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Abstract; The health of a river ecosystem is the foundation of the sustainable development of a basin, while the natural
variability of the hydrological regime is a key factor for maintaining and protecting the ecological health of a river. Therefore,
variation attribution of the hydrological regime in the changing environment becomes more important. In this study, the
Laohahe basin was selected as a case study area and its hydro-meteorological data during 1964—2016 were collected to
achieve the study aim. Firstly, the study period was divided according to the trend and change points test results of Mann-
Kendall, Pettitt and precipitation-streamflow double cumulative curve method. Then, the natural streamflow series was
reconstructed using the Variable Infiltration Capacity ( VIC) model. After that, the principal component analysis ( PCA)
was used to select the most ecologically relevant hydrological indicators ( ERHIs). Then the degree of the change of the

hydrological indicators was evaluated by the range of variability approach. Finally, the ‘simulated-observed’ comparison

EEWE.+ =17 BEE AR E (2016YFA0601504 ) 5 [ 58 [ 4R Bl 2% 3 4 51 H (51979069 ) ; H e 5 4% ik A BLBF L 45 3% 151 H
(B200204029)

15 B 81 :2021-08-23; R A 2021-12-29

# JIAMEH Corresponding author. E-mail ; hik0216@ 163.com

http ://www.ecologica.cn



17 1 JEUR A R ASAR SR SR AR A0 o B FLIsAE 15 DY A 7069

method was adapted to quantify the impacts of climate change and human activities on the variations of streamflow and
ERHIs. The results showed that the annual streamflow series of the basin had a significant downward trend (@ < 0.05) and
its change points appeared in 1979 and 1999, respectively. Then the whole study period could be divided into base period,
changed period I and II based on the above two change points. Then, 7 ERHIs were selected, including February flow,
June flow, annual maximum 7-day flow, Julian day of each annual 1-day minimum, number of low pulse each year, mean
duration of high pulse within each year, and rise rate. The 6 ERHIs, February flow, June flow, annual maximum 7-day
flow, number of low pulse each year, mean duration of high pulse within each year, and rise rate, had a downward trend.
While the Julian day of each annual 1-day minimum showed a slight upward trend. Also, the comprehensive degree of
change of the 7 ERHIs are 0.45 and 0.74, respectively in the changed period I and II. The quantitative attribution results
showed that human activities were the dominant factors to cause the changes of ERHIs, and their impacts on hydrological
regime during the changed period II were more severe than those during the changed period 1. This study proposed a
comprehensive method for the optimal selection of the most ecologically relevant hydrological indicators and their
evolutionary attributions. Then the method was used to reveal the dominant driving factors of the ERHIs change at different
periods. These methods and findings will provide a scientific basis for water resource management under changing

environment.

Key Words: climate change, human activity, indicators of hydrological alteration (IHA ), principal component analysis

(PCA) , variation attribution
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Table 1 Basic information on the main reservoirs in the Laohahe basin
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Fig.1 Sketch map of meteorological and hydrological stations over the Laohahe basin
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Table 2 Groups and variables of IHA
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Group 3: Timing of annual extreme water conditions
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Group 4: Frequency and duration of high and low pulses
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Table 3 Results of MK trend analyses and Pettitt change-point tests of annual precipitation, potential evapotranspiration ( PET), and

streamflow for the Laohahe basin for the period 1964—2016

A MK Siti Lk Pettitt ZEE4E(}
Variables MK value Trend Pettitt changed-point
[ 7Kt Precipitation -0.81 ! —
WEHEZERUK i Potential evapotranspiration -0.70 ! —

Vi i Streamflow -5.04 Vi 19791999
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Fig.2 The time series variations of annual streamflow and the double cumulative curves of annual precipitation and streamflow for the

Laohahe basin
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Fig.3 The result of VIC-simulated streamflow
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Table 4 Loadings for the first seven principal components

