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Abstract: The composition and spatial changes of the ecosystems in the Lugu Lake Scenic Area from 1990 to 2015 were
analyzed in this study. With the goal of providing a scientific and theoretical basis for ecological and environmental planning
in the Lugu Lake area, we used the classification and extraction of ecosystem information method and landscape index
method to explore the ecosystem spatial changes and their pattern by integrating remote sensing with GIS technology.
Furthermore, we analyzed the driving forces behind those changes. During this 25—year period, the main type of ecosystems
in the Lugu Lake scenic area could be divided into five types, including farmland ecosystem, forest ecosystem, grassland
ecosystem, water ecosystem, and human settlement system. From 1990 to 2005, the conversion between farmland, forest,
and grassland ecosystems occurred. However, from 2005 to 2015, extensive areas of forest, grassland, and water ecosystems
changed to farmland and human settlement systems. Landscape fragmentation and the complex degree declined, whereas
connectivity and integrality of the scenic area was gradually enhanced. However, there was a larger difference between the
proportion of each ecosystem type. Policy guidance was the main driving force for the farmland ecosystem. The Returning
Farmland to Forest and Grass Project and human activities were the main driving forces for the forest and grassland

ecosystems. Wetland afforestation and human activities were the main driving forces for water ecosystem. The increasing
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demand for human settlements was the main driving force for the human settlement systems. Finally, several planning

suggestions were proposed to solve the existing problems in the Lugu lake ecosystems.

Key Words: ecosystem; ecosystem spatial change; landscape index; driving forces
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FEIX 1:5 TR Ui HOE R FEATRCHE . WF9E TR ] TR SR80 W 1

x1 MEXRAIEEBRPGEE

Table 1 The satellite remote sensing image data

HE2E Hdfa St R s 2 VAR N B4 o B
Data type Data source Resolution/Scale Characteristics Purpose
TE#G Landsat-5 TM 30 m 0.45—0.52 i ARG BRI
Satellite image S )id= 0.52—0.60 45,
19904E1 A 13 H, 0.63—0.69 L7
19954E 1 A 11 H, 0.76—0.90 L1 40
2001 4E 1 A 19 H, 1.55—1.75 414
20054E 1 A6 H, 10.4—12.5 414k

20104E 12 A 22 H,
2015411 H 9 H

Landsat-7 ETM+ 15m 0.520—0.90 B RS
Eoq LRl 4213 i BRI
2001 -1 A 19 H

1.3 Rk
1.3.1 BRGS0
HERRGZ MG BRI T LR B EBGUREIE , Wit i G0 HrXy L, 368 7 & JURS L DB
T S, BT BN, 232508 S A 4519 Landsat TM/ETM+ RS R 3EAE B i TIFSY X8
75 2 AT (R, AR T BRI A A R R R SAAR T o3 TR 38 U 2R SR 2 b X A R 0 52 AR 8808
HEBRGRARIERT H A SRR, IS BRSO TR, BEAARR S BT A
IRRG I, BB TMA SRS RGNS DI RE PR A SEBR R B A, #8711 ) AR 25 R G S5 ik
ARG, T RRG S RERIEH T ERRGNRS DIREMBIHA T ST, AR D5 T 1859 X 38 ) A e S 7
MR AR AT, K43 23 Fb - ORI R BRI AR MRS 57 T IR GRS AR, AR R 2 FL kT
B BV BB ERRGERM S WRHAES RS SNESRSE F AR RS KEBES RS 44
ARERRG, UK AN NEIRE RS, it 5 Fdl,

R2 FHMARERESESEHEER
Table 2 The Lugu lake area ecosystem classification system
A H FRAK i pi &4 NEHEE
Farmland Forest Grassland Water Human settlement
TKBE b PR/ ZZN 157 1L B A ARl J& Bt
JKFEH T B A2k 1 E ) HAbMA B
o o S F it K R0b
ZE £l SR P i N
Classification Fa bk HE
FEIBME A
LT hR

