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Abstract: Background, aim, and scope Qinling Mountains are the dividing line between north and south China
and important ecological barriers in China. They play important ecological roles in water conservation, nutrient
retention, carbon fixation and oxygen release, etc. The ecological quality of Qinling Mountains is closely

related to the high-quality development of China. In order to provide a scientific basis for ecological civilization
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construction and sustainable development in the Qinling Mountains, this study analyzes the temporal and spatial
changes of habitat quality in Qinling Mountains, and the impact of driving factor land use change on habitat
quality in the past 40 years. Materials and methods This study evaluated habitat quality based on land use data.
Firstly, the land use data of Qinling Mountains are analyzed. The land use data were reclassified and vectorized
by ArcGIS 10.5 software. Through superposition analysis, the conversion mode and area change of different land
use types between adjacent two periods of data were calculated, and the land use transfer matrix was obtained.
Then, habitat quality model in InVEST model was used to analyze habitat quality of Qinling Mountains. Based on
the sensitivity of the ecosystem to the threat sources, the influence distance of the threat sources, and the degree
of interaction between the threat sources, the habitat degradation degree of Qinling Mountains can be obtained,
and then the habitat quality can be evaluated. Subsequently, the dynamic analysis of the habitat quality at the pixel
scale and the hot spot analysis were carried out to determine the temporal and spatial characteristics and changes
of the habitat quality of the Qinling Mountains. Finally, based on MATLAB, the spatial correlation between the
habitat quality of Qinling Mountains and natural factors such as precipitation, temperature and human factors
such as land use degree is analyzed. Results Forest and grassland are the main land use methods in Qinling
Mountains, accounting for about 79.67% of the area. From 1980 to 2000, the conversion of land use types in the
Qinling Mountains was relatively small. After 2000, the conversion increased, and the proportion of the area of a
single land use conversion can reach a maximum of more than 2%. The results of the five-phase study from 1980
to 2020 showed that the average of the habitat quality of Qinling Mountains was 0.7592, 0.7594, 0.7586, 0.7585,
and 0.7617, which has always been at a “high” level. On the pixel scale, the habitat quality of Qinling Mountains
is relatively stable, and the area with significant changes is only 2.74%. The regions with significant increase are
mainly concentrated in Lueyang, Mianxian and other counties or districts in the southwest, while the regions with
significant decrease are mainly concentrated in Luonan and Shangzhou and other counties or districts in the east.
On the spatial scale, the habitat quality of the Qinling Mountains is high in the middle and west, and low in the
east and south. The significant increase was mainly concentrated in the southwest, while the significant decrease
was mainly concentrated in the northeast. The habitat quality of Qinling Mountains also showed significant
spatial agglomeration characteristics. After the 21st century, high-value agglomeration area, which is the area of
hot spots in the habitat quality of Qinling Mountains expanded, and low-value agglomeration area, which is the
area of cold spots decreased. The cold spots of Qinling habitat quality are mainly distributed in the southern and
eastern parts of the Qinling Mountains, and the hot spots are mainly distributed in the eastern Qinling Mountains.
The land use degree was the biggest driving factor affecting the habitat quality in Qinling Mountains, and there
was a significant negative correlation with it. The effects of average annual temperature, maximum temperature,
minimum temperature and land use degree on the habitat quality in the Qinling Mountains were scattered in
the whole region. The influence range of annual precipitation is mainly concentrated in the central and western
regions. The influence range of potential evapotranspiration is mainly concentrated in the west. The influence
range of relative humidity is mainly concentrated in the southern border and the northeast. Discussion The
changes in habitat quality of the Qinling Mountains originated from changes in land use, which were determined
by local human activities. During the 40 years from 1980 to 2020, the degradation of the habitat quality of the
Qinling Mountains was mainly due to the disturbance of local human activities, which caused two major threats—
the expansion of construction land and cultivated land, which further led to an increase in the scope of threats to
the habitat. In the past 10 years, the habitat quality of Qinling Mountains has rebounded, which may be related to
the “Grain for Green” policy, “Regulations of Qinling Ecological Environment Protection in Shaanxi Province”
and other implementation of ecological protection policies, which led to the conversion of habitat threat sources to

