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Abstract

In this paper, Mann-Kendall test method, non-uniformity coefficient, concentration degree and concen-
tration period were mainly used to analyze the annual distribution and inter-annual variation of the in-
flow and outflow runoff of the Three Gorges Reservoir (TGR). By comparing the characteristics of runoff
in and out of TGR, the reasons for the change were discussed and the runoff regulating effects of the re-
servoir were analyzed in this paper. The results show that after the operation of TGR, the runoff de-
creases in the flood season (June to September) and increases in the non-flood season (November to next
May), and the water replenishment was significant in spring and winter; the variation range and sea-
sonal distribution of runoff decreased, the concentration ratio decreased and the concentration period
advanced. It was obvious that the control and regulation of annual runoff inner distribution of the Yangtze
River after the operation of TGR were more beneficial to the development and utilization of water re-
sources and to flood control, drought resistance in the middle and lower reaches.
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D EAEFZUST . BRLX L =IRK B\ R ERE, HTHRWERER, 2 TKERERETER.
ZRRY: ZWOKERITE, HERRETRM(6~9A)ERD, IFEFM(11LA~ZFE5F)1EN, FELHFHKES;
BREFAZUERANFTSLERED, EPRTRE, SHHIERET. ER=ZWOKERTENKILARESEN
3 B BRI AR 5 S A0 A TP T iR S R AR BIREIF R A .
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1. 5|8

SRR KT R, MR AT KR TR, BB TR b R4 7 ORI . KT b R
RRE A= G BRI 2 —, JCHRAE RS R, AR R BEE 2 251, (B
U AT R kL2t 57 IR FE 4 X (WWE) SRt - K R R LT T — (2] b T A B 1 3 30 T
P KITTIREZ I T — R S FREE B, JE5E 7 BURFIE T 105 FE B LRI P 023 (03030 559 3] =144
FIE 2018 4EHLETT Wb T2 5 R R (A A 7 PR SEBEME : “SEIURARY, RFATFR” [4]. W
I BT 5 T 087K e R PR3 /K W R R AR B T AT 7 150 4R R M 25 7K S B 0 W 065 P OV R B, B
PRI P R B g, AT LU K BRI 6] M A AR SRR N =K BEE AT 15 KT rh T e
AL, A URFRAT = WK P AT o 30 1 57348 0 P o A o] e b DRI 22 [ 7] TR M 7 AR 5 = Ik FE £
BRI R T RAOK R %, 785 REEDE. RAMAIZ R, o FHshIRE LK AE E AT
5275 L

2. X

KAITHIA T 24°30'~35°45'N, 90°33'~12225'E Z [H(WLE 1), TEARERTEK. FIbEMHKIE, HEE
180 73 km®, &P EFI A ) . KV S 2 R E = K, TR G 2R, MK
VI R FE R, TFHEFEL 1650 m, SIEEZ) 5400 m. KIT TR AKZ 6300 km, PLAAL B S A1V PG 75
FUAFRI R b R o KT 43 Hh X 52 3 SR )RG5 S, B EmiB 2 W, AR REDW,
SENBEAR D EARAIS . WA AN ORZ . Vr=Fm. KIB&ERME, bl E # B T4 = 5
Mg HEOR IR XA R AT, TLISIARIE, VLIRS B M T B TTRR8] .

=k TREA T REBACE B E T OLE 1), 1994 42 12 HIERIF T 1997 S5 ARVLA R, MWES T
REEH. 2003 FE IR TREIFARFEIEZE /K 2006 R @M, HEANHKRYIE KN B, KECRET —Em
WERE ), ATRINRAEREE . R, BUE= K38, 2009 B, M THKA 17 6. ZWoKEZKE 175
m B, PEZEN 393 x 10°m’s BiERRHIKALA 145 m, BhutEZA 222 x 10° m’ [9].

3. BEES R
3.1. #IERAR
WEE T = URIKJEE 2006~2017 SERER 2+ 8+ 14 20 Bf PYAN B [H] B 149 H N 26 3L 8 A 7K AL 04 (www.cjh.com.cn
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Figure 1. Sketch map of Yangtze River basin and Three Gorges Reservoir (TGR)
L KT = ok BER B

A www.ctg.com.cn)o 70X H . FEEAERIELG BRI R N R EAUK A8, 2RERH A W =010
FORWI - TP E, FORMENREH . H. FERHAERTRE.

