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Spatiotemporal Variation of Surface Water Area in Beijing-Tianjin-Hebei
Region from 2000 to 2021 and Its Influencing Factors
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(1.Beijing-Tianjin-Hebei Ecological Civilization Development Institute ,
Tianjin Normal University, Tianjin 300387, China; 2.Marine Ecological Restoration and
Smart Ocean Engineering Research Center of Hebei Province , Qinhuangdao, Hebei 066000, China)
Abstract: [ Objective] The spatiotemporal trends of surface water areas, evolution of surface water spatial
patterns in typical wetlands, and imaging factors in the cities of the Beijing-Tianjin-Hebei region from 2000
to 2021 were analysed in order to provide scientific references for the protection, rational development, and
utilisation of water resources in the region. [ Methods ] This study utilised the JRC global surface water

dataset to identify surface water variations in Beijing-Tianjin-Hebei region from 2000 to 2021. We examined
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the spatiotemporal trends in surface water and morphological evolution within the Baiyangdian and Qilihai
wetlands using morphological spatial pattern analysis (MSPA). Correlation analyses incorporating climatic
and anthropogenic factors had identified the drivers of these spatiotemporal changes. [ Results] O During
2000—2021, from a temporal perspective, a notable decline occurred in the area of permanent water bodies
across the Beijing-Tianjin-Hebei region, which was contrasted by a consistent increase in seasonal water
bodies. In terms of spatial distribution, the reduction in surface water area was primarily concentrated in the
metropolitan areas of Beijing, Tianjin, and Langfang City. Conversely, cities along the South-North Water
Diversion central route, such as Handan, Xingtai, and Shijiazhuang City, experienced an increasing trend in
surface water area, indicating a directional shift towards increased water resource availability. @ The surface
water area of the core wetland of Baiyangdian gradually decreased from 2000 to 2005 and began to gradually
increase after 2005. The core wetland area of Qilihai gradually decreased from 2000 to 2010 and gradually
increased after 2010. ® The maximum water body area in the southern cities of Beijing-Tianjin-Hebei was
positively correlated with precipitation, whereas the eastern coastal cities were negatively correlated. This
indicated an imbalance between human activities and natural recharge. A significant positive correlation was
observed between water consumption and maximum surface water area in Beijing, Chengde, and Tangshan
City, indicating a greater influence of cross-basin water transfer and ecological recharge. In contrast,
Qinhuangdao and Tianjin City showed highly significant negative correlations, indicating that the over-
exploitation of groundwater had a negative impact on surface water resources. [ Conclusion ] Changes in
surface water area are significantly affected by climate and human activities. In the future, the Beijing-
Tianjin-Hebei region should effectively protect surface water resources through inter-basin water transfers,
water conservation campaigns, ecological restoration, and reduction of groundwater extraction to cope with
the impacts of climate and human activities.

Keywords: Beijing-Tianjin-Hebei region; surface water area; wetlands; spatiotemporal variation; influencing factors
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Table 1 Landscape types and ecological implications of morphological spatiapattern analysis (MSPA)
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Fig.1 Surface water area dynamics in Beijing-Tianjin-
Hebei region from 2000 to 2021
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Table 2 Seasonal and permanent water bodies area and proportion in Beijing-Tianjin-Hebei region from 2000 to 2021

P ZT PRk A K AMEAK AR
g i A/ km? R LA/ %% T AL/ % 11 FR /km? A LA/ %% T BUE L2/ %

2000 4F 3 462.77 23.38 — 11 346.92 76.62 —

2001 4F 3 530.81 22.91 1.97 11 881.75 77.09 4.71
2002 4 3 131.52 20.95 —11.32 11 819.34 79.05 —0.53
2003 4 3 452.35 21.30 10.26 12 756.14 78.70 7.90
2004 4F 3 164.55 19.68 —8.34 12 917.92 80.32 1.20
2005 4F 3 473.17 21.88 9.74 12 399.41 78.12 —3.92
2006 4 3 372.01 21.49 —2.89 12 320.95 78.51 —0.64
2007 4F 3 669.23 24.05 8.80 11 587.66 75.95 —5.93
2008 4 3 765.50 24.09 2.62 11 868.02 75.91 3.04
2009 4 3 057.92 21.65 —18.81 11 066.88 78.35 —6.78
2010 4F 2932.12 20.38 —4.11 11 455.97 79.62 3.48
2011 4F 3292.42 22.39 12.28 11 411.67 77.61 —0.38
2012 4 3 757.81 29.32 14.14 9 060.29 70.68 —20.7
2013 4 3 501.68 27.90 —6.80 9 046.92 72.10 —0.15
2014 4 3 513.79 27.56 0.35 9 237.51 72.44 2.14
2015 4 3 558.09 30.04 1.26 8 284.85 69.96 —10.34
2016 4 4122.33 31.37 15.86 9 018.44 68.63 8.91
2017 4F 3 943.71 31.64 —4.34 8 522.17 68.36 —5.62
2018 4F 3 237.02 30.24 —17.95 7 465.73 69.76 —12.33
2019 4 3 648.93 33.45 12.72 7 259.55 66.55 —2.76
2020 4 3 201.04 27.20 —12.27 8 568.22 72.80 17.96
2021 4F 3 634.07 28.96 13.55 8 915.99 71.04 4.26
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Fig.2 Proportion of seasonal and permanent water bodies in Beijing-Tianjin-Hebei region from 2000 to 2021

