss as,
for example, happened in the Tigris-Euphrates valley. Hence,
we should try to describe, as comprehensively as possible, each
of the thirteen elements before imbedding them in a particular
water resource system.

The following characteristics seem quite appropriate:
hydrologic, economic and environmental. Each of these character-
istics is represented by the input of the element, output and

state variables as follows:
t

input hydrological variables (IH)
input economic variables (IE)

input environmental variables (IN)

output hydrologic variables (OH)
output economic variables (OE)

output environmental variables (ON)

state hydrologic variables (SH)
state economic variables (SE)

state environmental variables (SN).



It should be mentioned that a basic input-output description
of the elements was used because of the following reason. When
one applies systems analysis to a concrete system the most import-
ant thing to be investigated is the relationship between/and
impacts on various systems elements. Those relationships and
impacts manifest themselves through input and output variables.

In this paper there is no attempt to identify all of the
variables which are important for regional water resource devel-
opment as well as all models presently under development. Rather,
we have outlined some questions which could be developed at a
later time if the methodology proposed in the paper seems appro-
priate.

Let us now consider the characteristics of the three basic
elements in turn.

2.1 Hydrologic Characteristics of the Basic Elements

The input-output variables can be easily identified. These
are usually inflows in and outflows from a particular element.
Although there are many models, in particular for inflow pre-
diction, they need to be refined, especially for the purpose of
regional development. Special attention should be paid to the
collection and development of models with long-term forecasting
possibilities.

State variables in the hydrologic description of the basic
elements appear when the time, or a given function of space,
are involved explicitly in the analysis. They indicate, for
instance, the amount of water available at a particular point
of time in the ktP element. For some of the elements, such as
pumps, various kinds of users, etc., the concept of state either
can not be defined or there is no need for a definition.

The model to be developed (or to be chosen among the existing
models) for any particular element should link the input, output
and/or state variables. In Table 1 these models have only been
sketched without specifying their explicit form. It should be
mentioned, however, that these models as wkll as the models
describing economic and environmental characteristics do not
always need to be quantitative models.

2.2 Economic Characteristics of the Basic Elements

The economic consequences of building an element in the
system are quite different for the various elements. Neverthe-
less, there are a certain number of input characteristics common
to all elements. As such, one can consider the following
variables:

-~ construction - raw/man-made materials;
- energy;
- land and forest use;

- manpower.



In addition to these input variables one can add others, specific
to particular element variables which are pertinent to the pur-
pose of the analysis.

As an output of economic variables people usually utilize
the concept of profit, improvement of national or regional wel-
fare, enhancement of the environmental quality, etc. For supply
supporting elements the profit manifests itself by the elements
which demand water.

State variables can appear in the time pattern of development
representing especially the extent of development of a particular
element. In other cases as a state variable one can use the
accumulated amount of profit, welfare, etc. over a given time
horizon.

2.3 Environmental Characteristics of the Basic Elements

As mentioned in the Introduction, the environmental char-
acteristics of the basic elements and the system composed of
those elements will have a large impact on the decisions made in
any given water resource system. In other words, as P.C. Gardiner
and W. Edwards [2] have mentioned "...builders, in the limit,
want to build and develop everywhere; the environmentalists, in
the limit, oppose any building and development anywhere." It is
quite clear of course, that development cannot be stopped. The
question is how to limit the undesired consequences of this
development. These social attitudes towards development are very
important but we will consider them at a later time when the
entire system is analyzed. For the present we will concentrate
on an environmental description of the basic elements.

Unlike hydrologic and economic characteristics, environmental
characteristics vary substantially from one element to another.
In particular, this concerns input variables as shown in Table 1.
The output characteristics are usually concerned with some
quality of the environment including water quality, physical and
biological conditions as well as aesthetics and human and cultural
interests. As state environmental variables one can identify the
evolution of certain variables.

We would like to stress once again that the things which have
been described in Table 1 are neither a comprehensive list of
input/output variables nor actual models. There is still much
work to be done in order to systematize the experience in this
field. This kind of activity would also recognize certain gaps
in our knowledge and would stimulate further research in this
direction. But one thing is rather clear. One cannot produce
a sound systems analysis if the description of the basic elements
which compose any system is flawed.

