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Abstract: Ecosystem resilience is one of the hot topics in regional ecosystem health assessments. As an important indicator,
it has attracted widespread attention. Ecosystem resilience refers to the self-regulation capacity of an ecosystem to restore
itself to its initial state after deviation from the equilibrium state. The elastic strength coefficient and the elastic limit are two
main components of ecosystem resilience, representing the level of the elastic force and elastic range, respectively. Based on
the ecosystem indicators ( such as landscape diversity index, vegetation Index, precipitation variability, temperature
variability, flexible scores, the percentage of land use types) of Yulin City ( Shanxi Province, China), Fragstats and
ArcGIS software were applied to calculate the various parameters of the ecosystem resilience system in Yulin, including
evaluating and analyzing the spatial and temporal characteristics of ecosystem resilience in twelve counties ( districts) of the
Yulin region. The results indicated that from 1995 to 2010, there was a steady upward trend in ecosystem resilience in the

Yulin region. The self-regulation and self-healing ability of ecosystems had strengthened over time. From 2000 to 2005,
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ecosystem resilience increased rapidly, but the growth rate of resilience slowed after 2005. To facilitate the ecosystem
resilience variation study, resilience, in accordance with its value range, was divided into four grades: level 1 (range of O
t0 0.2), level 2 (0.2 to 0.4), level 3 (0.4 to 0.6) , and level 4 (0.6 to 0.8). In 1995, 100% of the area had ecosystem
resilience less than 0.4 (level 2 or lower) , but it dropped to 41.45% in 2010 ( mainly concentrated in the wind sandy and
grass shoal areas of northern Yulin). For the different counties, after 2000, there was an increase in the area with ecosystem
resilience levels greater than 0.4 (level 3 and higher). Before 2000, in the Jiaxian, Zizhou, Mizhi, Suide, Wubu, and
Qingjian counties in southern Yulin, 92.2%, 92.6% , 87.1% , 84.9% , 83.5% , and 79.7% of the total area had ecosystem
resilience values greater than 0.4, respectively. In contrast, none of the remaining counties ( except for Fugu County in
northern Yulin) exceeded an area of 60% for the same value. In addition, areas with ecosystem resilience levels higher than
0.6 (level 4), were mainly concentrated in the southern region of Yulin (e.g., Qingjian, Wubu, Mizhi, and Suide
counties ) . Therefore, when the value of ecosystem resilience maintained steady growth in the Yulin region, we found that
the value was higher in the southern area than in the northern area. Each year, this gap between areas gradually increased.
This study on the elastic strength coefficient and the elastic limit revealed the development and changing trends of ecosystem

resilience in Yulin City, and provides a reference for the ecosystem health and sustainable development in the study area.

Key Words: Yulin Prefecture; ecosystem; resilience; elastic strength coefficient; elastic limit
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Table 1 Calculations of diversity index of Landscape of Yulin Prefecture

B (X)) Counties ( district) 1995 4 year 2000 4 year 2005 4F- year 2010 4F year
WAk HLIX. Yulin prefecture 1.143 1.188 1.205 1.218
Jt75 8 Six counties in the north TR 0.796 0.87 0.911 0.937
AR 1.098 1.137 1.144 1.157
i BH X 1.195 1.234 1.255 1.273
BB 1.115 1.119 1.126 1.146
b puR= 1.224 1.244 1.258 1.273
ENH 1.055 1.094 1.101 1.094
¥I{H Means 1.080 1.116 1.132 1.147
575 Six counties in the south fER 0.811 0.845 0.897 0.912
K 0.738 0.776 0.805 0.837
TIE 0.941 0.946 0.96 0.986
gL 1.02 1.064 1.076 1.112
PN 2= 0.965 0.984 1.115 1.077
T B 1.061 1.115 1.127 1.132
HJ{H Means 0.923 0.955 0.997 1.009

N AU DX 5 4 S U2 R P A8 B A BB B0 T AT, AN B8 5O (R R K TR/~ B, BSOS
ZHEEMERE LS B RS B E S R G g
3.1.2  fEHPEREU T

2o AR T 1995 —2010 4F NDVI A #3455 (WK 3) .

