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Landscape effect and ecological security evaluation of cascade hydropower development in the mainstream of
Tongtian River Basin//TANG Fukai'?, CUI Ming', ZHOU Jinxing’, WANG Zhaoyan’ , MA Guoqing', FANG Jianmei*
(1. Institute of Desertification Studies, Chinese Academy of Forestry, Beijing 100091, China; 2. School of Soil and Water
Conservation, Beijing Forestry University, Beijing 100083, China; 3. Department of Sediment Research, China Institute of
Water Resources and Hydropower Research, Beijing 100048, China; 4. Academy of Forest Inventory and Planning, State
Forestry Administration, Beijing 100714, China)

Abstract: In order to evaluate the impacts of hydropower development on the ecological environment, the impacts of the
cascade development of hydropower projects in the main stream of the Tongtian River on the terrestrial ecological
environment were analyzed and evaluated using the “3S” technology combined with the methods of landscape ecology and
the ecological security index, as well as data from digital images and field surveys. The results show that, subsequent to
cascade hydropower development, the waler area increased by 300. 72 km’, the grassland area decreased by 296. 80 km’
and there was no significant change in the main vegetation types and land use patterns. Grassland was the dominant landscape
type in the basin, followed by bare land and woodland. Landscape fragmentation decreased after hydropower development,
while landscape dominance and diversity increased, which was conducive to the stability of regional ecosystem. Cascade
hydropower development did not significantly affect the productivity of vegetation in the basin and the richness of species on
both sides of the river. The productivity of vegetation decreased by 1. 83x10° t/a, and the productivity after the development
only accounted for 0. 78% of that before the development. The ecological security index of the overall basin was 0. 819 after
the development, 0. 001 higher than that before it, indicating a high ecological security index. In summary, since there were
no major changes in landscape patterns or in ecosystem features and functions, cascade hydropower development does not pose
a threat to the ecological environment and safety in the Tongtian River Basin.

Key words: cascade development of hydropower; environmental impact; landscape effect; ecological security; Tongtian
River

PTG K L 2 S BRGSO A ARG TR 4 7 22 Al R R BE M T AT it ) 7K BE K
F2 A SRR R BT R T ATE S BRI A R R Y HK I R

EEWH .+ EERHE IR (2012BACO9BO3 ) 5 Hr S 240 25 PERMITF e i 3£ AR L 45 2% % 1 ( CAFYBB2014ZD006 )
YEZ AN FERIL(1988—) , B i+, FENF K ERFFIAE S REWE S, E-mail : tangfk_hi@ 126. com
WAEVEH AW (1979—) , 2, BIBFE 01, W, FEAS A SR R B AR EEHTSE . E-mail : cuiming2009 @ foxmail. com

- 46 - KA K A ,2016,36(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



£ RN /s Al o S £ K 1IN AT S 2 Y AT 8L il
TRIBRAR IR I it S A K T e R AR e 2 11X
RV KB K TR & SR A2
R AT IR B 25 1 [A] I, 2 X AR B R 5
FRAE 2 R R AN B S R SR B
ZREME R REEDS ) AR (ecological risk ) S it
TR ARG BRI A AT RESZ A AT 0
W, FHUES RGE D REEE AR SRS X
F18) AR P A AR T DI A 285 KU AR 25 22 4 Sy
P EREEMEM, ABHERRC N REDKH
TR E A 2P R R A fE 2 X KA K R
AR B AT RS | R 1Y 52 A A AR TR AR IR [ SRR
EZL

K TT & Hh i 0 | RS 1) o WL (] 2548 5 T RE Y
Ak, S A DX W TR | {7 B DR AR TR ARRAE
R 22 M1 DX BT A R S 04, B
KB GIK BT RS HE ZSFREE M DA RO BIFFE 2290
BASK I TR AR SR EE O CR IR A E
KL BT K Sk FE A W) A K B
AP AL R S I TR (EV 2 NI SN
T TR AR B K P sl X5 I 8 2 25 R B 1 52 i)
AN BROK FL I SR AR AR IR 2 4 5 RS AN
(1 R GRS LA R Bl

SVLPRIRACVL B0 IR VL & PR, R
A FEM R KGR, B < Th AR T LB
B SR AR, DX S R G O e 55, =TI
ARSI SRS AT AR B R B E R A2
B, A SR B AN A B EGY R R
Fragstats3. 3 X F- S AHLS G 0k, IFR H A =
VT 35 i T K ot BT A6 B
A S IREE S 43 A AR BT IS DX ) |
FEREAE 7 7 WD Z2 PR R A 25 2 8 B0 A2 AR
O, LA g X el A 222 A P P S A B AR B

