39 5 Vol.39 No.5
2011 9 Journal of Hohai University Natural Sciences Sep.2011
DOI 10.3876/j.1ssn.1000-1980.2011.05.020
210098
Ishii T/P 700 m
1945—2006
700 m 2.1x10")/ m* a
6.5x10"J/ m* a
40°S
6.0 x 10" J/ m* a .1993—2006 15°S ~ 64°S
15°N ~ 64°N
T/P
P732 A 1000-1980 2011 05-0589-06
1
2
Clara ?
4
.Hvasegawa ~ °
.Dong  ¢7
. 8 Non-Boussinesq POP
170 m 500 m 500 m

1948—1998 .

20 50 90 2x 102] 7 .1955—2003 700 m
0.33mm/a
1/3 . 1993—2006 700 m 1.23mm/a
60% o
T/P T/P
2.0x10"~3.0x10"J 10° 1 10
700 m
2010-05-30
973 2007CB411807 40976006 20100519
1987 — . E-mail tw0419 @ yeah. net



590 39

1993—2006 T/P

1
CNES AVISO
T/P Topex/Poseidon Jason-1 81.5°S ~ 81.5°N 0 ~ 360°
1/3°x 1/3°. 1993 1 —2006 12
Ishii
2006 16 700 m 89.5°S ~ 89.5°N 0.5°E ~ 359.5°E
1°x 1° 1945 1 —2006 12
H
C = C,pTH 1
AT
AC = C,pATH 2
o— T— C,— )/ kg C.C, T p S
Gill "
C,0T0 =4217.4 - 3.720283T + 0.14128857" -
2.654387 x 10737% + 2.093236 x 10757 3
C, STO =C,0T0 +S -7.6444 +0.107276T - 1.3839 x 107°T* +
S$¥20.17709 - 4.0772 x 10T + 5.3539 x 107572 4
p STO =p,+AS+ BS? + CS?
pSTp =pSTO- 1_K—S””T—p_1 n =107 6
C,0T0— c, STO0O— p S TO0O—
O e STp— KSTp—
64°S ~ 64°N  180°W ~ 180°E 64°S ~ 15°S 180°W ~ 180°E
15°S ~ 15°N 180°W ~ 180°E 15°N ~ 64°N 180°W ~ 180°E .
12
2
2.1
1945—2006 1
20 70
2. 7.71x10°]/ m* a
7.36x 10 ]/ m* a
2.2
3. 30°N ~ 40°N
1.39x10° J/ m* a 50°N ~ 60°N 7.15%x10° ]/ m* a
2.3



5 591

o
:l-;J;
B
of
- 2 Bl
o - n ey = o =t e 20 =
> ~— B L = S R
N B T TN R g e Ew
B0 g 0 'I'-{'.-.?_'\
= ik 05 {a) L0
I3 & & War
<~: -1 L L L L L | _,.“f,g -5 L L L L L ) :;I: 0
£ £ 90 8 L £ &8 0 8L B &3 £
[o) NN [©) e NN >N O [N [o e NN (o ] =
—_— - o = = - ] —_— o e e o o= (N - ={).5
it Ef =
(a) &3k (b) b [-uk T s gz =z ze z gz
Sl S
s 44
T 2 T (b) 14 s
S E g 05
e 0 E oo 2
o 2 ELE} = 0.5
E - I ;] 4
¢ < o
-} - S ] I S el e
o e o - = = = =~ T
) g L
N [ i
(c) FAT X (d) 3R '
1 1945—2006 2
NOAA
Fig. 1 Ocean heat content anomaly from Fig. 2 Long-term temperature anomalies supplied by
1945 to 2006 National Oceanic and Atmospheric Administration NOAA
1.30 x 10° J/ n* a 60°r 0° r
P e WP SN W/\NV\/JV
50°} 10° |
WW W
20 70 40°t 20° |

2.4 . s 30°WW
5. b 20°W 40° L

(%)
<

1945—2006 10° 50° L
IS W
6.41 x go LY 60° ormmprt T
228288 eS8 8
100/ n? a 40°S 383588 28588
i) ff
(a) Jb 1k (b) B Tk
3 1945—2006 60°S~60°N 10
Fig. 3 Ocean heat content anomaly variation for
3 every 10 degrees of latitude from 60°S to
60°N during 1945 to 2006
3.1
3.1.1

