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Climate 201
• 3/21 Climate in a Nutshell

Supplementary Reading:
Climate Science Special Report
(Executive Summary, 2017)

• 3/28 Forcing, Feedback & Sensitivity
• 4/4

Fossil Fuels, Energy & Carbon

• 4/11 What’s the Future Look Like?
• 4/18 Solutions!

What is a Model?

Climate Model Processes

• Models represent
reality in a
simplified or
idealized way

• Used to
understand or
predict
• Doesn’t have to
be realistic to
be useful
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Climate Model Structure

Future Climate

Climate Model Grids
Typical climate
model
Dx ~ 100 km

Flux Coupler

Typical weather
forecast model
Dx ~ 12 km

Obs vs Models

all
forcing

Hindcasts
of 20th Century
• Models without greenhouse
forcing don’t predict enough
warming

No GHG forcing
Only GHG
forcing

• Models with only greenhouse
forcing predict too much
warming
• Models with all forcing do a good
job of predicting past climate
change

Gold line shows model average

Scott Denning

CSU

Atmospheric Science

2

Climate 201: Modern Climate Change

2150

2070
2020

2040

Future Climate

Scenarios
• Not predictions …
“what if”
experiments

Radiative Forcing
RCP 8.5

• None are more or
less likely
• Depends on
economics and
policy (politics)

RCP 6.0

• Emissions peak in
–
–
–
–

2020 (RCP2.6)
2040 (RCP4.5)
2070 (RCP6.0)
2150 (RCP8.5)

Global Warming

RCP 4.5

20th Century
sunspot
cycles

RCP 2.6

Volcanoes

Recent Changes

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

Scott Denning
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APPROVED SPM – Copyedit Pending

IPCC WGII AR5 Summary for Policymak

Past and Future

Observed Change 1901-2012

Big
Choices

Difference in climate
between a low-emissions
(RCP 2.6) and highemissions (RCP 8.5)
don’t become large until
mid-century

Assessment Box SPM.1 Figure 1.

How much warmer?
Low
Emissions

• Land vs ocean!
• North vs South

Where is it 10o F Warmer
“on average?”

• Global mean
warming of 2º to 5º C
• North American
warming of 3º to 6º C

Moderate
Emissions

Seattle è
Sacramento

= 5º to 11º F
• Arctic warming of
8º to 14º F

High
Emissions

RULE OF THUMB:
Global Warming (Celsius)
x 1.6 (USA) x 1.8 = Fahrenheit

Denver è
Albuquerque
10 oF warming is like moving
600 – 800 miles South!

Water?
Crops?
Real Estate? Health?

WGII AR5 Phase I Report Launch

Scott Denning

CSU
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Madisonè
Memphis
Washington DC è
Tallahassee
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Summary for Policymakers

Bell Curves

Means & Extremes

• “Normal” or “Gaussian” distribution
• Average = Mean = Median = Mode

Probability of Occurrence

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]

Shifted Mean
a)

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

more
hot
weather

less
cold
weather

more
extreme hot
weather

less
extreme cold
weather

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

Increased Variability
Probability of Occurrence

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]

b)

more
cold
weather
more
extreme cold
weather

more
hot
weather

• Small changes in averages
produce large changes in
extremes

more
extreme hot
weather

• “Standard deviation” σ measures “width”
• 68% of values fall within 1σ of mean
• 95% within 2σ of mean, 99% within 3σ

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 nonclimatic factors.

Probability of Occurrence

Changed Symmetry

B.

c)

Without climate change
With climate change

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

more
hot
weather

near constant
cold
weather
near constant
extreme cold
weather

more
extreme hot
weather

extreme cold cold

Mean:

hot extreme hot

without and with weather change

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]

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]

60 Years of Summer Temps

> 10x
fewer

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

Summer Temperatures
7

• Shift of mean
by about 1 σ

> 10x
more

> 10x
fewer
1 in 100 1 in 20 1 in 3

Scott Denning

CSU

1 in 3 1 in 20

> 10x
more

• Increase in
variability (σ)
as well

1 in 100

Atmospheric Science
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Heat Wave Statistics

Drought and
Water Stress
Changes in Climate Extremes and their Impacts on the Natural Physical Environment

