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P 7K i 1 o 2 X K

RERIR QR T R B 0 R IR R L RS S B TR

HE 5 ES Q89 XERARE RS A

KRR AR A S R G — A K B AR bR L BE XS
KA AR FRE VR RS R G ETEAEZ R
e A (Woodward et al,2010) , 5 M 7K i {2
B R A (DO & i K AR S A ) B A K
BT- (Gooseff et al,2005 ), 7K &7 8% if W] B ] $
S EOKME 37 RO ARG CRE 2 B R HE B R
B, 5 A W) ) BE I K B (Cosgrove & Cos-
grove,2012; Dokulil & Teubner,2012), 5| & S &
HEEE T 51 (Dokulil & Teubner,2011; Dokulil,
2014) . KT E XTI KR MAES R B A EE
(R A L B R 0 ) B A L b 43 A (Fang &
Stefan, 1999) ; 5% Wil 7K A& Sl A8 W) 19 357 DR AR 38 B 75 G
Wy i BE 1 o 1 26 B2 b DX Y DK R 0 oK Ok A AR Ak
(Fang & Stefan,1999),

50 7K il 72 Al B BRI A R A X
JEE GRS H v s R R K T s DA D R A
RS e AR T T KA DR S AR X 7K R 52
Wi f5z K P B IE AR SGE R (IR . 1999) o MR
JF ) SRR AL L 17125 51 23 (TPCO) 5 Lk e 4 » 51
(A NUIES¥ | E=R A = iR W 73 Sl we) 2 PO
2% 80 JTAFE LR BT AR A 1Y K- (IPCC, 2013) , 3%
] [ G0 P KRR 2016 A A B 5B 808 s 24
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HiRA CO, k2 3k F 402.59 ppm (Li et al,
2016) » 4= B [ili o I 9 7 29 3 i iR AE 1901 -
2012 4E 01 JE] © F+ 5 0.89°C (IPCC,2013), &R
R AEK: S BUK IR ZE 1L (Hardenbicker et al,2017),
A BRI C 28 )™ H 5% e B0 RN Rl K AK , 51 R
Z WA KR TR S e KR ) BEAR 1 BT
(Dokulil. 2014) « AT 45 7K A2 25 2 G0 R — & 51 1t
H 52 M (Gooseff et al, 2005 ), HEiA ARG H
P 7K A A 3 R 80 A M 7 A Y Wi 0 S U R G S
(Orlowsky &. Seneviratne, 2011; T 3 %, 2013;
Hardenbicker et al,2017) , 7K A= A= 9y i) A= B Fh ¥ 32
J RE v 40 A R B 0 T 45 R T 5 K L 2% D0 AH G (Shi-
moda et al,2011) . (A i, AR T+ @ #o X K A S R
G5 rm A BB (Fang &. Stefan,1999).

1 KEZLIARSER

1.1 KBTHIR®

WA 3R 2K — A F R HE bR SR AR T
SN R ERAR 22U K 1A K I 3 Tl i wiT A
B ETF. WSS R [ 1960s LAk, B L b 25 L T 9
MK IR T 0.2~2°C (Singh & Mishra,2014)
FEALSE L AT 100 4F 2, T I F 4% PG AR T3 AN 4K 46 359
FZKIEHEKEH 0.065°C /a F1 0.086°C /a, s &b Fl
IR ZE(7 -9 HORIZKIEIG I T 3.5°C, Jilf 30
AE I HA 5 £ (Austin & Colman, 2007; Austin &
Colman,2008) ., FERKIM 1983 ~ 2000 4 H P4 KL I# A%
R K IR 3 K =R 0.059°C /a (Gillet & Quetin,



2020 % 1 HA

EBEE KR I AR RO A R R 101

2006) ;1969 — 2006 4, f8 [ JLHF Plusszee #7482
WaiE 0.06~0.08°C /a(Rosner et al,2012) ; 743k B 1
IR A~ B2 0 BT A [ o R AR AN 0, KR B B2
8 0.029~0.032°C /a(Efremova et al,2016) ;1976
~ 2008 4F AR T Wi KK EZ — B =W s K e 7 H
FEIKEW K %% 0.089°C /a(Litvinov & Zakon-
nova,2012), fEF I H X, 1970 — 1995 4F DL i /R i
KR 3 H & Sk 0.054°C /a (Shimaraev, 2008) ; £F /7
FE] L A A8 Al I A UL Y 52 e [ A 25, 20 4
90 4R ROk, == Bg HE Al 0 K IR 3 R . 1994 -
2007 4ESEHK IR L 1967 — 1993 4R34 25 0.7°C , 14 i
h 4.0 00 (A EEAE . 2008)  H i A AR 192 2 5 BOK T
T i i 2 R RT3 E ,2014)

TR 77 T A 72 Ak 5 SO I K I T R (Mohs-
eni et al,2003), 2003 4F LI . 3 ) /K i b T2
2°C (Singh & Mishra,2014), KT, #0] /K i R AE
ZSAEARAFE I L 50 AF R VP TL 3 AN ulh AR
KR W B, AR Ak 2R 20,0063 ~0.0170°C /a, 12
A3 g K .18 1.8°C (XA % .2014) . 3L 50 4F
He (1956 — 2006 4F) L E 3 4F ¥ K iR B R 1 KR
0.0197°C /a, 2000 4F LAk b Tt $44 hy B b (5% S ik
4,2008), 1958 — 2008 48, # ] I i R B i1 G 1k
TR SC kT B K ik St WY Gk 1 B R AR, 2013),
DY i b DXL 3 50 48k, AR AL TR I K T 2 B T
MG, 21 20 DLk 7 27K i 388 D7 4F Tt i 0.85°C
B 20 4 50 AR E AR 1.35°C, B RK IR
TR Eh B E ., KBSBEBWHLEXR 0%
I aT LAIA R ST B T e DA B B i 45 1 1 AR Ak 2
17K T e 1 P GEAR AR LR ,2009)

1.2 KiETHEHB TN

Wil 5 A AR AR AR T s s S i — P
TnsE, EERFEE AL AT 1971 - 2000 4, it
7E IPCC HE AU 547 314 5 (SRES) — B1 (IR HERO Fi
A2(EHEBO R 5 F , 2071 — 2100 4 3] 7K - 35 1 B ¥
Fhi 0.8~1.6°C . fe i 35 1.0~2.2 “C (Van Vliet
et al,2013), I F| 2070 4F B VI # 90 7K 15 54 hn
2°C , Fo iR K A 32 30 A% A2 A0 AT 2R 1 AS ) 52 e XL
% 7% 51 (George et al,2007; Van Vliet et al,2013),
B3 R A AERS I 0.4°C (Arvola et al.2009) , 5
2050 4%, B H A1 /K R 0T BE B FE 3°C 5 5 B 0 ) A
TH 5 At b DX (%) T390 — B (Dokulil, 2014) . 78 H b
) B K R0 1A BA] 435 957 ( Attersee) , % T 2000 —
2009 4FE XK, AR IR Hi 1K 0.5°C /10 a, 7E
MR AR ALK TR L B 2050 4E, W30 22 K R

