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Evaluation of a Range of Evaporation Models

GAO Yaqi"?, WANG Yongwei" >, HU Cheng', WANG Wei', and LIU Shoudong'

1 Yale-NUIST Center on Atmospheric Environment, Nanjing University of Information Science and Technology, Nanjing 210044

2 School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044

3 State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy
of Sciences, Beijing 100029

Abstract Evaporation is an important component of the distribution of energy and the hydrological cycle on the global
scale, and is also an indicator of climatic, environmental, and ecosystem changes. In this paper, eddy covariance data from
Dapukou station in 2012 are used to analyze the seasonal and diurnal variation of evaporation across Lake Taihu. In
addition, 11 evaporation models are also evaluated. The results show that the total evaporation from Lake Taihu in 2012
was 1066.2 mm. The latent heat flux was the dominant term of the net radiation energy, which occupied about 91.9% in
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2012. The water body stores heat in the period from February to July, after which the net radiation increases to a

maximum in July, and evaporation also reaches a maximum. Thereafter, net radiation reduces to a minimum in December,

stored heat is released, and evaporation reaches a minimum in February. Comparing 11 evaporation models with the eddy

covariance data to evaluate their performance with respect to the evaporation from Lake Taihu, we discuss the total annual

evaporation and evaporation variation. The Bowen ratio energy budget model shows the best performance, because the

correlation coefficient between the simulation value and the observation is 0.99, and the centered-mean-square error is

4.50 mm month .

Keywords Lake Taihu, Eddy covariance method, Evaporation, Model evaluation
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Fig. 1 (a) The location of Dapukou station in Lake Taihu and (b) a photograph of its equipment
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Table 2 Annual means of energy fluxes and total evaporation of inland open water using eddy covariance
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Fig. 3 Average diurnal variation of radiation flux and turbulent fluxes in Lake Taihu in various seasons of 2012: (a) January; (b) April; (c) July; (d) October
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Fig. 4 Average diurnal variation of (a) vapor pressure difference between the water surface and the overlying air and (b) temperature difference between the

water surface and the overlying air, in various seasons of 2012 in Lake Taihu
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* A
8 A (Abtew) BT £=0535% x8.64x10* Xu and Singh (2000)
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Table 4
methods, along with their respective statistical characteristics
M T IR R 2/

BRGNS EZREmm HIXMHRZE HI2CRE mm month™

Evaporation capacity calculated by 11 different

1 997.1 —6.5% 0.99 6.56
2 797.1 —252% 0.99 5.05
3 974.1 —8.6% 0.99 4.50
4 570.3 —46.5% 0.93 25.35
5 1034.4 -2.9% 0.93 19.49
6 891.7 -16.3% 0.93 17.16
7 992.0 —6.9% 0.95 20.54
8 944.6 —11.4% 0.87 27.41
9 1139.9 6.9% 0.97 9.88
10 1407.1 31.9% 0.98 17.74
11 1783.4 67.2% 0.98 35.72

T AR AU 25 A B F AR A 34 ) W) & R R Al T
DL o AH O SRR o 7 ik 22 (RMSE) 2k
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Kl B 6D HEY U1 SR 5 0 P AH DA I AH O R EUR
fr, A E]0.93 LA L, W] LUA H B HSRE S N 1 2%
RINZETARA B 7 g5t T 11 M H 28 0k S
5 iR EAH O 221
ZRAAR I 21 vh ik SC L Rl A A AR TR R
R —ZR BT BT v 5510 & H 258 R S s AH TR
J5E A DG ARG o I 3C L B8 1 1 1 A 2R U B R 22 R
/N, #E-14.3~-0.3 mm month ', i B T4 FI—
TR 255K, #E-31.5~—12.8 mm month ',
e LT AR R — 2R AR 2R b v AR OIS W R R OK
X, MBS EERORE, KIS SIS . XX
WL X 28R A —AMIRAL, AR 5 i BEAH O EE 1)
MR RHOES] 0.99, Hh oI iR ZA(E 5.05 mm
month ", 5 B LT FI—28 SRR 5 303 AR 5 7
RS R AR E S — B, Kb R 2L
SNy SRR RN Py g RS SN 5§ o LD R R
o POC L RE - A A OC R BOE F1 0.99 HIY
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Fig. 6  Taylor diagram showing the relative performance of 11
evaporation models compared to eddy covariance observations on monthly
evaporation capacity (marked as EC). The centered-mean-square erro and
standard deviation are indicated by green and gray arcs, respectively; the
blue contours indicate the correlation coefficients. The 11 evaporation
models are assigned by numbers, dots represent the combination group;
squares represent the solar radiation—temperature group; triangles represent

the Dalton group
eV )
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(20000 FHIX PR RS 145 5 -1 JE 7K S i ML X 28
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fili, BZERAN . T LUK 3 R B 3 7 AR R ZE R (GR
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Fig. 7 Differences in monthly evaporation capacity between the eddy covariance observations and 11 model estimations
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