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Abstract

As the most widely used form of renewable energy in the world, the hydropower production is very
sensitive to the land use and cover change (LUCC). Measuring and mapping changes in the quantity and
value of hydropower production are the basis of water resource management and watershed spatial
planning. This paper evaluated the impacts of LUCC on the hydropower production in Jiulong River
watershed (JRW) employing the reservoir hydropower production and valuation model of InVEST. The
results show that the water yield increased by 0.66% from 2000 to 2010 in JRW since LUCC is mainly
converted from arable land and forest with higher evapotranspiration to construction land with lower
evapotranspiration. However, the annual water supply for power generation decreased by 8.46%, due
to the water consumption in arable land and construction land are higher than other land cover type,
which resulted in 1.22 x 108 kwh decrease of the annual hydropower production and 4.0 x 107 yuan
decrease of net present value separately. The reduction of hydropower production and its value are
mainly located in urban subwatersheds whose land use cover change significantly by transforming the
forest and arable land to the construction land. The model error is in the range of 6% and 5% of the
actual water production and power generation respectively, and the model has high reliability. The
results also show that the volume of water yield decreased from upstream to downstream, and the hy-
dropower production capacity of subwatersheds in upstream is much higher than that of the down-
stream. The subwatersheds in the upstream with higher water yield are critical to the water supply
services in the JRW, which should be conserved when developing the spatial planning and other so-
cial-economic planning in the watershed.
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1. 518

ARG SR 552 NS LA L R AN BRI EAI1] [2] S A5 R SR B AR 45 ik 55 7T A
FEAR 22 5 T 9 NSRAR A 5Tk, Herh B85 TR A BRK IR TF AR J1 B3R AR K R T 5 b s ™
V2N FH AT SE R BRI, 24 o A T SRR AR SR K 20% [3] . K FRLTE R ] FRR 5 I JR IR IR, X X A AR Ak
T REIHE R B AT R S (HARK A B0 R P A AR AR U . 3t R B A A 2 B K ST
W, UWZERL BIEAUK R R, SR AT K AR B K R R L A A AR A, AT K HL AR
B (DR R 2R ) A (LAZK R A 7 R 3R 2) 72 AL S [4] o

SER P T I A P 5 A AR S R GRS O 78 K 2 N = T /K BB B 72 [5] [6] [7], PAK K F1#t
PETE R ST A 2 R BUIRSS B2 [8] [9] [10] [11]s — S 2 i — e A AR A7 7K bl 3 7K R R A0 X 38

I L2 5F HRMA[12] [13] [14]. IXLEHT FURTAEK ROT A 58 PR A B35 S (HAR RIS RGEEAL A A X
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B R [ESOURAL Xof K H A 7 B AR A, AR - b R A A St K e A R R A SR D ARG . T X
ORI 5T & SR AR TS S5 T IAT I3 AR K B b R FH 178 4 P B BT 6 RR 1 o

IKITR BAEAR AR REVR A 77 b i B AT, 2000 4E~2014 4F, ZKHLFE— R BEIR A 77 A i v BT o Ll ik &)
40% [15], dmi s 1A EF3A7KF . JURILA TAR @A B, RAREE NS M, HIbE. R, FHiE=
ZFERA RO 1) PRV B e A AN 10 DB, R 1.47 x 10* km?. JiiR 2 T MK B LE
1400~1800 mm Z [a], /KHBEIEFE, CENFEZRK/KE TR 104 FE, SEEHAEIL 62.92 /5T, FRHERE
24.61 ¢ T FUA[16]. (HR& M TAbr k. N DM inte, Jis -t R R A T E RN, mE
S B IEK A FERE )T o AR SCRI INVEST BEAY HH (17K B 7K FEL AR PR R PE A LR T 10 4Rk R/
B =K KA PR S L E AR, D LR T3 P 2 1) R0 KR b R FH /78 e ) B i e o
e e/

2. FiEME R
2.1. FEMmER

INVEST #%!(The Integrate Valuation of Ecosystem Services and Tradeoffs Tool, INVEST), sHfiHAE K22, K
H AR RY B2 (TNC) A BT A2 AR 3k 4 2 (WWR) B & BT B 1) B S8 58 AT H (Natural Capital), & H TAS R4t
R S5 B PG AL (trade-of f) 1) T B . ZMEMET GIS V&, AL RGNS LA AT B0 I+ DI E
R R[L7], A8 B IR B AME TR Z -GN BN ETE R AR (1 P 3 2 1 [3] o INVEST L8 s A 45 H T3
AN E AT RS R HAME IR 2 T [3] [17]. A /KK B A= P~ 87 (Reservoir hydropower production) H
I /TR N R W= SN 1 = 8= Nl |21 o