AFHE Variables PCl1 PC2 PC3 PC4 PC5 PC6 PC7
1 A ikt January 0.17 0.90* 0.26 0.04 0.06 0.11 -0.07
2 Hifi February 0.18 0.92** 0.16 0.05 0.07 0.13 -0.05
3 H it March 0.13 0.61* 0.67 0.15 -0.04 0.02 -0.09
4 Ak April 0.02 0.21 0.83 -0.04 -0.06 0.10 -0.02
5 Hifiit May 0.60 0.47 0.24 -0.03 0.05 0.16 0.07
6 H ikt June 0.20 0.28 0.22 0.00 -0.09 0.78** 0.05
7 A July 0.74 -0.06 0.13 -0.11 0.27 0.29 0.07
8 H it August 0.47 0.18 0.60 -0.14 0.31 0.05 0.21
9 H itk September 0.29 -0.06 0.61 0.04 0.40 0.03 0.24
10 A i fE October 0.40 0.19 0.65 -0.06 0.46 -0.08 0.18
11 A it November 0.33 0.28 0.63 -0.08 0.56* -0.06 0.15
12 A i December 0.46 0.35 0.43 -0.06 0.58* 0.00 0.15
/N1 H i 1-day min 0.20 0.36 0.67 0.19 0.09 0.46 0.22
/3 Hifii 3-day min 0.20 0.45 0.67 0.20 0.12 0.41 0.15
/N7 Hifi i 7-day min 0.24 0.52 0.64 0.21 0.12 0.36 0.13
/) 30 H & 30-day min 0.32 0.71 0.51 0.18 0.10 0.15 0.07
/N 90 H i it 90-day min 0.25 0.67 0.65 0.11 0.06 0.10 -0.02
K 1 HiftHE 1-day max 0.94" 0.16 0.11 0.03 0.04 -0.06 -0.01
K 3 HififE 3-day max 0.94* 0.18 0.09 0.02 0.08 -0.02 0.01
K 7 Hiftht 7-day max 0.95** 0.18 0.13 0.01 0.12 0.02 0.04
K 30 Hiii s 30-day max 0.87* 0.14 0.36 -0.03 0.23 0.07 0.12
K 90 H it 90-day max 0.79* 0.11 0.42 -0.05 0.29 0.22 0.15
TP FTEL Zero—flow days -0.18 -0.11 -0.21 -0.71 -0.27 -0.18 0.13
HLJFEEL Base flow -0.27 0.28 0.04 0.75 -0.12 0.19 0.03
AEdR/ N Y BEET ] Date min -0.15 0.37 -0.10 0.20 -0.11 -0.15 -0.68**
AEFR K H BEE ] Date max 0.05 -0.07 0.22 -0.08 -0.14 -0.56 0.56"
TR EAEN & A BL Low pulse count -0.07 -0.10 0.09 0.85"* -0.11 -0.17 0.04
TR EAE N FEB I Low pulse duration -0.09 -0.24 -0.04 -0.42* -0.05 0.02 -0.60
AR N R A UREL High pulse count 0.04 0.17 0.64 0.36* -0.02 -0.09 0.22
T LA AE Y T High pulse duration 0.28 -0.01 0.00 0.03 0.81*" 0.02 -0.05
- F+# Rise rate 0.16 0.28 0.89** 0.06 0.15 -0.08 0.04
TREZ Fall rate -0.35 -0.16 -0.83" 0.08 -0.18 -0.19 -0.13
T EL Reversals 0.16 -0.02 0.77" 0.24 -0.08 0.01 -0.17

o PRUEFRZ O R RGR LA BT, ¢ " B R ARIZ T B B R A R

K 6 St T 7 4> ERHIs B [ ASPCRHIE , BRAF fe/ N &t BN ] 206 RO 3540, Ak 6 4> ERHIs #5932 3L
N TR, Hod,6 Hitt Bk 7 H O | v Ui i AR PSP 2 D IR L TR TR 3 T e A e K o
TEERG Py ARy A8/ 52 A i T BRSO 35 AF fe /N 11 B (] AT i i, AU B AR I R 2R
UK 2080 R WA R i A P leate o XM AR AR RRAIE AT B DR 9 D s AR 22 7K P < 38 A 11932
PR EER, AN A 1 A R SR E B 8, 255 R O 0.45  7e 840 1T, &4 b 3 23RN
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Fig.5 Degree of hydrological alteration (D) of the 33 variables of IHA
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duration ;31 . FF# Rise rate;32;TF€§$ Fall rate;33 ;i #2055 IR EL Reversals

3.3 KO RR SRS R R g IH AT

LIRS T T RK SCRAE 24 T B s, g 5 RIE 2 R TRSRAE AR i I A 8, ARl 7 AR
1B T (2000—2016) , AHECFASfRM T RS2 T SR 2 S BRI R A AT i, - 1.0mm I
B F|-8.6mm , {H NG S FHART T BEAR L B K, N -6.2mm 3870 5] -20.9mm,, BL4h, A T A0 3
XIARTE N R DT /N T AR T, 2R AR 22 [ R AR i sl D i/ s AR 1T 241
SERREK A 385.4mm, S EEAER] 425 2mm FIAEALIY] T 423.3mm A 8K A0, S8 T SRS AL 51k 3 A AR
BN, BRI, ARIG AR T A s e 2 A 4 BTk E N 74.3% 3 s T AR AR LY 5T
HRR 25.7% .,

