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Dynamic changes in small wetland landscapes and their driving factors under the
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Abstract; The term “small wetland” refers to wetlands of small scale, which can stabilize ecological systems in the process
of long-term development. Against the backdrop of rapid urbanization, many small wetlands have been disappearing, often
in groups in cities. Understanding the dynamic changes and their driving factors in small wetlands provides an important
basis for the effective protection and management of small wetlands. In this study, we took Baohe District in Hefei City as
the research area and analyzed the landscape pattern characteristics by interpreting remote sensing data through time (2006,
2010, 2014, and 2018). The spatial analysis method was used to determine the dynamic changes in small wetland
landscapes over four study periods of 2006—2010, 2010—2014, 2014—2018, and 2006—2018. Based on a 300 m x
300 m grid unit, boosted regression tree and geographically weighted logistic regression models were employed to identify

the relationships between 13 predictive variables and the loss of small wetlands. The results showed that the total area of
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small wetlands decreased by 60.8% and the number of patches decreased by 60.5% during the period from 2006 to 2018. At
the same time, the extent and complexity of the perimeter of the small wetlands decreased, the spatial distance between the
small wetlands increased, and the distribution tended towards more discrete. The boosted regression tree model quantified
the relative influences of the predictive variables and determined high-importance variables to further analyze the nonlinear
relationships between the variables and the decline in small wetlands. In the early stage of urbanization, changes in the
surrounding land-use type were the major driving factors in the loss of small wetlands. In the middle and late stages of
urbanization, both the trend in large—scale urban sprawl slowed down, and the relative importance of other land-use type
changes also declined to varying extents. The driving factors of patch area and slope on the loss of small wetlands gradually
increased in importance. Construction land changes (14.4%) , patch area of small wetlands (13.5% ), dryland changes
(11.1%) , slope (10.1%) , forestland changes (8.5% ) , and grassland changes (7.0% ) were high-importance variables of
small wetland losses from 2006 to 2018. The local and spatial influences of these high-importance variables were analyzed
further by geographically weighted logistic regression using coefficients determined at each sample point. With the exception
that the spatial visualization of the small wetland patch areas had no explanatory significance, the influences of the
remaining variables varied with location, and their contributions also differed in magnitude and direction. This study

provides a reference for the protection and management of small wetlands in rapidly developing urban areas.
Key Words: small wetland; landscape; boosted regression tree; geographically weighted logistic regression; Hefei City
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Regression, GWLR) IR A3 N 25 2 i 2% e SR PR AR AR
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i FERAA SR 2006 4F IR B2 L - i % A7 5 1) A6 38 i R0 5] T ) e 3 DX 0 X 14 e 152
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2014 4F 6 H 10 H 2018 7 H 31 H) MR, =S[00 HR R 30 m, LS Ebr KRR IE RlA S5
VB, 15BN FAR D PRI N 15 m, RIEIFIE X EBRIE N, S % 1 18] BUIR 70 2885 1 (GB/T 21010—2017) ,

FIH ENVI 5.3 %t 4 B3 BGg AR T AWLAC B AR R, 45 G BFAMIAE IR UE )2 Google Earth [J7 52 524500 4 25 45 2 it
AR M, 153 4 9] MR HIZE BB , (K A St K bR | mosth, B A At 7 26 %
DL R THE B IAIE 4 W02 BAAKE BE S KT 90.0% , Kappa 2B KT 0.88, A E TR ER (£ 1),
SRIG A ArcMap 10.7 2l $2BURIFVN T 8 hm® (7K A& FIK FAE Sy AR SCRIFZE 18 /NGO Hl, T 558 B0/ N R0 b 11
Fe/NAEAE S 0.02 hm*, 2006 42010 4E 2014 4F 2018 4 fig K H ALK KK 7.90 hm® [ 7.94 hm* 7.83 hm’
7.81 hm® , F )49 B & /NI HLAE N I 3ET T 8 28 4 MR R AVE I (%2 2)

