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Abstract; This study was conducted explore the evolution of land cover and biodiversity function in the Loess Hilly Region,
evaluate the optimal habitat under the perspective of biodiversity conservation, using Pengyang County of Ningxia as the
research area, by using Landsat TM images of every 5 years from 1995 to 2015 as the basic data. The 3S technology was
used to integrate the characteristics of spatio-temporal dynamics of land cover. From June to August of 2012 and 2013,
sample data of ground beetles were collected in 6 different habitats, such as mixed forestland of shrub and grass and mixed
forestland of arbor and shrub using the trapping method. The biodiversity function was evaluated using the InVEST-Habitat
Quality model, and the best habitat was explored using sampling data. Moreover, land cover and biodiversity function in
2020 were predicted using the CA-Markov model. The result showed that; (1) The land cover and biological diversity of
Pengyang County changed significantly from 1995 to 2015, unused land area decreased, urban land rapidly expanded, and
natural enclosed grassland and horizontal farmland in the habitat clearly changed; biodiversity function transformed from

degradation to optimization during the study period, from which the best biodiversity function was observed in 2015. (2)
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Compared to 2015, we predicted that the horizontal farmland and urban land of land cover significantly changed in 2020 and
the biodiversity function rapidly improved. (3) The mixed forestland of shrub and grass was the best habitat for biodiversity
conservation of Pengyang County. The traditional “88542” horizontal ditch of land preparation measure in the habitat may
be the best model for ecological restoration in the local area. (4) We observed good universality and high accuracy by
utilizing the InVEST model and CA-Markov model, respectively; The implementation and construction of not only soil and
water conservation projects, including horizontal ditch, fish scale pit, and “88542,” but also ecological restoration
strategies such as returning farmland to forest and grass and ecological function zoning are very important and will show

remarkable results.

Key Words: loess hilly area; land cover; biodiversity function; InVEST; GeoSOS
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2 MIRAE

2.1 EEGERALER

Lk 1995 20002005 2010 2015 4E T H 5 fH E: Landsat TM 38 J85EA% R EERIBURE (% 1) , 454 B AN & 5
P, 7E ENVI F1 ArcGIS SV 6 132 RE T, R B LA T I 9T IX 20k 6 Bl Az B 280 i RER 38 Ak
i FRHEIR S AR AR AR IR BT S A AR B A K SR T AR BEAM G X e 32 R 4y S Fil
- b R IR IR . A R M KR R AN T b

x1 EREBER

Tabel 1 Remote sensing image information

1& 12 Remote sensing image 1995 4F 2000 4% 2005 4F 2010 4F 2015 4
AR IE] Time of image 8HI8H 8H30H 10 H24 H 9H11H 10H19H
G257 Type of image Landsat 5 Landsat 7 Landsat 7 Landsat 8 Landsat 8

2.2 EPAMEE AR 3 b
2.2.1  HbFRH RUEEASREL

52 R A B G REVR A R AR b R b 2% A0 IR SRR X IS TR RE T 1 4 A8 05 45 B0 1 A FA B
MBS 48 4 FEIX N L 288 A, FII ] GPS FRic ARk as i & . bR 5 KU — IR FABF 8 T i 4, R 5
B PIBRAAETIAE 75% 094G T 1] S50 28 8 BIRD R Ge it 80s . FEASSRAEIT ]2 2012 4EF 2013 4R A4 6—
8 H iR R 55 T2 90% i pliAE K2,
222 YRR E R R

R 1 2 FHY A B ARSI B (R 2)

x2 WRFRABENS R

Table 2 Division of beetle dominance

MRS PEHFh WAL FH WA AR
Dominance grade Dominant species Subdominant species Common species Few species
i bt Proportion =20% 10%—20% 0%—10% <1%

F A [ A 5 0 o =2 5 B AR PR BUIIE S [X b 2 F OBV o Z2REMET) SR Jaccard FRAUME 28020
Prittis B A1k
I=c/(a+b-¢) (1)
K, a AL b NS A TN B YRR ¢ PR SRR I R, AREE Jaccard AR RBURER X 1 (H
R EH.0< 1 <0.25, WAARL;0.25< 1 <0.5, FERHLL;0.5< 1 <0.75, PEHLL;0.75< 1 <1,
17 B R FHAES B % Kruskal-Wallis J7 25 1 Tukey 22 8 HOBE 5 M 32 BHELAS IR A= 55 04 4 2 R o i o =
BRI AREC 1 22 5, 6 RS S B v A A B (Ot 5 RO TR A T R I KA IS, FRRE T IR B A T
TR |
2.3 EYIZHEETIREIEAN
A B 0 R AR XA A R GE T S R A A AR T T AR R0 T, R A B I R U e, F 9 R B
InVEST #%I f7f{) Habitat Quality ( A R ) B (RO AR T X A 2R AT
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Table 3 Attribute table of ecological stress factor

i3 5 ISP 1)) R e ES
Stress factor Maximum influence distance/km Weight Range lapse rate
WML Urban land 10 1 iR
A R B Hb Rural residential areas 5 0.6 iR
T4 A Industrial and mining land 3 0.8 Ztt

