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Table 1 Information of images used in the study

B H pagiin B H pagiin AR H pagiin FZEA=R] niE
1990-09-02 2.40 1997-06-01 1.60 2004-07-06 0.00 2011-06-08 0.03
1991-05-16 0.00 1998-11-11 0.00 2005-06-07 0.50 2013-05-12 0.62
1992-09-07 0.00 1999-05-06 0.02 2006-06-26 0.00 2014-05-15 0.21
1993-08-25 0.38 2000-05-24 0.00 2007-05-28 0.00 2015-05-18 0.44
1994-09-13 0.00 2001-05-27 0.00 2008-05-30 0.02 2016-05-04 1.46
1995-09-16 0.00 2002-03-27 0.60 2009-03-14 0.01 2017-04-21 4.66
1996-05-13 1.00 2003-05-01 0.00 2010-05-20 0.00
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Table 2 Land use types in Baiyangdian
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Table 3 Classification accuracy of images

AR H Iy RHEE (%) AR H Y RN L (%) AZ H Y RN L (%) G H I FNE L (%)
1990-09-02 80.6 1997-06-01 93.4 2004-07-06 88.3 2011-06-08 82.7
1991-05-16 82.4 1998-11-11 84.3 2005-06-07 88.9 2013-05-12 85.4
1992-09-07 83.0 1999-05-06 80.2 2006-06-26 80.3 2014-05-15 83.6
1993-08-25 80.1 2000-05-24 80.4 2007-05-28 80.5 2015-05-18 85.0
1994-09-13 82.4 2001-05-27 81.7 2008-05-30 86.3 2016-05-04 80.3
1995-09-16 81.1 2002-03-27 85.4 2009-03-14 81.3 2017-04-21 85.1
1996-05-13 91.9 2003-05-01 88.7 2010-05-20 85.1
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Fig.1 Map of land use types in Baiyangdian for 6 periods
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Table 4 Areas of natural and constructed wetlands and non-wetlands in Baiyangdian from 1990 to 2011 and from 2013 to 2017

AR E ) \ AR (ko) \ AR E ‘ iy \

N T F A N T T
1990-09-02 175.30 28.69 99.76 2004-07-06 94.82 27.82 181.11
1991-05-16 176.28 41.11 86.36 2005-06-07 58.16 26.35 219.23
1992-09-07 99.41 41.45 162.9 2006-06-26 54.01 39.75 209.98
1993-08-25 87.56 27.10 189.09 2007-05-28 66.92 27.43 209.41
1994-09-13 81.39 46.76 175.6 2008-05-30 53.47 40.05 210.24
1995-09-16 112.59 38.62 152.54 2009-03-14 130.21 24.27 149.26
1996-05-13 159.90 29.58 114.27 2010-05-20 111.53 20.02 172.20
1997-06-01 132.24 15.77 155.75 2011-06-08 68.09 43.09 192.57
1998-11-11 146.55 12.22 144.98 2013-05-12 94.13 32.95 176.68
1999-05-06 118.36 48.21 137.19 2014-05-15 101.04 52.05 150.65
2000-05-24 77.81 9.83 216.11 2015-05-18 84.85 50.63 168.27
2001-05-27 69.66 9.5 224.56 2016-05-04 90.20 45.81 167.74
2002-03-27 71.00 19.98 212.77 2017-04-21 100.06 61.41 142.28
2003-05-01 70.88 34.38 198.49
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Table 5 Areas of various types of the wetlands in Baiyangdian from 1990 to 2011 and from 2013 to 2017

] .. R o L .Y E—

LI - = I £ P2 /2 I LM i MiE| HE Ve b taES
1990-09-02 83.00 74.15 18.15 24.46 4.23 2004-07-06 67.75 8.18 18.89 6.77 21.05
1991-05-16 31.2 93.07  52.01 28.76 12.35 2005-06-07 23.48 7.70 26.98 17.52 8.83
1992-09-07 47.96 30.85 20.6 28.49 12.96 2006-06-26 29.13 7.46 17.42 12.94 26.81
1993-08-25 30.83 3547  21.26 13.58 13.52 2007-05-28 12.59 7.03 47.3 17.58 9.85
1994-09-13 34.98 32.51 13.9 29.21 17.55 2008-05-30 25.87 12.34 15.26 19.09 20.96
1995-09-16 30.22 39.85 4252 2942 9.20 2009-03-14 49.96 17.69 62.56 19.17 5.10
1996-05-13 24.00 64.88  71.02 6.14 23.44 2010-05-20 33.44 12.29 65.8 19.39 0.63
1997-06-01 37.06 52.78 42.4 10.99 4.78 2011-06-08 11.28 1.030 55.78 28.48 14.61
1998-11-11 13.27 43.4 89.88 8.49 3.73 2013-05-12 25.75 13.90 54.48 29.63 3.32
1999-05-06 41.05 45.67 31.64 7.86 40.35 2014-05-15 32.28 26.54 42.22 39.67 12.38
2000-05-24 21.18 19.88  36.75 6.71 3.12 2015-05-18 3.45 16.12 65.28 49.22 1.41
2001-05-27 35.12 19.49  15.05 8.06 1.44 2016-05-04 11.26 29.30 49.64 37.28 8.53
2002-03-27 21.81 14.21 34.98 15.44 4.54 2017-04-21 10.01 2251 67.54 36.87 24.54
2003-05-01 26.46 15.99  28.43 9.30 25.08