1.3.2 SUIsEHr
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2.1 PINIAES RGAET

S ARG R SR A R G AN HL B S5 AT 8 WAL NS . 32 3 B T 9 i 4k
NS R GRS FAE AT 5 B AR H ], IBFST IX AR, I 1990 4F 2 2015 4FEZ4F [ BFFT X N
P RGER R L FIE A BT & A28k, FE 2R BRMAE S R G 7 bR K, o5 3 B 9% IX 3 1T R
B 45% LA b \JE FRES T AR He A28 Ak i K, 7 1990—2005 4B N 0.5%—1% 2247 BT 2005—2015 4F 1 i) 2
R H G HER TR 229% , 2015 4, 4 2R RS0 HARICA 20.2:45.4:4.4:8:22 (4% HH: R AK: B 7K 38 A
J&) A USRS R G R B 2 A Y E A A5 R G0 2 AR e RS I HE FE I %k 13.5:61.4:7.8:11.4:5.9
(AR P : ZRAR: e 2K A3

x3 FHBESRELEER
Table 3 The area of Lugu lake ecosystem types

1990 1995 2001 2005 2010 2015 SEHTH B
F [ [HEA [HEA THIH (A TR Average
Type Area/ /% Area/ /% Area/ /% Area/ /% Area/ /% Area/ /% proportion/

km? km? km? km? km? km? %

4% [l Farmland 28.8 5.7 89.7 17.6 86.8 16.8 51.3 10.1 54.8 10.8 103.1 20.2 13.5
FEMK Forest 340.7 66.9 317.6 62.3 333.2 65.5 351.3 68.9 301.2 59.1 231.4 45.4 61.4
HiH Grassland 72.9 14.3 24.2 4.7 26.6 5.3 37.4 7.3 54.4 10.6 22.4 4.4 7.8
JK I, Water 64.3 12.6 75.1 14.7 59.9 11.8 64.6 12.7 44.0 8.6 40.8 8.0 11.4
NE 2.8 0.6 2.9 0.6 3.0 0.6 5.0 1.0 55.1 10.8 111.8 21.9 59

Human settlement

SR L VG A A S R GRS A A BB, S — BBl 1990—2005 4, iZ B B RHAE
FEREE R A B AR DL R i A 25 R G R A L AL, B — I BER, B 2005 4F 3 I X A AR A R e 2R
TR/ NI U R K3 e BT REHB DA SN J& 55 AN B Bl 2005—2015 48 i B B H i 1 I8 DX 4l 2%
KA R G ARNT TR L) & AR R AR, F AR I B IR R G R kI AR A AE R RS,
FEBBOR, /I 2015 47 &R RGN A G AR R ARAR R AR KR DL R F

FRAE DL PIASBY B, S A 1990 4F 28 2015 AR T ARSI A S R G AR AR PR (R 4 % 5) it —
AT KN T BB RGN E AL, 1990—2005 4EFr B, 4 H B 5 AR AR 5 R 58 22 M R AH B
R AR S RGN EEM S . R ARG AR EL A 18.61 km®Fl1 9.58 km® | i K
22.5 km? ; RMAE S R G043 M B M A A A% A 37.18 km®Fi1 3.88 km? , K 10.56 km? 5 B2 25 R 5553 7]
] AR AR S ) 37.18 km? 1 9.58 km?, /b 35.51 km?®, AHILZ T, Hofth 2k 25 R 45 2 0 2 1a] O 6 A 1 1%
At 3 km®, BIMAEZ BB D 1 5 DO S R G 2RM E B b B AR R R B R S R A S R G 2 ),
M & 2005—2015 4EB B, Bobk 5 KoK ISR S R G R m A& FAE S R G RN R A R GRS sk 3
S FRAR G SOK A 25 R GEAE LB BE N 23 Ve s/ 124.84 km® (11.88 km® Fl 14.54 km® /K HES ARG S
NBEIREE RS 45.47 km® F1 105.79 km?, 1990—2005 4742842 25 R 40 09 £ e MR A HE 7 Hh 5 32 554K ko0 £§
R CECH K R AR AR, Her ) N 3R 5T 2R 48 R B AR O RS R 05, 97.8% I IX S R A T B 4k,
2005—2015 4FE4&4 A B R G MARE VEHE P MR O KB AR AR A N8 A5G R G DA S b, ey ) B 4th 3R R
H A RS S B L A 82.7% M KIS R A T ARk
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R4 1990—2005 F AR ARG AR RIS/ km?
Table 4 Lugu lake ecosystem types change matrix from 1990 to 2005
2005 4