F4 AEAEBERBWNAREDEREFHHRE
Table 4 Sensitivity of different habitat types to different stress factors

4 7 5 A A B3 H AR Fa R BRI b TU it

Land cover types Habitat suitability Rural residential areas Urban land Industrial and mining land
[T

ﬁfﬁj ::ﬁri% mixed forest land ! 0-8 0.9 0.7

TEHIRAZ MM Shrub grass mixed forest land 1 0.75 0.9 0.7

K HRES T HEHD Natural enclosed grassland 1 0.5 0.6 0.45

JKEA H 3 Horizontal farmland 0.3 0.5 0.35 0.3

A H Unused land 1 0.5 0.6 0.3

HEASZ B Ecological economic forest land 1 0.8 0.9 0.7

He B FHAMHL Ecological fuel-wood 1 0.7 0.8 0.6

KI5, Waters 0.75 0.9 0.7 0.6

Ak fE BB Rural residential areas 0 0 0 0

B I Urban land 0 0 0 0

T FH Industrial and mining land 0 0 0 0

2.4 EBGIRIE RO TN
CA F1 Markov JZIA] |25 [A] FUR AR B H A 30 1 2B RY | Markov 153 AU BEASH 47 1Y SE A LAY, CA
BT DI AUN AT e A 25 R G 23 Je A b el A%, MR 0 - b s i 1) D7y SR e 72 | 3 B 45 0 RE AV () RN T A
+ g 55 ARk,
CA BRI 5 AP ARG B HOCi Johazs (8] A BR AR S AN AL, an T prik
S (Uyy S,y N, f)= (3)
K,S,,, LSRR 1+ 1, ¢ BFZITTHUIRAS ; U, 30K d ERYIAS BT N, R ¢ B 2048 J8 AR S 16  f Foom e fie
R,
Markov A3 L H AN
S,..= P; S, (4)

t+1 7
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BTS2 MM KRB TR K R H b RS SGLMESIRAMML Shrub grass mixed forest land; TS, M 22 4k

ST AR T R 25 T R AR B (18 1) H1 Tree and shrub mixed forest land; EF, 4 %5 3 ¢ Ak #h Ecological
Jaccard ZHCHE 25 L 0 7 . 6 Fl Ak b ] . Y o fuel-wood forest; RG KSR H b Natural enclosed grassland; EE,

HEZS 22 B M b Ecological economic forest; TF, 7K 3 4¢ HI B Level

WEHAIUE R BCRE AT 0.39—0.67 ZIA (£ S5),

TERDIRAC R M TR TR A bRl 5 26 253 bk — 5[]

LKA S 2 B MR M5 7K P FH b (B AV AR R o AR A R B AR R /K - FH L 5 T K 3 ey 2 432 30 v

ARSI (0.52, 0.50) , 5 HAl 3 FhAE B3 B HUREVR 2 2 SRR K, 38 sk XA ) AR 5 b 3R HY A o = R

AR B GE TS F o BT, BIFSE 3R BIRE iR SS bRb 17 B2 B 4 e B DXt FH ) b 2 P 4 4 1Y) i ‘.
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Table 5 Similarity coefficient of beetle communities in different habitats

FEHER AT M A H R KRBT H M HBE T KA H
Tree and shrub Ecological Natural enclosed Ecological economic Horizontal
mixed forest land fuel-wood grassland forest land farmland
HERTIR A MM
0.63 0.67 0.46 0.39 0.49
Shrub grass mixed forest land
T IR AT
Tree and shrub mixed forest land 0-61 0-50 044 0-39
A S
0.44 0.45 0.42
Ecological fuel-wood
KRB FEH
Natural enclosed grassland 0.52 0.50
R TF A
ESROSZS0 i) 0.63

Ecological economic forest land
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& 2 F13E 6 SoniZHE 1995 4E 2 2015 4F - Hu 78 25 it 25 49 A B 02728k

F6 LB
Table 6 Change of land transfer

1995 4F  Bfki 2000 4F  ABRfbEt 2005 4F  ARfbE 20104F ARfkat 2015 4
bl 2 A TR Change IR Change TR Change THIR Change TR