3.2. FEMRGE

1) Mann-Kendall #4556

Mann-Kendall J& T-IES 8 G0t 00k, fifR M-K 7%, HARRURREARL TR BN —E M1, SRAZDHR
AT, # ZMATRK. &R, RSSO, 2 ARAFAIKSHE, 42> 08, FoREnas;
Z<OB, MRz, # ZBEHMERTET 1,96 2.56, FomizFa AR a7 85 95%. 99%H)
BEHATI[10].

2) AL RH

AL ZRE C, T RESENERE ST SIFRE . C, & —ANAT FH TS [R I ()0 2 18] (1 [F) 25 L3 o A
MgE G tEfabe, MR/, @RS, MR [11]. C, [HK, FRENFRSEBAS, HENSHRR
BEFBA: RZIMA.

3) EHE C,MEFH D

LR R BTN IEPREE, SEPNR R EN R ERET AR, HEEEN & A RRE
Mo &, HEAARRE R AME AR RE, ARYE & A TR JOEBCAR F R 87 W . 4 —4 12 S AA
—/NEJE 3607, BASHAEYST 307, REXTE A RRETRES RN, &RRENESFRRENH R
FRMEEPE, SRRER TN EFI12].

4. ZIFKEBITHL P TR BN S
4.1. HERREERASERESEHRTL
2006~2017 =K EA HERMEFEN SRS ERIE 1. ZBoKFEHERREEEET ML 5~10
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H, HAFM 66.6%~77.9%, HH 6~9 A% A PR E SR T 10%, SFRE S AEFEMN 55.7%. &AH
(7 IHHERRE S 2T 13.6%~253%, wm/hHQ AN 2.2%~4.2%, KH2m/MHE) 3.2~11.5 ff. &K
AR EEPRE R, /b ARfE. HERR RN IR ARAR = Tnay — Tmins Tmax 1 Tin 73 5178 4AF
P A AR I A KA RN B /M) B 5 KA M 882 % 10° m s, FAHNS AL E Co(Cr = Tonan/Tenin) 9 6.9 [11], HBLFE 2012
R/ MEXHIIUAE 2017 4, 23 B109 400 x 10 m® A1 3.5, KERET G, HERRERIIEERAD, JTHRRIT
JUERAZAC T /N, B AT I =K PR AR AR IR 1T I AR OR B . IWBAR S, =K BE N AR &
WA BRI S), AURHERER S5, MAKNRREMICS T KEANERMS T EE N BN, AF
TR FIHEK BRI KA FE L, (Rt a Bk E.

Table 1. The annual distributed ratio of runoff from the Three Gorges Reservoir (Unit: %)

F 1. ZBOKELERREFADEERNM: %)

1A 2 H 3H 4 H 5H 6 H 7H 8 H 9H 10 A 11 H 127

2006 44 42 5.8 5.6 9.3 11.7 17.2 8.6 10.9 115 6.1 47
2007 3.1 2.5 29 42 5.6 11.6 20.8 15.9 15.7 9.2 5.0 3.4
2008 2.8 2.6 35 52 6.3 9.2 13.9 173 16.1 9.7 9.6 3.7
2009 3.7 3.1 32 5.1 8.5 8.9 16.5 21.7 12.7 8.7 4.6 35
2010 29 22 238 3.9 6.5 10.9 22.7 15.9 14.6 9.2 48 3.7
2011 45 3.0 44 47 6.0 12.1 15.1 15.5 13.0 8.6 8.3 47
2012 3.0 2.5 2.9 35 7.7 8.9 25.3 13.8 14.9 9.8 43 35
2013 3.8 2.7 3.6 45 7.5 11.1 23.1 14.1 13.1 7.6 49 3.9
2014 29 2.6 33 5.6 5.7 9.3 16.1 16.3 19.1 9.9 54 3.9
2015 4.0 33 43 6.0 6.1 11.3 14.0 13.6 16.0 11.1 5.7 4.5
2016 4.1 3.7 47 6.5 8.8 13.1 17.7 12.5 9.3 9.0 6.5 4.1
2017 3.4 3.2 43 5.8 75 112 13.6 12.6 13.9 14.0 6.2 43
FEIME 3.5 29 3.7 5.0 7.1 10.7 18.1 14.9 14.2 9.9 5.9 4.0

4.2. HERREBFTHENFIAMHE

= IRIKEE 2006~2008 FEATRAK B KV, 2009~2017 F4EF 175 m RIEMEZB KB PSS KM A
PEBANE, b oMK EEAR IR T E IR, BT AASOR 2006~2017 4EX11 53 2 AN BO#EAT AR & 2= 15 40
Beor#r, 25k 2.