Chapter 3

Drought Drivers
For soil moisture or hydrological droughts, the main drivers are reduced precipitation and/or increased evapotranspiration (Figure 3-9).
Although the role of deficits in precipitation is generally considered more prominently in the literature, several drought indicators also
explicitly or indirectly consider effects of evapotranspiration. In the context of climate projections, analyses suggest that changes in
simulated soil moisture drought are mostly driven by changes in precipitation, with increased evapotranspiration from higher vapor pressure
deficit (often linked to increased temperature) and available radiation modulating some of the changes (e.g., Burke and Brown, 2008;
Sheffield and Wood, 2008a; Orlowsky and Seneviratne, 2011). It should nonetheless be noted that under strong drought conditions, soil
moisture becomes limiting for evapotranspiration, thus limits further soil moisture depletion. Other important aspects for soil moisture
and hydrological droughts are persistence and pre-conditioning. Because soil moisture, groundwater, and surface waters are associated
with water storage, they have a characteristic memory (e.g., Vinnikov et al., 1996; Eltahir and Yeh, 1999; Koster and Suarez, 2001;
Seneviratne et al., 2006b) and thus specific response times to drought forcing (e.g., Begueria et al., 2010; Fleig et al., 2011). The memory
is also a function of the atmospheric forcing and system’s feedbacks
(Koster and Suarez, 2001; A.H. Wang et al., 2009), and the relevant
Precipitation deficit
(meteorological drought)
storage is dependent on soil characteristics and rooting depth of
the considered ecosystems. This means that drought has a different
persistence depending on the affected system, and that it is also
Evapotranspiration
Critical soil moisture deficit
sensitive to pre-conditioning (Figure 3-9). Effects of pre-conditioning
(soil moisture drought)
also explain the possible occurrence of multi-year droughts, whereby
Pre-event soil moisture,
soil moisture anomalies can be carried over from one year to the
surface water, and/or
next (e.g., Wang, 2005). However, other features can induce
groundwater storage
Critical streamflow and
drought persistence, such as persistent circulation anomalies,
groundwater deficit
(hydrological drought)
possibly strengthened by land-atmosphere feedbacks (Schubert et
al., 2004; Rowell and Jones, 2006). The choice of variable (e.g.,
precipitation, soil moisture, or streamflow) and time scale can
Drought
doesn’t
just
happen
when
it doesn't
Figure 3-9
| Simplified sketch
of processes
and drivers relevant
for meteorological,
soil moisture (agricultural), and hydrological droughts.
strongly affect the ranking of drought events (Vidal et al., 2010).

What is Drought?

•

Precipitation Changes

rain enough

Drought Indices on evaporation losses and our
• Also depends
Because of the complex definition of droughts, and the lack of soil moisture observations (Section 3.2.1), several indices have been
abilitydeveloped
to tap
stored(meteorological,
water in
and
to characterize
soil wells
moisture, and
hydrological) drought (see, e.g., Heim Jr., 2002; Dai, 2011). These indicators
include land surface, hydrological, or climate model simulations (providing estimates of, e.g., soil moisture or runoff) and indices based
reservoirs

on measured meteorological or hydrological variables. We provide here a brief overview of the wide range of drought indices used in the
literature for the analysis of recent and projected changes. Note that information on paleoclimate proxies such as tree rings,
speleothems, lake sediments, or historical evidence (e.g., harvest dates) is not detailed here.

Scott Denning

Some indices are based solely on precipitation data. A widely used index is the Standard Precipitation Index (SPI) (McKee et al., 1993;
Lloyd-Hughes and Saunders, 2002), which consists of fitting and transforming a long-term precipitation record into a normal distribution
that has zero mean and unit standard deviation. SPI values of -0.5 to -1 correspond to mild droughts, -1 to -1.5 to moderate droughts,
-1.5 to -2 to severe droughts, and below -2 to extreme droughts. Similarly, values from 0 to 2 correspond to mildly wet to severely wet
conditions, and values above 2 to extremely wet conditions (Lloyd-Hughes and Saunders, 2002). SPI can be computed over several time
scales (e.g., 3, 6, 12, or more months) and thus indirectly considers effects of accumulating precipitation deficits, which are critical for
soil moisture and hydrological droughts. Another index commonly used in the analysis of climate model simulations is the Consecutive