SRtk — 25 A3 BT BB AR AR K SO Fps2 ) THRL T 7 A ERHIs #9728 fh i K S AR A0 Fn 253 3 Y
TUERAE, N3 6 Fiom  AEARAI T SR AT 2 H it AR /N o i A T | o 9 4 41 PN 738 g B Fn L T
REUM 28, TTRkR I 9 —105.2% . —536.6% . —125.3% F1-128.6% , XF W 1 A 235 8 5Tk R 4391 K 205.2% |
636.6% .225.3%H1 28.6% ; e AR 11, 52 AR Ak sE M il 25 1A 2 H I it AT S /D i i 8 B ], LA e A
L TTHR AR 5351 - 170.6% F1-316.6% , FHN () NS TE Bl STRR 3N 70.6% F1 416.6% , Horbr | B T8 X N S fge
SRS Bl A 25 B A G K SCHR B 14 S e S A 2 1) 1) 79, DT ol A5 3 [ S i T ) 28 /N B4 R F
SR AR AL R T STER AT 1009% , BTk 0 48 XA B T R X K SCHE AR R AR B L PR 1R )
XIS AR A DT R R ARG s 4 AL, AT B ) D ik R R v AU AR A B Tk U 2E0E
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F5 SMETAFMALEFEHITEIGRIE 1980—2016 EERTRFE R REE

Table 5 Contribution rate of climate change and human activities to streamflow reduction at the Laohahe basin in the period of 1980—2016

R T e
» T Average Variation Contribution rate/%
5 b it
= s K 3T 7
Variables Periods S FEFL R N 5
. AX, AX, Climate Human
Observed Simulated s
change activities
AEAR I FEAE) 36.7 36.8 — — — —
Streamflow/mm A 1 29.5 35.8 -6.2 -1.0 13.3 86.7
A I 7.2 28.1 -20.9 -8.6 29.3 70.7
el 19.21 32.28 12.98 -4.49 25.7 74.3

AX, SAEARAR T AR TR ZS L & The change in streamflow induced by climate change;AX, : ANKIE S5 AR T 2R fb i The change in

streamflow induced by human activities

4 itig

ASCAREE 7 A ERHIs, o) P33t (2 A A6 it ) 35 2050 K A= A= Wi 2 b iy m] R R 5 ek
7 HOE W G I A A SRS A B AR d /N AL L B I DU S e T AR W A A A B 0
LIRS A A s 3 AT S5 A 5 v U - 4 e 0 5 k3 DX M K A AR ) AR B b R AT BT R A
LTI Z AR oK I B KA AR b A O S, 1% 7 > ERHIs 5 DUERFFE Y S5 RA S 42— 20, £ 0F
A U AR S A YA — AR K PR I IR 5 T T 6 ) i ey 30 H RN e KA A
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AR s B R AAE AR E W R I T 3 R 6 H i R 3 B BReK 7 HAL R AR R/ N i T B
FF ] AP 97 F2E 41 P ST 249 7 Bt 3 30 2 OB 7 AN 5 Gao 5517 BETTA0MT 1 361 189 A /K SCULI A iy cdis | i
By 2 Aipta 3 A6 Hiis 11 H i B/ 30 Hifs Bk 7 H i | & i a4 -1 2 i A E T
e SRS RABRIARL . BEAE, Gao 5517 AR 52 18 R WA IR R0 AN 7] 40808 4 3 48 SR A7 A — o 11 22
S B A AR E R B A IR GRS G T EOHE A  m FE AR i
UK 2D — A IR A e U PR A S A ST o 13X 45 A S M) A S R A S AR A AR i — B

F6 ESREXERELERTHE

Table 6 The changes of ERHIs and the contribution rate of climate change and human activities in different periods

- AR 1 Changed period | AR 1T Changed period 11
AR iE Variables
AX, AX, AX, 1.% 1,% AX, AX, AX, 1.% 1,%