B 2 Al BB BTN EIREA EA 5, USRI E A R B A AR R AR Hof,
FZE, HZE, KZME 2006~2008 AN Ah, 7E 2009~2017 SEAHN T, K ZSLE AN B AR K528 A 15 750
HZ M. WA BAZEN-FARRESEAE 3, B8 BF > KFE > FHF > £F, Bl mHEK
BB N AT PRI R BN SRR I T, RINEE A RN T, MRS . KRR E
TEIX AN BB 7R AR FE AR IS tie ir 5 e =, WP HEWT & 2008 4FJ5 =K R T+ & KK AL,
IR B KEATE. ZWOKERAHZE R ERRER & ETE 2009~2017 4 175 m BB EHL, W B
WS, PR B AR EI T KRR, W T RAWENARE . KEMINE KRG, W HEAR
BENRIREEMAE, HWSRREE.
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Table 2. The characteristic value of runoff from Three Gorges Reservoir in four seasons

2. ZKERESFTHRRESTE

s HE CES Kz A7
Ho%  ETEAS M EH%  BECTEAS MY HAH%  BEPE10 m' EAE%  EETE/10° m
2006~2008 17.3 —91.4 42.8 -96.8 28.9 56.6 11.1 -67.0
2009~2017 18.8 30.4 43.6 30.2 25.2 -18.8 12.4 223
E4 Y 183 0 435 0 26.3 0 11.9 0

4.3. HASERLEERENTL

K R AR IR T S R BO S L 1 4 3:2006~2017 FETIA(6~9 H) IR E & 2176 x 10° m?,
XN 55.7%: AL A~Z4E 5 A)l 1712 x 10° m®, & 443%. FKENDRBESE S ET
2006~2017 SEFITHIIME, AR T8 AKERZ . 2015~2017 SRR AR BOR, EVRRS 1A P 5 o1
BN PRI XS BAE AR A BB UG L S TR A . T I B AR A A b 45 SRRSO ]
M 2 T VR, AR E s RO, B ESRIEA—EG JERUIRR ERRE, BRInES B
i, JUHAE 2017 FCHERTAUH. WL 3 FE 2 iTEUEH, 2015~2017 4 =K R AU H R AR L2 1Y
SR EEARRE R B, JAEAUIAR XS -, SR B AR RN, FEBH 2015 45 =K EE AR TR T RO B N

Table 3. Runoff distribution change of Three Gorges Reservoir in flood and non-flood seasons

F 3. ZOKERSIERLERRES B LK

A 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
BHENS M 1401 2583 2392 2261 2495 1761 2683 2127 2495 1897 2033 1986
ey
EL 451 /% 487 640 575 586 626 522 600 584 573 512 502 479
BVE/N05m® 1474 1454 1764 1596 1491 1613 1791 1516 1859 1805 2016 2164
i
EEA51/% 513 360 425 411 374 478 400 416 427 488 498 521
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Figure 2. Various process of runoff of Three Gorges Reservoir in
flood and non-flood seasons

2. KBRS IR EE R R d A2

4.4. HERREFFEEMY

4.4.1. BEREHEB IR
RSE TS AT =K EE AR A U ER IR R AR 3, AR SCEH MEK R4} 20062017 S H ER IR =TS0
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Br( 4). &4 Bon: =WOKERR 1 7~10 A, %A HERREL &S, a3, 4. 5. 6 WA A
BF, 12 4 1L 2 An@HARE R, 11 AnHingSs A . BIR 8~10 A 2EbiEs, HEIFAEE.

