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Using a multivariate-driven model to evaluate water ecological carrying capacity .
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Abstract: Water ecological carrying capacity refers to the degree that natural aquatic ecosystems can support human
activities under certain conservation goals, while maintaining ecosystem quality. To explore this concept, which is based on
water resources, environmental conditions, and socioeconomic factors, 16 indicators were selected to analyze the
multivariate coupling effect of water ecological carrying capacity and to quantify correlations between this effect and related
driving factors. A particle swarm optimization gravitational search algorithm—projection pursuit ( PSOGSA-PP) model with a

function of multiple drivers was established to evaluate water ecological carrying capacity. The Beijing-Tianjin- Ji ( Hebei)
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region was chosen as a case study for analyzing the drivers of ecological benefits of regional water resources and water quality
and for maximizing the associated economic and social benefits, as well as to evaluate water carrying capacity and impact
factors. Scenarios were developed based on carrying capacities during different periods, and water ecological carrying
capacity evaluation levels were established using PSOGSAs and the optimal projection direction @, the classification

standard threshold projectionz’(i) , and the projection value of evaluation instancez”(i). Water carrying capacity exhibited

Tianjin-Hebei regi0n2008 @nd)2030; projections indicated,

level TI forymost of the pariod, and alain level 1 (ideal) by 2030.\Our results offer support for the exploitation and

an improving trend, from level IV (overload) and level V ( ) to level II (ideal), for 13 cities in the Beijing-

for instance, that Zhangjiakou City would remain at

utilization of\water resource§, as well as the protection of aquatic(sistem@ in the Beijing-Tianjin-Hebei region in the future.

leco-systems | [extensive-overload |
Key Words: water ecological carrying capacity; multiple drivers; evaluation method and application; Beijing-Tianjin- Ji

(Hebei) ; model—scenario simulation
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Table 1 The indicators of water ecological carrying capacity in Jing-Jin-Ji( Hebei) region

HFFZ A HENZ B b2 C Hhi A
Target level Standard level  Indicator level Unit Quantization method
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Table 2 The grading standard of water ecological carrying capacity y in Jing-Jin-Ji( Hebei) region

ik R C Iéﬁi(fﬁﬁﬁ) I 9% (e piie) & (1 5 IV G VO EBE)
Method Indicator level level I level 1T level IV level V level
(1deal) (Relatively ideal ) (Critical ) (Overload) (Severe overload )
AR C, <50 [50,60) [60,80) [80,100) =100
Evaluation level C, =80 [60,80) [40,60) [20,40) <20
Cs =2000 [ 1500,2000) [ 1000,1500) [500,1000) <500
c, >1000 [800,1000) [600,800) [400,600) <400
Cs =95 [80,95) [60,80) [40,60) <40
Cq =99 [90,99) [80,90) [70,80) <70
C, =95 [80,95) [60,80) [40,60) <40
Cy =90 [80,90) [70.80) [50,70) <50
Cy <60 [60,80) [80,100) [100,120) =120
Cio <10 [10,20) [20.40) [40,50) =50
Cy, >0.7 [0.6,0.7) [0.5,0.6) [0.4,0.5) <0.4
Cpy =95 [80,95) [60.80) [40,60) <40
Chs =90 [80,90) [70,80) [50,70) <50
Ch =90 [80.,90) [70.80) [40,70) <40
Cis =90 [80,90) [70.80) [40,70) <40
Ce >95 [85,95) [70,85) [50,70) <50
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Fig.1 The theory of PSOGSA-PP model and research flow chart
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Table 3 Water ecological carrying capacity scenarios of Jing—Jin—Ji( Hebei) Region

TTRAFR TR BT
Scheme name Scenario design

BRAA 2 TN IR | U AR SR U L B A i , A HK W06 293 m®, T — Ik i & 28.6% ; IV 2%
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108 m® 3 N KHERAB R IR E] 75% LA b, BUEFTH R A LS 1.2 12,7776 GDP F/K A E] 80 m?
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2020) ) (2008 4FIbH T PR TARERZE) (2015 b+ = ORI I A 3C) (R = OB R R T 42 30) | (R BEETT A SRR A
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Fig.2 Water ecological carrying capacity evaluation in Jing-Jin-Ji area based the multivariate driven model
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