Bm 2.4~3.2°C (Dokulil, 2014) , B[ JR B 357 111 1l [X.
B Z KRN 3°C (2000 — 2009) , ] 2050 4E, {4 5F
f T 2 K 0K 38 2°C L 2080 — 2099 4K LB K
R 3 38 00 L 3% 3.5°C (Dokulil, 2014) , B T )2 K
T A AR D7 S SR AHE SR WO LA IR IR OK 2
BB KA N 0.1 ~0.2°C/10 a(Dokulil et al,
2006) . TEIE 27 A1 AR R B L S AR Ak T
5 01 s 2 K R EE SN 2~ 4°C , i 96 [ b L IX
R A YT, 3 I s 4 bE At Ml X /5] (Fang & Stefan,
1999), 7EHA —LEK FE, BT 1991 — 2001 4FE Ay /K
IRECHE . BT 2091 — 2100 4F, )2 /KR T fE 34 3
~A°C IR E KB B 2.8°C (Komatsu et al,
2007)

500 — R T AR G 5 B Hh a7 30 R AR b
(IS, 1978 — 2011 4F 2 [] , 3 p ] Bk A 48 2% i 7K
IREZERN T 2°C (ICPR,2013), Hivh 75% (1.5°C)
TRk B T A AL (ICPR,2014) , LA 1961 — 1990
AE R EE L B 2021 — 2050 4F 3 B ] A - 247 7K I 4
Jm0.6~1.4°C, 3 2071 — 2100 4E Fil i 44 0% Ky 1.9~
22C, HEEZL 0.4 ~1.3C,HEF Y 2.7~3.4C
(Hardenbicker et al,2017), & [E JL 4% S i 8k (GE
VYT Gy AT, 22 BT R AR T K R W ) A
SRES-AIBCHPHEHO 1 5 F . 5 1981 - 2010 A b,
RH 2031 — 2060 4EF1 2061 — 2090 4F 7K Ikt ¥ 435 22
W (Hattermann et al,2015) , I0E K 36 55 3 R
B M 1961 — 1990 48, Wil 2071 - 2100 4F K 2
JKIEFE N 1.9°C (Hardenbicker et al,2017), FE3E
.5 2001 - 2010 4F4H H . 2090 — 2099 474 8], Ji
M9 S5V I K R A 3G R R A A2 GR RO 18 5t
ik 2.1~3.5°C, BLURHEBO 1% 523k 1.0~1.6°C , il it
ARG N5 SR AIE e (Luo et al,2013),

2 KBEFBXKEMIE AL F R

KAELSRGE YT R Can gy 2,
b 2% b B2 X BE AR b 43 Rk (Fang & Stefan,
2012) 7K i T e BB X K A& K 3T oK Bl I3 R AE 7 A —
Z Y520 (Smith et al,2008) , 2 VA B fF fn 2=y
AR A L TR KA 32 B A 8 AR R B AN A 5 i
LB 5% 151 (George et al, 2007) , 358 B B9 W1 1A X < A5
A8 1% B b BB (George et al, 2007), R, T /&S
A AR A X KR B 52 2 T i AR AR AR R K AE AR R
Gi s gAY 5 — 4 (Fang & Stefan,2012),
2.1 XKEHERERFN
2.1.1 AR ERoE WA R Z KR IR
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DG 7R - o B2 i K Ak 2 R K AR A 38 R 48 (Kiao et al, 2004 ; Weyhenmeyer,2004); 1961 — 1990 4]

et al,2013) , Fifi & ZK IR0 T i o K A4 43 2 4 i) 380
A L TAT 9 45 K SCHR Mt B 2 B AF (Fang & Stefan,
2012) & JZ /K LA 055 1A 7K 1A 93 2 B oK A g3 )2
WAt 2 B W4 E Y (Fang & Stefan,1999),

KA AR b Tt KR 53 2 TR A 2 AR SE
PR 1947 — 1998 4F 52 4RI, KRR JE 20 m
TR KR AR LR 8 0.024°C /a, 7K AR 43 2 15t 359 48
T 2~ 3 Ji (Livingstone, 2003), f& [ 4t 3B # 14
1969 — 2006 4F 7K il 3 fin A 7K 14 53 J2 2o B o B[] B
W I F KR FE 2 VE (Rosner et al,2012), fER
K 2XCO, RN TR L KAR 3 2 W 5 o 24
Fr4e a3 K (Kraemer et al,2015), % K&K
7 R BT 3T A K 53 J2 900 L A A T IR
JEIK RGN 2.6°C L W /K R B R IHIR ATk 7°C L i
5y J2 4% 0 Bl (Fang & Stefan, 1999), Elo %
(1998) T 7K it AE AL 7E 0.5~2.6°C (Dokulil, 2014) ,
¥ WA KRS R I AE K 30~60d, FEA £ —
S /N TR T LA A A 10 S 39 T R DG =2 ) 7 e K T 25
BTN 1~2°C 78 2 X CO, SRR KIAE %
43 )2 B R 22 wF ] #1143k 66 d (Fang & Stefan,
1999,

AR T 208 SR 0 AR AZ A SR\l B R
WA AR 53 J2 0 e A8 2 o DR R R B 6 23 A 228 9
AU N2 3= RS- X AR R ECECE 2
(Shimoda et al.2011) , 7E & & F= LW . K P 4R
STRETR B WA 2 Gl A 1~2°Cilk 25 TIUE SR
W AR K A 2R 2 RURJZ K e K25 S 7E 0.2
~2°C, Wk, 4 2% B #F (Fang & Stefan,
1997; Fang &. Stefan,1999).