Area of  quantity/  Area of  quantity/  Area of  quantity/  Area of  quantity/ Area of

1995/km®  km*  2000/km>  km®  2005/km®>  km®  2010/km>  km’ 2015/km?
AR ML Urban land 0.52 0.28 0.80 0.75 1.55 0.00 1.55 5.59 7.14
Eﬁfﬁax%ﬂl 60.53 12.93 73.46 1.62 75.08 -9.31 65.77 30.41 96.18
Shrub grass mixed forest land
ﬂ*TEEi& . 3.78 0.95 4.72 0.56 5.28 -0.63 4.65 6.84 11.50
Rural residential areas
TrHEIR A Al
Tree and shrub mixed forest Land 7.32 4.31 11.63 0.00 11.63 0.57 11.06 1.73 12.79
P
S Iﬁ%f& . 3.48 3.27 6.75 0.24 6.99 -0.98 6.01 0.50 6.51
Ecological economic forest land
S ﬁﬁﬁuﬁ 23.20 13.71 36.91 0.41 37.33 -7.43 29.89 -0.84 29.05
Ecological fuel-wood
7J(:|?2§EHHE 832.59 372.74 1205.33  -354.85 850.47 -1.88 848.59  -145.13 703.47
Horizontal farmland
JKIH Waters 7.76 2.45 10.21 0.72 10.94 -0.94 9.99 1.94 11.93
2=
ROAHA 7 898.08 -19.95 878.13 618.93 1497.05 29.97 1527.02 103.81 1630.83
Natural enclosed grassland
ARFFi i Unused land 678.06 -390.67  287.39  -268.38 19.02 -8.22 10.79 -5.04 5.75
Ib)hﬁﬁjﬂ .. 0 0 0 0 0.05 0.05 0.05 0 0.19
Industrial and mining land
19954E 20004 20054F

N
A

20104

20154

B2 FEIHESTUE

Fig.2 Different land cover changes
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1995—2000 4F [ AR AR fb e KA A 7K A B M AA I FH #4391 8 372.74 km® F1-390.67 km® 55541 M4 56 R 1B
I, A FH M AR SR B w43 ) ) KPR T 5 7% T 295.95 kil 85.55 km® | A 25 28 T bk i A AR 25 ok bR
b b B 7 AR B R, S R 949% 1 59% 5

2000—2005 4F A FRAR Ab e KA A R AR 35 7 R bty | 7K P-4 FE b 60 A ) FH b, JFC T FRAR AR A 539918 618.93
-354.85 km*f1-268.38 km® , HoH K AR I+ F F AR (A5 B &, 340 70% , K P-4 L b ) RAR BB LR T
340.89 km’;

2005—2010 4EAF 5% X 4 78 55 AR AL ARG B, AR AR Ak Je R o AR B R kb, 9 T 29.97 km®, 224k
b B8] 5 K11 Ay A FH L Bl ek 43%

2010—2015 4%+ g 56 A8 fb i 2%, oK F b SR 34 7 ol il AR AR A die K, A8 Ak it 40 i) - 145.13
km® 1 103.81 km* , 7K P-4 HI b ) AR B AL AL 1T AL 169.22 km®, KIR I H FEHLAT 23.78 km* 55 W HIR
SEMRHE 3 12 B BV TR S PR M T AR 0 T 30,41 ke, 34E R 46% , 300 FH RN A AN T G s AR AR T AR /IS A
5.59 km*F1 6.84 km?® , {HJ& AR X AR LM FE A, 3918 20501 R 362% F11 147%

1995—2015 4F- 4 iy 7 55 1 A AR A A (38 1 20 30l Sk AR 8 7 5 iy A ) FH b AR K S A b, A8k i 43 i) oy
732.75,-672.31 km*F1-129.12 km” ; 34 FH b ALf A 8 B SR AT FLUR 6.62 km® F1 7.72 km?® | 725 Ak, B AH X
R, 530 12819% 1 204% ; VE ST X A= 1) Z2 A6 OR3P 55 D A 15 1 3 Y S8 MR Ml 1T RS N T 35.64 km®,
RERS IR RESS I R | A F bR KA F A3 ) ) KSR B B S bR T 648.13 km® il 169.13 km®, KIRHEH
A 59.74 km 555 A KEA M, EACKRE , 52 PH B+ MU 55 SR BN R S2UR5Kk B IR R A s
PRAP XSS AR KRR, AR B A (b Ak b
3.5 AW HEYREE 1L

W R InVEST A RIPEAF 5 X AR W) ZREE T RE B 5 /BB H8 B0 T30 45 SR R0 4 A% 2%.0—0.3
0.3—0.6.,0.6—0.9 F10.9—1, 7 UK B 22 | — M R AL, Gei B> S8 Geiis 208 o7 S &5 He M

gER BN B AR A TR S K, DA — B R N 3, Hop 1995—2000 F1 2015 4R
B R S AN S R 32, 2005—2010 4 A 855 B A — M SF 0 3, 2015 4F A= B B AR RN R g i i
1995—2015 4FAE5E it PR S5 20— AR DL A 28 AL A Wi AR AW FE 530 S =774 % F1 7.21% , 2 F1 R P A~ 45
P BAENERT) .

