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The spatial distribution of reservoirs in Fujian Province: Higher density but lower storage
in coastal than inland regions
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Abstract: Reservoirs are important water resources for economic and social sustainable development in Fujian. Using remote sens—
ing images in conjunction with Google Earth and World Map, we identified and mapped 3353 reservoirs with a total surface area of
647.51 km? in Fujian Province. These reservoirs were distributed in 81 counties and accounted for about 0.5% of provincial land
area. The majority of these reservoirs ( 3248) were smaller than 1 km? with a total area of 197. 16 km?; while only 105 reservoirs
are greater than 1 km?® with total area of 450.35 km>. The total estimated water storage capacity was 188. 18 x 10% m®, which is
roughly equivalent to the storage reported by the Fujian Provincial Department of Water Resources in 2013. Most reservoirs are
small in volume because 91. 80% of reservoirs ( 3078) are less than 0.1 x 103 m® in storage, while only 8.20% of reservoirs
(275) are larger than 0. 1 x 10% m? and account for approximately 80.31% of the total storage. Further analysis indicates that the
spatial distribution of reservoirs is uneven in both density and storage among the nine cities: the density of reservoirs in coastal re—
gions is more than that in inland region, and the large-and medium-sized reservoirs are mainly distributed in the northwest of Fu—
jlan, resulting in the water storage in northwest being greater than that in southeast. At present, the reservoir water can not meet
the local water needs in most coastal cities due to large human population. The water discharge in all 10 main basins or sub-basins
was moderately or strongly impacted by dams, and the water residence time intercepted by the reservoirs varied from 0. 053 to 0.

341 year. The results of this study provide the basic data for regional water resources management and planning, and also contrib—

ute to the protection and sustainable utilization of reservoir water resources.
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F 1 BT 2013 2015 4FA4R A48 18 SR S IR ) /K R AnE AR e 1
Tab. 1 Summary of reservoir number and area delineated on

remote-sensing imagery of 2013 —2015 in Fujian Province
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Fig. 1 Cumulative frequency of number, area( a) and storage( b) of reservoirs from Fujian Province

FIFE 3 AR FEIBIA SK BB 7K b G5 SR A R 200 1) DAITA 7K RS 43 2E 4z ] — A R B AR A 0 5
A E KN 130,52 42 m*:2) RIZKETHIRR 3.3 k® Ry 55X 4 Sy K 01 /N B K 28 6 £ 0 435 SR 12359 42
m’; 3) MAEKIEILAR 7y 3 FhAAG T A E K Bt 188, 18 42 m’. MRARA— IR 4 FE K FI 3 A 25 31 , 4R e /K
JIEZE198.94 {2 m’ , 0K BER UG B B K i S G0 5 R e M 8T . R [ K B 230 (0 22 36 3 X 40 1)
Sp: (AL € =13, 7604 (R* = 0. 571) ; {3 #: € = 32. 7374 ( R* = 0. 636) ; [ i& 1| 44 #: € = 33.
2454”7 (R* =0.927) .

HRYE Ao A, AR A A /NELK JEE 3078 A, (5 /K R BB 1 91. 80% | {H/NALK FEE /K it HA 37.
06 12 m’, i BB KEN 19.69% ; K HRIKEE 275 JiE, K& 151, 12 {2 m’, DA% Y 8. 20% Tk 7780.31% 1y
SEKE(R2 A 1b) . B K ZETE AR A, /K R e B TR A A Rt R K R T AR SR R it
FKPETIAR SRR K AR TR R R TR (] La) . [RIRE, B 35K SR, K PR AN K Y
R HE AR KA (B 5 K T AR BRI KRRl PR B /KR <0. 142 m’ KJAT DY, $ic it 150
R R AR KR >0. 142 m’ Z 5 5o Z3ERSGEHZE( 5] 1b) .

