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Application of Quadratic Planning on Water Transfer and Allocation
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Abstract By using the quadratic function, we firstly establish a quantitative mathematical relation between the
water consumption and the benefit for enterprises and then based on this relation and Lagrange’s multiplier meth-
od, deduce the optimal regional water resource allocation model and the relation between the regional total water
consumption and the total benefits as well. And finally a regional water transfer allocation model is set up, which
can be applied to allocate the water amount over different regions and different enterprises. The model is validated
by several ideal data and simulated results show the model is robust in controlling the water allocation. We then
apply the model to the real data set of six northern provinces and confirm the good applicability and potential in
both regional water transfer optimal control and the other water resources management.
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4, Data in this figure are dimensionless
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Table 1 Basic data
L P = ijald 3 N AR
Beijing Tianjin Hebei Shanxi  Nei Mongol Shandong
?ﬁﬁiﬁiﬁeg by agriculture/10° m? 16. 49 12. 08 161. 74 35. 06 155. 13 175. 92
ﬁﬁfﬁiamiﬁes of agriculture/10° m 21. 27 15. 95 219. 97 44. 42 186. 16 228. 70
%ﬁiiﬁities by living/108 m? 13. 39 5. 22 23. 08 7. 92 8. 71 24. 44
iﬁfggimiﬁes of living/10° m? 17. 27 6. 89 31. 89 10. 34 10. 45 31. 77
%ﬁ%ﬁities by industry/10° m’ 10. 52 5. 34 27. 34 13. 38 8. 4 43. 62
Pirﬁﬁizﬁalue of industry/108 Yuan (RMB) =697 3lal 7389 cars 1313 12829
%ﬁi 0. 290 0. 320 0. 360 0. 267 0. 200 0. 300
ﬁ‘ﬁﬂ’ i Cuan » =% (RMB) 0. 8 0. 6 0. 6 0. 4 0. 8 0. 4
SHURAKR 40. 40 22. 64 212. 16 56. 36 172. 24 243. 98

All used quantities/108 m?3
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Table 2 Result of the first simulation
ILHE . ik Ly vy N g
Beijing Tianjin Hebei Shanxi Nei Mongol Shandong
Ry FKE
Used quantities by agriculture/10% m? 21. 27 15. 95 220. 00 44. 40 186. 20 228. 70
HEERKE
Recutired quantities of living/10° m? 17. 27 6. 89 31. 89 10. 34 10. 45 31. 77
Tk Ak E
Used quantities by industry/10° m 10. 52 5. 34 27. 34 13.38 8. 40 43. 62
Tk 2 r={E
Production value of industry/108 Yuan (RMB) 2697 3141 7389 2478 1313 12829
oK R
Rate of lack 0. 29 0. 32 0. 36 0, 27 0. 20 0. 30
A T kK &
Lack quantities of living/10° m? 3. 88 1. 67 8. 81 2. 42 1.74 7.33
WATS K E
All used quantities/108 m? 40. 40 22. 64 212.16 56. 36 172. 24 243. 98
ARk E
Allocated quantities/108 m? 9. 988 6. 848 71. 771 12. 058 32. 441 66. 893
SrBUKE 0. 247 0. 302 0. 338 0. 214 0. 188 0. 274
Rate of allocation
SRR
Linear benefit/ Yuan * m—3 (RMB) 256 288 210 186 156 294
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Fig. 3 Result of the first simulation. RL: Rate of lack; LB;:

Linear benefit; QA: Quantities of allocation; RA . Rate of allo-

cation. To compare the four variables, the data in figure are di-
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Table 3 Result of the second simulation
b P b |4 1Y oF th &
Beijing Tianjin Hebei Shanxi Nei Mongol Shandong
Rl FEKR 21. 27 15. 95 219. 97 44, 42 186. 16 228. 70

Required quantities of agriculture/10% m?

EETKE
Required quantities of living/10% m? 17. 21 6. 89 31.89 10. 34 10. 45 31. 77

Tk KR |
Used quantities by industry/10% m® 10. 52 5. 34 27. 34, 13. 38 8. 40 43. 62

Tolv S r=E
Production value of industry/102 Yuan (RMB) 2697 3141 7389 2478 1313 12829

BRK 0. 29 0. 32 0. 36 0. 27 0. 20 0. 30
Rate of lack

AFEGUKE
Lack quantities of living/10°% m? 3. 88 1. 67 8. 81 2. 42 1.74 7.33

fl?ti??:ai;tities /108 md 40. 40 22. 64 212. 16 56. 36 172. 24 243. 98

ﬁ?fjii quantities/108 m3 5. 199 5. 749 58. 890 3. 933 26. 866 49. 364

SPEIRE 0.129 0. 254 0. 278 0. 070 0. 156 0. 202
Rate of allocation

e e AR
Linear benefit/Yuan + m~% (RMB) 256 588 270 186 156 294

0 ] | I O i N I ]

b3 K e 7 NS R 5y R e th 7 =k &) Ly 3K

Beijing Tianjin Hebei Shanxi  Nei Shandong Beijing Tianjin Hebei Shanxi  Nei Shandong
Mongol Mongol