CSU

Atmospheric Science
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Changes in Extreme Rainfall

Water Budgets
Evaporative demand increases w/ temperature

In

Out

Drought is the running sum
of water out minus water in

Summary for Policymakers

It is very likely that mean sea level rise will contribute to upward trends in extreme coastal high water
levels in the future. There is high confidence that locations currently experiencing adverse impacts such as coastal
erosion and inundation will continue to do so in the future due to increasing sea levels, all other contributing factors
being equal. The very likely contribution of mean sea level rise to increased extreme coastal high water levels, coupled
with the likely increase in tropical cyclone maximum wind speed, is a specific issue for tropical small island states.
[3.5.3, 3.5.5, Box 3-4]
There is high confidence that changes in heat waves, glacial retreat, and/or permafrost degradation will
affect high mountain phenomena such as slope instabilities, movements of mass, and glacial lake outburst
floods. There is also high confidence that changes in heavy precipitation will affect landslides in some regions. [3.5.6]

Changing
Hydrologic
Cycle

There is low confidence in projections of changes in large-scale patterns of natural climate variability.
Confidence is low in projections of changes in monsoons (rainfall, circulation) because there is little consensus in climate
models regarding the sign of future change in the monsoons. Model projections of changes in El Niño–Southern

Changes in Drought

Change in consecutive dry days (CDD)

Soil moisture anomalies (SMA)

2046 - 2065

2046 - 2065

• Wet places get
wetter
• Dry places get
drier

2081 - 2100

High Emissions (A2)

2081 - 2100

• More evaporation
everywhere that
there’s water to
evaporate
• Less runoff for
reservoirs in
many places

Stippling where at least 90% of models agree
−

-0.6

-0.4

+

Dryness

-0.2

0

0.2

Standard Deviation

0.4

+

0.6

-0.75

-0.50

−

Dryness

-0.25

0

0.25

0.50

0.75

Standard Deviation

Figure SPM.5 | Projected annual changes in dryness assessed from two indices. Left column: Change in annual maximum number of consecutive dry days (CDD: days with
precipitation <1 mm). Right column: Changes in soil moisture (soil moisture anomalies, SMA). Increased dryness is indicated with yellow to red colors; decreased dryness with
green to blue. Projected changes are expressed in units of standard deviation of the interannual variability in the three 20-year periods 1980–1999, 2046–2065, and 2081–2100.
The figures show changes for two time horizons, 2046–2065 and 2081–2100, as compared to late 20th-century values (1980–1999), based on GCM simulations under emissions
scenario SRES A2 relative to corresponding simulations for the late 20th century. Results are based on 17 (CDD) and 15 (SMA) GCMs contributing to the CMIP3. Colored shading
is applied for areas where at least 66% (12 out of 17 for CDD, 10 out of 15 for SMA) of the models agree on the sign of the change; stippling is added for regions where at least
90% (16 out of 17 for CDD, 14 out of 15 for SMA) of all models agree on the sign of the change. Grey shading indicates where there is insufficient model agreement (<66%).
[3.5.1, Figure 3-9]
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internal variability in the climate system that is likely to not be either consistent across models or congruent in time between the observations and models, and so such disagreements are unsurprising.
In the multimodel mean, all three moisture balance metrics show
markedly consistent drying during the later half of the 21st century
(2050–2099) (Fig. 1; see figs. S1 to S4 for individual models). Drying
in the Southwest is more severe (RCP 8.5: PDSI = −2.31, SM-30cm =
−2.08, SM-2m = −2.98) than that over the Central Plains (RCP 8.5:
PDSI = −1.89, SM-30cm = −1.20, SM-2m = −1.17). In both regions, the
consistent cross-model drying trends are driven primarily by the forced
response to increased greenhouse gas concentrations (13), rather than