2.2 HFRAKZTETH

PR 5 A5 3T AE AS [ R [R) B b 3 K AR Ak
WA, B 5T HE#E 2000—2005, 2005—2010,
2010-—2015,2015—2021 4F 4 /> i Bt (9 3 7K 11 R
SIS EE T AR B A5 B bR o 25 W R L T R B AR O
Horpr FO AL E R T O R M R K B A AR b Y
R DB T 7 25 9 R D) R s T X AR Ak 7R A (] L
BB EUREFE . W 3—4 Fi s, 2000—2010 45 Asf [a] Bt
PN TAD AR Bl 25 B BT o 01 R R R R S B . I >
s S B UR (4 B, 3 B B A R W 3 IR Y X B A
Wikh £, 1M 2010—2021 AE I [A] B P T AR B 2 B E
TR RE R AR IR - WA <3 hn , 52 S0 o oy L SR
BN FE 0 BN X BOR T £, N3k 3 R, b
FEOK RSN A B O S R A L 0 D5
T VG R &2 20 e 7 3 R b5 1 A I B P 1) AR B A% 2 JER
Dith 5 &M 20 e m b B B R E T R X, it
W15 28 (3 3) 43 B b7, W0 R B B v I T AR K
B IS 4 /)N » 22 B S JR) o3 Al S o B0 A, Rl
20002005 4EfY 143.03 km B4 & 20152021 4E Y

149.83 km, K2F4lH1 198.95 km 45 & 188.74 km, 3
HH b 3 K 2h 25 BE D e AR AL — P R O ) SR S
FEPGAL—REE i R Y KSR, Hk, sh A E
B TR AR T R b at R R B A X B i R 5
RN FRIZE 55 i DR s KA AT & Xt R B DL T
FEL R A0 A 4 A S BR B, 1T 2 K W U R )
M K T A BN A I I O SRR L O
PN E N i o P T 2 2 i = s M ) e | 2
i 2R X 5 Kk i Bag AL e 1) S R A R N T AT
Ferliih it . SR S50 GGR 3) b o 1 13 1w AL
D e O, R S ] b e AL R 4. Ak
2000—2005 4F %) 133.86 km I /> & 2015—2021 4E 1)
131.07 km, K F 4l 1 186.66 km 4 /i % 237.25 km.,
F WM R OK 2 A B B I AE AR AL — VU R Oy R YRS
FOEVTA R BRI S A 2015 e .M
ARG T AR AR | Hp 4 el 523 7K, 96 Y07 % BT i K &R AR
B APEAEZ I, O, & TR 5
HEEE M X AR PG 7 1) B 3R, An R R T T
T A7 5% T 5 9k T b 3 /K T AR 3 25 B A I



314 7K R E IR

a 2000—2005% b 2005—20104 ¢ 2010—2015% d 2015—20214

100

MRKERENSE

[ -20~-10(% 35 P& %)
[ -10~0Ck & 3 PEA%)

I 0~50(k & 3 39 /i)
B 50~100(%. 3 54 /)

© T AR 3 2 BE I N E O
A TR 2 B E L

B3 REEMRKERNSETEEL

Fig.3 Dynamic and spatial changes of surface water area in Beijing-Tianjin-Hebei region
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Table 3 Center of gravity, standard deviation ellipse parameters

5 Ak A Bt LNy EOLE AR /km KRB/ km ke % £y A /km® i 2
2000—2005 £ 116°25'23" 39°12'23" 143.03 198.95 23.78° 89 391.25 0.28

. 2005—2010 4 116°35'19" 39°16'15" 142.43 213.77 34.5° 95 645.45 0.33
- 2010—2015 4 116°32'08" 39°08'16" 164.5 201.52 17.58° 104 138.42 0.18
2015—2021 4 116°47'48" 39°24'54" 149.83 188.74 30.79° 88 834.24 0.21
2000—2005 4 116°51'42" 39°08'20" 133.86 186.66 29.63° 78 495.53 0.28

i 2005—2010 4 116°39'24" 39°15'36" 148.87 196.3 12.46° 91 800.24 0.24
2010—2015 4 116°39'48" 39°21'38" 134.03 195.97 39.85° 82 510.04 0.32
2015—2021 4 116°14'10" 38°50'49" 131.07 237.25 33.25° 97 680.13 0.45
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Fig.5 Distribution of surface water types in Baiyangdian from 2000 to 2021
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Fig.6 Distribution of surface water types in Qilihai from 2000 to 2021
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Table 4 Surface water area of Baiyangdian and Qilihai wetland from 2000 to 2021 km*

) 2000 4F 2005 4F 2010 4¢ 2015 4F 2021 4F
HEE LR FEE . LR FEE LR HiEE LR HEE LR
[N 49.23 18.72 38.94 10.88 46.66 6.81 79.22 14.18 90.51 11.36
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Table 5 Correlation classification of surface water with

precipitation and water use

Rl 4 Hfl s
Slope<<(0, p=<<0.01 D ETE Vi BS
Slope<<0, 0.01<Cp<<0.05 iV P
Slope<<0, p>>0.05 7R A 2 1 AH O
Slope>>0, p=>>0.05 EITE AR EFS
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Fig.7 Linear regression trends of maximum water body,

precipitation and water consumption
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