3. Synthesis of Water Resource Systems By Using Basic Elements

A description of the basic elements can be characterized as
a pre-systems analysis. The real systems analysis would begin



with exploring various questions of the following type. After
describing all of the characteristics of the basic elements, can
we describe and analyze the behavior of a proposed water resource
system or can we imbed those elements in a particular existing
system? Can we predict the future behavior of the system from
hydrological, economical and environmental points of view? How
will the system react if we change its structure through imbed-
ding/taking out elements? What overall impact will the system
have on other interacting systems, and the like?

The answer to these questions is of vital importance for
people responsible for making decisions. We do not believe that
these people can be supplied with universal tools which can solve
whatever problems which arise in water resource systems. Rather,
we believe that DM's could be supplied with a flexible model
which can easily absorb changes and can produce a spectrum of
decisions for analysis before one of them is implemented.

Regional water resource development has always been nec-
essary in order to achieve certain objectives. Improvement in
the national or regional welfare is usually the basic motivitation
for developing water and related resources. Because welfare is
a rather ambiguous term other objectives have been developed.
As mentioned in [3] "...the following five objectives are
normally most appropriate to resource development:

1. Increasing national income (augmenting aggregate con-
sumption.

2. Promotion of national autonomy of self-sufficiency.
This includes, for example, maximizing economic surplus or
exports from project gains.

3. Redistribution of consumption. This usually means
directing the increments provided by growth from the project
to backward regions, low-income groups, or sectors.

4. Preservation of the quality of the environment.

5. Fulfilling 'merit wants.' Theseiapply, for example,
to the enhancement of historic, cultural and scenic monuments
and sites.”

It should be pointed out that these objectives are yuite
general and hence, they can be achieved in vast structures of
systems. In many cases this will be an advantage rather than
an obstacle because several variants may be compared.

The second step--after setting up and clarifying the
objectives--is to define in more detail the subgoals to be
achieved. As examples of such goals one can think about pro-
ducing a specific bill of goods--industrial, agricultural, etc.,
power generation, water supply of populated areas, more detailed
measures to preserve the quality of the environment, and so forth.




The third step is--using the basic elements--to draw one
possible structure of a water resource system which seems to
satisfy the determined overall objective and the specified sub-
goals. This step is still more an art than a science, i.e.
there is no satisfactory formal way to determine the structure
of the system by only knowing the objectives.

From the point of view of systems analysis the fourth step
is the most important one. Here the systems analyst builds a
model which represents the behavior of the system in hydrologic,
economic and environmental aspects. To analyze the system both
simulation and optimization procedures can be applied.

A good compromise among fulfilment of objectives can be
achieved if one applies these four steps several times.

4. Example

The methodology which has been briefly described above can
be illustrated by a simple artificial example.

1. Suppose the overall objective is to increase the national
income. This objective is more pertinent to developing nations
and regions than to regions already developed. To achieve this
objective three subgoals have been generated; namely, industrial
development, agriculture, and power generation. Each of these
subgoals could be achieved by building plants to produce a cer-
tain number of goods. To define these plants one may need to
have an overall picture of--or just an idea about--the resources
available, and in particular, water resource availability.

This step of the analysis can be carried out on a very high
level in the system's development hierarchy, i.e. it does not
concern only water resource development but the development of
the entire region.

2. After specifying the plants which are to be developed,
we should determine the quantity and quality of water needed.
For this purpose the hydrologic and environmental models of the
basic elements 10,11,12 and 13 as well as their demand models
can be used. The concept of the WELMM approach now being devel-
oped at IIASA can also be utilized here.

3. Evaluation of possible water supply through the models
predicting water inflow and ground water sources in the system
(this usually has to be done at several major points). At this
step water supply alternatives other than those available in the
region can be considered, i.e. water interbasin transfer, desal-
ination, etc. Also, at this stage rough estimates should be
made of the amount of water to be stored in the region.

4. Matching demand with supply. This is the point to
initiate an iteration starting with the first step if supply
cannot be met by any available means.



5. After performing the previous step one can proceed by
mapping out the structure of a water system using the basic
elements. This, for example, will lead us to the structure
shown in Figure 2. This structure should reflect in a proper
way all hydrologic, economic and environmental relations among
the basic elements as well as the system's external relations.

6. This step is one of the most important ones. Here all
hydrologic, economic and environmental consequences for a given
time period should be thoroughly investigated. Also, social
attitudes and other relevant factors for making decisions about
the proposed structure can be incorporated. This step can indi-
cate some disadvantages of the structure considered and hence,
one can return to some of the previous steps.