1993—2006 T/P
5cm 6 2 cm
9 3 3 9
. 1993—2006
lem . 15°N ~ 64°N



592 39
=~ S =
S g’ g 2
£ N Z 0
5 O g 0 &
15 = = -2
il F 3
<\_, _ 5 ! | | 1 1 J <HI _5 | I 1 ! ! ! J {T‘E[ - 4 L | 1 1 1 )
B e 2o 8 2 8 8 8 2 02 3 8 L &8 2 8 2 0g 2 8 L &8 & &
2 &5 38 &85 T 283228 8§ T2 8 & =2 8 & F
g o gei
(@) R4 (b) H AT (OF W iiac
S S Sl
E ) F E
ey r e i: Sy pue i i S v ers i
T 28288 8§ T 2E s 8 8§ T2 8 8 58 8 8 %
FHy e s
(d) 1 NP4 (e) dLCRAET: (F) M BV
4 1945—2006
Fig. 4 Interannual variations of ocean heat content anomaly in South and North Pacific
Atlantic and Indian Ocean from 1945 to 2006
15°N ~ 64°N ’—;
80°N 1 - 4 9 5
40°N .3.'..5’&, ;3.13 3 :__;
#t e  — = =
0 — g 05
1 2 :\(_ i . i —. — s é}
40°% 1 - P -5
= Jf
3 8078 1 : : -6 4
9 T/P 0% &0°L 12001 IS/UZ“ 120°W 60°W ’
R
7
2003 5 1945—2006
T/P Fig. 5 Variation trend of global ocean heat
312 content from 1945 to 2006
7 30°N ~ 40°N
— HorE i T B T
= 1.06 \g S 31 42
> 3+ S 3.0 =
= o = =
I3 1.04 ]@ B 29 g
& I élr &0 5 B
T Ry z 28 4
1.02 N 4 2.7 P 10 =
1994 1996 1998 2000 2002 2004 2006 1994 1996 1998 2000 2002 2004 2006
geh s
(a) R (b) dk5k
5 332 .g = -S
S 330 3+ =) F
= = = i
4o 3.26 ﬁf 4 ﬂf
= o %, Nz e ey
B & s &
3.24 . . . . . 4 = =
1994 1996 1998 2000 2002 2004 2006

i

OF %

6 1993—2006

401 = 7
1994 1996

. s ; - -4
1998 2000 2002 2004 2006

gy
@ R Tk

Fig. 6 Sea level anomaly dotted line and ocean heat content solid line from 1993 to 2006



5 593
6 cm 30°S ~ 40°S 2 ~3cm.
0°S~10°S  10°S ~ 20°S
3.2
1993—2006
8 .
1945—2006 1993—2006
1945—2006
3.86x 10° J/ m* a o Al .
1945—2006 3683288 3628528
—— o — N N —— — — A
1993—2006 T/P 0y s
9 (@b =Bk (b) B T8k
7 1994—2005 60°S~60°N 10 T/P
Fig. 7 T/P sea level anomaly and ocean
heat content for every 10 degrees of
latitude from 60°S to 60°N during 1945 to 2006.
807N 4~ 60°N{ 3 4
e 3 'm ; 7] §
CADTN T 2 i 5’{]°N1 1 =
f; oc {000" I % € 0°NA 0 E
I e 30N
a0°5 1% {IJJ? Ny & s 42
T 60°N{ B gy T -2 g
- =i 5% :
80 : R e e
0° 60°L 120°1 I80°W 120°W 60°W 0 0° 60°L 120°L 180°W 120°W 60°W =
4if el
8 1993—2006 9 1993—2006
Fig. 8 Variation trend of global ocean heat Fig. 9 Variation trend of global sea
content from 1993 to 2006 level from 1993 to 2006
4
1945—2006 2.1x10" )/ m* a Domingues

40°S
6.0x 107 J/ m* a .1993—2006

6.5%x10" ]/ m* a

1 GILL A E NIILER P P.The theory of seasonal variability in the ocean J .Deep Sea Research 1973 20 141-177.



594 39

2 WHITE W B TAI C K. Inferring interannual changes in global upper ocean heat storage from TOPEX altimetry J . J Geophy Res 1995
100 CI12 943-954.

