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Warming of the climate system is 
unequivocal.

Human influence on the climate 
system is clear.

Continued GHG emissions will 
cause further warming.

Limiting climate change will 
require substantial and sustained 

reductions of GHG emissions.

IPCC AR5 WG1 
Headline statements 
distilled
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2017 is the warmest year on record
NASA Global Climate Change website 
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Headline Statements from the Summary for Policymakers * 
 
 
Observed Changes in the Climate System 

 

Each of the last three decades has been successively warmer at the Earth’s surface than any preceding decade since 1850. 
In the Northern Hemisphere, 1983–2012 was likely the warmest 30-year period of the last 1400 years (medium 
confidence). 
 
Ocean warming dominates the increase in energy stored in the climate system, accounting for more than 90% of the energy 
accumulated between 1971 and 2010 (high confidence). It is virtually certain that the upper ocean (0–700 m) warmed from 
1971 to 2010, and it likely warmed between the 1870s and 1971. 
 
Over the last two decades, the Greenland and Antarctic ice sheets have been losing mass, glaciers have continued to shrink 
almost worldwide, and Arctic sea ice and Northern Hemisphere spring snow cover have continued to decrease in extent 
(high confidence). 
 
The rate of sea level rise since the mid-19th century has been larger than the mean rate during the previous two millennia 
(high confidence). Over the period 1901 to 2010, global mean sea level rose by 0.19 [0.17 to 0.21] m. 
 
The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have increased to levels unprecedented in at 
least the last 800,000 years. Carbon dioxide concentrations have increased by 40% since pre-industrial times, primarily 
from fossil fuel emissions and secondarily from net land use change emissions. The ocean has absorbed about 30% of the 
emitted anthropogenic carbon dioxide, causing ocean acidification. 

 
 
Drivers of Climate Change 

 
 
  

Warming of the climate system is unequivocal, and since the 1950s, many of the observed changes are unprecedented over 
decades to millennia. The atmosphere and ocean have warmed, the amounts of snow and ice have diminished, sea level 
has risen, and the concentrations of greenhouse gases have increased. 

Total radiative forcing is positive, and has led to an uptake of energy by the climate system. The largest contribution to total 
radiative forcing is caused by the increase in the atmospheric concentration of CO2 since 1750. 



Climate skeptic questions vs. science

https://www.skepticalscience.com/

https://www.skepticalscience.com/
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Figure SPM.1a
Observed globally averaged
combined land and ocean surface
temperature anomaly 1850-2012

Figure SPM.1b
Observed change in surface temperature 1901-2012



IPCC AR5 summary statements:

•Ocean warming dominates the 
increase in energy stored in the 
climate system, …>90%.. between 
1971 and 2010

IPCC AR5 
WG1

Ocean
Heat
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Observing the upper ocean using profiling floats: “Argo”
http://argo.ucsd.edu

http://argo.ucsd.edu/


Surface temperature (�C)

DPO Figure 4.1: Winter data from Levitus and Boyer (1994)



Is ocean temperature changing? Yes

0.3°C increase in the upper 700 m since 1950



Observing the deep ocean from ships



Pacific potential temperature section

From an Atlas of Pacific Ocean water properties  (Talley, 2007)
http://www-pord.ucsd.edu/whp_atlas/pacific_index.html

San DiegoOkinawa,
Japan

Hawaii



Is the deep ocean temperature changing?  Yes – mostly warming

Mostly in the Antarctic! 
Warming below 4000 m (1992-2005)



Global warming is ocean warming

93% of the global 
energy excess is in 

the ocean

IPCC AR5 (2013) WGI Chapter 3 
(ocean observations)

Temperature change is 
much bigger in the 
atmosphere (1°C) 
(because it’s a gas)

Upper ocean
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93% of the global 
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NY Times headline this week:



New paper in Science



IPCC AR5 
WG1

Heat

Figure SPM.3
Multiple observed 
indicators of a changing 
global climate



The UN Environmental Program’s 
Intergovernmental Panel on Climate Change (IPCC)

http://www.ipcc.ch

http://www.ipcc.ch/


IPCC AR5 
WG1

Future
Heat

Figure SPM.8a,b
Maps of CMIP5 multi-model mean results



What is an RCP?  (Representative Concentration Pathway): level of radiative forcing

Figure 7: Changes in radiative forcing 
relative to pre-industrial 
conditions. Bold coloured lines show the 
four RCPs; thin lines show individual 
scenarios from approximately 30 candidate 
RCP scenarios that provide information on 
all key factors affecting radiative forcing… 
(Moss et.al., 2010)

RCP2.6 assumes that through drastic 
policy intervention, greenhouse gas 
emissions are reduced almost immediately, 
leading to a slight reduction on today’s 
levels by 2100. 

RCP8.5 - assumes more or less unabated 
emissions.



Figure SPM.7a
Global average surface temperature change

All Figures © IPCC 2013



Figure SPM.10
Temperature increase and cumulative carbon emissions

All Figures © IPCC 2013



IPCC AR5 WGI statements:

•Changes in the global water cycle in response to the 
warming over the 21st century will not be uniform. The 
contrast in precipitation between wet and dry regions and 
between wet and dry seasons will increase, although there 
may be regional exceptions. 

•..since the 1950s: ..saline surface waters ..have 
become more saline, while relatively fresh surface 
waters .. have become fresher

•..the pattern of evaporation minus precipitation 
over the oceans has been enhanced since the 
1950s”

IPCC AR5 
WG1

Water:
rain, 
drought, 
ocean 
salinity ?



Dry areas ~ becoming drier
Wet areas ~ becoming wetter

Notice that we can only measure long-term changes OVER LAND.
Salinity is the global rain gauge.

All Figures © IPCC 2013Has precipitation changed?  Yes

IPCC AR5, 2013



Ocean surface salinity as rain gauge

Surface salinity
Orange is salty
Blue is fresh



Ocean surface salinity as rain gauge

Surface salinity
Orange is salty
Blue is fresh

Evaporation 
minus 
Precipitation
Red evaporates
Blue rains



Salty areas are getting saltier; fresh areas are getting fresher

IPCC AR5 (2013)

Evaporation -
precipitation

Salinity

Changes in salinity
Orange is saltier
Blue is fresher



Salty areas are getting saltier; fresh areas are getting fresher

IPCC AR5 (2013)

Evaporation -
precipitation

Salinity

Changes in salinity
Orange is saltier
Blue is fresher

Trend in water vapor in 
atmosphere: mostly wetter 
(because air is warmer)



Dry areas become drier
Wet areas become wetter

All Figures © IPCC 2013Water cycle projection for 90 years from now

IPCC AR5, 2013
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Ocean warming dominates the increase 
in energy stored in the climate system

The ocean has absorbed about 30% of 
the emitted anthropogenic carbon 

dioxide, causing ocean acidification.

Human influence has been detected in 
warming of the atmosphere and the ocean, 

in changes in the global water cycle,…

Heat has penetrated from the surface 
to the deep ocean and is affecting 

ocean circulation.

IPCC AR5 WG1 (2013)       Oceans



Visit next week to Argo float lab 
argo.ucsd.edu
(measuring temperature and salinity over the 
global ocean: 4000 floats now and celebration of 
2,000,000 profiles)