Climate 201: Modern Climate Change

through the emission of greenhouse gases such as
carbon dioxide and methane, and from changes
in land use. Carbon dioxide (CO2) levels in the
atmosphere have increased from about 284 ppm
in 1832 to 397 ppm in 2013 (16), and there is a
theoretical link between the levels of such “greenhouse” gases in the atmosphere and global warming. Three independent reviews have found strong
evidence for human causes for the observed temperature warming mainly caused by the burning
of fossil fuels, with smaller contributions from
land-use changes (15–18).
Thus, climate change is expected to bring
warmer temperatures; changes to rainfall patterns; and increased frequency, and perhaps severity, of extreme weather. By the end of this
century, the global mean temperature could be
1.8° to 4.0°C warmer than at the end of the previous century (15). Warming will not be even
across the globe and is likely to be greater over
land compared with oceans, toward the poles,
and in arid regions (15). Recent weather records
also show that land surface temperatures may be
increasing more slowly than expected from climate models, potentially because of a higher
Chapter 4
Changes in Impacts of Climate Extremes: Human Systems and Ecosystems
level of absorption of CO2 by deep oceans (19).
Sea-level rises will increase the risk of flooding
increase
in averageland
annualin coastal regions. Changes in
through the wider economy. There have, however, been very few studies and climate drivers, concluding that a 1% of
agricultural
lead topatterns,
an increaseparticularly
in
that have looked explicitly at the human impacts of changes in flood precipitation would, other things being equal,
rainfall
over tropical land,
frequency, rather than at changes in flood frequencies and magnitudes. annual national flood loss of around 6.5%. However, the conclusions
are less certain, partly because of the inability of
One study has so far looked at changes in the area inundated by floods are highly dependent on the regression methodology used, and the
current
analyses
combinemodels
estimates to represent the global hywith defined return periods (Veijalainen et al., 2010), showing that the spatial scale of analysis. More sophisticated the
cycle
accurately (20). In general, it is
represented by
a damagerelationship between change in flood magnitude and flood extent of current and future damage potential (asdrological
magnitude relationship) with estimates ofexpected
current and
future
depended strongly on local topographic conditions.
that theflood
summer Asian monsoon rainfall
frequency curves to estimate event damages and average annual damages
may increase, while parts of North and southern
An early study in the United States (Choi and Fisher, 2003) constructed (sometimes termed expected annual damage). For example, Mokrech et
Africa
currentcould
10- andbecome
75-year drier (15). How will these
regression relationships between annual flood loss and socioeconomic al. (2008) estimated damages caused by the
regional changes in climate affect food security?

Land Drying Out

Research Biases
Agriculture is inherently sensitive to climate variability and change, as a result of either natural
causes or human activities. Climate change caused
by emissions of greenhouse gases is expected to
directly influence crop production systems for food,
feed, or fodder; to affect livestock health; and to
alter the pattern and balance of trade of food and
food products. These impacts will vary with the
degree of warming and associated changes in rainfall patterns, as well as from one location to another.
Climate
Future return period [years] of
more
frequent change could have a range of direct and
no change
less frequent
droughts with an intensity of today’s
indirect effects on all four dimensions of food sec100-year events:
<
100
70
40
10
>
urity. How is the evidence base distributed across the
dimensions of food security? We undertook a bibTwo different models, med-high emissions, return liographic
time analysis of peer-reviewed journal papers
on food security and climate change since the pub2070s water use
2070s water use
and HadCM3
without climate
lication of the first Intergovernmental Panel on Cliclimate
change
mate Change (IPCC) report in 1990 (21). That
report was ground-breaking for the climate science
that it reviewed, but agriculture was entirely absent.
Our analysis shows that a small peak of papers with
climate change and food security in the title or
abstract were published in the mid-1990s, followed
by a lull then a sharp increase in papers published
with these terms from 2008 onward.

