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Changes of water temperature and heat flux at water-sediment interface, East Lake Taihu
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Abstract. Water temperature is critical for growth and distribution of submerged macrophyte and heat flux at water-sediment inter-
face (WSI) is essential for water temperature changes. East Lake Taihu is a typical shallow macrophyte-dominated lake in eastern
China. Temperatures of water and sediment at different depths were monitored with high frequency from November 2013 to October
2015 in the middle of East Lake Tathu. Heat flux at WSI was calculated with inferred thermodynamic parameters. Changing patterns
of water temperature and heat flux at WSI were revealed and their influencing factors were discussed. Results showed that the tem-
perature rising processes were delayed with the increase of water depth. Water temperature rising process was prolonged in summer
and shortened in winter. Temperature ranges in averaged 24 hours: surface water temperature> bottom water temperature> tempera-
ture at WSI> sediment temperature. Temperature ranges in averaged 24 hours were smallest in summer and largest in winter. There
was a 1-days’ hysteresis of temperature changes along the water depth when the temperature rose in spring and summer, while not in
autumn and winter. Annual trends of temperatures in 2015 was same with 2014, and differences of year-on-year monthly averaged
temperatures were significantly correlated with differences of air temperatures. Heat absorption of sediment from water increased or
its heat emission to water decreased from 800 to 19:00, while 19:00 to 8:00 next day in verse. From March to September, heat

transferred from water to sediment, while from sediment to water from October to February next year. Sediment was heat source of
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East Lake Taihu in a whole year. Heat flux at WSI also had smaller 6-15 days’ periodic fluctuations. Although changes of water
temperature and heat flux at WSI were mainly affected by solar radiation and air temperature, they had delayed response towards
meteorological parameters. Heat flux at WSI was negatively correlated with water temperature, and its change lagged behind water
temperature change. The main function of heat flux at WSI was to buffer heat changes of lake. Submerged plants can relief surface
water temperatures of lake as well as the vertical temperature gradients in summer.

Keywords: Heat flux; water-sediment interface; temperature; high frequency monitoring; East Lake Taihu
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Fig.1 Monitoring site (a) and layer diagram of monitoring (b) at East Lake Taihu

1.3 HiFA B ST E %

131 # AR i RS R R H AL BE & 0 P AME S R 22 5, 5 8 L R & U4

AR B R A H A 2R B A AR RS R 240 P B FAR 1 24 /NEHREE. KA FA0 T | B AR T 5000

AR HEARME2 A 3—5 H.6—8 4.9~ 11 ARIGAL K KIUZ. 2 54F bR E AL 57
FMER, 85 A MME L, L2013 45 11 H 2 2014 45 10 A F12014 4 11 H £ 2015 4F 10 A A48 1k

JEEAT He A AT

132 A=A R EHREE  BIOTORRD A BRK G /N, GURR) P 7E T ) L 32 338 ad 0/ 50 Kl T

BB, KT R ST PAGE T T B S A Y

dT,
Hgy = -k, (7)
WSl

—~

dz b

S o kORI BE W/ ) M SR BV (me ), () kB
RIEBEIE (C/m).
PRGBS
ko= kR 2)
ST b A ORI R (2.0 W/ (m-C) ) sy JK (05 F 06§ R M (0.0014 Ty, + 0.5668) W/
(0, 2% 30K ™ RIS () 50, 4 R EVUBU 257k %, B 50%.
A KB ST A 502 S 0 B OB 300
Hgpy == [270(0.0014( Ty + Ts_yo) + 0.5668) *1 (Tyg = Ts_yy)/(2Az2) (3)
S, Ty 2 R () Ty HUTBUELIE (C ), Ac SR ZTTRMITRIE (0.1 m) . H (10 IEFRTURY)
I, T REHCH R 00 50 TR S, DL AR A