1 HREXEFR

A I AL T VR TR A M, =TT IR AR
P e L B0 2 R R A e A 2 R B A

L R 43 38 ][R K A R PR 4k T AR R 7K
Tz — . Yk P K e, 7 25 K, 7K RE TR 25

o R TRA 769 km , T[HE KARVE 2 953 m,
ZAETI R 424 m’ /s, PRS2 2 668 MW, 24 1
TR 2R Y 11, 5% ;i BEFH R 0. 124% |
AN K2R AT 2N 3. 47 MW /km L
IO YR FE 4400 m, DX I, [ SR BRI 45 R AH R4
2 M SaW R R,

3 AR L Rz R PRI & AR 7
ZOR, RV CR Y A S FABE B SEA T, 38431 38 K m]
F2 & K T B IRRRR T 2 K H AR o e DX 3 A
39 K R K b A PG 2 KT K RPN
T KA F = VLUR [ SRR X, AR A IR AR g
E [ S G S Ao W e 9182 R L e e G S
RSO E R BT R W 111 NSTE b/ 185 ) e 2 O W i3
AR 8 WIT LK BT, BA V% 25 592 m, 3¢
PLEZ & 2 838 MW, 4F & L & 128.32 /2 kW + h,
FRGOK LS H i M ARUCH s ble 4R SR 8 S
B BRE PLTTR F A, HHr R K H 3 B
HLuh . BB K H S A R A R, FR AT AT BN
I NH VT S B BB A D W R N
B RBPOK K ERFES RO 1,

2 MIRFZE

2.1 MREESEMEE

T B AR R] A 2011 4F- 8 A, PEH I BE
2011 A3 T AR T R A B, PP P92 R 7K U
TV P DR DX 3t A= AR S IR BE A2, AF SR YE LN
FEF RN 1T ( g B 7K HAL 3l 7K 8 ] 7K A i ) &5 1L
TR 11 YR8 R T 7 5 — B LA 2 T A 45 1 i 3
BB, T B 29 511 km, BAIAR 38 346. 7 km?

HR AR B A FL sty (RS2 B O AT, FE PPN IX I 11 A4S
ST 3 DB T (R 3 R 1 S Bl Uk 3A L it RR
3 AR SOB B SC A E IRAE LSRR R BOE
11 AN JEA R, B T PR 2 1 18 DR 3 s
VDX G U B M, D A T 31 A R A R A TR
A B RES Go s, T ARSI Y GPS %E i

R1 BRATFTREBRKRBIEKEFESH

KL PSR B4R/ Iﬁf% oKD, IEWEKGLT  SEPEA/ WIS, FIHEE,  SEHEE/

km? (m® - s7) KL/ m m PEZS/AC m® ¢ m? fZ. m? m MW
BB 106747 265 4215 4200 12.10 4.73 7.37 48 120
FE 125268 311 4140 4100 107. 10 41.20 65.90 151 640
S 125668 313 3985 3980 2.28 1.81 0.47 50 240
X 130960 350 3935 3925 21.43 17. 84 3.59 147 800
& 381 3785 3780 4.01 3.28 0.73 65 380
itEs 136189 385 3720 3715 8.55 7.42 1.13 88 520
A 136 800 388 3632 3632 0.19 0.19 0 15 8
B 137728 395 3570 3565 0.42 0.29 0.14 28 130

KA K A ,2016,36(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 47 -



FERIC SR 5, 7E I P8 A iy 5L Ak B, X5 IX
2011 4 Landsat ETM T8 12 JEEHE 2 AR A1 DEM %L
it (3 HE4 30 mx30 m) AT A5 2 R IUR & i 5
W E K E L B 5 L, 7E Aregis10. 0 BEF & B
7 R FH SRR R L R GIS X 55 0 s 78
PR S H I B A, A5 B K L IR R T AR T IX
SO SoA% Ry BRI BY 26 B S5 50, Tk
AT 45 T F0 434
2.2 ENEREESIEESHT

a. SOUKE TR ECE L, DL R BRI
FERBE , 7 Fragstats3. 3 50U R - E & &, T
BB SO0 A RUBE T8 DX e VA i S WA SRy 4
OO H AT AT, BEHE A RS S0 S 48 £t
FEBEHEL BEHOR B | i K BB 50 S IR AR5 4L
FG3 2 BEREERAE s 5o WLAKT RUBE S5OUlA% Jm) 48 $it 45
S GEFEFR R oy B R FR R - 1 43 4E 8K, Shannon 22
FEMEFEEAE . BRI Dk SCHR [ 15-16]

