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Hydrological health response of climate change and human activities impact of
the Yong’ an River
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(1. School of Environmental Science and Engineering, Xiamen University of Technology, Xiamen 361024, China;
2. The Key Laboratory of Water Resources Utilization and Protection of Xiamen, Xiamen 361024, China)

Abstract: To comprehensively understand the response of climate change and human activities impact of the river hydrological health,
the precipitation-runoff double accumulation curve method and Pettitt method were used to analyze the abrupt change of runoff of
Yong’ an River, and the long short-term memory ( LSTM) neural network model was developed to reconstruct the natural flow series
based on meteorological and runoff datasets. Various optimal ecological flow calculation methods were compared and filtered to reveal
the change trend in the river hydrological health degree (R ), and contribution of each driving factor was quantitatively evaluated.
The results show the mutation in the runoff series of Yong’ an River occurred in 2003, which is consistent with the operating time of the
Xia’ an reservoir. Compared with the five probability density function methods, the Q50 flow is recognized as the optimal ecological
flow calculation metho for the Yong’ an River Basin. Compared to the contribution of human activity ( approximately by 34. 74%) ,
climate change is the main factor (‘approximately by 65.26% ) contributing to the decline in the hydrological health of Yong’ an River.
The Ry, of the measured runoff after the operation of the Xia’ an reservoir showed a significant increase compared with the Ry, of the
restored natural runoff, especially in March, April, and October.

Key words: river hydrological health; LSTM; optimal ecological flow; the Yong’ an River
T AR A AT e 2R A D REFI AR W) 2 REPE D7 AR . AR5 3l (K 2R 98 35 FLEUK ) 2 0 4237 ™

AR I 5 T O e 5 A P DU o A R s AR A s I DL B K P A S WA AR A
TR G R BRSNS Sl M Y0 L £ 194 W T AL B T LA B Gl o o4 R 7K B

EE£WA. fda ARFEIE ST H (2022J011232) 5 1 THE T 2% Be o A BHE AR5 H (YKICX2022171)

EEEN: FRE1995—) 5 BUERTT A, EENSRSORBHEDIE . E-mail:2222031423@ stu. xmut. edu. cn

BIEEE . BB (1977—) 20, 202, 1, BN FKSOK B IEMISE . E-mail : zhaochao@ xmut. edu. cn

SI RS 2Rl Bk 25 S0k S5 SRR AL B NS B RE R T 7K 2218 I K SCAE R MR [ J]. T KA A ( B A RLE R L2025, 53
(1) :25-30.
LI Kaifeng,ZHAO Chao, LI Wenyu, et al. Hydrological health respond of climate change and human activities impact of the Yong’ an
River[ J]. Journal of Hohai University( Natural Sciences) ,2025,53(1) :25-30.



26 WK E el (AR RS R ) CURRE

PRI G BBk . IR R Z R Ik A S AR SRR I 2 D BT Sk TR E K B IR R 44
ARG, BIFSE T B KT RES M AL S R G AS AR Ik s BRI AR O 36T 5 A E DI PP M A8 B0 A T ARV = 2 T
ST A AR . K SC SRR R A A R G A W 2R AR A SRR M Y SRR R 3 X R AR A
i A Y AR, AR AR TR LERR I A SR T RE AL S T RE M A AR M TR T, SRR I B 55K
A28 R G RRIRAS I 75 /K o, R AE T I A /K SCIRRAR BE 7 VL% R A 1510 SR FHAME R % R 0A 5 A
AWl S WA ST R T A A S A S W AR AR, 3 T R 2E A BT I /K SC
TR PEAN T

FESMEAR ARG S RE | TSR AR 0 2 28 Dy BEFP R B Y 28 2% | DI XA St fi i 7= A g i, AR SC L
TALBRICA I FEIX 38 K A 0 IZ M 44 (long short-term memory , LSTM ) A5 1 34 Ji 58 745 J (1) K AR i 1, 14
HEAT K SCAR RPN P AR —— K SCAR R B, X 298 A8 1if S ARl e 7K SCAgERRE BE R4 T 0E A% S5 % EE , AER AT A <A
AR RIS Sh (0 52 0 A B, LAY kg B0 B3 R A A s e XU 198 T 0 45 oy Yok B4 2 B A

1 HERXBRFAEE

1.1 HREHER .
KB R HANTT A A M BRI 9N e oD, A
MV 0 B, A 2206, R AR, BB 42 7 f%ﬁ%yﬁ&ﬁ
i, 40K 141 30 km, FIET BN 2704 km® o AT K r;*\"ﬁg“‘ éﬂ‘ 2/*;—6( F%jmi%:ﬁ
SO (28. 88°N 120, 93°F ) & A 22 R W R 11 1y 114 _ o Mf%{i % P g
S GRS KRG K RDn 2y R S
2475km® , WA E NG I AR R 7 RN &% ?”“1:?; i ﬁéﬂﬁ
Vi, NREKENTAE B 2 B R T FZ 680 m - 010 20km 1357

Ak, T 2003 4F 3 A R EE K K 2RI A 42 1 45 7 ThT
BL259 km’ , I 36 km, BLEZ R 1.35 2 m®,
. 1 RZRERBAXSRFIES

BUKSCRR SR o AT 1P Fig. 1 letribu::nc i mjeiri;ilaanﬁliﬁdrological
1.2 HR#HE stations in the Yong’ an River Basin

ASSCAR T 1980—2020 47 7K 22 1% JiL bl 1 U BE A
X A5 ARG FE KRR 0 (hup 2/ data. ema. en/) 51980—2020 4F 85 | 85 Al
FRAALAY 4 AT B H R RO AR K Sl i B it i Bl i A 5 HOKFR SR 38 3k 2 B 53RO
V-2 H K TR 2D H R i H I S A T R 15 3 (B4R (B A B K i A