Scott Denning

CSU

Future change [%] in intensity

2070s
HadCM3

Atmospheric Science
decrease

no change

increase

Future Climate

The distribution of the evidence across the four plex and multilayered features of food security
dimensions of food security is, however, heavily that require integrations of biophysical, economskewed toward food availability within 70% of the ic, and social factors. Clearly, current knowledge
publications. Access, utilization, and stability di- of food security impacts of climate change is dramensions of food security are represented by only matically lacking in coverage across all dimen11.9, 13.9, and 4.2% of the total publications on sions of food security. Nevertheless, where there
food security and climate change, respectively.
Tree ringsis good evidence, what are the broad conclusions?
Why is the evidence based on climate change
impacts so unevenly distributed across the four Food Availability
dimensions of food security? There are several Rosenzweig and Parry (22) produced the first
possibilities. Research has largely concentrated global assessment of the potential impacts of
Dust Bowl
on the direct effects of climate change, such as climate change scenarios on crops. They used
those on crop growth and on the distribution of numerical crop models of wheat, rice, maize,
agricultural pests and diseases. Also, studies and soybeans to simulate yields at 112 locations
have understandably focused on areas that can in 18 countries, in the current climate and under
be easily investigated, often through analyzing climate change using the output of three climate
single-factor changes, and have avoided the com- models. These point-based estimates of change

Droughts Past & Future

Medieval Megadroughts

Fig. 1. Top: Multimodel mean summer (JJA) PDSI and standardized
soil moisture (SM-30cm and SM-2m) over North America for 2050–
2099 from 17 CMIP5 model projections using the RCP 8.5 emissions
scenario. SM-30cm and SM-2m are standardized to the same mean and
variance as the model PDSI over the calibration interval from the associated
historical scenario (1931–1990). Dashed boxes represent the regions of interest: the Central Plains (105°W–92°W, 32°N–46°N) and the Southwest

Climate
models
(125°W–105°W, 32°N–41°N). Bottom: Regional average time series of the

summer season
moisture
metrics 1000
from the NADA
and CMIP5 models.
Coming droughts much worse than
any
inbalance
past
years
The observational NADA PDSI series (brown) is smoothed using a 50-year

Cook et al. Sci. Adv. 2015;1:e1400082

100-Year Drought

2070s
ECHAM4

by any fundamental shift in ocean-atmosphere dynamics [indeed, there
is a wide disparity across models regarding the strength and fidelity of
the simulated teleconnections over North America (23)]. In the Southwest, this forcing manifests as both a reduction in cold season precipitation (24) and an increase in potential evapotranspiration (that is,
evaporative demand increases in a warmer atmosphere) (13, 25) acting
in concert to reduce soil moisture. Even though cold season precipitation
is actually expected to increase over parts of California in our Southwest
region (24, 26), the increase in evaporative demand is still sufficient to
drive a net reduction in soil moisture. Over the Central Plains, precipitation responses during the spring and summer seasons (the main

loess spline to emphasize the low-frequency variability in the paleo-record.
Model time series (PDSI, SM-30cm, and SM-2m) are the multimodel means
averaged across the 17 CMIP5 models, and the gray shaded area is the multimodel interquartile range for model PDSI.
2 of 7

12 February 2015

Crop Yields
Good for
Canada,
N. Europe,
Russia,
& Tibet

Bad almost
everywhere
else

Fig. 2. Global impacts of climate change on crop productivity from simulations published in
1994 and 2010. (Top) The 1994 study (22) used output from the GISS GCM (in this example) with twice
the baseline atmospheric CO2 equivalent concentrations as input to crop models for wheat, maize,
soybean, and rice that were run at 112 sites in 18 countries. Crop model outputs were aggregated to a
national level using production statistics. (Bottom) The 2010 study (27) simulated changes in yields of 11
crops for the year 2050, averaged across three greenhouse emission scenarios and five GCMs. [Reprinted
by permission from (top) Macmillan Publishers Ltd. (22); (bottom) World Bank Publishers (27)]
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Reduced Crop Yields

Future Climate

Sea Ice Changes

Projected Change in Corn, Soy, & Wheat Yield

RCP 2.6
RCP 6.0

RCP 8.5

Snow & Permafrost

RCP 4.5

Shorter Winters

• Reduced snow and
ice under all
scenarios
• Reduced snow
cover increases
absorbed solar
radiation (positive
albedo feedback)
• Loss of permafrost
has special risks …
– Drainage
– Methane and CO2

Scott Denning
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OR

WY

ID
NV

UT

CA

CO
AZ

Water Supply

A Region
On the Edge

MT

WA

Future Climate

NM
TX

75 million people in the
western US live in a region
with marginal precipitation
Just enough snow to support
forests and reservoirs
Just enough irrigation water to
support farming
Just enough water for cities
and towns