b. HBEA T, DISETFOLRERIFH A CASA B
TR S A T B DX A e ) 0 A 7 s (NPP) HT
AR HERR T3 R G0 o B s BRI, SR e 1
Albers R, 115045 213 T W& BRI 25 53
FEHL 2000 4F 2005 4EFH1 2010 AEXFIPA X S AR B2
RUAEFR AR50 AR SET T 20T, R AP 5
Ve X3 A 7 A0 AT

c. WA AENE, MR 11 A A AR O AR
BT VR A (5 BT 45 VR A At YT 3t P e YA 32 DX T
B E X o YR 2R TR AR I,

H=- Y PlnP, (1)
D=1- ZPi (2)
Jow == X, PInP,/InS (3)

Kt . H 2 Shannon-Wiener TE‘%&;D M Simpson L1

PEFEEL; S M Pielou 5] EF %L, S WWFhFE &

TRECCHEVR T BB Bl SO s P, A Bl 0 B AR X

BH,

2.3 AN SESREFNTE

SR X IR S 22 A R R 2R HARF

R W T3 T oK I & 5 AR e &

S PRI ZR R N 295 3, 8t D) - b ) FH /B 1

AR R SR, SR FH T A iR ) DX 2 R A

KU(ERT) A H X AE 2522 285 (EST) R AL X
(R AR AR 2 AR

AW.

Ly = 2 f (4)

g =1 -1 (5)

T e s 530 R A 2 KRS 8 RN A 25 2 98 8

J A HIZERY A, SHREA XIS A 5 j 4 s A
A SRR s A SRR I - b SET R W, R
Fofr = b ) FH S 0 %) A 2 R 5 8 R, A A XU
1o, FRN A A 2 A B /)N | 3R B DX P 1) A
SRR R Z AR LR ERE ., AR AES
DR i A T 2R 50 S BB R R 250 (R 9 R , DR 45
GAIFSR IX SRR DU ARGE 18 o, Fe 2 E AN ) 4
FIFH 26 A9 A 25 KU AL R B0« Bt 0. 31, JK A&
0. 18, Fk3h 0. 14, FiHb 0. 2, #it4h 0. 109, ¥K )1 Kk A
ME0.10,

DL 10 kmx 10 km Ry FEACHA% ST AR L 4
T8 8, ¥ i A% PR 0T A B Ak b s B, JF G it
Arcgis10. O FRAFHEAT 1 {8, 15 28 K] it 48l 1) 2F 25
A3 ) 3 AR R HERR PEAS 7K B T & 5 L st R
Xof A 2 RV 5 e 2 B AR S AR R — 2D A
Ak (A RN = = R S Y o W S e o A
T PRI, LA B U 5z e DX 3 A 285 XS 11 225 T 43 A R
Mo KM Excel 2007 1 Sigmaplot10. 0 {43 & ik
BRI B Kb PR DL K R il

3 HER59M

3.1 JKEBRFEX L HF AT XEIR 0
7K P, 3t A R K I 2 S T A A ) - R
R AU A — 5 T AR A B bRt BRI A
MO PR R K B 5 A /KR o 308 AT AL e T AR
38346. 70 km® , Horp s AR T o LU e, kOl
BRI, 3% 2 Ui O B i K - Rl st R 2
R AR AR L
®2 BREELMAAXRBEEAREL
W WS TR

T

Byt T km? MRV km®> 25 fk/km? PR/ %
oMb 33395.48 33098. 68 ~296. 80 0.89
Moo 3778.53 3777.21 -1.32 0.03
M H 1061. 15 1058. 55 -2.60 0.25
Kok 73.22 373.94 300.72  410.71
ﬂ?%% 38.32 38.32 0 0

o 7K HL Sl 18 5T U, AR ST IX A b A 2 AR
A B, 3R A A 0 ) T AR K
LT ARAR Ak L 5] 40,35 R, JH A, - b 1) FH S A8 1 9 1
T FURT GBI AR /N, R0 1. 32 km?®, AR B /D
2. 60 km? , B HILE /L 296. 80 km?* , K 1] Kok A TG ¥
B BRIK ARk s KA AR AR Ak B
T AL A0 300. 72 kn® | EL/K 4 T AR A6 338 0 DA 56 3 f
TORRER K, BT o5 HE 0 98.70% , /T 30Uk i e 4%
— P57 TRk R RE | R 45 b ] FH 28 2R AR
SRR K, - b R FH S RO 35 BN AR | R b B

