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Priority conservation pattern of wetlands in Beijing from the perspective of time

and space

CHEN Hong, OU Xiaoyang, LU Yingshuo, LI Xiaoxi, ZHENG Xi~
Betjing Forestry University, Beijing 100083, China

Abstract: Climate change affects the spatial distribution and ecological functions of wetlands by altering the hydrological
processes, soil temperature, biogeochemical cycles, and vegetation conditions. The continuous high temperature and
drought, as well as other extreme weather conditions, have led to the degradation of habitats of some urban wetlands, posing
a serious threat to the safety of urban biodiversity. The increasingly rapid urbanization is exacerbating wetland fragmentation
and reducing the hydrological connectivity of wetlands, and thereby increasing the fragility of wetland ecosystems and
leading to the degradation of wetland habitats. Establishing a continuous wetland ecological protection network system is
beneficial for mitigating the negative impacts of climate change and urban development and improving biodiversity
conservation. The current spatial distribution of wetlands in Beijing is characterized by small patch size and high
fragmentation. Despite facing numerous challenges such as water scarcity and fragile water environment, Beijing aims to
increase the area of wetlands and promote efforts related to wetland protection and restoration. To optimize the priority
conservation pattern of wetlands and address the impacts of climate change and urban development on wetland biodiversity in
Beijing, this study adopts the approach of Systematic Conservation Planning which can resolve the conflict between

biodiversity conservation and urban resource utilization based on the simulated annealing algorithm. In order to provide more
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scientific evidence and suggestions for the protection of biodiversity in Beijing, the Marxan spatial optimization model is
used in combination with the PLUS and MaxEnt models to simulate and predict the priority areas for wetland protection in
Beijing, identify protection gaps, and establish a classification system for wetland protected areas. The result showed that
there was a protection gap of 80.15 km’ of Beijing’s wetlands in 2020. After optimization, the proportion of protected
wetland areas will be 87.54% in 2035 and 85.95% in 2050. Under the premise of satisfying the predetermined biodiversity
conservation objectives, the result complies with the wetland conservation rate requirements outlined in the wetland
conservation planning of Beijing. To optimize resource allocation, the study considers the impact of temporal and spatial
changes on the spatial distribution of wetland protected areas and proposes a classification system comprising permanent
wetland protected areas, the first—level temporary protected areas, and the second—level temporary protected areas. And the
result showed that by 2050, their areas would reach to 488.61 km”, 13.02 km” and 28.95 km” respectively. This provides a
basis for the phased construction of wetland protected areas, optimization of the wetland ecological protection network

system, and conservation of wetland biodiversity in Beijing.
Key Words: wetland; priority conservation pattern; systematic conservation planning; Marxan; MaxEnt
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586.85km”, i AT B FRY 3.6% > A5 IR WA IS VA PR A TR 4 N, BUA EAETEA
AN BEB AN SRR LA R i SRR, 2020 AEJL BT EUA T 2R H AR I X 47 A, 6045 HE TS 5 7 4 2
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SSP245 H&E S g S R P AL AT 2020 4F 2035 AT 2050 AR IR e AR P X SRR H AR A BT R HEE
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T LS Ry 78 A 5 i Y b P ol %) 25 [B) 407, PRI G 1 69 T Landsat 2085 68 FH ENVI B0 126 1 L 50T 2010
4E 2015 4EF1 2020 4F 1R FH A , 25 B8 IR 20) BT 43 bR o FIAR 56 SR i s b -+ 3t 1
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Table 1 Transition matrix and neighborhood weights
R HZEH Land use type R RFTRLTS: R R & TS A< RE 75| UGN W% R =:97") o2 B2 (R . i, b A A I Hb
WL Riverine wetland 1 1
AR Lake wetland 1
TEEEIE L Marsh wetland 1
N i@ H#h Constructed wetland 1
A B Construction land 0
FiHb Forest land 0
1
0
1
0.

(=)

EiHh Grassland
#FHb Cultivated land
K1 s Bare land

0
0
0
0
1
0
0
0
1
AU AL E Neighborhood weights 0.

0
0
0
0
0
0
1
0
1
0

S = =) O O O O O o O

1 1 0
1 1 1 0
1 1 1 0
1 1 1 0
0 0 0 0
0 0 0 0
1 1 1 0
0 0 0 0
1 1 1 1
0. 0. 0. 0.