A model of this type would allow various evaluations to be
made, for example:

1. Examination of different regional development patterns.
Evaluation of water demands and supply alternatives for a certain
time horizon.

2. Evaluation of water deficit/surplus at each point of
the model. Application of optimization procedures for these
particular cases.

3. Evaluation of different goals and plans proposed by
external and internal organizations and authorities.

4. Evaluation of long-term/short-term changes on water
quality and environmental quality, in particular, points in the
system, and so forth.

Some of the points discussed in this example have been
oversimplified, but the example itself is not meant to serve as
a real case study. Rather, several guidelines have been shown
which will promote further thinking and construction of models
to help DM's in making decisions for real situations.

We do not suggest a formal procedure which has to be
followed, by all means. The paper shows just one way of thinking
which might/or might not be useful, depending on the system we
are dealing with. The only thing we have insisted on throughout
the paper is that structured thinking would and could help the
DM's to achieve certain positive results which would not be
achieved otherwise.



PRECIPITATION

L

Q_ EXTERNAL
“— WATER SUPPLY
ALTERNATIVE S

 Grouny £
N
éf WATER <

< | —

A

IRR\GATON
FIELD

¢ FIGURE 2



*uoT3eaI09Yy
fojemtl) f4£31TENnd

-J
<= i93eM [eo1doyosyday
mm ® TBOTAOISTH $SIA13SIY »sjuejnyod
W._W g sjyaed foowdg uadp 9sn pue] fodeos
= — $S9TITIEN) SSOUIIPTIM ~puUB] pUB SUOTIIBIO]
m\m fsmoIp OTu9IS {3urjung $1T0S @2yl Jo °d43
W.cS._ fA13s9x04 ¢sTewIuE puUBT fyadep fooeyans ao3em
=z spatg feX0ld ‘UOTS [TOAADSDI 3Y3l UT I3jem
. (T 118 203 .ﬁzcm = u.mzo odag fuotsoiqg : u.mzo o junome - ? At
! q =y —odaQq -uot 1 ¥ - xmm : xZH
=
0 *193BM UITM SIUSWOTD | .
.AH.W . 1ayjo oy3 Sutdyddns £q
ml s110AI9S91 [J[9SIT SIS9FTIUFW YOTUA z3anoduewm /_ z \
o : y
o5 31139uaq 2aniny pejoad . // [
R:S._ 9yl Jo uoried0] %o ue ST STYL *IT0A asn 3saio0] pue pue] /
a (z93em 3utrsn/3UTWNSUOI SIUSWITI 10 ‘aroalasax Sux —-1983x Sux 2yl Sutaey “A819ue ‘sTeTI93BU weq
11® 3o 3130ad ruMMva = Mmo ayz Burpiing jo 23y Jo 3TJIdU2q - Mmo uoTIONAISUOD ume
_ ¢
1T0AI9S91 @Yyl jJo Ajroeded - xz -3 -
) 1 1> xm >0
alumm 3 - 98vi03s pesp - &z *JUdTOTIFO0D u_.mo
3] W A S,U0TIRIITTY A
WU TS ST 3 2 g 3
o T -t = = ue s,uoijeiodesa - 79
mw qH0{ - TJHI [ + 4HS = JHS = J¥ P ,uoT A1
xS axaym
o
> — 1 1 3 SWI3 3B 1TOAISS (sesodand | (*239 ‘iaJsueij 1ajem \ w
=0 > x< 3t &z umm ﬁx 243 ur I19jem Ju?1933TIp I03) [uorieatdroaad €Jjouni) xm
= . It
(AN 3 1 0 JUNOWE - 3 MBIPYITMA — af MOTJUT T - -HI
Mz > &< > xz It x< 3 xmm TMel1pylT xmo T3ut U3’ me 3z
d340713A30 39 0L 73QO0W ¥O0 S3TIVIUVA P Al v
SINGVIYV
( L ) A S374Y 14YA A HIOAYISTY
3791SS0d ENR AR indilne 1NdNI