FH & FON HH K3k NJE 85

1990 4 AR H 21.67 3.88 1.71 0.17 0.26

ARk 18.61 320.12 11.11 2.04 0.48

b, 9.58 37.18 18.92 1.21 0.42

K8k 0.15 2.91 0.03 55.48 0.04

NS 0.48 0.65 0.13 0.00 0.06

R5 2005—2015 FEAESRELBERENIER km?
Table 5 Lugu lake ecosystem types change matrix from 2005 to 2015

2015 4
FeRl A FUN T K3, NEAE
2005 4 A 29.08 6.92 2.46 0.04 17.8
PO 55.97 202.80 15.76 0.26 76.56
i 10.41 11.74 5.68 0.01 10.46
KK 3.80 3.76 2.26 40.41 5.03
NIEA L 2.51 1.29 0.26 0.00 1.60

2.2 P EOUAE EOr B

ST 3E 2 5 1 A SRS EHE — 2 T ir Wi A S R G R At A AL S Btk . DR IR REERF
FE W RB B, S — Bz 1990—2001 4 8] 9 it i DX Sl BxF B 2% B K s U IR F6 B0t 3l b P 3 B am
TR B TR, RN SRR I . 55 BB, 78 2001—2015 AFH[R], 3 1k 0 XSk B B e
ARFE S ZREVEFR B 31 TR SE BRI A S il B, XIS AL AR B S R R A AR R R A%
Rl A2 R B K (R 6) .

F6 R RHHA D R S R IR
Table 6 Lugu lake area landscape index in different years

R EKE SRR £ S X BEHR T AR

FE )ﬁig&%&# Boundary Landscape Mean patch gﬁ—‘ﬁ}'&ﬁl
Year Patch density length/km shape index area/km?* Diversity index
1990 15.8 2324.4 28.9 6.3 1.28
1995 10.9 1734.5 21.8 9.2 1.28
2001 24.7 2493.4 30.9 4.1 1.27
2005 12.7 1744.4 21.9 7.9 1.25
2010 13.3 2032.4 26.9 5.2 1.24
2015 12.9 1781.2 21.5 7.4 1.23

DAY X N A 2R S R G2 AN R SRF L 1990 45 2 2015 AR 1R], 4 L FR bk B Ak B S R 45
P BES i 5% B S TEARTE RO AR AR, BR A AR R Ge41, bk Bt /KB 38 R G BERAICA A R T % i
S XL 5 628 AT 2R BT it ) DX e SO e A R B 22 A R L BRI, 45 A A8 R G 21 TR 2 i) ) 37 3 P ok
R EOREEE | Xt B M REE R SR BUES: PSR ERN Z2 —, A, KSRGS+
HAEHR S N TAE A = A B, KO o T AR A = R AR RE B B LR TR i R as Ry, RIS, B
T 25 T KT B v R T 1 TS A | N8 A5 2R 0 1 S W 52 At B e, B B mi AR B H A
LR RE 2 RN AR A B35 R 3280.7% (463.4% F1 141.3% , HLARZS (8] 43 A b 3= B A v /e U300 e i T &
PTG PR ANV /KA  BLAS A S 3 S B T ) XN A 2R G S O P B R A R A G B R S e
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TN P 2R 48 1) TR B A 14 22, 2 B 6 iR U ol 199 2 i BT T i ) T B | e T D 2R3 O 1 S 22 AR AR T &
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R7T FAHEBRES RESRESUER
Table 7 Lugu lake landscape index of different ecosystem types

e s BEHH il AR TR
Type Year Patch number Boundary Landscape Mean area/km?
density shape index
A& il Farmland 1990 1713 26.15 52.98 1.7
2015 2358 19.43 46.13 1.6
FRAK Forest 1990 1039 44.79 39.47 14.6
2015 386 28.47 29.83 18.7
HiHfh Grassland 1990 2262 16.33 59.82 0.4
2015 1176 16.32 48.62 0.6
kIR Water 1990 1403 15.47 21.11 4.5
2015 898 6.74 15.38 4.2
AJE Human settlement 1990 424 2.01 22.48 0.2
2015 2389 4.85 39.52 1.2