K AR PR R R KPR R R HE SR G ] 2 B o AESE— ORI B B R A B A |, BREOK RS AT BR 28
K BB R K G, R /K& (Water yield); 777K & 411 5 H #E 14 H 7K (consumptive water use) &, FiA7K
KRS TR . FET I, KA EREREFKE . KIEFEOKRE) AR = EAME TS 3 AP, R
% 5 M K R B S I IR (n 3R T L R K R A IS T 1) 2 S, PR K R TR AR X A (1) )R (pixel-scale)
ATV A, AR RN AT DL PPAL A IR Y R AR, T L AT DR R A
SOW SRR BCHE FIRIEO K HEE R A  oTik . AR HAE, N TR, AU TR Z L, ik
B2 R AR N K AR BAE A, 0 5 K BEah (T TR 4E 82, I AR K FL B A B S T 5
2.1.1. =KEHEH (Water yield)

T P KB 2 2 BRI, SR RURNREK, 2%, TR SR, HIRBENEPRESE
PR AR A MRS RUSE B0 SR (077 7K, 5 RS 7 7K R B K B B S B 2K R 2 22 o TR A 0N 3]

(0= 2505 et o
ﬁ¢:wnﬁ%%x¢%Fm%;MH@%W%X%ﬁ%%%ﬁ%;H@%Wﬁx%iﬁ%m%;AESQ%%
WO KR EE .

w%@%&%%%%%,mﬁemwoﬁﬁﬁnaum%ﬁﬁAigﬁ
e |
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Figure 1. Location of the study area and sub-watersheds
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Figure 2. Conceptual diagram of water balance (the factors considered by
model was depicted in solid lines, other factors was depicted in dotted line)
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A PETO) RS x HEEEZERE, WTHARQ)IHEAE: o £ RBVRIRS ISR T ENSHL,
AR (4) T AT E] .

PET (x) = K, (I,)ETy (x) 3)
AWC (x)
0, =2 +1.25 (4)
P(x)
A ETo(x) MM x FFH RIS i SR ST SR SR K (1) bR g 1,

B HOR B Hh R R P IR AR Ve . A R(A) T Z 2 I LASRAE 1 ok o R AR f 22 3
AWC(x) A2 AE A AR 5 7K B, AR Fh 9 B A A 50+ SR ks
T S Bt R P B R (A, T, JRIAE), MR x PSERRZRHOR: AET() BRI 2%
ZAHCRE EToO) T2, HZ DAZHIHS R K By BRR . THRA R N:
AET (x) = Min(K_ (L, )ET, (x),P(x)) (5)

2.1.2. FKFHHEE (Water scarcity model)

A T S S bRl BIRHUK B d KR . R RUREE K IX AR A RS BE K R DTk, 2K E
MVEAER o 18I A% HE N —Fh LR B SR B AT FE ME R K, B U B B B K X PRV FE 1 F K
B IS K EBR A AR IR, REBIEKIX KR, B ZE Y SERREE RS d AT TR H
MK E. HHEARXN:

V, =Y, —u, 6)

e Vo RORSEPRBIA RN d KR, YRR d 3 B RK KRR KR, ug FomRIL d AR ERK X
FITHAR I S 7K

2.1.3. KB FEE M {EITHE4ER (Hydropower Production and Valuation Model)

AR F A A% K R K R A P B B A - K L d R B R (g SR T FUR) FOR B HLRICR (B,
BT N%) . BIIE KUK E (Vg HAA mlyr). Va TR 1R BLEIK BRI EL] (g, B2 M%) LA S K LS 7K Sk e
FE(h) s HHEAKXN:

&y =0.00272x B x y, xhy xV, @)
KL E BAZK H 3 A= i FE AR i BUME R R, HRA O :
NPVHd z(pegd —TCd)‘TZ:_1 L n (8)
t=0 (l+ r)

s TCy R RI d Ab7K HLBEAE I RA pe o A FU b SR AL ML BE U TS AR T o S 261 1 R st 13
WM R AL 1], r Ros i Bl . BALEGE 2 S KK G AR AR | 7K R DL R AR 5 P B AN B I 8 1T 4