SINIWATS

VT J18vL




MN gjueanyod P
Eo syooa Jo =2d43 ,
m._.l.. 37q®31 I238M JO IVOBIINS \
WW yidap ao93em ! 9%e1
o ’
= & . 2ms “ :
> 1) A -
Z A &3t1Enb umwms e N -
3T =2 2 NO NI
(7 11% “GND)F = 4NO . ¥
= - I21EM su.m_s.
0o SIIWITI IIYJ0o a2yl |- sITem 30
= - sutdtddns £q 312537 Sutpring pue SUITTTIP sp1om BurirrIp
o SiseFruEm Uotum 313 . nmm 1omodugm. ‘asn
Wm —aueq wusuam vmuowmxw Jseoa03 pue puel ‘A8isue O
oo UE ST STUL "UOTIBAOLY qorpriozem worzoniisuod
—n._m_ (193em Zuisn/Surunsuod sSIUBWIT2 -X3 ur 11aM aux a8yl
_ : 2 3T
eyl 3o 3tzoad 1 I7® LMHZ - u_mo FPTABY. 3o ITFOUR] - 170 AT
1l
SHO
= it
=9 .ﬁ
G .
T - - -
mw . *9319 ‘Arddns TBT * \\
MUnm-nL 1 w3 -juspisea ‘sani(norade o
vD..H je Isjinbe ﬁ_x a2yl suotlels dund Lq f£1318npul wWoly IIIEM N/
- ¢ i ut (T9A3T Io7EA 10) Uaye) I93eM FO -juncme f(yyouni) uworieilrdideid
afl o a3t 5 T1-3 2 1 al EL: Ly
40 w - me w + S = HS I93eM JO JUNOWE - u_mm : xmo me A |
3 3WIL 1V
(034073A30 39 0L T13A0W dO) S3T7AVIAVA SITEVIYUVA SATAV IUVA ¥341N0Y
1340w 3LVLS LNdinG LNGNT ’
374ISS0d M
SINIWIT:
a7 378yl



ENVIRONMENTAL
DESCRIPTION

al
- NO

3T _
(r 11e ND)F = Ty

PITWITY ‘uU0TILDIVRI
‘soalasal p sxted
‘goeds uado ‘setityenb

;SUTIPTTM “MITA DTUDIOS

‘sTemTuUR puEi ‘sSpilq

‘eIo1y ‘uoritsodep

uorsoa? ‘£3tienb 1a3eA
af

xzo

sjueinyiod

adeaspue]

1105 30 3adda

IDBIINS I9IBM

yadep 133em
3

. Mmm

3T
: .sz

Cm.wu _'9sn l1ajem [eTITIBUR]
— apracad o3 sayoeaq
So pug swoilzoq SurueeTd | uor3dIidsap sTYI uT
Z o ] 10J 10 £319TIn0 SuIEm | JUNOIDE OIUT UINE]
ww peiordxa SIFL mru& 103 aamoduem ‘4AZa2ua 2q pInoys si13Isn
,t"w (sassn ay3 2ya Surary FOo 3TJ9UPq [S[ETISIFE UOTIINIISUCD SNOTIBA 01 B[qE
» a1 _— . . 11 -TteAE X27BM §,9MET
wolg 1TJouaq "1 TIE meum = VHmo "xmo : MMH el O] SITITATIOY
-1 -
al
H > UMW > Q V..—H.HO
o= UITOTFIVOV 1 . —
—_c uoraeiodess : 9 siazinbe woxI moyjyur I
%ﬂ A ‘£1ddns 1231®M TRIJUIP
o IYEIUL UOTIBITARIZ -1s21 ‘2an3Tnotade 1
DOnw 1-3 2 ar r 3 swra e OYET . suot3els dmnd fA131snpul molIJ mOoTIUT |
% ToHS J@- THO ( - S u3 (14q yrounz
WM 1A A 3yl Ul I93eM JO JUNOWE | USWEL IIIEM JO, JUNOWE uoijeyidiosad 3o9atp )
T
31 s L T-3, 3 .3 .arl .3t um« T
- 8L [+ T HS = JHS " S P HO £y HI £ R
3 JWIL LV v
hamn_oqm>mm._wm 0L T3dOW d0) SIAAVIYVA SATAVINEYA S374VIdYA (AYE AYVNLST)
OW
37815504 3LVLS lndine 1NdNI DIV TVINLYN
SINFWIT

I 4748V1



ENVIRONMENTAL
DESCRIPTION

*3ndino ayz 3w
A31Tenhk 2yl woay YIJJIA AVH
andur a3 ut £31renb xsaem

3l

&zo

T
(1 118 .umzHuw -

£3t1endb 197em
S9TITATIOP UBOTIEIIDRI
- MITA OTUBOS
sTEWTUR puet
spaTq
BAOTY
uor3tsodsp
u0TS0IT.

