J. Lake Sci.(#ia#5),2017,29(6); 1538-1550
DOIT 10. 18307/2017. 0626
© 2017 by Journal of Lake Sciences

K /NEt REKEZAEZFFER 3 MEBIRIR XL

EAAE AT AAERD? IR BRT?, EER EAR & AT A A
IR WRBLF? BEATAL

(1 BB K — 5013 B TR K SCRBE s B BT 210044)

(2 FRE B TR REN R0, B 5t 210044)

(3RO B TR KRR B, M5 210044)

OE N REEKIIZE & ]S K I RS FZ R A Ty S5, 3 e N RUBE K I 26 R B R R e R UE
AR L ARAE (1928 A5 AT B B i R AR TR M 25 RO B e . 36 Rl sl XU s o 2012 — 2013 43 it 4 A
GINBE | 43 B A /NI ROEE 7K I 78 & S BRI D - A 3 AN (4% G R AL B RY | Granger and Hedstrom 2556455
%] DYRESM #5270 ) ARSI . 25 5 3R A0 . S ma A /NI RUBE K TR 28 & 1 8 28 B SR K SO0 TR K VR 25 FUX T Y Tl
MR, S AR  Granger and Hedstrom Z2 %) DYRESM 4RI AS DL (E 5 42 4F 52 I {8 19 — vk 2= $is3 1
40.92.,0.87 1 0.89, ¥ HRIRZE ST HI N 28.35 .41.58 1 38.26 W/m?. 1550 5t A& fy S Bt} A /N ROBE /K T 2% & 114 B 74
AL ANZS BhAS B B AR, AR BB AR 22 /N T 3% , BBk Zdbh, Hofh 215 BRI 4o X iR 25 5/ T 4 W/m?. Granger
and Hedstrom 28 K45 51 22 45 P b e A T80 P0G | 78 KSR E IO AR5 (il 22~ 32 W/m? ) A& 2 (|l 72% ) il
ek B G SRR Je 22 . DYRESM AR AU, 28 50 1l e il ATV A0 ek, AEHLLAR Js v 5 TR R3S ke 2 i XU 1 728 A b
TR AT BT k38 A5 40 o B AL S A LR DY RESM A5 5 X6 AT /N IR 7K T 2% 5 (R AE4BLRS

SRR KW VERGE B KR 28 R AL s /NI RUBE 5 A5 48 B B AL 4 AR Y ; Granger and Hedstrom 225057 ; DYRESM #8571

Characteristics of modelling hourly water surface evaporation in Lake Taihu and compari-
son of simulation results by three models

WANG Dandan'?, WANG Wei'?, LIU Shoudong'’, QIU Xinfa’, MU Junyu’, MO Huayang’, CUI

Congxin®, TAO Panhong”, QUE Yujie’, YU Le’, CHEN Hongyu® & XUE Shuhang’

(1; Yale-NUIST Center on Atmospheric Environment, Nanjing University of Information Science and Technology, Nanjing
210044, P.R.China)

(2: College of Applied Meteorology , Nanjing University of Information Science and Technology, Nanjing 210044, P.R.China)

(3: College of Atmospheric Science, Nanjing University of Information Science and Technology, Nanjing 210044, P.R.China)

Abstract. Water surface evaporation on hourly timescale can affect the thermal and dynamic structure of the aloft atmospheric
boundary layers. Understanding the main drivers of hourly evaporation and accurate evaporation model can improve weather forecast
and air quality prediction in catchment. Based on half-hour flux, radiation and micrometeorological observations at the Bifenggang
site in Lake Taihu in 2012 and 2013, the main drivers of Lake Taihu hourly evaporation were investigated. Then the performance of
three models ( traditional mass transfer model, Granger and Hedstrom model and DYRESM model) was evaluated against latent
heat flux measured by eddy covariance. The results showed that the main driver for Taihu hourly evaporation was the product of the

water vapor pressure difference at water-atmosphere interface and wind speed, rather than the expected net radiation. The Willmott
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index of agreement between simulated values and measured values were 0.92, 0.87, 0.89 for traditional mass transfer model ,
Granger and Hedstrom model and DYRESM model, respectively, with the corresponding root mean square error of 28.35 W/m?,
38.26 W/m? and 41.58 W/m?. The traditional mass transfer model showed the best performance on the diurnal time scale, espe-
cially at night when the simulation relative error was less than 3%. Except autumn, the absolute errors of traditional mass transfer
model were less than 4 W/m?. Granger and Hedstrom model performed worst and systematically overestimated the latent heat flux at
Lake Taihu, particularly in the afternoon (overestimate of 22-32 W/m?) and winter ( overestimate of 72% ) when the atmospheric
boundary layer was stable. Although with overestimation, DYRESM model still performed considerably better than Granger and
Hedstrom model and ranked middle. The parameterization of transfer coefficient for water vapor with wind speed can improve the
hourly evaporation simulation at Lake Taihu by traditional mass transfer model and DYRESM model.