Table 4. The results of monthly runoff trend test of Three Gorges Reservoir

F 4. ZBOKER B HERREEEMHRIER

Hir 1A 2H 3H 4 H 5H 6 H 7H 8 H 9H 10 H 11 A 12 A

Z {8 2.81 2.88 2.54 2.13 1.99 1.99 0 117 048 0.48 0.89 2.67

%% 4 k% 4 + * 4% 4% 4% - - - + 4k
7 BRERFIIEREIES, ¢ RRFEFIIRRGES: 7 ZonaBERE, o onaBnaER E.

44.2. FHREREED

N TS IR 4 B 0K E SRR R AR A S, AR SCXE 2006~2017 4F LS 3 AN =0 K P H AR
BREBT T M-K HBIERR, ZME5 58 1.44. 0.89, HEARBEEM NS, 5K 3 MLkt —3.
MIE 4 KkE, KENFEHERRESFERRENBAE B, MAEGNEYE, HhHEFMEnERak, £FR
Z, KEBK, EERMK. HRILAREFEN A TAL, SERREE MOt R KRBT N ZEEE, K
NEBRRMERFEN SRR, (HIINERERER: FREATRRA, EREATTRER /. BT, =k
JEEIEAT 5 B RN A F o 2 1 AR 0 B o P (A R 5
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Figure 3. Annual runoff change process at Yichang hydrologic station (a) and outflow of Three Gorges Reservoir (b)
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Figure 4. The various process of runoff from Three Gorges Reservoir in four seasons

4. DK ENZFHERREENIIE

5. ZBUKEZITRIR KR TRt
5.1. HAERRETZNIE

KRR TR KE, SEMENERRBEEARME Y. I NHEGHANERREZERER, W
2006 4 2008 4FA1 2015 4, X5 UK EFIKEE A (K 5). Hrr, 2006 42 KTt R 4 K5 Rk
IR AN = Ik 7K P A I R E K L RIAE F[13]; 2008 21K 175 m iR E B K TEG 2015 4E 52 A KT
HORUERAK K EIGIN, N T BRI NI S, K PERRAR T R A R 14]

M 2006~2017 FF=IKEES AP NEERRERE, RAMERIET A, &/MEE2 A, FA%H 55
RS B 2 IR R BT (K 5). 1~5 AR E MR TN, 7 .9 AR 10 AR, HENFNE,
6 H. 8 H. 11 AR 12 AR ANETLH B HAERREPZE R ERA . NERREFEN
Yyt ARAGIEE A 571 % 10° m®, AHXTAEALIEEE N 6.2; HIZE SRR 526 x 10° m® Al 4.8, =K i 15 J5 42t s AR
PR B R 450, MRS SR B R

Table 5. Comparison of annual inflow and outflow of Three Gorges Reservoir

F 5. ZOKEHBANEFREREN

LA 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
NJEN0P m? 2980 4037 4253 3870 4052 3363 4468 3657 4339 3806 4042 4190
H2E/10° m? 2875 4038 4156 3856 3986 3374 4474 3642 4354 3702 4050 4151

AN /108 m® —105 1 -97 -14 —66 11 6 -15 15 -104 8 -39
AHXT AL/ % 3.7 0.0 22 0.3 1.6 0.3 0.1 0.4 0.3 2.7 0.2 0.9

5.2. HAERREFAFHEEREL

5.2.1. FHEE S
N T G TR T ISR R AR VR A SO N AR B AT T N AR ESE 0T, 455K 6.
A AR EE AR KE, HNFESIME S 59 573 x 10° m® #1642 x 10° m®, #4130 x 10° m®. 2006~2009
BRI AR AR FE ZEEAR A s R & A ECR (B 6(a)). HHILATET, 2006~2009 4 =1 7K
JZE F) I s A 1 F 5 2010~2017 4EAH EL 4SS
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Figure 5. The annual change of the average monthly inflow and outflow of

Three Gorges Reservoir
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Figure 6. Annual change curve of runoff characteristic value of Three Gorges Reservoir
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= UK P PR AR AR 15 4 23 #

MAEIE) R C EREETE C M RR(E 6(c)fIE 6(d) KA, 2006~2008 “EHNE LT 58 & E A
2009 4 HEIFIR/NTNPE, ZEEHHE A TRE, (AR RS X IR U =K PR T E
FIAE 2006~2009 £EAHXI TS, 2 JG ST ARIZHTIE K, 2012~2017 4 HNFEAR I B4 N 20 e EL B T Fa i

