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Abstract: Deep reservoirs with stable stratification often * turn over’ in winter, leading to a decline in overall water quality and af-
fecting the safety of drinking water. To explore the mixing characteristics of water bodies during the thermal stratification period in
southern reservoirs, long-term in-situ monitoring of physical and chemical indices of Tianbao Reservoir in Nanning was conducted

from November 2019 to February 2020 during the thermal stratification fading in winter. Combined with the vertical diffusion coeffi-
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cient of water, the variation characteristics of water temperature (T) and dissolved oxygen (DO) in the whole process of thermal
stratification of the reservoir were described by stages ( thermal stratification, weakening, complete mixing and formation) , and the
influences of meteorological factors (air temperature, solar radiation, wind speed, etc.) and hydrodynamic factors ( vertical diffu-
sion coefficient K, ) on the physical and chemical indices of water were discussed. The results showed that the temperature stratifi-
cation and the dissolved oxygen stratification of the reservoirs were out of sync during the extinction of the thermal stratification, and
the destruction of the dissolved oxygen stratification lags behind that of the water temperature stratification, and its structural insta-
bility was the result of the combined action of air temperature and solar radiation. During this period, the vertical diffusion coeffi-
cient of the water body varied from 0.16 to 380.36 m?/d, with an average value of 30.46 m?/d. The main controlling factor of sur-
face K, change was air temperature change, and surface K, was more sensitive to air temperature change than T and DO (R k. =
-0.44, R;=0.25, R, =0.25, P<0.01). The change in bottom K, was consistent with the change in water mixing, which could
more accurately characterize the vertical mixing of water. The vertical distribution of T, DO and lg K. in the water body was tempo-
rally heterogeneous. The lg K, was positively correlated with T and DO during thermal stratification and semi-mixing ( Ry =0.60,
R, =0.76, P<0.01), while it was negatively correlated with T (R;=-0.19, P<0.01) and had no correlation with DO (R, =
0.04, P>0.05) after complete mixing. Thermal stratification extinction provides environmental conditions for water quality deterio-
ration, so we should pay attention to the change of meteorological factors in winter and take precautions against it in reservoir moni-
toring and management.

Keywords: Thermal stratification; water temperature ; dissolved oxygen; vertical diffusion coefficient
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Fig.2 Change of meteorological factors during extinction period of thermal stratification

22 KEMMBAMAREERTUL

7K k2 I T B b T 432 R S 2K MR B R 1 T I N R B2 A AEBRLIE T B R
IR R AL . WSS B« T B I = 0.2°C/m IR K (A B SR B BR 2 0 A A e s S i SRR
=0.2 mg/(L-m) /KRN EBRZ 0 KR 3 m A RIZKUE, UM E 3 m AR 2K A,

RAEDKIE 2019 4F 11 H—2020 4% 2 A HOK IXE H K[ 70 S 0 2 i s A 72 (181 3) , Bkl 4y
4 BB AN EIY B SR A M B BRI 11 AR E 12 A K, KRR R 22 P B
B3Ik 6.31°C, 12 J 27 HOKAESR IR 22T 2%, BV ZK ROT 4R i BUR S AR Bl TRF R R, Kk
IR ERS, HE 1A 20 HAHE R RRGIRE KEDZHIR , & B e SOmss il sEaiia
WA 1A 20 H—=2 A 11 B KRG TFoe2RarRE 2 A 12 25, RZKIREH LT, REER2E M
UCH B, B 5 SCRIE U

