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Biodiversity early warning of rural ecological landscape based on DPSIR model

XU Wenting', XIE Zonggiang"", GE Jielin', XU Kai', XIONG Gaoming', MAO Jiangtao"’
(1. State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093,
China; 2. University of Chinese Academy of Sciences, Beijing 101408, China)

Abstract: In view of the potential threats to biodiversity in the process of rural revitalization and the needs of conservation and man-
agement, this study organically combined the theories and methods of biodiversity with society, economy, population, etc., and built
the early warning index system of biodiversity in rural ecological landscape based on the DPSIR (Driving Force-Pressure-State-
Impact-Response) model. Based on the principles of scientificity, relevance, practicality and comparability, the index system reflects
the impact of human interference, global change, major disasters, measures and inputs taken by human to maintain the biodiversity of
rural ecological landscape, and other factors on rural biodiversity, including 12 factors and 25 indicators of the driving force, pressure,
state, impact and response of biodiversity. The mean square deviation method was used to determine the weight value of each index,
divide the evaluation level. And the comprehensive index method was used to warn the biodiversity of the rural ecological landscape.
The rural biodiversity in this study comprehensively considered the “Ecology, Production, Living” functions of the countryside.
Therefore, the species of wild animals and plants, crop species, and rural green plants were all included in the calculation of the biod-
iversity index. This research method has been applied in the Paifang Community of Nanjing to give early warning to the high risk
area. This study provides a new idea and method for biodiversity protection and evaluation in the revitalization and planning of green
livable countryside, and it is of great significance to build a beautiful countryside with green harmony.
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Fig. 1 DPSIR (Driving Force-Pressure-State-Impact-Response) model for early warning of biodiversity in rural ecological landscape
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Table 1 Early-warning indexes and meanings of biodiversity in rural ecological landscape

HirZ WHZ HEZ fetr )2 7 e
Target layer Project layer Factor layer Index layer Meaning Property
GRS K5l Js At A¥GDP —E NI GDP L/ B T, RAEL B & NG B A SR Eh iE
WY ZHE  Driving forces Social economy Per capita GDP ~ Total GDP/total population, representing the driver of economic Positive

P (¥cap.”) development

Rural B IRREL Ji B GEE BL T B ST AR TR M S S, SRAE 5w AR R Y iE

ecological Engel coefficient  JKX3)j Positive
landscape (%) Household food consumption expenditure/living consumption
biodiversity expenditure, representing the driver of economic affluence
carly UNEEISS UNEEES AL A N TR, FRAE DB R B 1 4K ) il
warning Population increase  Population density Number of people living per unit area, representing the driver of Negative
(persons-hm ) population density
PNEE S HASAE T, RAEA O B AR K AR A BK Sl il
Population growth  Difference between birth rate and death rate, representing the Negative
rate (%o) driver of natural population growth degree
AEHHmE BBy ST, RAEA LSS IR Sl il

Per capita cultivated
area (hm’ cap.™)
JE77 KE g L R AR
Pressures Disaster Pest and disease rate

(%)

Incidence of natural
disaster

LS TR
Climate Aridity
(%)
Wi R AR A A
Extreme weather
phenomenon

(%)

T4 HOGRIRIE
Disturbance Grazing degree
(heads'm )

Fhk A TR
Number of invasive
alien species
SRR AR R
Invasion intensity of
alien species
(%)
Highway density
(km-km )
A2 it R
Pesticide application
intensity
(kg'hm?)

