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Driving forces behind ecosystem spatial changes in the Yangtze River Basin
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Abstract; There are obvious differences among the upper, middle, and lower reaches in the natural environment in the
Yangtze River Basin. The regional topography and climatic conditions are significantly distinct, and economic development
is unbalanced. The impacts of various socioeconomic factors, policies, and natural factors on land use stimulate changes in
the ecological environment. Therefore, knowledge of the ecosystem’s patterns, characteristics, and driving forces is the
basis for studying the ecosystem services, ecological environmental problems, and ecological risk assessments. The
ecosystem patterns, changing characteristics, and primary driving forces were analyzed from 2000 to 2015 in the Yangtze
River Basin. During the 15-year period, about 6.4 x 10* km® of the ecosystem changed, including a 67.5% increase in
urban land, 2.1% increase in forest growth, and 7.5% reduction in croplands. These dramatic changes were concentrated in
the lower reaches, big cities in the upper and the middle reaches, urban agglomerations, and reforested cropland areas.
Ecosystem patterns and compositions in the upper, middle, and lower reaches were different. Forests and wetlands in the
upper reach and urban land in the lower reach increased significantly, whereas croplands and wetlands in the lower reach

decreased substantially. Through the analysis of landscape patterns, the degree of landscape fragmentation, as well as
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landscape diversity, increased. Between the years 2000 and 2015, the change in ecosystem patterns in the Yangtze River
Basin was influenced by urbanization, ecological conservation and restoration, water resource development, agricultural
development, geological hazards, and climate change. The contributions of the primary driving forces to ecosystem changes
varied for the upper, middle, and lower reaches. The first important driving force was urbanization, with a contribution rate
of 48.0% and up to 64.5% in the lower reach. The second important driving force was ecological conservation projects, with
a contribution rate of 32.8% and up to 47.8% in the upper reach. Water resource development and agricultural development
contributed 8.5% and 9.9%, respectively. In addition, the area of plateau lakes increased due to climate change. To
sustainably protect the ecosystem in the Yangtze River Basin, the design of the ecological conservation redlines, reasonable
land use planning in urbanization, conservation of high quality cropland, and the prohibition of development on important

wetlands are necessary.

Key Words: Yangize River Basin; ecosystem; spatial pattern; driving forces
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Spatial distribution of ecosystems in the Yangtze River Basin
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Table 1 Area and proportion of ecosystems

1
120°E

HEBFRGEZA Ecosystem types

3% Upstream

i Midstream

“Fi# Downstream

4348, Whole basin

mA/km? /% mAV/km? . HH/% Rk E/%  Bitskm® N H/%
FEMK Forest [f#] I A 68945.5 7.0 103077.8 15.3 19543.4 15.9 191566.7 10.8
AN 208851.6 21.2 176983.0 26.3 7956.0 6.5 393790.6 22.1
FFRATRACHK 8668.4 0.9 13521.5 2.0 1235.4 1.0 23425.4 1.3
/N 286465.4 29.1 293582.3 43.7 28734.9 23.4 608782.6 34.2
#EM Shrub (LIRS 149129.1 15.1 98070.9 14.6 1969.7 1.6 249169.7 14.0
LR N 3622.8 0.4 9.9 0.0 8.3 0.0 3641.0 0.2
/N 152752.0 15.5 98080.7 14.6 1978.1 1.6 252810.8 14.2
Il Grassland i f] 71771.1 7.3 51.6 0.0 0.0 0.0 71822.7 4.0
Fi 115352.9 11.7 0.1 0.0 0.0 0.0 115353.0 6.5
LN 37307.7 3.8 16553.2 2.5 290.9 0.2 54151.8 3.0
Tiaib B i 45353.5 4.6 18.9 0.0 0.0 0.0 45372.4 2.5
/N 269785.3 27.4 16623.8 25 290.9 0.2 286699.9 16.1
{4 Wetland W 14059.3 1.4 1935.3 0.3 333.2 0.3 16327.8 0.9
fiiRI] 2405.5 0.2 11222.1 1.7 5794.8 4.7 19422.4 1.1
KR/ T 3142.1 0.3 10239.6 1.5 4706.4 3.8 18088.1 1.0
bR 5069.9 0.5 9325.2 1.4 3432.5 2.8 17827.6 1.0
/Nt 24676.8 2.5 32722.2 4.9 14266.9 11.6 71665.8 4.0
A<M Cropland JKH 55415.8 5.6 100901.9 15.0 50752.0 41.4 207069.7 11.6
i 128523.5 13.0 94918.2 14.1 2813.4 2.3 226255.1 12.7
Pl iy 7580.6 0.8 3836.1 0.6 520.7 0.4 11937.3 0.7
/N 191519.9 19.4 199656.1 29.7 54086.1 44.1 445262.1 25.0
B Urban land A b 10282.7 1.0 22938.4 3.4 21385.3 17.4 54606.4 3.1
I T 330.8 0.0 450.4 0.1 501.6 0.4 1282.7 0.1
2838 1973.0 0.2 5310.3 0.8 1123.8 0.9 8407.1 0.5
K 315.4 0.0 414.1 0.1 161.3 0.1 890.8 0.1
/N 12901.8 1.3 29113.1 43 23172.0 18.9 65186.9 3.7
({fﬁi !Z:];ij;im ow KN/ K AFAE 3262.2 0.3 0.0 0.0 0.0 0.0 3262.2 0.2
i Bare land i 42127.4 43 2331.7 0.3 25.8 0.0 44484.9 2.5
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2000 47 2015 47 K VTSR B AR 23 n , A TR AR g 2 i/ (3R 2) o o U IR AR i 3
R A, KT 67.5% , A4 T T B D R B e R Vb T 7.5% A T R AR Al B T AR A, R ATk /K
AT, KILHISIA 2 6.4 J7 k> MAES RGE AL THAS b 38 T A 07 A8 SR F 6 A8 Ry il
P % A5 SR AR, A% HH 5 Y b P 5 A g P A R e

