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Abstract: Ecosystem classification is fundamental for its identification of spatiotemporal changes and type-oriented
management. Based on the dominant service function and human intervention intensity, this study developed an ecosystem
classification system comprising 9 first-level and 25 second-level categories, identified their spatial distribution, and further
analyzed the spatiotemporal changes between 2000 and 2020, by integrating multi-source data of land use, climate,

topography, vegetation, soil, and settlement distribution. The results showed that urban/township ecosystem in China
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expanded 1.1 times, with 64.51% of the increased area converted from the cultivated land ecosystem. Cultivated land
ecosystem was shrunk by 0.88x10* km”, its second-level ecosystems of paddyland and dry farmland decreased by 0.60x10*
km® and 2.09%10" km*, respectively, and oasis farmland expanded by 1.81x10* km®. Due to implementation of the “Grain
for Green” project, mixed farmland/pastureland and farmland/forestland ecosystems decreased by 2.88x10* km® and 0.92x
10" km®, respectively, while the forestland ecosystem increased by 1.61x10* km®. The water/wetland ecosystem increased
by 0.31x10* km®, of which 70% was from the expansion of marshland ecosystem. With the climate becoming warmer and
wetter, the arid desert and frozen land ecosystems were shrunk by 14.98x10* km® and 0.92x10* km®, respectively, while
the pastureland ecosystem was expanded by 9.97 x 10* km®. Associated with these changes, the landscape connectivity
declined while the fragmentation and diversity, as well as the resistance of ecological processes increased. The ecological
status in China improved significantly from 2000 to 2020, with 92.06% of the ecosystems showing an increase in the
normalized difference vegetation index (NDVI) at the mean increase rate of 0.74%/a. Of the identified ecosystems, the
mixed farmland/pastureland and farmland/forestland ecosystems showed the most evident increase in the NDVI, increased
by 1.26%/a and 0.85%/a, respectively. The classification and mapping results highlight the differences in ecosystem

structure , ecological environment risks and productivity, providing scientific support for macro-scale ecosystem management.

Key Words: terrestrial ecosystem classification; human activities; cluster analysis; spatiotemporal pattern; NDVI
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Table 1 Terrestrial ecosystem classification system in China
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Fig.1 Spatial distribution of terrestrial ecosystem types in China in 2000 and 2020
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Fig.2 Spatial conversion of terrestrial ecosystem types in China between 2000 and 2020
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1318mm , H ki A 5 EL 2008 31.0% F11 60.4% , Ho 4y 0 J& B AR R b 55 2020 4R AR HOR A R AR
IREEBRGEA MM 67.12 7 km? F1 123.96 J7 km?*, %5 2000 4E43 51987 2.88 J7 km®>F1 0.92 J3 km? (£
3), EE i TR ARA MR E S R R 7T SRR 1 SR A AR 7S R G A O O B AR A 7S

FG (K 2) , FEORG A B RGERIWE M2 ML R E A (EREE TR (£ 4),

Fz2 2020 EhERMESRENEESTE

Table 2 Main characteristics of different terrestrial ecosystems in China in 2020