PR K e vt A= i A SRR B BUE R, T DUER SR et A, tHRERK s iR R . it
I DX B A R R B LA 3 3 s 2 IR ) P A L A L A (BT

2.2. WHEHKIR

WOCER TR ALEAT TR & A, GHRAEL DEM. LRI/ RE . Bk, 280, L. RBRE s
LR r st A DR, I AV i 2R SR B et 3 Mot S ORI 1.
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Table 1. Data and sources
= 1. BiEKRIE

HiE HAEHR HERIR
¥ % 23 (] 43 3 22 K I R GRS &
DEM ¥ WE s, 215 #5230 m (wvaw.geodata.cn)
=11 FH /78 20 1] 2 5 2SN 2N rf B R B 5 IR IR B R o
L H R R W EARE, 2215335559 1000 m (httm://www.resdc.cn)
P K 2 ] 2R BRI R RUBE RS TR 0 (ECMWF)
Rk 2 M EAE, 215 #5205 100 m (httofomw.comwint)
5 35 PS4SR 2% 5 344 2 (HWSD)
e s MRS EdE, 2SI HER 0y 1000 m. IR$EZ A
KEE o : Jiasa.ac.
TR A WA o ans aon, 179 o) NP ol L
SRR R 2 B
(355 2 2R (ETo) WHEEdE, 2510152 #5228 1000 m (http://www.cgiar-csi.org/data/global-aridity-a
nd-pet-database)
5 L34 B (HWSD)
35 W& HE, 451A14> #5245 1000 m (http://webarchive.iiasa.ac.at/Research/L UC/Ex
ternal-World-soil-database/HTML), CRk[21]
1 7 L e 4 2 (HWSD)
TR W EARE, 2215335509 1000 m (http://webarchive.iiasa.ac.at/Research/LUC/E
xternal-World-soil-database/HTML)
o IR 24 b [ T 43 A 4 R R K SCHBIRAFAE 11 -
FUHHTE) GURH, RO Sk Z (0 4. ik[22] [23] [24]
B 2 HUCR B Ke Excel $#5 CHR[25]
KR R Excel 45 (%47: mm) SCHiR[26]
LULC veg Excel (¥ INVEST #5[3]
FoKEEE Excel 34 SCHR[27]
JK RS AR ANAL B Excel ¥#5 SCHR[16]3047 18 25
REMBEB) VoA TR RERIKE
HIECA (pa)~ 7K FELIG 7K Sk iR (ha) /K LI 1) Excel ¥# SCHR[16]37 1 2
FEBIRAS(TCy) 7K B 3t 4 FH 4 PR
R HL A% pe (C/kw.h) wEAMN R
ol r 4.5% 20 SFHAKH E 3R 2

3. iFIH/BHREWL

AT 723 i FL K 2000 4T 2020 4 Pl - 3R B A B R (R 7K R B AT R 2 B 1 MR P AR A ke

WK bR T LRI AL, AR, FrRlefoKE. 1. KEEHEARRZEE %M
WS 2K H P B R E = AR . DA 7 R R 7 AR A R, RSO TR 15 T ERR K
&, B IHMEREAL . FEE TR B R A, W T DEM B2, FIH ArcGIS #fF, 6t
FEIX IR 3 B 151 ASFRIE A K B AR T /K DRI TAR) o FE 4 1) 1 2 RS 28 75 22 1 H A Bl (2
14N INVEST /KA PR, 1R R. R T M RRRIITE, 030K 151 iAo 14 A1
BaAT T (OLE 2). d6E 8 (B 1-B8), FHE 5 M idE(X1-X5), FE—MFisE(NL). Hr B3, B7.
B8. X3. X5. NI Edii LB E m 7, i i, Ha e 7.