AR R G R B Ok 3, A S R G, MBS KR 2 MR @ A KM 2.1 77
km?, HK % 61.9% , 3558 FHB AR 3743 S8 K 105.19%F1 196.6% , T4 #I4 K 65.0% , RHAABRG T,
SRR 43000800 T 2.9 05 km® R 1.1 J7 km? 9803850000 11.4% M1 5.1% , SHIAER RS IR T
1.2% , A FK FESTIE 3G 35K 255000 5.2% F110.9%

FERAT i, FARAR  HECRT I 1 %) T AL AR BN | A B AN K1/ 7Kk A BRI b AR AT b ok o 884 o
W®E AR T 2.1%M 3.4% , RHEA L 0 T 9.3%, BAR FUE BT K AR X AR, (H HE i M
HEIEIR 97.9% R 4.7 £, 50 MG 2.6 fiF, BEAh, RKIT_ U7 AR 8 i, 32 B R B0 AR 7K 2R 30 3
WA, A B3I T 71.2% 41 6.0%

AL AR S A D I DR AR SRS o AR b Bt a5 22 i A0 12.3% BRI
FIACHHE L BIE T 28.5%F1 62.2% , R 735N T 2.6 %, {2 HILHETN 3.9% , Hod BIyAHSIN T 10.4%

FAT T WA ZRbR (B A P S 8 ek, Yt B AR . TR RS R B T, B K RN 104.5% , HE
P M S FH R T S A B 1A 3 AR 1.2 A%, A E A it s b, BRI T 18.4% , Hirp
KHEWE T 15.3% , S HUEA T 47.8%, [FIEE, K E/SiIEE D 3.4% , 8TA0E 3.8% , {HEFH/D 23.8% .,

Kl 3 A S R GG A RAE R VLI 23 () 40 A, RIZL ) A 28 R G e AR 4 v B AR TRV R i, DA & rh
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Fig.3 Spatial pattern of ecosystem conversion rate
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Table 2 Landscape pattern indexes of ecosystems at class level
. 2000 2015
ZHIIKSF- Class level
MPS/m? NP PD ED MPS NP PD ED
FEFK Forest 204.16 292089 0.16 14.28 202.00 301452 0.17 14.63
M\ Shrub 47.86 531584 0.30 11.64 46.03 554267 0.31 11.98
i Grassland 113.15 257888 0.14 7.09 109.01 262953 0.15 6.88
FEHL Wetland 41.52 170367 0.10 2.47 44.93 159393 0.09 2.40
A¢H Cropland 149.68 321806 0.18 12.63 132.12 337207 0.19 12.56
I Urban land 19.95 194910 0.11 2.17 30.62 212720 0.12 2.86
VKN /KA
KN/ KRB 94.60 4148 0.00 0.10 105.20 3111 0.00 0.08

Glacier/permanent snow
#itHb Bare land 71.44 60220 0.03 1.32 63.54 70010 0.04 1.40
MPS; F-HBESR AL (m?) ,mean patch size; NP : BEEREUR  number of patches; PD : BEERS & | patch density ; ED ; 2% ¥ | edge density

*3 2RRESVNEEEHBREK

Table 3 Landscape pattern indexes of ecosystems at landscape level

FEK FAKR B HE %X Landscape pattern index
Landscape level MPS/m> NP PD ED SHDI
2000 97.15 1833012 1.03 25.85 1.61
2015 93.67 1901113 1.07 26.39 1.64

SHDI . Fqk Z FEPEFE 4L ,Shannon diversity index

33 ARG RS R S 3K S

2000—2015 47, KT A 8 R Gk Jm i A8 A £ 232 B e AR SR 5K E K IEIT & Al JF
I, VAR 5 S AR R A N R BRI, 4IRS 1 R B A 25 R G AR AR ST K sk Fu 6 UL 3% 4

F T3 AR AR 03, KR 4 e 72 SR L 0 AR R A R b A e IR T A o, TR |
B A RGNS TTRGE 2.9 J7 km?, TR FLA0155 48.0% , & 52 M VL 42 28 R G A8 Ak i i Bk 3 oy, H
W ,2.4 7 km® A B AR SRy AR, A T AU R, A F R A0 AR by s e b, B AR T BRGES 2.0 7 km? 578
Sy AE i B AR 0.3 T3 km? . BEAF,0.2 T3 km® ZRAK,0.1 T3 k> V2 H,0.1 75 km*FEAFN 590.9 km® B b 3%
S

