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Abstract: The spatial-temporal characteristics of water impoundment of large reservoirs in China are analyzed in this study. The
results show that 697 km?® of water has been impounded in the large reservoirs since 1950, which amounts to 83. 3% and 6. 5%
of the total reservoir storage capacity in China and the whole world, respectively. The numbers of large reservoirs and water
storage capacity have been accelerating since 2000, and rate of the capacity change is 16. 7 km®/a, much higher than the
increase from 1950 to 2000 at 4. 9 km® /a . Meanwhile, terrestrial water storage in the south of the Yangtze River basin is esti-
mated by using satellite gravity data by the Gravity Recovery and Climate Experiment (GRACE) after 2000, showing that the
estimate by GRACE is only 63% of total reservoir volume changes, and the difference between GRACE and real reservoir stor-
age variations suggests a long-term trend of groundwater in this area. Based on location and capacity of the large reservoirs and
sea level equation, the dam-induced spatial distributions of coastal relative sea level (RSL) are calculated. The results depict
that the RSL caused the water impounded behind dams rise most quickly in the Bohai Sea and southeast coastal areas, and the

maximum of the RSL is approximately about 8 mm. Besides, impact of the water impoundment on the RSL mainly concentrates
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in the southeast coast, where the rise of the RSL is approximately about 2 to 3 mm since 2000. And the rising rate of the RSL

in the China coastal tide gauge locations is 0. 02—0. 11 mm/a.

Key words: water impoundment of large reservoir; capacity spatial and temporal distribution; coastal relative sea level; tide

gauge; geophysics.
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P IAFTESZY 1. 5~2. 0 mm/a [ b FFE#H (Doug-
las, 1991 ; Church and White, 2006) , 3 HAE & ¥ JL
HAENIELENE T (Douglas, 1992 ; Nerem et al. ,
2006). T A & (TOPEX/Poseidon, T/P) 5 L&
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W /NS SRS IE SR D IF HOKEE SR A2
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SIS AR RRAE DL B g 5T S5 R 4 R ) DTk
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Fig. 1 Date of completion, capacity and locations of the

large reservoirs in China
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Fig. 2 Water storage change of the large reservoirs in China
since 1950
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WL RS TR a8 G 1 1 TR 25 3R
Be vt A AR E (P Bl B T 4k S 45 A R 56
T =W 2 DB R K A B A s i 22 XK A6 2
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Wang et al. , 2011).
1.2 A GRACE WiF/KEE KK

FIF GRACE Bk ) 35 A 15 RUE A, 2 ]
K43 BN L E 2 L (4 GRACE BRI 60
WY s 7K 23 (Al 43 HE2E 248 300 km) , I H 2833 UE



1610 R} 2E— [ K2 ik

%39 %

2420 500 km 1Y = T8 GRACE BB AR 2 /0>
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(2008) $AIL Al — Bt R 4. TRz TR M HILIE
% 2 BRI 28 50 AT 158 22 55 52 i), AR R Y 22
LK IE P (Swenson and Wahr, 2006) F1 Fan
T UEE (Zhang et al. . 2009) FHZS 5 1 5 X AL HY
FRECHATIRDE . Horp Fan I8 1Y 28 6] 5 24 [a] = 307 08
P42 23 HIBCH 300 km. SR Wahr ez al. (1998)#
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i GLDAS/Noah (Rodell ez al. , 2004) {5213
B V2 0 3B E 2R, T T I At il 7K i
W75 Ak B #0 5 1% GLDAS/Noah #5 5 J2 58 52k fili Hb,
b e ARSI [ Ak H A Hi e i b 25 T 4% 205 7K
SR AR ] Noah #0341 4 )2 (0~0. 1 m,
0.1~0. 4 m.0. 4~1. 0 m Fl 1. 0~2. 0 m) - HE i
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Fig. 3 The rate of water storage changes from large reser-