2.2 kEHEIKETAHHKRD

TR AR 7K PR 430 TE A RN & K & 7 A6 B B 04 23 (8] 22 59 ( 18] 2a) , Wi 45 T LA/NEDK Ol 3, K7
TREERE D, IR 43R A B K R AT 2 T 7K 2R 43 A 70 4 T 3 L i A eboie , 461 oo 1 R F- T A = B T 1
o) VT 33k i A TR A T A L VDAY TV i, R 9 MR B K E SRR A R AR
(& 2b) , I TR 16 JE) |, MR i ( Y90 53 ) . — A S 3B RRAIE SR 7K R 2% B A V8 [m] A i 52 300k
s, T — A BB RHE R AR EK R B K A TR T A N Rl 22 (8] 20) .« 25 B ROE I E K IR



AL AES A RER A SR BEFEEGRKEY ABEEKRKE S 571

2 MR E KA S A5 R

Tab. 2 Summary of reservoir storage estimation in Fujian Province

EKE ML w? Bz Hoim /g B s/ % BEKREMLm®  BKEES/%
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>10 K1) 5 2 0.06 30.26 16.08
st - 3353 100. 00 188.18 100. 00
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Fig. 2 Spatial distribution pattern of the reservoirs in Fujian Province with storage( a) and comparison of
reservoir number( b) and storage( ¢) among nine cities across Fujian Province based on county level data
( The different letters represent significant differences between groups ( P <0.05) ,

blue columns represent coastal cities and red columns represent inland cities)
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Fig. 3 Spatial pattern of total, per capita and unit GDP water storages of

reservoirs at county level in Fujian Province
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Fig. 4 Comparison of reservoir number and water storage among nine cities at county level in Fujian Province

( The different letters represent significant differences between groups ( P <0.05) ,

blue columns represent coastal cities and red columns represent inland cities)
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Tab. 3 Reservoir storage capacity and residence time in different watersheds in Fujian Province

it dsk '] VN6 EKE /ML n? R ML m? AR E] /a
[ETRaRE St Rofiiteo) 198 13.13 150.40 0.087
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il Aam 43 i 125 7.23 65.44 0.110
1T i 127 7.21 47.79 0.151
T & 249 11.13 32.61 0.341
e % 40 2.79 52.20 0.053
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Fig. 5 Distribution of main watersheds and their hydrological stations in Fujian Province
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SEARAE 10 F BRAAR TR 2248 4 — U A KR35 A A 1R 8 T 45 SR 2 2011 2012 4R 9GR8t ™ R )4
1 LA B AR R K B K R B K B2 WS R — . R, S8 JEE . WP B3~ e H 48 4 s
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J AN TR i P 22 5 9 2 BN AR SCHE AR > = B A2 T, e [ — A (0 AR IR, DLk
AN TrJ s 39 7 P2 7K T T AR A A B T 52 M K P T AR GE 3R 28 /K B A A B 5 2R VAR 5 3 e A s (1) R it
JERAAGTT LAPRE 225 E R M AR IBUK 2 it ThT AR 2 18] 304 3 25

FA MR 16 R K P MO B A R KR

Tab. 4 Location of 16 large reservoirs with estimated storages in Fujian Province