R1 IHAARBSLBERIE

Table 1 Verification of classification accuracy of land-use type

2006 4 2010 4 2014 4 2018 4F

FHHbE A PR RIBRE  IPRE RIRKE PRE IR PR IRk
Land-use type User's Producer’s User's Producer’s User's Producer’s User's Producer’s

accuracy/%  accuracy/%  accuracy/%  accuracy/%  accuracy/%  accuracy/%  accuracy/%  accuracy/ %
JKHA Water 88.5 92.7 93.3 98.0 92.6 98.7 87.8 91.1
E 4 Dryland 94.9 91.6 97.2 89.4 94.5 94.9 96.9 91.6
K Paddy field 84.2 87.8 89.5 97.9 95.5 90.0 86.6 87.6
ML Forestland 90.8 93.4 90.0 94.7 93.9 98.5 89.5 95.1
HiHfh Grassland 80.6 92.8 88.4 92.9 91.2 88.6 90.5 90.8
YL Construction land 94.2 86.0 97.3 89.5 98.7 91.4 95.3 91.7
HAb i #b Other land 86.1 93.6 86.8 95.7 88.0 90.8 83.7 92.2
JMAKE BE Overall accuracy/ % 90.8 93.2 94.6 92.1
Kappa Z %1 Kappa coefficient 0.89 0.92 0.93 0.90

F2 GARXLTHAAEREER

Table 2 Land-use type and description of Baohe District

+ HF) FHZE R Land-use type ik Description

MR Small wetland
KK Water

S Dryland

JK 1 Paddy field

15 AR A A B O i ke e /B IR M, T AUAE 8 hm® LT R4 /N LI KR BT
JERGERE/NT 10 m ARBETE 5 km LAP/NRLNE VA 34 1 AR A0 LI
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R TG AK IR BBt , 8 R AR K A AR BB s A /K IR G e BEIGE , 76— M 4757 T R
PR s LARREE A S B M 5 TE R R AR 9 PR DR M A S 8

FEASSC R TEI R =8 hm? (K97 7K RARE ANE IR , 76— FBC A S e LE W e, F T RIRLK RS Rl 2K 5245
IRAARAE BB, LG AT K SRR B

IE R A A

Ml Forestland FIFETRA MM EA MM | S 55

HiHh Grassland (RN NG R

#% FHL Construction land FLAE IR & T B A5 T B A3 8t P b 45 P
HAt T Other land FIFEHR L AT 3 55
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OO JRTRRURE S

SN A B S UL ) 2 PSRN 4% [ T 55 D TR AR AE ) 43 3 A BRE RSP e 1

/N b BRE SRS e A BE R IR A 5 MUK P8/ MG P 45 A T AR L IRES 3 P X B e e &0 30 B 2
RAEIRE, SO R EOT AL Fragstats 4.2.1 #/F AT,

2.3 IXFHHLHI
2.3.1 ARk HAab

43 HILA 2006—2010 4F 2010—2014 4F 2014—2018 4 2006—2018 4F 4 A 3 ity /N i 28 Ak A A g i

VAR HE

“17 TR/ MR AR R DX, 07 SRR /MR AN AR 1 DIk, AT AreMap 10.7 B BEAL A T HAE/)
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T AR A 2 1] A PR A ACRAE A, 07 R 17 Y SR A i 0 KB T
BT LMERTE S a5 A FE X SR 5 SR 1 T 3RA5 v, S B 13 AT AR & (8 3) . WA s Ah P
o T A/ NG PSR R AR Ak, B2 RSN MG SR AR AT e A RUBERON, FIH ArcMap 10.71)
B R T 5 513 E 150 m 300 m 450 m 600 m 750 m 900 m F4) 6 FhIEJTIEMIAE , 73 TR 4 NMES AR
DA% RUBE TS /N RS T AR Y 78 S R B RY | LU0 B I e LS /I %) T A 2 T TR /N 1t 174 2 [RD BB 3%, ¢
TR DA% D) T BEAE 55 /N0 b E’Jé{ﬂ TRFAE . 300 m B PR RS 2 /NGO Ml Y 2 (R RRAE S5 A RS AT R0R
05 T BSB89 300 m (14 A% (it 3454 ) Xof /Nl s Bk B i FRURN 45258 -+ 3tb F1) AR Ak e
AT . G —GIC KN, A T AR 3 5 F 300 m A IS T,