Snowpack
Snow Water Equivalent (SWE)

Snow
accumulates
slowly all winter,
melts quickly in
late spring

Snowpack & Warming Climate
• Colorado peak
snowmelt now
3 weeks earlier
than in 1980

Peak SWE

O

N

D

J

F

M A M
Water Year

J

J

A

S

• Earlier melt “eats
into” accumulation
season

• Peak snowpack down about 20% so far
Figure 7 Graph of Colorado statewide snowpack water content for water years (WY) 2009, 2010, 2011, and 2012 with average plotted in bold red.
WY2011 was well above average and the very next year WY2012 was below average, peaking in early March instead of early April. (For reference,
WY2012 is October 1, 2011 – September 30, 2012.) Graphs and data are available at
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/co/snow/?cid=nrcs144p2_063323.

Scott Denning
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• Only 2 F warming to date, 10 F by 2100
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Declining Snowpack
Percent of Median Snow Water Equivalent (SWE)

Loss of Mountain Snowpack

Colorado Statewide April 1 Snowpack for 1968-2016

160%

140%

120%

100%

80%

60%

2016

2014

2012

2010

2008

2006

2004

2002

2000

1998

1996

1994

1992

1990

1988

1986

1984

1982

1980

1978

1976

1974

1972

1970

1968

40%

20% less snowpack over 49 years
Less than 2 Fahrenheit average warming

“Water Towers of the West”

Zones Marching Up

• In Colorado, temps drop about 10 F for
each 3000 feet of elevation
– Denver -> Estes Park
– Estes Park -> Trail Ridge Road

• But in 100 years instead of 100 centuries!

Scott Denning
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Warming Promotes Wildfire
1. Warmer air increases Projected Increase in Area Burned
evaporative demand on
forests
2. Longer warm season
depletes soil moisture

656%

3. More frequent
extremely hot, dry,
windy days when fires
are uncontrollable

LandscapeTransition

Forest

656%

NRC 2011

LandscapeTransition
Sudden
Landscape Conversion

Gradual Conversion
to Semi-Arid Landscape?

Scott Denning
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Future Sea-Level

Sea Level &
Coastal Flooding

• All models show
substantial and
accelerating rise
in sea-level
• Big differences
depending on
future emissions
• Equilibrium sea
level will take
many centuries

“Nuisance” Tidal Flooding

Changes in
Mean Sea
Level
• 1 meter is a highend estimate for
2100
• 6 m is loss of
Greenland

Scott Denning

CSU
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Coastal
Flooding

• Return
frequency for
flood drops off
exponentially
• Sea level rise
shifts the
curves up
Coastal Flooding
Rockaway Beach, NYC

• What was a 100year flood
becomes a 10year flood!

height above sea level (feet)

Storm Surge
Frequency
Rockaway Beach, NYC
12

• Small floods are
common, big floods
are rare

• Sea level rise
shifts the line up

9
6

flooded
subway
system

3
10

100
1000
how often (years)

• What was a 100year flood
becomes a 10year flood!

30

29

Scott Denning
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Future Climate

Carbon Sources and Sinks

Storm-Surge Exposure
Riv
er

Alabama

Mis

siss

Mo

bile

Mississippi

ipp
i Riv

r
ive

dR
Re

Texas

Chapter 4

er

Changes in Impacts of Climate Extremes: Human Systems and Ecosystems

Louisiana

Lake Charles

Houston

Mobile

Gulfport/
Biloxi

Baton Rouge
Beaumont

Florida

Pascagoula
South Louisiana

New Orleans

Port Arthur
Texas City

Plaquemines

Galveston
Freeport

USACE Cargo Ports

Elevation

Rivers

Below 18 feet

Study Area Counties

18 to 23 feet

States
0

25

50

100

150

200
Miles

• Half the carbon from
fossil fuels goes into
the atmosphere
• The other half goes
into land and oceans
• The land part is
unexpected and
unreliable
• Future of carbon sinks
is harder to predict
than temperatures

Figure 4-6 | Freight-handling port facilities at risk from storm surge of 5.5 and 7 m on the US Gulf Coast. Adapted from CCSP, 2008.