land use types with high habitat suitability, further reducing the impact of habitat threats. Conclusions From 1980
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to 2020, 1.61% of the habitat quality in Qinling Moutains was significantly reduced, but it was always at the “high”
level, showing the spatial characteristics of being high in the central and western regions and relatively low in the
east and southern regions. Since 1980, economic development has accelerated the expansion of habitat threats
and increased human disturbance to the habitat. However, the improvement of the habitat quality of the Qinling
Mountains in the past 10 years reflects that the ecological protection work of the Qinling Mountains has achieved
results. The land use degree is the biggest driving factor affecting the habitat quality in Qinling Mountains, and
it is significantly negatively correlated with it. Recommendations and perspectives Ecological protection work
in the Qinling Mountains has been effective from 1980 to 2020. In the future, the protection and construction of
the Qinling Mountains should not only maintain the existing efforts, but also pay more attention to the work in
the eastern part of the Qinling Mountains (such as Shangzhou District, Luonan County and Danfeng County, etc.)
and the southern part (Hanyin County, Hanbin District, etc.). The growth advantage of Qinling’s habitat quality
is more significant after 2010, which fully shows that the Five-sphere Integrated Plan has greatly promoted the

construction of Qinling’s ecological civilization.

Key words: habitat quality; In'VEST model; Qinling Mountains; land use change; biodiversity
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Fig. 1 Study area (a) and DEM of Qinling Mountains (b)
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Fig. 2 Habitat threat sources in Qinling ecosystem
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Tab. 1 Relative weight, maximum stress distance and spatial attenuation of habitat threat sources

W HAPRUE R AT SER T
Habitat threat sources Relative weight Maximum stress distance/m Spatial attenuation

JKHI  Paddy field 0.7 6 2Pt Linear

i Dryland 0.7 6 2Pt Linear
WEAIHL  Urban land 1.0 10 548 Exponential
KR JER S Rural residential area 0.8 5 $8%4  Exponential
HAb# M Other construction land 1.0 12 E%0  Exponential

F 2 A ISR LR R RO A [R5 4 A B
Tab. 2 Habitat suitability and sensitivity to different threat sources of different land use types

A5 HIZE XS AN ) MR P R P

Sensitivity to different threat sources of different land use types

AR IR ARSI TR ;
T E LR L AR R Hofla A 4
Land use classification Habitat suitability JK H =80 I FH Hb ) ) )
. Rural residential Other construction
Paddy field Dryland Urban land
area land
JKH  Paddy field 0.5 0.30 0.30 0.50 0.30 0.50
B4 Dryland 0.5 0.30 0.30 0.50 0.30 0.50
A A Forested land 1.0 0.60 0.60 0.90 0.70 0.80
WEAMK  Shrubbery 0.9 0.50 0.50 0.70 0.60 0.70
Bk Thin stocked land 0.7 0.40 0.40 0.80 0.60 0.70
HAfts#i#ts  Other forest 0.4 0.40 0.40 0.80 0.60 0.70
R o e
. R 0.8 0.40 0.45 0.60 0.60 0.40
High coverage grassland
2
. B L 0.7 0.45 0.50 0.65 0.50 0.50
Medium coverage grassland
=
fietd it 0.6 0.50 0.55 0.70 0.40 0.60
Low coverage grassland
I Canal 0.8 0.65 0.70 0.75 0.60 0.90
W9 Lake 0.9 0.65 0.70 0.90 0.70 0.90
JKPE  Reservoir 0.9 0.65 0.70 0.80 0.65 0.90
WML Shoaly land 0.5 0.20 0.20 0.30 0.20 0.10
WAL Urban land 0 0 0 0 0 0.20
3 =
ZUTEE.““ 0 0 0 0 0 0.60
Rural residential area
oA
,Jtélxﬁaﬂﬁ Q . Q . Q 9
Other construction land
YbHh  Sand 0 0
#tHh  Bare land 0
A Gl 0 0 0 0 0 0