MR/ ARBOKEE GTsRKEE SRR

K ERMNZS2) S Eéan) ikt o 7w md iRak %
KIEOZKFE  26.3939°N,118.6061°E  f@MlTli MYTIEL  60.6369 19.9120 20.2740 98.21
WIAEMEKZE  4.7405°N,116.5500°F y&=ai] VLWL 31.4622 10.3520 15.1102 68.51
HFEKEE 25.8904°N,118.0234°F = ML 30.3434 9.9849 16.5997 60. 15
B K 26.7934°N,117.0487°F =ik BT 26.7366 8.8014 6. 8687 128. 14
LREIKAE 26.0387°N,117.0120°E =BTl MR 22.8339 7.5202 5.9182 127.07
I12EKEE 25.2002°N,118.4164°E M EERAR R 16.2459 5.3560 4.4207 121.16
W HKEE 26.6123°N,118.8079°E T JEE] YT 37 3 16. 1874 3.1283 4.6704 66.98
ZRoksKE  25.7039°N,119.2601°E 45T BT, 12.2661 2.2916 1.6442 139.37
BEMKE  26.8991°N,119.2874°F T JEE] Y197 3 6.6762 2.2069 3.7809 58.37
FIYIKFEE  25.4836°N,118.9455°E  #H  EAHZEME  9.8523 1.7921 2.1078 85.02
Ti/KIE 25.3842°N,117.0137°E =M VR 4.6287 1.5318 1.9670 77.87
YMEJKE  26.5864°N,118.0000°E [ Rai JéB] YL 97 3k 11.4084 1.4487 1.4135 102. 49
TRIZKIE  27.7959°N,118.1029°E P ST [i5] 7137 3k 4.0641 1.3455 0.5156 260. 96
WAF/KFEE 26.3705°N,119.3090°E  fRMITT IR I 4.0131 1.3286 1.1984 110. 86
FEILZKEE  27.2265°N,119.2707°E  flt FEVLI I, 3.9114 1.2950 2.0272 63.88
KZR/KEE 27.1609°N,118.2327°E =il EE] YT 37 35 7.6631 1.1361 0. 9000 126.23

AR R BT ET A A ISR K i TSk R 2015 4R 10 /RFE R T A E Kk i H3(H.

Downing 25 % B, 1 5544 i 11 39 P 0 X 7 T LG X 28 LA AR BL I B /N 0 380 o i 1 i 2
XA TR BT MR /DN P TR ek B, VR BT R, Yang 457 6 [ W I SU LS AR L A
FETRV/NF 1 km® B/NEUKARTESCR: 5 97.2% ~98.4% X5 1.6% ~2. 8% $ A P B K AR STk T 5
TR 80. 8% ~92.0% ; K LIS/ N KRR 2 99% 3 1% R AR BRI K ARTE AR _EE1 5Tk 99% LA E.
IRERY , FEAR AR T BUIN T 1k (7K 2 5 96. 87% , 1iif AT 105 JETEIFR KT 1 km” (9 7K 2 B3 ik 2 T ALY 69.
55% (1) . 52 E ATLHE B G LG , A8 4 R b UK 2 04 TR 8 7K SEA T AR X # /0N , BUAR K
TR KA TR RURITES 7Kt D2 S P DUR A, ELAE A B IR 2 1 0 DX, /)N IR 7 o DX e 2 R 26 3 K e
IRIAE LA R T 22000 14 6 22 Bk , 5 L PR E A 5 R A 47 B A AEG B , /K W UR T oK H 25 38 i 9195 10 L4
.

3.2 BiEENHthRKEZTASHER

MGEI o A S5 SR, Ha K PR RN B /K B AR 43 (8] b A3 A A8, /N K e 3 B2 40 A -1 it I, i K v
RUZK PR EZE A3 A0 T N Rl A5 1. 3 X o0 B S DR O A A R s e B S [R) 25 2R 32 S F i T]
SEA AR A WK 2 (R S AT AR P Tl e R, TR0 S0 AR B K B de/ D, S5 R /K B4R 51 R 4 KRB0
A7 5 R TR 1) P i s 18 WA, AR A YT X A, L e G A L R ) e R LA A A R R K M 5 R
A AT LB PR 0 2 AR T R, M ROK IR L A R T RO ALK . AR 2
RIE ALK, W40, AT 2520, B 7K et/ P . 8 s DU RO SR (AR TS AT S S A
MR B0 FI e, R A0 EEREX, MR EEA ST R LR WX, o FiEEA 0 REMZET R R
KRR T R A T, PRI AE S 6 b X AT B 2 I/ NRDK . T AR, 28 KRR D31 5 2 A
AR AR AYE. 42 LA 1300 A BRI RE 2k ” > B “BEd]— o oh— 2 7 LAAR 43 % A [+ T RS F5 25 94%
PN AR A G P 3% 4R I R 3 K R 2% B BT DU 30, 7 8 7 WO S A R 1 40 A R A [/ 2, 81 3) i
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T T R S BOK BRI N 2 0% & A DS IE. Y XN R 22 MoK e X e =2 il JiE 1))@
T G A A T L R T B K R U IR U T B IREAT T — R 0 R G A {5 i 4 T K 3 T B
117 AR T A B ZR A K R IR 24 K 2 , TR RS AR R AT 14 J5E ) T K 2 2 42 m.
3.3 JKEE R X FIS A B0

