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€ A AAET FAZL FA0 A0 £ 91, BA6) " FA7 o AH|SATT
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T 8 A F | HuE i s | R | EXEE )
G54 Y | 13,187,144 13,672 | 2, 868,685 422 31.,289.86
T3 A 3,842,834 3,314 40,549 0 753.19
3 A] 2,516,946 2,845 99,886 8 872.01

AR FE5F 2HY RAIRTA, AR, 1999.

SollM e el g FEFoR -9 wiEH BOD vl Bale HY [E
3191 Bz uiel ol sh-d wiEEE GEH HAe 19 4, 984,099.9m3 024 o]F
FAE 25.9%9) 1,291,655.8m' & T 19.8%%) 984,395, 1m' o] 8, o] o] GEEe] 4
Ao 9L v BOD Rl HAlo] 118.414.9kg, W7} 56,868.2kg o]t}

B3 ysy gelel shH4 sEUT BOD WE o
(3 m/e)

. . i . BOD Hj&
T B W &3 sl A4 e .
&3 dg 3t A bl Hatakke/)
G574 59 | 4,984,099.9 | 3,883,613.9 | 1,047,131.2 53,354.8 868,630.6
BTG A 1,291,655.8 | 1,131,714.6 159,334.4 607.8 118.414.9
s R s DY 984,395,1 741,240.6 241,141.6 2,012.9 56,868.2
AR HET LEY AR DA, FAHE, 1999,
(B4 sumoingt BFNAS FHES HL
2w GRDP 191% GRDP 7194A: Hsu2 A F
= CED) (A2 T NEEES Z A 7hu)
BAbsge A 26,088 6,725 252,436 2,578 725,475087¢])
TF A 15,023 6,031 171,190 2,036 888,906( ¥ vkgl)

s YA, FIEAAZ, 1998,

W, 35729 29 iy RAXGY gAY 2o §4 2S5 4ol HE o
T AT 24 ARIAY ANRE HE o] Al AWALY AR F7 ohd YT
BN o] Aoz 2Ad FYUA AHE 14U D= ROz Hogrh
58, o] Ade 4EF J1G9A AFF AFBNFE 19 169ELR o4
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T+ ¥ AYHE
TNLALI Al 82k « ATEYA
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£ | nanusx * 376,400m'(3.8%)
:: -8 * 151,000m*(1.5%)
Py FAEA * 473,500m'(4.7%)
TEAEEA * 3,048,600m'(30.3%)
MEATER de » 20014
FAAAAF « AFATE FF, YA, ARAZA, ALA F
b b <19 1692
FA1dv| » 1,241,942(87k4))

Ag: o], “YAF/MIPLA S 2RI AEHA FAAF, dIT 214719193, 1996,

2. MY UAX|=e} §=$ Cl00|T1H
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Be vt e E29 fololay 2¥E TAINAT

(24 2]oA B JFAEY 718 vy F2E o33 Zo] 43¥E + 3o

AR e AJAF-E JPaleF-Eol 3 Lol ¢Asty, e 2949 A
Aol o8 dAZo] A2E F BB wiEsH, 28 wEE ATl ReTH B
€9 247} 37l Ar-dse TEE o= Ha, o]Ro| FFA FiE F
43t £XE THEFE S04 Hol £%E 7HA%TH FAAAY FREY B 1A
&3 FAC AR @A £ R FTAAAAL d@ FAGHE FH AA 4
T AFilEFe ol d=y 723 ¥ F o

A ARG dFA e g FETA FF B} Ao i FAYH S
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€ 479 iy IR orA YA o] AMFHA gL AL sHAsta, dA
9 BBe FHeE AEHAE 3o uYd GEFe FAIFER dFAGY
NGRDP FF, FAUA 9 £XE 7HATES 33t Hgton, RN E 7|ER
Folth 4Agdo] 7H5el EoiztE B4 ABHA B, PR 20N E AHTG
9 7FE e HEF §HLH BAE €8 AV st #AFAE RHsta, FA
TAER B 2NLRAE 10% 7S W AYRFAE AP Bdrko|e)y
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| muNY uAE
T FaA49 A5 Sk
#1324 | 834 | 8352
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RARBAIAHDY X|HYR ALY 2ol SEix S5 BM2 S olnx|E

TAX
Upstream dity popul stion Total genersted  polhgtants
Poluttants discharged inta River
Household pollutents
(Domestic Sewage)
River polluion Lewel: BOD Downstream city’ s Population