2.1.2 XK T AR AR BB R v Kl 3 g A 9
Ui I A K MR & UK SE R, i R $2ORT (Yoo
& Odorico,2002) , FEJb =2k (32 B A6 HB , BRI
AALHEO L4k R T m L CHAEA R B K,
FECLEKHER 7R B (Bernhardt et al, 2012),
T AR T RS BT A R LA W LR
P22 T 2 M ) 45 VKA SR fige R 4 B L DA Dk 2
K EH BT H (Karetnikov & Naumenko, 2008) ., 7E
SR LA 8 AN WA L 3L Aok (1950 - 2009
AE) WITA 5 DK B (8] #E R L e E 10 a oK R I [B) 46 2 T
11~16 d(Efremova et al,2013), M 1880 L)k,
A $07 f9 B 8, Y O R N ED A 225 d B 217
d(Ramp et al,2015) . FERKY 5 P\ i S rp 350 21 £ =]
K AR ] 30 4E R A48 W T 1 A H (George

(6], it 44U 758 T figp o ) £ 5. 10 L T P A 4R R 2
70 d(George et al,2004) , 2% = pK ] i 7k B ] 42 . 50
% (Korhonen, 2006) , FEJL3E, B e kg 22 H X, &=
R 55 48 TR 1) 1l DX AT fife R I JR) 285 A [ AR R 4
(Livingstone et al,2010),

2.2 xtoKARE] (] 32 72 0

2.2.1 XMAKEEMASENYE DO KERINN
J2 o H B AR T K BT 2B, B — AN KA Y B R R
A FER B (Fang & Stefan,1999) . 7K T 5 &%
/KA DO B it S 3 fin A 9y 0 WG 32, 4k 7] BE 23
FECEALR DO ¥ B, U H E B KA e B
(Elshemy.2013) . X fft 28 1k th K 5 04 48 00 ik 2
FR i SR I AR E DT AR W 9 1 B I (Komatsu et al,
2007) . 2003 4FLAJe , K I b T3 B R 2% T/ DO
&I/ (Singh et al,2014), RESMEE =T HE
2XCO, Wi &~ WA £ T 2K+ DO
Wit W 2> 1~ 2 mg/L (Blumberg & Di Toro,
1990) , 2 2625 2 5 W] J& 75 35 W A I 58 45 SR E 4
2l (Stefan &. Fang,1994), fEASEMHIIA T DO &K
W F <72 mg/L, i TAMEAS B, F R KA DO
i RAEATTIA 8 mg/ L, F R A TE—LE KA Y
FA A, — SR A H TR E DO & &
% <3 mg/L(Hattermann et al,2015), Y4/KIE7E 2
XCO, SAMEIEBCT o AR BRI 1 25 303y 5
FUKAY )2 FBURZE DO JHAFERE N, W5 B3 5k
BT Y B4R X (F DO W) (Fang & Stefan,
1999),

2.2.2 JAREERLW M KI5 R W E A
WA BT R o WA KR 43 2 I R O —4E L R
A SRS S E IR AT 08 R KIS N (Psenner &
Schmidt , 1992, By 7K 44 43 J2 i ) 5 4L i 2 7K
B WAL F B UK 2 (Magnuson et al, 1997) , i 48
FAFAE HETTRR Y IR BRI (R A5, 2015) , JU
SR Tl PR R TR o DT 2 137 TR /K )22 B0 1) Wk 8 R S L O
of B b % B KK )2 (Komatsu et al,2007), 2=
JR A (2015) 455 480 78 188 XoF 8 17 D0 AR ) 1) S o
B, MoK 18°C Tk & 22.5°C i, K 1A 1 B R 6
e Al 0.1 mg/L FF& 0.55 mg/L. M &l i
0.37 mg/L F+ & 0.73 mg/L; i /K & T+ & X Ui R Y
AR BN, A2 B B K T 45 8
A T 350 T T AR A W e i ot AR L A b, DXL A B T Ok
DA AR S B /Y 5 E SR (Smith et al,2008) ,
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3 KBTI KELEYHIF M

KR T 8 AN AR KA IR SRR oK 3l ) R A
SO L LT KPR DO HMUE I 1) 5 A B A
M7 ) #2252 el 7K A AR 2R R 48 (Arvola et al, 20100, K
I T S R K IR T 5 R AR A LR B AR )l 7
A R M B W W 28 4k (Orlowsky &. Seneviratne,
2011) o ZK UL 3G I3 23 5 e 390 0 AN K PR 19 A= Al i 7
L2 X 1 98 775 BE 0, A BLIE S50 19 43 A 7 A
B (Alavian et al,2009;Grover,2015)
3.1 XFE A AR
— B A U, R K IR T BE B R TR DA ) 0 A R R
FHI DA 77 o o] BRI N oK 1A 3= 40 T A fi s B R
BRI (Hill & Magnuson, 1990) , /K I8 FF & 44
TR oy 28 % 3G 08 3% 5 TR W) v B B i, 23 52 i
TR G TP UEAE B 80 71 2% (Algesten et al,2005) ,
HE— 20 A P2 A K RN A K A2 38 &R 4 (Komatsu
et al,2007) . 1EHi M = RFA B HFTE R, £ TS
168 5 7K A 25 B 22 1) 5G 7 32 7K AR 3 27K I BR 1 CAL-
gesten et al,2005) , TEA A BYHKE R, K IR A8 2 W] fE
S P EOR B FRER RN, U R B R R R
i BT S K AOK BT A T de L TR SRS S E
EFF 1k (Dokulil & Teubner, 2011; Cosgrove &
Cosgrove,2012; Dokulil &. Teubner,2012) , i 214
N K AR B & JL% (Elliott & Defew,2012), 7K
HE 1 A KAy )2 95 YDA O, oK IR S A 5] B K A4
G327 AR 51 S T IR AT R i 2 T R A AR AL, gk
M5 % A~ 90 26 28 &R 48 %2 B 52 i (Sorvari et al,
2002) o K Z B0 TRIK A K AR S 2 g5 G B 1 ik
PR ER SO AN U X P A B R R A2 K AR O 2 Y
Wi (Smith et al,2008) , TERKUH Y137 & B 7K 4 %
Az B (8] R0 A 2 UM 22 E] AT 1 3 19 E R (Gerten &
Adrian, 2000; Miiller & Wessels, 2010; Weyhen-
meyer,2015) . WIHZKAR S 2 W A G 1 a, R4S
e % 5 SR AL T J7 8 R K 3 I (Psenner &
Schmidt, 1992) , IR 7K (4 53 J2 i ] 3 4L Ji2 K 8
K Ab T B AECIR ZS (Magnuson et al, 1997) o AT
BT B 55 L B (Pettersson et al,2003) , & 9
FKZFEAE Y M A K (Komatsu et al,2007),
o3y J2 T LA JE A B 08 3% 800 I8 F Rl (George et
al,2010) 85 & M 7K IR SE G T 43 2 401 o R B 1 7
T 2R N B AR A T AT A 25 (Smith et al,2008) ;
W Ah o R A 5 W S o R S AT D 3 90 3 A
SO e TR B E SR AL WA (Smith et al,2008) 5 75K it