2 MARFAE

2.1 REEAESRE

TR 3t It et AR B a0 AR AT X T ORI A S R A AR E ME R R K U@ R A R L, &
T FAE AN B O A T SR M 3 S K SR AR SRR B LI i A 1 3 M R R
WA AT K% Bt et KR E O s HAE ST . AN SCREBOK SCoHr vh i i AE S 8k 1
1% B2 PR AL ( kernel density estimation, KDE ) , f& 4 ' 2 01k 59 HE 5 55 B2 pR &, A0 45 300 55 7 43 0 (inverse
Gaussian ,1G) ¥ 8 1E 2 431 ( Log-Normal , Log-N ) . J7~ X # {43 75 ( generalized extreme value distribution,
GEV) "' s34 (Gamma) o KFLA I S Pl 25 B sRAR M 45 R 5 50% FRFF 1 A i ik (QS50) " AT He
B, O 1 ) K B U e i AR A W V0T IR 25% PRAIERR (Q25) T5% PR UESS (QT75) 1Y H it I
Tennant 3 R B0/ A0 (T SEME . 25 B S 2848 J5 1 i & )7 91 32 31 T IRS5 25 T ) S i | 356 35 o 01 190 9
FPHTHH A GE BAE S (Q,) -
2.2 AR RIEM AR AE

BE T 8 1 dpcih B AR AU DL S 6 NSRRI K B AR AR T AE b e To s WA A (2 () ) ARG L —
ANFRGE R A T K AR FEE ST AR R K SCARE

12020'E 120°40'E 121°E



CIRE] g A SRR BN IIE SR K 2 BRI I K SR 1 27

10(0.5Q70Q5) 0~ <Q;
10[1.5(Q =05)/(Q; =Q5) + 1] Qs ~ <0
10[2(Q -Q3)/(0Q, -Q;) +4] 05 ~ <0,
100(Q =Q,)/(Q, -0Q,) +38] 0 ~ <
Ry =100 (Q, = @)/(Q, =0Q,) +9] Qo ~ 0, (1)

100200, ~ 0)/(Q, =Q,) + 6] >0, ~Q,
10[1.5(0, - Q)/(Q, ~0,) +2.5] >0, ~0,
10[ (1.5Q, = 0)/Q, + 0.5] >0, ~1.50,
5 > 1. 50
SRy IR SCHERERE ; WA ST FE R ; Q5 MR FRES W, % TR0 A A H B/ F LR 5 0,
Sy fie/ NERBE I, 5 TR A e/ N5 0, SRt FIR B, 26T 0, A1 Qy BT Q, i fit b W B
85T Q, R Qy HIT-HIME; 0, K JFRBEVERE | %6 T 3EMEI A S Kbt 0, Mo WR B PR B B, 45 T 3L
AT IR H L ST A R R E L F (1) T Ry, HOIRAECAEFE 4 0~ 100,80 < Ry, < 100,
40 R,y <80 0= Ry <40 43 B RE AT K S BEAS MRasE T4 eI
2.3 WHEFRTRATREE LA HER S

HRA LSTM 028 0 A KRR 46 S0 T K S B FE A5 1 B TR 43 o 0 P B 7 A K4 3
T TGS AR TR T K SRR Tk

ARy, = ARHD,hum + ARHD,cli =RHD,o]Js-post _RHD,o]Js-pre (2)
AR HD,cli :RHD,sim-post _RHD,sim-prc ( 3 )
‘ A}2HD hum ‘

Mhum = : x 100% (4)

! ‘ Alell[),hum ‘ + ‘ ARHD,L‘h
n = ‘ ARHI),cli % 1009% (5)

Ji T (4
: ‘ARH]),hum + ‘ARHD,(‘,“

f(rh : ARHD ﬂﬂ%@q:ﬁj\ﬁﬁja RHD H 22 5 5 ARHD,hum ~ ARHD,vli %EU%A%&ﬁJ%H%@%LQ{% il ﬁﬁj{ ; RHDvth-pre N
RIID,ol)s-posl ﬁ}%ﬂj@?&ﬂ%@ﬁﬁ}é%%@ﬂ E/‘] RHD 5 RIID,sim-pre ‘RIID,sim-pusl ﬁ%ﬂjﬂ%ﬁﬁiﬁﬁ}ﬁ E@*ﬁﬂ*ﬁ*ﬂﬁ%{ﬁ E@ RHD 5
M M T IR NI SRS W 1Y TTHR

3 HBRS5HH

3.1 #RTihgRE
F ] M-K 365615100 3k 2812 i 8 1980—2020 FUAERR RSN AT a3, Z = -0. 12, KB K 221%
WA R B T Pettitt 217 FIFEK 421 A E B Hh L2 A6 45 SR an & 2 FEl 3 s .

dar 1000r . prok—faii 2
3 = 800} et
251 N 700} »=0.015 4x-6.667 s
£ 08 600 o
X L B I
g’ g S0 -
fiya &= 400 P
=251 M 300 F e e 200341E
200}
—50+ o
100F .=
-75 I . . . I . . ) e . : . . . . )
1980 1985 1990 1995 2000 2005 2010 2015 2020 0 10 20 30 40 50 60 70
N SR K /m
2 FRERR Pettitt 2THHIE B3 FEk-RFRANERMLE

Fig.2 Pettitt mutation test of annual runoff Fig.3 Double cumulative curve of annual precipitation-runoff
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Fig.8 Contributions of climate change and human activities impact to river hydrological health
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