3.1 HFIA/BHETNL

I3 M 2000 SE 5| 2010 4 - R FH /B w R a] LU I, Vs b3 R 8 AR AL R BB . Ak FEHb . K
B AR, R AR AR D B 22, 4 i 172.33km? AT 183.85km?. Yk /b LG 43 il iA F] 7.8%F1 1.9%:
VR I ARG 7 419.50 km?; AN T 1.46 £, BV N Bk . MR AR AL AR R, HE RS AN
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43931k 178.33 km?, 177.58 km? fl 55.46 km? (/4] 3(a)). M TR+ FI /B ARE, FrE TS 3 i
TIRERAESE N, Bt WRHD A G T AR AR IR/, ACII 1 2 14 FH M 3 20 A AE 3 T Atk (1] 3(b)), 6 ATl
TSR A %)k VA P b TR o AN S Ak i ) A P M AR LA B 77.28% . [RIIF AR RS I, R R
R G4 7 RS BB bRHE . B SRR O ER  HE, ER AN R TR £ b H R A R B AR
B LI LU BIAN IR 738 B3 FRIMR BB b 2% £ Dy 5 152 P b TR RRUOK IR ), T -3tk X5+, BT o g 7
W HE 70% B HbFE AT SR o 25T IRt S Pl b 2t ) FH 778 A28 Ak 00 R s 6 T THCKS 20T ROk e = B 1 AR 1k = A
EipN-Al

3.2. M=K EHIFNE

JURTLRIB= K B2 A 345 B 2. PRREAUZBIRE KRR, ST A LR 7 g 2 8
(R 3 AR O RE A 8 SR B 3t R 38 R 6 5 ) 2 o 28 O DR/ R R 3Rt 2 s 7 K R [ 28] JLR YL
35 2% M R FH B B R A (0P ) S PR AR B AR OO KR > Bkt > Ak > Bih > @A > RAIAH(E 4).
XA — Ll R PR K AR EOR, HUR B T I 2 A A v 1 R 7 e R B o b e v, KR
RN R IR X3 BIF/KE I iRt B8 /N 2), {HJ2H-TFiisk B8 [ LR FH /7 2 8 P 1
S R Z& BRI KSR B AT o5 1 LUK T X3, 33 X3 1K & ki KT B8.

AN TR b ) P 178 At 218 28 ST R 7% HICER: 1A AR 7] s = R P78 AR A S e P K R 1 2 ML . AR 2 mTDUR IR,
P T b R FH 2 0 1 7 R AR IO B K R R R R A o Z8 O B /N e P, JURYTIRSR 2010 4R 1)
PRk EEE 2000 4R 0T 0.96 12 m®, HilE N 0.66%. 5Tt K E AL LK 5.

M 5@)rf LRI, BT = K ERERE N, AER IR T I K R KT R A s AE 5(b)
AILLE B, SEINEK B R Bk BT A MG A 2 I T R . 6 N IRTT IR T AR A I I T AR
33.34%, AHEIGINM =K & & AT LA ) 70.83%.

3.3. MATREHKENER

FEKE RN I A LIRS R R R B . AniSC 2 FRArFTitie, KA R R R T S Rk B R IITA] e
TR iR . SEBRIs BRI K B D R B3 T K SRR 2 %2 . FK B B R AR BN i
M P 3t R PP AR b B IS AT A5 B AU SRR /K R AR A ATk BRI T R SHOK B AR AL LA 6(a)
H T L R A A AR A, RS KERIIN T 0.96 12 m®, (R IIFEK BRI E R 11.32 2 m*. X SHEA

£450 105
=400 WK ek
§88 E %0 Kk
250 53 m
200 30
150 S = by
100 pg==
50 -20 w B = EfHh
0 _45 = (@)} [\ ‘
ino 70 i
- |
-150 -95 | | it
-200 s N
R L/ 200 RN T
(@) 2 AL R T/ A A (b)% TR MR L/ 28 d s 1k

Figure 3. Land use/land cover changes
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Table 2. Water yield of Jiulong River in 2000 and 2010
= 2. 2000 ££F0 2010 FEA LR ZKE

