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XU Rongzhen, WANG Xi, LIU Yun
(Center for Hydrogeology and Environmental Geology Survey, CGS, Baoding, Hebei 071051, China)

Abstract: The Baiyangdian Lake is located in Xiongan New Area, which has a fragile ecological environment and
a shortage of water resources. Lake evaporation is one of the main discharge of the Baiyangdian Lake, and
research on lake evaporation is of important practical significance and scientific value for understanding lake water
circulation and evaluating ecological water demand and for recovery of lake ecological function. However, the
actual observed data on evaporation in the Baiyangdian Lake is limited, so it is usually estimated by converting the
data of nearby land observation stations or empirical models, which cannot accurately estimate the lake
evaporation because of large calculation error. In this work, in-situ experiments were carried out in the
Baiyangdian Lake. This study established an E601 evaporation station and a 20 m’ evaporation pool to observe the

lake evaporation at the center of the Baiyangdian Lake, and an automatic weather station was established
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simultaneously to get meteorological data. The correlation between evaporation by E601 evaporation station and
meteorological factors is analyzed by methods of correlation analysis and multiple linear regression model. The
evaporation of the E601 evaporation station is compared with the data of the 20 m* evaporation pool and the
simulated evaporation. The results indicate that in the Baiyangdian Lake in summer, the diurnal variation of lake
evaporation is intense, ranging from 0.4 mm/d to 6.6 mm/d, and the maximum evaporation occurs in June, but
decreases with the increasing rainfall from July to August. Evaporation of lake water is more affected by radiation
and humidity. The evaporation of 20 m* evaporation pool is taken as the evaporation of lake water. The observed
evaporation of E601 evaporation station is higher than the actual evaporation of Baiyangdian Lake, which can be
used to estimate lake evaporation more accurately by local evaporation conversion coefficient. In this experiment,
the evaporation conversion coefficient between the 20 m* evaporation pool and the E601 evaporation station is
about 0.98, which is slightly greater than the previous studies. The results of this study provides a basic basis for
the calculation of water surface evaporation in the Baiyangdian area.

Keywords: lake evaporation; in-situ test; E601 evaporation station; 20 m* evaporation pool; Baiyangdian
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Fig. 1 Location of the in-situ test of evaporation in the

Baiyangdian Lake
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Fig. 2 In-situ test site of the Baiyangdian Lake
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Table 1 Main parameter index of the weather station and
E601 evaporation station
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K/ (m-s™) 0~70 0.1 +(0.34+0.037)
N ] 0~ 360 1 +3
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Fig.4 Average evaporation and precipitation at a ten-day’s scale
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FUBE 178 & i 55 WU DG M55, A 1 A58 ] B2
F IR H P35 %K 28 R 05 R Ak i s
4.2 AN[FJ5 LR R X BT
4.2.1 520 m’ 78 k7% K AT

W F10E V€ 190 JE A K 55 3% E601 2K & il Fl 20 m?
R M K BT X . WL Y E601 2% & v A H
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TAK T 28 i 40T, 8 IR RO TR 78 24 D0 62 3891 2%
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Fig. 6 Dynamic variation of evaporation between in the
E601 evaporation station and 20 m’ evaporation pool

&R 2 E601 EFRIA20m BRMHRRERGIT
Table 2 Evaporation of the E601 evaporation station and 20 m’
evaporation pool

82 d MIMAdE B ARE/mm  HPHEEAE/(mm-d!)  IWERK
E6017% K i 266.7 3.25 0.98
20 m*ZE At 260.2 3.17 '

WFoE F£ M, A — M 25 E601 78 & v 28 & & It
20 m® 75 & K TH 78 2 S R, X AT il A R Y 20 m?
F8 2 M K T 78 2 i B AX R K T S B 28 K 1 R,
kA AR AR 20 m? KK K 7E & mn] IRk
FARAR B 25 % B, I BRI 20 m? 7% 42 3t 030 % ) mT
HTESEITAENNZERRE., 20mEZLWEREYS
E601 7% & i 75 & 5 47 3 7 BUHE 4% b XA [] 28 40 B
RN—,

WFoE R W], 2= HVEVEWIIN E601 ZZ R uhiZE ki 5
WA K T 28 2 9T R 5020 0.98. AR Fi AT 4EdL
HiIX E601 75 & ul AE 47 38 R ECH 0.937), K478 R EUHE
AN ) s XA R 24T R[] B4 0, BRI 2 B I
FEm K, A At B TR A s Bos 6—9 A B4
BRECN 0.96° AT A6 T 7K B R S 56 sk (M 7K S 5
3 )25 a (1986—2010 4 ) 1% 7K a1 78 % LI 45 48 & 7
6—9 H 20 m* 7% & 1 5 E601 78 K vl H W78 RITE &