DO J2 WK AHT R ICBRR B BB bR ™ L KB R S5 R — R, JLHE XK P DO, #
I3 2RI () 23 A5 UK 2 AR o X IR D R P R O3 2 el A 2 1] 4% TR K AR K 3 1 25 5 35,
DO (3 i) 73 JZ P AL T 20 S PR BRI, [R) IR 257K 2 NS TR B9 AR A R AR R, 2 1) %% = DO 2 B[R
BASFFIE" o Zhang OB & B EUBR 2 R I8 A IR 2 VR A TE AR SR IN IEAB G X R (R =0.99, P<0.01) 7",
SR, KA/ DO X AR AT A E BB, DR AR A TN A 2%, CBR R i IR i 7 5 i BR SR e I i
FEAR—E TR RISI, R X 3R R 2 22 S i SR L 22K, 2359 0 6.31°C J% 8.57 mg/ L, JoE IX AT A7 7E K
AN M Z G, 6~9 m KA1 B R AIELBR)Z 5 BR)Z  IR)Z DO £ 0.00 mg/ L, BE L 2 FEAT,



I ORF hh KRS TR BARIR R A AR B IR Z A 1617

R/ C
22.08
21.21
20.34
= 19.46
& 18.59
=z
h 17.72
16.84
15.97
76.2 15.10
2019-11-22 2019-12-27 2020-01-20 2020-02-12  2020-02-28
P 3 2019 4F 11 H—2020 4F 2 A 7K il 1 ] 7343 35 1 1]
Fig.3 The water temperature profile on 22 November 2019 and 28 February 2020
RZ2MXARBHRERM TREESE 12 A5 B BERE K T/C DO/(mg/L)

HERZTBE O~ 11 m, MERAMKHRES 0, 22217 B0 2 3 0 8 10
22 7K VR W AR R D R R R TR BE R B &
12.50 m, Y3 BR 208 B 4855 (0.20~0.30°C/m) , ILHf T 5
DO A AR 80,9 ~ 12 m LM77 76 W] 8 ) S B

J2 IS DO {54 THE0IRES (49 0.20 mg/L) . F %58 4t
AR 01, 432 45 H B e A AR, R RS £ .1
0.10°C K A % 4 0 15 2 K AR Bk ot e . 2

e PR BB OS> R R i Do | 201011 o
i 0.85 mg/L | F+ % 5.33 mg/L, [A] i 3 ] DO 2% F :%8}32}%:5 .
S BEACRBOR RS 0 FITE 2 TIFRE W | —2020-01-20

22 KA SN DL B AR 0 2 A 7R T i 4R —2020-02-28 13
B 15 DO £ se AR A Y B e, 2 DO 1
F+Z 8.00 mg/L UL I, /KRB IR I B4 ZE M S &l 4 FE KRR T 1 DO 434 FRAE
(El4), Fig.4 Vertical distribution of T and

23 KM EEY HAHERTIL DO in Tianbao Reservoir

KEREEY RS KR 2K AT HOR R AE
IKRTE R A O, FAE MR SR AR IR A MR . ASBIFSE I 774 o5 2 B KT 90 W T e ek %o 4F 7 e B
PR X K AT A, A5 BN R AR 5 (B 5) .

KB E K AL B BE P 22 30500/ INAA T 38 sh 3 e ¢ 2R N ke 3, #0020 K SP35{f K 24.04
m’/d, 12 H 27 H (3915 23.11 m*/d) FFLRZHE 0, BRI LA BN T- B4, 2 1 H 20 HIEJZ 20 30.00
m®/d, IR R 2 T 2 R M SR B 2 8 A K UK AR 2 TR, KRR A 6 IR A I, K 4k Sl K &
10536 m*/d(2 A 4 H) ¥ i/, 762 H 12 H, K50 % 4.15 m*/d, ZHKIKD SRR A .

I B 5 5 W] K AT ) 1t S B 5 A X, 3% 2 KR AR AR iR BE K, Y [k 1.00 ~ 380.36 m?/d,
AR Z, RIE K 5230 AR m ™ s sh A B, AP RN, RE KR K AR Sk
TRIR AR EMICHERSR' ™ . REVKIEIRE K AP A, Brot 1R A I SNE# 4 0.02~30.00 m*/d, B
RS BT Z KR Z s8N, BEE 43 2 R IR Z R s @ R B0 46 58 4R A T Z 4R 3
YU —/K AL, A S8 4R A WSS UG K R FERUK AR E A EmIR A, 5 T & DO g5 R —3. %4
AL R T K RGN TR B A 1 4 OB 25 RO, A R IR B AN B e R
24 |AHBRETHSHEXXR