Bare rock land
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Tab. 3 The classification values of different land use degree
in Qinling Mountains

A A SIRIRAE
Land use classification Graded assignment
B Cultivated land 3

ML Forest 2

Hih  Grassland 2

Ik, Water 2

A HH#L  Construction land 4
AFHIHL  Unused land 1

1.3

1980 4F. 1990 4F. 2000 4F. 2010 4EF1 2020
A £ R R (30 m o3 B ) SRR F BT IR
T8 Bl 22 5 808E o0 (https://www.resde.cn/ )
TR —S 502 B, bRHb, BB Kk
HE I MR I, — 2R 19 Rl 4
4326 (£4) . DEM B4 % 3 M 3 2 [ 4 =
( https://www.gscloud.cn/ ) BJASTER GDEM 30 m
IR R R

# 4 ZIR LM

Tab.4 Qinling land use classification

— oK

Primary classification

Yk

Secondary classification

#Hb  Cultivated land
FEHL  Forest

W Grassland
coverage grassland

JKi, Water
F L Construction land

AA|FHM  Unused land

JKH  Paddy field; 51 Dryland
A HHL  Forested land; #EAMK Shrubbery; ifi#kHs Thin stocked land; HAAKHL  Other forest
A 5 High coverage Grassland; "7 3 5l Medium coverage grassland; {IK7E 35 % Low

VI Canal; VA Lake; /KFE3iHE  Reservoir; ¥ Shoaly land
WEE ML Urban land; 44K EE S Rural residential area; HAMZE ML Other construction land
Yhib  Sand; #R4HL  Bare land; #5115  Bare rock land

Rk 5 SREHE IR T E &K bk R SR
P 70 Chttp://www.geodata.cn/ ) o ¥ 1E 25 Bl &
B UE T V0 R e B bR R G Bk 0
L, EEKT R ANSEZEHCEEE (https:/cgiarcsi.
community/data/global-aridity-and-pet-database/ ) .
1980 —2010 4F % AH X 18 B2 B8 I T [ 2K Hb 3k &=
e Rl 2B TP, T 2020 A A AR X R R TR
T PRI A SR Chttp://www.gisrs.en/ ) o 18 i

ArcGIS 10.5 AL FL 45 Bcdl,  JFdORFE 00 B0
30 m,

2

2.1

FIH ArcGIS 10.5 x4, Geit#25 8 + oA H
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AR (F£5) o DL 1980 4F 1, ZEI4# 2y
k1 11352.08 km?®, MHIHIFRZ R 23953.82 km®, Fiith
AR 22069.77 km®, ZKIRIFLZ) A 127.51 km?,
A AL 2k 197.87 kmd®, K ) - 4 i AR
2542707 km’ (£ 5), BN %L E B
19.67%. 41.49%. 38.23%. 0.22%. 0.34%. 0.05%.
ZIG RS R G, R BE L A AL
99%. KEE. EER ML 5 AR = AR R
EAE] 1%, 2055 E—AFH LG, 1990 4F# b s/
17.12 km® . MHdhn 7.66 km®, FHuIE N 7.32 km?;
2000 AEHFHEIG N 110.17 km®, ARHBI /D 43.25 k',
FEHF /L 70.56 km®; 2010 AEFFHIIG AN 2.18 km®, Ak
BTN 25771 km®, LU 2> 318.44 km®; 2020 4T
BEHE L 248.41 k', RAHBIE T 38.55 km®, ML
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Tab. 5 Land use status of Qinling Mountains

- H I A M Area/km’
Land use classification 1980 1990 2000 2010 2020
#HiHb  Cultivated land 11352.08 11334.96 11445.13 11447.31 11198.90
i Forest 23952.82 23960.48 23917.23 24174.94 24213.49
By Grassland 22069.77 22077.09 22006.53 21688.09 21903.71
KIS Water 12751 126.99 127.20 124.98 140.12
AL Construction land 197.87 200.26 203.74 259.76 238.88
KFFH#  Unused land 27.07 27.07 27.07 32.07 32.05