Hh 095, HAE HE BTG A SV AL 75 1 22 B
SHE DL 20 m? 78 A Sy K T 78 R A I s ] B
HE, "SRRI AN A R E. A%ERE
FH 20 m? K 1H 25 it AR TR K I 28 R A2 78 R 5
90 VT HE 5 ) P, AR R 9 AE I P ST R AL U 5
T T 3K — 5 PR, A5 HRA) 7% 2 LN 50 B 423 S
PRifi. Akas R 5 Ao —2k, 45 1 7m0
R, AR YCAE PR VE W0 T R SR AL B, BT AR E)
18 28 AT 53 22 BIOW TH B 1 U W0 K T 78 R e R A
FCIEE =23 TR
4.2.2  H5B{EMART AR L BT

K 1 GSFLOW 57 [ ¥ V€ TE X 5% W] 320 b X b 3%
IK—Hb T K HE A BB, phy A5 780 48 O I 30 P 3 X
H 2% & 8, S0 WoR: Bk 67 A H 28 kB
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Fig. 7 Dynamic variation in the observed and
simulated evaporation
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(4) 72 L0 51 P 3 DE TR 00 I 2% it 5 (B A
PME AR BN, T BUE B UE 5 8 A TE
X B ZE T, 78 R T R T S .

32 BR AR 1 [X 4 8 45 vk JC 78 I B dk , oK I JRe i)
THAFEZE K BT IT, J5 S T AR 2235 ZE 47 W I A0 2% 4 B
o o R A5 ) S R, AR A BT 28 & e R T
AR AR AR L S R R, AR IOA [A] 2= 45/ 5 4 1 E
P 1= N G B e 2R b N R I RE R ek MIE N L)
Z& 2 i, IO ) I ST R Bk A% I 1 FE AR A0 28 10U
Ik I J SR R B

S E L ( References ) :

C1] 9hER, 2 RZE, 2% REKIMERTR SR
(0] 7K B8 U8 5 K T A% % 4, 2009, 20(4): 17 — 22.
[ SUN Xiali, FEI Liangjun, LI Xuejun. Research and
development of water surface evaporation in ChinalJ].
Journal of Water Resources and Water Engineering, 2009,

20(4): 17 — 22. (in Chinese with English abstract) ]
2] BE&ME, 50, EICR, & A% R AT UK TH %8 &
RRAE K 5% 00 B3R 53 A (0], K SCHb R T A b T, 2021,
48(3): 31 — 37. [ HUANG linting, LI Zongze, WANG
Wenke, et al. Characteristics of evaporation and its effect

factors in the Golmud River catchment[J]. Hydrogeology

[3]

(4]

[5]

[6]

[7]

[9]

[10]

[11]

& Engineering Geology, 2021, 48(3): 31 — 37. (in
Chinese with English abstract) ]

MA Ning, SZILAGYT J, NIU Guoyue, et al. Evaporation
variability of Nam Co Lake in the Tibetan Plateau and its
role in recent rapid lake expansion[J]. Journal of
Hydrology, 2016, 537: 27 — 35.

SHAO Changliang, CHEN Jiquan, CHU Housen, et al.
Intra-annual and interannual dynamics of evaporation over
Western Lake Erie[J]. Earth and Space Science, 2020,
7(11).

R, BEE, X038 R b E K IR ZE R i 0 kR A7 R
AR SCHOR R R (1], KRR B, 2011, 19(3):
9 — 11. [ WANG Jigiang, LU Xu, LIU Xunmin.
Development history of surface evaporator in China and
discussion on related technical problems[J]. Technical
Supervision in Water Resources, 2011, 19(3): 9 —11. ( in
Chinese. ]

MASONER J R, STANNARD D I, CHRISTENSON S C.
Differences in evaporation between a floating pan and
class a pan on land[J]. Journal of the American Water
Resources Association, 2008, 44(3): 552 — 561.

Rifi5€ 32, J& A W, ) B . 7 90 LI 28 A S T
12 B9 OB 5 — A AR D ) (00, ok £, 2017,
39(2): 281 — 291. [ LU Meimei, ZHOU Shigiao, HE
Xia. A comparison of the formulas for estimation of the
lake evaporation on the Tibetan Plateau: Taking Lake Nam
Co as an example[J]. Journal of Glaciology and
Geocryology, 2017, 39(2): 281 — 291. (in Chinese with
English abstract) ]

WANG Wei, XIAO Wei, CAO Chang, et al. Temporal
and spatial variations in radiation and energy balance
across a large freshwater lake in Chinal[J]. Journal of
Hydrology, 2014, 511: 811 — 824.