Cultivated land area/total population, representing the driver of Negative
social activity

S B B TR SRR, AL BT L E M A 2 Ay il
JEH Negative
Areas of pests and diseases/total area, representing the pressure of

pests and diseases on the security of biodiversity

—ERHHPRIRSC, HUBT, AR R A R ERIIEL, FAE A IR K il
EXEY AL RS Negative

Number of hydrological, geological and climatic disasters
occurring in a certain period, representing the pressure of natural
disasters on the security of biodiversity

FRICA /K, RAE KBTI Xt A ) Z A A i
Evaporation/precipitation, representing the pressure of water Negative

scarcity on the security of biodiversity

Mediigmaili . M, VRgR . RFMER AR A KA A4 AL ft

HO LA, AR i R LGN A ) A 2 A i Negative
Proportion of days of extreme high temperature, heavy rain,

sandstorm and disastrous typhoon in the whole year, representing

the pressure of extreme weather events on the security of

biodiversity
IR B X BT, RAEAZEE SR A Y 2T 2 il
Jitwaj Negative

Number of livestock kept/total area, representing the pressure of
human activities on the security of biodiversity

SIRARDFIRIFDERL, FAER A Y 2R A R R U
Number of invasive alien species, representing the biological Negative

factors affecting biodiversity

S AR AR AR DA AR, SRAESE R A M 2R A il
YIEE Negative
Total invasion area of alien species/total area, representing the

biological factors affecting biodiversity

AN AR B, RAEASSE X AE M 2R 2 i B ) il
Highway length per unit area, representing the pressure of human Negative

activities on the security of biodiversity

—E IS0 P B TR 24 P e, SRAEARO A 7 X A ) 2 A il
LA TR Negative
Pesticide application amount per unit area in a certain period,

representing the interference intensity of agricultural production to

biodiversity security
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forest (%)

Public welfare forest area/total area, representing the response of
conservation effectiveness to biodiversity
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Hir= WHZ EESF i) £ PR
Target layer Project layer Factor layer Index layer Meaning Property
EZ NSRS R R Y ZRE RIEERE . WA SRR SRR 2 A 185, A1) iE
WA= ¥ 2 Hf State Biodiversity EIR /4 A composite index of the state of genetic, species and ecosystem Positive
i Regional diversity, formula (1)
Rural biodiversity index
ecological . g (] g n o ETIBEHE 1]
landscape T s, w2 KORCER Negative
biodiversity fragmentation ~ fragmentation index Representing habitat continuity
early n number of patches of landscape i
warning Habitat fragmentation index= /=1 total area of landscape i
n
A A RET) MR E R FALRMAES RGN A RETT, T LA MR LR/ AR AR AR, iE
Impact Production capacity ~ Forest stock —JBe b ALY 3R A A 2 Positive
(m*hm™) Total volume of living trees/forest area, representing the productive
capacity of the forest ecosystem, generally obtained from forest
data
PN — 7 I G S —4F) NI ™ i S AV E G R A, 36 iE
Crop yield A MAS RS A =001, hifbge i Edn sk A 15 5] Positive
(kg'hm ?) Total amount of agricultural produce harvested/planted area in a
given period (usually one year), a measure of the productive
capacity of the farmland ecosystem, obtained from agricultural
statistics or surveys
Iz 55 Dte YISU3CES FIEEBS RGNS RE S, RS IR20174E KA 0 (4 iE
Service function ~Water conservation A {F4P2I & RIEHE R ) 11 Positive
capacity Representing the service capability of ecosystem, and calculated by
using the method of Guideline for Delineating Ecological
Protection Red Lines issued by the Ministry of Environmental
Protection in 20177
TR T e FALAS RGBT RERIIRSS e iE
Vegetation coverage Representing the service capacity of ecosystem Positive
(%)
A T HE R i, BRI, ATTAR T, s RS AT 5 R L ol
Land utilization ~Coverage of highly- | Negative
disturbed land Proportion of cultivated land, degraded grassland, plantation forest,
(%) industrial and mining land, residential land, etc
LG 3R AR 2 BORE B BB, AL AR ORI BOR AT R iE
Responses Policy response ¥55C)E 7% Number of people accepting policies and regulations/total number Positive
Biodiversity of people, representing the effectiveness of biodiversity
conservation conservation policies
planning and
implementation (%)
RV MR B /GDP, SRIFAE M Z R IR AR 410 7 iE
TaERA jitca Positive
Funding for Investment in biodiversity conservation/GDP, representing the
biodiversity adequacy of investment in biodiversity conservation
conservation (%)
ES I i AR R AR T BYBTFE X R AR, AL LR ik BEXS AL W PRy iE
Protection measure  Coverage rate of Wi} Positive
protected natural ~ Area of nature reserve/total area, representing the response of
areas (%) conservation intensity to biodiversity
ARG ARV IR, FAECR A B L Y 2R e iE
Coverage rate of i} Positive
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Table 2  Classification and characterization of early-warning for biodiversity in rural ecological landscape

