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Abstract: Water resources renewability ( WRR) determines water resources sustainability. Facing the
increasing serious water resources pressure over the Pearl River Delta (PRD) , this paper, constructed a
multi — hierarchy and multi-index WRR assessment system and developed an assessment model based on
variable fuzzy sets theory, by which the WRR level of PRD was assessed. The results show that the WRR
levels of nine cities in the PRD all belong to level 11, with Shenzhen and Zhaoging being the strongest
while Foshan and Dongguan being the weakest. Particularly, the WRR levels of Zhongshan, one of the
nine cities, are determined by its social WRR levels and go down first then up from 2001 to 2012. The

assessment results of different methods show that Grey Relation Analysis and Fuzzy Comprehensive Evalu-
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ation have almost the same results. Variable Fuzzy Evaluation gives results with one level lower than those

of the above two methods, since it calculates membership grades more finely and inclines to give lower

level assessment. Genetic Projection Pursuit Method produces unreasonable results when sample data vary

tremendously, thus making it not applicable for assessment of WRR levels of the nine cities in the PRD.

In addition, a stricter standard system was constructed based on national data and data of the PRD. Un-

der that system, the WRR levels of nine cities of the PRD were all assessed as level III. The stricter as-

sessment results are likely to promote measures to increase WRR of the PRD.

Key words: water resources; water resources renewability assessment; variable fuzzy sets theory; Pearl

River Delta.
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Fig. 1  The structure of water resources renewability assessment system for Pearl River Delta
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Table 1 ~ Standard values of the Pearl River Delta water resources renewability assessment (based on national data)

ez T(#Ras) I(BE5R) NIQEE ) IV (%5) V(#%55)
I,/mm > 1500 1000 ~ 1500 500 ~ 1000 100 ~ 500 <100
I, >0.50 0.40 ~0.50 0.30 ~0.40 0.20 ~0.30 <0.20

I, >85 45 ~85 20 ~45 5~20 <5
L/H <1 1~2 2~3 3~4 >4
I/ % >60 40 ~60 20 ~40 10 ~20 <10
I/(m* - A7) >12 9 ~12 7~9 5~7 <5
L/% >90 85 ~90 80 ~85 75 ~80 <75
1./ % >90 80 ~90 70 ~ 80 60 ~70 <60
L/(L-d™") <300 300 ~ 400 400 ~3500 500 ~ 600 > 600
Ly/(L+d™) <100 100 ~150 150 ~200 200 ~250 >250
I,/m’ <15 15 ~50 50 ~100 100 ~ 300 >300
1,/ % >90 70 ~90 50 ~70 30 ~50 <30
I,/m’ <200 200 ~ 400 400 ~600 600 ~ 800 > 800
I,/m’ <100 100 ~200 200 ~300 300 ~400 >400
I/(m® <1075 7") <50 50 ~ 100 100 ~200 200 ~400 >400
Lo/ % <10 10 ~20 20 ~ 40 40 ~ 60 >60
1,,/% <5 5~10 10 ~20 20 ~40 >40
1,5/ % >80 60 ~ 80 40 ~ 60 20 ~40 <20
Lo/ % >20 15 ~20 10 ~15 5~10 <5
Ly/(10*m?) >20 10 ~20 5~10 2~5 <2
L,/(10* 5%) >6.40 2.40 ~6.40 1.28 ~2.40 0.80 ~1.28 <0. 80
L,/ % >1.70 1.20 ~1.70 0.70 ~1.20 0.20 ~0.70 <0.20

Ly/ (N - km™) <100 100 ~200 200 ~400 400 ~ 600 > 600
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Table 3  The water resources renewability of nine cities in the Pearl River Delta
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Fig. 2 The water resources renewability level of Zhongshan city from 2001 to 2012
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Table 4 The water resources renewability of nine cities in

Pearl River Delta under different methods
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Table 5  Stricter standard values for water resources renewability assessment in the Pearl River Delta
e ‘ RO AR AE(E ‘
L5 ) (5 HI(H25) IV (555 ) MEE:D)
I,/mm >2100 1900 ~2100 1700 ~ 1900 1500 ~ 1700 <1500
I, >0. 60 0.56 ~0. 60 0.53 ~0.56 0.47 ~0.53 <0.47
I >115 100 ~ 115 87 ~ 100 75 ~87 <75
1,/ A >60 45 ~60 33 ~45 28 ~33 <28
I/ % <1 1~2 2-~3 3~4 >4
I/(m* - A1) >16 14 ~ 16 11 ~14 9~11 <9
L/ % >90 85 ~90 80 ~85 75 ~80 <75
I/ % >90 80 ~90 70 ~ 80 60 ~70 <60
L/(L-d™") <180 180 ~ 190 190 ~220 220 ~250 >250
1o/ (L-d™) <100 100 ~ 140 135 ~150 150 ~170 >170
I,,/m’ <15 15 ~50 50 ~ 100 100 ~ 180 > 180
1,/ % >90 70 ~90 50 ~70 30 ~50 <30
I;/m’ <200 200 ~400 400 ~ 600 600 ~ 800 > 800
I,/m’ <55 55 ~100 100 ~ 170 170 ~280 >280
I/(m’ - 10755 7") <25 25 ~35 35 ~50 50 ~70 >70
1o/ % <10 10 ~20 20 ~40 40 ~60 >60
1,7/ % <0.1 0.1~0.2 0.2~0.3 0.3~0.4 >0.5
1g/ % >85 70 ~85 55~70 20 ~55 <20
1y/ % >20 15 ~20 10 ~15 5~10 <5
Ly/(10*m’) >20 10 ~20 5~10 2~5 <2
L,/(10* J5) >7.50 5.00 ~7.5 3.50 ~5.00 2.00~3.5 <2.00
1,/ % >2.6 2.2~2.6 2.0~2.2 0.2~1.7 <2.0
Ly/(N + km™) <100 100 ~200 200 ~400 400 ~ 600 > 600
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Table 6 The water resources renewability of nine cities in Pearl River Delta under different standard systems
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