- 48 - KA K A ,2016,36(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



K, YRR D M AR A DK Kok AFRES /)
3.2 KEBREFEXNZNIEFHIZMN
3.2.1 #BEAREZTUMSRIGH T

IF 58 DX PN BB 28 B K P b i S5 UL Ja 22 4k AL
3 SRR FONER T o A i FEIAR A, 52 K
SRR P A ], Horp A AR ATk Bk AR
FRI GO AR B E A T 5 S AR WA ARk, A2
AL N o A DL NP R V17 O NE

b YA 1 i BRI B R R S R BE B Kk
B JUTHE TN, P UL RN R T 1 b OO
RFEBCVE BERT IS I 0. 937, Ui B S W i R4 E M
JITRRAIG A %) B0 B B0 B %35 8 RN 5 UL R 45 4k
WE VT TR AR, S K BE PR EAR AR | P34 5
e R A B, R B S BRBE BB AR 1 A
Hh, HAx ST AR A By U W Ve — e R
R T SO R, i S Az B — e R T,
T 7K B TR A, 7K (AR S0 00 P REBR 45 | B ke 2% 1 B I
TR, B R BEHRFE ST SO IR AR EOR -2 B AR
TR IE A, T KR AE X 3 i o 4 L S AR /)N,
ANJE 1% , PRI 7K (AR S U0 178 sl A e 37 3 A 25 T g
SERF /N FE R RN, vk Bk
KRS FIr i LoD | H— e A T bl 30 2 iy
FEARRZ NG T, Ho W B IR A
3.2.2 FIAKFREFUMFIGIH T

e 4 RSO R LW BT A5 X 50 0

& JRyFE B AR, L DX BRI B 25 135
B KBEHFEEITREAR, Ul B 1 5 B A 5000 Jm) 1Y
WAL R BE I . SOV ARAEEORN 20 4R BCa S0 e W
WA B RGP IPE AR e Eol K, RSO0
BEH LA R AR A v B i B0 2 T e
FRBCE N (=2.4% ) |, 1T 50040 2448 B K
(5.76% ) , W] T AR 21 W45 BEH 22 [8) 11 3% 2
PEIK SRR, WIS Shannon Z2FEVETE SR 5] iF
TR AT 0.041 F100. 025, {H 4R 4k 45 78 21K
IR, 2 B TR S i DX ek A S LA ey o AR 4
LR BEH TIN5 AR 23 BRI
3.3 KEBAFAEXMHEEEHESRENZM
3.3.1 BBITA M~ A0y em

MY IX 2000 4F 2005 4F 2010 4FfliHbAE 25 R Gi Al
BE I3 (LA C 3t IR B2 30 679. 87 o/
(m” - a).631.04g/(m” - a)f1652.81g/(m” - a) 4
A FE R 2.61x107/a, 2.42x10"t/a 2. 50 x
10"V a, FEREAE 70 SRS A S SR A K
PHAR ST L RN AR SR 3 UIAR G, BT — 2
LS, PP DTS4 R AR 7 T 0 23 ) o3 A A
Jry AR R FIRE R R I OC R BV, LA e FE B M
Ry S X O ABL R A 7 T AT R ELIX. T AE T 5 L ]
- - E A3 A7 Y DIl AR A 7 DI s L X
VR PR TOAE A b B TR R AR 7 1 A A AL X,