LR PG TR UYL

75 : . B L HEARET
Order Comp'rehfenswe Early-warning Early-warning description Lamp
warning index lever
YRhEZ, RS RGN — | M5, B2 E T, A Z R E)
. 00n B P ]
: Severe Species is scarce, ecosystem types are single and fragile, habitat is seriously Red
disturbed, and biodiversity is seriously threatened
YR b, RS RGN PR, A2 B TR, AW 2 HEE 2 B
I 020 g i
- Moderate Species is fewer, ecosystem types are with low stability, habitat is low Orange
disturbed, and biodiversity is threatened
YR FE, A S REIBRNEE, B2 T, AW Z R
m 0.4-0.6 R JH /N iyl
o Slight Species is abundant, ecosystem types is relatively stable, habitat is disturbed to Yellow
some extent, and biodiversity is less threatened
YR, ESREIARE, AR Z P> 28 TSR, £ %
. bto % BEVEASE A 10
o No Species is abundant, ecosystem types are stable, habitats are not or less Green
disturbed or damaged, and biodiversity is not threatened
3 RAZERSG R AR, o5 M TR 8.2 k’, AT 2154 AP BT X

3.1 WREHER
R Ak XA VL8 R A T VLT XYL T B AR

H RS LI 2, 3P S OB Y Bz 1 X, 2 AR AR
AR 16.66 °C, AR K B 1030 mm, 34 5L
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Table 3 Weights of early warning index of biodiversity in Paifang Community

izt & Ei=tan A
Index Weight Index Weight
N1 Population density 0.09 HBEREREAL 6 B Habitat fragmentation index 0.04
IR AR PRI I 4L Number of invasive alien species 0.16 FRAEFUE Forest stock 0.16
ANRYFP AR SR E Invasion intensity of alien species 0.11 JK IR F Bk Water conservation capacity 0.10
i %% i Highway density 0.16 FEB S5 E Vegetation coverage 0.06
X3 A= W) Z R PR 5L Regional biodiversity index 0.12
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Fig. 3 Early-warning pattern of biodiversity in the study area

b2 Landcover a
AV AL Agricultural vegetation

. 10 ZRHUAEYE Green space vegetation
[ SR A1 % Natural vegetation
A H b Building area
13 14 I K A Water
B i % Road
7 8 9 10 11 12
1 2 3 4 5 6
b

100 = KK Water
S 90t = [ SRH B
2 sol Natural vegetation
£ SRR
8 70F Green space
g 60 vegetation
g 50t Y ZiEE 3
Z Agricultural

40r vegetati
) getation
& 3T SES T
m 20F Building area
\E‘é 10k = jH I% Road
=, ‘ ‘

e LS g
No warning Slight Moderate

TSS9, Warning level

/% Coverage (%)

15 16 T s0
e 5.0~15.0
;e
[ ] .01~65.