®3 RigATTNESHR

Table 3 Description of predictor variables in each grid cell

A5t Variable AL Unit HHEAIR Data source
/N B BEER T A Patch area of small wetlands hm? T A HIZE AL A
A% H7E 4k Changes of construction land hm? T A HIZE AL A
EL1h 7254k, Changes of dryland hm? T H A 2T A
MHAELE Changes of forestland hm? T A IS AL A
HHh2E 4k Changes of grassland hm? T H A A *iu
HAb #5724k Changes of other land hm? 4 b H
JK IH7E Ak Changes of paddy field hm? T H A A %iu
7](14;/#4% Changes of water hm? A 2R
A5k, Population changes A https : //www.worldpop.org/ 73 ¥t . 100m
éﬂz?—@mﬁiﬂ Digital elevation model m hitps : // earthexplorer.usgs.gov/ 43 #E%<: 90m
Wi Slope ° https : // earthexplorer.usgs.gov/ 73 HF%: 90m
I8 % B 2 Distance to roads km https : //www.openstreetmap.org/
BRI BEBS Distance to rivers km T b HIZE AL A

2.3.2 SR u] AR AR Y
BRT #E AU AL GE 1Y 43S MNA R S B il 22 b i sk AS W s BE AL % R0 [ 27 > Oy ik = A 2 0 [l A
TR I B R AR A e TS Y LS TE T R 0% A B () 28 R ) T A e AR 1 S e ) R
TR TORe S A TR A 4 5 A R S (E, AT LAAULS S A AR M SC SRR S ELAE I i S ) 0000 25 S A X0
DU R R SR B L Ry W
BRI AT R 4.1.0 B4 “ caret” | “ gbm” F1“ dismo” S AL SE P, FIEUHLG A 2 ) iR W2 AR E
OB o3 A PREL 4 DS RCTE EEBRE S W T AR SO e R AR Bl T4 28R IR A AT R
“bernoulli” , S EL B LW LFh S B G |, 2F > #%.0.005.,0.01 ,0.05.0. 1, W E 2= JF .4 5.6,4800%1.0.5
F10.75, WA HEAT 10 738 U UE , 6 A3 I UE S5 -5 I3 48 d5e i 1 B0 BE AR 1 ) S 80 S AR et 2
B, R BFRA S G T 28 SCREAS B f e 09— AL AR S AR LR VR R I B Sl s A, 1 32
U TAERRAEZE T 16 A ( Area Under the ROC Curve, AUC) #EATHERITAL  —fi AUC H KT 0.70 FBRIEL
RS BRT AL FORE A X 247 40 i, (AR IR 100% , AH X 52 M (1 0K 28 7 /IR b 453 2
E‘;”ﬂ@ij( 5580 AR G, BRT AERIRAT P {ERFRR A8 i 14 Mo SO A SRt A5 i 1)
BRI 5 AT S e R SRS 0 DRI A A | AR XTS5 i sk e 7 {7 ) T A8 B A O S e MR
JRZ IR E BT
2.3.3  HUEEAIAS L B (o] YA
GWLR R 28 $L B ML g | i il Ak 2 R S8 i1 AR R RN R 2 1Y 23 1a) 22 S 1
S e 1) P 35 8 AL SR AR A Tt A IR AS 45 ST P S RS o T T i
14 ROk B s 1) S 5 o, [ RS A5 B4 A i R 8k P, BAEA N
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logit(p,) = logit(lpij =B, (u;,v,) + ZBk(ui,vi) Lo
- T