AT EE R 3 P AR B 25 AT AR S5 2 0 v
WAL F (Smith et al,2008), 78 & — A 311 4
25 AR A T R R 2R AR YR s DA
B S DI # o 728 B 35 O O 3 Bl (Smith et al,
2008) . P 2003 4FE 7, i TR TH = K AR
T ALy B A A A O K AR U L R 2 1
(Hardenbicker et al.2017), 7E H AR B IIKE . 5
kgl 90 AEARARLL L BT 20905 Hb 7K i 2R 1S
3.8°C  RIZACHKHE N 2.8°C , R /K T KE AE K R 43 2 B
B AR R N S B R e R T AR R R B
s 3 KA E B R A Kk R 1 L% (Komatsu et al,
2007) . MEAb, UK B i VR RE 1] 45 52 i K AR B o)
J2 o AR M 52 W) K A B T AR ) b BE 245 44 (Adrian et al,
1999) , i B b 5B i) WL & BR (Algesten et al,2005),
ok BB DRG] gt R O R 2 IR R
B AR e Sy R O DL O 3.
3.2 JREKEEYAIRM

KRS Ak BE B AR JK A A W 1Y AR K SR F (AL
gesten et al,2005) , U UL/K A W) 19 £ W) & 0 A
(Poff et al,1999; Rooney & Kalff,2000), £ Kk
AR B LA W0 25 2R R L KO T e T ek
W) 53 A1 DR JEE 7 Tk 8 4F 03 T /K A ) A W o B FE V2
AEGYIEIN T 104 24, MR A5 A8 A B T L K R AR
AR T BT KA W A W 360 e 9 0 A 2O AT
PR VIR T YA 1) 45 48 RN 3 BE (Rooney & Kallf,
2000), Cao % (2014) & #, 76 /K i 14 i 3°C 15 Bt
R A ) R RN, i R AR
AT EX AL T T I R R AR, K
T T 5 3 BE 52 ) 7K AR ) AR i R e A Al
T 43 7K A AE W B BT R O AR A, R AR e
Fh N IR ¥ (Elodea Canadensis) . B 1/ IR + 3¢
(Potamogeton pectinatus) .4 3 (Ceratophyllum
demersum) (Brock & van Vierssen,1992), T J5%:
(201D EEL TPCC 2000 4R HE ik J5 %8 SRES-B2 (i
OGS AR L R B SR A BB — A
TR Bk SR RE G # 5OE 50 4B CE I E A L
2020,2050 A1 2100 4F & [ W& BE 23 50 4 5. 3706
9.91% 1 13.59% . M1 T/KA MW A= & 32 Ak £ B BE
KR A, PR, 7K T i X R 7R K A A ) 1 5 e £
TE—E WA EME . Rip 55 (2007) X i 22 14> 7K
WVAHEAT T WL L 25 R R TE 20 42T 50 4F L BEE
AR L KB T T R B KA R R A AR A
ol AR A TR KA B Wl e 2R R A AR AR
B BRI T R R B IR A= A ) TR 25 K 0T I A
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3.3 XKAENMAIR M

3.3.1 EERWmPw KIEZILRE R F R Ak
A AEAT o IR AT DO e JEE R 52 Wi £ I A7 15 A A KA
P B B AU K B 280 (Hardenbicker et al,2017),
B — T AT B KR T BR M2 R (Gooself et al,
2005) Al fix ik DO % 3K (Eaton&. Scheller, 1996),
TE—ME U T BE 23 52 ) £ 28 A L AR L 4 11 52 1
1254 K (Algesten et al,2005) , K, 7K i X /a2
AR OCELZN , — B A B 6 %A
1k BE VA S IR L RIS Bl RE ) Ak 2k A L HRT BE 2 R T
WY, A2 BB RIE T (Goosel! et al,2005),
TR ARL T E T 7KK AT DL A8 DO & &, K 3G A
Bl ffi K& DO & @ K (Louge et al,1995) , 1]
FEOKMSZ IR E DO SR, 5 a2 4 7
(Fang & Stefan,2012), 7 2 X CO, SfEHE =T,
T AR I 7E /N ER K A IR 2 KR A T 8°C
B[] 2 B L 0k K P 28 A AR AR R R
(Fang & Stefan,1999) ; {H I 11 25 vK i [a] 47 4iE 38 Al
Filt Ak 2 B, KT 5 I ] 4 J8E, 7T LA IR — S K il A
VKA 35 5 R 1 K A S A R I R T B AL O — Sk
KA HEIE A (Fang &. Stefan.2000),

KRZEABREEL WAL ERKRKET. B
6 KR K, AT S e 0 28 1Y FE TS # KR 2 3 8°C
1 T R o R o S R B S 1N R £ 4 1P 3
IR B T A R B, R 2 I R K
B 113 K (Fang & Stefan,1999) , {5 &4 , T filf Fh 4 75
23°C /KR B K (Michaels et al,1995); Hiik . fi
B YL LY AR B TS B 52 KR E I B0 1Y B el
(Hogg et al. 1995) . MM 52 1R i 2 B B 5 25 [ &
PE 55 =, 0287 ORI 0 B % AT RE 4 52 B UL 1B
B 52 ) o 3 6 5 ) R S X R A B B S L 5]
12. 8°C J2:filf fa 7= B A1 P & B 1Y 5z 5 7K i (Louge et
al,1995) . MAh, 7K I 28 A0 A A T a0 AR o 7 &
FoAh A= 353 2 (Louge et al,1995) ,fH WL 2774 —
SR R, Tt 2 X CO, 15 F bk K a4
KISEA 2y 72 d, m 2P 3R AE A 1 a, 33 2 M5 78 2 X
TR K AL FR A 52 i (Fang &. Stefan,2012).,

KR AR A A 23 % £ AT B b o3 A R A TR Y
M, 52w A]RE 2 B R A, ] BB 2 T R
(Gooseff et al,2005) . 7K 725 {6 AT DLk AR f6 2 e £
S b B i AR P Rt S T S il A 7 (Hyen-
strand et al,1998) . 7E 3 [H — L0k B & 5 3¢ o rh
B INE 7K IR T BR AR O 2R A TR RAEBL A