2006~2017 F =K EAR TS A D S50 H PERG /N T NEE, 245 P35 N PEAR AL B 4 1 23 il ol 209° 1
218°. R EE TN, BREEP I, SFamEE LRI 8 A4 7 A AR i

5.2.2. BHRIEE S

K ZE A R A P A S e AN TR 1R O s e A R AR AT i R AT IR B X K W A B R 0 B Y
DRI, 7K EAR IR VA 1T i B B A2 B K IR FEZR . TR T REH R MM .

2006~2008 4F =I/K AL TR EKVIH, ERAWR, FraekKERARRIETIEREDN, X HERRERY
AR . 2009 4E =K ETF4R 175 m REQVEZE K, AIATTERG R, BESKERM R, FRiIETEH SR
TR T, HNERR RS M 2 IR Wi K. BT =K AR K A, AERIA S A R
NEEs AERUIK BRI B, PR LRI, BT DA AR A A L RN . g, B 2017 AL,
AT B BE 7 13,000 £ K3, Lt EEZRZ 1590 x 10° m® [3], BEE KT B K FERERC & I FE 0 H 25 58 3, X
HH T TP 77 VR A A R4 T K AR A B B A

6. &t

ARSCR F =087 P R SRR SC R K B IRAZ R 5 1F AT 1 0 A AL, 49 DR 224518 =K
PE BB R RN D RCEAT I B AT SR R RN, KRR, & H o m AR
DG LR DA B @ =WOKERTRIATJa, MERTREE NI AN, S P R, HE MR
REE, EPHMNS ARAE7 H. 2009 £ LS /K FEX H EAR A A 2 B R 1RO 8% .

HEE&mE
E XK AR FFE S TH (41361003)FIVL 4 205 /TR0 H (GI1180903) % Bl

SE

(1] JAE%, 5k2. EFERITP NIRRT BN S ERH]. $IHFE, 2018, 30(6): 1471-1488.
ZHOU Jianjun, ZHANG Man. Effect of dams on the regime of the mid-lower Yangtze River runoff and countermeasures.
Journal of Lake Sciences, 2018, 30(6): 1471-1488. (in Chinese)

[2] WONG, C. M., WILLIAMS, E. E., PITTOCK, J., et al. World’s top 10 rivers at risk. Gland: WWF International, 2007.
http://wwf.org

[3] A#EZE, k2. YATKILASIHE BB SEE H A BERY, 2017, 45(15): 17-24.
ZHOU Jianjun, ZHANG Man. On the forefront ecological and environmental problems of the current Yangtze River and res-
toration priorities. Environmental Protection, 2017, 45(15): 17-24. (in Chinese)

[4] E/ JIEFIEATE ZEKIT[EB/OL]. http:/www.xinhuanet.com/2018-04/25/c_1122741011_2.htm, 2019-02-25.
HUO Xiaoguang. Xi Jinping explored the Yangtze River by boat. http://www.xinhuanet.com/2018-04/25/c 1122741011 2.htm,

2019-02-25.

(51 #AmIBH, Ak58E, FA2. =k ERKBERIA 1 RET RG] ARKIL, 2018, 49(3): 15-22.
HU Xiangyang, ZOU Qiang and ZHOU Man. Scheduling and benefit analysis on flood resources utilization of Three Gorges
Reservoir. Yangtze River, 2018, 49(3): 15-22. (in Chinese)

(6] %, 1&¥. =WokKMXAZ HARIA B K HER G REE T[], KT HLZER, 2014, 33(3): 55-60.
ZHOU Man, XU Tao. Optimal operation for multiple targets and analysis on comprehensive benefits of the Three Gorges
Complex. Journal of Hydroelectric Engineering, 2014, 33(3): 55-60. (in Chinese)

[7] &R, XRER S TP TE i B AN]SR K AR, 2012-08-02(5).
ZHONG Zhiyu, LIU Yanfei. The flood control benefits of the Three Gorges Project are irreplaceable. China Water Resources
News, 2012-08-02(5). (in Chinese)