voirs, in mm/a water equivalent thickness, deter-

mined by monthly GRACE gravity field solutions
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BRIl R BORAE R 3a Hp B €0 R 2k T HE Y 1 K fif
AL, W] R Jacob et al. (2012) 45 H I FHOG A 2K
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k. BIRTSCAT AT, 2000 4 LS ) 4 R B K e A8 4k
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Ny 3,434, 43 mm/a, X K IEAELE T 632,
F I TIE S 53 3 AR R 7K P 3 7K o B [T i b DX
Hiu KAt B A b T KA RO il R 2 —
A BARR ) 5 204 B M 0 T K A2 4k
SEBRGERL , PR A 2Kl B ) v HE IS 3
(T T 28 AT AR SOR 95 B I 4h, i Swenson
and Wahr(2002) #ff 58 45 5 AT 1, GRACE #1915 25 5k
PSR T XL 13 2 5 S TR R 2 B T 3R 22 (B Ik
FE 60 B ISR A7 FE 5T DX 355 8] 121 78 B4 52
DX P P i 22 o L it s (LR o) Al 2 15 2 T 22
/MR Z (Swenson et al. , 2003) ; %1 GRACE it
BRZE I PEA  BARUIE 0 DS N I U BE N R 1
XIS USRS A% 0. (H &, I GRACE A2k
W R FT U BRI LA K 8 i T vk 0 QB I8 R AR
R 300 k), A AR 23 5 X3 BE0ER BE PN A AR M iR
FIEIER L Y 1850, BRI X 31 34 S50k N 4%
PRI 5 DX R 30 o i i K i i A2 1k (& 3b)
IR 43 1 it T 158 22 00 24 o B 9 DX A AR 4 R 1Y
2826 Iy HEAMA) R JBE PN A% 43 A ok LA A 1) B0 JR B
WAZ 1D,

2 FKG R A A2

2.1 HEAFE

A RUET- T (I 25 A RAE S e 1 A A8 AR 3K
Bl K 5K 5T ) EERT 43 I T 3 R 3K 5K T
T U AN 3R A 1 3K 1 5 25 K i )i (Farrell
and Clark, 1976; James and Ivins, 1995) , i H 7] ¢
TR b P RS S e 37 2 T FE S PR oK [ 5 3
f9 1~10 ka Y] RUEE R AR XS TF- 18 22 4k (Nakada
and Lambeck, 1989; Tushingham and Peltier,
1991). B2, X T8 Ik ] ROBE (1~100 ), R
PR KA BT Flidh 22 18] 7K 5 A 70
A7 5 17 H A= ZERENE 5 | e HBR () 55 B far i 2. 3153 H
B K PG [ 4% b 3Kk 15 v - T Y A2 Ak, T SRR R
by 7K T 5 [ A b 2K % TR 1 R A TR A8 2 ) A 2
St AR AR R R DK TR S 5 | e - 1T
ASAL Y FREHE S (Farrell and Clark, 1976) , 3£ [7)
FE T J15 05 Milne et al. . 1999507 /157
f4ef B AN 57 757 (Tamisiea et al. , 2010,
58, X R — it 2 1 ¥ S 1 5 A2 (Farrell and Clark,
1976) #E477E 3L -

SL(G.st) = COP[GGpst) —RGspst) ]+ (2)
Hb,0 5 ¢ 3l RE 5 KRG, SLG, ¢, ) H—

B 1) 2 TR T- T A A5 45 C (0 @) Ry 17 PR T (Munk
and MacDonald, 1960) , 7& fifi st FAEE 43391 /& SN 0
1G5 )5 RO, s ) 43R Hh B far 5| 72 1)
R b 7K T R b 2 A B A (A 2. TR AR SRRk
JE A A T 25 R 67 ey Cpl 2 [BR 45% 97 for 25 1A
AR , R AR SOK Z A R B SR D L TR % &
THBER B AT S T 22 06 ST T AR 9 A5 4L
CHE B e 150D LA B 3K P F5 RS 5L 1 52l 4545 171
TAp RIS (Farrell, 1972) , B 1355 & (A s sk
TEAS A MR RR K. A (2 H K G gD 5 R0, pa 1)
AT EARFRIR R«