Trestment capacity

Industrial producion capacity / Resource water Quality l
) Government investmen Drinking Water mapply ——= Drinking Waer rice

GRDP
Discharged water quality standards .
New industrial Complex Compensation request

\ . Discontent level of downstream dity
Discontent level of upstream city

X|HBHAILE T XAHHAIAY 2lo] SejE| ASEIR BA4g 9t E22ciololny

‘waor emand perperons Toral waterdessand_ &)
. Ppop increase rate d

polutants & tulio discomaie  NGRIW & Water prico.o discontent wultiplier of warer price & Quality waber production cout by 1 tow
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V. B3
1. JiEmge] Ba

dA9 dF9 FAAGe] BFALHTH BRG] FAHA2H o] Foe IA 3R]
gon, FHo FH T 2 MARFAR A9 EE AT /M Al gl g
71enge 4¥dde (19 40N B Hie 2. 2423 g2l 45 Lg9A3E
& B4FE BOD FEL 9949 5.05FEAA 277 dHE7] FollE 74457822 F7)
3l 4342 3 AoR oiET, FARY FXRE 7HHLS dA9 400¥904 11329
02 458 AL JAFdr) zu, dTX %S NGRDPE 27%717H4] A&3oz s
it A BES AT glof Adyes R #7309 dsle AR of
FAY o] Frlshe HEE HAFR o] ¥PFHoR ¥ A& & 4 o

Ystagel 24

- 1: River polution level :BOD 2: ged p fiver 2T oupacky

1 7.44. =
7 900000.00
3: 750000.00 / —--.\

6.2¢
7 69500000
3 00200000 % /
§ gl
3 674000009
20 0.75 1950 7728 2.00
B roumes 8 bodo Months 107 Ak 1703
- 1: NGROP 2: \iiater price

i 3% / ¥ ]
/&"

L

il

2735 30.00
B noRDF & water pricess Months 008 FM 8713733
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2, dEo¥1e] EME

Ao 23 FoM HHTD] S Theo o7 BT %L M AE
dojig Y2y 19 ZAE B9 (29 5]dM Ee =g Zo| d7AHe s
HEF F7H e 93EY $HLE F3Fe] FUE BOD £E°] dA 505904 F&
3 Aeste] 24E7|6dPole 979 4 olg AR AYH sEFE AH¥Y Ao
d&HH, TG FXE /M4 dA9 4008 FEAA 12009 FELE 5T A
o2 Bl ¥k, fi7AHe 197 AQFANAL AR Y e B 9R IA F7)skd]
12887 0 =2 AoE qFd. AAHos HYEY 19 ZHE KA 32
dol A% AAFHAN §229 FaFe 3771 N2 F2A wl$ A3
g8t e AL ¢ 5 Ao

A2y 19 EMEn

- 1: River polution level :BOD 2: ged p rdver  3: Tre capaoity
I too000020 -]
3 T
amn
i aed // o
3 64900814 // /
/] /
x>

5.06
1 a0
3 610000.00:

20 900 1800 70 3.00
B v sboant Ouartars 020 M 0138
M :: noror 2: Water prioe
1 12.88
IR
/r"'_\*
HoowE o /,//
1Y 8.00
z mm-Ldé
00 000 18.00 700 .00
B NoROP & werpricep2 Ouartars 020 PM 01333
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2 g4l
Discontent_of downstrean_city(t) = Discontent_of_downstrean_city(t - dt) +

(downstrean_area_discontent_rate) * dt

INIT Discontent_of_downstrean_city = 1

INFLOWS:

downstrean_area_discontent_rate =
Discontent_of_downstrean_city*discontent_multiplier_of_warer_price_& Quality

Discontent_of_upstream_city(t) = Discontent_of upstream_city(t - dt) +
(upstream_discontent_rate) * dt

INIT Discontent_of_upstream_city = 1

INFLOWS:

upstream_discontent_rate = Discontent_of_upstream_city*NGRDP_decrease_effect
GRDP(t) = GRDP(t - dt) + (GRDP_increase - GRDP_decrease) * dt

INIT GRDP = 0

INFLOWS:
GRDP_increase = Industrial_production_capacity*88
OUTFLOWS:

GRDP_decrease = GRDP*(1+treatment_investment)

177

Industrial production_capacity(t) = Industrial_production_capacity(t - dt) + (investment -