Keywords; Lake Taihu;latent heat flux; modelling water surface evaporation; hourly time scale; traditional mass transfer model ;

Granger and Hedstrom model; DYRESM model
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Fig.1 Map showing a lake flux site in Lake Taihu ( Bifenggang station) and

Dongshan land meteorology station; The instrument platform photo of the Bifenggang station is also shown
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Tab.1 The correlation coefficients between latent heat flux and

environmental factors on the half-hour scale at the BFG station in Lake Taihu

Fisf ] .

LE~u LE~AT LE~ Ae LE~uAT LE ~ule LE~R,
SAF 0.52 0.05 0.64 0.18 0.85 0.30
H 0.54 0.13 0.55 0.30 0.85 0.12
S 0.48 -0.04 0.54 0.03 0.78 0.38
e 0.57 0.05 0.60 0.19 0.88 0.31
X7 0.63 0.57 0.62 0.76 0.87 0.07

* REATDCR B i3 T 0.05 (1 i HER .
400 — . H T LE 5 ule SIFFAEMIIR 2 , BOAR SCR LA
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250l y=1.94(+0.01)x-5.48(£0.57) ,FIFXEE R 135 0.85,
Z ool B wAe XF LE AL R RER B 72% . L5405 1 Rl
= 2 AT 550 /N B R K T 2 R B 1 P R
g P ule T FALFRES T 10 kAL & E I BAFLE 2 5, &
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05T 30 S0 7 S0 o oo ma o ate e BEL AL (61,37 Won) A L
uhe/(hPa-m/s) (47.57 W/m®) Bl T IS5 R (¥91EN 60.49 W/m?*,

WL B0 h 46.52 W/m’ ), Granger and Hedstrom Al
DYRESM #EEME A HI(E 53514 84.28 1 79.83 W/m’,
FRAE IR 68.56 F1 61.58 W/m® 4w TaCil 45 5%, H.
between latent heat flux measured by eddy Lk Granger and Hedstrom B0y 3. ZLAEIIRIMT A,
covariance and the product of wind speed and the e e BB LE 5 EC LE [ M5 R4
vapor pressure difference at water-air interface 7 0.90, KB IZAALE AL R MK T 28 K &%
Granger and Hedstrom A1 DYRESM BEF AL (H 15 S {E

AR U5 5 R 3 1.15 117, R BTIX 2 SIS R e e o A A /N RUBEZK T 2% %
ARSI C R BU(R) TR (RMSE )\ Willmott — £ R AL (1) | Nash-Sutcliffe 25 (NSE) -
W2 (MBE) SFIYEXR 2 (MABE) R FRYEE-BI48 X5 77 73 LR 22 (SMAPE) (AL 2) REEG VN 3 Fh
RN AT /NI RUBE 7K TG 26 ¢ B AU 8CR (35 3) . A% ¢ Jot b A i 45 B ASE JDL(BL 5 S5 ) AL G R B (R =
0.86) .1(0.92) Fl NSE(0.73) ¥15e K 4 MR ZEFE bR B e/, BZB AR B4, iX 5 BFG ¥ LE 5 ule

2 iR EEAR G Y LE 5
ule P JLAATF2 [0 H K &

Fig.2 Geometric mean regression relationship
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Fig.3 Scatter plots and geometric mean regression relationship between hourly latent heat flux measured by
eddy covariance and simulated by three models( EC represents eddy covariance, TM represents traditional
mass transfer model, GH represents Granger and Hedstrom empirical model, DR represents DYRESM model )

HyBRAHICM: (R=0.85) (L 2.1 T9) A 5% iE £ N EKIE EC WL #R S 22514538 Granger and Hedstrom
RERUBLIL 2% IR 2 FEFR A K, W RMSE 53k 41.58 W/m? , HSHIH 5 S0 EAE G AR 25 (R=0.84) T &
/N 0.87) (NSE ZUF AR (0.41) , RIZAR BURTHLLE (i 25 SEI (35 K. DYRESM A RUBL4LL 85K (13- S 800
T T i AL A AL AN Granger and Hedstrom LAY [i1]  BEHISCR J& .

2 2 KA/ ROBE K T 28 AR S S 5

Tab.2 Formulas of statistical parameters for evaluating simulation performance of hourly evaporation at Lake Taihu

G2 A ESBUN

1 - I
—— X (LB, - LE,) (LE, - IE,)
R R = [54]

k

1 — 1 < —
- X UE, —LE.H)ZJTZ (LE; - LE.)?
i P i=1

i

2 (LEL'(- _LE.'m)z
I I=1-- =l — — [55]
> C|LE, - LE, |+ |LE, - LE, )?

i

=1
k
Y, (LE,, - LE,)?

