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ge --- Repeated utilization rate of water use of industry --- Wa-
ter use quantity of industry --- Total water demand--- Difference
between supply & demand ; e

{5>Difference between supply & demand--- Pressure of water shorta-
ge --- Repeated utlllzatlon rate of water use of ‘electric  power
industry --- Water use quantity of electric power industry --- To-
tal water demand --- Difference between supply & demand H
<6>Difference between supply & demand--- Pressure of watér shorta-
ge —-—-=~ Agrlculture water use quota --- Agrloulture water ‘use gquahn-
tity --- Total water demand--- Difference between supply & demand;
{7>Water source exploiting investment --- increasing factor of ex-
ploitation and wutilization rate of water resources ---= Exp101ta~
tion and utilization rate of water resources———Quantlty of usable
water resources--- Difference between supply & demand-i~ Pressure
of water shortage --- Changing rate of productlon value <-- Tatal
production value ~--- Exploiting 1nvesfment ———vWater source exp-
loiting investment; ‘ ‘ '
{8>Water saving 1nvestment -——- Repeated utlllvatlon rate of water
use of industry--- Water use quantity of 1ndus+rv'——— Total water
demand --- Difference between supply & demand --- Pressure of wa-
ter shortage --- Changing rate of produotlon Value——— Total produ-
ction value --- Water saving 1nvestment o

{9>Water saving investment --- Repeated utlllzatlon rate of water
use of electric power industry --- Water use. quantltV'of electric
pover industry--- Total water demand--- Difference between supply
& demand --- Pressure of water shortage ———:Changlng rate of pro-
duction value---Total production value--- Water saving investment;
<{10>Water saving investment --- Agriculture water use quota--- Ag-
riculture water use gquantity --- Total water demand‘———leference
between supply & demand --- Pressure of water shortage = -1Chang—
ing rate of production value --- Total produotlon Value«
saving investment. )

The flow diagram of feedback relatlon oan'be 1llustrate@ as Fig.3.

3) Model operation & simulation result Co :

Calculation data of model is by reference to the correspondlng
data from other cities and can be determined by the actual situa-
tion of Chang-Zhi city.Using actual measuring data of perlod 1880
to 1986 for verification with the result of s1mulatlon,vthe resul-
ts demonstrate that the model is feasible & the parame er selec-
ted is suitable. ~ : '

Data input to the model include years mean . runoff waluesz and
its Cv, Cs of Chang-Zhi city, inflow water data and other parame-
ters and initial value which were made up according  to stochastlo
simulation method and obeyed distribution of Pearls 3rd type our-
ve., T e e s

After transferring all these numerlcal values 1nto model the

operated ‘results and changlng curve of water use can be shown as
fig.4.
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Fig.3 The Flow Diagram of Water-use SD-Model
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Main Variants In Fig.3 ( alphabetlcally arranged
AFDl---TIrrigated area of farmland; .
AFWl---Water-use quantlty of Irrigated agrlculture,‘y”

AP-w--- Number of population of countryside;
AV-—---Production value of agriculture; :
CPl----Number of population of Chang- Zhl c1ty

CP2----Number of population of towns;

DEl----Irrigated quota of rual area; ' s
ELE--~--Installed capacity of thermal power statio
ERR----Repeated rate of water use of electric” power

EW-~---- Net demand water quantity of elecfrlc power nd
GS-=-—-== Total quantity of sewege; ~ o
GTVV---Exploiting investment; B :

HS-----Capability of sewege treatment; =

IBOD--~-Industry excreted BOD;

IVe———- Production value of industry; e

IW--~—- Net demand water quantity of industry; -

RR---—- Repeated water use rate of industry;

SX-w--- Number of cattles;

TWU----Total demand water quantity;

TVV----Total production value;

WD~ e~ Target for pressure of water shortage;
WIV----Water-use quantity of 10000 yuan production value;
WRC----Natural coming water quantity;

W - Stored water quantity of reservoir; ‘
WXS----Exploitation & utilization rate of water resources,f
YWW----Usable water quantity; o

In fig.4, electric power water use curve E w1ll gradually inc-
rease with steps form. Until after year 2010 this curve will be-
come stable and reduce stepdown. This is due to the fact that the
development of electric power industry before year 2010, a great
part of construction awaiting electric power plant will gradually
commence to construct, following the increasing of total’ 1nstalla—
tion capacity of electrlc power, the water demand will 1ncrease
as well.