IR (4 B 2B Bk K U B T R IR R L T K KA HE AT P A ]2 S e
AE PR A P HERAL G IR . K BRI AT S B0 I K A 28 , B W R, A5 ) T IR e s ik L A
IFFE 4 B VTR K R T 24 B2 PR, 0. 341 a, W5V 32 B K 25 7K I SR B L 38 T ) 32 5]
TR PR K BRI /N 7K S S B T ] 0. 053 a. Ai4J Nilsson 452 By s ik N /K 25 7K o S 4R AR
I HEAE/NT 0,02 BF T LF- RS2 540, A T 0..02 ~ 0. 30 2 8] I 52 5] vpr 45 B2 BE 5400, 1 AT 0. 30 Wb 2
FUBRZUSEN. A T BRI 2 K S AR Y HER R 0. 053 ~ 0. 341, [R5 VT 5k 52 21 K e Fry i 21 5%
W4, A R4 32 K f b SR S RV ol A A A R T, L 1B 3 AN R R R
B R PRV NE IR A B2 IRHE] 43 514 0. 08740, 145 F10. 259 a. AN E VLRI 19 /K P B2 1] 24 0. 181
a, G HUA I A (AT T BT KA R VTS AR P T 32 B K R E K S IR N £ R I
AR PR X A0 28 5 R A AR AT e 1 5 SR 2 ). 38 , 7K A 25 7K fak SR ply ke e 280K Sk, DRk ke e 7
7K PR 2 R PR 7K A S SR A KR, K VT 9 = 9 R 5 300K 2, 5 T i = 0 /N TR S 7K P LA B B
TR R HAT, K HKZE(19.91 42 m’) EAm a8 A /K PR 3T T e e , 85 /K 2 9T
AR 10.33% , XA B, SR, 48 BV Hb IX (9 /N B K B RO %, Ho A 250 A5 5
AR A Z .
3.4 BB

R AR T 1 km’ 1 FLORWIIE KR BB HIR S 00 . A SCHE TR R 1 AR 7 i 4
WU R A8 K R K P TR, T 17 7K P R 7 i 9 2 i) 20 A 0 EL A 2 A SRy 3l K
KR K A B R Y T RS R, S92 b KR K B RIK B 2 0 B H 2 RS K 5 R AT
TE L. Yang %62 Wb Am @25 1] 4 JAE /K PR W S B AK LS AL IO TR FE 3 W1, W6 /K A6 2 A IXURR A 7K 3z B 381
5 TR KA. K R AR K Sk Al KR B TR R HAB AR G SR LA K SCR B 7 2
WYIRE S A TS TR S5 S 1T KA 5 F5 0 TR 25K 4 s W /K e 9728 A 5 00, ) PR A S 70 A
RTS8 7K A B SRR () - b FH 2 780 7K 78 2 8 3 00 e B9 O G 2R AT 3k — A48 7 7K P 2 1Y
He KU 5 SR R T s s S S K PR W S T B 0L T AT Rk 07 S RIS TR M o ok g
YT N K TR K R T A 2 R 06 2R, R T 0 T A A K R 5 K e R A PR 2 D e R R
A AR L5 A AR 7K PR A BRI B A 75 PR 1 S 00 S5 A