NSE NSE = 1 —i:kl— [56]
> (LE, -LE,)?
i=1
k
- . 2
RMSE/(W/m?) 21 (LE;. - LE:w) [57]
RMSE = , |
k
1 k
MBE/(W/m?) MBE = 72 (LE, - LE,)) [58]
i=1
1 k
MABE/(W/m?) MABE = —— |LE, - LE,, | [57]
i=1
100% | LE, - LE,, |
SMAPE/" SMAPE = : 59
’ k 2 (|LE, [+ [LE, [)/2 )

o  SFPEAR SR LE,, R LE, 3 5 1 S e L (A (W/m? ) 5 LE, FILE 435 9 ¥ P o LI i A 0L
HEIE(W/m?).
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222 WEELZS AEMNERE WEELESH(IA1-5H 4A4-8H 7H21-25HFM10 A 12—16 H)
TR AR B ORI (I AR SO (Y st TP A0 LI 4. 7 H SR 5 H kil 2 52 0 35 19 H AR FARRAE | RD4F ) 3k 1) 0
R REEAE, A A 5 BEHGEE H SRR, 1 1 A 3—4 BB R M KRR S R
B ERER R WK TEZE K. L5500 3 MBI L 45 SR R B (36 3) , A AL DU ZE 34 RE 4 A MBS 4 BFG 3
TEPGE BN E] AR AR AR | R St 0.75, 1 ¥ T 0.72. 3 MERIRE I MABE Fl SMAPE % K AH R4 3 5
HBLAE 7 HFN L A 35 W08 0 1 5 2 A IR 21 2R AR E A DG, X AT 3 AR AU 45 51 3L
(3 3), i GEiHEAR#R s A8 58 B AE AR TR 4 A BE ORI SR £ 42, DYRESM FERIYK 2 | Granger
and Hedstrom FEAVSTH IR 22 05 K. 3 BT ALETHIAR A 06F bh 22 55 76 AT /K T 228 8 e K SR B g (1 4) ,
7 H 2125 HWTJREEBR 1 A 3—4 HR a5t , ARG B MR 387 7 AiES: s HEh
i, H RMSE AR 5315k 2 A ALY 1/6.

3 3 P RIBDUR W] /N RUBE K T 28 R SR B GE TS 8

Tab.3 Performance evaluation of hourly evaporation modelled by three models at Lake Taihu

‘ . . RMSE/ MBE/ MABE/  SMAPE/
it ] (el R I NSE (W) (Wm®)  (W/m?)
s ™ 0.86 0.92 0.73 28.35 0.58 19.02 45

GH 0.84 0.87 0.41 41.58 23.79 31.05 60
DR 0.85 0.89 0.51 38.26 18.90 26.24 52
47 4—8H ™ 0.83 0.89 0.63 9.17 18.35 22.72 35
GH 0.79 0.78 -0.02 28.45 31.70 37.55 53
DR 0.83 0.80 0.01 28.85 30.82 37.10 50
7H21—-25H ™ 0.83 0.90 0.64 9.05 27.13 34.05 20
GH 0.80 0.73 -0.66 60.61 61.50 73.25 35
DR 0.83 0.75 -0.61 59.39 60.43 71.95 34
1074 12—16 H ™ 0.81 0.87 0.47 12.71 19.92 25.34 36
GH 0.79 0.72 -0.69 36.75 38.24 45.48 56
DR 0.81 0.74 -0.62 34.89 36.15 44.57 53
1H1-5H ™ 0.96 0.98 0.90 4.37 8.92 11.36 40
GH 0.94 0.86 0.08 25.57 27.16 35.28 65
DR 0.96 0.93 0.63 16.12 17.69 22.38 51

7 :TM,GH, DR & X [F][A 3.

223 FHFHREFHEBMED EC MY LE Z 15 IR B ASCERIEAIL, BITE A 5 ik Sl ik
{8, R JRIZ B FME (B 4) . 3 H S8 iR 81.57 W/m®(14:00) , 5/ ME A 40.89 W/m®(5:30) , K H
AL IERE (40 W/m*) B /N T W4 R 5 (460 W/m® ) FIAR Lok i b P pRGE 4 (130 W/m®) ™. & & LE H
ARA A LA 3 AT B Eh I i T RE S A R BN B B G K LE H AR RS R AP 24 5
W Z MR FHRER (R, -AQ, AQ M/KIRSGE &) 16 Ja F B TR &Y X — 458 gl Z 058 i
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(The mean EC LE values for each season are also included at the bottom of Fig.(b))
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