BRI T 6 2 A R b Y R R I (Fang &
Stefan,2012) , fH X} — 863% 7K ¥ 1 38T 5, 7K i 34
T2 XoF £ A b 7 A AR L R R G )2 KR T
o K LG 2 T2 TR B vy DT 9 B #0220 A PO 2 3
TE — B YA X 3L WA Hh s KO 3 % 8 28 A B
Hb B 52 Wi B K (Fang & Stefan, 1999), 7EE R, X
A2 B 50N 7K IR 3G I LT 7T 3 BR BT A K A
R 4 m) 3 A v K f i A S, O 2 395 A v 45 R
JIE GBI 13 m) R K WA Hh i v 7K M £ 24 Ok B
SR ) BTET S AR R 27 AN I O A 4 A L U
DT 4y 0 Gk 45 % A 30% (Fang & Stefan,
2012) . HEAh, BTy 2 0 34 05 BE BRSO B
1 JZ2 7K Bl 4, 7 B 5 1) K S5 , A 2 5 i) £ S A IS
(Adrian et al,1999) , KX B & ¥ il . 78 2
XCO, AEEHT IKIET B XK ES R G R R E
M) 2 9 ol o A A8 Ak 2 £0 G 8, 1 BCAE (Fang & Ste-
fan,1999) . 3 [ R A8 HI A< 7 &1 4 M K
Bk EZHT- WAL % B #F Y K (Hattermann et
al,2015) s 24T 3% )2 /K I M A — S e 7K 1 £ 28 4R
i 52 b BRI, 30 B2 12 /K f04 2 11 2%, LA TR A e B
PR FT BE 23 1] 1w 26 B2 3t X R% 3, i) — 2L RV NG K
BT B g St 4k B PT RE 1 b HE (Fang & Stefan,
1999), Schindler 4§ (1996) A & B A% AE AL MK T
A6 75 090 0 A8 R 2, B A B L . Stefan 5%
(2001 X L3 209 4> W1IA BB 5T 245 R £ WL 72 CO,
FEYE IS LT FE KM NV 7K 1 £ 28 1 A 2 b K 2
W BRILZ A FE 2 X CO, T3 T L TR I 425
f8 73 J2= AT LA Al SRR L Sy FE K 1R BV K £ 26 4R it
A F) 25 AH AL 7T BE B B ™ 8 i B (F DO iR
JE) X5, DT 96k 20 5 £ 2475 )9 1 %5 H] (Fang & Ste-
fan,1999),

3.3.2 X ABLAHME W F m K 0K
RYTC A HE 2 ) A 06 S A A W 35 52 I (Lessard
&.Hayes, 2010), Habib & Yousuf (2015) #f 5% &
B, Tl KB TE A HESh ) R R BCR W L T
HHES R ACE R 13 FRRRAR S 2 b Ak A
FEEON 1.8 TR 0.7, Ganser % (2015) #F 58 K i
T XoF 4TIk 2 B AR IR K i DL 52 el IF L & B, K
T T R R IR K 1 A= B B R — R NN R
KR T 23 3 U IR K T DL AR R IR b G
AR W R TR Y RE AL S AN AR A R KRB A
Weitere 2 (2010) 1F 3 B4 1] 38 1o Jil # A g 4 2 ] K
MR 3°C S & B, 3 A AT 1 ME Y TR (Corbicula
fluminea) BAH 2 &5 L AT T 2005 ~ 2006 4EHE N T 8



2020 % 1 HA

EBEE KR I AR RO A R R 105

£ .2007 — 2008 4RGN T 2.6 A% ZET UL P A 43 A X
WALy R, P A ZR KR TR AT RE S I Y ]
W 7E Jb 2 Bk AR BT 1Y R B 2 — (Mller &
Baur, 2009; Weitere et al,2010) , {H3E B W B Z=/K
T 38 fn 5 TR A A R R (IR ER RSSO W 3 T R L SE
TR D A& 2 Kl 3 AR 5 W DE 4 R LGS R
ZE KRG N B 5% i HGTE (Weitere et al,2010)

4 ZRERE

I o8 R e W S Y 1 R 2 5 > S
i 748 B2, A BROK AR K T DR T g o 7 Rk L B S
A5 728 Ak, K R 384 0 S e el o DAL KR T R KA
R JBE i v o 3 o) X 3L 98 /L o0 2 B4 N 0L
AT LA KA 5 R 30 4 L DK VR AR AR AL . K IR T
JEHIR R E KT B KA R A S R T
W - T80 TR R KRS 3R Z K R St L i =
B B G I L IR S EUL R Y o SR R
BRK BRI S I P 1 2237 T oK IR R A AR AR
B IR . RIZ KU TH i 7 i S b DA K
A TR Kl T R o VKT AR R B I L 2492 Al 2 I A B B
FPPRE A AL A Bl T2 R /N B R R I
FHE . /KIS T RE R 78 K AR AL Y AR IR AR B
UK A= Wy i Koy A s KR T LRI JZ KA
B B SRR AR S A R R Ll —
BT B v K A #0127 S b 2 0 2 5 IR 4
Xt R I T AE B M A= 3 K o A A 3 R e A
HE B W Fh AR A A 2 R R AR A

ST H R AR R R HE L R R oK A A X
KA A S R GRS I B F RS TR AR AT L AR R
F [ K AR K TR AR AR AR B IR SOK BEIRAR AR B 7K AR
A2 7S R GEH S AL KR AR P X A 25 R GE AL LK 3L
KBS R L o RS ] e 1 A 95 R K 4K
AR B, K SOK FEIRAEACIROL K A RS R R E
FeW) AR DL » AL AR BRAG 6 L RAEER L B AFE SR
070 A 7K 45 X8 A 0t 3R A 2 0 A 1 S0

FE SR R KT 5 AR A A S R
GEH)— F I S X KR A 25 D RE 7™ A2 52 0 W) b o
Aii RE MR 7 25 0 25 18 ke A AR Al . Ui g R BN
X 2 K AR S0 B T AR 3 R OR AN 2 i ik 8] A
W TR B A

S & 3k
HARE 1999, — A3 Ok E) AR KRH AR
K3, (3): 29 - 32,

AT AN , R, 28 0B 08, 2014, TEANIKIR 5L FH X R
WEFELJ KBRS K TR, (2): 192 - 194,

AHAE, 2008, PEALE KRR AR Bl B Hr D] N RZRYL,
39(5): 38 - 39.

SRSk, B OE SR, TS A, 4, 2008, 3T 50 AFE R K TR B K
IRARH 22 ]ROBE e A [T LK Al 22 4. 39 (1) . 1197 -
1203.

ZEPEJR L XA L IR 25,2015, THE R E B SRR AN
AR EFRDBEBNZ ML) AE%¥M. 3502,
4016 —4025.

XU, B, T L 25,2014, 3F 50 4R 40T F iR KR
PEHFIE AT [T ] Rl . (6) 2 49 - 54,

EI5m AN IR RE, 2011, 3T 50 AR AR LR LR
ARG AR — g 2w )] E R
A, 27(1) ;. 257 - 262.

FARARRIAR , 2009, 3 50 48 K Ll PG 8 P 3 T SR 4R VT T8 K R
AARRFAELT K SC, 29(2) : 84 - 86.