25 (A48 SR A AR A R o B2 BH A W 2 BRI 2 7 TR Ab - IR s Ak, D0 45 A — R A5 40 A B3 o H 43
A R, & O DX A 358 o i SR A 25 , S Y 174 S BLBORS T B b 1) 9 BHEELRD T b A S v )
B 2EFR A X BRI R G R FEETEAHE(E3),

*7 WHEBLEEREMEREERFK
Table 7 The time pattern of habitat quality in Pengyang County

o 1995 20004 2005 4 0104 2015 4 B LB
— X Ty
C e Dividing W e g Tt e Changes in
Habiot quiy e B M g I g PO g T g
Proportion/ % Proportion/ % Proportion/% Proportion/% Proportion/ % .
number number number number number proportions
# Poor 0—0.3 12874 0.46 24355 0.87 33378 119 23138 0.83 21388 0.76 0.30
—f Common 0.3—0.6 998248 35.70 976187 3491 1664503 59.52 1697770 60.71 181877 27.96 -1.74
R Good 0.6—0.9 8127 0.29 5248 0.19 12957 0.46 5197 0.19 14255 0.51 0.22
1 Excellent 0.9—1 1777073 63.55 1790538 64.03 1085490 38.82 1070223 3827 1978807 70.76 7.21

3.6 ‘EEEPRE EH
K H CA-Markov #EAI TN 52 BHEL 2020 4F + 3078 55 204k, AT BRI 2015 4F + 1078 55 15 8 5 5L PR Xt
FEBS IEAS A B, Kappa R EGAE] 0.97  BLURG BEA = . 45 SR 2R, 2020 4F 32 BH B 1 3 78 3548 2015 4F A8 fBF
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3 FRELEBERETENH
Fig.3 The spatial distribution of habitat quality in Pengyang County

2% T ARASAR B R B0 43 ) A 7K P-4 T L | R SR 3 7 0 e R 9 e TR S Mk s, A Ak R 40 ) A - 117.48 ,66.86 km?
1 41.16 km® , HerfokSFA b i B/ D ft 32 B4 A0 o0 SR R 35 75 B b R R A b 5 2R A T M SR
Hi R T FH A AR e (3, R 43 A 123% 90% F11 76% (1 4)

WFFEHI A InVEST BERIXF 2 B B 2020 4F A9 ZREMEDNRESEATVEMT , 245 SR 2 W 2020 4F A= 55 5 i 2 22 AR
H— AR 3 o5 EEAT B R 74% R 25% A R4 9 m T 2015 4F, — MBS 90i) AR 58 i A (AR B g
2015 AFHLA (B 5 Fk 7)

4 it

3 PR B A [ AR 2SSO R K R DR A A 2R A AR A T DX 2 B P X A SR AN 3 | LA
BH S M2 FY SO o = PR RS PR 3 A i S A A LA i /s B e B DX e DD A 18 B AT 550 1) 25 WL AR =
PO R R BRI BRI, 5 B S SR A B A R S AL R AR
JiE A A i S v T HAAE RS Sy i AR Y A A AR B S A A S S T IR

A58 e N b o A (AP TN 45 2R 17, 2020 4 52 BH EL S AN T Al bR B 5K A2 18 X S A ) &2
FEPEDIRERRAR , 255 A R REUR W0l Z0F 25 rTRED B 5 , 32 FH S 2 4 A 3 A= W) A1
REBMCIRDLUAL I, BEE 207 A SR T AN SIS O MU KO8R i, A e shig A= 2522 4
AR FMAE RE 7 s , Ay AR IR L IR0 A= 25 FE B8 , #2400 2 SR B R AR W) Z AR PR S RE O B L DAk
25 (A5G R A Sl RO, St = (A S B8 X Sl s, A A 25 B 0 (L, o 8 i i PN 3 A A5 3R B Ak
AR, SR M 0 R T DX Il A S BRI I 28 AR A B 3, 3 B IR A AR 35 28 R e R R vl BE R W AR 358 22 A AT
PEATIUE | DUBA BB R e A ) 2 AR PR D RE DR Ui A5 H 1Y
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