TG, 2 TR, BRI BR, 45, KT Z6 & A I 3 R 00T
7% [J]. PRl 1986, 6(4): 305—313. [ SHI Chengxi,
NIU Keyuan, CHEN Tianzhu, et al. The study of pan
coefficients of evaporation pans of water[J]. Scientia
Geogrophica Sinica, 1986, 6(4): 305 — 313. (in Chinese
with English abstract) |

S, EIRTE, WIBEAR, A P ARV B K T
HERGABERMNIEXR [I). TEXATI, 2018,
35(5): 1012 — 1020. [ HAN Pengfei, WANG Xusheng,
HU Xiaonong, et al. Dynamic relationship between
evaporation and meteorological factors in lakes in the
BadainJaran Desert[J]. Arid Zone Research, 2018,
35(5): 1012 — 1020. (in Chinese with English
abstract) |

VP3O, EBeH, iR, 5. SRR Z 0 R iin 28 & TR


https://doi.org/10.1016/j.jhydrol.2016.03.030
https://doi.org/10.1016/j.jhydrol.2016.03.030
https://doi.org/10.1111/j.1752-1688.2008.00181.x
https://doi.org/10.1111/j.1752-1688.2008.00181.x
https://doi.org/10.1016/j.jhydrol.2014.02.012
https://doi.org/10.1016/j.jhydrol.2014.02.012

- 212 -

7K SCHb BT TR b S

5% 6 4

[12]

[13]

[14]

[15]

[16]

[17]

[18]

PRI BFFT (3], K SCHh BT TR LT, 2019, 46(5): 16 —
23. [ XU Wenhao, WANG Xiaoyong, ZHANG Jun, et al.
Research on in-situ test of lake evaporation in the Ordos
Plateau[J]. Hydrogeology & Engineering Geology, 2019,
46(5): 16 — 23. (in Chinese with English abstract) ]

LR, TR, AR IR L, 45 FEE R R K R S A TR
AL R FRAE e AR R B S 0], A 5E R 2, 2022, 43(4):

1920 — 1929. [ WANG Yushan, YIN Dechao, QI
Xiaofan, et al. Hydrogen and oxygen isotopic
characteristics of different water and ilndicative

significance in Baiyangdian Lake[J]. Environmental
Science, 2022, 43(4): 1920 — 1929. (in Chinese with
English abstract) ]

FEBEME . H PR RSB PRy L Bk IND
W A 4R IR R, 2021, 6, 14(7). [ Wang Xiaoyan.
Baiyangdian Lake: “Pearl of North China” in ecological
restoration[N]. China Natural Resources News, 2021, 6,
14(7). (in Chinese) ]

FHERR, NV, EWLL, 3T 60 4520 1 UE i i
T A2 It v 7 R 0 b A 2w 1 (0], VA R 27, 2022,
34(6): 2122 — 2133. [ YIN Dechao, WANG Xuging,
WANG Yushan, et al. Runoff evolution and wetland
ecological response in Lake Baiyangdian Basin in recent
60 years[J]. Journal of Lake Sciences, 2022, 34(6):
2122 —2133. (in Chinese with English abstract) ]

HU Litang, HUANG Weidong .

Development of a river-groundwater interaction model and

XU Zongxue ,

its application to a catchment in Northwestern China[J].
Journal of Hydrology, 2016, 543: 483 — 500.

WU Bin, ZHENG Yi, WU Xin, et al. Optimizing water
resources management in large river basins with integrated
surface water-groundwater modeling: A surrogate-based
approach[J]. Water Resources Research, 2015, 51(4):
2153 —2173.

