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Macro analysis of spatiotemporal variations in ecosystems from 1975 to 2015 in
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Abstract: Landsat MSS/TM/OLI images from 1975 to 2015 were used as main data sources to derive the spatiotemporal
patterns of ecosystems in Ningxia Hui Autonomous Region. The amplitude, rate, transition types, and regional
differentiation of the spatiotemporal changes and human activity disturbance of the ecosystem in Ningxia over the past 40
years were analyzed using the annual net area change rate, transfer matrix, and the land development degree comprehensive
index, thus the spatiotemporal changes of the ecosystem patterns in the study area and its regional heterogeneity were
revealed finally. The results showed that (1) farmland and grassland accounted for more than 75% of the total area and
showed a negative correlation between their area change trends. Over the last 40 years, forestland, artificial surface, and
farmland showed net increases of 477.5 km®, 884.6 km’, and 209.8 km’, respectively, while grassland, wetland, and
desert showed net decreases of 115.5 km®, 69.4 km*, and 1387.0 km®, respectively. (2) The result of ecosystem transition
matrix indicated that about 6% of the ecosystem area in the whole district had changed over each period. The three main
conversion types were the mutual conversions between farmland and grassland, the transfers from grassland and desert to

farmland, and the transfers from farmland to grassland and artificial surface. (3) The degree of human activity disturbance
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continued to increase in the northern region, and land development effects were most pronounced in Jinfeng District, Xixia
District and Yongning County, while the central region showed a slight reduction, and the southern region showed a
significant reduction, indicating that human activities had greater disturbance to the ecosystems in the northern and central

parts of Ningxia.
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Table 1 The classification of disturbance index

B RG R B AP O G A H AT
Ecosystem type Desert Forest, grass, wetland Farmland Artificial Surface
- HFIIZE A RF 3 K KT M gl b R
Land use type Unused land Forest, grass, water land Agricultural land Construction land
IIERAEEL

1 2 3 4
Classification index

3 HBREHS

31 B RGEBBAIEE

1975—2015 47 EBAR DA MR A B R G 3 (K 2) AR L B 2 FITE 75% LA b Horb R,
T FR AR 2 b7 B dRe R, T e B f N TR AR S RG A /N, B A 8 R G BB AE AL,
P AR Z A S b AR 28 R G BT ALY 89% LA I M A S R G EE AR, Him AL S SR AE S RS A
ALY 46% L) I

40 AEA] 4 X ARAR A RN T 26 100 A 25 R 40 i AR PR B2 [ Tkt ) Hor T 2 100 i) 386 0 A o, 336 m
884.6 km* , AN 2.20% ; HoRZ AR ARAE B R G 2L 477.5 km?® , ARSI 0.29% ; 11 4 FH AE 25 2 45 1 FR
AR 5 R S R 2RI 209.8 km? | AEIIE N 0.03% , M IX 3R 25 S, A BRI T2 1 HG n IX B
BLAE TP AEILES , A3 B IN T 1369.7 km® 1 664.9 km? , i j #B A1 A FH 43 5182 796.3 km® il 363.5 km®, H:
ARG NIAL Ty R o rb i i 4 9 it B e K, ki 2D 1387.0 ke, AR F38 70 0.53% , I rfr b i
FRR MRS/ 35 1303.6 km? 11 H | R A TR0 AR DB A0/ 0N e b STl 20 J 38 m, Rl 20 77 115,51 ke, 4 398 20
0.01% , F FRE MU N 22, W40 487.4 km®, {BHBIE/D T 69.4 km?®  AEI98 > 0.29% , 76 AL X 2 ik b

1975—1990 4F- , B iy RN 5% 5 IO/ R 3 Bt /D e 22, 431 656.4 km® , AU A F= 2208020 Xk, 92> 1T
476.7 km® , HRJ& 0, 9820 215.6 km® | BB/ N, AR RIAAT Iran , Bhn i 2 1A B, 3831 630.1
km? | GHR A BRG], N 578.2 km® . FEX —BFHPY AN PRGSO B, 7R E R ST AR R
TEUR I TF S b, (A5 B i 30 i e P T ARSI 4 | [R) Bt g 1 R o b e BRI