ARG WE/m WOE/() Bok/mm /T BRI/ %
Ecosystem types Altitude  Slope  Precipitation  Temperature Fractional vegetation
cover
1 WAL S R4 Urban/township ecosystem 338.0 1.6 932.2 14.1 39.2
11 3k Az A R 48 Urban ecosystem 239.7 1.1 949.2 14.5 37.5
12 £ 41445 R 58 Township/village ecosystem 396.2 2.1 899.2 13.7 45.7
13 TH" 445 & 4t Mining land ecosystem 517.1 2.4 933.2 13.8 35.1
2 BERIAEZS 2248 Cultivated land ecosystem 325.6 1.2 790.9 12.5 54.0
21 KA RS Paddyland ecosystem 154.9 1.0 1217.7 15.2 60.1
22 AR RS Dry farmland ecosystem 321.8 1.3 718.6 11.9 53.8
23 LFYN RS Oasis farmland ecosystem 985.3 0.4 121.0 9.2 33.6
3 MR A EA RS Mixed farmland/pastureland ecosystem — 1266.8 8.1 578.4 9.9 49.6
31 R R BE Mosaic farmland/ pastureland ecosystem 1190.4 7.4 575.2 10.3 48.8
32 WA HE 25 R 48 Mosaic pastureland/farmland ecosystem 1308.9 8.5 580.2 9.8 50.0
4 RMIBE A R Y Mixed farmland/forestland ecosystem 672.4 9.1 1317.7 15.3 77.0
41 RMAZE RSB Mosaic farmland/forestland ecosystem 571.5 7.0 1260.1 15.4 69.7
42 Mg HE 25 22 58 Mosaic forestland/farmland ecosystem 707.3 9.9 1337.6 15.3 79.6
5 MR 2SR S Pastureland ecosystem 3105.0 9.0 333.6 1.9 25.8
51 MRV A5 R SE Typical pastureland ecosystem 2279.0 14.1 847.6 7.8 69.8
52 BEIRBUCE A= 5 2 55 Patchy pastureland ecosystem 3002.8 9.9 392.9 1.3 38.8
53 M A2 R GE Sparse pastureland ecosystem 3305.9 7.7 210.3 0.8 13.1
6 P25 R GE Forestland ecosystem 1461.1 13.6 986.7 9.4 76.1
61 HMEZL RS Closed forestland ecosystem 1116.6 14.4 1255.2 12.7 88.7
62 P MA A RS Open forestland ecosystem 1240.7 9.9 528.5 2.4 62.1
63 HibkA: 25 RS Sparse forestland ecosystem 2700.7 13.3 392.2 1.5 34.5
64 JEARMA: 25 Z 48 Shrubland ecosystem 2182.5 14.9 872.5 9.5 69.0
7 KBRS RS Water/wetland ecosystem 2181.2 1.7 464.4 4.4 20.8
71 AKIEHEZS RGE Water ecosystem 2379.3 1.7 500.8 5.2 15.3
72 {REHZS A G Marshland ecosystem 1800.3 1.5 376.0 2.5 35.1
73 e 25 A G Beachland ecosystem 2.9 0.3 718.1 14.7 9.8
8 TERIEHAETRL Arid desert ecosystem 1958.9 3.1 88.0 53 1.2
81 FE iR & R YL Desert grassland ecosystem 2517.6 4.7 124.2 3.2 3.4
82 VAR R HE Desert sandland ecosystem 1611.7 2.0 65.9 7.0 0.5
83 BRA RBEAE R RYE Gobi ecosystem 1960.3 3.3 87.5 4.8 0.5
9 VKIFFEE S RS Frozen land ecosystem 5336.1 12.0 219.2 -5.7 1.1
91 YK H: A 45 Permanent ice/snow ecosystem 5499.3 17.4 287.6 -7.8 0.0
92 I+ FE WA 2 ARG Permafrost land ecosystem 5307.9 1.1 207.6 -5.4 1.2
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MRHbA 5 FR G0 R B A T3 E P AR i Ll b, 76 AR AL /ISR R (L X AR R 0 BT L P g
BETLL X A3 A A v S8 13.6° AR MK B 7E 392—1255mm Z [H], 2020 4F bk A= 25 R 40 i X 145.16
T3 km? 5 2000 4EHEN 1.61 J7 km*( % 3) , HeBERR A rsln , RAEER A FRAK(E 4) . 2RO RIFRE K Y
T 04 bR i A A 2R G A R B 2 R, ORI AR S R A MR 51K 3,78 T km® I
0.977J3 km* , 111 55 BE 5 IR A B AR AE A M A S R G B B/ (£ 3) o K AR 28 R G0 A 0L, 76 75
Vo JEL A T R K, 2020 4F B TRIFR 24.34 77 km? 5 Z R ARAP BOR 0 ) Hm AR AL 2000 390 0.31 J5 km?,
H 24 70% 5 R E S R G RN, 52 S ABEIRAR AR | Bl /K S8 A0 52 i 430 5 0 g D X K dnk S s 7 B
B3 52U RS0 T M M 2 25 R T AR 0.10 T0 km? | FEEEAS Jp b AR SR GE, KBIBHAE SRS
(X AL S OB R R I B S TR 2 R T4,

3 2000 12020 F£HRERGHESRERBHERREWL/(10* km?)
Table 3 Area and changes of China’s terrestrial ecosystem types between 2000 and 2020