S = O = = O O O O
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X AT TR 7K IR T K P S MR 37 (X, MaxEnt #5750 0] 56 T 304 ) o 0 A1 B0HE A1 [7] 6 25 3148 72
SRR AR ATk 2 1A R0 AR R AR A A J R0 Ay g B B A k] R DG AR AL 45 SR T
P, B el ENMrools X T B4R f EATAHSCHE 0T, 4 R BOR T 0.9 I, FIFH MaxEnt F44 i 71 4112 5
BRI P TR AR/ N T B e ) L R (LULC) (MBS Bl 1) 4F 299 (Annual Mean Temperature,
Biol) /& i 22 H ¥ ( Mean Diurnal Range, Bio2) | %5 I ¥ ( Isothermality, Bio3) . i B 2= 45 A8 {1k by 1 22
( Temperature Seasonality , Bio4 ) | 4 ¥4 3 B 25 4k {15 Fl ( Temperature Annual Range, Bio7) . £ & 2 & V- ¥ g i
(Mean Temperature of Warmest Quarter,Bio10) i ] /3B 7K & ( Precipitation of Wettest Month, Bio13) f5 T H
153 %7K & ( Precipitation of Driest Month, Biol4) | F7K & 2% 545 55 2 %% ( Precipitation Seasonality, Biol5) | iz {i 2%
£ %7K 12 ( Precipitation of Wettest Quarter, Biol6) iz 2% [#7K i ( Precipitation of Driest Quarter, Biol7) %5 14
AN R, AR AT T R 5S4 MaxEnt ZEGEITIRAC & S HL T, i R IE AL A
(Feature combination , FC) >4 [B{H bR % ( Threshold Feature) ,RM ( Regularization Multiplier) & 1.1 B e 5t 5
Bk bRt

R2 EHEMRPIR

Table 2 Wetland biological protection objects

Fe Wb [ FAR A G TUCN 51 *

Serial number SpeciesChinese name Conservation status in China IUCN status
1 LW Aythya baeri I % CR
2 275 1 Ciconia boyciana 1% EN
3 B Ciconia nigra I % LC
4 FAREHS Grus vipio 1% VU
5 JBRY Ichthyaetus relictus I % VU
6 BPIHEHE Pelecanus crispus T4 NT
7 4% Aix galericulata JIE3 LC
8 AENERG Sibirionetta formosa T4 LC
9 F#UE Anser albifrons JIE3 LC
10 TS HE Anser cygnoides % VU
11 INKHE Cygnus columbianus % LC
12 KKK Cygnus cygnus % LC
13 PEE KRS Cygnus olor % LC
14 JKH Grus grus %% LC
15 BOMETS Ibidorhyncha struthersii %% LC
16 VEWERS Calidris falcinellus % LC
17 2L BEFS Limnodromus semipalmatus %% NT
18 BESL KV Mergellus albellus % LC
19 1 EE¥ Platalea leucorodia % LC
20 FAREEY Podiceps auritus %% VU
21 MG Podiceps nigricollis % LC

TUCN. tH A B SR /4% ¥ 8% B International Union for Conservation of Nature ; CR; e fa Critically Endangered ; EN Wi 15 Endangered; VU 5 16
Vulnerable ; NT; T f& Near Threatened ; L.C: JGf& Least Concern
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fifi F MaxEnt 2, XHE R 10 I A 28 455 ( Bootstrap ) I B , F FH 32385 TAERRAE i £&
(Receiver Operating Characteristic, ROC) H1 /) AUC {E3FAt A5 58U 5000 (9 HERf 7% . 0.5—0.6 S FI A 545 ,0.50—
0.70 B4 F49% ,0.70—0.90 S T 45 FA0F ,0.90—1.00 g BISERARH 47 . SRJFHL 10 PRI K I 25
HUBE e 5P B {H ( Maximum training sensitivity plus specificity ) BFY{E BP0 F0 o340 T 25 5546 0 (9
FIAAEAE) 5 1 CYIRIALE ) I B A
2.4 RARIEHLAE SR £ 1A R
241 HE AR

ARG BRI A S RS RE , ISR AR PR R BT, K AE 5UTl DEM Bidls SR A K & 28
[ 53 A5 5cdh , 8 FH ArcHydro T HLERHR 1487 ANAE/K XA Ry R BT BRI BT P-4 AUl 10.82km’
2.4.2 YR A KSR

BT MaxEnt #8036 57T 2020 42035 4F 2050 4F-7K 15 45 ] 43 A (14 00 45 5, 4 FH - AreGIS 10.6 1Y
Zonal Statistics as Table T 2458 R STt &4 H R FhG 2 1o 08 2046 iR 2 CBD ( Convention
on Biological Diversity ) % [ FRA: ) ZAEPE R AR B 1Y 20% 3 MELL IR S 2RW R oA Ju LA i iy
AR/ E RO AR BR T GRS OK SR B AR R 50%, 158 1T 04K S 04 B bs ol
30% . T LA - EE A S Rh o A o 2
2.4.3 RS A KRR

DAACSE T 8% BR % B RS S RS KA LR 3 XA Ry SR K X ORAP BUAS () (B 422 R, -4 4% R ik A 7
0—1 ARUEMLAD R SR 5 TR IR RE (3 3) , Mgt K XA PR A 4220 A HR AN

