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Abstract: As the major synoptic system, cold air events influence the water vapor and heat exchanges between lake and atmosphere
by changing the meteorological conditions of air masses over the lake. Then biophysical and biogeochemical cycles in the lake eco-
system would be moderated by cold air passage. Based on dataset of the Taihu Eddy Flux Network observed during the five cool sea-
sons (2012-2017), the effects of different cold air events ( cold wave, severe cold air events and strong cold air events) on latent
and sensible heat fluxes were quantified on the large subtropical shallow Lake Taihu. The results showed that cold wave, severe
cold air events and strong cold air events totally happened 4, 11 and 33 times, and lasted for 14, 31 and 78 days, respectively.
The sensible and latent heat exchanges between lake and atmosphere were accelerated significantly by the passage of cold air. The
sensible heat flux increased by 10.3, 6.0 and 4.3 times during cold wave, severe cold air events and strong cold air events, respec-

tively. The latent heat flux was increased by 4.0, 2.1 and 2.7 times, respectively. Although cold air passage only occupied 16.4%
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of entire cool season, the cold air events contributed 34.9% and 51.7% of the total latent and sensible heat fluxes, respectively.
Moreover, the strong cold air events were the biggest contributor. During cold air events, the temperature gradient between the air
and water is the most significant factor governing the sensible heat exchange rate. While, the latent heat flux is mostly dominated by
wind speed. Compared to deep lakes, shallow lakes response faster to cold air activities. Therefore, the latent and sensible heat flu-
xes of shallow lakes increase much more, especially during cold waves.

Keywords: Lake Taihu; latent heat flux; sensible heat flux; cold air events; controlling factors
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Fig.2 Time series of daily mean (black line) and half-hour mean ( gray line) of meteorological elements in

cool seasons from 2012 to 2017 (a, air temperature; b, atmospheric vapor pressure; c, wind speed;
d, atmospheric pressure; S1, S2 and S3 represent a typical strong cold air event, serve cold air event and cold wave)
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d: downward shortwave; e: net radiation; The meanings of S1, S2 and S3 are as same as the description in Fig.2)
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Tab.3 The average values of meteorological elements, latent heat and sensible fluxes
in the cool seasons from 2012 to 2017

2012— 2013 4F 2013—2014 4F 2014—2015 4 2015— 2016 4F 2016— 2017 4F

T,/C 7.5 8.6 8.5 8.4 9.0
e,/kPa 0.80 0.81 0.80 0.85 0.90
u/(m/s) 4.68 4.52 4.48 4.50 4.46
P/kPa 102.2 102.3 102.4 102.5 102.4
L, /(W/m?) 308.8 305.1 309.8 3153 314.9
L+/(W/m®) 355.9 361.2 361.6 361.1 364.7
K| /(W/m?) 104.7 116.5 112.2 105.2 110.7
Ky /(W/m?) 123 12.6 11.1 10.1 10.6
R,/(W/m*) 453 41.7 49.3 49.3 50.3
H/(W/m?) 8.6 6.5 6.4 8.5 7.3
LE/(W/m?) 27.2 28.0 29.4 36.7 28.7
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Fig.4 Time series of daily mean (black line) and half-hour mean (gray line) of latent heat and

sensible heat fluxes in cool seasons from 2012 to 2017(a; latent heat flux; b: sensible heat flux;

The meanings of S1, S2 and S3 are as same as the description in Fig.2)
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Tab.4 Frequencies and durations of different cold air events in the cool seasons from 2012 to 2017

2012—2013 4F 2013— 2014 4F 2014—2015 4F 2015— 2016 4F 2016— 2017 4F

HRBER R B 151 151 151 152 151
s AR HE B 15 7 9 10 7
B SRR 39 18 21 29 17
B RES H 26% 12% 14% 19% 11%
FEPRAL 0 0 1 2 1
FEPNRAL 0 0 3 8 3
TRIA S UL 5 2 1 1 2
RIS A HREL 14 6 4 3 4
BBV 28 KRB 10 5 7 7 4
B 2s SR 25 12 14 17 10

BRI 2 SRR R BUR A MR 2 B 2R I T B 22 18] 1 R %
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Fig.5 Time series of meteorological elements, latent heat and sensible heat fluxes

during a serve cold air event on 2014-11-30
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5 3 Bk v e [ A S T0 2 R I SR B TR S 4 X H

Tab.5 Meteorological elements and radiation components of different cold air events and no-cold days

FEiH RIS ZS R B TRz
T,/C 6.9+4.5 6.3+4.7 7.8+4.7 8.6+4.6
e,/kPa 0.79+0.42 0.69+0.31 0.73+0.36 0.85+0.34
RH/% 72.7+20.3 67.9+13.9 65.9+17.3 73.8+16.2
u/(m/s) 7.7£2.7 6.0+2.5 5.6+1.8 4.2+2.3
P/kPa 102.5+0.6 102.5+0.7 102.5+0.5 102.3+0.6
Ll/(W/mz) 313.6+51.4 299.3+42.3 299.6+53.7 312.4+41.5
LT/(W/mz) 365.2+16.2 355.7+18.5 357.6+46.3 361.0+21.4
Kl/(W/mz) 81.8+71.2 117.1+£69.4 107.3+71.4 111.1+193.0
KT/(W/mZ) 9.4+8.9 13.3£8.8 11.7+8.4 11.2+18.9
R,/(W/m?) 20.8+29.6 47.3+37.8 37.6x41.1 50.3+166.9