SIAT AR P A - R i BV S L 2 B R R Y R Rk B, O HUE d R 5 R R
(£6): 1980—1990 4, HILET RGNS M, “FHHEKRSHAR T 27.49% 1 18.44%,
MRS IR AR, R @A enEE X455 B 2000—2010 4F, A28
it 1%, HacuZirp, KIS HAREEN N REESREN TSR, mE A
XEE K, 1990—2000 4F, [AIRE H A W AR Hbomm AU e b iy JROR AT RE 2 21 122 Lok, &
RO T 1%, BRAKIRAN, &8ss [ 25 i 5 3l 1k i Dkl & g 2010—2020
FERA A, X ROt 1990—2000 45, NS AR, ARHb. EOH. EEE b5 R R e AR AL i
WX B AR RGN TRBIAFRAT o BEENT 10 a Jdi/h, AT 7K 3R K Bk Hb i) A2 £ iR B2
i, 2000—2010 4F, BR#Fiah, HAb2A8 b Mk,

# 6 FIGEBRG A HRAVE LA

Tab. 6 Change rate of land use in Qinling Mountains

A H A AR AFfE%  Change rate/%
Land use classification 1980—2020 1980—1990 1990—2000 2000—2010 2010—2020
#HH  Cultivated land -1.35 —0.15 0.97 0.02 —2.17
FRHbL  Forest 1.09 0.03 —0.18 1.08 0.16
HHl  Grassland —0.75 0.03 —0.32 —1.45 0.99
JKBR Water 9.90 -0.41 0.17 -1.75 12.12
UM Construction land 20.73 1.21 1.74 27.49 —8.04
AR Unused land 18.37 0 0 18.44 —0.06

MR ER (E3), 1980—2000 4, Z&  4) . BRI, 40 ask, 208+ A X E,
W 4% Hb 2JS %) 25 8] 53 A AB A6 AN 3 2000 4F 5, e B9 AN B A 28 08 5 T AR 2% 1980—2000
ZEUS R S rE AR Ay X B b AR A Y ik AR, B M AR BRI R RN, AR
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Fig. 3 Land use distribution map of Qinling Mountains from
1980 to 2020
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Fig. 5 Spatial variation trend of habitat quality in Qinling
Mountains from 1980 to 2020

2.3

X 1980—2020 4114 A= 35 i i sh A AR A 715
TERBEM BT, B BEE N SH (KT) .
Geitnl . 40 a KRB UMY E, A

DOI: 10.7515/JEE222050

52.51% B X3 R S SRR, HEZ0m
TRIEARIR G R EB, Mah 2T Xk 5 2
H35.12%, FEEEFTHEIBVIRGHS.

0.7620 [0.01385
. o
% 0.7615 /. L0.01380 £
- f=1
=2 0.7610 [ &S
92 207605 ® 001373 ol
= [}
]]m,{ s (0.7600- +0.01370 Eg) =
== R
5% 2 0.7595 '/‘ F0.01365 *—h%
£ \ =
#z 07590 T ~—@ / @ oo 2
T 0.75851 o o 2
0.75801— . il __t0.01355 =

: 1980 1990 2000 2010 2020

FE A4y Year

—o— 1L % Degeneration index —o—Jfi i 5 4L Quality index
--------- 19804 A= 51 Jii it #5 %L Habitat quality index in 1980

K6 1980—2020 4F-F i A58 it SR AL B AR AL 25
Fig. 6 Temporal variation trend of habitat quality in Qinling
Mountains from 1980 to 2020

-0.043 0

0.030 0.097

K7 1980—2020 4-Z e AR BT 50T R B A5 a3
Fig. 7 Pixel-scale dynamic trends of habitat quality in Qinling
Mountains from 1980 to 2020
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Tab. 7 The proportion of cold and hot spots in Qinling habitat quality from 1980 to 2020
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Fig. 10 Spatial correlation between habitat quality and its
driving factors in Qinling Mountains
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