Industry_decrease) * dt

INIT Industrial production_capacity = 168818

INFLOWS:

investment = Industrial_production_capacity*(Industruial_Park+New_investment_rate-Tax-

discontent_multiplier_of_warer_price_& Quality)
OUTFLOWS:

Industry_decrease = Industrial_production_capacity*structure_reform

Populaion_of_upstream _city(t) = Populaion_of_upstream_city(t - dt) + (pop_increase_u -
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pop_decreas) * dt
INIT Populaion_of_upstream_city = 2500000

INFLOWS:

pop_increase_ u = Populaion_of_upstream_city*pop_increase_tate

OUTFLOWS:

pop_decreas = Populaion_of_upstream_city*pop_decrease_rate_u

Population_of_downstream_area(t) = Population_of downstream_area(t - dt) +
(pop_increse_b - pop_decrease) * dt

INIT Population_of_downstream_area = 3865000

INFLOWS:

pop_increse_b = Population_of_downstream_area*pop_increase_rate_d

OUTFLOWS:

pop_decrease = Population_of_downstream_area*pop_decrease_rate_d

Total_polutants_discharged(t) = Total_polutants_discharged(t - dt) + (Industrial_polutant +
household_pollutants - con) * dt

INIT Total_polutants_discharged = 0
TRANSIT TIME = 1, INFLOW LIMIT = INF, CAPACITY = INF

INFLOWS:

Industrial_polutant = (Industrial_production_capacity*ave_polutants)

household_pollutants = (Populaion_of upstream_city*aaverage_discharge_per_person)*
(1+NGRDP_consummer_effect)*(1-Tax)

OUTFLOWS:

con = CONVEYOR OUTFLOW

Treatment_capacity(t) = Treatment_capacity(t - dt) + (Treatment_capacity_increase) * dt

INIT Treatment_capacity = 574000

INFLOWS:
Treatment_capacity_increase =

Treatment_capacity*(treatment_investment+upstream_city__government_investment)
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Water_price(t) = Water_price(t - dr) + (price_increase - price_decrease) * dt
INIT Water_price = 400

INFLOWS:

price_inctease = Water_price*((IF(dmand_by_supply) >1 then (price_multiplier) else 0) +
(puriﬁcation__cost__increa.se)+(requesc_for__compensation))

OUTFLOWS:

price_decrease = Water_price®(IF(dmand_by_supply)<1 then(price_multiplier) else 0)

Water_supply_capacity(t) = Water_supply_capacity(t - dt) + (water_supply_capacity_increase -
water_supply capacity_decreace) * dt

INIT Water_supply capacity = 1506000

INFLOWS:

water_supply_capacity_increase =
Water_supply_capacity*capacity_investment*downstrean_Gov_invest

OUTFLOWS:

water_supply_capacity_decreace = Water_supply_capacity*grade_multiplier

aaverage_discharge_per_person = 0.23

ave_polutants = 2.67

delayl = 2

demand increase_rate = 0.05

discharged_pollutantsinto_river = Total_polutants_discharged-Treatment_capacity
discontent_multiplier_of warer_price_& Quality = discontent_multiplier_of price+water_crisis
dmand_by_supply = Total_water_demand/Water_supply_capacity

downstrean__Gov__in%resf = 0.10

Industruial Patk = 0

New_investment_rate = 0.06

NGRDP = GRDP/Populaion_of_upstream_city

pop_decrease_rate_d = 0.012

pop_decrease_rate_u = 0.0065

pop_increase_rate = 0.01

pop_increase_rate_ d = 0.011



180 2= Aoy cronmgia eeq1 KIS 2000. 5

River_polution_level :BOD = 5*%(1+DELAY(pollution_effect, delayl))

structure_reform = 0.025

Tax = IF(River_polution_level :BOD >6) Then tax_effect else(0)

Total_water_demand = (Population_of_downstream_area*water_demand_per_persons*0.97)*
(1+demand_increase_rate)

total_water_supply cost =

Water_supply_capacity*water_production_cost_by_1_ton*(1 +purification_cost_increase)

treatment_investment = effluent_limits

upstream_city__government_investment = IF(Discontent_of_upstteam_city >1) then (0.005)
else (0.005)

water_demand_per_persons = 0.399

water_production_cost_by 1 _ton = 606

water_sector_revenue = ((Population_of_downstream_area/3)*Water_price)-
(total_water_supply_cost)- ((Population_of downstream_area/3y*Water_price)*
(request_for_compensation)

capacity_investment = GRAPH(water_sector_revenue)