TR A Km? [ 7K #e/mm 2000 2010
SR mm SRR K E Ef?k?% P PR KE E&Fﬁ;k;%
/mm /(10° m°) /mm /mm /10° m
B1 2207 1687.90 572.27 1115.63 24.62 570.40 1117.50 24.66
B2 1213 1669.67 559.76 1107.34 13.43 558.70 1108.40 13.45
B3 1042 1613.25 566.30 1045.41 10.89 543.26 1068.45 11.13
B4 624 1655.92 574.75 1080.88 6.74 572.09 1083.54 6.76
B5 1489 1656.26 557.06 1099.18 16.37 554.44 1101.80 16.41
B6 1592 1594.58 552.27 1042.33 16.59 546.90 1047.71 16.68
B7 889 1561.44 541.87 1019.63 9.06 535.81 1025.68 9.12
B8 473 1505.78 597.75 908.07 430 570.78 935.05 442
X1 1108 1568.47 565.80 1002.63 11.11 563.63 1004.79 11.13
X2 1005 1547.83 548.27 997.98 10.03 545.15 1001.10 10.06
X3 861 1488.10 534,58 952.12 8.21 526.16 960.55 8.28
X4 391 1487.33 563.47 923.85 3.64 549.53 937.78 3.66
X5 427 1486.91 581.20 905.63 3.87 547.63 939.20 4,01
N1 703 1420.50 518.70 893.98 6.28 511.80 900.88 6.33
EitFY 14024 1567.42 559.58 1006.76 145.14 549.73 1016.60 146.10
1600
1400
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s
#e
=
=
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H
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400
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il # = 7K
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Figure 4. Evapotranspiration of different types of land use/land cover
E 4. AR R LR B/ AR A KFRERE
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BRBAr” mmAmmx == FmBEXlz nEddBXRA
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(@) Sy KA H o L (b) T LI A1 7K 5 L A7)

Figure 5. The changes of water yield (a) and the increased percentage of water yield (b) based on subwatershed

B 5. & FREA K ETFEME 7k E L

15

i ()

A 10% m®)
WAL L # (%)

? : ks
W | e R e e e
—@ Ak
-15 1 \ | -50 3 Fiimk o i
KB e KR 3T TR AT
(@) BIEFKE . KBRS (b) & TFoirek Bk EE L,

Figure 6. Impacts of land use/land cover change on water consumption and water supply

6. TithF R/BHE U FEKEFHKERNT

B B KT B T 7k 1 B AR > T 10.36 12 m®, /A H 109 8.46%. 4 T3t i o M .
R 3(0))s 5508 TR A (b2 AR . FEACRA A A LA 1 I B0y -+ ) A
RIS T 6(0)).

3.4. AT REHKENER

PRI 2 f L e YL 3 2000 A2 A0 2010 A5 %-F i sk s FUR)YE W% 3. 2010 4E 3R FH/E B &4, L
TeVTIRIRAE & BN 20.6 124 kwh, fd FI4EFR 30 42 P 7K B R)YE 18 BUE v 90.4 127G, SE¥AIE 5.31 1276. BT
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Table 3. Annual hydropower production and net present value of Jiulong River in the year of 2000 and 2010

5% 3. 2000 &40 2010 F£A LT RIBELXEEFMNE

2000 4£ 2010 4
SR - — - —
HOKE/(10° M) AEREE/(10°kwh)  FUEGEIUE/0%T)  fKEI(10P m®)  4EREEI(10°5kwh)  FISEBILLE/ (108 T)
B1 22.20 5.35 23.70 21.80 5.27 23.20
B2 12.90 4.00 18.60 12.80 3.97 18.50
B3 8.26 2.06 8.87 6.12 1.51 5.91
B4 6.06 1.04 452 5.88 1.01 434
B5 15.10 2.75 11.70 14.60 2.66 11.20
B6 14.00 0.26 0.98 12.90 0.24 0.89
B7 7.42 0.32 1.42 6.66 0.28 1.26
B8 2.08 0.00 0.00 1.08 0.00 0.00
X1 9.40 1.57 6.31 9.15 1.54 6.21
X2 8.75 2.48 10.90 8.52 247 10.80
X3 6.37 1.36 6.67 5.15 1.10 5.31
X4 3.67 0.53 255 2.92 0.46 2.22
X5 1.82 0.00 0.00 0.72 0.00 0.00
N1 4.47 0.14 0.71 3.84 0.12 0.60
it 122.50 21.85 96.92 112.14 20.64 90.44
R 5.69 531
50 B T T T T T T
I 5T
A5 | I AR
40 - T -
;\B\
35 L N B
=
ﬁ
- 3o L .
& i}
=2 =
B Bl 25 L -
I EE
= >
42 > 20 .
=
)
L -
&
10 T B e -
| EEaiR: S e e 7
a) N AR
_30 1 Il Il 1 1 1 Il Il I 1 I I I
B3 B7 X3 NI Bl B2 B4 BS B6 X1 X2 X4 B3 B3 B7 X3 NI Bl B2 B4 B5 B6 X1 X2 X4 B3

(@) BTHRERBREEN

(b) BT EEDE S SR E

Figure 7. Impacts of land use/land cover change on hydropower production

B 7. P RERENIEFREBK I LB ERF M
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| I
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Figure 8. Hydropower production of sub-watersheds and per km?