2.3 EBRGIKSHE T
231 RHESRGAAMIKNEE T

1990—2005 4F BBt , 4 Tk W DX dafi A FH A 25 22 0 T AR S G s s/ (R AR B, 322 43 3ol AR AR, el =
BRGGHE A 14.73 km® 1 7.87 km?, Sk (5 F3 0 4.4% (181 2) o DL 2000 453 1 5138 B bR TR 520k 45 A2
£%,2000 45 DIRG9 b X AR (i T & HUOR LS R BRI ) TS AS A AR A By 1k B AR O TR SRk
A H TR AR IG5 2000 4 3 2005 4F[E) 4R H A S R G 5 H B T 1% 6.7% , Horp 1) ZRARIL H LA B i, 1 AH AR
FHAMR TR — e B IR TR ARG K,

2005 42 2015 AR B, A% B AEZS R GEIR Y 5K, 430l ARAK B DL KoK 3k 55 A 49.05 km® (7.95 km”
A13.76 km® | A A7 FEHE TN 10.19% (& 3) 3 1% 10 24 M - st 701 FE IS0 s 556 %) P B0 5 1, o =22 o 25 e i Ll
WIFF K St o B & A T K ) 5 SRATRE It RIS HG I, i BRI 37 B Ay A L T MU RG < 1 e 32
Ly

0.26 17.8

2 N, 0 S

5 0.48 EEEH g 251 O

2 0.17 PEIN 4 0.04

Al e
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ﬁ.} ok NN 3.88 1861 Ry 6.92
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Fig. 2 The transformation of farmland ecosystem during Fig. 3 The transformation of farmland ecosystem during
1990—2005 2005—2015
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232 FMAERRGARLIKEH N R

1990—2005 4F-B Bt , I 1 i DX S A Mk A 245 22 40 i AR Al A0 i 14 (R B (A8, 2 28 AR LA S R i e
A 26.07 km?, [a)f¢ AR R G ivis h 14.73 km?® | VA A7 LU N 29% (1] 4) . 1995 4 22 2005 45 FRAK 1T R AR
OISR T B RGP TR AR, AN 1999 4F ks R AR MR ™ = SR % ik —20
FAAFLARS T2 AR T RR (075 AR 35 3R B ARG N, (A5 43 R b £k A Pk

SR 2005—2015 4EFr Bt , AR TR S B AR J /b (R ke 3, n] A& FREE R 40 5 R A28 R 48 53 il itz o
75.27 .49.05 km*, B4 & Heik > 23.5% (K1 5) o B R FIAE 2 255 10 & LAAE I R AR 4P R 5 TR
SN RIS , 8 BN A 6 AR AR AE R R G AT AR, BRARIAT AR MRt 2L

PMAE R RGAE 25 AFMLEAR L SeR 5w A8 109.3 km?, HEAR & Husk 2> 21.4% , AR 3=
BLYG K NEEH R G A UL B ) N A A% | TR 0K 8l PR R BOR (9 5 ST e

0.48 s 76.56
S FRAEE
g M 30'“ m FRAEEN g MR ]m@
2 2.04 @
£ 201 & 130 S Aehs
Q . D "
g" Kt S EThY ;;\ 15.76 FRIEEA
N»% | 37.18 W i 1174
R IR 86 P
&kl 358 e ETIERTTR 5507
s 6.92
0 5 10 15 20 25 30 35 40 o 2'0 4-0 6-0 8-0 1(-)0
ERR A Area variation T AAS 4L Area variation
— HRETH/km? ‘
B4 19902005 FARHESRFEZM km E5 2005—2015 £ RHMES RHEETU/ km?