A, (uy,y 0,) FRAEST § BIAERR B, (w,, 0,) FRFERL i LRUEE kA TENESH, 256 T MU BT B Y PRI p, S
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BRT #5045 5] () o 22 AR i, AL GWLR SRR YO B AR AT LG SR 5 B AreMap 10.7 1%
B B AN R AT GWLR FIrfs iy A5t S Al R B R 800 P v Ak 52 B, A S T 000 A e 1) 255 () 5 o
P, GWLR BAMLLA I KA pRECS AN £ e AT 90 8 7 I R S e Rbm ol . AR SCk 8 [ 38 1o BUEE F- J5 bR
BRI A SRS T3 2 TR A |, SR FH 3 4 00 B 206 7 A R 9t 9, o Tt A BNV DUV o S P iy i, A
PGP MGWR 2.2.0 FR {45230,

3 #R

3.1 WX A AR

M 2 T LU H,2006—2018 45, 5% 1R 152 FH b 43 3 2 A 5 DX 020 R0 i g > B 8 ) - i ) R 2 8
2006 4, SR A ST IX 32 B 2 A 5 A R R FR Y 30.9% , Bifi 5 AR AR, 2018 4R 5 R T AR Y
15.0% , TEWA B DX AZ 0 DX BT 52 b 3 2 e I 4, 2 i FH L TR AL Pl 2006 4111 6625.84 hm® 39 Jil & 2018 4F- 11
10432.43 hm?, I DX 228 0 FH 2 AR | st FH b 2 o %) 75 i)y 8 3k DX AR 980 3 DX A% 0 DX VG 508 % 3 1) B2
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Fig.2 Land-use type and the proportion of land-use type areas in study area
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FUR B B AR K 1 kg, /K ETE R M 2006 4711 1539.68 hm*Jf/F] 2018 419 104.04 hm*, Jf/> T
93.2% , AT DX I /D i B S KR bS8 LAt A i AE 2006—2014 4F M 216.01 hm* 3 i %] 1009.37 hm?, %]
2018 4F X FE A 471.89 hm?®, AIKEFR A AR LB FaE , o A 4E 7000 hm? 2647 [ S /K R TH AR, 2006—
2018 4, /MR H T AN 1684.66 hm* I/ 3 659.70 hm? I /> T 60.8% ,2010—2014 4FJ& /)N i H v AL b
2 B Ik T 433.47 hm?,
3.2 /MR S Sh A A Ak
3.2.1 /MR SO SR S E AR ik

M 4 FTLAE Hi,2006—2018 4, /MR S A BESEELIB/D T 60.5% o Horp K ARHL/ NG 8 B 47
S8/ R H 7K F T NGO BRE B I 2 5 TS T R S K R I AE 2010 4, 7K F TR RIK (A 7R
IR B BE B AR B0 T 585.37 hm® 1 439.59 hm? . Hir | 2006—2010 4F 2 7K AR /N b SR Bk 1 AR
DI Z I W80 T 207.54 hm? . 2010—2014 4 S8 7K H 780 /)N 3000 B e 1o AR sk 20 S 22 (0 0 2 T
304.15 hm*, MBEHR AR 0 A AE LR, 7K FHARL/INGIGE Hi 1) SF- 29 BB T AR AR B Tk AR IN b, 7K
ARTR /NGO b 1) S-S5 BB T B A AR BE /N WA LT 7K FE TR/ G P 359 B e v AR ) 22 5 N R R
IR e/ IME HELAE 2010 4F, BEAh, 4 DBFFERT T, 75% 7K AL /INRON i T AR AS B 2 0.80 hm* , Ui
5T IX AR TR/ N 3 LA /INBEBR S 32 2006—2018 4, 7K 1A U /7N f 108 e 3XE R 1o AL %) 565 — DU 43 % e 0.09
hm?® EFH2] 0.18 hm? , BB A 25— 43 /N TR B 7K A4 B/ RO b BE R 2K

R4 BIHUKTINCRM B RIS ST

Table 4 Changes in landscape pattern index of small wetlands in patch level

PEBR AR Patch area/hm?