MFE 5 AT LA Y 7K e o A R BE R AR T RE A X

=
B

R3 BEAERRERHREBRESVUEBERHOEN

g WBVke? WRUL/% B BRI/ -ln?) BOKBEMURRU % SOUBIRSE PRI RY k?
B WRET  MEWJE WA WIS VIR WMERE WEIRAT MEWJE WA MRS MElRET O WIRE WIRET WWE
Bl 33395.48 33098.68 87.09 86.31 86 90 0.22 0.23 86.992 86.196 22.265 23.202 3.8857 3.6794
M oHt 3778.53 3777.21 9.85 9.85 1012 1010 2.64 2.63 0.419  0.419 46.545 46.529 0.0372 0.0373
Moo 1061.15 1058.55 2.77 2.76 419 418 1.09 1.09 0.179  0.179 26.244 26.400 0.0252 0.0252
KoK 73.22 373.94 0.19 0.98 125 96 0.33 0.25 0.013 0.569 13.143 14.256 0.0058 0.0394
KN K&
N 38.32 38.32  0.10 0.10 37 37 0.10 0.10 0.015 0.015 6.760 6.760 0.0102 0.0102
KARE
F4 BEANEHRREVNKFERESURBREHNTL
WA B P2 g/ e R BB b9 VS IATN SERIEAR -1y L IE o2 Shannon £ Shannon
- (4~ - km™?)  FREU% R4 SPARTREL SrHERR R % 8% % FEPERREL ST
WIHT 1679 4.38 86. 992 21. 155 1.354 1.037 75.786 0. 243 0. 465 0. 289
WEE 1651 4.31 86. 196 21.943 1.370 1.038 73.996 0.257 0. 506 0.314
x5 BENEHRREHEE=NETHER
‘ - - A WL
EWAAD  ERNEE WRGH/%  GRREE Y WRUE e —
A/ (- a™t) AR/ %
B 33395.48 87.09 33098. 68 -296. 80 -201838. 84 -0. 89
O 3778.53 9.85 3777.21 -1.32 -60. 27 -0.03
B Hb 1061. 15 2.77 1058. 55 -2.60 —-1530.78 -0.25
KoK 73.22 0.19 373.94 300. 72 20427.91 410.71
oK) Bk AR 38.32 0.10 38.32 0 0 0
A it 38346.70 100 38346.70 0 —-183001. 98 -0.78
KA K A ,2016,36(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn + 49 .



AL T3 MH, B/ IME R 1. 83%x10°Va, I /D 11X
WFAE A 7R SIEAY 0. 78% 5 P B 4 Hb A FH2S
RUrpr ) B KA T AR, ELE He g R, Ry SRR
TR 4 15 22 s AR BR UK SO KRR S EBA i ik
/bR b g ) TR R K T R ) A AR
P IMEBBOKAR T AR 22, B DA IX B S A R 3R
TR 7 T E DN
3.3.2 MBITE AT A8

IR HL A ST T 2 v T R e 1) 8 4 T T
A R BE R 3R 6 MTEYIF 2R Z R K
HLEB T RPN KRl AR A S R G2, R 6
AN, AR A AT Th 22 R AN e (IR IX SRR X
FEHL (9 ) Fh 3= & B2 45 %L, Shannon-Wiener 45 %L
Simpson 25 F£ V£ 48 %, Pielou 5] B #8 5028 L R AR
AN NTITRT U A8 S v sl S 0L DA B 7K 2 35 KOG 7
FE YD Z R AN K
3.4 KBBAFEMXBESREZMWEE

ST RS X BB K Ll U AT SV AR I AR S
TR 0. 818 (1 (a) ) , BhEH K HL 3l 15 5E i
J& R SR A AR AR RO 0. 819 (& 1

(b)), B 5 R DX I MR A 25 2 4 45 B0
0.001, SHABBEFEXA L, AR XN A2 245 22 A P JEE
R , HC D R 2 XL L A AR 500 2
RN AT B R B/, o A 25 5 4 5 ] B
SRPETG S LD . B Gk B B U, 10 kmx 10 km
AR H00 b AR A A G HEL AN 23 ) 23 [F)
PRl R AR — B, R R AR 25 % 4 ORI B/ Iy
B AR RIS R A A A

X AR L A 25 A R R B 0. 86, e/
{EN 0. 80 FEAR A AL, A A2 A FE B 1Y
DX ), 3 R 119 DR AR — B, AR S AR 4
BAR A DX I ZR AL B AR -t S BN AR AR
Sh YA O X e BRI S R AR A AR A, TR
Arcgis10. 0 B rFi A k91 09 A 25 2 e fdis &
XFEE, AT LA B H BT E 9 DY R AR DD An b 45 i |
AT CHYTARPYAL R -5 77 it 2 18] 4 X ) A
AL ETEA T T M KN 5 B AR S R R
BRI, 8 AR RK BB IE T E K, B
T A M IR D e M, DA ] SIS R B R o
B, ORI AR R AR A TR . A