13 14 ® =65.01

7 8 9 10 1 12

1 2 3 4 5 6

4 WREX T A/EEZFE (a, b) TSR FHNE
EE (0)

Fig. 4 Land use/cover types and proportions (a) and invasion
intensity of alien species in the study area

4 it

RS R Z R B R s ks L &

. NHOAEBEAT T ABLE &, #9521 LA DPSIR HEZE
B RN JERE 59 2 A AR S SR WA W) 2 R TV R AR 1
B, MRS REFM MR, G5 12— %85
25 A AR hR, ABIRLANE L e Rk L RAE TR
oy LRSS AL, AT THE R AR 8 . a2
RIS AR . ERREFSNZEN S FHEY)
AN A BRI, LA RN 280 3 T Bl 2 X —
M 1 SR A — R B A It o >R T 2407 22 07 1k i
FARS AL, RIE S5, s A Bkt &
R A S S LE W) ARV AT TV, ST 45 R
G MR SR EY Z BRI £ R LR i e de
P67 B 7 5 AR, HA LR A S L

FURTET XS £ 0 Az 255 WLAE W) Z2 RETE TUE RO T 52
WAk TERRE AR B B, R EZIT . AXET S
R —Fh B R-2 02U E & R AL, &
SCT & R AR ZS UL W) 2240 1R T0U 1) DAY TR LA o 1
R, NG FAEZ LY ZREETUE DT S T —
L o AELFE bR 0 B R AT R R R i — 2 )
AT AR, U0 - 3 R AR Al 25 AL A5 s i i
SE TR, MR AR ) 22 R TN 52 R0 R IDOME B Y B2 o T
RYEF VBT . PR R 2 0 1 XU i A e,
SR P4 % b YA i, 58 AR X A i 43 RUR: ™

S22 #k References

(1] TR, Kown, sk, S A2 ROl i BB Ry vk (M. b
0 P EROl A, 2011: 150-151
YU Z R, ZHENG Y, ZHANG X T. The Ecological Restoration
and Landscaping of Rural Area Theories and Methods[M].
Beijing: China Forestry Publishing House, 2011: 150-151

[2] 1, B, ML, 5F. S A SRR Ak iR
ML S AR SR MG [7]. KR FE AR, 2023, 30(4): 10-17
XIANG L F, YUAN J, LI Z H, et al. Rural biodiversity: change,
maintenance mechanism and  conservation  strategy[J].
Landscape Architecture, 2023, 30(4): 10—17

[3] BILE, BRI, HEhk, 5. SN AESFIEY ZRPERTE
PR A B —— I T OO R A (0], A AR, 2022,
42(9): 3869-3877
MAO J T, XU W T, GE J L, et al. Research hotspots and trends
of rural ecological landscape biodiversity—based on bibliome-
tric research[J]. Acta Ecologica Sinica, 2022, 42(9): 3869-3877

[4] BLICHARSKA M, SMITHERS R J, MIKUSINSKI G, et al.
Biodiversity’s contributions to sustainable development[J].
Nature Sustainability, 2019, 2(12): 1083—1093

[5] ESTRADA-CARMONA N, SANCHEZ A C, REMANS R, et

al. Complex agricultural landscapes host more biodiversity than

simple ones: a global meta-analysis[J]. Proceedings of the
National Academy of Sciences of the United States of America,
2022, 119(38): 2203385119

[6] TILMAN D, FARGIONE J, WOLFF B, et al. Forecasting

http://www.ecoagri.ac.cn



’5“1'?}

12 4

TROICHE S BT DPSIR AU S i A S Foll AR ) 2 R TR E

1951

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

agriculturally driven global environmental change[J]. Science,
2001, 292(5515): 281284

F R, R, Xz 2L A X A R PSR B AR Yy 2R
PeREm [J]. A ERFAHEEER, 2021, 37(10): 1271-1280
FENG S J, CHEN B X, LIU Y H. Effects of land use intensity
change on biodiversity in agricultural areas[J]. Journal of
Ecology and Rural Environment, 2021, 37(10): 1271-1280
GEIGER F, BENGTSSON J, BERENDSE F, et al. Persistent
negative effects of pesticides on biodiversity and biological
control potential on European farmland[J]. Basic and Applied
Ecology, 2010, 11(2): 97-105

GONTHIER D J, ENNIS K K, FARINAS S, et al. Biodiversity
conservation in agriculture requires a multi-scale approach[J].
Proceedings Biological Sciences, 2014, 281(1791): 20141358
TYNDALL J, COLLETTI J. Mitigating swine odor with
strategically designed shelterbelt
Agroforestry Systems, 2007, 69(1): 45-65