1995—2010 4F- A A M Hl X AE 48 B0 R 2R _ETHE3R FhriEfb i %

S B (X)) TEBLRE |, 1995—2000 4583 i3l 1A 848 B0 T ka3, He b A Y (A R e B K ) ol SR 28 L
(0.16) , F/IN R BHIX (0.02) 52000—2010 4F A8 g P8 HCE AR I (A5 5 4R34 R B AR /N 3X 5 BRPETE it
Py \PSEET 2000 ,2005 2010 4EF1 2013 4EPUHA NDVI E0HE 49 = A6 57 470k TR DR 95 WLAR J5 28 AL BIF 98 AH
—3, 1S AERAR AR R SRR AR (E G R B R R LU B (0.53) , R I A B (0.38) , B i
F/MUAEN R (0.29)

B AE I DX T LG BT, 7S B DT AR A e HR B0 (R T AR S B HLAR A B e 1 P38, F oA Bl 1
TR Z B /1N
3.1.3 KRR ¢, FIESIRAER ¢, 78

AR SC AT X 30 4F A9 K SR AR B A LR | i it AR AR X AR R A AT SR g
2 fis

F b AT A A DX 6 T 30 s S S v, LR 2 M R B A A B (X)) B RN i A L ) R R AP R R
[, 25535 30 AR IBCRE 4 8 (X)) - F R EE I, B A BRI Em TILES 8,
XS RRRRE S A R SR 5 K AR R B 5T 45 SR A — 3K

MRS L (X)) K AR R K 2B L (0.14) |, fe/N A AEE (0.048) 5 4R S IR AR XS R KB R s il
F.(0.201) , f/NNZAE B.(0.149) X 5223k 1048 A THIARTT 1980—2006 4F AR AR fLita #/Hrkl— 2L,

PRI X DU, 607N B AR B /K AR R4 SR AR R385 0 5 e 7 B, 3k 32 32 45 g b G X ) b 2
B A 2
3.1.4 ERRGEE R RO

H A3 2 AT AR AR AR X AR 2 R GE B R B R B R ANl 4 TR

http ; //www.ecologica.cn



S5 AR DX AR 2R R G T B PR B

X BEF-

22 11

omyo9ya1d urn & jo sanjeAa JAQN JO sinsa1 oy, ¢ 31q
EHEHEEIAANXHWSE ¢ B

wyoE| 59 0

858+8¢°0 ) W 8620110 3
1 1816670 & .
H kR HIER
1062470 3 2150610 [
679766°0 1 T 5€7986°0 !

9€18TE0 Y M 600£590°0 3
8098660 & T STIZ60 N

B RS e

€SL6T°0 Ny mmTSELI O M
$07956°0 -2 lm;ma.o o n

:RA H e &N B
89L59Y°0 Y} wm 10LSHT 0 N 6STSLTO 3 mm€6SSTTO Y
|1 L 1k L 1 lmmmmg.o -] n

WG I
¥970£€°0 N} wmv 188170 ¥
1858660 -t I%Nm;.o i L

HEE BT

gmog.og- owa.ouéi
18 7 ge196670 1

m:&* mmm_@* 862011°0 %v . o m:&* ) M_mm_ﬁ 600£590°0 ﬁv -
78Y0CY0 ) 60STIZO Y py (- $100970 3y SSE1T0 3 1
LL88660 =] oy 19971670 :1 1 gy
LIRS BVl HARK R 2
. 0 . 6680020 -3 wm 1€168T°0 3
w*\msmwum I_Smmw M - Hoto jitenbaril_iamichard
EE G2 HH 2

LITELL0 Y} pmTs10sv0'0 3
§S0867°0 % 870560 1 L
B B
6E€9TLO0 3 pm$959960'0 R -

SI6LTE0 M T €p6€9€0
HE B

TSLTOT0 Y} w1ErS€80°0 Y
L089LY 0 -t " 60880770 & L
B BT
86v901°0 3 pmSS60£80°0 N

€L6€€0 T 656T0p0

S9T°0 31 pm v9L1°0 3l
geey’0 T 16£c0
B R e
80ZE'0 Y pm 1551°0 3
626€°0 T g01y70
B8N B
L09€°0 3 W 9ELT0 v
6Tsy 0 T ¢LLe0E
B BT
LIEE0 g- P6€1°0 M
€ser’0 T 6e8g0

et X1 H 18y PSOLIO0 TR F e 1 il v6€1°0 3
oy -0y <l
SSSOLL0 -3 0,100 3 SRS PEIE0 Xl g 1L71°0 N gy oro i
po1Ls€0 8 T g0z oy €800 B T L8TE0 gy
HEAK H W HEAK H ¥
pLY6SLO0 X} mmb00¥860°0 X $TSTO Y mw 051270 3
90895€°0 < n 9ITISE0 1 L #7000 10L€0 & L 61150 _w_.rl 55661 K