4 &ig

ANHIFGT F T8 S AR M IB BG4 rP R BIAR K B 3353 JaE, 20 A 7E KR AR PN SR [X. 45 VT DX R S5 M a3 [X
AN 81 ASELX, BN 647.51 km®, 2 i 4 R HITIARAY 0. 5% . fB/K)ZE M EKE N 188. 18 /2 m’, Hrh
JINEI K RO 3078 JBE(91.80% ) , E /K M 37.06 42 m’ (19.69%) ; K EIZK JFE 275 FE( 8.20%) , &K &
151.12 /¢ m*(80.31%) . /NRKFERUR % A0 K A RUK 32 535 K PE B I BN ES K it A e K
TKBEPRZS () 53 A5 AN E 5], T4 T K 28 B R T Bl 45 T, R UK e 8400 T P9 A6 3; & K 23t
Z RS R, TR I ON 98 K KRS H 2 (R B TH A A K 20, KR IR AL P G 28 th: 9
Fefi U 11 %8 B2 /0N K R0 B AR 3D, AR E K LI R Y 22, 45 B XL AR 5 7K et KT R TR g
X, TR AT Vi b X K J2E B /K AN BT M Hh GDP 7k & 78 10 A T8, W Vs 3Kk R & K
BRI F5e K B TR BB I , A I 37K AR 32 37K BE B /K Th SE AR BE A 52 0. AR5 DAL DX R B AR 550 A K
PEER AU E K B AE T R /R T AR 8K R K SR 23 (8] /3 A R AE S5 R0, O 7 AP R 45 IX I &2 5 At &
& IR ] S A K AR S B, 1030 U075 2 M) R EERIF S K UK B AR SR & 06 2R R VAP pLH].
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Appendix The administration area, population, GDP and reservoirs information of each county in Fujian Province

W A TR/ 2014 4E N1/ B AR AT/ GDP/ IR SR/ Bk
km? TN (TIA100 km?)  ALTT A fz m?
Tl FTH 1431.98 17.63 1.23 63.66 36 2.090
T i 1487.76 53.50 3.60 282.47 57 1.549
TAE M E 539.39 8.90 1.65 45.50 16 0.429
T wah 1765. 10 56.95 3.23 335.06 31 1.669
T JAT R 1040. 09 11.29 1.09 45.04 22 2.501
T ZE 1470.79 46.30 3.15 166.27 29 0.541
T FrgE 1487.96 13.67 0.92 58.86 37 2.052
T FEIIX 1408. 86 44.09 3.13 239.40 19 3.138
T T E 2375.74 32.67 1.38 139.83 64 4.257
&M R E 1070. 78 20. 80 1.94 172.67 30 0.272
Fitll i) {7 L 2128.94 69.50 3.26 412.73 81 1.186
Eicthl ] 375 B 1495. 46 23.60 1.58 130.35 41 20. 845
N TR 1128.92 57.60 5.10 325.35 89 2.637
fEM BEX 565.81 83. 60 14.78 447.04 44 0.341
N LEX 227.02 24.80 10.92 373.92 24 0.198
M BREIX 35.41 71.50 201.92 1011.22 0 0
M BITX 17.23 46.50 269. 88 342.10 0 0
& EENIITES 146.71 79.70 54.32 396. 04 1 0.001
M KR 670.16 70.90 10.58 533.08 36 0.234
M KFEH 2230. 65 25.00 1.12 123.78 54 2.094
Eipll g 1592.23 127.50 8.01 728.68 118 2.983
&M TR A 306.97 42.00 13.68 171.24 8 0.034
7 H PITIX 747.96 48.10 6.43 368.05 25 0.368
H il B 1839.46 84.60 4.60 275.92 82 1.892
H IRIX 481.36 42.60 8.85 260. 54 21 2.073
H X 270.51 51.30 18.96 294.78 3 0.027
5 H F 51X 532.31 58.40 10.97 302.79 22 0.070
SN ik B 2204. 64 28.20 1.28 170. 15 51 2.488
SR P& == 1458.07 45.50 3.12 290.25 37 0.857
SR YRR 2994. 39 99. 80 3.33 410.19 59 2.211
S Rl 2010. 58 146. 50 7.29 780.51 197 8.617
SR BILIX 371.54 20. 80 5.60 132.89 22 0.924
SR B IX 296.20 32.40 10.94 344.38 14 0.382
SR B 691.17 98.40 14.24 691.81 28 0.145
SR FEX 108.30 55.60 51.34 442.25 6 0.036
SR IR X 51.89 42.70 82.29 340.19 0 0
S FLEANi] 668. 64 206. 50 30.88 1492. 86 35 0.381
SR LT 156.52 67.60 43.19 638.37 13 0.044
EI] EES 649.98 53.60 8.25 242.77 29 0.545
Ei] 4 X 348.14 32.70 9.39 355.42 29 0.160
JE1] HEX 251.04 63.30 25.22 458.31 13 0.477
I X 168.19 32.50 19.32 483.45 16 0.056
HEil HIHLIX 59.55 100. 60 168.93 753.75 1 0.059
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W AK TR/ 2014 4E N1/ B AR AT/ GDP/ ISR/ FHKEE/