ENy MR 2 BEH R
Year Small wetland type  Patch number SR FHE EEVR S T 1D e G Rt L\ A 1V §)
Total area Mean Median (1rd quartile, 3rd quartile)
2006 IRARAY 1893 1051.21 0.56 0.36(0.09, 0.77)
7K H A 307 633.45 2.06 1.31(0.56, 3.05)
2010 TR AT 1395 843.67 0.60 0.32(0.11, 0.72)
7K H A 521 605.38 1.16 0.41(0.11, 1.44)
2014 IR A 1273 714.35 0.57 0.32(0.09, 0.68)
7K H A 155 301.23 1.94 1.17(0.26, 3.07)
2018 IR A 850 611.62 0.72 0.41(0.16, 0.79)
7K Y 18 48.08 2.67 1.13(0.42, 4.80)

B S T RR LY A s 0 P B TE RARAE B8 B, P DL R R AE /N0 b B B (9 3 A0, %5 W
I /IO P ST 8 R T RR LU S 0 B0 T B 3 e (B BAE 2014 4F, T DL Hh /MO H B 100 2% 1) 5 2%
FREEREAR LR TRER . /NGB EE % 2 e LIS N RS S R (E [ AE H BLAE 2014 4F 2018 4R BEHL 2%
FE TR B 5 1K, 16 B /NGO b A BESR A T A R B R B i K5 A — D R IH AR A R o /MO b BB (1] 4 °F- 2 Bk
AR IR B WG N, 7 2018 AFIA B K, IRl 55 BE R B2 MR, 76 2018 4R IA B/ IME

®5 FWKFMMUBHIURSEHREL

Table 5 Changes in landscape pattern index of small wetlands in landscape level

” B2 P-4 W R AR T T "

e A K ERLL = FRITCLALRALL 4 R H

Yer Mes eter-area rati Patch density/ Mean Euclidean nearest A ation index/ %
ear ean perimeter-area ratio A/ ko) neighbor distance / m geregation index/ %

2006 1172.28 130.59 87.79 80.46

2010 1139.25 132.23 100.26 79.64

2014 1199.69 141.61 111.21 79.05

2018 991.45 131.55 159.62 78.73

http ; //www.ecologica.cn



17 3] WAL R T /MR R L B 258 A LIS A R 7035

3.2.2 /MR HLES [R5 A

P 3 AT LI H,2006—2018 45, /N s 7 A 53 DX R 9 RIS 2>, V8 080 3 DX A% 0 X 4 2 4 g 7™ T 1)
DI, /NI b A5 2 1 [ s A /0 B/ NN b R P 398 o, 32 243 A 7 1 L BT R VS R AR A I F X, R TR
i [ B 1) /NGO b 2 ) AR fb S B B S 1 5 B PR R IR . 2006—2010 41, V52 T8 8T DX AZ o X PG 505 2 /DN I e
SRR I X5, IR X N2 TT X A R R R /MR b 2 . 2010—2014 4F, /N b 45 2 7™ 5 7y IX
I P TR B XA O X PR ) 2R3 A 3l . 2014—2018 4F | /MR i 28 fL 75 R B . 46 /N, ok E 8 R A e+ T
HLYRT U PG R R 0 SR A A B

2014—20184F

2006—20104F 2010—20144F

2006—20184F

>z

0 6 km

. R m ik mm B

3 MERMEESEEN

Fig.3 Spatial distribution changes of small wetland

3.3 /MR AR AL IR S AL
3.3.1 BRT #AIPEM
MFE 6 FTLIE 4 EF R B Zh4E IS B 4E /) AUC {E 4350 7F 0.81—0.91 ,0.74—0.87 .0.80—0.91
Z 8], YT 0,70, Ui BAAE UL A U R B0 -
%6 BRTBESHIZEREITHER
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