BT REKIERER T.DO lg K436, 0 T =EBEMKER, B 6 XF 1 KFSMZ/KIET DO A lg K1
RRFW AR R IR EKZ RS Z MR FRIEARFE R A, R EE, DO 5 T 3 m FRAE AR




1618

J. Lake Sci. (#a#3),2023,35(5)

Ig (K /(m?/d))
2.28
1.28
0.28
-0.72
-1.72
76.2
2019-11-22 2019-12-27 2020-01-20 2020-02-12  2020-02-28
200 - - - 60
—%E —HH—KE ! ! ()
1 1 1 . 50
55150 ' ' '
EE : i | Ha0 &
o100 ! ! ! 5
ik E i | 1302
Ko 50 I | g,
1 1 1 20 §
0 10
_5() : 1 0
2019-11-22 2019-12-27 2020-01-20 2020-02-12  2020-02-28
H
Bl 5 3 B8R BRER A1
Fig.5 Vertical diffusivity of water column over time
F 1 R[FSFJEKAE T DO il lg K A5G FR
Tab.1 Relationship between T, DO and lg K, in different layers of water
Ei s =Y N Py A VIR SEAIRAT JE 3
()5 %2 y=2.330x+14.856 y=2.262x+13.914 y=-0.848x+17.44 y=-0.901x+17.607
lg K.(x) R?=0.144 R?=0.396 R?>=0.115 R>=0.243
th2 y=0.936x+16.756 y=0.321x+16.176 y=0.173x+15.513 y=-0.356x+15.855
R*=0.122 R*=0.332 R*=0.015 R*=0.119
2 y==0.070x+16.12 y=0.175x+16.252 y=0.096x+15.588 y==0.152x+15.32
R?=0.011 R?=0.320 R?>=0.011 R?=0.179
DOy s %k y=0.044x+7.352 y=1.366x+4.945 y=0.260x+6.289 y=-0.551x+9.30
lg K.(x) R*=0.001 R*=0.186 R*=0.011 R*=0.103
2 y=1.552x+4.304 y=-0.590x+6.36 y=-0.089x+6.46 y=0.197x+5.722
R?=0.224 R?=0.058 R?=0.002 R?=0.007
2 y=0.453x+0.827 y=1.700x+0.952 y=0.235x+5.706 y=1.630x+4.218
R*=0.015 R*=0.128 R*=0.010 R*=0.239

— 5 M BR)E KA 2.05 m*/d,lg K. 5 T X DO A% B EMIEMERXZR (R, =0.60 R,,=0.76,P<0.01;
1 6) , KA AR G378 FiBE A /Kl 50 B AR T DR /0, 3 2 K A BE AT R 4 S, TR 5 7 B2 I 2 ) 43 v sk
550 [ RS AE AR ER 2 4 L L A AT 1) ) )y B4 , BRI e R MR R S A B B A K A
T FRAS R N2 IR S T4 A o R Al 2 ) 26 R RE SR Y 5K B I 2 K 4 TR i DO 34k T 0.00
mg/L Zif s

TEWRSY], DO 5 T F Bl 25 (18 4) BIA B g K5 T & DO BYIEMSEERFAR(E 6) , K44
FEAERESE I ST 2 SRS AL T ECIRES , R B2 K AT BT+ i85, (B3 7E 20.00 m*/d LR, KA R

b Ed SV

— IR FRTAL , DTS5 K AT fifp S8 o 2 AT R AF A



I OBRF B RERS B T A RS A AR B L IR S AU

POYE

BEELS

SeAiR I

TE A

y=1.269x+16.264
R’=0.356, P<0.01

y=0.937x+15.629
R?=0.305, P<0.01

y=0.141x+15.597
R*=0.013, P<0.01

y=—0.393x+15.955
R?=0.037, P<0.01

DO/(mg/L)