af

xzo

sjueiny1od
adeospueT
1108 30 ad£q
2B JINE I=21BM

ECONOMIC
DESCRIPTION

TaUuRyd Y

aamnoduem *asn 3saIxoy

3 9 puel ‘L3xous ‘syeET teuuByy Y
{51957 ayl WOAI PIUTLIQO 3y3 Suramy JO 1TIBUIG —X33BUW UOTIDNIISUOD 43
. 11 Y] Jo JuUTpTINg Yitm
JT3I°ou=q T I1® auﬂmva = umo + 40 PLHT PPI10°UuUCcY S9TITATIOY
r39% ! 5 q | A
15 mm >0
CN «
g} _ UaTITIIP00 ‘uotT3ivaITII
Q- HI ;@ - ‘ 3 3
mwnr A ucljeiodeas .xm
O _ . 1
mw Mmo - MmH + L M:w = Mnm 1 awI3 T=uuRyd Tauuey> ..m.... u+ 3 -
Wm 18 Tauueyd nux a3 n.,_” aux 2YI woig n._o.ﬁmu_,do sux 2Yy3 uT moljul xmo xw me
MmH . Mm = Mmo 19384 JO T9Ad] - Mzm "Mmo uMmH
2 dWIL LY
(d34073A30 39 OL T13A0W ¥0) SIANGVIUYA SAIVIAVA SITAVIYVA TINNYH)
130d0W , b!
37915504 EAR AR indinc LndN1 _
NLEIERE

a1 314yl



-
< =Z
L
=
o . JUTT
= o L
= asn pup| juauewmiad |odid ayjy jo uorsuswrp
mm 10 ‘asn puel )
— 21 ar Kreiodwal {MOTA DTUDDG ' HI
> L) T v ¢ = ’ :
- A (r 11 xzdm uﬂzo A
u} al 3T
sma1qoid Aj3ilenb of : u.ﬂzo : &ZH
Tamoduew
asn pue|

nNU Jusuemaad asTaIaylo
,..C..I - fpunox3aspun ST SUIT
WW -ad1d syy T Aaezodwaiz
=~ - B8N J$9I0J puR PUB]
mm Py ﬂuuﬂ £812us sutyadtd
L () (sa@sn syl woay pautelqo’ aY3 JuTARYy JO ITFIUSQ BIETISIPW UOTIDNIISUOD FIeel ﬁx
o . ay3 BuIprIng Yitm
¢ e 3T 3 1 1T T :
1T3en=q i1 1T1°® xmdu = 450 ."xmo : &HH Pe102UU0D SBTITATIOY
93
2E : {
. R 1
S HI
W% Puryadyd aux sutrradrd !
Lt IT=4dT
Ta 9Yl WOl MOTIINO gyl 3yl UT MOTJUT
3 ¥ ! .3 &
yHI = LY LAY L :
Aaum04u>ma4wm 0L T30OW ¥0) S379V IYYA SEREVAEL) $379V 14VA 3 IWIL 1y
oW ‘
37915504 Aivls 1ndino LNdNIT % ANIT3dI,
SLEERE

al 318vL



ENVIRONMENTAL
DESCRIPTION

£a11endb 393EM
‘S3TITATIOP UOTIEAIDIIX
‘MeTIA QTUIDS ‘sTPWIUE
puel ‘sparq ‘eiolg

P

3 swIj
J' Apmialen yad U3

Surssed saydIysA JO
jaqunu ‘adeospue] *1IOCS
Jo ad4fy ‘soerins iajem

‘£3t1Enb 1338M Indino ueys . ] . 2
¥A11dg S1 A11TEnb 1ojEm 3ndur uotiisodep ‘uorsoas me
27 al af
(r 1re PIns = o +N0 N
.= _
w3 .
m - gamadueun
mw.- Aemisiem A 8sn 18310y pue puel Aemasiem -
Sx - ya A812u3 y3
_LMm {saissn 2yl 4q a1 3uiaey Jo 11JsU2q EIBTI2lEW UOTIDONIISUOD Y1 (e1qesn Jurym
Wy . < . I10) Burpring yin
A pauteiqo 31yau3q {1 II® .&mva = xmo “Mmo "UMMH P2302UUOD SATITATID
Aeniojen
q31 ouT SuoTE 18
£3To072A 193bM - Mb
Aemroaem 2
3 :ux U3 18
cy = BUOTE T24A8T I93em -
2o 18 12487 183 1 8, s,
9 -1 - Ty !
w w H > .vd.ﬂ .V.io ,\/R))H/h\l(
WHH 1UaTOTIII00 WOTIBIAITTF 1=
= MHW 1 18 | 3 [ H1
Mrt ﬁmevm = &A pue uoTiziodess — xu ABMIa3EM xmo b |
nu AemIajem q ﬂux 243 Ut moyyut 1
: re i 2
b 3 3 1 | b |
HI » _2 = _HO Y] WOIJ MOTJIno
5 q A L] #0613 &mo me
nommoqm>um4wmomh 300N ¥0) S3TIVIUVA SITIV I UYA SITIVIUVA 3 dWIL LY
3991SS0d J1yls 1nding 1NdN1 1 AVYMYILYM
SINIWITT

