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Climate Change: Long-Term Changes in Weather

Weather: State of the atmosphere at a 
given time.

Climate: Averages and statistics of the 
weather over long time periods 
(20-30 years).

Climate is what you expect, weather is what you get.
Attributed to Mark Twain
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Climate affects the well-being 
where you live

ü The landscape

ü Severity of the weather, 

ü Food availability, 

ü Water availability

ü Ecosystems, 

ü Health risks

Why Care about Climate and Climate Change?

Suppose a summer in Illinois was more like 
a current summer in Texas?



Every 4-6 Years Scientists Assess the Science of the 
Changing Climate and its Societal Impacts



science2017.globalchange.gov
NCA Volume II  on impacts expected to be published in Dec. 2018 



The Science: The Bottom Line

üOur climate is changing, 
ü It is happening now;
ü It is happening extremely rapidly;

üSevere weather is becoming more intense;
üSea levels are rising;
üIt is largely happening because of human 

activities and associated pollution;
üThe climate will continue to change over the 

coming decades.



The Bottom Line (in 10 words)

üItôs Here

üItôs Us 

üItôs Serious

ü Scientists Agree

üThereôs Hope

Anthony Leiserowitz , Yale University  
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Global Annually-
Averaged
Temperature Record 
(NOAA, through 2016)

Graphs are relative to 1901-1960

Globally, annually-averaged 
temperature has increased by 
1.8 °F from 1901-2016
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Conditions today appear to be unusual in 
the context of the last 2,000 years é

Updated from Mann et al., 2008  PNAS
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Temperaturetrends (change in ° F) for the period 1986-
2015 relative to 1901-1960
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Our Climate Continues to Change Rapidly

The global long-term 
warming trend is 
continuing. 

2016 was the warmest year 
on record, 2015 is 2nd and 
far surpassed 2014, which is 
3rd. 

Sixteen of the last 17 years 
are the warmest years on 
record for the globe. 
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We are seeing changing trends in extreme 
weather and climate events



NOAA analyses show increasing effects of Severe 
Weather on U.S. economy: Total of $1.5 trillion 
since 1980

Every U.S. region has been affected by this growing trend.
Billion-dollar 

weather and 

climate disasters 

frequency: 1980-

2016 (accounts 

for inflation)

Similar trend globally



*203 weather and climate disasters reached or exceeded $1 billion during this period (CPI-adjusted)
Please note that the map reflects a summation of billion-dollar events for each state affected (i.e., it does not mean that eachstate shown suffered at least     $1 billion in losses for each event).

Billion-dollar weather and climate disasters frequency mapping: 1980-2016*
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Certain Types of Extreme Events Show Important 
Trends Globally and in United States
ü Heat waves are generally increasing in number and intensity; Cold 

waves are decreasing.
ü More precipitation coming as larger events. 
ü Increasing risk of floods in some regions (NE, MW).
ü Increasing intensity of droughts in some regions (SW, SE). 
ü Incidence of large wildfires has increased (West, Alaska)
ü Increasing intensity of hurricanes are expected.
ü Tornado activity more variable ςincrease in outbreaks. 
ü Hail may be coming more intense also but more uncertain.

These trends are expected to continue.



Extreme Precipitation Events are Increasing in 
Frequency and Intensity
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More Drought and More Floods
As temperatures rise, both drought and heavy rainsare 

increasing in many areas

Over land: warmer air sucks moisture 
from dry land, intensifying drought

Over the oceans:more water evaporates into 
warmer air, helping increase precipitation intensity 
worldwide

How can this be?



Many Studies Are 
Examining Detection 
and Attribution
Climate change likely affected 
Hurricane Harvey:
üOccurrence 3 to 3.5 times 

more likely
üRainfall 15 to 38% greater

Now, itõs a 1% chance per year. Before end of century, 

18% chance each year.
Major journal papers: Emanuel2017; Risser& Wehner 2017; van Oldenberget al. 2017
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(Lüthi et al.,2008, NOAA)

+40%

2017

The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have 

increased to levels unprecedented in at least the last 800,000 years. 

CO2: Ice Core from Antarctica
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ü Many lines of evidence demonstrate that human activities,
especially emissions of greenhouse gases, are primarily
responsiblefor the observedclimatechanges.

ü For the period extending over the last century, there are no
credible alternative explanationssupported by the extent of
the observationalevidence.
ü Solaroutput changesand natural variability can only contribute

marginally to the observed changesin climate over this time
period.

ü No natural cyclesare found in the observationalrecord that can
explainthe observedchangesin climate.

What is Causing Observed Changes in Climate
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Observed Temperature Trends Only Explained 
by Human Emissions
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The Forecast: Climate will Continue to Change
Climate change beyond the next few decades depends primarily on 

the heat -trapping gases emitted and the remaining uncertainty in 

the sensitivity of Earthõs climate to those emissions.
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Projected U.S. 
Temperature 

Change

1991-2012 compared to the 1901-1960 

Relative to 1976ς2005 

Projected changes 
in average annual 
temperatures (°F)
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Projected U.S. 
Precipitation 

Change

1991-2012 compared to the 1901-1960 

2070-2099 relative to  1975-
2005
For RCP8.5 (High scenario) 
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The CHANGING OCEAN

WIDESPREAD
OBSERVED IMPACTS 

üSea levels have risen 7-8 inches since 1900
üSea Level Rise at Highest Rate in at least 

2800 years
üSea levels expected to rise another 1-4 feet 

over this century
üAcidification of the Oceans
üChanging ocean circulation
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Sea level:  Floodedarea with 1 meter rise

1 meter will be hard to avoid 
within a few centuries, just 
from thermal expansion and 
small glacier melt.
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Impacts are already apparent in every region and 
in important sectors, e.g., health, water, 

agriculture, energy, and more.
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