C _ - Vi - Vimin W ( 1 )
- j=1 Vimax - Vimin i
C'=C(1 - 0.5R) (2)

ALV, Vi BV, I B RN IX IR 0 (9 BE R doe/ IME AR AEL, W 1 0 AL, D9 Bk
DX T B, € BRI RT A DRAP AN EL, C o 7K XA B85 B BRI AN EL s R D B2 7K X AR X T
R R K R R A L A1

*3 EXMEFHESNNE

Table 3 The measurement and weights of the impact factors

AT BERE (AKX EET
Factors Measurement ( Each watershed ) Weight coefficient
23 #% Road N A B/ A 1

B Rail BRI A BE /TR BE 1

W Town BRAE T RR B 7K DX T AR 5
Akt FE RS Rural AR B A B B K X AR 5

K Dam KINAE 2K IX TR 20

2.4.4 AR H A S O IX

FT UL BRI ETT MR 34T R A B AR AR A S HRRE , 5 Marxan 4.0.6 FAFABAUIAL 5T 4
PEAELRA X Marxan #5851 5T F e MA: [ DU FIASTADIIR K 38030k 1) D B et 325 4 Qa2 B0 08 10 e I 9 MR BT, DA G
SRR EARY L — B P R | AR T A R DX SR TR T Ak R ) R RO R s AR T
3o AR IR X S0 b G TR A AR R TR AN AR X IR AL BT Marxan i 2K
P HEER ( Boundary Length Modifer, BLM ) , 2% F U PE 40 7 A5 21 A5 B9 BLM {E, S48 dL 7T T 2020 42035
A7 2050 AR HBOL SR X, BTSSR 5 B 10 OR AP DA T X L A T, DR kDR s e, IR B IR
Hb PR A D5 B 1 0 S CR AP XA T 8 N A A, 4 Nl SRR AP XA R
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3 ZBRES

3.1 HHEAIHADIEE R
SR PEFT RS BEAG G, kappa 22BN 0.8941 , KRS 2ok 0.9319 , THMIAE B A5 vy %o T30 2% SR b A7 B Hs 4 1
(F4) FMEGRIEER (E 1) ,2020 4F 2035 4FF1 2050 410 1S L5308 586.85km® ,586.90km” 586.90km”
FWITENE A S ORAP G 5T, A0t v Wit S B A QR AN AR | N2 AN 2 [ A 46 | L J s 1 b R T30
i TR S 2 PG 1R A A, T b T R IR BN/ | T VR R b TR B AR A AN AR
R4 2020 £.,2035 £,2050 FILFETEHBER
Table 4 Area of Beijing’s wetlands in 2020, 2035 and 2050

G AT R WL TR an? AT
Year Total wetland area Riverine wetlands Lake wetlands Marsh wetlands Constructed wetlands
2020 586.85 50.19 107.74 1.81 427.12
2035 586.90 50.21 106.05 1.81 428.83
2050 586.90 50.25 105.77 1.81 429.06

RV eSS
= R - PR - S B = RAH
= AR - AT - bk B

1 2020 ££.,2035 ££.,2050 £ =mH L it FI B
Fig.1 LULC of Beijing in 2020, 2035 and 2050

3.2 Wb A I A5 R

ARWFGTALTI T 21 FoK A8 K08 Bl A9 28 (] 534, 2020 4F 2035 4FF1 2050 4 5 2825 (0] 404 AUC fH
I3 1M 0.8645+0.0815 ,0.8575+0.0945 0.8395+0.0875 , Tl 45 4547, 9N A R G AP HLR . AR SR AR S0 &%
Bt I AR i 6 2 ( Permutation importance ) I AT IH— LA R, B4 EE B 2 1A K BR— A IR AR
R (AR o A I A R B, R A AR AR L R A Y AR 63 L, A
(LULC) BB P2 (Biol0) (/K & =95 48 53 R A (BiolS) (& B Bl 1) 55 PR 455 A8 o 19 51 R 3 HE 44 i
T, A — AR AL S HAE M 502 1.0.237.,0.141,0.136 0. 115, FEHA L1 BRI A8 0h i Ml 1 2852 6] 0 A 52 MK
3.3 WHb AR SE PR XA AL S SR

fdfi ] Marxan AL ST 2020 4F 2035 4FFl 2050 4F 8 A0 S0 f8 3 IX A% = pE A5 AR 48, BLM (B3 551 A
0.00000691628180,0.00000660015124 .0.00000839524016 ik F| 445 Ja I8 5 BE AR P ARAN (-, AR 0L 25
SRR (5 M 2) 2020 FRERURARMAELE T 516 AR S ICVE A A4 DX ) e 1k i B, s 30400 50 6
B 34.7% , FEAL T AT AR A IR R T AT B R RN — a7 PR D K RN ] A rh
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R SEIA S KR IR AR AN —A | mE G AR D BRI A E T — A A AR X R
422 43km*( 5 1B B FRIY) 71.98% ) , FEAE 80.15km? A A4 2 e, H A ] i i i 59961 95 s 0 T30 5 1) A7
TE 6.84km’ | 18.19km’ Fl 55. 12km” (YR Pr a5 ik, Ak A MR AR B X R TET AR 2 502.58km” , { M (R PP R 2T+ =
85.64% .