2 H it February 1.16 -1.22 2.38 -105.2 205.2 -1.02 -1.74 0.72 -170.6 70.6
6 A it June -0.74 -0.33 -0.41 -44.6 -55.4 -8.41 1.58 -9.99 18.8  -118.8
K 7 Bt 7-day max 13.12 7.14 5.99 54.4 45.6 -156.64 -55.36 -101.27 -35.3 -64.7

fc /N T S PN [
i) .{”LEEL% PRI 1] 9.51 -51.03 60.54 -536.6 636.6 12.46 -39.45 51.91 -316.6 416.6
Date min

PrrECn > R
JRARAE N B R -1.46 0.15 -1.61 103 -1103  -2.89 001  -2.90 03  -100.3
Low pulse count
R EAE N T s
r{/}ﬁg;ﬁ‘:l J:ijﬁ i 1.66 -2.08 3.74 -125.3 225.3 -2.58 -0.46 -2.12 -17.8 -82.2
High pulse duration
ETFFE Rise rate -0.21 -0.27 0.06 -128.6 28.6 -0.44 -0.04 -0.40 -9.1 -90.9

AX, ARSI AR FR A SE UM the total change in ERHIs; AX, SRR 5 R A 4 B B AH AR 12 L i the change in ERHIs induced by
climate change; AX, : NG B3 1R M £ A FAH XA HRIYZE L the change in ERHIs induced by human activities; X,y + S/ S0 91 A 25 Fro]
KARIRZ AP the observed average annual value of ERHIs for base period; X, ., « 25 A6 200 )5 51 Az 25 B M1 S 46 b 2 45 V- B the observed
average annual value of ERHIs for changed period; X, ;. : SEAEIIRDUT 51 4 35 Al e hn Z4F F- 2 {H the simulated average annual value of ERHIs
for base period; X, .y + B IS AN G BT Z4E THIM the simulated average annual value of ERHIs for changed period; 1, s B2 L4
HE SRR AE LAY TIRRE the contribution rate of climate change; I, : AJ&IG B A B F A EFEARAE LAY TTHERE the contribution rate of human
activities, BTHRRAYIE ()RR 5 2 & i3 m (98)

DAITERIFFE 2RI | N0 32 5% M) O ] 3 A2 9 4 20 K SO R ROK S e ™ iy £ 2R &R | 254 Tk
FH 80% LA X HASSCH ST S0 AR Ui i R ZK SO #52  REAE— B, e Ah AR SCEE SRR WY N ZE05 st
73 A A B AR K SCHR R A2 AR B2 Wi B SRy s BN, G0 i T U A B2 e, 512 2000 AR DL o X 28 5 iR
AL LSR5 1 A A G It 0N A 735 Bl 2 B RO L B B R SR ATl R AR R M S 1 2
400 J7 ¢ FEME AR AUE LY 31 J5 hm®, HLAE 2000 4F 2 J5 LB RS A8 (1 7) 5 P AR 7R
GDP PSRRI 2000 4E 25 W IR . WHOTEs i, G B A, AU F B0 10 AR R R 5 1 T
g RN T0% 447 L BEAN, SRl R TR TR, =R K T 2003 4Rh T dtid, BE KR 3.69 12
m’® R A i L VEE TR 0 20 0 T TR AR T

AEALIREE T K SCHR AR B AL M IR S I R e R 2%, Yong S5 WFGE R W], WA T IR 1970—1979 4E
1990—1999 4ERE/K A, Horh 1990—1999 AEAEP- MR /K 5 Ky 475.4mm, KT 1970—1979 4E 1Y 449.4mm;
2000 4ELUS  AEFBKREUN 108 390.2mm, L, A2 1,2 A iE: 6 H i ME K 7 HifEZfA
K, HEZA/NEEE, 2000 25, kS 205 U S, HE A Rk S 8/, 6 H it Flfe K 7 H i
A, R AZETE S LA B8 AR DTRR AR B R IGhn, eAh, K P & MR iz A7 8 FE AL, 34
T2 A, b T 6 Hiat ek 7 H R AR AR N R AR OB, U T AR R/ N B Rl TS
ST AR , NI A AR IS UK IS0 5 1 K T kA S i, T D T T AR N I, A
FEIUH KD 1 AT AR B, A ™ SR AR 2SR R B K R BE RN T R AROK ST 3%, 3 i 1 i el A 25
AR B R Tl A A R A XK BRI A S R DA BT A S A S s I PR
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Fig.7 Changes in human water use data and socioeconomic situation for the study area
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