T BRI 4K )L, 2018, A A A R I % 1000 4R
A% A% Ak 1 el JOE AFF T+ L JB B 380 £E 285 2R 40 3l ) 4 B4 A 461
[J155 D948 RF5E . 33(6): 1148 — 1159,

S R AR RSR L AR, 2013, BT L e 9 DX I K R R
FRARAE Be s R R W oe (). TR KI5 3 58, 27
(12): 59 - 65.

Adrian R, Walz N, Hintze T, et al, 1999. Effects of ice du-
ration on plankton succession during spring in a shallow
polymictic lake[ J]. Freshwater Biology, 41(3): 621 -
634.

Alavian VHA, Qaddumi HH, Dickson E, et al, 2009. Wa-
ter and climate change: understanding the risks and
making climate-smart investment decisions[J]. World
Bank: 1 -174.

Algesten G, Sobek S, Bergstrom AK, et al, 2005. Role of
lakes for organic carbon cycling in the boreal zone[ ]].
Global Change Biology, 10(1): 141 —147.

Arvola L., George G, Livingstone DM, et al, 2010. The im-
pact of the changing climate on the thermal characteris-
tics of lakes.//George, G. 2009. The Impact of Climate
Change on European Lakes[C]: 85 -101.

Austin JA, Colman SM, 2007. Lake Superior summer water
temperatures are increasing more rapidly than regional
air temperatures: a positive ice-albedo feedback[]J]. Ge-
ophysical Research Letters, 34(6): 125 —141.

Austin JA., Colman SM., 2008. A century of temperature
variability in Lake Superior[]J]. Limnology & Oceanog-
raphy, 53(6): 2724 - 2730.

Bernhardt J, Engelhardt C, Kirillin G, et al, 2012. Lake ice
phenology in Berlin-Brandenburg from 1947.2007: ob-

servations and model hindcasts[ J]. Climatic Change.,



106 EAEE 1Y

=
(=
3
3

Z

= 2020 % 1 A

112(3): 791 - 817.

Blumberg A F. Di Toro D M, 1990.Effects of climate war-
ming on dissolved oxygen concentrations in Lake Erie
[J]. Transactions of the American Fisheries Society,
119(2) . 210 - 223.

Brock T C M, van Vierssen W, 1992, Climatic change and
hydrophyte-dominated communities in inland wetland e-
cosystems [ J]. Wetlands Ecology and Management , 2
(1/2): 37 —49.

Cao Y, Li W, Jeppesen E, 2014 The response of two sub-
merged macrophytes and periphyton to elevated temper-
atures in the presence and absence of snails: a micro-
cosm approach[ J]. Hydrobiologia , 738 (1): 49 — 59.

Cosgrove CE, Cosgrove W], 2012. The dynamics of global
water futures. Driving forces 2011 — 2050. UNESCO
Paris[J]. Global water futures 2050.

Dokulil MT, Jagsch A, George GD, et al. 2006, Twenty
years of spatially coherent deep-water warming in lakes
across Europe related to the North Atlantic Oscillation
[J]. Limnology and Oceanography, 51 (6): 2787 -
2793.

Dokulil MT, Teubner K, 2012. Deep living Planktothrix
rubescens modulated by environmental constraints and
climate forcing[ J]. Hydrobiologia, 698(1): 29 —46.

Dokulil MT, Teubner K. Eutrophication and climate change:
present situation and future scenarios. //Ansari AA,
Gill SS, Lanza GR, et al. (eds), 2011. Eutrophication:
Causes, Consequences and Control[ C]. Springer, Dor-
drecht: 1-16.

Dokulil MT, 2014. Predicting summer surface water tem-
peratures for large Austrian lakes in 2050 under climate
change scenarios[ J]. Hydrobiologia, 731(1): 19 - 29.

Eaton JG, Scheller RM, 1996. Effects of climate change on
fish thermal habitat in streams of the United States[ ] ].
Limnology & Oceanography, 41(5): 1109 —1115.

Efremova T, Palshin N, Zdorovennov R, 2013 .Long term
characteristics of ice phenology in Karelian lakes[]].
Estonian Journal of Earth Sciences, 62(1): 33 —41.

Efremova TV, Pal’shin NI, Belashev BZ, 2016. Water tem-
perature in different types of lakes in karelia under
changing climate based on data of instrumental meas-
urements in 1953 — 2011[J]. Water Resource, 43(2):
402 —411.

Elliott JA, Defew L., 2012. Modelling the response of phyto-
plankton in a shallow lake (Loch Leven, UK) to chan-
ges in lake retention time and water temperature[ ] ].
Hydrobiologia, 681(1): 105 - 116.

Elo AR, Huttula T, Peltonen A, et al, 1998. The effects of

climate change on the temperature conditions of lakes
[JJ. Boreal Environment Research, 3(2): 137 —150.

Elshemy M. Climate change impacts on water resources in
semiarid regions: case study of aswan high dam reser-
voir[R] // Younos T, Grady CA,2013. Climate change
and water resources, The Handbook of Environmental
Chemistry.69 - 98.

Fang X, Psapula R, Stefan HG, 1997. Projections of poten-
tial climate change effects on water temperature, dis-
solved oxygen and associated fish habitat of small lakes
in the contiguous U.S., Vol. [l - Effects of projected fu-
ture climate conditions[J]. St. Anthony Falls Laborato-
ry. University of Minnesota, Minneapolis: 234.

Fang X, Stefan HG, 1999. Projections of climate change
effects on water temperature characteristics of small
lakes in the contiguous U.S[]J]. Climatic Change, 42
(2): 377 —412.

Fang X, Stefan HG, 2000. Projected climate change effects
on winterkill in shallow lakes in the northern contiguous
U.S[J]. Environmental Management, 25(3): 291 - 304.

Fang X, Stefan HG, 2012 .Impacts of climatic changes on
water quality and fish habitat in aquatic systems[R] //
Lackner M, Chen WY, Suzuki T, et al. Handbook of
Climate Change Mitigation: 531 - 569.

Fang X, Stefan, H G. 1997. Simulated climate changes on
dissolved oxygen characteristics in ice-covered lakes[ ] ].
Ecological Modelling, 103(2): 209 - 229.

Ganser AM, Newton TJ, Haro RJ, 2015. Effects of elevated
water temperature on physiological responses in adult
freshwater mussels[ J]. Freshwater Biology, 60 (8):
1705 - 1716.

George DG, Hewitt DP, Lund JW, et al, 2010. The relative
effects of enrichment and climate change on the long-
term dynamics of daphnia in Esthwaite Water, Cumbria
[J]. Freshwater Biology. 23(23): 55— 70.

George DG, Maberly SC, Hewitt DP, 2004. The influence
of the North Atlantic Oscillation on the physical, chem-
ical and biological characteristics of four lakes in the
English Lake District[J]. Freshwater Biology. 49(6):
760 —774.