1602 J. Lake Sci.(#:8#2),2018,30(6)

2HEREHM

2.1 2014 SR EFITRYIEE T IFE

2,11 BHARMN  SUREIREFRY H AT R AR ZEY) 0:00 J8E  THE R B (F A0 B R B F1H
TR IRAN R 2 3R 1 7R, A UREE AR AR 24 /N P TRLEE AR AL B35 AT 43 S THRURT B TR B Bt < 2R K17k
H Ak 2 Jyftim) S B, R JZ/KAAKM 4:00—6:00 FF4GFRF 13:00— 1400, HJ5FER , BKEEGN, 7 8 5 28
WU/, FHEAT FR G L X — H A (b A s e T /K IR R PR AR S 6 B AR fR T AR b, R 2 AR M 4E 38 H A8 fhad
15 0 AR 2 00 K EBIARRL 7 . 2RI J2 K IR 2 MR B 9 T I BE 5 4R 35 1 P T i B
FAR, B TR R E K, & TR R . FmNRE H AL S K2 /KR AR R AR X IS 2 KR H 251k
HEIR B ZE IR ZE Y TR A X R 2R N4 22/ s UAR IR A3 H M THERT Bl 13:00 ZE 3k H 2:00, FZRHE
TR R, MRS B EA R AR . TRKER T W45 21 3 B R AR S4E¥ H N
T AR W ) AR A AR AR R) - 3R J2 7K I > i J2 7K Ui > S TR BE > DURR M IRLE 5 & VR BE A UL FE 3 2= P 3 H N AR iR B
AN A ZETE H NS IR IR OR , 3 — 22 5 AT RB TR TR R 2245 90 B A R Ah i A [

1.0
— — KK
- JRJZ K
L / L=/
0.8 Y N — TR
/ N —— Ui
0.6 AN
g // AN
= AN
B 04 / N
ii;( / AN
I / N
=z 02f 2 e N\
3 / T — 2
N 0 P S S R T UL T S S R T i S T PO ot et M A Sl t 20
T VA —
DS / ,,,,,,, ;d.’.....
N — >
—02} =7 e
_0‘4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
STITTSTSTITTEISISSSISSISSSS
DA SRR EN N N N NN O N
iNE]]

[ 2 A[AI TR B2 AbAF X 24 /NI i 22 A LA

Fig.2 Variations of temperatures in 24 hours at different depths
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Tab.1 Daily variation features of seasonal-averaged and annual temperatures at different depths

st ] 2014 4E4FE 2014 4E % 2014 fEH % 2014 4EFK 2014 4E4 2
ALEG 0:00 JE/C FEKE 17.93 17.03 27.00 20.40 6.65
J)ZKIR 17.71 16.86 26.16 20.46 6.71
LT YR 17.66 16.50 25.77 20.59 7.61
UL 17.83 16.04 25.05 21.15 8.59
FHiR BB RKEKIR 4.00—14:00 4:.00—13:00 6:00—18:00 4:00—13:00  6:00—14.00
JRJZKIR 7:00—17:00  8:.00—18:00  7:00—18:00  7:00—17:00  8:00—17:00
ST Y 8:00 —19:00 10:00—23.00 7:00—20:00 8:00—18:00 11:00—21.00
VURMIREE 13:.00—2:00 IS 9.00—5:00  20:00—23:00 16:00—23:00
TELE AR IR/ °C FEKIR 1.03 1.88 0.88 1.10 1.30
JRJZKIR 0.44 0.60 0.11 0.39 0.85
LT Y 0.16 0.25 0.06 0.28 0.27
TR B 0.04 0.13 0.02 0.12 0.08
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Fig.3 Variations of monthly-averaged temperatures at different depths in 2014
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Fig.4 Differences of monthly-averaged temperatures at different depths from 2014 to 2015
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Fig.6 Variations of hourly and diurnal heat fluxes at water-sediment interface
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BIEAN , K AATR A BRI B, K IR B R SR T W, SRAF S B, 5 I R 5 1 o DX Xof /K A AL 30 1) 52 i i/ ) , e
TR B U N, SR DE MRS (3% 2) . AR AR A e HRGE R X5/ N, A [ 1% Ak 3 8 5 i 349 XU 22 TE A G
SRR BRI SN B F A PRI , & FoAR S o
2.4.4 KAEMPEAREAH KR FRAWIHERAEBE S 70 E B>, TR AR ) RO A 4 430 T R 2
K, #7352 ( Nymphoides indica) P 5k 3 ( Elodea nuttallii)) F1 Eh 3K HR 1 3 ( Potamogeton malaianus ) %5 1 M i Hx
Tl 20K A R AN B S — 2 A PR S 2 1o L K S B P A A8 ot A T I3 46 7 A o e T g 2
AR WA A B B 5 -0 4 3 e, [0 i e A s o A 8 R 228 W) A 25 577 A S 0. i R OB &85 2R & /s T 7K
HY) 2K IR A B 2 R 2K R A B T35 L5 s ) B, 9 D R 0 R A K AP A 20 7 S A v A
WA R Pt B s R AR R IR

