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Changes in hydrological connectivity and spatial morphology of Baiyangdian

wetland over the last 20 years

ZHANG Mengman'?, Wu Xiugin'* "
1 School of Soil and Water Conservation, Beijing Forestry University , Betjing 100083, China

2 Key Laboratory of State Forestry Administration on Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Abstract: Hydrological connectivity is an important stability indicator of the pattern and function of wetlands. A decrease in
hydrological connectivity of wetlands usually indicates the degradation of ecological functions, and the disruption of internal
energy flow and nutrient circulation. Baiyangdian Lake is the most typical and representative wetland in Beijing, Tianjin,
and Hebei provinces. Based on morphological spatial pattern analysis (( MSPA ) and connectivity indices, we chose
Baiyangdian Lake as a study case for analyzing the changes in its hydrological connectivity at the spatial and temporal
scales, and for summarizing the morphological and spatial processes. The results show that the hydrological connectivity of
the Baiyangdian wetland was generally weak from 1990 to 2015, which reduced between 1990 and 2005, but gradually
recovered thereafter. The mechanism of spatial and temporal evolution of the Baiyangdian wetland can be divided into two
stages according to the changes in landscape function type of the MSPA ; the period of degradation between 1990 and 2005,

and the period of recovery between 2005 and 2015. During the period of degradation, the core wetlands were partly divided
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into fine patches such as branches, loops, bridges, and islets, and then disappeared gradually. During the recovery period,
the core wetlands extended, whereas the branches converted to bridges. The core wetland area decreased from 9,974.90 hm’
in 1990 to 2,209.97 hm” in 2005 and increased thereafter to 4,122.14 hm” in 2015. The changes in area and morphology of
core wetlands dominated the changes in hydrological connectivity of the Baiyangdian wetland. The driving factors for the
decrease of hydrological connectivity in Baiyangdian wetland are mainly the amount of upstream recharge water, land use
changes, and climate change. The present study shows that the MSPA model combined with connectivity indices can explain
the organization and operation mechanism of wetland hydrological connectivity well, which would provide essential

background for other related studies.

Key Words: hydrological connectivity; Morphological Spatial Pattern Analysis ( MSPA ) ; Baiyangdian wetland; index of

connectivity ; spatial morphology

MRS RS R FAR A B B AR AN 55 M 1) — 2R R A, K S Tl MR AR A R S R e
S5RGAERECES, BN REY 0 i I A6 L IESHEOK TR A R S5 — R AK ST
FERME R B may ", IWNARSUKSCAE R, K SCHE B R T e A LY LUK R A 2K 3 5
FERZ MR XK S8 P AT Ak, A R T TR R AR & A S T | A 1
fHE K sk 5 R e A B

R T T BR TR SR A S R G AR SE ] ROk 8 22 112 B0 TR AR S RGO SGEE MY
5T, TR B AR 1R A A5 R SR 55 ThRE Ry k™ . A i 3 1k 0 Be AR EL 2k 31 T A 24 a1
AT BRI AR B — Gl R A MG R ik B EE M 4 B A
R R Bt o m MR R, A e (R R EE MR ) 5 PC (T REEEETR R i — 2 A
FILERE 5 R A R B BEHE T S B R BRI R s bl vz i BUS T — 8 LR (R A e 48
B BEAMAG , HREAR AL oA — B0 (i, Bl s 1) oA £ B A e Y

AR BE T IR 0HE SR A J5 ik MSPA 8% 01 F T 43 At Z2 Fh 5o 28 48 1k, 2630 Hh 455 i) 3 42
MSPA ¥— Z 5 EG AL BEE A R FH M B2 b, NICES H AR H A 53 0 B 55 R R SO 5, i id A 58
MBS 2EIA RGN R b I A5 A AL (H T2 4 vh T AR a0 Sk 150t L B 74 265 X 28446 Jmy P 4 7t
Ak b b R A He g S AR IS DU ) PR T b R SR A e L S I

SRR SRR b 1) 7K SCH%E 3 P S HLE], A SCULFETE 1990 4F 1995 4F 2000 42005 42010 4 K&
2015 4F75 1 Landsat TM 28 MBI R , 3l MSPA %15 11C \PC F8 5045 & 10 7 i, WEE RN R 45 48 1)
B I X b K S S A T 4 O 6 A AL S A SR T K S P < IR R A AR A AR T AR IR X
HoARSCE M PEAR LR IR 3 P Z AT T HRVT, WF5T 25 0 o SO i DO M O s S S it e 22

1 WREHER

FIEEVENRHE (115°45 — 116°09'E,38°43" — 38°45'N) , K/ FAR & B B AR E HEEBEN, /N
43T BH B AU FIAE B i PE 3, AR 2 XU B bty > T S b DX (TR B 1.40) , KB M SR RRE B 3,
SR 7.3—12.7°C , ZAE 2R L 1N 1637 mm K TP RK R 523 mm, PUZRS-B  FEMAEPER 2,