xo WRAEARETENSHELTE

R LY ey Shannon-Wiener 35 %% Simpson ZREEFE AL Pielou 3257 JE %1

%= Zy 7t Yy Yf Zy Zf Yy Yf Zy 7t Yy Yf Zy VA Yy Yf
1 20 20 20 21 2.28 2.42 2,17 215 0.76 0.80 0.81 0.81 0.74 0.74 0.72 0.72
2 26 28 26 27 2.16 2,18 2.31 272 0.8 0.80 0.78 0.79 0.79 0.79 0.78 0.78
3 30 30 30 30 3.06 3.66 3.02 3.64 0.8 0.90 0.87 0.8 0.90 0.90 0.90 0.90
4 13 14 13 15 2.96 2.8 2.51 238 0.92 0.92 0.91 0.92 0.9 0.92  0.90 0.92
5 29 30 28 31 2,22 216 219 224 0.74 0.74 0.73 0.73 0.94 0.93 0.% 0.96
6 26 27 26 25 2.26 2.31 2,18 213 0.8 0.8 0.82 0.8 0.90 0.90 0.90 0.90
7 26 28 24 26 2.36  2.44 2.34 232 0.8 0.8 0.8 0.8 0.92 0.92 0.92 0.92
8 17 16 18 19 2.55 2.56 2.45 276 0.70 0.71 0.70 0.72 0.84 0.84 0.88 0. 89
9 16 17 18 15 3.04 3.12 3.00 3.06 0.92 0.92 0.92 092 072 0.72 0.71 0.70
10 16 18 15 16 2.90 2.87 2.74 293 0.90 0.90 0.90 0.90 0.74 0.74 0.72 0.72
11 12 14 13 14 2.93 2,93 2.71 2.8 0.94 0.94 0.92 093 0.78 0.81 0.79 0.82

T Zy 20 Yy YO BIFREE R BIX e R AR X A R B XA R R B X

086 e 3
- 30 § 30 _Gkm “'ﬂ;;
(a) WEHHY
1

« 50 -

=0 86 0 30 60km

M 0.80 —— Y

(b) WEBL e

BRKBMEREREESZEIEHTES
KA K A ,2016,36(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



[i5) = Ml ) FH 2SRRI M 0 A= 8 3% 85 BOR B KR 1Y
BRI T R, PR v 5 DX (AR T ARG o, 3
L XS A S R AR B R G K

RIS 53 4 A A AR A 5 X Ik (A
2) I R A A5 2 4 1X(0.80 ~0.81) FFAE AL
X (0.81 ~0.82) P EARLLIX(0.82 ~
0.83) AL AX(0.83 ~0.86) , i K I i 15
(PG AE A2 A WY Sk vy T AR A b X, L3 9] it
ZRRAETLEXMpASEEX, KPS
LA XHBRK, RUORRASZ X P S%
22X R AR AR A T AR /N AR b s AR AR
DX 0.86 1 1 :0.47 : 0. 11, X
WHTE AR L FRE SN ARG 4 DMES
e 2 N [F1 TR o N i e oS R T A A
RIS A A A D IR O 32 KL IF & v
IV 75 H 5 TR DX I ) A A e 4 s B) A A B SR UK
b i, R G g DX AR A TRl R

V. NER,
fl 1 8 ;5 i
e I A B D il -
EALAIK
— AR o0 kM T

B2 BEEREREBESREERZTESHE

3 KA K HL R TT & I XA ] A )
ST FRASAAS K, A Ko = i 1) FH S 280 1 £ 4 1 7
SO, KN E K G X I RS JR R, TR B
PR R T 5o WA 348 B 7K RRATR, S ST R A 4
T VT SRR s 78 5O AT RUBE b S5O #4527k 1
WAL, S LB A A 15 T, 52 A T35 Wi AR SR AR 5 i 6
W], oK R VR J , Fh T b AR ) D
5 DX PN i MR D AE B A 7 R TR AR . 2 HE
PEFREL B TR BRI S R HR BORE | MoK L
(R XTI N P ) A ) A M TC B e,
oK sl R AT X SR R AR A Ay AR s e B
oK HL i A A I S A A B A e B A T A K
0.001, A58 XA A2 e AR A i . MURMVA I
B R XRG4 5 e AR BRI, i) 2

TR AR e A DX, R R TP s R E S AR AP

R4 R 738 I K BB G K I T
SR A AN 2 R A W kR DA L
SR TR AT ST XA S LA AL T2 T LA
SRRAEARTUEAL M Z R RO AL B2
IS A A R G LR BE T UL B SRR R R E
P 5 AR A TR RO AT I, IR S R G4 T8
FaE MK