»=3.001x+0.972
R?=0.484, P<0.01

-1 0 1 2 -1 0 1 2 -1 0 1 2 -1 0 1 2 3
lg (K /(m*/d))

»=3.092x+2.007
R?=0.574, P<0.01

»=0.295x+5.820
R?=0.018, P<0.01

»=0.296x+5.865
R?=0.002, P>0.05

6 AIFIFHI T.DO Fl lg K i E 7 (R L s 6 HIRRIRE P2 FIRIZKIK)
Fig.6 Relationship between T,DO and lg K. in different periods

TIE ¢ ARG I, KA K PR IR GRS IR B s , K AE Kk B R AH, IR 2 K280 30.00 m*/d, /KA
B C R B UURY) — K S, U R T 2 B i B, KRR )Z DO B TH2 5.00 mg/L 7247, 73
JEZECZ AR R ANF TG 20 Bomi s 9, 1g K5 T J2 DO B G R B FEARE R=0.10( 1 6) , R[EIKJZ
lg K. 5 T [ DO H)C R MBER e/ MEL (R 1) o R Be T K DO A2 A g BEAR X /N, K32 31l
K PR S B S M AT TR0 o, K PR A BT 7 i SR A o

FEIE UIITR] 1 K5 T S B S ) SAH OG 2R (Ry = - 0.20, P<0.015 81 6) , 55 DO AFFAEM KR
(Ry,=0.04,P>0.05) (U EZFHE 2 A 12 HZJ5 KIEALEAE 4.15 m?*/d, F iR A BREE R, NRZE T K
DO )32 Z) = A PR 55 (02 1), 70 T 1) 58 A TR A RS ERF 4 K5, 3R 2 Tt 1 B 5 A 3 BRZ AUk
JZ, Wit g K5 T RIS RHESEER 15 DO AMFEMEER

KJZ DO HRZE T G R ERBUGARSCSEER (1B 7) 4 I PR Gl B A R S A RAEARR i =2 XUk 1 52
), R JEAAAR T SE PR R KT8 T BRI BG  BE, 5 T MIE , RIZK KR DO X T4 M
1 R FEE AT ) 7 3 U T B 1 A AVt o A5 v e S R R K 2 R 2 TR W (00 6 A5 VR
T RE DO Ah T4 m K 4R mK AR B T T 5 DO AR & o
2.5 SREF XKk EEE GRS

B P R MRS 2 AR A 5 A K PR K IR 5 5 B R A I S TR MG — iy T 32 511



1620 J. Lake Sci. (#3a#3) ,2023,35(5)

L0 RINTHEHSEW, 55 —J7 R P 1 i ok

IgK | ex | @ o . . L 08 BRI I B B 2 2 b BRI R

Tl | 0 @@ @ | @ - WO Hia g A b ) %R A A

DO| -036 | 026 DO [ ) . ] ° 0:2 Ei”” ,ﬁ/ﬁﬁﬂﬂﬁﬁséﬁﬁ/}?%m%g%%ﬂkﬁﬁ
S| 044 | 025 025 | il .

O o [0 EEPAURALIEIT L X T RE KN,
° 02 KRS E M3 BRI TR A B R
04T X B A B (R T) AR K R R S R 5

KIHERSE| -043 | oas | 032 | 039 |[kbEmst ()

i P el Bl B B | i =P VYR A TS PR S YN

B | oo | o | aoss | core o | oms | e ([T it TR R 0 LB 5

SR OC R CENCEL T E S (2 &N LTy SR PN o

¥ FOSA T , 3 BOK PR AR 3 B B R 2k AR

A it W I L 0, SRR i

S R T e TR XA I RRE MR A R R, KU S|

Fig.7 Correlation coefficient between meteorological e PR /e ) | R RN S T 1 B2 S S N
factors, vertical diffusion coefficient and physical R