1990~2017 5, N ¥ b Th AR A4 b 75 3% 3))
S, N T b R 1) A2 A 5 K BRI A K &
FEYIR R, B KAL AR A —E

P 3 DX 9 9 R VR S T A PR A A i R A
K, o B 7K B2 R 7K B S K YR AL 25 7 ) R T
TE 1992 £ 22 |if , WA AR]85 25 R A
2004 5 AR AR s VAR THAR B AR A AH X 2%,
7E 1998 4F 2000 . 2007 4 F12009 4F 224>, VA
UG PR AR 40% LA L s H 2005 55 LK, PE3E
TARFE T REEEIG K34
2.1.2 ‘AR RAGER

FRHE 93 A5 b b R 22 ) 04 T AR AR
b, # 1990~2017 4F K 53 9 1990~2000 4F |
2000~2008 4 112008 ~2017 4 3 M B, 20 1
TEVE &M Lt R P S AL R AR I 0L

H12% 6 T 40, 1990~2000 £E 18], (¥ 3E F i)

FRANR R AE P B AR . 5 1990 42 AH LK, 2000
FEAT 78.82% VB ¥  69.24% [ TR It « 57.70% ) 2
Y 55.33% 75 U2 A1 21.99% (1) 80 77 %5 75 8 #F 1 5
A 31.00% 10 A 7 A8 7R3 A 19.00% 175 LA
14.41% 1) e IR 678 Ry dde v P b

7 87R8,2000~2008 G [a], KARIEH 1A A
T ARTR AR, N TR AR A K s . 5
2000 “EAH EL, 2008 - 7E LR FF 85.34% 1) J5 AT #F b 1
G, A 39.17% TR AN 27.53% R VE B 6 AR R BE
Hit, X 2 R ARIE el D 1) 2 2R ] A 24.92% 75
ISEEAS N I3 A5 22.6 7% A FE 28 N TE 5

FH 2% 8 AT %1, 2008~2017 47 4[], Ak Hh T A ik
b, P T AR . 5 2008 SE M EE, 2017 SR
42.03% [ 17 3 1 28 A s A 47.33% (130 9
35.85% [ VA T F1 19.66% I #F Hb 86 X NBF B
42.03%FITA A 25.65% K VE PR AR N FEE .

6 1990 852000 58] B EE & T F) A 2K BV E AR AR b L 91(%) 45 F5 5B %

Table 6 Transfer matrix of area proportions(%) between land use types in Baiyangdian between years of 1990 and 2000

bCIF/ SR B JEYE ptapiy Hrih BRI
T 14.65 0.13 7.09 0.48 0.40 69.24 8.00
WA 4.98 25.66 31.00 7.32 2.38 21.99 6.67
B 9.40 0.25 4.48 1.56 0.48 78.82 5.01
b 7.36 2.05 16.67 0.81 1.00 57.70 14.41
fapss 0.62 4.47 16.15 2.13 2.30 55.33 19.00
Mt 1.85 0.002 1.81 0.33 0.60 92.07 3.34
i 1.45 0.04 5.72 0.25 0.57 64.02 27.95
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Table 7 Transfer matrix of area proportions (%) between land use types in Baiyangdian between years of 2000 and 2008

TR e | B 3 papid Hitth HE T
PP/ 30.03 1.13 8.82 6.71 12.87 39.17 127
A 5.46 39.15 22.67 21.25 8.88 1.96 0.63
HE 23.56 4.34 14.15 8.12 19.66 27.53 2.64
JEIE 5.00 21.84 19.87 26.79 12.92 13.10 0.48
AP S 9.12 18.37 16.73 24.92 16.01 13.67 1.18
Mt 4.14 0.29 0.59 3.69 3.60 85.34 2.35
B 5.00 0.51 2.94 3.30 4.00 70.42 13.83

8 2008452017 &8 BiFiE L3t F A A B EARFR o EE Bl (%) R A RE B
Table 8 Transfer matrix of area proportions (%) between land use types in Baiyangdian between years of 2008 and 2017

I/ ST P YR W Hit HB
/i 4.00 12.20 47.33 18.27 7.28 9.80 1.12
BRI 0.71 47.47 6.04 42.03 0.07 327 0.41
B 2.77 42.03 26.91 25.65 0.86 1.46 0.32
P 7.08 478 15.33 43.18 1.61 17.88 10.14
ttap/s 6.94 5.42 35.85 15.80 8.33 23.52 4.14
B 2.70 2.46 19.66 5.56 10.05 50.93 8.64
feazaishiil 2.33 1.07 5.16 3.50 2.74 36.30 48.90
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Fig.2 Node degrees and actual combination degrees of
the rivers and water levels in Baiyangdian from
1990 to 2011 and 2013 to 2017
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Fig.3 Relationship between wetland area and level in
Baiyangdian from 1990 to 2017
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i, FECR 2T R K AR 294.8 mm, FTF
VE R F-TREAR S0 B B