®5 AFRTAERMBRP X GEMRP R SHRAAEFEHAPEER

Table 5 Area of Beijing's existing protected wetlands, vacant protected wetlands and priority protected wetlands

O MR Area of ‘;*xist;;lg ﬁ*’,ﬁ B tb, ) A; of va;;nt Area of ﬁn'or/i\ty P%o:ortion Lof
Year Type of wetland protected Proportion of exiting protected protected priority protected
wetlands/km? protected wetlands/% wetlands/km? wetlands/km? wetlands/ %
2020 CIRTIRLTA: 9.64 19.20 6.84 16.48 32.84
i RIS RATS: 54.01 50.13 18.19 72.20 67.02
HEREITS: I 1.77 98.27 0 1.77 98.27
AT 357.00 83.58 55.12 412.12 96.49
/Nt 422.43 71.98 80.15 502.58 85.64
2035 FEIRRITE: 9.64 19.19 10.34 19.98 39.79
i RIS RATS: 52.49 49.49 23.57 76.06 71.72
HEERH 1.77 98.27 0.03 1.80 99.87
N T4 358.57 83.62 57.36 415.93 96.99
/N 422.47 71.98 91.30 513.77 87.54
2050 FEIRRITE: 9.64 19.18 8.32 17.95 35.72
i RIS RATA: 52.32 49.46 15.19 67.51 63.83
TRFERH 1.77 98.27 0 1.77 98.27
AT 358.74 83.61 58.45 417.19 97.23
/Nt 422.47 71.98 81.96 504.43 85.95

2035 R AR RE T 512 AR BRI R b O 47 DX 5 ik 3 L, o R BT BB 1 34.4% , &=
B AR F AL FpE AL ER KT | AR | U S K ] AT — Ay AR AR X A
24 422 . 47km>( 5B S TE AR 71.98% ) ZEAE 91.30km> A4 25 S o rb o] 3 Vi 900 i b VR VR b R A
TR 5y A7 AE 10.34km? |, 23.57km* | 0. 03km® Fl1 57. 36km” [ £ 47 25 S, 84k )5 12 b Ff 37 X T AL 24
513.77km’  JRHO LRI BT 2 87.54% 6 2 AL 5 TR ML ORI LRI 2035 4F 1R 37 %8 80% M EEK

2050 R e L AREERE T 379 AR BRI IR b AR 47 DX ik 3 BT o BRI RO SRR 1 25.5% , &
G580 T e 1Y e s 1= I T I W O L e 1 R T e g 19 T I I v 21 4 W w1 B S SR S
2EIRTE AT AR A | R ARG YT BeRET  R A A A, B PR X T AR 2 422.47km?
(PR R T RN 71.98% ) , A7 7E 81.96km” (1) PR 37 45 ke, JH: rp yar 3 2 b | WA 901 W M RN T b ) S A A
8.32km’ [ 15.19km’ 1 58.45km’ B P97 %5 Bk, O AL J5 70 AR B0 XR T R 24 504.43 km® | {8 b PR 3 R AR T+ &2
85.95%.

2020 4 2035 4EF1 2050 AEAf Ak 5 it A B DX R G B0 S0 386 I R B R N 1.85km® TR TR M i)
T HiRTA R PG Ak R DX T R 2 3 ST 348 5 e A, JF v JiT i 0 el R A DR AR B 1.4 7km® 1911V b
PRI 4.69km® TRVEMEHLORAP X T AR REANAE o N TR ML AR 5 DR 37 DX T FRLE AR S 8 8 1 ke 34
£ 2050 AT AGA 417.19km’,

R 5 IR M R DX I s AR AR K IAE TR ML R 3 X 2020 42035 4T 2050 AFE R AR S PR 4P XA ALL 45
RIEATEINGIHT , FBRH > G PR3 XA S5 (& 3) XA X E A T4 1T (3 6) < TR K AP X (3
T H A DR = AL P A 3 R A IR B ) — R B AR X (= R R 3 7R R R R B
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A TR X
T S 4 X
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2 2020 #2035 ££,2050 SR HIRERIPX
Fig.2 The priority protected wetlands in 2020, 2035 and 2050

JC) VEHL R AR B X (R R — R B BRI BT ) . R 2050 AR W M Kk A PR B X T AR
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Table 6 Area of graded protected wetlands
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