and chemical indexes of water body K 2 XK 3 a5, 2019 4 RS IR T Y

15.10C , e KB R IR 224 16.60°C (12 A 11 H Y

JG) s RE K ZR 2SI, 22 T BE SRR , ACPATE — R R R A 2 T F TR 4, (L3 oA 76 i ok ]
N FEOKIRSE TR A . R PR FRBE A (AR5 RS R ZU A A 6 , -5 IR AR I Kok oK IR 454
SEREA XY REKIER T WA R R JE ARG, KRS B A, I R Jioi . 5 — 7,
KRB 3 IR S S B8 3o K T A7, M T S5 B8R T K % 1 L B /IR 2 KRS T LI T 384 2 30
I T IS o TR ALK PR It [T U R R I, 4 2 A5 T8 2 /K T A 24, 630 10 A R AR 4 ke
SHEZ SE AR, X G RTALELLH ™ R A KR TR S5 — B B SO AR 5 0 — A
G, 122 JRHE PR R , 7K A3 B2V R XA TR 44, AT 3 BOK PR B4 2 B M IR IR . T fE S22 R AR, R
Te KBRS B , 22 S A2 G . 455 b VR R /K P K A B 20 22 R A O 5 52 3l K B 4
SEBIZE A R, XU S 4R 2 B T AR — S BV T, AR 8 S 0 A XU F) 34 2 S B0 2 19 3%
W T,

ST R T.DO g KA AR TR LSS, 00 TSR M EA R, Bk L,
lg K, 5 TAEAEIEAISECZR (B 7)) B LUK A S 80T LU A AR 2K IR 10 40 RS . R, KB B
SRR T BA AR o 3R B 18 2 20 1000 0 T4 2 0B , EL IR AR S0 0k 4% 2 1]
T R REAR A 3 005 OO R, SR T 70 2 0 Tk A e, B89 T LS 3 K e ) ) 1 913 R4 A B 5 S 35070
PSR K, A5 B —E R E ERE S e TR 322 KW IR B B (R, =-0.44, P<0.01)
BT B DO HUK (R, =0.25, Ry, =0.25,P<0.01) , P M AEAF 4B 02 7 45 A8 A0 7 1T, KA B8 FAR Ay
FBH X G RRIE K RS R

25 R ,2019 AF4 72 KA K PR3 T2 45 K75 1 3 B 32 BS54k SCasd PR 9 3K 31, 2 TR R K P 6 5 2 )
SRS R LA IR RV 3 X0k 7K Bl 77 £ 5 M ) 2 5 A 43 2 5 44 10 728 Ak, DA T o 157K P 2 2 7K
AR TR T AR TIT 1 35 B T, P2 K AL A AN, 20K T T T 0 2 , et L B I, fof
IR SR A e R T R S e I B B8 T R 2 KR 2 3 o ok R Ak, R
BRI H AR T I K FRAL IR , B Y 36 T D61 & RGN T 7B Ak, FF LB

3 it
1) RABLK P T2 T B B M e o A A A A [ 25, He o TR 2K 2R A LA A B 4 A3 3 [ 4

A2 R, (H ph T e R 2 /K Al B A R A, I AR AR IR 18] A 5 DEEEA M2 T T KR SE i 5 o
2) ISP TIK MR K AE 0.16~380.36 m*/d Z 14 , #{H 4 30.46 m*/d, 2 K AEMLIY FE 4 A



I RSy KR R T B KR A A AR B SR B AL 1621

FRREA, BT K DO F 5S4 H 7 AT gk (R, =-0.44, R, =0.25, R,,=0.25,P<0.01) ,
2 KR 5K IRIR AR B AR (b — B ARIRT TS, K RENS T VR M R AE K A4 RS

3) REKEHRS ZIE TR T.DO g K 4310 EA B H 5 Bt o B R AR g K5 T
K DO P58 52 B IEA 56 (R = 0.60 Ry, =0.76,P<0.01) , MifE KA TE 2R A )G, K5 T ZIMAME (R, =
-0.19,P<0.05) , 5 DO RNAFAEAHEF R (Ry =0.04,P>0.05) ,