R R G Ecosystem types 2000 2020 2000—2020
1 34 25 R SE Urban/township ecosystem 7.89 16.58 8.69
11 3T A2 R 48 Urban ecosystem 4.09 8.72 4.63
12 S 44 25258 Township/village ecosystem 3.00 4.56 1.56
13 TH 4 & R 4t Mining land ecosystem 0.80 3.31 2.51
2 BEAl A2 RS Cultivated land ecosystem 132.70 131.83 -0.88
21 KA Z RS Paddyland ecosystem 29.27 28.67 -0.60
22 RHAAE RS Dry farmland ecosystem 97.29 95.20 -2.09
23 ZZYEAB RS Oasis farmland ecosystem 6.14 7.96 1.81
3 AR A A BRS¢ Mixed farmland/ pastureland ecosystem 70.00 67.12 -2.88
31 RYEDFRBE Mosaic farmland/ pastureland ecosystem 25.33 23.85 -1.48
32 M A 45 B 4L Mosaic pastureland/farmland ecosystem 44.67 43.27 -1.41
4 RMIRALEZS RS Mixed farmland/forestland ecosystem 124.88 123.96 -0.92
41 R R BE Mosaic farmland/forestland ecosystem 32.08 31.98 =-0.11
42 MRAGHEZS R BE Mosaic forestland/farmland ecosystem 92.80 91.99 -0.81
5 W R AEZS R AT Pastureland ecosystem 240.05 250.01 9.97
51 ML B L 25 R SE Typical pastureland ecosystem 25.80 26.25 0.46
52 BERCE A A R BE Patchy pastureland ecosystem 42.77 43.01 0.25
53 B R LE 2SR SE Sparse pastureland ecosystem 171.48 180.75 9.27
6 P 2 R 4L Forestland ecosystem 143.55 145.16 1.61
61 ARG Closed forestland ecosystem 52.68 56.45 3.78
62 Y E M A R 5L Open forestland ecosystem 41.27 42.24 0.97
63 HibkA: & R SE Sparse forestland ecosystem 20.79 18.66 -2.13
64 HEARMAZEZR S8 Shrubland ecosystem 28.81 27.80 -1.01
7 KIS IR AL RS Water/wetland ecosystem 24.04 24.34 0.31
71 7K A: 25 R SE Water ecosystem 17.25 17.44 0.19
72 WA A B S Marshland ecosystem 6.32 6.53 0.22
73 MEHEAE A5 R 58 Beachland ecosystem 0.47 0.37 -0.10
8 TRFEH AL RS Arid desert ecosystem 180.82 165.84 -14.98
81 FL LA R4 Desert grassland ecosystem 36.97 32.29 -4.68
82 Vhi 4 A R 4 Desert sandland ecosystem 76.26 71.94 -4.32
83 M HEAE S RS Gobi ecosystem 67.58 61.61 -5.98
9 VKR IFEBAE S R HE Frozen land ecosystem 29.39 28.47 -0.92
91 VKE A& AL Permanent ice/snow ecosystem 3.88 3.83 -0.05
92 i+ FEWE A RS Permafrost land ecosystem 25.51 24.64 -0.88
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MO A S ARG B0 A T AT 52 SR XAV g e FE X, M SRR K, SE 3B 9.0, 4R [ K
TE 210—848mm Z 1], H 35 B R EUE AR M FE AL R Wi Rt sh (% 2) . TRIERAS ARG EE04 T
AU Pl L X, b3S IE [ D S8 310, A KA 88mm, VKR FETR A S R G EE A T ViR
HS T A e L, DA Ve FEBE IR 1L b Ay 3 P YK 5336m, B AE 12.0° S -5.7°C . 2020 4, Hrsi il - SRR K
VRFEFA: 5 R G0 LY o8 250.01 77 km® (165.84 J7 km® Fi1 28.47 J3 km*, T3 [ PG 6 T 52 X RN 76 1 5
FEIX A S W FR AR A 2340 T e e A 25 2R G O TR - FE A B R GE AE K A b
FESLERAIN, DR, 2020 AFEHCE AR 25 R SR RIS 2000 RGN T 9.97 5 km?, 25 [A] SR AE EE RGO  (H K] R
MRk, SFECUE S BT E S, 22, T BRIk R ZE A S R G A 09870 14.98
J7 km®F1°0.92 J7 km® |, B A FTFEAR

AT 20 4F TR E A S RGO BRI A8 ) o0 A 30 & A T — rE AR Ak, AR LAY A BN 38.36% &
37.72% , Ut FH 4% S A0 [0 (14 BRE R 32E 12 F8 0 28 () ] Sk vk T e, WP S AV RE 1 5K sh i B8 Ty B A S ad
I RHASAVE N8 (32 4) o Shannon ZFEMEFEEHT 1.916 BE % 1,922, Ui B 5ol 2 9K Z 064k A5 7 T4
Yy Z PR T ; RIS WA AR A A A S5 50 24 B 25 7™ 8 SHAs i i B3