'H FEH 'H HEH

http ; //www.ecologica.cn



8 S % 36 &

x2 WMBREXMSEEEER

Table 2 Change rate of precipitation and temperature of Yulin Prefecture

[%7K C, precipitation / mm S Temperature /C,
B(IX) Counties ( district) E'ijt{a E‘g(l\{a ¥E RES E'ijt{a E’g{l\{ﬁ ¥iE RES
Maximum ~ Minimum  Means Rate Maximum ~ Minimum  Means Rate
/mm /mm /mm  Changes/%  /C /°C /°C changes/ %
JE75E Six counties in the north B 678.4 227.7 407.9 5.6 10.8 8.3 9.3 18.7
AR 646.5 233.1 404.0 7.2 10.6 7.3 8.7 19.4
i BH X 568.7 254.8 372.8 7.6 10.0 7.2 8.4 17.8
i IIRES 516.9 211.4 353.7 5.6 10.4 7.8 8.9 18.1
vEIL B 569.8 210.2 384.1 7.1 9.9 7.1 8.3 19.7
ENE 520.9 179.9 307.2 6.9 10.0 7.0 8.3 20.1
758 Six counties in the south fEE 576.3 235.7 390.1 4.8 11.7 9.2 10.2 16.0
Kpg £ 692.6 268.3 422.4 6.0 10.5 8.1 9.1 16.3
T 655.0 248.7 435.6 4.9 10.7 8.2 9.4 19.0
AL 628.0 277.6 431.9 5.2 11.3 8.8 9.9 14.9
RER 658.3 277.1 441.0 14.0 12.9 7.0 10.6 18.1
b R{IRAS 702.9 247.3 489.9 4.9 11.0 8.7 9.8 16.5
HMRHL X Yulin prefecture 6.6 17.9

MAEL (X)) SR F SRR B 2R B00CAF 40 (48 R o5 R Yy 22 B (39.36—105.18) , HiR Oy i i B (33.83—
96.95) , HiE fe/ N A K AR EL (37.10—60.74 ), Horfr S 68 B0 AR 28 R 40 v i B R 400 S L A 14 4K (34.53—
30.55) . FILPIIXAR L, B 7S E AR v o B R A LS BK, HIG IR B 3 R IR B,

4 WA S RGeS R BCE FREUE L B HEAT 5 2kl 4y, B 1 R 0—20,2 9% 20—40,3 2% 40—
60,4 2% 60—80,5 Z k80 L I, & 3 Ak X A 248 R G I R BN S LI/ STk L,

R3 AMBRESREEWRERMNERN S SHEEE

Table 3 Classification and ratio of surface domain of elastic strength coefficient of ecosystem resilience of Yulin Prefecture

ey 1995 4F- year 2000 4F- year 2005 4F- year 2010 4 year
Crade T 1 i, e i e i 1
Area /km? Scale /% Area/km? Scale /% Area/km? Scale /% Area/km? Scale /%

1 42808.87 99.36 38258.50 88.78 63.58 0.15 4.42 0.01
2 223.91 0.52 4828.68 11.21 9904.88 22.99 3483.98 8.09
3 53.98 0.12 4.08 0.01 26710.40 61.99 14574.44 33.82
4 — — — — 5985.70 13.89 19737.34 45.80
5 — — — — 426.70 0.98 5290.40 12.28

DA S R G RE  E R B SR TR L i AR (R Ak R, 2000 AR AT MR IX 2 9 TET AL 1995 473 i
10.69 AN ET 4315, T 3 2l F R 0.11 ST 49 4552005 4F 2 901 3 21 B4 2000 4E43- 5540 11.78 F1 61.98
ANEST LA WS S HOEIEE R ;2010 4F 4 OF1 S G amikAs: 2005 A4 31.91 A 11.3 ASE 4L
M

F AT AT A A X A 25 R G P 5 8 R BB A B AR AL AN W 3 5, b, 2000—2005 45 1] 35 5 13 2R 400
BRI, 2005—2010 436K B AR 22 | 3¢ WA AR Ml [X AR 28 R 48 [ FR T AP T RE ok, R G ke
K,

AR D X A 25 R G0 M 0 R OB AE R T, SR B A XA S R G A FR M A TR RE
JidE, RGe e B C, Hoh 3K B R P [X 5] R 2000—2005 4, {H [ 2005 4F )5, 3 i W AR 2% | X Al
fiE 55 I S AF (AR DR TR R A S IR A T R & TR 2 B 20 A e
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Fig.4 The map of intensity coefficient of ecosystem resilience of Yulin Prefecture
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78% ) , HAF 1995—2000 4F-F1 2000—2010 4F J§-1~HF Bz P4, A BH DX 20 b 1T FHAR fb 52 IS K R BE A B 343X
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B DX BR B Y D AR AR A A — 2, ] DL i 1 BR T o b2 A X S R JBE ) S A