R DOKAEREY AL 1 AR, 3— 8 AMRFFE IS K, 9 Ak, AR B AR W P o L 4
B X AR KR AR IS, PT RES R RS A IR R 25°C e K, T— 9 A N B R B K
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WS ANTR] A A AR DX A LA A BRI 10247 2 5, A R IR L , 6 AR RO EE O 10~ 20°C ik S8 22 e e R
A 83 () 7K A AR P A H A rh S S
e 2 TR AR b S A 5 XURAH A i
Tab.2 Correlation analysis between different temperature indexes,

heat fluxes at water-sediment interface and wind speed

2014-02-04 % 02-10 2014-06-22 % 06-28 2014-08-07 & 08—-13 2014-12-17 & 12-23
Pearson HH¢ 7 4 A ZEREIR R CEN: 5 BRI RN
SEIRGHE 6.31 m/s S RGE 2.76 m/s I RGE 3.70 m/s SEIXGHE 2.95 m/s

FKEKIR -0.2304 0.3873 -0.0741 0.4652
JEZ KR -0.1867 0.3520 -0.0521 0.4950
ST I -0.1253 0.3017 -0.0677 0.5034
VUi -0.0947 0.1763 -0.1292 0.1999
xIRZEKE2ZE -0.3462 0.2583 -0.1141 -0.0536
ST A 0.2005 -0.4048 0.0116 -0.3179

3 &g

A X AR R A TR S PR R — OB B i PRl B IS, T A AR 2598

1) ZR T2 TR 2 KA L Tl o 8 B 7K DRI S , Tl e A R R A I, & 4 i A 3 A 2 il A
M« 22 AL > B2 /Kl > S Tt B > TR B2, A5 TR BE AR IR H AR W B /N, & Tl K R L 2 THIR
AR AR H BT KRR 1 RAGIEIR , BRI T TR LS 2015 4R 71 2014 AR AR A8
FALE], ) b H 28 5 R 22 ARG,

2) S ARG -2 H AR AR A B IEBZ R, H A 8:00— 19:00 HCEARE sl £Aask /b, 19: 00 2k
H 800 Jif s > s I s AE A 3— 9 MUK PRICER R, Sy B30, 10 H AR 2 1 [ K R i i
DR s AR ORI DT A A D WA A B, PR nT RE R T TTORR A xd O AR B A e i 5 0 AR A 6 ~
15 RAFAEAIA AR A AL B/ MR I 16 1 52 X 2.

3) KR AN K —IUARR) S T ARG k14972 s T A2 380 DR B 8 S AR IR A R ), L 3 08 A B o 2 AR R
M )57 FAT IR 5 A T PR e R K IR 2 5 R SC , ELICRR A G Pt B A R i, B T A e AR
RGP IA K R B PR A 5 B2 DK AR ) RE AR W) 1A 3 2 /A TR 1] 7KL 22
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