Fz4 2000 F1 2020 FHEFEMESREN S UISH

Table 4 Landscape metrics of terrestrial ecosystem in China in 2000 and 2020

SEHBEHL ST/ hm? NG/ (m/hm?) REIRE %
TEB RGN Mean patch size Edge density Aggregation index
Ecosystem types

2000 2020 2000 2020 2000 2020
1 34 75 R 40 Urban/township ecosystem 341.4 591.6 0.18 0.294 45.37 57.21
2 BRI EZS RS Cultivated land ecosystem 5550.3 5156.9 0.821 0.85 85.28 84.66
3 RBORA LA RS Mixed farmland/ pastureland ecosystem 1523.8 1461.2 1.067 1.042 63.73 63.06
4 RMIR G A FR S Mixed farmland/forestland ecosystem 2231.2 2195.9 1.773 1.779 66.19 65.82
5 MR A A R G Pastureland ecosystem 2256.6 2415.7 1.978 2.089 80.25 81.27
6 PkHAEZS R GE Forestland ecosystem 1886.2 1861.2 1.917 1.948 68.19 67.56
7 KIS RS Water/wetland ecosystem 1078.8 1068.1 0.338 0.356 65.53 65.17
8 TRIEHAE B R Arid desert ecosystem 12138.5 10661.5 0.485 0.496 93.52 92.26
9 VKIKFEBE B RS Forzen land ecosystem 3339.7 2823.1 0.251 0.235 79.61 77.16

4.2 2000—2020 4 [E b AE A R SR NDVI 224k
2000—2020 4F, F& [ 92.06% Ay X 8 NDVI #4H1, {
7.94% /0 (F 3) 4EX) NDVI H1 0.30 14 % 0.36, B0E K
0.74%/a( P<0.01) , i WA T [ 4 R A= Z5tR 0 0k ol 3
SPAE(F 4)  RPCRAES RS NDVI IR K,
H1.26%/ a, K ZRMIE S AR RS, 1N 0.85%/a,
FEEZ 5 TIRBHE ML AR A BRI BOR AR 20 4F1Y
A SO OB RR A 25 R SR S48 NDVI 0 0
81%/a, UWIEY) K S22 41, 5 2000 4F DLk 3 [ VR 9
PR S — B P SR A 2SS R S5 NDVI 1 iR S
ik 1.78%/a, EEIELR NI AP KA, ZiBHEE 908 1008 10 190 PR

50°N

40°

30°

20°

1000 km

B DUHOE R RS AR S A R AR R Y NDVIAEEALH/ (%/2)
Bl <05 [1-025—0 [ 02505
T A S RS NDVI AR K 0.64% , Hob ik 25 3 00 05025 []0—025 [M>05

= =3 =x B 2 3 ik
B R NDVI S8 (0.75%/a) i T i sa BB BN g5 o000 o000 eenma s NDVI B BRI S
HHL SZIBFREAK N TARE G  PF PR a i 45 R b Fig.3  Spatial NDVI change rates of terrestrial ecosystems in
N . ; \ China during 2000—2020
PR IR bR S R NDVE AR 0.
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60% , Hrr P AR RS NDVI HEIRE K (0.66%/a) o /KN AE ARG NDVI 22402 0.68%/a, Hi
VAR ZS R G000 NDVI IR B35 (1.45%/a) , SRR AL ZAmERALm i m | T 25 E Ak £
FERE R R G AEGE S5 RN, NDVI 238 I, (H153 0 E 12 ,2000—2020 EIFHA S R G0 NDVI 2
P B A (0.21%/a,P<0.05) , UEIIT 20 AF T 4R AL AU B 3B A A8 R 48 NDVI 3K 24
TR L TSR K Xl T A, L NDVI BB R (K 3) . T RS RGY K EE A L

FiAkH , 52 NDVI /NME % (-0.04%/a)

Fig.4

AT IESRE T SRS INREM AL T Hism B b T 248 A a8 9 N—20f 25 > 25 b A= 25
RENEITE, LA LA A AR P R 3 R RS S H AR R R 1 2 TR, R SR 2SI
TR ZEE 71, JFRE 2000 A1 2020 4 H [ Bl A= 25 2R 40 20 25 B as TRl o0 A R4k RAUEERS S 0AG Jm)