But following the development of economy, water use from' dif-
ferent departments will also increase, water resourcesscan not sa-
tisfy the demand of water use, water shortage pressure ‘will also
increase, then this situation will compel the- electrlc power
industry to increase the repeated utlllzatlon rate of water SO as
to cut down the using of fresh water. i

But the increasing of the repeated utilization rate w1ll be in-
fluenced by water saving investment. Only there is enough 1nvest—
ment, repeated utilization rate can then be increased.

Daily life water use curve " is a gradually escalatlng curve Be—
fore year 2025,the population of Chang-Zhi city will- contlnuously
increase. Accordlng to the planning birth pollcy, “the nhatural ine-
reasing rate of population will drop. Though the total sum is inc-
reasing , but the tendency of increasing rate is gradually becom-
ing slow. Following the increasing level of economy,the water use
per capita will gradually increase which will be expressed by the
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increasing of. daily life water use year after year. But following
the shortage of water resources, the water supply pressure will
increase, the raising of the level of water use per capita  will
again be restricted
Water use curve I of 1ndustrv w1ll increase with time.But untll

after year 2010,the increasing range will obviously become small.
One reason is that the more increasing;of the repeated rate of wa-
ter use, the more difficult is the increasing. Another -reason is
that the development of industry will be restricted by the supply
of water resources. At this time, if there is a need to continua-
lly develop industry, the .only way 1is to adjust the production
structure, to develop industry of l@ss water use, then the amount
of industry water use will approach to a stable value.

The change of agriculture water use curve A will change with
the inflow of natural water. : :

The inflow process of natural water is a stochastical curve.
It makes the agriculture water use curve fluctuated .rigorously
with the rich or poor exchange of the inflow water. ‘

C 1478 n3)
5.00 T T / ; 1

68 b ————— " v » (year)
1985 1930 2005 205

L Fig.4 ,»The Result Dlagram of Water-use Slmulatlon Curve
... A -- Industry Water use quantity
~= Agriculture Water use quantity
 Electro-industry Water use quantity
-~ Daily Life Water use quantity
sf Industry Water use quantlty {The. Growth Rate
.wTrend Method) v ,
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4). Analysis of the calculation result

The water resources planning of Chang-Zhi city has been adop-
ting tendency method to predict the amount of industry water use
and urban daily life water use. It can be seen in Fig.4 that the
increasing of amount of water use is approximately increased by
exponential function. Following the increasing of the year, the
increasing of amount of general industrial water use approaches
to infinity. This is not coinciding with reality.

‘The operation result of this model demonstrates the future
amount of water use will gradually stabilize on some  finite value.
It reflects composite state characteristic of the coupling of mul-
tilevel positive and negative feedback loops.This result by using
feedback loop groups to discribe compllcated system and by using

actual measuring data to verificate is more closp to the reality
of the system.

Conclusion

Through the establishment and operation of the urban water re-
sources system dynamics model, and through the calculation result
obtained, the following points can be concluded:

1} The system dynamics method to be used for strategic predic-
tion of water resources utilization is a method having better ef-
fect.This paper provides a new way for the link beteen the macros-
copic planning and the microscopiec calculation of water resources.
The result of prediction is more rational than the traditional
tendency prediction method.

2) System dynamics model reflects the structure of water re-
sources. This method can reveal the changing process of water re-
sources,will increase the perceptual cognition to the planner and
decision maker, and will be benefit for finding the key of the is-
sues, for making the decision of the alternative, for providing
more reliable numerical data.

3) If water resources has a close relationship with the natu-
ral system of astronomy,meteorology, hydrology and so on, then af-
ter further studying the software link between this model and the

aforesaid models,the application range of this model can be exten- L
ded as well.
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