S, SR, MOLA, . 2R RS R T R E W 2R
PEPRIPSRG 9] TEHRRAEAAE, 2014, 42(8): 345-348

WU H, ZHANG J F, CHEN G C, et al
biodiversity protection in rural landscape construction[J].
Jiangsu Agricultural Sciences, 2014, 42(8): 345348

KB & FAMZREME (1] MEEIAR, 2023, 30(4): 6-7
ZHENG X. Rural biodiversity[J]. Landscape Architecture, 2023,
30(4): 6-7

LI X A. Study on protection ways of biodiversity in rural

systems: a review[J].

Strategies for

environment construction[J]. IOP Conference Series: Earth and
Environmental Science, 2019, 252: 042020

EEFE, B, PR, S HECE 5 A e 4
Bk . SR RER (0], JEJTIE A, 2023(1): 88108

WANG S H, XING L, CHEN S S. Biodiversity security under
high-level opening:
Northern Literary Studies, 2023(1): 88—108

REYERS B, VAN JAARSVELD A S, MCGEOCH M A, et al.

National biodiversity risk assessment: a composite multivariate

status, problems and prospects[J]. The

and index approach[J]. Biodiversity and Conservation, 1998,
7(7): 945-965

TEVIE J, GRIMSRUD K M, BERRENS R P. Testing the
environmental Kuznets curve hypothesis for biodiversity risk in
the US: a spatial econometric approach[J]. Sustainability, 2011,
3(11): 2182-2199

TEYL, XM . BT LRG SRR RN AR Y e 2 40T
i K BUEAIL o3 AT —— LA B U i A 1) (9], v vl
2%, 2013, 31(4): 153-160

YU J K, LIU S Q. The safety assessment and early warning
mechanism of biological diversity based on synthesis diversity
index: taking offshore area of the Yellow Sea as an example[J].
Chinese Fisheries Economics, 2013, 31(4): 153—-160

TIE, TRIGAR, S3L, 55. AW 2 R KUR A 7 12 AN 4 49
5% [J]. LS HRAREE 4R, 2014, 30(1): 90-95

DING H, XU H G, WU Y, et al. Biodiversity risk assessment:
methods and case study[J].
Environment, 2014, 30(1): 90-95