4 S 3Tk

[ 1] Wen G, Wang S, Cao RH et al. A review of the formation causes, ecological risks and water quality responses of metalimnetic oxygen mini-
mum in lake and reservoirs. J Lake Sci, 2022, 34(3) : 711-726. DOI.10.18307,/2022.0301. [ SCKI, A, Eimteds. W iR ik
SEUIR/IMELARTE FRUBL IR A5 A 1 A 25 XU B A% W oe sk g WTFIRL 27, 2022, 34(3) : 711-726. ]

[ 2] ZhuZX, Yang J. The spatial distribution of reservoirs in Fujian Province: Higher density but lower storagein coastal than inland regions. J
Lake Sci, 2018, 30(2) : 567-580. DOI: 10.18307/2018.0227. [ REFr, W7 48 H/K 23 18]S AL « rits 8 8 ek B/ | oA i
k2. WhAFE, 2018, 30(2) : 567-580.]

[ 3] Huang TL. Water pollution and water quality control of selected Chinese reservoir basins. Cham: Springer International Publishing, 2016.
DOI:; 10.1007/978-3-319-20391-1.

[ 4] WangS, Qian X, Han BP et al. Effects of local climate and hydrological conditions on the thermal regime of a reservoir at tropic of Cancer,
in southern China. Wat Res, 2012, 46(8). DOI: 10.1016/]j.watres.2012.02.014.

[ 5] Zhang C, Lai SY, Gao XP et al. A review of the potential impacts of climate change on water environment in lakes and reservoirs. J Lake
Seci, 2016, 28(4) : 691-700. DOI; 10.18307/2016.0401.[ 8k /2, St , By B4, SRS K PR B I T 6 S I BF ST . )
R, 2016, 28(4) : 691-700.]

[ 6] LinJ, SuYP, Zhong HZ et al. Vertical distribution of phytoplankton in a eutrophic reservoir, Shanzi Reservoir ( Fujian ) during summer
stratification. J Lake Sci, 2010, 22(2) ; 244-250. DOI:10.18307/2010.0214. [ MfE:, JhEvE, SpIEmSE. — /5557 TR
LAF7K P B A3 2 (B 7 R A ) 3. WAL, 2010, 22(2) = 244-250. ]

[ 7] Zhang Y, Wu Z, Liu M et al. Dissolved oxygen stratification and response to thermal structure and long-term climate change in a large and

deep subtropical reservoir ( Lake Qiandaohu, China). Wat Res, 2015, 75 249-258. DOI. 10.1016/j.watres.2015.02.052.

[ 8] Selmeczy GB, Krienitz L, Casper P et al. Phytoplankton response to experimental thermocline deepening: A mesocosm experiment. Hydro-
biologia, 2018, 805(1) ; 259-271.

[ 9] ChiSY, Wei CZ, Hu J et al. Correlation between macroinvertebrates and plankton in two deep eutrophic reservoirs. J Lake Sci, 2020, 32
(4) : 1060-1075. DOI: 10.18307/2020.0415. [{ifliz, FRE, RS, W EFREKOKEIRESPIRERE SIF I EYACE T, )
JARFE, 2020, 32(4) : 1060-1075. ]

[10] Sebnem E. Effects of thermal stratification and mixing on reservoir water quality. Limnology, 2008, 9(2) :135-142. DOI; 10.1007/s10201-
008-0240-x.

[11] Wang YC, Zhu J, Ma M et al. Thermal stratification and paroxysmal deterioration of water quality in a canyon-reservoir, Southwestern Chi-
na. J Lake Sci, 2005, 17(1) : 54-60. DOI: 10.18307/2005.0109. [ EF#F, KM, M. V5 RIuAR B PRI 14502 5K B ¢
RAEEAL. WHARLE, 2005, 17(1) : 54-60.]