0.8 —HRE
- WHEKRRS - RWESESRE > KBHASRS
- BRESRS <+ BEHESRE - TERRESRS
- RUREESRYE <« HHESRSE - KEREAELRYS

0.6 -

A3 )H— k8% Annual average NDVI

02 ’_W__’_’_’__’__’_’_’_*_’_W_y_,—-b—b—»—b

L . a4 - o —o—o—9 02 . S . — d— —e
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Q ¥
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e TR E N I
z P 3 3 i EErr x| of
S 05F ~ 2 i 41
% 12 21 42 51[5| 3| feile o 7l 81| 5|83 2
° o MOl L,
)
§ g8 £ 8 88 8 8 8 8 8
S s MW W 1% T S S
2 R OR R R R R kR % B
2 B N N g -
ol & & 4 = e P P =
£ X % ® 2 & 2 3 = &
B st = £ = =® g 5
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2.0
s L HAR R Y%A Ecosystem types

B4 2000—2020 F£hE—HM_RESRZSELE K NDVI T

NDVI changes of 1st level and 2nd level terrestrial ecosystems in China during 2000—2020

AR Z AL, T A FAE S RGN IR, SR .

(1)2000—2020 4F , & FEAEAE B REY 7K 1.1 15,64.51% K A#F A B R G, #HRh AR 25 2 50 5 R
/1> 0.88 J7 km? , 7K T A1 52 1 ARs /D (B4R 5K 1.81 7 km?, ZiEHHAMIBEER S2  rIR SRS &R
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bR RO M SR AR S R G, AR BUR A R MR & 4 5 R G m A4 ik /b 2.88 J7 km® A1 0.92 J7 km®,
MRHAE S RGeS I 1.61 J7 km?® oy 55 B ) 5 MORIT P 26 AR 43 301138 n 3.78 5 km® 1 0.97 5 km?®, 7K3,
T A S R G A I 0.31 7 km®, HoHr 70% 5 FR R AR S R GE BB IN , T 8 5 T /K 80 b e =M 78 I 5 i
YA L S AR (R A T AR - FE A 25 AR G B B T R, i R R BOR , E
PR A S R G AR Y 5K 9.97 5 km?® 1M T2 FE B AT KR FE A S R G IR 43 5 d D 14.98 T km?® Fil
0.9277 km®, F&EEERGNECE KA AR AL, 5 BO RN A 25 R G0 R 4R RN, HoAth SIS AR 1 v i 1
T3 BERR RIS HOE Mt TR S RGN A LS T E 24l , R A 75 50005 I
TR 2 TR B B I S A 2R R in () AR ek

(2)2000—2020 4F F [F 4 44 A= Z00R 00 W 203, 92.06% 19 42 2% & 4 NDVI i, 4E ) NDVI # K
0.74%/a, %% TIRBHA MOA B 4G A AR BUR , A POR & FIR MR & £ S RS NDVI #E IR K, 4351k
1.26%/afl 0.85%/a, FEZAEYH =GR SZm , BEF A S R 5 NDVI ¥4 10.81%/a; B TA M AE S RGP 5K
d P S5E0E, H NDVI 3SR Sk 1.78%/a, 32 A ORISR RS R Ak 52 ), A8 b, b, R 7K 0 b A=
ARG NDVI B8 225914 0.64%/a .0.60%/a F1 0.68%/a, T - F¢ AN + FEH A 28 RS0 R NDVI 52 34 i
HaF T 20 AEIR T SRAL RSO L, S AR A5 RS NDVI B 0.21%/a, HH4hin 3 B4 v T3 o c #7151
AW T4 5K X, BT o I BE AR NDVI A 5 R R

(3) ARG EE T 3T H bR A S RG - R 5isA I RiE N T RREAR RGN
SIS, HAESRE SR EMHIRIZR, =0T 2SR AT H0RE LS RESWNES K
BT A RGN EEA YRR £ SRR, 20 TR A AR AS RGN A A A AR AE i, DL 4 HOR ]
FERAEAES R, RS TRECRRMIE GBS RS, 5 TAES REEZ A MR EIE R Z D600 ; 4K
AR AR S RGN R R A T R AR 5 T AR ) K R RR TR AR S K 2 5
SR, AR B A8 RGBS AE— BBk . 1556, X S 2 s A e Bl RUBE AN DR E K B2
REBINENTETE, HIWR R 55 B R A A S A 28 R 40 M H — s ) B8 4R, 5
2 AGEFE A T By, AR R AR T 56 B /NI AR A 5 | S ) 2 AR Ak B AR A 58 1 i — 2 P RO b, il
SRR TRGE , Ba , AR BERS T2 EAS RGERZIASUN MG H, RIFR T —Rnk, £
/N ROBERIFSE AT AR TE A B B bR, 256 0t FAR R R 28 AR DL Sl 1 1 — 20 4 3 Fnele it
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