1990—2000 4F-, 4% FHFI A T2 [T PR IE I s 4 T3 i e 22871 1409.6 km® , AR 38 i 2 1 X 48, oA
HZEHRA /D D B 2 S, 33 929.7 km® , JLER A 32 B /b DX Hk 2 B, /) 374.2 km® 3R
B 3k B TR O AR b T B S BOR R T M B B R R B IR | (A R s AN S AR S R S K A
W R L

2000—2015 4, 4 FH RS2 58 2 k2 R A A FE AR B2 /43 1829.9 km® | H v g 0 T s 2 2 L0 /D
DI R AE S R 40, Mk 352.2 km?, JUEE R EZE A KR, HABZEAVERAG B0, 35 £ 1) J2:
B, AN 915.0 km® I ey R E R R 32BN 0 D8 ORI, M0 721.4 km® LRy F2
INXER, AR RGAA PG AR N, X 15 4R0] L FEP AR K 5T, TEIAT 7 =407 B
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bR SRR DA JOA PRAE AR SR B S R TR R BRI TR AT A T A, B R U
N i i B | 20 S e /e 2 L U 2 A S /S U3 T A /NS B T | S R

£2 TE 1975.1990,2000,2015 £ X REHBRFER T
Table 2 The ecosystem area and it’s changes of Ningxia in 1975,1990,2000 and 2015

T EHEH AR (K)

DX Ik ESRGRA Area/km? Average annual net change rate(K) /%
Regions Ecosystem type 1975 4% 1990 4 2000 4F 2015 4F 75-90 90-00 00-15 75-15
T X Ningxia FRAK 4084.2 4129.6 4074.4 4561.7 +0.07 -0.13 +0.80 +0.29
R 22462.9 21806.5 21432.3 22347.4 -0.19 -0.17 +0.28 -0.01
R 17163.9 17794.0 19203.7 17373.7 +0.24 +0.79 -0.64 +0.03
T 602.6 647.1 474.9 533.3 +0.49 -2.66 +0.82 -0.29
N T2 1006.2 1047.7 1169.4 1890.8 +0.28 +1.16 +4.11 +2.20
e 6584.4 6479.3 5549.6 5197.4 -0.11 -1.43 -0.42 -0.53
463K North FON 1057.3 1071.0 1074.5 1157.2 +0.09 +0.03 +0.51 +0.24
B 10118.4 9641.7 9539.7 9371.3 -0.31 -0.11 -0.12 -0.18
A Hl 4845.2 5423.4 6417.1 6214.9 +0.80 +1.83 -0.21 +0.71
T 546.7 588.3 423.8 462.9 +0.51 -2.80 +0.62 -0.38
AT 777.9 814.4 913.1 1442.8 +0.31 +1.21 +3.87 +2.14
Fe 5354.6 5161.3 4331.9 4051.0 -0.24 -1.61 -0.43 -0.61
FRE Middle FUTIN 1103.5 1110.2 1112.9 1225.5 +0.04 +0.02 +0.67 +0.28
b 10458.2 10242.7 10102.0 10602.5 -0.14 -0.14 +0.33 +0.03
A H 5807.0 5928.8 6153.0 5443.5 +0.14 +0.38 -0.77 -0.16
T 30.9 31.7 24.9 42.9 +0.17 -2.14 +4.82 +0.97
1) 153.3 157.2 166.8 292.5 +0.17 +0.61 +5.03 +2.27
T 1179.1 1261.5 1172.5 1125.1 +0.47 -0.71 -0.27 -0.11
I South FegiN 1923.4 1948.4 1886.9 2179.1 +0.09 -0.32 +1.03 +0.33
b 1886.1 1922.1 1790.7 2373.5 +0.13 -0.68 +2.17 +0.65
A H 6511.7 6441.8 6633.5 5715.4 -0.07 +0.30 -0.92 -0.31
TR 25.1 27.1 26.3 27.4 +0.53 -0.29 +0.30 +0.24
AT 75.0 76.2 89.4 155.4 +0.11 +1.74 +4.92 +2.68
Tl 50.8 56.4 45.3 21.3 +0.74 -1.97 -3.53 -1.45

32 AEBRGRAVEMGEERE(E 3, K 2)

1975—1900 4F (5 4 X S AR 97.25% W LE B RGEAR K AEAVEAL I AR R R AR 8 R
i R RSB A S RG], Horp B B B B, o KRS A TR R 60.37% , % K TRE Ak
Y NROR B 0, o5 s AN AR 56.13% 5 AR TG . 2.64% B AR H ) B i A T
TR 74.22% , [R]BF A B R385 20 A kg e i, 43 91 o5 00 s 344 10 BRI 36.48% 11 37.56% ; 1R b A= & R A
62.7% KR T 5, N T 312 ARG B VE A o R T A 25 R G0 % bR S R G i 6 AR A
I R SRAARAIG e A KT 1 B0 i R bK 2 2k 5 T b