Fig.4 The transformation of forest ecosystem during 1990—2005 . . 3
Fig.5 The transformation of forest ecosystem during 2005—2015
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1990—2005 4F-F Bt , B A= 245 R G0 A s /b | 1) FRbR A B AR 25 R G053 it 26.07 .7.87 km?, L
G FA T % (E 6) . 1990—1995 AF [] B iy A1 25 2R G845 HY 48.7 km? | BEUA 5 HLIE /D 9.6% ;1995—2005 4F
) R A S R GEHE N 13.2 km? | SV HEHE K 2.6% AR i AR 0 b A 2 AR 4 TR ek 2 1) 32 B S AL A
2000 42 S A IR B ik B T AR AE — R Re B b i A il A 2 R e v AR B R

2005—2015 4EB B, FEHAE S R G I AT /DR 3 R BE A 15 km®, B & HRID 2.9 %, e fk ol
A FRARFEIEE 73504 10.41 11.74 km?® F1 10.46 km? , Forpr | 1) 4 [ K A& BREE 23 504 5 HY 7.95,10.2
km® , NBRMAE S RGN 4.02 km® (B 7) , A BB IS R R H A= S R Gek /(1 =225 A

AR S R G 25 A ST JE BN ER b LA D 50.5 km®, FLRL A7 HIRAIG 9.9 %, FARE B
Rl ZRAR N Bk B G Y 32 220k 3h PR 2 A i vk S = F &

. s SsIaesy 10.46
2 N o o L N
£ 0.13 2 0.26
2 SRETEON 5 SR
? K g 1.21 % K 0.01 i
3 0.03 E 226
7 FOTTTTTTTTITITTY 7 2 zepr PENTITITTETEITIRIN 1174
E@‘. i 111 o A 15,76
4 % 1
# em S # 25 MMMITEINNY o4
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T FRAE 4L Area variation TS 4L Area variation
6 1990—2005 FE A RE T/ km? E7 2005—1015 & 2 4 25 R4 854K km?
Fig.6 The transformation of grassland ecosystem during 1990— Fig.7 The transformation of grassland ecosystem during 2005—

2005 2015
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2.3.4 KIS RS ALK R M

1990—2005 4B Bt , K34 A& R G RUE B8l , B A 1.18 km®, [ M % ) 0.87 km? G4 5 L
HEI0.1% (&1 8) . A\ 1990 | 1995 45 [] 52 BLHE NS, 1M 1995 F 2001 4 5 Bl D255, Ho s R 22 1995
SELUR SRR K T 2 JF I I T A TR A 5% /KA 25 38 Go i Ak R ZR bk A 25 22 G0 IR U /0 1 3T 18 e
IR TR (EL 2001 4R, KI5 R GE AL il 4, 32 B0 F SO b K DR BUR Sk F 5 6
IKASE 53 R 7K TR

1M 2005—2015 4ERT Bt , KA 8 R G0 R AT /D A I bR Rt A A S R G DL N B IR R G0
ek 3.5.2.25.3.76 km® i1 5.03 km® , B HO D 4.7% (K1 9) , 26.1%/KIBES R G HE g
BRGNS LR B TR FEAG A 2 W, 32 8 B T 70 T b K T AR AR A 20 Bl i
i

KRR G AE 25 AE 2 P s /D A AU D 23.5 km?, A &7 Hoisib 4.6% , HARME 2 K
T FRAR S Bk %G 2220k s PR R g M ik 5 ARG S AR

e foos S At o I 508
£ 0 =R/S: 1IN z 0
z 0.03 2 NN 226 RIS T
? At 121 z W ST =PREEIN
) < 2
R 2k 291 2 Zh W 3.76
% #
0.15 5 A L s e T

A %0.17 AR 0.04

0 0.5 1.0 1.5 2.0 25 3.0 35 0 1 2 3 4 5 6

A4k Area variation T fAAS 4L Area variation
B8 1990—2005 £k £ B RFE LN/ km’ B9 2005—2015 KRB ESREEML/km®
Fig.8 The transformation of waters ecosystem during 1990—2005 Fig.9 The transformation of waters ecosystem during 2005—2015
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1990—2005 4EFr B , NFEIIE RGE AL S LA 5% HIEATE , 70 9 n ZR AR A A8 R G055 0.
17.,0.22 km® , NE A R G054 A 0.29 k(8] 10) o FERGFY B, U5 0 XS il S wk s 2 0% R R 6 )
NIBZEZ T Y Db RS R R R ik

1 2005—2015 4EB B, N RIS RS0 G A3, 400 A B 2R AR R b Bk A 28 R g A 15.
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