P E SR AR b DX 5 K R SR IV L, H AT L AR 7 73 Tl R 55 8 Dl Y v R AL I R i, g e
SOF R, 7t 31905 hm? KT TRIK R AGHE Shim] 0] | m AUV TR T VaT RFRT | R IRT | 2 SCIT 3 e T 7 it
WA FEETE (1), 20E 5 R AR AL 6T (e LK 2 BRI K R T4k
AT RARI , R KT S WA D KR ATE KL, B H AR — Beit fa), A e K 2 LR 5
N TIIKANA R AR TE X NAT RSB 143 DNTEIA AT 3700 2459035, F R4y A1 36 2liKAT, # 3k
PR BGGE 10 5 ALLE o T ERHTE AR el FH R o AR e T IR T M R 1 XU S Ak (Rt T AR S

http ; //www.ecologica.cn



12 4 TRAFES S 20 4R I TEVENR LK SCHEEE M K A AT A5 AR 3

BROK B REAL AT F ATREE MR DX A ST, R E (6 TR X i 12 52 B 22 07 1 5, W R
IRSCHEB VE A TIRAIRT LG TN T

N
A
z S| F— S
;Or s Y/ . Tame
= " R
S
Wi Jn
Fiwl A
S T
i T S Vo
stii]
3 — i
j@m/v A S FIEEL AR
& =
0 100 200km BET AT 0 10 20km
1ll4 117o 12I0°E

E1 #RREMEREE
Fig.1 Location of the study area

2 HiESHRAE

2.1 BEIR S miAb

RS P PR E AR X 2015 4F 2010 4E 2005 4F 2000 4E 1995 4EF1 1990 4E 6 AN 6—9 H 311
Landsat TM L2 38 JBEHE (FLIES 133/33) S EZERIE , AR T = 2 T4, FIH ENVI 5.1 B, x5 4 bt
FE X BB AP W AR AT R I SE AL B, 422 FRBIFTT H 195 R 2R AR sSOKE T 9 DX 43 28 R 7Kk ek Bk ot
HEK AR SR DU . o T ORIERFSEAE BE , DL A N S B8 X B A8 e B L) B Jm R4 43 e 43 A5 0T
AT F BB, e 249 2 I UE A A P 1, R W) B B 88 15 20 BE % Google earth J7 52 SR 1 7RG B 36
1k, 6 W53 28 EUGHE BEARTE 91% LA |,
2.2 W
2.2.1  JKSCHEEMEENFEEL

SR A T AR B (11C) B0 nT BEFE B 5 K0 (PC) X B % i PR R AT AR DAY, RIERT RS S5
VE KA BB AR AL 100 W B0 e 3 L 8 5 BB B 500.1.2 .4 .8 kmS 554, R T ik PC 1545
5 1c BEA R BT G 0.5, BJE i@t Conefor26 #0445t 11C  PC $8 873154,

2 Z Z ZP X a;, X a

Hc_—’”lel pc=""1100
A 2
o n FRFOR P BE B, o, B o 500 RN BEHE @ FIBEHR j (9 TEIAR, nl, /R BEBR @ FNBEHR j 22 [A] 9 1% 428K,
L2 5o WA p, A BEHR @ SREE j 2Z (B 2 f A MR ) R AR K, 1IC 5 PC MHER AT 0 3 1 Z
Eﬂ , HAE B KA SR BE S F R B A
2.2.2 FETIRASA SR MBI (MSPA) 50525
MSPA T HAIE A4 F L ARKBT 8 il WA TF IR P& SR S AR I A 4 A e i — (S5 1% i
SARZE N T FhE R AL AL (core) (IRE) (islet) | i1 %% (edge) . ZF fL ( perforation ) | #f # ( bridge ) . ¥ &
(loop) 4332 (branch) , WK 2 s, MR MSPA Sl /2800 SCSHRHIE (32 1), J0 7 HAE Y b 3% 38 14 7
[HOEE =9 e

http ; //www.ecologica.cn



4 R ¥ O 38 %
FIH ArcGIS 10.2 7E53 21 - U8 5 45 138 4
H A P PRI AR SR 43, VB S MSPA AT B i 5%, i
HAF A E N 5, R0 KN R 30 m, R 8 &I P .
o B ENE K A K30 S K 30 2 6] ) 22 vhia R T :‘E = %ﬂi
WOKs 11 2% 5 FE R 2 AMEITTHI RN, B 60 m, - A%
u ik
%%
3 BFEEMKERERNTZTN S . %
B TR
3.1 EETEEAEEN 1990—2015 4E/K S AR L e
125 R (R R PR A Bkt e 22 (] 14 25 7 i 3 i 6]
2]

DA T I LA T B 2 1) 1 3o 28 0 B2 EEFZRRBIFEASITR

Fig. 2 Example illustrating Morphological Spatial Pattern

TNANFESE | BB BE R B TS ) B P B R, B
FREERFHI (] 3),1990—2015 4E LK, & W B T 1% 15
AT 1IC #BEA MEIT 0.1, i BB 5T X 48 P 2 1K 3 5

Analysis[3?]