1990—2000 4, 5 4= X S R 93.94% [ A A8 R GEA K A ABIARAL , NG s vt AR B R G52 #2 R L
— I TR R, N AR R R G AU AR R M R HH RN SE B A A8 R 8 2 [A) W PR 46, A 2 ) 28 R v e b R
T TR (R0 H R R, 20 1) o 7 ) TR Y 34.83% 1 36.09% , 4% T AE 25 R il AU A W Wik, o5 6 A\ Sk R 1)
61.52%, BRI FA T U] o5 38 A FE T R Y 87.52% , [R) At A FE RIS 185 1 Sy 0 ot f i R o S 34
TR AR 1Y 83.18% ; N T 3R IR H TAH FNFE B, 5Frdg N TR AE S RSN 83.22% ; ARG Hb 3= 2248 S 4k
H B AR Y 12.48%
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£3 1975—2015 FA S RHHBHEME km?

Table 3 Transformation matrix of ecosystem from 1975 to 2015

A ARG

Period Fcosystem type 1 2 3 4 5 6 S1 R1/%
1975—1990 1 4074.3 2.6 1.4 0.0 0.0 5.9 9.9 0.69
2 32.6 21602.0 594.1 103.1 18.5 112.5 860.8 60.37
3 13.3 74.6 16993.6 36.9 18.0 27.5 170.4 11.95
4 0.0 50.4 56 482.5 0.0 13.7 120.1 8.43
5 0.0 0.0 0.0 0.0 1006.2 0.0 0.0 0.0
6 9.4 76.8 149 24.5 5.1 6319.6 264.8 18.57
S2 55.3 204.5 800.5 164.6 41.6 159.6 1426
R2/% 3.88 14.34 56.13 11.54 2.91 11.19 100.00
1990—2000 1 3989.3 47.8 88.6 0.1 0.0 3.8 140.3 4.46
2 41.9 20710.7 915.2 27.5 17.5 93.6 1095.8 34.83
3 23.8 320.6 17268.0 30.9 59.0 91.8 526.0 16.72
4 3.0 73.6 153.0 398.2 2.9 16.5 248.9 7.91
5 0.0 0.0 0.0 0.0 1047.7 0.0 0.0 0.0
6 16.4 279.6 778.9 18.3 42.2 5343.8 1135.4 36.09
S2 85.1 721.6 1935.7 76.8 121.6 205.8 3146.4
R2/% 2.70 22.93 61.52 2.44 3.87 6.54 100.00
2000—2015 1 4011.1 36.6 6.2 2.1 10.3 8.1 63.2 1.44
2 107.8 20439.8 451.2 71.5 263.6 98.5 992.5 22.53
3 398.9 1581.4 16635.4 100.3 327.6 160.0 2568.3 58.30
4 1.7 44.6 71.9 330.4 8.6 17.8 144.6 3.28
5 0.0 0.0 0.0 0.0 1169.4 0.0 0.0 0.00
6 42.2 245.0 209.0 29.0 111.4 4913.0 636.6 14.45
S2 550.6 1907.5 738.3 202.9 721.4 284.4 4405.2
R2/% 12.50 43.30 16.76 4.61 16.38 6.46 100.00

1—6: B R BT Ecosystem type; 1 : FRMK Forestland ;2 : Bl Grassland ;3 ;¢ H Farmland ;4 : 323 Wetland ;5: A T. 3R Artificial Surface;6: it
T Desert. S1. %% X area of transfer out; S2.%% ATIFH area of transfer in. R1. %% FTHk & area ratio of transfer out; R2. & N GTHk R area ratio of

transfer in

2000—2015 4F, i & X S 91.51% A S RGE R kAR, N R S AR R G R R L -
— I I A A R G AR R M AR RN T 2 (A e B M ST R R R R W
58.30% , Hiih 3T A AR IR, o5 RS BTG S b T R 82.90% , IXER T E AR A TR A SR
Gt IV B B, B N T 3R R B VE T b A (B N TR 1 A T AR 81.95% 5 B A AR AR
KR T BRI A T o5 TS AR AR Y 92.03%
3.3 ANKEI S RGN R