15 4R []  RITIR B TR B MR B AR TR R HR 1 55 A SR 5 IR E BUR (e i T %
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AR TN B A A B AN N, A AR AR T LA B 2 2.0 7 km? R MK VTR A S R S AR R B K
1. 1.5 T7 ke RIS ENR A, oA ) ZRAK A AR T AR OK 3R B 1.0 5 km? 0.2 J7 km R A58
0.2 J7 kA& FHELAE HHEIN  501.2 km® B4 FH R 5 Rt

®4 BHARMTHESRETL

Table 4 Ecosystem changes under the influences of the driving forces
ALY Ecosystem changes/km?

BRGAR YURTT % : KE /M
Ty IR wshr T e o)
Utbanization Ecological conservation development development climate change
FRAK Forest -2032.8 14707.7 -462.5 ~1140.9 -172.3
WA Shrub ~1045.1 -566.7 -2774 ~1132.2 -10.5
Bl Grassland -590.9 619.6 -181.6 ~465.5 -4.9
Y M Wetland ~1038.5 501.2 5070.2 -2720.7 283
4 Cropland ~23768.6 ~14940.1 -3518.1 5895.2 —27
A Urban land 28575.7 0.0 -350.3 -366.2 0.0
I Glacier 0.0 0.0 0.0 0.0 -1239
#b Bare land -99.9 -321.8 -280.3 -69.7 86.0
£t Total 28575.7 19543.7 5070.2 5895.2 413.8
5 He/% Proportion/% 48.0 32.8 8.5 9.9 0.7

VLB K BT e S BRI i B K AR K v N b XA K 2 % IROK EFIR I, It
Ab, KA TE TR AR X R 74 K R, A2 7K B IR R s, B YT e ol i A K e ) 7Kk 2 AR 1
gy 0.5 77 km® R RKITHIA S R G AR EZEIKS) J), o, A I 32 5% 0 fe oK, 487K P28 RT3 W 15 14 T
5 0.35 77 km?,

ARV SR G TR R 2R (B R B AL I 2 16 ST R AR o 1 3R A T ARAK VAR RE 1 55
RAES . AP R RAED RS RY 0.6 7 km® , B RITHEAES R A EEIKsh f, Hd,
T 25 ma e K, K VTRt A FH AR5 BTk 0.27 J7 km® , HURZFEM FRARATEE M, 439504 0.11 J7 km®,

0.11J7 km?>H1 465.5 km?,
RHRRERSEEA BREFFR B WAk

B R KR S RSB H Z —, i BRI BRI S
J& 2008 A=) [ M= AN 2013 AEHELC AR | X HLE X Y B 100 - [oe% | -
SR A B AR SR — SRR B RO IR, TR 72 3 AR 1 2 5.7% 5%
BRGBAIEN 1855 km', REMLFEKIT LW 2 o
HEBRGEN A, BEKITRBE S R B R Z % ‘030t .
— R G| Z AT EFK)NFUR AR R, §§ ST
K 228.3 km (ARG, Ho, 122.8 kmBYpRIT - Es 0
SR AT A b, 222.3 kBB S RIS ISR, B 2 w

K FEIK G 0 R G AR SRR A L ;3 o,
M ERRE (K 4) , KITEFES RSB E § 35.9%
IR S A AR SR E TR, o ARk EM N B

0

Hh, E"J‘W«E%%U lﬁé/ﬁi‘j E/‘] 42.0% ,43.6% M 77.2% o K i Upstream  H1iif Midstream R jj# Downstream
VLA A0 1 SRS T R Y o SR AR A B4 b B
& 4 RiEX-T P &
AR A3 R A Y 45.9% F1 29.8% , HUCRASBMR - . - :
. . o Rk . N Fig.4 Contribution of the primary driving forces in the upper,
PSHE TR AT R AUKEIF R . ZEKTT T, iodie and tower reaches
ST AR AR 25 R G BTRR A B e, He TP LA
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2000 472 2015 4F, L I R AR AR AR F) T ARG o, A P T AR Ab . VT3 B0 AR AR S AR G
RO, T USRI TR R e, A S R GERYRIZVA AR T TV R U7, LR TR 3 b i A 35 69
FR AR DO YD SE R o T AR R VLR A 25 R G AL Y v 28K Bl g 3T A Ao 4 D™
5,0 A RESERATAE—E IR . RARMT A i e A N D R AS 08D T R M 55 A A A5 R
GEROHCHST, — e RRE AR HE T AR IS R SR PR I RIS )| TR It 0F 50 2R 0, VL i lefoll st (07 69 T B 5
R AR E R AL S 27 948, AR T3 IR A il X 52 R Rl 340 AR (R T & Ty
WA A ALY AT 2855 A ST At — 2P it | DR b s A 3ol iy A R v 5 LR AT b AR RIS, X4
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