(-2.00, 0.00), (-1.60, 0.00), (-1.20, 0.00), (-0.8, 0.00), (-0.4, 0.00), (-1.33e-016, 0.003),
(0.4, 0.011), (0.8, 0.0235), (1.20, 0.0405), (1.60, 0.067), (2.00, 0.1)

discontent_multiplier_of_price = GRAPH(Water_price)

(600, 5e-005), (640, 0.00075), (680, 0.0015), (720, 0.0023), (760, 0.00315), (800, 0.004),
(840, 0.005), (880, 0.00585), (920, 0.0069), (960, 0.00815), (1000, 0.00985)

effluent_limits = GRAPH(Discontent_of_downstrean_city)

(1.00, 0.0002), (1.10, 0.00095), (1.20, 0.0018), (1.30, 0.00265), (1.40, 0.0036), (1.50,
0.0046), (1.60, 0.0057), (1.70, 0.0068), (1.80, 0.008), (1.90, 0.009), (2.00, 0.01)

grade_multiplier = GRAPH(resource_water_quality)

(2.00, 0.000375), (2.40, 0.00338), (2.80, 0.00763), (3.20, 0.0126), (3.60, 0.0174),
(4.00, 0.025)

NGRDP_consummer_effect = GRAPH(NGRDP)

(6.00, 0.00), (6.40, 0.00375), (6.80, 0.00775), (7.20, 0.0117), (7.60, 0.0157), (8.00,
0.0205), (8.40, 0.0253), (8.80, 0.0298), (9.20, 0.0352), (9.60, 0.0422), (10.0, 0.05)

NGRDP_decrease_effecc = GRAPH(NGRDP)
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(4.00, -0.0498), (4.19, -0.0458), (4.37, -0.0418), (4.55, -0.038), (4.74, -0.0338), (4.92,
-0.0293), (5.11, -0.025), (5.29, -0.02), (5.48, -0.0148), (5.66, -0.0085), (5.85, 0.00)

pollution_effect = GRAPH(discharged_pollutantsinto_river)

(444000, 0.01), (499600, 0.04), (555200, 0.085), (610800, 0.145), (666400, 0.225),
(722000, 0.33), (777600, 0.44), (833200, 0.555), (888800, 0.69), (944400, 0.82),
(1e+006, 1.00)

price_multiplier = GRAPH(dmand_by_supply)

(0.00, 0.0001), (0.2, 0.00115), (0.4, 0.0025), (0.6, 0.0038), (0.8, 0.005), (1, 0.0061), (1.20,
0.00705), (1.40, 0.0078), (1.60, 0.00865), (1.80, 0.00935), (2.00, 0.00995)

purification_cost_increase = GRAPH(tesource_water_quality)

(2.00, 0.00), (2.20, 0.004), (2.40, 0.009), (2.60, 0.012), (2.80, 0.015), (3.00, 0.017), (3.20,
0.019), (3.40, 0.021), (3.60, 0.0224), (3.80, 0.024), (4.00, 0.025)

request_for_compensation = GRAPH(Discontent_of_upstream_city)

(0.00, 0.0005), (10.0, 0.004), (20.0, 0.00725), (30.0, 0.0115), (40.0, 0.0155), (50.0,
0.0198), (60.0, 0.0248), (70.0, 0.0303), (80.0, 0.0355), (90.0, 0.0423), (100, 0.05)

resource_water_quality = GRAPH(River_polution_level :BOD)

(2.00, 2.00), (2.78, 2.00), (3.56, 2.00), (4.33, 3.00), (5.11, 3.00), (5.89, 3.00), (6.67, 4.00),
(7.44, 4.00), (8.22, 4.00), (9.00, 4.00)

tax_effect = GRAPH(River_polution_level :BOD)

(6.00, 0.000125), (6.40, 0.00475), (6.80, 0.009), (7.20, 0.0145), (7.60, 0.019), (8.00,
0.0235), (8.40, 0.029), (8.80, 0.0338), (9.20, 0.0388), (9.60, 0.0438), (10.0, 0.0495)

water_crisis = GRAPH(resource_water_quality)

(1.00, 0.0003), (1.30, 0.0012), (1.60, 0.0022), (1.90, 0.00315), (2.20, 0.00425), (2.50,
0.0052), (2.80, 0.0061), (3.10, 0.007), (3.40, 0.008), (3.70, 0.00885), (4.00, 0.01)
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