8. BT REBAHEMBMEINLEE

TR Y B, 5 2000 FAHEL, LRI K KR ERD T 1.21 12 kwh, BFE{K T 5.55%, FH]E K
/> 0.38 1270, FEAKT 6.68%.

A2 3 A 7(a) AT LLR B, BT & f B R B 7E PR o E I T i i F i PR AEG 1 BL A3 2K
TR TR 6 MR P BR B8 I X5 HT3#A /KM Ah, A 4 ANFIdsor f s BTG I Lu gl # e T
PR RS T IEER B6 A X4 4t FAth-F Ik L BRI E A AR T T 3 7K . ISk 1K
TR 3R B R T R A AR B 3 T AR e i B (] 7 () o TR B3 ek B R L
B AR 1 & L R EL ik B 45.23%, X3 ik F] 21.38%. VUM T T a0 0 % H R o A rL DD
B 71.22% (4 7(b)).

Kl 8 o T & Tt e R R B AR AN T A K B R HE . M 8 FTRUR I, TEiR AR e K I
SRR I T, RIS I i TR I I WA K R ) A L O A I i T
SERBIK . BRI AR = (AT RE SRS, TE T ISR R R 2 R, 2R B IR R e
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BATHBRISAT R KE . R ESREE E TR K G EE AR 8T L BORIGTE R 5 5, Uk
YL IR 2 5T K R U Bl 154.97 12 m® [29], 2010~2015 E4AEH K RN 20.83 12 T Tl . SEhrik M S A
TR R AR ZEAE 5% LA, SEFR/K YRR SRS P K B iR ZEE 6% A A, 1 AR 45 S B 1R i i ml &
P,

4. Gt

7Kt S B P 5 3 (T R R, R R IR R X A A A BAT A R S A0S kR 1
ARG AR BRI ST A P A A A e IR R A 7 R SR R R 3K B VR R B R R AT T
INVEST A3 K Bk A P, 2T 2000~2014 R[] 15 45 (1 F4 /K B 44, 2000 441 2010 4 -+ I /78
R, LREVEREE . TR KR B S HCR R EOK s AR BURL, 1AL T LR
WA AR AR ™ K B FERKR . KRR M L (B S 2 8] 0 A B R i

WEFORIL, BT R R AR, 52 e AR B BRI . B A R e A O 2 MR B A A L
FiIh, SURIT RIS K EHEIN T 0.66%; (HAE i T B i FEE I K, A58 2IIURT e /K 77 K HL i
FOKEREK T 8.46%, X FEIUTLHIREL K K BEE A T 1.22 12 kwh, FEKT 5.56%, KA
{698/ 0.40 1478, F#AK T 6.69%. JUIsizK /o A FL /b J5 B 3 S A i M) -5 78 A A A R PR T 13 e A Fi ik
Ely iR

RN A il RIS W AN R Wkl == 1= el 11 7 =S W e . W s M w1 N R P
WG KB R, BRI A P B R S AR A K R K T R T T e, R
SRR F3 ke Tk Ee R, PRI 3 I DR X K B 45 AR 55 BE T RO PRI AR OGBE, AR RDE S R R B AR
/b2 N L1155 | Y/ 0 = Wl e e TR 0 W VS

INVEST Y (7K L A P AR SOHAT K R A P i o (B A KL 25 TR0 A (PP B AR G 1 BT 5t (HZ
A, SRR I TP I REAT A ,  ZE T R A  FRDR R 7 7 R T8 PR 4 P AR A K T
(s SRR E s N AR B KRB T KA MR RIE 1 U K 1, T 5 RS K A R TN SR
FEZ AN AT A B ORI 5 BT 5 4 A T HRK AT N K A ELAE Y o XSS TR AN Bkt S BT $4h
AR . I, INVEST BB 45 ORI ) 5 8 B 28 B R 25 1R 1 .

EHEWmHE

B K B AR R AT H (41471464)

SE#k (References)

[1] COSTANZA, R., ARGE, R. D., GROOT, R. D, et al. The value of the world’s ecosystem services and natural capital. Nature,
1997, 387: 253-260. https://doi.org/10.1038/387253a0

[2] COSTANZA, R., DE GROOT, R., SUTTON, P., et al. Changes in the global value of ecosystem services. Global Environmen-
tal Change, 2014, 26(1): 152-158.