B4 BEHl2HER, HRFEES3 E5 HE#l3ILER, HeRME S

Fig.4 As in Fig. 3 except for result of the second simulation Fig. 5 As in Fig. 3 except for result of the third simulation
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HIKEETE CrEOKER)D . 3.3.3 A3
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Table 4 Result of the third simulation
JtE R e 1ifii] N thR
Beijing Tianjin Hebei Shanxi Nei Mongol Shandong
%Eikﬁiiﬁes by agriculture/10° m? 16. 49 12.08 161. 74 35. 06 155. 13 175. 92
%ﬁfggimities of living/108 m? 17. 27 6. 89 31. 89 10. 34 10. 45 31. 77
%:ikﬂﬁiﬁes by industry/10¢ m? 10. 52 5. 34 27. 34 13. 38 8. 40 43. 62
g’i‘gﬁi‘z‘r{lavalue of industry/10® Yuan (RMB) 2697 3141 7389 2478 1313 12829
%ﬁi lack 0. 29 0. 32 0. 36 0. 27 0. 20 0. 30
iﬁ%ﬁﬁﬁ% of Tiving/ 105 m? 3. 88 1. 67 8. 81 2. 42 1. 74 7. 33
‘%ﬂﬁ%sﬁéjﬁgﬁiﬁties/lﬂs m3 40. 40 22. 64 212. 16 56. 36 172. 24 243. 98
i’\nﬁiﬁi quantities/10° m? 6. 91 3. 37 18. 14 5. 60 3. 40 20. 37
%E?fffllocmion 0. 17 0.15 0. 09 0. 10 0. 02 0. 08
ﬁﬁfinefﬁ/\f’uan - m—? (RMB) 258 088 270 186 156 294
(D SKE. KBEREXHITRIEAAERE BXFHEEB_RKEHHEBBEREX, Bilk
R, SEHNEREBNAEKE. 2EARK BIYTIAVAKESHABAKSSHLRER,
HEHNEMRK, XFEEH —*Eﬂ?kTgEﬁ 1% O, HTXMRR, FANEREHRFEINHX A
Fy BOKBEFMAKM R RE TR, BXBHD f‘ﬁﬁ@%/‘??iklﬁ TRtE K, BHTEMTHIK
BZHSFEFE, BEARTEMN 1 fAER 2 TIUWVHEKESHTWAKSIEEZEH KB
I 4 TR ZEEE R HEF A B IEMR, 5’%% , iH— */Fi'iﬂit KRB AP RR E, F
Jif%zliﬁﬁiﬂﬁﬁf 1R TE HeZExPTH _KANHEL, EV& MK
(2) FREAAFEREWHK, Hit5E HERAK P KE A FER, i
1 FBLH 2 R AR, wdh. AEH XK HX A K& 4B B B = A8 B DL K 3 X (8] &% 17k
WA R X A Tk KBS K, aBcAKk  HAKBERFRSESNMTIEHHEKE. i,
ZHEEK, R THRKE, FAEBEFE. R —-FE A H X #) 5L R B KRS o Bl
Wy, SERMERAAR, dEE. WAXEANL BKEREA S EER,
MK R X H T Tk KR RS, 4 T X R ARCIR S BB, REAARBE RIS KT
ELEFEANY €2\ BRI B A BRIF IR . MRS
(3) #EK E‘E_% KA EHRIEHE, B KIGEMREDKSEF REJLME R T H#HIT THER,
TIHREIEFEBL K, HEXBERORAKR - HER BN ZER G885 # XF /K 5T RS BT
BEEEERTIWAHK. FNEKEZIMXEHK 6.
R, HAKB I 2, — KU, BRKE R, R H X 4K B
HTHAKE®R LD, ST HXEHFERANE £, H_EN2KENEMEFEELESHMBAEGR
F, FNZRIVAKEN TR /D, ERGEE 58, ETYRVAKUBSBIRMELRENR,
RN S K KBRS B EHAEKST  HHEAEHEERVAK, Wk FAE KX 5
WIE S BiKERZ; HAAMEFEL WK, NI
4 BFI IR R XK o Bo R E AR
SRIEARTTE M T Lo S0 T F K AL 8 TR ok ¥
AXEFRKEBRAHAMAGRRZBE, 3 LA KX EEE TS, FEN A

BAALVRIBC LA S F
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