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The evolution of water ecological state and driving mechanism
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Abstract: Taking the Guangdong-Hong Kong-Macao Greater Bay Area (GBA) as the research area,
this study 1) considered the interaction between water ecology and human society, internal and external
environmental changes, 2) constructed an index system that can reflect the water ecological state of the
GBA more comprehensively, and 3) quantified the water ecological state of the GBA and its evolution
trend from 2010 to 2019. Concerning the water ecology risks faced by the GBA, seven driving factors
were selected, such as the annual runoff of the Xijiang River and the Beijiang River, the downstream
tidal level, and the urbanization rate of the GBA. Taking the driving factors as the input and the four wa-
ter ecological state indices as the output, the water ecological state reactor of the river network urban ag-
glomeration in the GBA was constructed and its driving mechanism was studied. Results showed that 1)
the water ecological state of the GBA has been improving in the past ten years; 2) the aquatic state was
greatly affected by the annual runoff of the Xijiang River and downstream salinity; 3) the habitat index

was under the rapid urbanization which shows a downward trend, but the rate of decline has slowed
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year by year; 4) meanwhile, rapid urbanization has shown an improvement of urban sewage treatment

and effective control of the salt tidal upward, which has a positive impact on the improvement of the

water quality in the GBA; 5) the water security of the GBA continues to improve despite the influence

of changes in the diversion ratio and natural disasters.

Key words: GBA ; water ecology status; driving factors; water ecology status reactor;

ecology response
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Fig. 1 Overview of the cities and major river sections

in the Guangdong-Hong Kong-Macao Greater Bay Area
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Fig.2 Schematic diagram of internal and external environmental changes and driving factors
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Table 2 Principal component analysis results of candidate indicators

e st B
B BERS BN
TFIFAEY BT A, 0. 699 -0. 111 0.772 388
TR Y 21 4, -0. 845 0.17 0. 065 {28
TR e A, 0.103 -0.925 0.207 1588
KPR TR 2 4, -0. 419 0. 623 0. 624 NS
4 KIS 4% A, 0. 666 0. 456 -0. 341 NS
KAV S 2N 4, 0. 857 308 0.09 1558
WA )1 4, 0.532 0. 046 0.613 AR
s C, -0. 944 0.025 0.076 558
KMnO, 8%k C, 0.974 0. 148 -0. 122 e
e 2 A C, 0. 896 -0. 04 0. 44 1488
\c AT R C, 0. 969 0.103 0. 095 1958
HAC, 0.013 0. 996 0.019 1558
B C, 0.925 0.268 -0.267 {428
MAC, -0. 528 0. 844 0. 09 T
AR GEIR D, 0. 893 -0. 633 0. 898 {28
Bt 4 D, -0.108 0. 402 0. 855 1558
ke aqesr HUGRLL BT P R AOK JEK Bk AR R D, 0. 902 0. 029 -0. 266 fte
D W15 KALFEK D, 0. 026 0. 897 -0.174 1458
WU RAE TR A K & D, -0. 576 0.394 -0. 466 AR
I E AR RED, 0.3339 0.818 0. 001 {28

1) R LA AR AS DR B HE A ) B R AT 2R AL

3.2 KRERKESKREREE
HR A K A RS R &8 AR AR I S R
BRSNS S, H, DR FbniE

IR K SCuh A (10, 20, 5085 100 a—18)
R o e I 1 RN e s BB AR R =K
Vi SOy EE . A Al RIS RE Y



98 Rz CHARNERD (Fh3E30) 562 &

i 4, N\ o P LT 4|z : " e
% 4
042 %3 o u‘:.~ B2
- - ! 0.58 I I I
A,
0.30 0.14 . "

" B3
0.48 0.63 0.15 u 0.09 0.11 i
s |

w UL
I089ILlJ[ IL-

0.55 D: i

|083||°97 rSLs 011 || 013 || ™ o« et
|001||°15||001||009|L|._JuLJ o |[ orr |[ o5 |y pall *

[0.88][ 0.98][0.70 ][ 0.90][0.27 | gl I+ ] =
[0.54][0.40 |[0.47][ 0.41][ 0.83][ 028 | gm “J | %10 J[ 041 [ 933 || 065 hj

3 | m=m R~
el ERE
h L
i

K3 F5FRIA] Spearman A M4BT 45
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Table 3 Standards for the classification of indicators

HFrZE Nz b2 TR A fa i A A
A,/(107>em) 15~25 10~30 5~10, 30~35 5~2, 35~40 <2, >70
A, >3 3-2 2~1 1~0.5 <0.5
4 A,/(107>em?) 17~23 15~17,23~25  10~15,25~30 5~10,30~35 5<,>35
A, >3 3~2 2~1.5 1.5~1 <1
B\/% >0 -5~0 -15~-5 -25~-5 <-25
B B,/% <0. 1 0.1~0.2 0.2~0.3 0.3~0. 4 >0. 4
B, >75 75~55 55~35 35~20 <20
C,/(mgeL™) >6 6~5 5~3 3-2 <2
7ttJ§ c C,/(mgeL™) <15 15~20 20~30 30~40 >40
2 C,/(mgeL™) <0. 15 0.15~1 1~1.5 1.5-2 >2
% C,/(mgeL™") <0. 02 0.02~0. 1 0.1~0.2 0.2~0.3 >0.3
D,/(10'm* A1) >40 35~40 25~35 17~25 <17
D,(=IKu)N0 <0 0~100 100~120 120~155 155~179
D,(T A ¥5)/10° <0 0~19 19~35 35~50 50~70
D, (FE)/10? <0 0~18 18~25 25~40 40~50
P D,(fifi%i)N0? <0 0~18 18~33 33~66 66~89
D,/% >90) 90~80 80~70 70~60 <60
D,/% >99 99~97 97~93 93~90 <90
D, <0 0~10 10~30 30~60 >60

1) AT HHFELE, 2002; HEMEE, 2011; ERFRERRIEM ARG : HI 192—2015; 5 HEEEERE W
MHLIE . HI 442—2008; M1 /KRB EARifE: GB 3838—2002,

4 BURPRRH DOKAE SRS AR i 4s

Table 4 Metric weight distribution results
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A, 0.293 0.073

4, 0.211 0. 053

4 A, 0.338 0. 084

A, 0.158 0. 039

B, 0.357 0. 089

B B, 0.289 0.072

B, 0.355 0. 089

AR C, 0.293 0.073

C, 0. 196 0. 049

¢ C, 0. 246 0. 062

C, 0. 265 0. 066

D, 0.226 0. 056

D, 0. 096 0. 024

D D, 0.243 0. 061

D, 0. 208 0. 052

D 0.227 0. 057
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Fig. 8 The impact of driving factors on various water ecological indicators
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