[3] SHARP, R, TALLIS, H.T., RICKETTS, T., GUERRY, A.D., et al. In vest user’s guide. Stanford: The Natural Capital Project,
2014.

[4] WCD (The World Commission on Dams). Dams and development: A new framework for decision-making: The report of the
world commission on dams. Earthscan Publications, 2000.

[6] ZKig, HEL, B3, % KN BRI R R R A L[], KR 224, 2014, 45(1): 109-116
QIN Changhai, GAN Hong, JIA Ling, et al. A model building for water price policy simulation and its application. Journal of
Hydraulic Engineering, 2014, 45(1): 109-116. (in Chinese)

[6] /MY, BRegke, ZeiERE, & T REE RS 5 iR R XA K BHIRM E O R[], h EARAS KA HL, 2015(3): 22-
24.
LI Dandan, CHEN Nanxiang, LI Yaohui, et al. Research on available regional water resources value based on energy theory.

381


https://doi.org/10.1038/387253a0

bR P 5 78 e A O IR L A P S M AT 7

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

China Rural Water and Hydropower, 2015(3): 22-24. (in Chinese)

TR, I T B B K ZEIR N E R 72 [D]: [ 24408 3], dbat: dbat Tl K%, 2012,

WANG Huan. Research of water resources value based on the theory of marginal utility. Beijing: Beijing University of Tech-
nology, 2012. (in Chinese)

TP, KB RIFRAES RS RN BERLEE PPN [D]: [ A0 5], HE R B 7t 4 B (8 L
KF LI 5L, 2007.

WANG Hongmei. Integrated assessment on hydro-electricity to river ecosystem services and human wellbeing. Beijing: China
Academy of Sciences, 2007. (in Chinese)

VIR, A, NG, S TR R RO R UREIOBEMA. Ky 4R, 2011, 30(2): 89-94.
CHEN Min, LI Shaocai, SUN Hailong, et al. Impact of cascade hydropower development in the lower-reach of Yalong river on
river ecosystem services. Journal of Hydroelectric Engineering, 2011, 30(1): 89-94. (in Chinese)

TR, T, i, & ARERZTREKAES RGERSIRET AR 0] KIS ACHEBHE, 2011, 9(4): 91-
95.

HAO Cailian, YIN Jun, ZHANG Cheng, et al. Economic value of service functions of freshwater ecosystem in the Wulie river
basin. South-to-North Water Diversion and Water Science & Technology, 2011, 9(4): 91-95. (in Chinese)

AR, IMEE, mKE, & AESIETE AR K RIT IR SN o R BF L[], K IRDRS?, 2006, 22(5): 18-21.
MO Chuangrong, SUN Yanjun, GAO Changho, et al. Application of ecological value evaluation method in environment as-
sessment of hydropower development. Water Resources Protection, 2006, 22(5): 18-21. (in Chinese)

g, XNF. FET AT — R Y (Y K B K I H & 5 IR WIER[I]. /K 7k HL 253, 2015, 34(5): 166-180.

MA Jing, LIU Yu. Economic impact assessment of large-scale hydropower project based on computable general equilibrium
model. Journal of Hydroelectric Engineering, 2015, 34(5): 166-180. (in Chinese)

BLGOE, M T,  CTOKRER, SAUE SRR MR SR RIS IR ). KR B2, 2012, 31(5): 1-5.
JIA Jinsheng, XU Yao, MA lJing, et al. Discussion on hydropower return, its relationship with socio-economic development
and new concept for development. Journal of Hydroelectric Engineering, 2012, 31(5): 1-5. (in Chinese)

TErH, WANE. JeREIKFIMRA LG s 5 E REFHN]. K J1R B4, 2002, 21(4): 5-10.

DING Xiaoyang, FEI Lichun. Comprehensive benefits and national economy evaluation of Nierji water project. Journal of Hy-
droelectric Engineering, 2002, 21(4): 5-10. (in Chinese)

WA SR, WRALESIM). b RIEG T, 2015.

Fujian Provincial Bureau of Statistics. Fujian statistical yearbook. Beijing: China Statistics Press, 2015. (in Chinese)
HALAKRIT . HIRE ST TR & MAE il 1 R]. 2006,

Ministry of Water Resources in Fujian Province. Integrated planning in Jiulong river of Fujian province. 2006. (in Chinese)
R, BRER, XU DUDL, 48, InVEST #5484 K H B AR Fe it e [3]. #aal Aolk B, 2013, 33(4): 58-62.