DOI: 10.12677/jwrr.2019.86063 565 TK YR 5T


https://doi.org/10.12677/jwrr.2019.86063
http://wwf.org/
http://www.xinhuanet.com/2018-04/25/c_1122741011_2.htm
http://www.xinhuanet.com/2018-04/25/c_1122741011_2.htm

= AR EE AR AL T AR T 0

(8]

9]

[10]

[11]

[12]

[13]

KAILKFIM. KL —YE[EB/OLY]. http:/www.cjw.gov.cn/zjzx/cjyl/shij, 2018-11-16.
Changjiang Water Network. Social economy in the Yangtze River basin. http:/www.cjw.gov.cn/zjzx/cjyl/shjj, 2018-11-16. (in
Chinese)

A, =R TR 175 KikIe vk & /KIE AT IR B2 M A AT 5B [N]. N RAKITR, 2019-05-04(005).
ZHENG Shouren. Scientific dispatching and optimal operation test of 175 m experimental water storage period of the Three
Gorges Project. People’s Yangtze River Daily, 2019-05-04(005). (in Chinese)

FRERTR, XBTEHE, BB 4. Mann-Kendall K2363E7E Excel H S5 M [T, #EREL, 2014(6): 27-31.

ZHANG Shenglin, DENG Gaoyan and HUANG Yonggqi. Implement and application of Man-Kendall test method in Excel.
Earth Science, 2014(6): 27-31. (in Chinese)

JEGTE. WP 2T ) AR PR A 7 IO AR AGRAE AT D], 7K HELREIR R 72, 2018, 36(9): 39-43.

ZHOU Guangtao. Study on the intra-annual runoff distribution characteristics in Hulan River Basin. Water Resources and
Power, 2018, 36(9): 39-43. (in Chinese)

DA, FERIL, S . PRI AR i £ o BEMESR I 0 BT T (0], HhER A4, 1982, 37(4): 383-393.
TANG Qicheng, CHENG Tianwen and LI Xiuyun. Preliminary study on the degree and time of concentration of monthly ru-
noff of Chinese streams. Acta Geographica Sinica, 1982, 37(4): 383-393. (in Chinese)

WEE, FUK, BEIL, 5. K5 2006 SFATT A N FAR TR AR AT AR I R 1T A2 (0], SERREE, 2010, 30(4):
577-581.

DAI Zhijun, LI Jiufa, ZHAO Junkai, et al. Adjustment processes of runoff among river, lake and reservoir along mid-lower
reaches of Changjiang River during 2006 extreme drought year. Scientia Geographica Sinica, 2010, 30(4): 577-581. (in Chi-
nese)

KATK M. 2015 KALIR VS AR[EB/OL). http:/www.cjh.com.cn/article 142_189887.html, 2019-01-15.
Changjing Hydrological Network. Changjiang sediment bulletin 2015.
http://www.cjh.com.cn/article_142_189887.html, 2019-01-15. (in Chinese)

DOI: 10.12677/jwrr.2019.86063 566 TK YR 5T


https://doi.org/10.12677/jwrr.2019.86063
http://www.cjw.gov.cn/zjzx/cjyl/shjj
http://www.cjw.gov.cn/zjzx/cjyl/shjj
http://www.cjh.com.cn/article_142_189887.html
http://www.cjh.com.cn/article_142_189887.html

	Analysis on the Runoff Regulation of Three Gorges Reservoir
	Abstract
	Keywords
	三峡水库的径流调节作用分析
	摘  要
	关键词
	1. 引言
	2. 研究区域
	3. 数据与方法
	3.1. 数据说明
	3.2. 主要研究方法

	4. 三峡水库运行对长江中下游径流调节分析
	4.1. 出库径流量各月分配及其年际变化
	4.2. 出库径流量季节分配的年际特征
	4.3. 汛期与非汛期出库径流量的变化
	4.4. 出库径流量年际趋势性
	4.4.1. 月径流量趋势分析
	4.4.2. 季节径流量趋势


	5. 三峡水库运行前后长江中下游径流对比分析
	5.1. 出入库径流量变化过程
	5.2. 出入库径流量年内特征值对比
	5.2.1. 特征值分析
	5.2.2. 变化原因分析


	6. 结论
	基金项目
	参考文献