GOr o) = éj LG Tyt — )l +

éﬁ, AWt DTt —HA + G (3)
R0, ¢st) = Jl L0yt YT Cyyt — DA +
[ awpHOrra—nar o

AR Y G () 378 KA K HE T 1) 58— i BE AR
b AEMBREL D" (v ) 5 D () 43 IR G fuf i 7 55
— sl G W E s, m - (.05 1" (0
53 AR B AT o 1 — e 1 g 5 DR A A% 1) 7 #8 A
ks Milne et al. (199D XFLA I 4 AR R EEAT T
TR CCHRH B2 (D) ~ (7)), y S 5 (0,
O HRMF O ) Z A A RS s a Ry HUERF 22
1&g IR JIIGERE A, s 0) Ry —BF %] ¢ 1)
HEAIGIEN L0, ¢ ) R EUE BN — 12 ¢ () FE
PRFR R A7 47 $c23 [8] 3 Ry Bl st 1CGs o o) FREVE SL
0s > DR BIFIR N«

LOspst) = pu[1C0,¢p) +SL G, ] 5 (5)
ow NIKHYEERE 1000 kg/m®. P, A (3) ~ (5)
RARZ ) A5 H - i 5 245 3 7K B & K
{49 V- T ) 7 o T 32 ) R 1) R 481 3 B39 (Mlitrovica
and Peltier, 1991) 7£ BR 1% I8 fE 4% A %% 00 i o, L 1
T b 1) SRR A0 SR TR 28 S B0 £ F R 40 AT
TR ST T B A T 2 R o v T B AT AR
SR AR T e 2 R AR UOE S TS 4 R USRI A
FEAE K.
2.2 TR

X TR PR 35 7K B B 4 BT R s 4% B8 SR (Chao er
al. s 2008;Fiedler and Conrad,2010) X} 5Z bR JiE 25
SFREER R IR (Z5h 13 M H P E R
RUK FEAS R 2 2013 4E [ SEBR PEAS f 247 697 km?
TR T80 171 ) B W00 GE BTk LA SR 5 Bl
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Fig. 4 Spatial variations in relative sea level due to water impoundment behind dams, as well as tide gauge locations

a. 19502013 4F [ AH X 76 - T80 0 7 5 b. 2000—2013 4F {1y Xof T - T8 01 7

Hb K T B RS (B DT O A 25 DTk Y 2 (1] 20 A7 A ]
da FIT7R » Hor B K B3R 2K 1 i e 1 7 3 B0 Vi
T TR LA 1. 93 mm (SEPRFESE i 697 km® R
DLAERIEVE AT 3. 61X 10° km?) , 7K FE 7K X
Vg b X b F TR 1 5E M 2428 2~10 mm, 17 S 300 T
JL AR R T ) BT T da S5 5 R N TR
ARV [Ty sl R B 28 43 A REAE 7K B K R B0
VT 5 7R T T VA O 355 ) A XV - T B TP L Bk
IR EEZ R 8 mm;{H 2000 4E D)5 7K PE X i
AT S A 32 B2 4R P A 7R e W U G R Ve T S R
R, FFE LR 2~3 mm (& 4b). SR i F 4
BRIK B 7K 6T #e A i - T 52 e 1) B 9 45 SR R
1950 AF Dok A TR 30 da 18 f 4 B3R 15 SF- 17 114 °F- 34
AL LA BTk 3 DS T H AT A BRI R BT
#a 3 (Chao et al., 2008; Fiedler and Conrad,
2010 . {HXF T DRI %) 30 g 0 P T 55 BR 52 23K
KP4 s AR A A | (] I 52 380 1k Vg il b b 5 97 £
A7 BH S HCE M 3 ] = A A B A A DX R
20°X ]z N (Farrell, 1972) , 17 76 75 ¥ b X {14 3 Fb
O £ iy Pl IO X6 V- TET P2 M e B A 2 e PRIk s
HERR 2K K 55 il b 7K o 4 46 19 i 25 DTk, op
TR 7K P 3 Vg VY- T P53 T EL AT P 8 A e 25 A8 4
FHIE  FE BRI BB 50T s AR L
JEBRIE K 8 IR A | ik Y5 KRR vk 25 Rl Ak 45
RN — Rl S ER T B A R,

3 X HE Il UL I ) 4 Y 5T R

DA B R i K 2R B /KO0 o [ T 5 )
FPS ST o TV 0 V) s 50 O 08 A 110 e e v [ 0 v
VT TS Al 3, T At 1 45 5 5 0 T L
GEINDES= SRR NN VR N =k E P e /8 S N
30 T T 1 T b 3 R T A KT K (R
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Effect of water impoundment response to China’s large reservoirs loading on tide gauge stations
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