ABIFSE B 18 KR T A gk Rl s
X L A P S0 SR MR E S R G
T1 e DR B 2 AR, BRI Z A1 B GK Bl 1Y
FEBCR RS SCHI I | SR A [ AR PR X
SRR R R, TR 2 R S S
NP HE AT PR3, 5 — B0 A 7 550 v 76
BB, LRATTAENE, P 220 Sl vt B i i
RS, Meoh R TR B A 3= bl i
TN AP PE AL T B U BE AT [ AR 1A, B KR
FEE /N T AR R 2 s TR SRR B UK PR
SRR U E R B S I, REE A
BB oK Lk

SE

[ 1] ZEERPE. K el e A SRR I B P [ 1] 3R
R3] ,2011,30(5) :81-83. (LI Jinsheng. Impacts
and assessment on ecological environment by hydroelectric
station construction [ J ]. Environmental Science Survey,
2011,30(5) :81-83. (in Chinese) )

[ 2] FIHESE. TR ARG M POK BRI kA S5
PR BEFE[ D] I AR 2000,

[ 3] w77 WRAE. T i K H B0 A B 9T % A 25 31
BERREMA )], KBRS K TR, 2013,24(4) 58-
62. ( YANG Jing, WANG Ning, CHEN Yan. Impact of
cascade  hydropower  development on  ecological
environment| J |. Journal of Water Resources and Water
Engineering,2013,24(4) :58-62. (in Chinese) )

[ 4 ] HUANG Hailun,ZHENG Yan. Present situation and future
prospect of hydropower in China [ J]. Renewable and
Sustainable Energy Rviews,2009,13:1652-1656.

[ 5] FEEFE, Amem. oK Al Rrse R R SLi [ J]. K1k
B2 42, 2012, 31 (6): 1-6. ( ZHOU Shichun, ZHOU
Xiaowei. Practices of sustainable hydropower development
in China[ J]. Journal of Hydroelectric Engineering,2012,
31(6) :1-6. (in Chinese) )

[ 6] Xtg: FEORIL IRMBEE, 55, 5K TR XA 25 2 42
RYBRBR N AR A R [T]. AR A5 3R, 2007, 16
(1).234-238. ( LIU Shiliang, CUI Baoshan, WEN
Minxia, et al. Ecological effects and ecological security
index system of major engineering project[ J]. Ecology and

Environment ,2007,16(1) :234-238. (in Chinese) )

KA K A ,2016,36(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 51 -



[7

[8

[9

[10

[11

(12

[13

[14

[15

[16

- 52 .

AR, AL B LT SR 00T L
TR A XU 2T LA S D A I 0] AR B IR
2#4%, 2014, 29 (3):410419. ( ZHANG Xuebin, SHI
Peiji, LUO Jun, et al. The ecological risk assessment of
arid inland river basin at the landscape scale:a case study
on Shiyang River Basin[ J]. Journal of Natural Resources,
2014,29(3) :410-419. (in Chinese) )

BARZL R 0T R A W A VIR B Je VT B e
WA LR G VR (1], K FOK B B R i, 2007, 27
(4).: 20-22. ( XIA Jihong, BAI Chuanzhen, YAN

Zhongmin, et al. Ecological comprehensive assessment of

[

left riparian zone of Jiajiang section of Huaihe River outfall
water way [ J ]. Advances in Science and Technology of
Water Resources,2007,27(4) :20-22. (in Chinese) )

BRI, ke 5 0 45, 20K ik BB I %ot
KB B RS ] K F1 A& HL,2013,39(4) 9-
12. ( XUE Lianfang, GU Hongbin, WEI Bing, et al.

Investigation of the influence of hydropower cascade

[

development on water quality accumulation in Red River
mainstream [ J |. Water Power, 2013,39 (4):9-12. (in
Chinese) )

] BV A2 VE B, A =K R A A A T e
BOMSRBESE [T]. K PR35 4241, 2014, 28 (1) : 63-68.
(MAO Huaping, YANG Lanrong, XU Renji, et al.
Countermeasures of ecological barrier construction in
Three Gorges Reservoir area[ J . Journal of Soil and Water
Conservation,2014,28 (1) :63-68. (in Chinese) )

1 G 8] e R BET B 38 KT K HL R PR

B SE PP < Bl 2 A 25 A 5 I L AR (R b

A R AR R I A LRI BB ,2012.

AN AT AR L T % A S IR B R [T ].

7K1 % H,,2011,37 (12) ;:8-12. ( WU Zhigang. Impact

study  of

[

hydropower  development on ecological

environment in Tongtian River Basin[ J]. Water Power,

2011,37(12) :8-12. (in Chinese) )

IR, . 38 R T K AR 9T R R DX AR

JRR 2 W [T ], ARk BE R A BE, 2013 (3) : 106-111.