N [ i BV 23 AT 5 S B G 2 AR SO e BE A ], o I 9T 7 Gl ik

Eu AR, Wk 6 pin, %

TSRV 23 R R A RNV A R G Bk H 43301 44.4.25.9 18.8 1 4.3 W/m’” . JRHGHE Bt Wi 75 1%

2 R L R TS, 7 0 30 ] ) ol 7 24 O JCve s RO Y 10 A P ARGl i 7R A 0 Ve = R B 22 57

5 AR 25 SRR I L PR R, SR Y LE Bk (93.9 W/m?) B3R e 4 UM I 45 SRk 2
6 3 M BV 2 ] 5 0 25 SN A 7K B H X H

Tab.6 Latent heat and sensible heat fluxes of different cold air events and no-cold days

JEM ISR BRI TRES
H/(W/m?) 44.4 25.9 18.8 4.3
LE/(W/m?) 93.9 49.7 64.1 23.4
H %k 14 31 79 632
H &5 /% 1.9 4.1 10.4 83.6
HxH %/ (W/m?) P 621.6 802.9 1485.2 2717.6
LEXH ¥/ (W/m?) " 1314.6 1540.7 5063.9 14788.8
H S5 /% 11.0 14.3 26.4 48.3
LE S5 H/% 5.8 6.8 22.3 65.1

1) H( LE ) xH ¥R — Bt ] g i S8 5Bk 2L 84400( 60 s/minx60 min/hx24 h/d).
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(64.1 W/m?) . JUA5 FE 1 BE i AW 5 KA 22 ] i 7K G B e K (H R R (14 K | JLB RN T A
5 VT SURBGRT I HGE B 1Y A4 B 11.0% F1 5.8% , 5k 2s ST S5 SRARY. TEr AR SR H
A A A 2 AR H B A, G T T 1] 194 7K PAGEE % R R K AV o DT R K, 200 25% . AR YA
23 SR ) RN A FLASCA 16.4% |, {H X6 ¥4 25 ) JER ORI P 4G 2t 1) TR 2 301 i ik 51.7% N 34.9% . AT L, ¥ =8
AR, KI5 R R A K BAAE e 7 TR A B I A S K, I HLYA 28 AR R I K HRGE 9 ST AY
R T 25 SR, 1632 HR AR I FAF S e [ 52 1

3 itip

3.1 KR ESKEMHM KRB SN ERTUIFE

7F 2012— 2017 4E& 2, M) UG B FIK ARG A7 7 1 35 B AR BRAR AR ARPAIE. AR AIK IR IB 4R |
Tk RGEBEAT T W, 35 Zhang 45 X AW 25 47 10 G BEFOUI S5 AR 16 SN 1 5
S ] S BRI K T (5 24 0 33 S AR 45 AR IR e 2 S K R AR PR AR R M B S 4 B 5 A
AR 5 K Z R B EHGE R ARSI T 1.6 W/m® Wil BT 1.5 W/m X 5 B4R R
M350 FT 0L, A AR R AR R 5T, W SC B2 I LT It/ ™ W90 5 2 1 W) FH ik (e
SR 2 B ) B T T AR A, BB RT3 ORI ) RIS R (S ety AL K A 28 K

Y INRNE AV Zodie FEW R, HOR AR 5 B R I 1] (9284, #8233 ok £A e o 9 45
PRAEAE'™ . LA 2015— 2016 4F14 R 0], BAR LRI R B H S ARSRAE O3 MO 45 BT , (0% 30 19 F- 1 K $Ail
W T AR R B WL 45 58, L sh 3R 302 T 2015—2016 4R ZR v 28 SR IRLE R B U, HL
FEN KA ZS | vh s R (K Pk oh ™ SEOERER T 3E. AWPIE B, S AN R 097 2= R
P RUCEOY D (RIS A WA e 3l 1T 3 5 AR AR R 75 5 A JL A4 P [ 25 AR AR PR AL fl g
AR A I 6 TR AT FE AT i s X A0 7K A A A AL ) BTk
3.2 MRk B EH i E F XS = SHI N R HFE

AN LV 25 SRR T (R G AR A AL A AR T, o W33 7K R 5 ) 52 ) Rt B2 A [ ol st ml A A A 7 K
AR RUEE B TA K P A N . BRI BE AL, 5 v 23 TS B v A U B R B AR WA A
AT T A S O 9 28 e R WU S, ELBTR R 22 | v S B D RS T A ORI K A