31 Nyt



ENVIKUNMENTAL
DESCRIPTION

uotadIiIosa
DTWOU0D? YITM PauTquUo

Spou y3} @Yz JurprIn
Y3ITM pPI3osuucy. soat

3 ‘u0T3d11983p $TAT30R 24y3 sjusssads
.Ln.l.u TEIUSWUOITAUS SATL 17 .nmﬂumauumuv DTWouUoD
N“H wB and3ino ue se *'9°7T zomodurm | oy3 ‘spou [BTOTITIZ
Wm pa21BT085® 9q pInoa asn’ puel 3yl Jo 9seD Y3 U
2o JoTI2I3PISUOD DTIBYISOV £315us
-3
G 2 sTeIIalew UOTIoNa3suod [-uoridrrossp oTwouod

= 3T 3 320 - ou wsyj ‘suo TeANIE

(T 11® .ﬂuv.ﬁm“_”vw = uﬂ.mho I3TIJ2USq 3IDAITP ON : u.ﬂMH ® ST @2pou ayl jJ
at
&EO
.3
5
32
2o
£S5 ,
2o s1uUIWa T3 s3UsWITe
rd ‘29y3o 03 sindino 1ay3o woaj sindut
A . I r
i T .3t 3T T
ol = Tl (| yHI | HHI
(I340713A3d 39 OL TT3d0W d0) SNV IYVA S3TEVIUYA SITIVIYVA 3 AWIL LY
REIt(eY . , 4 JQON
37915504 Jlvls 1ndino INdNI

SINIWIT3

5T 11dvL



ENVIRONMENTAL
- DESCRIPTION

] uT pa2a3oaff8au aq uej

(sjpse2 TB9I 2U3 JO 350CT 2sn puerq)
asusnyyuy amunvaﬂcuﬂyam oN-
=
0l -
=
WW 1anoduem
Z o a5n puef
m% ) uoriels dund ﬁx £815us
EN_ ay3 SuraPy FO 1TJdUeq [STETIIIPW UOTISNIISUOD uorlels dund
. 3urprTIng Yitm pa
Aum (T 11E .uﬂmva = umo "umo "u..HMH _nuwumcu.mwﬂawﬂudm
A ) . A A q q s
Car
. xmo
08 133em Furdund
m.._h 103 purmap £Zasua
Sa siusma Tw 5
mm N 1 19430 03 PaIAATI3p "um 1.
as ﬁmevu = 42 isjem JO Junocme K i
> 131em padund jJo junome
A . .
3l 3 af 2 3
JHOL = JHI I : :
sHog 1 yHO HI L
(124013A3_38 0L 73004 ¥0) $37aY 14VA S37GY 1MYA S3TAV IYYA ? WL Ly
ECRA EIAES 1ndino LNdNI 1 NOTLYLS dwnd
SINIWIT:

HT 319yl



ENVIRONMENTAL
DESCRIPTION

+239 ‘uorieizodsueil

asn puel
£3t1Enb s1%271F3 MMB
fdyne pue indul uwsamiaq UOTIVIUUC) 1BIUSTWUOITAUS SNOTIBA
_ (3T L af af AT
(3 11" TGN 3 N0 10 NI
=
ol -
M M.. Jamoduem
= ] asn. pueT
mw% Jueyd juswmieail ﬁ_x a3 A8 151
L SuTABY JO 3TJOUIQ |STERTIDIPW UOTIDNIISUOD sjueld 43 943 3u
= . 1 N 11 L pPTING YITA pPauisduo:
(T 112 ‘" .491)F = _HO P _F0 :TCHI |SeTITATIOR DIWOUOD,
. b A T
uor8sx syl ur
a1aymomos jo pasodsip uﬂmo
= 9q 03 STENPIE3I 271SBA A
L
(=
ot = 3
W . LM ﬁ
So . A
mm gjUsWATa I9Y3lo 03 §32IN08 a1
Qa T>,4>0 POISATISP 2q 03 I3ieA JuaiaJITP wWoaj T
HM . p218213 JO JUNOWE |19]EM 2ISBM JO JUNOWE xmz
: T
i i S alf > 3l 1T a
T R ey o3 1T
x&xm xmow N (v T yHI M:$:
Anmm04m>umemomh 1300 ¥0) $379V I4YA SITGYIUYA S3TEV IYVA 3 IWIL LY
J791550d JLvis indinc 1NdNI INVTId LNIWLYIYL
SINIWIATT

IT AL



Y LIRUNIMEN | AL
DESCRIPTION

sae 103 3d9o%e) sasuanb

(SUOTI8I9PTHUOY DTIIYJ bsuoy [eiuamuolTAuyg PN -
um . poonpoad £Basua - Mm
e .
5 e Jomoduem
L uoT1els I1amod BurpIIng
w% —0xpiy y3dl 2y Sutaey I03 paumsuod ASasus : uoTIvl!
LTy - £q pouTeRlqQO 31TISUSq YTETIVIBW UOTIONIISuon Jamodoiphy g3l 21 Suw
= 1 1 11 -PTIING YIaTM PauIasuo:
(T 11%® .uu.ﬂmHuu = 430 uwmo $74EI | SOTITATIZE  2TmOUOD]
{219y umo
POSSnISIP J0U ST YoTum 1
 Z THAOW (NVWHJ woxy
3= poonpoad indino ue se paure3qo)
Yo 2 3 _ ! 7
18- (_d41)3 = _d £319ua Jo jJunome. g pusmap Ia1EM - | (M
an k! A . 1 Aq A ——
s 3
Y eh - aM
- T>3% 50 Ig3EM Fo junome indyno | 193em Jo junome 3ndut 1
..Du . -
! . 3 _ 3 _ 3 L3 .3 2
MQB Mm = v_mH = &mo .xmo .me me
Ammmoqm>ma4wmomp 300N ¥0) S3TAVIYVA $3TAYIHYA SEREVAEL) 3 AWILLY o
31915504 JiyLs Lndino LNdNI NOILYLS MIMOJOYAAH

rT a1

SINIWITS



MN ! 7

-O 1108 Jo °d43 I.—

1 b

£

ms . u._-.mH

n_p.._n.._ A311Bnb 103EM jndino b

a

. 1 aT 1 3 1T rBI
108 Jo-adky ¢ €7 = : H
Q : ¥ 3 44 meV 3 Uazo xzo &zH A
. uo13183TIaT Jo adia
= T

;0 - MEH

e PT21;

mw wum”wwwwmwﬂw 2y3 uo umoad Jure«

;0 sdoxy woay 3ITIdUNN

30 PI9TF uoried 3sn puey :

18 3 £3 3yl se T34 SB NIo!
L —ELAT gyl PU3 sutAERy 49U L gou uwotieStixr ue Su
= £q poutreiqo 1TJ9uUaq |[STETIIIPW UOTIINIAISUOD : . K

i . ha , - |vM..3n_ YiIA pauIsduo:
T ' ‘7 = : 7 ITATIOE TBOTIHOUOD
(r 11 313 = jH0 530 5T IAT3OB TBOT
. (7o
PoSSNOSTIpP 10U ST YOoTyM 2l
TACON (NVHIQ woly ..wmo
, ndino ue se pauTElqO
= PT9T3 ypi oyl woiy ma pets u“m.v

WO - um - no.__umu..nwmnmuuommbu - PUEBWRP I3leM -~ _ (M

wn r> > Sl 0 sxayInbe A

e .n a81eyoa1 01 10 IvATI $221n08 I931BM IS0 7 - - =

Yo 13 IT_ 3 ay3 o3 I9yaTa '9°1 wWOxXI PIBTF gy 2YI 1

H% xnz xm = mew ‘PIoTF ya?l 2u3 Fo Ino 03 vmum?.:mm 1931BM - xms

u._._UL , 3uTod 133EM JO JUNOWE - uotieltdronad -

r 1T
3T g o 30 s 3f 37 ~HI
4 A vﬂmou T 4HO P GHI A
(034073A30 39 0L TIAOW HO) 379V I¥VA 319V I¥VA $379V 14VA 3 dWIL Ly
T3A0W ; _ A 1314 NOILYDIYYI
7915804 q1v1s Lndino LNdNI _
SIN3WIATS

