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Intergovernmental Panel on 
Climate Change (IPCC)

• Established 1988 under 
UN Environment 
Programme and the 
World Meteorological 
Organization

• Reviews (“assesses”) 
scientific research and 
periodically reports to 
national governments

• Fifth Assessment Report 
(AR5) 2013

• Sixth Assessment Report 
(AR6) coming out now

• Authoritative

• Conservative!

• Written in “Officialese” 
(therefore hard to read & 
understand!)



IPCC: Three Working Groups
• WG 1: Physical 

Science Basis 
(“Simple”)

• WG2: Impacts, 
Adaptation, 
Vulnerability 
(“Serious”) 

• WG3: Mitigation 
(“Solvable”)













US 4th National 
Climate Assessment 
• Similar concept to IPCC ARs

(periodic review of  
published science)

• US agencies, US focus

• More attention to public 
audience than IPCC (clearer 
language)

• NCA4 published 2017



Land vs 
Oceans!



• US NCA4 uses 
Fahrenheit rather 
than Celsius!

• “Anomalies” are 
changes in 
temperature relative 
to 1900-1960

• Not much warming 
until ~ 1975

• Steady warming of  
~ 0.35 F (0.19 C) per 
decade since then



(GHG – particles)

• Virtually all positive climate forcing is 
from greenhouse gas emissions 
(CO2, CH4, N2O)

• Regionally offset by negative forcing 
from particle pollution
(industrial haze)







Observed 
Climate 
Change



Observations
• Observed changes 

are large & observed 
in many different 
ways

• Warmer in air, on 
surface, & in ocean

• Less ice both on land 
& floating on sea

• Rising seas

• Moister air



Observed Warming Since 1900

• More warming on land than ocean
• Warming since 1900 less than 1 C over ocean
• Warming since 1900 around 1 C over land



Water Vapor Trends

Trends in annual mean surface water vapour 
pressure, 1975 to 1995, expressed as a 
percentage of the 1975 to 1995 mean. 
Areas without dots have no data. Blue 
shaded areas have nominally significant 
increasing trends and brown shaded areas 
have significant decreasing trends, both at 
the 5% significance level. Biases in these 
data have been little studied so the level 
of significance may be overstated. From 
New et al. (2000). 



Precipitation Trends
• Warmer air 

evaporates 
more water

• Overall 
precipitation 
must therefore 
also increase

• Wet places get 
wetter, and 
dry places get 
drier



Ice Mass Loss
• Good data only since 

the 1990s (sat)

• Smaller glaciers are 
losing mass faster 
than ice sheets

• Greenland and West 
Antarctic Ice Sheets 
are losing mass

• East Antarctic Ice 
Sheet (much bigger) 
is gaining mass



Means 
and  

Extremes



Bell Curves

• “Standard deviation” σmeasures “width”
– 68% of values fall within 1σ of mean

– 95% within 2σ of mean, 99.6% within 3σ

• “Normal 
distribution” or 
“Gaussian”

• Average = Mean = 
Median = Mode



Means & Extremes

• “Bell curves” also known as 
“Normal distributions”

• People, crops, animals, 
economies, ecosystems 
tend to be more sensitive to 
extremes than averages

• Small changes in averages 
produce large changes in 
extremes

• Changes in the shape of the 
distribution also produce 
changes in extremes
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B.

or sub-national levels can substantially affect
livelihood options and resources and the capacity
of societies and communities to prepare for and
respond to future disasters. [2.2, 2.7] 

A changing climate leads to changes in the
frequency, intensity, spatial extent, duration,
and timing of extreme weather and climate
events, and can result in unprecedented
extreme weather and climate events. Changes
in extremes can be linked to changes in the mean,
variance, or shape of probability distributions, or all
of these (Figure SPM.3). Some climate extremes (e.g.,
droughts) may be the result of an accumulation of
weather or climate events that are not extreme
when considered independently. Many extreme
weather and climate events continue to be the
result of natural climate variability. Natural variability
will be an important factor in shaping future
extremes in addition to the effect of anthropogenic
changes in climate. [3.1]

Observations of
Exposure, Vulnerability,
Climate Extremes,
Impacts, and Disaster
Losses
The impacts of climate extremes and the potential
for disasters result from the climate extremes
themselves and from the exposure and vulnerability
of human and natural systems. Observed changes
in climate extremes reflect the influence of
anthropogenic climate change in addition to natural
climate variability, with changes in exposure and
vulnerability influenced by both climatic and non-
climatic factors.

Exposure and Vulnerability

Exposure and vulnerability are dynamic, varying across temporal and spatial scales, and depend on
economic, social, geographic, demographic, cultural, institutional, governance, and environmental factors
(high confidence). [2.2, 2.3, 2.5] Individuals and communities are differentially exposed and vulnerable based on
inequalities expressed through levels of wealth and education, disability, and health status, as well as gender, age,
class, and other social and cultural characteristics. [2.5]

Settlement patterns, urbanization, and changes in socioeconomic conditions have all influenced observed
trends in exposure and vulnerability to climate extremes (high confidence). [4.2, 4.3.5] For example, coastal

Summary for Policymakers
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Figure SPM.3 | The effect of changes in temperature distribution on
extremes. Different changes in temperature distributions between present and
future climate and their effects on extreme values of the distributions:
(a) effects of a simple shift of the entire distribution toward a warmer climate;
(b) effects of an increase in temperature variability with no shift in the mean;
(c) effects of an altered shape of the distribution, in this example a change in
asymmetry toward the hotter part of the distribution. [Figure 1-2, 1.2.2]



60 Years of  Summer Temps

1 in 3 1 in 3 1 in 201 in 20 1 in 1001 in 100

> 10x 
fewer

> 10x 
more



Summer Temperatures

• Shift of mean 
by about 1 σ

• Increase in 
variability (σ) 
as well

> 10x
fewer

> 10x
more



Heat Wave Statistics