F4 FELHF ALBEEESE
Table 4 Elasticity scores of different types of land use

+ A 2T Landuse J3H Scores 18 Explanation
B Farmland 0.5 X 2 DX I A 25 R e 1 3 B A S AR L BRI AN, 2 5 iR Ak
i Grassland 0.6 HAH ARSI T TR
fﬁi porest land 0 S A R D 25 5 B R P S
%’mf g netion land o4 S O S 25 R B A7
x5 MNBRDEESREHMERE
Table 5 Elastic limit of ecosystem resilience of Yulin Prefecture
B (IX) Counties ( district) 1995 4 year 2000 4 year 2005 4 year 2010 4F year HAWR Increase
MikkH X Yulin prefecture 0.623 0.647 0.660 0.669 0.046
B[ ae=3 A E 0.454 0.501 0.529 0.546 0.092
Six counties in the north AR EL 0.610 0.628 0.633 0.642 0.032
HBH X 0.616 0.608 0.623 0.637 0.021
LB 0.590 0.593 0.599 0.613 0.023
s B 0.663 0.680 0.689 0.697 0.034
EHR 0.564 0.593 0.599 0.592 0.028
I Means 0.583 0.601 0.612 0.621 0.038
M (ERN 0.443 0.463 0.497 0.510 0.067
Six counties in the south KB 0.399 0.422 0.439 0.459 0.060
FUHNE 0.540 0.544 0.555 0.576 0.036
g 0.580 0.621 0.630 0.659 0.079
REE 0.536 0.552 0.656 0.635 0.099
ERIIR=S 0.627 0.676 0.687 0.697 0.070
I Means 0.521 0.546 0.577 0.589 0.069

PRI S B S m s B AE S R G i RS MEA L, L3S Em TR AR, XSt X s 2
FEPEFR B AR — B, MO, SRR B RO A , B 7S B iR o db S By 182 £, v W s BAES R
ST TPRE S AW G5
3.3 BRGS0

FIF ArcGIS H1H Raster calculator #7115, FF4: Reclassify T E BB 4328 J5 M A5 MR X A= 245 2R e sk
J15r (B S) .

gh A TR (830 1) IS TR AR TS5 5, AT 1995 2000 ,2005 F1 2010 4R AkHb [X 4= 25 2 G0 i
J13EE L, Bl 0.09—0.28 .0.01—0.31 ,0.04—0.67 .0.08—0.69, A] WL 15 4E AT X A5 25 2R 5 ik S Ak 5 4 K
s H RGN 2E

AL (X)) TE BT, R L5 224 ELR o s R 28 R e il g K, Fe KTk 0.68 il 0.69 , AT &2 Pk
588 5 1717 S A ELRDK g B, 22 ik BRI A3 BL A R by A= S R b J1/ B/l 0.01, BB RG0S, H &
VT RE S RN A 2%

FEEE A X e B , B 7S BAES RGEHE ) 5 = T AU S B, B 25 BE R A PR AR Tz #iie K

K 5 B E B RG R G ST e He RS ] (0—0.8) HE4T 4 943, B 1 943 0—0.2,2 4 0.2—0.4,3
20.4—0.6,4 2 0.60—0.8, £ 6 MM IX A2 R GEHE S SRR/ STk kL
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Fig.5 The map of resilience of ecosystem resilience of Yulin Prefecture

F6 MMBRESREBENNERL S S

Table 6 Classification and ratio of resilience of ecosystem resilience of Yulin Prefecture

ssgy 1995 4F year 2000 4F year 2005 4F year 2010 4F year
o i Lol i Lo i Ll i Lol
Area /km? Scale /% Area/km? Scale /% Area/km? Scale /% Area/km? Scale /%
1 42999.80 99.80 43012.38 99.82 3452.02 8.01 405.62 0.95
2 86.97 0.20 78.88 0.18 33704.54 78.22 17451.86 40.50
3 — — — — 5840.52 13.56 23941.10 55.56
4 — — — — 94.18 0.22 1292.00 3.00

&l 5 F13% 6 AT, 1995 F1 2000 AF- bk X A= 28 R G st: S {EFIRT 0.4, 590040 1 90R1 2 9%,2005
F12010 443 WA 86.23%F1 41.45% 1 3 0E JIEART 0.4, 2010 AEM AR HLIX 3 9 L) | b dal i 38 1 74 UG 3
50% , Horb 4 G b3R5 HeBl ok 3% , T UL BIESY XA S RGP T I RE T AN B o

MITAEA S R GEBAME ) 4% S SR L I AR AL R HOR |, 2000 A AR IX. 2 ZRifis A 1995 4F T [ 0.02 4~
B B 2005 4F 2 Zm A 2000 AEHIAN 78.04 AN E 45,3 95 4 Gl v B ;2010 4F 3 GOR
4 GYIEIREL 2005 AR5 I 42 F1 2,78 ANE Sy SR, BRORE ML IX AR S RS R ) BB A
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Fa b ThaFA Hod | K B BB X A] A 2000—2005 4F, {H 2005 4F )5, 62 8 i 2% .