9 1990~2017 FE(FEIFE2012F) BFREM 4N RMIER
Table 9 Four landscape indexes of Baiyangdian from 1990 to 2017 (excluding year of 2012)
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1990-09-02 46.87117 77.248 7 1.283 7 91.7200 | 2004-07-06 74.754 7 89.100 7 1.2590 88.790 4
1991-05-16 64.062 2 78.448 1 14145 91.099 9 2005-06-07 77.813 0 73.990 6 1.3010 88.656 2
1992-09-07 70.743 3 84.828 3 1.5233 89.3152 2006-06-26 91.079 1 82.802 0 1.508 6 87.462 4
1993-08-25 91.2393 83.090 3 1.5333 88.172 4 || 2007-05-28 95.363 5 74.585 4 1.3573 88.444 2
1994-09-13 106.007 0 88.613 9 1.552 6 88.017 3 2008-05-30 83.908 7 77.2120 1.578 1 88.2549
1995-09-16 105.803 1 94.640 2 1.528 9 87.988 5 2009-03-14 65.967 6 75.474 9 1.3509 90.849 5
1996-05-13 73.0150 80.238 6 1.366 2 90.3264 | 2010-05-20 56.7159 69.052 3 1.2239 90.792 6
1997-06-01 88.244 6 84.501 6 1.376 4 89.452'1 2011-06-08 84.260 0 76.3179 1.2372 89.046 0
1998-11-11 55.2753 71.169 4 1.128 8 91.9074 | 2013-05-12 51.2612 64.349 7 1.363 4 91.465 8
1999-05-06 62.527 5 84.358 4 1.503 0 90.200 7 2014-05-15 55.740 4 65.272 1 1.540 6 91.756 9
2000-05-24 76.734 2 72.040 8 1.3597 89.5276 | 2015-05-18 46.620 8 69.366 0 1.113 8 91.938 6
2001-05-27 64.970 1 67.007 0 1.3269 89.361 3 2016-05-04 94.967 3 84.314 4 1.4333 89.197 0
2002-03-27 82.776 3 70.3915 1.450 5 89.493 3 2017-04-21 92.6752 93.180 6 14352 88.5550
2003-05-01 64.614 5 73.659 4 1.543 1 89.469 6
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Table 10 Annual precipitations in Shijiazhuang city and amount of ecological

water supplement into Baiyangdian Lake from 1990 to 2017
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19954 687.3 — 2004 4F 5222 15900 20144F 294.8 —
1996 4F 1097.1 — 2005 4 389.5 4200 20154 534.5 4000
19974 328.8 5765 2006 4E 407.8 15672 20164 712.6 7 500
1998 4 374.7 — 2007 4 430.4 — 20174F 558.5 7 600
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Spatial-temporal Variation Characteristics of Baiyangdian from 1990 to 2017

YAN Xin"?, NIU Zhenguo'

(1. State Key Laboratory of Remote Sensing Science, Aerospace Information Research Institute, Chinese Academy of
Sciences, Beijing 100094, P.R.China; 2. School of Electronic, Electrical and Communication Engineering,
University of Chinese Academy of Sciences, Beijing 100049, P.R.China)

Abstract: Baiyangdian is the largest freshwater lake in the North China Plain. Understanding the spatial and
temporal characteristics of Baiyangdian landscape and its relationship with the environment is of great guid-
ing significance for restoring and improving the overall function of the Baiyangdian ecosystem and safely
maintaining the ecological environment of the Xiong” an New Area. After constructing wetland maps of Bai-
yangdian by classifying the annual remote sensing images from 1990 to 2017, the spatial-temporal variation
characteristics of Baiyangdian were studied, and the driving factors were discussed correspondingly. The re-
sults showed that the area of natural wetlands accounted for 33% of the total area of Baiyangdian while the ar-
ea of constructed wetlands accounted for about 20% in 2017. During the period of 1990-2017, natural wet-
lands in Baiyangdian shrank as a whole, in contrast, the area of constructed wetlands and non-wetlands in-
creased. The Baiyangdian landscape was most severely damaged in 1995. The changes of the wetland land-
scape were closely related to precipitation, human development activities and water resources scheduling.
There was no linear correlation between water level of the lake and the indexes of hydrologic connectivity of
the rivers. When the water level of Lake Baiyangdian was kept at 6.22 m, the rivers of Baiyangdian have bet-
ter hydrologic connectivity. Precipitation was the main influence factor of the changes of natural wetlands and

remedial water replenishment measures could only temporarily alleviate the water crisis of Baiyangdian.

Keywords: Baiyangdian; landscape pattern; connectivity; remote sensing; Xiong’ an New Area