TEGIT 40 A A R B 4360 4 [ S X K b T e AR KO, LR R N JS3E Bh sh R A
PR A, XIS sh s R B AR A i AR LRy 6.48 F1 2.89% , & 1 T s R JE 40 4 s I AR AR L
MR TR AR RGN = A0 . JEFRLASRIN A 3 2T Aol & e i £ 245 57 R AN T3
A4S RGP Tk B PR I, U RO A T & R fcdy , N2 sh R 3 a3, A 2R3 shift sh i i AR
AR AR AL R 9K 17.63 F18.62% , /& T H A XK 3—4 {5, il R e b ) =&, AHC R Bk H
AR S T — RIS E TARFLRBHAMGE B BOR | hf A S5 28] T A RS, BARAR B A
TREESRERIN AR B A RGA P I PP shPe 5 T RS 3 A shak sh R B /)
R BEAR /MY R = 0.17 , A AL R -0.07% , &b T N R iE shisl 55 81, B E 22 + R X, S T8 (R i
FUR, N O A K SISO e R 2OP G, 2 B RS R TR, S B A& BRI IR D>, A ZEiE sk
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2 TEESRFEBTLEEL
Fig.2  Ecosystem types atlas of the Ningxia Hui Autonomous during different period
1—6: LR GEHA Ecosystem type; 1 : Tk Forestland ;2 ; 5 Grassland ;3 4¢ [l Farmland ;4 ;231 Wetland;5; A T2 i Artificial Surface;6;
Ll Desert. AL BN I REHT— R HAUE — BRI S R G XA

Sl AR A MR, A I SR AR S RGPSl B (£ 4) .

R4 TEALEINHEETUESTUE

Table 4 Human disturbance changes and ratio of the Ningxia Hui Autonomous

LT A B LR A TR JE T ——— Y0350 v
X Jik Synthetic index of human disturbance RS - R AEZ(R)
. Human disturbance .
Regions hanees Human disturbance
1975 2015 changes change ratio( R) /%
T 5 Ningxia 224.26 230.74 +6.48 +2.89
JtEB North 204.61 222.24 +17.63 +8.62
FFEE Middle 226.34 226.18 -0.17 -0.07
P South 263.13 257.34 -5.79 -2.20

R TR T E AN B ARG TR A SOHRE T BB ARG s sh B B AR, b
13 B NG Sh P s e B AL R B KT 0, e A4 sl 3 5 1 o 77 3 A48 21 Tl ir i 4 JRUIX 78 32 DX T 7k
TE R YIKT 12%, AL HWifE £, BEaB 5 B A280E st sh B B AR (b 335 /N 0, b e g Byl e
b, IR BRI sh sh BR G H o A Ik e, P 4L SR R X B R i K, R=3.77% ; 1 )R B e B I ., R =
2.72% , ACHBEEE [ RS AIRT LR ) - JRIX, 20 e Sl B 40 5, AR X AR S IR B e sl i £
FALE N TREAES RG RIS R AR sk i, SO shksh e g o, hEs)E T+ 2K, TR W
HZ&ERmEN, ME55 1 F RS Ik A Tl 2 (B AREE T a0 1l X, Al A R 4y, v it DX A+ 25 22 0%
KIEHE RS, NG s R B A, mE A 1l X, N TR WA 25 R 40 5 AR K SRR B = |, T AN 26906
SR AL, TEMRI SRR T 4 B2 A 0 & AR . b A2 sht o A B 45 = 1 4
B VGBI DL Bk 7 B35 R A SR 1 e B (1K) 5 T+ 30 66 vl B R [l B 4 sh R AR P25 2R X, 22
X B A B B3l AR KT N T 3R A A28 R 40 b AR shit sh AR FEAR (1 3)
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Fig.3 Ecosystem changes ratio atlas of each county in Ningxia Hui Autonomous

4 e

WY I F 1 BAE BT 1975—2015 4[] 77 B 42 X R 4540 X AR 25 R Gkt Jay A8 AL A sk ) AR sk 7 4 S5 1
AT T8 R SE R R W 5 38, JT 456 T b Kk FE LR B R EOM 42 X P X B AE 28 R e ) i A2 1k 25 = 3 B Lt
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