WU Zhe, CHEN Xin, LIU Beibei, et al. Research progress and application of INVEST model. Chinese Journal of Tropical
Agriculture, 2013, 33(4): 58-62. (in Chinese)

FU, B. P. On the calculation of the evaporation from land surface. Scientia Atmospherica Sinica, 1981, 5(1): 23-31.

ZHANG, L., HICKEL, K., DAWES, W. R., et al. A rational function approach for estimating mean annual evapotranspiration.
Water Resources Research, 2004, 40(2): 89-97. https://doi.org/10.1029/2003wr002710

GUPTA, S., LARSON, W. Estimating soil water retention characteristics from particle size distribution, organic matter percent,
and bulk density. Water Resources Research, 1979, 15(6): 1633-1635. https://doi.org/10.1029/WR015i006p01633
FAO/IIASA/ISRIC/ISSCAS/IRC. Harmonized world soil database (version 1.2). Rome: FAO and Laxenburg: IIASA, 2012.

S, BRER, ) UUDL, S5 ANTR] R P /78 5 2R U R B K B (] A A AR I]. K BEEOR, 2014, 3: 9-13.
WU Zhe, CHEN Xin, LIU Beibei, et al. Simulation of spatial distribution of water yield of Hainan Island with different types
of land use/land cover. Water Resources Protection, 2014, 3: 9-13. (in Chinese)

ZHANG, C. Q., LI, W. H., ZHANG, B., et al. Water yield of Xitiaoxi river basin based on InVEST modeling. Journal of Re-
sources and Ecology, 2012, 1: 50-54.

ZHANG, L., DAWES, W. R., WALKER, G. R. Response of mean annual evapotranspiration to vegetation changes at catch-
ment scale. Water Resources Research, 2001, 37(3): 701-708. https://doi.org/10.1029/2000WR900325

ALLEN, R. G, PEREIRA, L. S., RAES, D., et al. Crop evapotranspiration Guidelines for computing crop water require-
ments-FAQ irrigation and drainage paper 56. Rome: FAO-Food and Agriculture Organization of the United Nations, 1998.

CANADELL, J., JACKSON, R. B., EHLERINGER, J. B., et al. Maximum rooting depth of vegetation types at the global scale.
Oecologia, 1996, 108(4): 583-595. https://doi.org/10.1007/BF00329030

TRIEEKRT. FREE KRR A (2008-2013)[R]. #&MI: AREEKFIT.

382


https://doi.org/10.1029/2003wr002710
https://doi.org/10.1029/WR015i006p01633
https://doi.org/10.1029/2000WR900325
https://doi.org/10.1007/BF00329030

bR P -5 78 e AR R IR K LA P S LT 7

[28]

[29]

Water Resources Department of Fujian Province. Fujian water resources bulletin (2008-2013). Fujian: Water Resources De-
partment of Fujian Province. (in Chinese)

M, wE S, BRI, S RS RGO RS VAL R 5 B I S —— DU VL MR NI [I]. KR
2241, 2011, 30(4): 56-64.

WU Nan, GAO Jixi, SUDEBILIGE, et al. Evaluation of ecosystem services for water supply and power generation and its
economic value: A case study of Ertan hydropower on Yalongriver. Journal of Hydroelectric Engineering, 2011, 30(4): 56-64.
(in Chinese)

HEEA KAT. AREE KR AR (2015)[R]. A A& KA T

Water Resources Department of Fujian Province. Fujian water resources bulletin in 2015. Fujian: Water Resources Department
of Fujian Province. (in Chinese)

383



	Measuring and Mapping the Impact of Land Use and Land Cover Change on the Hydropower Production
	Abstract
	Keywords
	土地利用与覆被变化对流域水电生产影响研究
	摘  要
	关键词
	1. 引言
	2. 方法和数据
	2.1. 方法和模型
	2.1.1. 产水量模型(Water yield)
	2.1.2. 水稀缺模型(Water scarcity model)
	2.1.3. 水电产量和价值评估模型(Hydropower Production and Valuation Model)

	2.2. 数据来源

	3. 土地利用/覆被变化
	3.1. 土地利用/覆被变化
	3.2. 对产水量的影响
	3.3. 对用于发电的水量的影响
	3.4. 对用于发电的水量的影响

	4. 结论和讨论
	基金项目
	参考文献 (References)