Gerten D, Adrian R, 2000. Climate-driven changes in spring
plankton dynamics and the sensitivity of shallow
polymictic lakes to the North Atlantic Oscillation[ ] ].
Limnology & Oceanography, 45(5); 1058 — 1066.

Gillet C, Quetin P, 2006. Effect of temperature changes on
the reproductive cycle of roach in Lake Geneva from
1983 to 2001[J]. Journal of Fish Biology, 69(2): 518 —
534.



2020 % 1 HA

EBEE KR I AR RO A R R 107

Gooseff M N, Strzepek K, Chapra SC, 2005. Modeling the
potential effects of climate change on water temperature
downstream of a shallow reservoir, lower madison riv-
er, MT[J]. Climatic Change, 68(3):331 - 353.

Grover V 1. 2015. Impact of climate change on the water cy-
cle[J]. Springer International Publishing, 66(1 -2): 3 -
30.

Habib S, Yousuf AR, 2015.Impact of elevated water tem-
perature on phytophilous macroinvertebrate community
of an eutrophic lake in Kashmir Himalayas[ ] ]. Interna-
tional Journal of Current Research, 6 (2): 5181 —5183.

Hardenbicker P, Viergutz C, Becker A.et al, 2017. Water
temperature increases in the river Rhine in response to
climate change[]J]. Regional Environmental Change, 17
(1): 299 - 308.

Hattermann FF, Huang S, Koch H, 2015 .Climate change
impacts on hydrology and water resources[]J]. Meteo-
rologische Zeitschrift, 24(2). 201 - 211.

Hill DK, Magnuson JJ, 1990. Potential effects of global cli-
mate warming on the growth and prey consumption of
great lakes fish[J]. Transactions of the American Fish-
eries Society, 119(2):265 - 275.

Hogg 1D, Williams DD, Eadie JM, et al, 1995. The conse-
quences of global warming for stream invertebrates: A
field simulation[J]. Journal of Thermal Biology, 20(1 -
2): 199 - 206.

Hyenstrand P, Blomqvist P, Pettersson A, 1998. Factors
determining cyanobacterial success in aquatic systems-a
literature review. Archiv Fur Hydrobiologie Spec Issues
Advances in, 51: 41 - 62.

Intergovernmental Panel on Climate Change (IPCC). Fifth
assessment report: Climate change 2013[R]. 2013.
International Commission for the Protection of the Rhine
(ICPR), 2013. Development of Rhine water tempera-
tures based on validated temperature measurements be-

tween 1978 and 2011[R]: 1 - 26.

International Commission for the Protection of the Rhine
(ICPR), 2014. Estimation of the effects of climate
change scenarios on future Rhine water temperature de-
velopment. International ommission for the Protection
of the Rhine ,ICPR-Report No. 214[R].

Karetnikov SG, Naumenko MA, 2008. Recent trends in
Lake Ladoga ice cover[ J]. Hydrobiologia, 599(1): 41 -
48.

Komatsu E, Fukushime T, Harasawa H, 2007.A modeling
approach to forecast the effect of long-term climate
change on lake water quality[J]. Ecological Modelling,
209(2 -4): 351 — 366.

Korhonen J., 2006. Long-term changes in lake ice cover in
Finland[J].Water Policy, 37(4 - 5); 347 — 363.

Kraemer BM, Anneville O, Chandra S, et al, 2015. Mor-
phometry and average temperature affect lake stratifica-
tion responses to climate change[]J]. Geophysical Re-
search Letters, 42(12) . 4981 - 4988.

Lessard JAL, Hayes DB, 2010. Effects of elevated water
temperature on f{ish and macroinvertebrate communities
below small dams[J]. River Research &. Applications,
19 (7). 721 -732.

Li W, Xu X, Fujibayashi M, et al, 2016. Response of mi-
croalgae to elevated CO, and temperature: impact of cli-
mate change on freshwater ecosystems[ ]J]. Environmen-
tal Science & Pollution Research, 23 (19): 19847 -
19860.

Litvinov AS, Zakonnova AV, 2012. Thermal regime in the
Rybinsk Reservoir under global warming[ J]. Russian
Meteorology and Hydrology, 37(9) . 640 — 644.

Livingstone DM, 2003. Impact of secular climate change on
the thermal structure of a large temperate central Euro-
pean lake[]J]. Climatic Change, 57(1): 205 - 225.

Livingstone DM, Adrian R, Blenckner T, et al. Lake Ice
Phenology[R] //D.G. George (ed.) , 2010.The Impact
of Climate Change on European Lakes, Aquatic Ecology
Series 4, 51 - 61.

Louge J. Tiku P, Cossins AR, 1995. Heat injury and resist-
ance adaptation in fish[J]. Journal of Thermal Biology,
20(1-2): 191 -197.

Luo YZ, Ficklin DL, Liu XM, et al, 2013 . Assessment of
climate change impacts on hydrology and water quality
with a watershed modeling approach[J]. Science of the
Total Environment, 450 —451(16): 72 - 82.

Magnuson J J, Webster K E, Assel R A, et al, 1997. Po-
tential effects of climate changes on aquatic ecosystems:
Laurentian Great lLakes and Precambrian Shield Region
[T]. Hydrological Processes, 11(8): 825 - 871.

Michaels G, ONeal K, Humphrey J, et al,1995. Ecological
impacts from climate change: an economic analysis of
freshwater recreational fishing[ RJ]. Report by office of
planning and evaluation. EPA - 230 - R - 95 - 004, En-
vironmental Protection Agency, Washington DC.

Mohseni O, Stefan HG, Eaton JG, 2003. Global warming
and potential changes in fish habitat in U.S. Streams[]].
Climatic Change, 59(3): 389 - 409.

Morrison J. Quick MC, Foreman MGG, 2002. Climate
change in the Fraser River watershed: flow and temper-
ature projections[ ] ]. Journal of Hydrology, 263(1 —4);
230 — 244,



108 FAEE 1M i

ﬁ:, Y
N

W

= 2020 % 1 A

HE

%

Miller A, Wessels W , 2010. The flood in the Odra River
1997 — Impact of suspended solids on water quality[]].
CLEAN-Soil, Air, Water, 27(5): 316 - 320.

Miiller O, Baur B, 2009. Survival of the invasive clam cor-
bicula fluminea (miiller) in response to winter water
temperature[ ] |. Malacologia, 53(2): 367 —371.

Orlowsky B, Seneviratne S I, 2011.Investigating spatial cli-
mate relations using CARTs: an application to persis-
tent hot days in a multimodel ensemble[ J]. Journal of
Geophysical Research Atmospheres, 116 (D14). 263 —
294.