[12] Xia PH, Lin T, Li CX et al. Features of the water column stratification and the response of water quality of Hongfeng reservoir in Guizhou,
China. China Environmental Science, 2011, 31(9) :1477-1485. [ E 4, bRM , ZEqrhEss. s e 520K B 2545 1R 43 12 K R8s
MR T EEFRESRRAE, 2011, 31(9) ¢ 1477-1485. ]

[13] Zhu Y, Li YP, Tang CY et al. Effects of the disappearance of seasonal thermal stratification on the mobilization of iron and phosphorus in
reservoirs , southern China-A case of Tianbao Reservoir, Nanning City. J Lake Sci, 2021, 33(4) : 1153-1162. DOI; 10.18307/2021.0416.
[AHE, 22—, FEARAMEAE. 9 7K R 2240 P 300 28 T T LA Bk N T % 4 S 0
2021, 33(4) . 1153-1162.]

[14]  ERIGEME. FEIEAETr 732 B K B A MU I B IR e [ 2A 0830 PR BRI, 2016.

[15] TLu JS, Li ZL. Seasonal effects of thermal stratification on the water quality of deep reservoirs: A case study of Heihe Reservoir, Xi’an City. J
Lake Sci, 2014, 26(5) : 698-706. DOI:10.18307/2014.0507. [ /544, =i i, BAGMIZ R A 5 F0 2545 1 S
PR, ARk~ 2014, 26(5) ; 698-706. ]

[16] Kumagai M, Nakano S, Jiao C et al. Effect of cyanobacterial blooms on thermal stratification. Limnology, 2000, 1(3) : 191-195. DOI: 10.
1007/5102010070006.

[17] Becker V, Huszar VLM, Naselli-Flores L et al. Phytoplankton equilibrium phases during thermal stratification in a deep subtropical reser-
voir. Freshwater Biology, 2008, 53(5) : 952-963. DOI. 10.1111/j.1365-2427.2008.01957 .x.



1622

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[32]

[33]

[34]

[35]

J. Lake Sci. (#:8#3) ,2023,35(5)

Liu C, Liu XB, Zhou HD et al. Temporal and spatial evolution characteristics and driving factors of reservoir anoxic zone. Ournal of Hydrau-
lic Engincering, 2019, S0(12) ; 1479-1490. [ X5, XUBEE, JA 425 5. 7K HE B4R I I 25 0 5 6 S 03 B 26 40 7. KL A
2019, 50(12) : 1479-1490.]

Detmer TM, Parkos JJ, Wahl DH. Long-term data show effects of atmospheric temperature anomaly and reservoir size on water temperature
thermal structure, and dissolved oxygen. Aquatic Sciences, 2022, 84(1). DOI; 10.1007/s00027-021-00835-2.

Zheng YY, Liu SY, Liu H et al. Seasonal stratified characteristics of water bodies in a sub-deep reservoir. Journal of Yunnan Agricultural U-
niversity ( Natural Science) , 2021, 36(2) : 359-370. [ A&4%, XM, XUMLAE. WIRRK ZEARRZET P ZHHEFIE. s mRIk K
et (ASRRLEE) L2021, 36(2) ¢ 359-370. ]

Yang P, Xing Z, Fong DA et al. Observations of vertical eddy diffusivities in a shallow tropical reservoir. Journal of Hydro-environment Re-
search. 2015, 9(3) ; 441-451.

Saber A, James DE, Hayes DF. Effects of seasonal fluctuations of surface heat flux and wind stress on mixing and vertical diffusivity of water
column in deep lakes. Advances in Water Resources, 2018, 119 150-163.

Liu SX, Li YP, Zhu Y et al. Migration of iron, manganese and sulfide in black reservoir water in south china: A case study of Tianbao Res-
ervoir, Nanning. Environmental Engineering, 2021, 39(10) ; 78-84. [ Xk, 22—, KA. B 712 K JE Fe Mn K &by )it
BRI : AR T REKIE N ). BT TR, 2021, 39(10) : 78-84.]