XK. IL RIS Bk A A W Z ARV AT ERUE BT 5Y [D]. K
i RIEH TR, 2015

Journal of Ecology and Rural

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

LIU H. Early warning of aquatic biodiversity sustainability in

Tieling section of Liaohe River basin[D]. Dalian: Dalian

University of Technology, 2015

JE SR B M K B B R AL S A W 2 R A KU T
T i AL HURATE S 4 4 491 (D). Bt BH: SHH 2,

2016
ZHOU C. Study on the early-warning of water eutrophication
and biodiversity risk in Caohai Wetland[D]. Guiyang: Guizhou
University, 2016
B, IRETT, WA, 5. 2 BRAY ZREETAL ik Kt
FEHERE [J]. AR S RFATE R, 2013, 29(1): 8-16
CAOMC, LE ZF, LEIJ C, et al. Approaches to assessment of
global biodiversity and advancements in their researches[J].
Journal of Ecology and Rural Environment, 2013, 29(1): 8—16
FHE, DARART IS, T i, 55 T 90 28 LR T 12k 1) ) T
b A A AT [J]. KR ZBE, 2021, 39(5): 13-19, 37,
79
TIAN Z, CHEN K J, PAN J J, et al. Evaluation of ecological
security of land in the Yellow River Basin based on catastrophe
theory[J]. Journal of Economics of Water Resources, 2021,
39(5): 13-19, 37,79
FRF, mATHE, 228, 55 HAREZRELEY SRS
MRS A7 [T]. JFERL, 2015, 35(9): 1130-1139
CHEN P, TIAN Z J, LI Z, et al. An overview on comprehensive
biodiversity assessment in Japan and its enlightenment[J].
Scientia Geographica Sinica, 2015, 35(9): 1130-1139
ZER A, XK, BN, 35T DPSIR AR ) sl 25 22 21
BARR RBEST [7]. LI K24k (B RFFEM), 2012, 48(6):
971-981
LIY Z,LIU Y, YAN X P. A DPSIR-based indicator system for
ecological security assessment at the basin scale[J]. Acta
Scientiarum Naturalium Universitatis Pekinensis, 2012, 48(6):
971-981
LU Y L, BULLOCK J M. Biodiversity conservation in a
changing environment beyond 2020[J].
2021, 7(35): eabl8162
JAUREGUIBERRY P, TITEUX N, WIEMERS M, et al. The
direct drivers of recent global anthropogenic biodiversity loss[J].
Science Advances, 2022, 8(45): eabm9982
e N RN PR IZ AR IR, i N R A [ 5] 52 e ik
BRGNS RTEER CESRIPLLRESERM ) Mims: 7
s (2017) 48 %5 [EB/OL]. dbnt: i A R FE B 5%
R3S, 2017(2017-07-20). https://www.mee.gov.cn/gkml/hbb/
bgt/201707/t20170728_418679.htm

Ministry of Environmental Protection, People’s Republic of

Science Advances,

China; National Development and Reform Commission. Notice
on issuing the Guidelines for Delineating Ecological Protec-
tion Red Lines: Environmental Affairs Office Ecology [2017]
No. 48 [EB/OL]. Beijing: Ministry of Environmental Protection,
People’s Republic of China, 2017(2017-07-20). https://www.mee.
gov.cn/gkml/hbb/bgt/201707/t20170728_418679.htm

ke N R PR AR . XA Y 2 RN AR vfE: HY
623—2011[S]. JtaT: AP EFREIRE L AL, 2012

Ministry of Environmental Protection, People’s Republic of
China. Evaluation Criteria for Regional Biodiversity: HJ 623—

http://www.ecoagri.ac.cn



1952

AR RO 24k (R 3E3C) 2023

H31E

[29]

[30]

2011[S]. Beijing: China Environmental Science Press, 2012
WREK AR, 160 . A% RO 18 S5t X A 05 7K 2 ) T ML ) AF
¢ [M]. dbat: Mol i, 2019

CHEN Q H, XIU X T. Research on the Construction of Early-
Warning Mechanism of Environmental Carrying Capacity of
Forest Tourism Scenic Spots[M]. Beijing: China Forestry
Publishing House, 2019

PRIRTr, £=A. 2 A B AT 5 AR Y s ) AR 25
B —— LR 5T R A X ) (3], RUEE IR AR, 2022, 29(7):
30-36

CHEN Z F, WANG Y C. Spatial ecological wisdom for
identification and cognition of rural landscape units: a case
study of Nanjing Paifang Rural Community[J]. Landscape
Architecture, 2022, 29(7): 30-36

(311

[32]

REIE, fTARE, 1 = . U@ R VERL A T A2 SR P62 TR R
I3 ——LARG BT T X B R WA S ] (9], PHAE bRz e
%, 2023, 38(3): 217227

XIONG Y, HE Y H, YANG Y F. Spatial pattern of traditional
villages from the perspective of climate adaptability: A case
study of Huanglongxian Village, Jiangning District, Nanjing[J].
Journal of Northwest Forestry University, 2023, 38(3): 217-227
Bk, feE W, BILE, 5. INE R — AR ALTE VL IR R R
U 2 BRI AREE MRS R R R (0], B AR A4 (h
HEI0), 2023, 31(12): 19321942

GE J L, XIONG G M, MAO J T, et al. Invasion characteristics
and influencing factors of Solidago canadensis in leisure-
tourism villages in the south of the Yangtze River[J]. Chinese
Journal of Eco-Agriculture, 2023, 31(12): 1932-1942

http://www.ecoagri.ac.cn



