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Change characteristics of baseflow in Bai River Basin of Miyun Reservoir based

on comparison of separation methods
WANG Chenyang, YAN Tiezhu, ZHAI Limei* ,HUA Lingling

Key Laboratory of Nonpoint Source Pollution Control, Ministry of Agriculture and Rural Affairs/Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract . Baseflow is the portion of streamflow that comes from groundwater storage and other delayed sources, and is an
integral part of the hydrological process. It is crucial to ensure the ecological water volume of rivers or lakes by choosing a
scientific and reasonable baseflow separation method and identifying the driving factors that affect the change of baseflow.
Therefore, the original achievement and objective of this study were to further contribute to the literature to fill the gap in
the knowledge of how to analyse the impacts of climate change and human activities on baseflow more reasonably and
comprehensively. The Bai River Basin of Miyun Reservoir was selected as a case study in this paper. The comparison and
selection of methods were discussed, and the evolution characteristics of baseflow and its influencing factors were analyzed.
Finally, the corresponding management guidance was given. The baseflow separation results of local minimum method,
single parameter digital filter method and recursive digital filter were compared based on the measured streamflow data and
related meteorological data from the Zhangjiafen Hydrological Station in the Bai River Basin from 1967 to 2012. Driving
factors that affect baseflow changes were also identified from two aspects of climate change and human activities. The results
showed the recursive digital filter method had better application stability in the Bai River Basin compared to other methods.
The baseflow had a relatively high contribution rate to the river streamflow ( BFI >0.65) in the Bai River Basin of Miyun

Reservoir. The amount of annual baseflow of the Bai River Basin had a very significant decreasing trend ( P<0.01) from
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1967 to 2012, while the annual baseflow index remained unchange. The baseflow sequence of the Bai River Basin had
abrupt changes in 1980 and 1999, respectively. The abrupt change of the baseflow sequence in 1999 was mainly affected by
the precipitation ( climate change). The abrupt change in 1980 was not dominated by precipitation, but mainly affected by
other factors, such as human activities. Therefore, in the future, it is necessary to rationally conserve the source of
baseflow, and deepen the understanding and research on the rule of streamflow evolution, especially the impact of climate
change and human activities on water resources. It will be of great significance to the safety of water supply in Beijing and
the optimal allocation and management of regional water resources. This study enhances our understanding of the relative

roles of climate variations and human activities on baseflow.
Key Words: baseflow; Bai River Basin; separation method; change characteristics

SRR N AR — > B R o3, HORIR AT — € RRSE M, DR T 78 48 35 ] e A 25 R G Y D RE AN
fER R AR BRAE NG A2 RK ST IR A AR 0 TR ARV R A WL 5 D R XS T it koK B 5K
JRAEF K SCRRY A R A IE P AT 8 7 35 Ak LA R K AR S A R Y AR i R A L
FIZTREMTFE 1 T ZEH oy, Bt o0 F T DXt Kk B IR R R SR AR A5 B TR S T LA R
B R R A2 O R MK SCRTUL AR (G B RERF T N o X T 3t 4381 5 v 9 B BBORIE: A4, i AT K
TARIFSE Y B AN S B 5 AR T 41 v A V8 S 13 P PEREAT T T, & B Boughton-Chapman U
VA VRS AT (1 AL 43 B P B A R SR K AR AR O R BB U R T TR AR VLR R B AR A AT 5 e
AEUVSRIT O PRI A B 0 56 BN Y 1815 AN URBREAT T & T A, & B Eckhardt 35 14 R Bl B
o AH B X AT R B B A A A AR AR A

B 2 AR AR S A T R A 3 S R KO PR s, G b 30 P2 2 A AR PR A AP ) B B X, AR
B KPR K AR T S0 X i S X A K 22 A i T — e gl L BT, AN TR K L
TR U D A e S LR PR R A OGRS 1 RIS X 2 K R L AR A A A B
AT TS, RN SR B 2K AR A A E SN IR, B AR R IR K RS T B
JERS B K PR L T R AR A AR S R R A AR, A A& Bl 3 B8 2 /K L0 AP i i/ ) 2
JEEA X BERIFSE B R T 2 KA AR U A S PR 2R SR TR T DI K B R AR R U, T
BT B R 73, BV EL AR PR AL TR A AL A RIS SRR L, R T 2 K PR TSR U A0 1 2
fiF, 82 R IR BASE SR S BUE K PR R i K A 2 AR i) R, TR Ik 81.1%
ORI, H 0 AAT OC T8 2 /K 2R FAD e it P 1) K I TB] 3 A2 R AU AHSCHIESE . TR A R 8 5 7K P AT
AR R R TRTL | AIF 5 G AR A T T A o R MR, o It Sl BRI A P EL AT o ) B SR S, At ] O XU 7K ¢
WAL BE AR Bt —E RO RL ARG . ARG BUR AR fre/ IMELYE S S BORCT- IR A A8 I B 7 Ik — M s L
A R AT FOACHE PR T S W S 1 T A K R AR A AR DG R 3R | LU SRy SR S 4 1 1
AP ER IS | O B B IR E & LA K TR B TSR R AR 3

1 RS

1.1 R IXHEN

% K (116°07'—117°30'E ,40°14'—41°05"N ) 24t 5 i 355 (14 R 7K U5 LRV b, A7 S0 0T 1 P T iR A
PEIE, AFSE T FRT SR 5 25 K RS, T T P SR I AR Y 8506 km”, S22 K AR (1) o5 KT
W, B E A (B 1) o AR IR A IR R T 4K 280 km, LT BT B K 126.7 km, %70
B2 X Hp IR Ll g, - 680 DR SERTIR A8 o 8 T BRI 2 XUPE KBl 7R R i o R A fi, 247
SRS IR R 9—10°C ; FEMAE T 7E 6—9 A, B AR LIl B, AHIF I XA b F L 3k 0 2% = B, BT
PRI AT [ 5K 80K SCb AR Y E i IX 8,

http ; //www.ecologica.cn



8 1 TR % K A ] I v AR R AE 3183

>»Z

A TRFRBU
b Eﬁ/ﬂ 3 7 V_
L ERKE QL
Ffs/m
B % 96

‘gﬁ“f

ISRFIeE
0 40 km

e — |

1 HREEBE

Fig.1 Geographical position of Bai River Basin
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Fig.2 Comparison of baseflow hydrograph of baseflow separation methods in zhangjiafen hydrological station from 1967 to 2012
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Table 1 Baseflow index estimated by three baseflow separation methods

il M BN BT UV

Time Local minimum method Single parameter digital filter Recursive digital filter
1967—1976 0.6577 0.6886 0.6585
1977—1986 0.7717 0.8001 0.7385
1987—1996 0.7613 0.7446 0.7088
1997—2006 0.8570 0.8309 0.7559
2007—2012 0.7595 0.7505 0.7054

R2 ZHERSBFEEERIEHGITEE

Table 2 Statistical characteristics of annual baseflow index of three baseflow separation methods

SiHE RS SZNIERS B 8347 B IR R T
Statistics Local minimum method Single parameter digital filter Recursive digital filter
FARAH Max 0.8810 0.8380 0.7686
He/ME Min 0.6005 0.5985 0.5554
WefE e Extremum ratio 1.4671 1.4001 1.3838

¥I{E Mean 0.7752 0.7450 0.6949

H 7% Median 0.7943 0.7461 0.6950
PrifEfin 2 SD 0.0818 0.0538 0.0435

R3I ZMHERDEFTHENRIELR

Table 3 Validation results of three baseflow separation methods

B SR IRV Nash-Suteliffe 5% 2R 2 % AR IR
Baseflow separation methods (NSE) (Eyg)
JRi# e/ IME EE Local minimum method 0.260 0.572
HBHIE W% Single parameter digital filter 0.286 0.545
WIARCTFUE P Recursive digital filter 0.462 0.449
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Fig.3 Separation results of recursive digital filtering method for streamflow series in the Bai River Basin from 1967 to 2012
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Fig.4 Time series of changes in annual precipitation and annual
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baseflow in the Bai River Basin from 1967 to 2012
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AR B 20 22 80 AR LURASAR K, A S L i 28 S r= AR A W i e, T R 2 Sl
WFFE T, 1963—2015 A AR a3 L B0, NG 32 R EOZ BRI A AR R F 2R, 20 4
70 AEARR A A A R OB SR A S, T AR A A PR R S X e K BB T, A48 B K R
1959 4FHIA 2 0.03 m* BN 1995 4E/5 0.1 m*PY | [Hth, JE i HEAE 1980 4F A9 2848 n] g2 52 AN 830 Bl 5
M, 20 tE22 70 AEARZE 80 ARARHT, FIT A S 37 1 40 35 /K TR, NS0 Sl oxt 1 Uik Bl ) 7K St R 5 e 34
588, /N K B KD T K PR TR RRIAT N A et , SRt A N s/ (A5 TR B BRI A 1979 4R K
TRAR R A B SRR, S EOL I 1980 kA RAE
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Table 5 Abrupt analysis results of heuristic segmentation algorithm for precipitation and flow in Bai River Basin

F84% Parameter ZEALAE Year WKRAE T, Giit W P(T,,.)
FEF Baseflow 1980 6.2235 1

1999 3.7359 0.9944
29 Streamflow 1979 5.6333 1

1999 3.5819 0.9919
F%FR Precipitation 1999 2.1359 0.9912
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