3 CLARA D MICHAEL A A MICHAEL S et al. Understanding the persistence of sea surface temperature anomalies in midlatitudes J .
Journal of Climate 2003 16 57-76.

4 . I 2005 35 3 363-
369. HU Rui-jin LIU Qin-yu MENG Xiang-feng. The seasonal and interannual variabilities in the meridional heat transport and heat
budget in the Northern Indian Ocean J . Journal of Ocean University of China 2005 35 3 363-369. in Chinese

5 HASEGAWA T YASUDA T HANAWA K. Multidecadal variability of the upper ocean heat content anomaly field in the North Pacific and
its relationship to the aleutian low and the Kuroshio transport J .Papers in Meteorology and Geophysics 2007 58 155-166.

6 DONG Shen-fu KELLY K. Heat budget in the gulf stream region the importance of heat storage and advection J . Journal of Physical
Oceanography 2004 34 1214-1231.

7 DONG Shen-fu SUSAN L H KATHRYN A K. Interannual variations in upper-ocean heat content and heat transport convergence in the
Western North Atlantic J . Journal of Physical Oceanography 2007 37 2682-2697.

8 . 40 J. 2006 25 4 14-19.

CAI Yi LI Hai. Simulation of sea level and heat content of Pacific Ocean based on global warming during last 40 years J .Journal of
Tropical Oceangraphy J .2006 25 4 14-19. in Chinese

9 ANTONOV J I LEVITUS S BOYER T P. Thermosteric sea level rise 1955—2003 ] . Geophys Res Lett 2005 32 LI12602 doi
10.1029/2005GL023112.

10 CHAMBERS D P TAPLEY B D STEWART R H. Long-period ocean heat storage rates and basin-scale heat fluxes from TOPEX ] .
Journal of Geophysical Research 1997 102 10525-10533.

11 GILL A E. Atmosphere-ocean dynamics international geophysics series J . London Academic Press 1982 662.

12 . J. 1997 27 4 446-
452. ZUO Jun-cheng CHEN Zong-yong Qi Jian-hua. Sea level variation characteristics in the Pacific Ocean and its relationship with EL
Nino phenomenon J . Journal of Ocean University of Qingdao 1997 27 4 446-452. in Chinese

13 CATIA M DOMINGUESJOHN A C NEIL J et al. Improved estimates of upper-ocean warming and multidecadal sea-level rise J .
Nature 2008 453 1090-1096.

Variation of global ocean heat content and its effect on sea level change

TAN Wei ZUO Jun-cheng LI Juan YANG Yi-qiu CHEN Mei-xiang
Institute of Physical Oceanography —Hohai University ~ Nanjing 210098  China

Abstract Based on the Ishii temperature and salinity data and T/P altimeter data the variation characteristics of the
global and regional ocean heat content of upper 700 m were studied and the relationship between the sea level variation
and upper ocean heat content was examined. The results show that from 1945 to 2006 most global ocean heat content of
upper 700 m rises at a average rising rate of 2.1x 10" J/ m* a  especially near the Gulf Stream where the maximum
rising rate is 6.5x 10’ J/ m* a  and it shows obvious interannual and interdecadal changes. The ocean heat content
decreases in the Kuroshio extension region zonal area near 40°S in the Pacific Ocean Western Pacific Warm Pool and
sea area near the Equatorial Indian Ocean and the maximum decline rate is 6.0 x 10" J/a. From 1993 to 2006 the
ocean heat content and sea level show obvious seasonal variations in both southern and northern hemispheres with opposite
phases show no obvious seasonal variation and a notable semiannual period in the tropical sea areas show weak seasonal
variation in the low-and high-latitude areas in the southern hemisphere. The heat content has little effect on the sea level
in the low-and high-latitude area in the southern hemisphere. The interannual and interdecadal variations of the ocean
heat content agree with those of sea level in the northern hemisphere while in the southern hemisphere especially in the
low-latitude sea areas the sea level variation lags behind the heat content variation and their evolutions are even

opposite.

Key words ocean heat content T/P sea level upward trend