ARIGE P, 2SO, R PR RE, 45 SRR S8 b i 4
FOKE T AREARHLHIBESE (1], K SCH BT TR b o,
2022, 49(3): 29 — 43. [ QI Xiaofan, LI Wenpeng, CUI
Huqun, et al. Study on the conversion mechanism of
surface water and groundwater in the middle reaches of the
Heihe River Basin[J]. Hydrogeology & Engineering
Geology, 2022, 49(3): 29 — 43. (in Chinese with English
abstract) ]

ZEEGE, DURE - BTA 48, R, 55, w0 /R S A S WL
il K T 28 R A R 2R BT (T0. B SR ER B AR 47, 2016,
38(4): 1 — 5. [LI Huijing, ARHATI -
CHENG Yan, et al. Research on factors affecting water

Jaerheng,

surface  evaporation in Junggar ecological and

environmental observation station[J]. Environmental

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Protection of Xinjiang, 2016, 38(4): 1 — 5. (in Chinese
with English abstract) ]
BT, X8, L4, . KRR B & L& 3R B A
TN K TH 25 2 W E B s e L. E IR HE K 24, 2019,
39(9): 108 — 115. [ ZHAO Changlong, LIU Yi, WANG
Jintao, et al. Pan materials and the working environment
affect water evaporation measurements[J]. Journal of
Irrigation and Drainage, 2020, 39(9): 108 — 115. (in
Chinese with English abstract ). ]
ERRAS, 2t EALRI, 45 AR ZR oK w26 Ak 5 2
KLZE K A D) WA R, 2015, 27(2): 343 —
351. [ ZHAO Xiaosong, LI Mei, WANG Shigang, et al.
Comparison of actual water evaporation and pan
evaporation in summer over the Lake Poyang, China[J].
Journal of Lake Sciences, 2015, 27(2): 343 — 351. (in
Chinese with English abstract) |
KA. B K ZE LR TS (7). NIRRT,
1999, 30(3): 6 — 8. [ ZHANG Youzhi. Survey of
experimental study on water surface evaporation in
China[J]. Yangtze River, 1999, 30(3): 6 — 8. (in Chinese
with English abstract) ]
HIZE, A, RARAR, 45, 3 BRI It 3l K T 28
Yo 2B L], P EVP I, 2005, 25(5): 649 — 651.
[ HU Shunjun, TIAN Changyan, SONG Yudong, et al.
Conversion coefficient of water surface evaporation in
Tarim River Basin[J]. Journal of Desert Research, 2005,
25(5): 649 — 651. (in Chinese with English abstract) ]
FAKEE, B, Tt WA TR IX 20 m® K TE 25 K
M55 ) 85 2% A 3 B R RO B 0] k3 2012,
32(4): 58 — 62. [ WANG Yongliang, ZHANG Xuezhi,
QIAO Guangjian. Conversion coefficient analysis of 20m’
evaporation pond and other evaporators for Hebei
Plain[J]. Journal of China Hydrology, 2012, 32(4): 58 —
62. (in Chinese with English abstract) ]
FERR. LT R K KT ZE K A — 5 5
Mo/ m e (0] B IR AR, 1997, 19(2): 50 - 53.
[ WANG Jigiang. On the estimation of water evaporation
of upstream reservoir : For discussing with Mr. Wu
Shenyan[J]. Environmental Protection of Xinjiang, 1997,
19(2): 50 — 53. (in Chinese ) |
F B, EOCRE, RS FEUR KR A IS I E 7
B ITHERE [T]. 2K SCH T TR M T, 2021, 48(3): 1 -
9. [ WANG Zhoufeng, WANG Wenke, LI Junting. A
review of the advances in water source composition and
observation ~ methods of  evapotranspiration[J].
Hydrogeology & Engineering Geology, 2021, 48(3): 1 —
9. (in Chinese with English abstract) ]

HwWE: R R


https://doi.org/10.13227/j.hjkx.202108202
https://doi.org/10.13227/j.hjkx.202108202
https://doi.org/10.13227/j.hjkx.202108202
https://doi.org/10.18307/2022.0624
https://doi.org/10.18307/2022.0624
https://doi.org/10.1016/j.jhydrol.2016.10.028
https://doi.org/10.1002/2014WR016653
https://doi.org/10.16030/j.cnki.issn.1000-3665.202202003
https://doi.org/10.16030/j.cnki.issn.1000-3665.202202003
https://doi.org/10.16030/j.cnki.issn.1000-3665.202202003
https://doi.org/10.18307/2015.0220
https://doi.org/10.18307/2015.0220

	1 研究区概况
	2 材料与方法
	2.1 试验方法
	2.1.1 试验方案
	2.1.2 数据获取

	2.2 多元线性回归分析
	2.3 纳什效率系数
	2.4 数值模拟

	3 结果
	4 讨论
	4.1 日蒸发量影响因素
	4.1.1 日蒸发量与气象因素相关分析
	4.1.2 多元线性回归模型
	4.1.3 蒸发量与气象因素相关性

	4.2 不同方法蒸发量对比分析
	4.2.1 与20 m2蒸发池蒸发量对比
	4.2.2 与数值模型计算蒸发量对比


	5 结论及建议
	参考文献