T 3 Tl BE v A3 AU E) ORI SRR MW IE I R T 540 2 MR A S, R T W]
BHGER SRGER IR R, ¥ 7 U i B ) 1 R0 5 DRk 4 AR G A 8

Tab.7 The correlation coefficients between sensible heat, T S5KRER LR, ME, BT ER TSR
latent heat fluxes and meteorological elements ISF, ¥ 25 A 30 a) JXUEE A5 A0 08 (83% ), a7t i T 7K A
during three kinds of cold air events TR LIRS (7% ) (£ 5). TERSHMHERE |,

JEH AR RAS R VR 1 A P O G, A 5Tt &
IRV G 5 XU P R G B A 3 A

H~u 0.46 0.58 0.46

H~(T.-T,) 0.70 0.75 073 s S B SR G e 5 KA T TR BR B A
LE~u 0.61 0.63 0.53 KRB KT RE. FERIFFRE L, KK
LE~(e,~e,) 0.54 0.51 0.52 TR P L8 s 8 T A I TR AE 119 5 1) 5 X B

R 35 HAG I IS 4 R — B

BRSNS BN 5 RS [0 By IR EE AR
[R5 7 5o 11N :8 B N 11111311 B & B 7 N W 1 19 7ok R N iR -1 D (OB WA K TR ok i
FEART) 2 ¥ 233 At B Xt K A i 09 o, PRI O RS (R T A E 22 500 (36 8) . ¥R (P TR I <6 m)
AR/, 6 R i [0 TR, ¥4 2 SN ) A v AT B G T I 43 R TG A AR 2.7 1 8.6
£, TR B IR 3y 2.2 R 4.2, K1 (31°10°N) Fil Ross Barnett 7K J42 (32°26 N ) [a] iy E #4127k )
W, K2 AR 23 H R LE 43528 7.5 F130.0 W/m® | 1] Ross Barnett 7K FEVA 225341 H Rl LE 2959 K
(9 2 45 (17.5.61.3 W/m®) . 25 B UK AOBF5E H 003, Ross Barnett 7K FE¥4 25 S IRI B9 H Al LE 23 5l o4 =5
AFEY 5.4 R 2.1 45 S AR SO I A RIF TS 45 SR

* Hid P<0.01 Ay FVERG TS
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Tab.8 The responses of latent heat and sensible heat fluxes to cold air events in different researched lakes

FHRE/ RS Lo/ Homaro/ 5%

N X ) UL s B " .
i T T wmoom LE ey Hoppasy XK
‘ JboEEk 19m  2012-20174F 483K
; PER \ 2.7 5.5 B
KB AN 2338 ke® %3 (11 H-3 ) 124 % A
Ross Barnett ek 6m 2007-9-1— 16 % 2.7 7.3 [21]
Reservoir P FRAT i [X 3.3 km? 2008-1-31 38 K ’ :
Ross Barnett deprk 6m 2008—2009 4F 67 K 2.1 5.4 [25]
Reservoir S i [X 3.3 km? (10—3 H) 115 K : '
Ross Barnett Jb2ferk 6m 20072008 4FIe 521K 3.4 16.0 [45]
Reservoir AP R Hi X 3.3 km? (9—3 H) 124 K ’ ’
. s e 7 17m  2011—20124F 1K
Lake N g . 2.0 4.5 53
ake gorme HIX 610 km?  EUkI(6—11 ) 4R 53]
‘ , fk 19m  2007-04-22— 2%
Manso Reservoir A i X 07 ki 05-20 3% 2.8 7.4 [16]
Itumbiara hydroelectric IR SER 32 m 2010-04-28— 1K 3.0 3.0 [54]
reservoir PR b X 778 km? 06-15 2K ’ ’
Ttumbiara hydroelectric 32 2010-05-06— K
tumbiara ydrloe ectric [i‘]#ﬂ—ﬁi m . 010-05-06 Sk 1.16 1.77 [48]
reservoir P b IX 778 km 06-15 14 K
4 &g

BT 2012 — 2017 AW b ROBEE &8 SO WLIMECE , Ge T 5 /¥ 2300 i) 52 i DK i) 104 € ) iR v 25 ORI
SRV 23 AU AR IR B I TR B X I A SR AR AR, Al T ¥ 25 A5 B 0 A /K A 152 0, 28538
s

1)2012— 2017 AR R IIFEAT 48 Wi 23 A 45 , B D B 1N, ¥8 25 SR ARSI /b (JE3) B 25 UMK
SRV SR 4 1L R 33 00, ARSI T A 4 (€3] | 508 23 OB e 25 U 3l o 14 31 FI 78 K.
5 AN R[], RIS 2 SR A SO RAL  He o3 5 1 8 YOF 15% .

2) Vs S b W W i K R K PG 7, T SRV S ORI A 2 UM ), T 1) SRR A 7 3 T 1 =
Tove a3 Y 10.3.6.0 F1 4.3 7%, {1 53 il 1Y T8 23 UMy 4.0.2.1 F1 2.7 £

3) Vo 23 X R /K Bl A (1 TTRRAZ v 25 BB R AR ORI AR S I i) SR [R5 ). v 28 SORBE LE B
16.4% , {HX V2 Z i AFIR G £ (19 BTRR 331y 34.9% F1 51.7% .
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