2, MR ZRfE FF, AP KIR PC 5 11C ﬁ%ﬂi‘%f%&%f’ﬁﬁ%&}ii AR H Hodh 1990 4F 7K 0%
W PE R Ry, HROE 2015 45,2005 4F B KR B B 22, R DE KRG SB PR R R R B R £ 1990 4F>2015 4F>1995

452000 4E>2010 4E>2005 4,

F1 MSPA HIEWMEBRREEN
Table 1 Definition of landscape type based on MSPA

KA Type HFAE M 5E X Features and Definitions
L X Core RGO TTH RS, B SR — el
PG Tslet FEAHH % H RGBS RRIE O 2 R T &
ZE {1 Perforation DA% 1 1 PR, SR < i 2R b
Fr 42 Bridge R E DI AFEZ ORI ORI ITEE | IR B A BB R
IR Loop FEE A DS M R IR MG T A R Rt HL A JBR S Y RRAE
4337 Branch R ORI H R — i 505 Mreds B0 Bl s o AL E iR AR &
%% Edge FRAZ O ZE AN 1R M 22 (8] P 2% o X
0.10 L 0.18
z 016 |
*E‘ 0.08 | ﬁ% 0.14
&3 £ o012t
o QE .
% % 006 1 @g 0.10 |
gs 22 o0s|
= 004} B
#® ) £ 006 ¢
Z ol £ 004t
g : 0.02 |
0L~ ' ' : ' : 0 L : ' :
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2015
L4y Year

B3 1990—2015 & BFiER AR HERR TEEERER TR EREHTL

Fig.3 1IIC and PC changes of Baiyangdian Wetland from 1990 to 2015

3.2 FET MSPA B9 1990—2015 4F7K 3CE @ A1k,

285 MSPA S M5 245 I 301 P 39 3 288l /K S 3 1 D RE S TRUAK Ja (8T 4) DA K AR R AR AL e iR

(%£2),

http ; //www.ecologica.cn



12

SKRAEIE AT 20 AP A E N K S M K S R A AR 5

19954¢ 20004

0 10 20 km
Pl £
e R B %L %
A% I HRE e Hit

4 1990—2015 F BiFiEiR i MSPA £ 537 [
Fig.4 MSPA types distribution maps of Baiyangdian wetland from 1990 to 2015

F 2 1990—2015 £ HFEITEM & MSPA XEEA R HISRETK

Table 2 Area and frequency of each MSPA classes in Baiyangdian wetland from 1990 to 2015
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Hii 3% Foreground 13917.00

2464 7714.65 1710 6007.73 2707 4524.14 1359 5695.06 1707 8049.65 2191

(1) B

S M PR 8 A S TR A A b 3 T A ) R RS A A TR A9 R, F T BRIy

AR At 5 2 S BOE B PER) TR, SRR 2 DI 5 AR K A DIl 2 T B4 e 0 s, PEAE B P I
FIRE RS FE 5 AARAE 2 ) 5 IR BoR (B 5) ,1990—2015 4F ], 400 b | 720 % 380 b 5 1 55 X 5L B s AR R A
AR S B e T £ 2005 48 SR A AR SO HEIE S N 1990 4F 3 2015 4FA%.00 X A7 i3 He
B 5EIB/ NG G 1% DX S LB R RS I8 T s T R AR L AR AR R T AL IR M 1990—
2015 4[] Jre B 32 A0 W WAL 5 SRS A ARRAIE | 45 45 180 b /K S 3 P A8 A A T A H A% O b 1 728 A %o Y

EFEH,

(2) 70 3 M RIER B = Fh 2 75 308 M 1% 368 1 D B vh A 2 28 (BRI O A, G by AR e 2R 73 Kk SC
oL 2R BOY R BN TE AR S AN TRl O BEBR [B] 6 2R I8 18, 0 SCR R A% U 8 i 5 H A 7K S
R A] (34 A0 X BER 5 AP R SCROUHEA T R ORI At S sl i 7 7EI K SO 2 3%

http ; //www.ecologica.cn



6 S % 38 &

10000 15000 £ 00 X
o I -n- %> 58 3 )
N = 3
£ AR Ls0 BB sof S
3 7500 it < % S
5 g S &
) . 1000 2 8 40 F g
o o0 E 3]
S 5000 — ER- 39.96 3178 5
7 B0 E & s} 26.62 26.94 &
}% /' % 2 2493 7 : 24.941 30
= 5000 =4 19.79 4
X 2500 L T B g% 20 ¢ I 1207
B = X

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

i
=
~<
[¢]
g

B 5 1990—2015 F Hi¥iEiRhiZ O BB SR ERE S5t E

Fig.5 Statistical charts of core and edge area and proportion in Baiyangdian wetland from 1990 to 2015
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Table 3 Transition matrix of land use during 1990—2015 in Baiyangdian wetland

2015

1990 AR Ktk TAPEH Bt Bt

Construction land Water Marsh land Arable land Total
FE5 FH H Construction land 832.45 46.06 215.81 132.49 1226.81
7K Water 409.11 6796.90 3831.13 2864.22 13901.36
JHPFEH Marsh land 1100.28 1110.80 8789.24 3566.61 14566.93
Hi#h Arable land 373.95 77.78 587.94 1119.67 2159.52
B3t Total 2715.80 8031.54 13424.11 7682.99 31854.61
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