AT VL



= syaed
m 0T1qnd yo uotT3lEITIIT
- ‘ ‘Butuwatd 399138
= suotIEIepLSUOY | {103 pasn I9lem —
= Y3ITB3Y PpUP OTISYISIE -
(& um.
m £317enb 1938m andano - 5H0 -
3T Al al 3T
(r 11 *GNI)3F = ";NO N0 T
=
0 —
= 2d4£3- jyIoM1aU
o- asmoduem
o asn pue|
% g Haomyeu A1ddns A3ioua jaomiau Ajddns
o EIIUSPISaT Y3 JO 31502 | [BIISIEM UOTIDNIISUOD TeTIUapISeI B Ul
. . . . ~-PTINg Y3TA PauUIadUOD
T 3 . L3
(T TI® .uu.AMHV.H = Mmo .xmo : xMH S9TITATIOR [EDTWOUODH
1t
(219Y PasSsSNISIP J0U ST 5820
= — Uotys THIOW ONVWIO 3F°©
S N ) and3no ue se pauTeRIqO)
~ v xm >0 p! pusmap 1IIEM - 2 an
- I97eA POUNSUOD ~ MO A 3 -
S lan <2 I no kb San
pr I 4® = .81 (19384 23sEA il I K
ot L1tensn) za3em 3jndino TETIUBPTSAL 43 SYI O3
= r . - : pPIISATIep o4 03] I231EM ﬁ
| uzu + u.nmow = u,‘anw uu.mmo JO 3junome - u..an ume
q q q A A
(CEEER!
d 8
(Q34073A2 39 OL T3IAOW 40) $3TEVIYVA $379VIdVA $379Y THVA AT A
13A0W 3 IWIL LY % AlddD
37915S0d ENR-AR LNnding 1NdNT daALVM TIVILNIAISE

SINIWATS

1T J13vL



DESCRIPTION

af
A371enb 133en jndino Mmo
. 31
af 2 ! ER JHI
§ = H HE A
("4H0)3 = jNO My ELY
=
0 —
ﬂ quetd teTIl andino uwotiompoad =yl
a. e 1= wolJ pauIelqe 1TFausaq
— -snput .Y 2yl Sulaey ad4{1 iomysu : :
o g C : 93 se o4 se Wa3lshs
o £gq paureiqo 3T30ad- 1smodurm
w Fromiau £330 | A1ddns TETXISNpUT 3O
Ly od£3 ze(norized v Sut
a A1ddns ay3l 30 31S500-|SIPTIL8IPW UOTIONIISUOD : :
2T s ot : T -PIING YJITA DIUIBTIUOD
("431)3 = ";d0 v H AT SOTITATIDR DTWOUODY
{919y PpoOSSNISIP JoU ST
waTYMs THAOW ONVRHEJ ' 30 1C
andino ue sg pauIr1qo) u.ﬂmo
= puemap 121BM — QM ﬁ
o - 3 - 1
— T > 48 >0
W A POWNSUOD I2IBM - §92IN0§ JUSISIJIP
— I 8985071 Aq pautelqo 2q Asw —
e 3am e = uﬂme 19y30 pue uworjeiodeas -j I93em BYl fAVSN Yo 3 an
& A A A (1238A 931SEM LlTERnSn) 3yl 03 PIIBATIAP 3q !
Q T C 1@sn 213 woxy zndino -~ 03 I93BM JO JuUnoWE - ﬂ
3T : Al J
(AI{ = ";E0J af 3T 1T
b LR P HO PHI HHT
(034073A3Q_39 0L 200K ¥O) SITIVTUYA $31aV 1UYA S37aV 14YA 7 3WIL LY 2 ATddns
12004 YILYM VIYLISNANI
Z ! 1
317915504 JiviLs LNd.LNg ANdNI

SINJW3

T 1YL



[1]

[2]

[3]

References

Bunge, M., Things, International Journal of General Systems,
1, (1974), 183-188.

Kaplan, M. and St. Schwartz (editors), Human Judgment and
Decision Processes, Academic Press, Inc., 1975.

Meta Systems, Inc. (authors), Systems Analysis in Water
Resource Planning, Water Information Center, Inc.,
Port Washing, New York, 1975.