(JTANG Liwei, MENG Pei. Effects of cascade hydropower

development on the landscape pattern in the Tongtian

River[ J]. Forest Resources Management, 2013 (3) : 106-

111. (in Chinese) )

] E R SRR IR SR AR A R R R DS R
BB T]. A%, 2005,25 (10) :2499-2506.

(GAO Qun. Landscape changes and human activities in

[

three gorges reservoir area: the case of Yunyang County
[J]. Acta Ecologica Sinica, 2005,25 (10) ; 2499-2506.
(in Chinese) )

] BRSO M R G R R 5] L
R EHE B ,2007.

] RIS, R R . S X B B K AT S S A%
JRASALRHE T ], ARk T4 ,2012,28 (4) ;227-234.
( CUI Xiaowei, ZHANG Lei,ZHU Liang,et al. Changes of

landscape pattern and its characteristics in Kaixian County

KA K A ,2016,36(2)

[17]

[18

[

[19]

[20

—

(21]

(22]

(23]

[24]

[25]

before and after impoundment of Three Gorges Dam
Project [ J 1.
Agricultural Engineering, 2012, 28 (4):227-234. (in
Chinese) )

BONDEAU A, KICKLIGHTER D W, KADUK ], et al.
Comparing global models of primary
productivity (NPP) ;overview and key results[ J]. Global
Change Biology,1999,5( Supl) :1-5.

W R, A, R . 25 A L D DR A X e i i 1
K DB DRI A [ ) ] R mUMROL R 2 2 i ( A AR R
F ML), 2004, 28 (2): 80-82. ( YU Qingguo, CAO
Shunwei, HUA Chaolang. Inventory of vegetation at the

Transactions of the Chinese Society of

terrestrial net

flooded area after the construction of hydroelectric station
in Nuozhadu Nature Reserve of Yunnan [ J]. Journal of
Nanjing Forestry University ( Natural Sciences Edition ),
2004 ,28(2) :80-82. (in Chinese) )
MAGURRAN A E. Ecological
measurement|[ M ]. Princeton; Princeton University Press,
1988.

R, 00 ] 72, TSR L5 A 8 DX AR 2 KU A [0 ]
W E PR RL2E 1999 19 (5) :454-457. (ZENG Hui, LIU

Guojun. Analysis of regional ecological risk based on

diversity and its

landscape structure [ J]. China Environmental Science,
1999,19(5) :454-457. (in Chinese) )
AR IIN RS b I | B N R B 7 e P A
ST, L PEARL A E R 2009 (2) :238-244. (WAN Li,
CHEN Yougqi, TAN Jing, et al. RS/GIS-based assessment
and analysis of ecological security dynamics in the suburbs
of Beijing[ J]. Progress in Geography,2009(2) :238-244.
(in Chinese) )
BHEL A, W E,SF. SO R bR A 7] SO0 A%
JRRRL [ 1], A2 45 2 41, 2004, 24 (1) :123-134. (LI
Xiuzhen,BU Renchang, CHANG Yu,et al. The response of
landscape metrics against pattern scenarios [ J ]. Acta
Ecologica Sinica,2004,24(1) : 123-134. (in Chinese) )
ST A XTI, X/ G i 100 DX 5 WL 1 o ] 3
[l R A IRAP X TR 2B [ 1] A2 Ak, 20006,
25 (4):405409. (WU Jisheng, LIU Huiging, LIU
Xiaoman. Stress of surrounding areas landscape
fragmentation on Tongguling Nature Reserve[ J]. Chinese
Journal of Ecology,2006,25(4) :405-409. (in Chinese) )
FEFERE, e R RS AR T LR R[] E
224, 2005,25 (4) :861-868. ( CUI Shenghui, HONG
Huasheng, HUANG Yunfeng, et al. Progress of the
ecological security research [ J]. Acta Ecologica Sinica,
2005,25(4) :861-868. (in Chinese) )
XN, B AR SR - L SR A 5 SR
& SR B i SR SR RREL T ] A= 25 241 ,2011,31
(1):267-275. (LIU Yu, LU Yihe, FU Bojie. Implication
and limitation of landscape metrics in delineating
relationship between landscape pattern and soil erosion
[J],Acta Ecologica Sinica,2011,31 (1) :267-275. (in
Chinese) )

(ks A 912014 - 11 -28

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn



