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Abstract

Based on the daily runoff data records from the dawn of observation records to 2010 from hydrological
station of five tributaries in the middle reaches of the Yellow River, the average daily flow process line was
used for cutting base flow and the base flow variation trend of the five tributaries was studied. The results
show that the base flow and surface runoff of the five tributaries have a trend of decrease, which demon-
strates three relatively stable time frame (before1980, 1981-1998 and 1999-2010). The ratios of base flow
reduction to runoff reduction from high to low are 57.8%, 32.0%, 20.3% and 15.2% for Tuwei, Jialu, Kuye,
Gushanand Huangfu rivers, respectively. From north to south and from east to west, in the reduction of ru-
noff, the proportion of groundwater recharge is decreased. On this basis, the influence factors such as
landform, geological structure, hydrological and meteorological and human activities on river base flow
are discussed. The artificial factors such as water used by production and construction and exploitation of
groundwater are the main control factors on the changes of regional river base flow trend.
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Figure 1. The change trend of the sum of five tributaries’ runoff in the study area
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Table 1. The calculation results of the various tributaries of the research district
# 1 MRXEIRERTELERGITE

SRR FHERE B FEBPOKE TORAR TOCRER

N o A o
Wit el 10°m¥)  (10'md) BRI (EA/ER%)  (mm) HHOE)  ditbs) 2 OURDHERIED (0%)
1053~1980 19,385 2567 13 430 127 44
\ 1081~1998 11,480 865 8 366 113 23 215
BRI OB
1099-2010 3187 102 3 208 71 05 9.2
1953~2010 13,580 1529 11 383 12.0 35 152
1953~1980 10,110 1995 20 451 6.6 34
B 1081~1998 5600 655 12 387 55 18 207
I S
1099-2010 1701 286 17 369 38 13 95
1953-2010 6970 1226 18 414 6.1 28 203
1053~1980 73,523 23,925 33 304 483 412
‘ \ 1081~1998 50,882 14,150 28 353 49.9 382 432
I R
1099-2010 16,515 5683 34 378 36.9 25.7 246
1953~2010 54,702 17,117 31 377 482 39.2 320
1059~1980 24,660 7779 32 416 162 13.4
‘ 1981-1998 16,265 4662 29 414 16.0 126 371
N FiEEs
1099-2010 6492 2622 40 404 145 11.9 20.9
1959~2010 17,561 5510 31 413 155 126 28.4
1966~1980 13,290 2501 19 399 8.7 43
o 1081~1998 8583 1477 17 400 8.4 40 218
T B HT
1099-2010 2537 616 2 416 5.7 28 142
1966~2010 8540 1588 19 403 75 36 175
1957~1980 8385 3302 39 428 55 5.7
1081~1998 4373 1883 43 397 43 5.1 35.4
EJEMINNEE S
1099-2010 2274 992 46 426 5.1 45 425
1957~2010 5669 2284 43 417 5.0 5.2 378
1057~1980 40,797 26,303 64 412 26.8 453
B 1081~1998 29,585 19,452 66 387 29.0 52,6 61.1
TR mER)
1099-2010 21,103 15,032 7 327 471 68.0 52.1
1957~2010 32,683 21514 66 386 2838 493 57.2
1067~1980 34,070 23545 69 430 24 405
B 1081~1998 23,417 17,108 73 381 23.0 462 60.4
FREN ExRE
1099-2010 17,998 14,508 81 395 40.2 65.7 48.0
19672010 25,329 18,447 73 401 223 422 56.2
1967~1980 152,201 58,001 38 55 448
1081~1998 101,920 37,004 36 47 56.6 41.9
T RAT
1099-2010 44,780 22,004 49 28 56.0 26.1
1953-2010 113,605 43,669 38 48 473 335

T AR EE TN ISR G R LS, B EE T O SRIE Y B R AR L.

395



S i A RSB A

A RIS AR A Ty 18%., HAAEE IR, 1999 fE)E, RIS EH T R s E T, HAE
2010 k3| JJi s EE 40%, i 2010 5 L0 IAEFR AR ARG PR AR B0 T, JERR WG, 1R =i
5 2y b

MK BE, LK E RE &S, 55 3 BT BURE 1 BTl 74 18%, 5 3 i BtE R 2 - 1ME
kb T 11%.

2.3. BE
FHPE 2 a0, ARIEIR S S W B s Ge it b, R SR B R P Ss, 1999 &5 KilEm D, 2T

EHIHFERE mAREERE

10000 40 6000
iR
I . il

A = 4500
. . ]1351
i 12
5000 B 20 g 3000
. See o .
: LN#\M [\ o . ’
2500 ) U- S 10 1500

10 ’1m3>

-
=y
=3
IS

W 10'h)

0 0 0
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
- " Ely Eipy
BRFERE EEEERNE
60000 60 16000 — 60
o . —— R o~ . ——FENE
< . o« EFEH A ﬂ | o EEEEe T o,
= 45000 S 1 45 = 12000 . 45
. . -, . 1999 )
I C e A=
J"; . . . ,/ . .:E
o LN e N ¢ 30 4 30

30000 j(\ /VWWA\. A 8000
15000 v WAJ\VAJ\W 15 4000

0 1 1 1 1 1 0 0 L 1 1 0
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
o Eh =
HHFERE Rl
6000 60 40000 100
F = 1999
= 4500 45— 30000 " vee 110
o - ot . .
] iz
IS =
w2 3000 30 1 20000 ')\V\/J WM\‘\/M 50
— =
1500 15 10000 ——— E%/}!L% 9%
o BN
0 L L O 0 1 1 1 0
1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
iy i

396



S i oA R T A

mRBEANE HREEANE
40000 100
- 1999 - 6000
= [ “=
Tc> . .n’ ‘.' * s
= 30000 T e S —— B2 4500
- y . fe e ——FRE -
i o it
2 20000 V AWK\«—\A\\ 50z 3000
10000 % 1500
0 0 0 0
1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
Fh Ep

Figure 2. The change trend of annual base flow rate and basis flow index of the hydrological station in the five tributaries
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BEIFE N 7779 T m®, 4662 15 m*. 2622 Ji m; FERIEEIN 32%. 29%. 40%. BRI
FTEIAREL . 55 i B Ss =i B LG . 55— BORIEE =i BokbL, R0 542 b i EL ] 20 i - 37.1%.
20.9%. 28.4%.

FIEE IS FR AR H 2 I ME Y 31%, 1999 FHTAHXSF-ER, 1999 )5 & EFbEass . 1997 AR AR H R
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1981~1998. 1999~2010 4 =AM BPEI4E S B /2 50 2501 15 m®, 1477 Ji m®, 616 /3 m®; FEFARE 5N
19%. 17%. 24%. 5—BTBOIEE I IAAHEG . B8 I BeAnSE = BU LE . 55— BORI 28 I BOAR EL, i b
SRRkt g 43 5N 21.8%. 14.2%. 17.5%.

B B AR 2 EIME N 19%, 1999 FHTAHXSFAR, 1999 )5 2 LS. 2010 FRMIBL S, &
41%. 1999 “FJ5, MR RIS, 2009 £E 255 73 m®, A MIAC S LK A /ME .
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B 2 T, KR TS R T i ) S AR Se i b, TR E 2 NS, 2009 3L E N 12,696
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73 m®. 19,452 73 m*. 15,032 73 m*; JEFIEE BN 64%. 66%. 71%. I BURIS i AATEL . 55 B
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BEZK MK 25T R N D SN A 3R 55 0 TR 2R3 A R AT £5 5 AT

3.1. MR EREX

VDA L e X 32 oA T B SR S AR, A ME R R, s R AR TV 7 A A AR
W, BEEHCKBHA KA, B0 RXB TR SR E .. P05, H R KRS BARS
FERNE NI EBEANA T3], KRABAKNBRELIN 015, FEARNBHGS SR KEBENMEET 96%LL 1,
MR KBNS K FIANA VR RN, AR ANS B 1%, TRAAEAERL R KM R R 264, BEE NS AN G &
B LR KANE BER 1L.5% A4, EFERAEL KN 16.1 mm, 295 &FEBKER 5%, EARS 50570 K5
B%, A0 /KEERBEZEK, SN AKASTERANG . X8 T K HEM T A 28k 28005 . R
A N CFERA R Wi A2t . T XSS AR 22 . KA SHEER B 30/, T 7K I 78 R HE A2 o = L HE
M7 Horp Z R HE 5 S HEIE R 1Y 60.92%,  [A) 3R K HEE 5 26.83%, HAMHEMAYL 5 12.25%.

CEA T, ReMZIX S R K SNSRI B AR R R EONROK 578K, R EEiEE DL LES RN R
EHAVER AL, (RN, WA TR, FARERIM K ERD, PRERM; ZEREEZISR /B,
SEBRIEBE B0 s 12 XSO R TR R BN R T FK[4], B REFF& P Kt 2F 8 K #
X I AL B B 1980 4R 1 2.0 x 10* m¥km? B EIT 10 4Ef 0.68 x 10° m¥km®. LA /4T, 2009 4154
RAETZFE AN 0.55 12 m®, FEFREAN 0.26 12 m®, I B T KHEZ 0.27 12 m*. ¥IBUN, ZXIERENE
SR H B AR R R A s AR 25 R, B K R R AE RS 2 R i 2 A8 4k, b T 7K N TSR3 i) 36 B4t
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(RS, T I ER T /K HE B A DX 3R] )1 43378 Fr 28 T 4EL B 45«
3.2, ihiEMX

YRR X A TR B S S LA L . SRR SR BT, T RS RDENRER[L]. X
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