Pettersson K, Grust K, Weyhenmeyer G B, et al, 2003.
Seasonality of chlorophyll and nutrients in Lake Erken-
effects of weather conditions[ J]. Hydrobiologia, 506 —
509(1): 75 -81.

Poff N, Brinson MM, Day JW, 1999. Potential impacts on
inland freshwater and coastal wetland ecosystems in the
United States [ ]J]. Contact Dermatitis, 40 (6);: 335 -
336.

Psenner R, Schmidt R , 1992. Climate-driven pH control of
remote Alpine lakes and effects of acid deposition[ ] ].
Nature, 356(6372): 781 —783.

Ramp C, Delarue J, Palsb¢ll PJ, et al, 2015. Adapting to a
warmer ocean-seasonal shift of baleen whale movements
over three decades[J]. Plos One, 10(3): e0121374.

Rip W J, Ouboter M R. L, Los HJ, 2007. Impact of climat-
ic fluctuations on characeae biomass in a shallow, re-
stored lake in The Netherlands[ J]. Hydrobiologia, 584
415 —424.

Rooney, N, Kalff J, 2000. Inter-annual variation in sub-
merged macrophyte community biomass and distribu-
tion: the influence of temperature and lake morphome-
try[J]. Aquatic Botany.68(2): 321 — 335.

Roésner RR, Miiller-Navarra DC, Zorita E, 2012. Trend a-
nalysis of weekly temperatures and oxygen concentra-
tions during summer stratification in Lake Plufsee: A
long-term study[]]. Limnology &. Oceanography, 57
(5): 1479 - 1491.

Schindler DW, 1996. Widespread effects of climate warming
on freshwater ecosystems in North Americal J]. Hydro-
logical Processes, 11(8): 1044 —1069.

Shimaraev MN, 2008. Influence of the north atlantic oscilla-
tion on ice-thermal processes in Lake Baikal[ J]. Dokla-
dy Earth Sciences, 423(2): 1418 — 1422.

Shimoda Y, Azim ME, Perhar G, Ramin M, et al, 2011.
Our current understanding of lake ecosystem response

to climate change: what have we really learned from the

north temperate deep lakes? [J]. Journal of Great Lakes
Research, 37(1): 173 —193.

Singh VP, Mishra AK, Chowdhary H, et al, 2014. Climate
change and its impact on water resources[ ]J]. Humana
Press, 1(5): 525 - 569.

Smith B, Aasa A, Ahas R, et al,
change in terrestrial and freshwater ecosystems [ ] ].
Springer Berlin Heidelberg: 221 —308.

Sorvari S, Korhola A, Thompson R, 2002. Lake diatom re-

2008. Climate-related

sponse to recent Arctic warming in Finnish Lapland[]].
Global Change Biology, 8(2): 171 - 181.

Stefan H G, Fang X, 1994. Model simulations of dissolved
oxygen characteristics of Minnesota lakes: past and fu-
ture[ ] ]. Environmental Management, 18(1): 73 —92.

Stefan HG., Fang X, sEaton JG, 2001. Simulated fish habi-
tat changes in North American lakes in response to pro-
jected climate warming[ J]. Transactions of the Ameri-
can Fisheries Society, 130(3): 459 —477.

Van Vliet MTH, Franssen WHP, Yearsley JR, et al, 2013.
Global river discharge and water temperature under cli-
mate change[ ]]. Global Environmental Change, 23(2) :
450 —464.

Weitere M, Vohmann A, Schulz N, et al, 2010. Linking en-
vironmental warming to the fitness of the invasive clam
Corbicula fluminea[ ]J]. Global Change Biology, 15(12) ;
2838 — 2851.

Weyhenmeyer GA, 2004. Synchrony in relationships be-
tween the North Atlantic Oscillation and water chemis-
try among Sweden's largest lakes[J]. Limnology &. O-
ceanography, 49(4) . 1191 - 1201.

Weyhenmeyer GA, 2015. Warmer winters: Are planctonic
algal populations in Sweden' s largest lakes affected?
[J]. Ambio, 30(8): 565 - 571.

Woodward G, Perkins DM, Brown LE, 2010. Climate
change and freshwater ecosystems: impacts across mul-
tiple levels of organization[ ]J]. Philosophical Transac-
tions of the Royal Society B Biological Sciences, 365
(365): 2093 —2106.

Xiao F, Ling F,DU Y, et al, 2013. Evaluation of spatial-
temporal dynamics in surface water temperature of
Qinghai Lake from 2001 to 2010 by using MODIS data
[J]. Journal of Arid Land,5(4): 452 - 464.

Yoo JD, Odorico P, 2002. Trends and fluctuations in the
dates of ice break-up of lakes and rivers in northern Eu-
rope: the effect of the North Atlantic oscillation[]].
Journal of Hydrology, 268(1 —4):100 - 112.

(FHEHmE KRB A HRE2H)



2020 & 1 H# EBEE KR I AR RO A R R 109

Effects of Increasing Water Temperature on Water Properties and

Aquatic Organisms: A Critical Review
WANG Jin-qi, SONG Yu-zhi, HUANG Jin

(School of Applied Meteorology, Nanjing University of Information Science &
Technology, Nanjing 210044,P.R.China)

Abstract: Global warming has resulted in continuously increasing water temperatures in most lakes and
rivers, and this warming trend will intensify with climate change. Changes in water temperature have a
significant impact on aquatic ecosystems and it is therefore important to study the influence of water tem-
perature changes on these critically important ecosystems. In this study, we analyzed the trend of increas-
ing water temperature and summarized the effects of elevated water temperature on the properties of water
itself and on aquatic organisms. Global water temperatures have increased from 0.2°C to 2°C and will con-
tinue to increase in the future due to climate change. With increased surface water temperature, water
bodies becomes more stable as thermal stratification strengthens and vertical convection weakens. Rivers
and lakes freeze later and thaw earlier, shortening the time of ice cover, Further, increased water tempera-
ture reduces the solubility of oxygen, reducing dissolved oxygen, exacerbating bottom water hypoxia and
increasing nutrient release from sediments. Both reduced mixing and increased nutrient release promote cli-
mate-induced eutrophication. The increase in water temperature affects biological processes, species com-
position and the food web structure of aquatic ecosystems. Thermal stratification of water bodies and de-
creased dissolved oxygen will increase nutrient loading, altering phytoplankton community structure,
growth conditions and the biomass and distribution of aquatic plants. Rising water temperatures will also
reduce the number of aquatic invertebrates and affect the survival and growth of fish and fish habitat. Ris-
ing water temperatures are impacting aquatic ecosystems and the impacts will become more severe.

Key words: elevated water temperature; hypoxia; stratification; habitat alteration; climate-induced eu-

trophication