A B S 20 ) T s R AR AR R |3 9 % L IR b B 2 AR AE 2000 4E LR, HEEE R TN
B mmideER s B2 K 2005 AFF AU AT R B0 R 5 35 15 R i P B B bR SR gk gk 3 Gk
e, HA BT 5 HR K IR A B (30%) , H v B (13.5%) |, EeBili /N B L0 EL (6% ) . S BLAH L, B
NE e 3 QbR IR IT 7 L el s EMIHES A 0 N EL (24.6%) ST (23.4%) (ZETE R (20.4%) K
PEE(18.1%) SREEE (14%) AHER (8.7%) , Hi AL /S BoR, X —45 R, AL s B8RSR
FETEZE AR RGN T HAEAN R T IR RE AR, BRI 55 B — 28 0 i X > b XD B X fR A
=,

2005—2010 4FHY 5 4[], 6HS BAE S R G iPE TR 08 BRI A BT 2010 4F AT 82.8% M MLkl 5] 3
WRRUESD , 45 B (1K) 383 3 Gbnifi i T I L Y R ) 60% , S5 0L AH EL, A B PO KA 22/l R A2
FITE TR 7B 0 M s ) A 25 R G0 i 11450 T 2010 AR FEAS IR B 3 bR, 709 92.2% .92.6% 87.1% .
84.9% .83.5% 1 79.7% , T3k Sy G HRF 4 0 Hdak T B0 A0 7 R | SR S AE UK NS DY B b ek e
B RIEI R 3K 19.7% /N AR Ol 3.8% , X —S5 R 3R B, F 7S B b b Js 1) A= A PR B A2 T ik
FeE AT AN A TR A RE 15

SR AR S RGP ) B AT AR (SR ) ) R ZOR T MR B SRR R B e i B R
M X JE R 7S B E s, SRR B0 TR /N B (B R 9 0 A ROk 5 32 28+ b R 28 0 (e

M) 245 T RIS E N2 v b DX B R A I T AR SR DR 3R B0 T A AR DX AR 2 AR e B g S B R e AR Y
e
4 Zig

(1)3z ] Fragstats H ArcGIS FRPFHEATRE AL BEAIARBURE F7 2 TSR (B, T LB e i DX A 25 AR e
P33 AT A B TR R S I

(2) tai At DX A= 25 R e st T AT P2 AL S OB 3 AR S R GE Y B O I TR B AR 0 ol |
JE i (HIIE G- H A 2005 4FEEETINZE , X 3 2SI IX Y25 KA A KABMRARSG . 2005 4 L)
oK AR S v BEUREE A T, SRR WITR B IR 1 B0t XA B A ROIR S, NTTTE AR 25 AR 58
SR IR R I BIR

(3) M bR DX A 25 ARG Ty S B Pl i AL 4 22 S A8 1, SRR DF, G2 5 32 [ g 1B A DX 3t S B 45
AR, ANEZHHIPEREX, A ASIBEME , ARG AT PR, TR N8 208 Il i8R X, ARSI
B RS R GRS B8

MBFAEPIIX Y 3h AR, 7SS A A5 AR G s g 3 R 35 R T b oS B 3 3 2 [a] P i A9 42 5 K
ARG, S BB N FRBEIR R TR OK  (EH 2 i i R R B 5 R DUAR SRR AU, 3
IR BAE R AL XA 2 AR G Ty AR A X L L

(4) S5 A M AR DX AR 25 AR GE i ) B9 sk AR ik B 5T X 2 55 R SRR i, Al PRSI B IX A B R G Y
B RRE TR A JRE ) A PR AR A PR P AN 8 TR 5 | S LR B A DT [ L AR LN B, X T4 Rk R il
AR LT DX, AR PR 22 B DU FA A8 TR IR 1 — 2507 Sl e vt DA Jig RTINS 5 I A JR T BRI O T AR BB, I
T S A AR R ) A A 28 B R TR JR) o
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