Huang TL, Zeng MZ, Qiu XP. Response of water quality of Zhoucun Reservoir during the disappearance of seasonal thermal stratification.
Chinese Journal of Environmental Engineering, 2016, 10(10) ; 5695-5702. [ #7EAK, REWITE, ESHEME. FIRI K BEZA MR ER T
SR TR N AR, BREE T RREAR, 2016, 10(10) : 5695-5702. ]

Zeng MZ, Huang TL, Qiu XP et al. Seasonal stratification and the response of water quality of a temperate reservoir—Zhoucun Reservoir in
north of China. Environmental Science, 2016, 37(4) ; 1337-1344. [ WU IE, #iEAK, ERREMS%E
PRI G B HoK Bom o . FRIEERLE, 2016, 37(4) @ 1337-1344. ]

Wang YZ, Pu PM. Preliminary study on the thermocline in Fuxian Lake. Transactions of Oceanology and Limnology, 1982, (4): 1-9. [ T
BB, R PO BRI R BT HERERITEER, 1982, (4): 1-9.]

Yu X, Zhuge YS, Liu XB et al. Evolution mechanism of dissolved oxygen stratification in a large deep reservoir. J Lake Sci, 2020, 32(5) :
1496-1507. DOI:10.18307/2020.0521. [ 4xW¢, #8787, XIBEBEAE. RENFAKOK B g U= LS H (L oLl AL, 2020, 32
(5): 1496-1507.]

S

Zhou QC, Yang X, Wang WL et al. Seasonal vertical stratification and the potential impacts of its fading on algal blooms in winter: Cases of
Lake Chenghai and Lake Yangzonghai, Yunnan Plateau. J Lake Sci, 2020, 32(3): 701-712. DOI. 10.18307/2020.0310. [ JAi#Z#d, ¥
1%, FHMAE. S r PR 08 1 A2 RO IR X4 ZK AR IV A2 . AR, 2020, 32(3) : 701-712. ]

Xu J, Huang TL, Li K et al. Pollution sources and the stratification effects on water quality in Lijiahe Reservoir. Environmental Science
2019, 40(7) : 3049-3057. [ ik, ATk, ZHIAE. ZRGNK PTG Y Wk IR BOK R G3 JZ A K BT S L. SRIER)274, 2019, 40(7)
3049-3057. ]

Effler SW, Field SD. Vertical diffusivity in the stratified layers of the mixolimnion of Green Lake, Jamesville, NY. Journal of Freshwater E-
cology, 1983, 2(3) : 273-286.

Sun X, Zhu GW, Da WY et al. Thermal stratification and its impacts on water quality in Shahe Reservoir, Liyang, China. Environmental
Science, 2020, 39(5) : 2632-2640. [ IME, A, BICIRAE. K HIIVHRK EEIN AL TR XK BRI 3R5ERE#, 2018, 39
(6): 2632-2640. ]

Zhao LL, Zhu GW, Chen YF et al. Thermal stratification and its influence factors in a large-sized and shallow Lake Taihu. Advances in Wa-
ter Science, 2011, 22(6) : 844-850. [ WM, I, BRoody 4. RMWIKPRKIRIE 6 432400 LR 2. KREd e, 2011,
22(6) : 844-850. ]

Wen XY, Zhang HC, Chang FQ et al. Seasonal stratification characteristics of vertical profiles of water body in Lake Lugu. Advances in
Earth Science, 2016, 31(8) : 858-869. [ SCHIF*, sKIEA, # REFAE. Yl PRIl LTI 24 M3 )=, sk R 0, 2016, 31
(8): 858-869.]

Wang JF, Chen JA, Yang YQ et al. Physical and chemical characteristics of water in Lake Hongfeng during the disappearance of seasonal
stratification. Research of Environmental Sciences, 2012, 25(8) ; 845-851. [ FAE , BEMIZE , Mk B, LM 24 M E T Tk
PRAYBALHREAE. PRI, 2012, 25(8) : 845-851.]

Zhang YC, Qian X, Qian Y et al. Field measurement and analysis on diurnal stratification in Taihu Lake. Environ Sci & Manage, 2008,

(6): 117-121. [3RFM, Hbr, BRI KWAKEZMEH I 5307, SRRl 588, 2008, (6): 117-121.]





