
Lecture 6B: 
Global Ocean Heating 



Conservation of Heat Energy 
in the Global Ocean

• Qt = Qsw + Qlw + Qs + Ql + Qv

• Oceanic heat sources / sinks (from Stewart)
– Solar radiation: Qsw (+)
– Long wave radiation: Qlw (-)
– Conductive (sensible) heat Qs   (-)
– Latent heat loss Ql (-)
– Advective heat loss/gain      Qv (+/-)

• Over long time scales, global ocean heat 
budget is not in steady state (dQt / dt = 0)
dQt/dt > 0 = Qsw + Qlw + Qs + Ql + Qv



Geographic Distribution of Fluxes
Short wave (Qsw) and Long wave (Qlw)

Short wave heat 
(solar radiation) 
flux into the ocean

Why are there 
meridional contours?

Long wave heat flux 
out of the ocean

Why isn’t QLW

greatest in the 
warm pool?



The West Pacific Warm Pool

The Indian Ocean / West Pacific Warm Pool



Sea Surface Temperature 
Warming (1880 – 2015)

SST increased during 20th century and continues 
to rise. Between 1901 and 2015, temperature rose 
at an average rate of 0.13°F per decade. 

SST consistently 
higher during past 
three decades 
than at any other 
time since reliable 
observations 
began in 1880

(IPCC 2013)
(NOAA 2016)



Corrections to ocean-temperature 
record resolve regional differences
Improving historical temperature estimates is a key 
focus for climate researchers. 

Until recently, most measurements not aimed at 
detecting long-term climate changes. 

Rather, used to document average climate conditions 
or shorter-term meteorological changes. 

Adjustments to methods that introduced biases of 
a few tenths of a degree Celsius were common. 

Although these biases of little concern at the time, 
they become more relevant when trying to detect 
long-term changes of about 1 °C over 150 years.



Corrections to ocean-temperature 
record resolve regional differences

Innovative approach 
accounts for differences 
in how SST measured 
in early 20th century. 

In XIXth century SST measurements using wooden 
buckets that were thrown over the sides of ships, 
filled with water and hauled up. Temperature of the 
water in buckets measured using a thermometer.

What factors could affect water temperature? 

(Chan et al. 2019)

https://www.npr.org/2019/08/19/750778010/how-much-hotter-are-the-oceans-the-answer-begins-with-a-bucket?fbclid=IwAR2txW1qqIOJjhD0LP3cb09rlr8HXTu6Dp-IdH5Ti88JERQr7Xyj2hLVDM4


Corrections to ocean-temperature 
record resolve regional differences
Bucket measurements can be affected by a wide 
range of factors.  These include: 

• where was the bucket stored
• the height of the ship
• the composition and size of the bucket
• how long it was left in the water
• was the water stirred before the measurement
• how long was the thermometer left in the water. 

Little information has survived to the present day. 
As a result, researchers had to inaccurately treat 
many bucket measurements as having same bias.



Corrections to ocean-temperature 
record resolve regional differences
While buckets were being hoisted up, evaporative 
cooling and exposure to ambient conditions reduced 
temperature of water by few tenths of a degree C.

Bias exacerbated by transition to poorly insulated 
canvas buckets in late XIXth century, until WWII. 

Accounting for this cold bias in bucket data is the 
largest adjustment to ocean temperature record. 

Without it, estimated rate of ocean warming from 
1850 to the present would be about 30% higher.



Corrections to ocean-temperature 
record resolve regional differences
Chan et al. used clever way to tackle this problem:

• Looked at the difference between SST 
measurements made within 300 km and 2 days of 
one another, producing a data set of 6 million 
measurement pairs between 1908 and 1941.

• Ships grouped by nation, on assumption that 
ships from same country use similar methods. 

• Found sizeable offsets in SST estimates 
between national ship groups, ranging from:
− 0.3 °C to + 0.6 °C.



Corrections to ocean-temperature 
record resolve regional differences
Measurements from Japanese ships in the North 
Pacific became about 0.35 °C cooler after 1930, 
compared with those from other countries. 
Change caused by switch from whole-degrees F to C 
and dropping any numbers after the decimal point.



Corrections to ocean-temperature 
record resolve regional differences

The authors identified a similarly large change in 
the North Atlantic Ocean, associated with German 
readings, but the cause of this change is not clear.



Corrections to ocean-temperature 
record resolve regional differences
Analysis of SST records from 1908 to 1941, reveals 
that some climate variations thought to have 
occurred in the North Atlantic and North Pacific 
are artifacts of changes in measurement methods.



Corrections to ocean-temperature 
record resolve regional differences

Results suggest 
modestly less 
warming in North 
Atlantic Ocean 
and substantially 
greater warming  
in North Pacific 
Ocean from 1908 
to 1941, relative 
to previous 
estimates. 



Modern Global Ocean Heating 

• Is ocean 
heat 
content            
in steady 
state ?

• Extremely 
timely area 
of research



ARGO is a park and profile mission:  

float descends to target depth of 
1000m to drift for 10 days 

and descends to 2000m to do 
temperature and salinity profile. 

(Levitus et al. 2012)



History of ocean 
temperature data 1934

1960

1985

2009

• Updated estimates of 
the change of ocean 
heat content and the 
thermosteric component 
of sea level change of 
the 0–700 and 0–2000 
m layers of the World 
Ocean for 1955–2010. 

• Used a variety of data: 
historical, ARGO floats, 
and bathythermograph.



Results

• 1955 – 2006

• 0-2000 m (+24.0 * 1022 J) or (+0.09oC) and (+0.39 
W m-2 ocean and +0.27 W m-2 earth’s surface)

• 0-700 m (+16.7 * 1022 J) or (+0.18oC) and (+0.27 
W m-2 ocean and +0.19 W m-2 earth’s surface)

• Ocean accounts for ~93% of Earth’s warming



1955 – 2006 Trends

Errors represent +/- 2.*S.E. about pentadal estimate. 
Data coverage represents % of one-degree squares 
(globally) with at least 4 pentadal anomaly values/.



1955 – 2006 Trends

Linear trend and total 
increase of ocean basin 
heat content based on 
global ocean and 
individual basins, as a 
function of depth for  
100 m thick layers, from 
the surface to 2000 m.

Vertical and geographic 
differences: 

- surface warming
- thermocline deepening 



1955 – 2006 Trends

Linear trend in zonally integrated ocean heat 
content for the World Ocean and individual ocean 
basins as function of latitude for 0–2000 m layer. 



Thermosteric Rise
As ocean temperature 

increases, the water 
density decreases and                                          
the volume increases. 
Sea level goes higher.

The observed rates: 

• 0 - 2000 m 

~ 0.54 mm yr-1

• 0 - 700 m 

~ 0.41 mm yr-1

(Levitus et al. 2012)



More homogeneous early-20th

century sea surface warming
Correcting regional SST data  sets leads to a 
more homogeneous trend of early XXth century 
sea surface warming       (Chan et al. 2019)

Ongoing 
subsurface 
warming               
(0 – 700 m).

Update from 

(Levitus et al. 2012)
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