km? JIN - (TTA00 km?) A5G i fz m*
Eil JEX 74.28 98.30 132.34 979. 88 6 0.013
T feiz B 1277.49 16.21 1.27 90.42 16 2.376
= Mg B 1962. 44 33.89 1.73 195.46 39 1.568
T KR 900. 32 21.68 2.41 167.15 39 0.718
T ZHIX 250.91 58.44 23.29 419.33 7 0.010
WM JSCIX 125. 84 18.56 14.75 146. 54 0.010
| y A 1258.71 92.47 7.35 573.90 91 0. 602
M RGIEz 2340.00 50.01 2.14 159.84 44 0.629
M TR 2001. 39 81.22 4.06 311.83 229 2.121
M = TR 1025. 82 41.56 4.05 136.09 66 1.719
bt ik-a:8 1268. 65 60.19 4.74 166.29 33 0.564
bl FNIIE=Y 216.84 21.77 10.04 139.50 13 0.047
R b A 3377.81 29.380 0.88 107.80 84 3.043
[FRA sFELT 2803. 03 23.10 0.82 123.77 36 2.849
[ Ra kB 2240.12 13.30 0.59 69.08 37 1.578
RS AE B 1043.79 11.80 1.13 39.52 33 1.631
RS HHT 3385.16 29.20 0.86 140. 14 71 5.587
R BB 2858. 94 27.40 0.96 185. 42 42 3.786
Ra BRI 1745.65 16.50 0.95 43.40 30 0.858
RS AR T 4200. 44 45.20 1.08 175.92 58 3.465
R i £ 1979. 50 18.70 0.94 84.05 19 2.806
Ra FEF- X 2654. 14 47.00 1.77 263.46 30 3.689
= BT EHE 1528.66 11.10 0.73 76.93 26 10.273
= iR 2241.06 14.90 0.66 96.95 14 3.155
=9 Hra 1716.43 12.10 0.70 74. 14 22 1.049
= T E 2407.15 27.50 1.14 101.58 47 1.356
= g 1730. 34 10.10 0.58 55.21 28 1.349
= Wa 1798.90 22.80 1.27 179.96 57 2.161
=il 51X 351.31 17.90 5.10 224.44 6 0. 801
= TR R 3421.82 35.30 1.03 176. 68 73 12.943
= =JCIX 300. 06 19.90 6.63 113.55 15 1.874
=M B 1806. 30 13.50 0.75 75.86 58 12.093
= KT 2931.45 34.80 1.19 297.23 44 2.915
= K& 2231.64 31.10 1.39 148.68 28 1.630
Je KITE 3104.52 39.80 1.28 157.72 53 3.401
Jo B 2578.52 24.40 0.95 137.79 43 1.355
To R A 2955.51 23.90 0.81 172.07 47 2.850
Je B X 2672.29 70. 60 2.64 607. 66 27 1.083
e AV = 2635.69 27.40 1.04 134.61 105 2.793
Jo TH R 2854.57 37.00 1.30 226.70 69 3.236
Je it T B 2226.48 35.90 1.61 185.05 24 11.338

* BT RABUHA BRI [ 2015 ARAR AR ST 4R 4, /KA AR BI04GB {2