waves (McGregor et al., 2007). The passage of the Lothar and Martin
storms across France in 1999 caused the greatest devastation to an
electricity supply network ever seen in a developed country, as 120
high-voltage transmission pylons were toppled, and 36 high-tension
transmission lines (one-quarter of the total lines in France) were lost
(Abraham et al., 2000). Severe droughts may also affect the supply of
cooling water to power plants, disrupting the ongoing supply of power
(see Box 4-4; Rübbelke and Vögele, 2011).
Buildings and urban facilities may be vulnerable to increasing frequency
of heavy precipitation events (see Section 3.3.2). Those close to the
coast are particularly at risk when storm surges are combined with sea
level rise. In commercial buildings, vulnerable elements are lightweight
roofs commonly used for warehouses, causing water spoilage to stored
goods and equipment. During the Lothar and Martin storms, the most
vulnerable public facilities were schools, particularly those built in the
1960s and 1970s and during the 1990s with the use of lightweight
architectural elements of metal, plastic, and glass in walls and roofs
(Abraham et al., 2000).

The
Long Tail
4.3.5.3. Tourism

The tourism sector is highly sensitive to climate, since climate is the
principal driver of global seasonality in tourism demand (Lise and Tol,
2002; Becken and Hay, 2007). Approximately 10% of global GDP is
spent on recreation and tourism, constituting a major source of income
and foreign currency in many developing countries (Berrittella et al.,
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2006). Extreme events may play an important role in tourist decisions
(e.g., Hein et al., 2009; Yu et al., 2009).
There are three broad categories of impacts of climate extremes that
can affect tourism destinations, competitiveness, and sustainability (Scott
et al., 2008): (1) direct impacts on tourist infrastructure (hotels, access
roads, etc.), on operating costs (heating/cooling, snowmaking, irrigation,
food and water supply, evacuation, and insurance costs), on emergency
preparedness requirements, and on business disruption (e.g., sun-and-sea
or winter sports holidays); (2) indirect environmental change impacts
of extreme events on biodiversity and landscape change (e.g., coastal
erosion), which may negatively affect the quality and attractiveness of
tourism destinations; and (3) tourism-adverse perception of particular
touristic regions after occurrence of the extreme event itself. For example,
adverse weather conditions or the occurrence of an extreme event can
reduce a touristic region’s popularity among tourists during the following
season.

• Fossil CO2 dissolves
into the oceans

Apart from extreme events, large impacts on some tourist destinations
may be produced by medium-term projected climate change effects (e.g.,
Bigano et al., 2008). Salinization of the groundwater resources due to
sea level rise, land reclamation, and overexploitation of coastal aquifers
(e.g., Alpa, 2009) as well as changing weather extreme patterns (Hein
et al., 2009) will pose additional stresses for the industry. Nevertheless,
the potential impacts on the tourist industry will depend also on
tourists’ perceptions of the coastal destinations (e.g., of destinations
experiencing beach erosion) that, however, cannot be easily predicted
(Buzinde et al., 2009). Capacity to recover is related to the degree of

• Chemistry limits the
amount the oceans
can hold

Emissions peak soon
Zero emissions
from 2300 for all
scenarios

• Mixing with deep
oceans is very slow
• Removal of CO2
depends on how
much we add to
atmosphere
• For a big pulse, 40%
is still in the air after
1000 years
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CO2 Lasts Much Longer

1500 ppm
in 3000 AD!
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Bigger than
Deglaciation

Future Climate

Past CO2 & Sea Levels
• In the geologic past,
high CO2 and
temperature has
produced much higher
sea levels

Warming is “permanent”

• 3 million years ago
(Pliocene), CO2 was
about 600 ppm and
seas were about 30 m
higher (100 feet)
You
are here

• Without climate policy,
CO2 will be about 900
ppm by 2100

But 50x as fast!

Climate and Sea Level
Eventually

Seas rose
1 foot per
decade for
400 years
http://www.freetech4teachers.com/2013/09/an-interactive-map-of-rising-sea-levels.html
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Strongest Heating in
200 Million Years?

Future Climate

Summary
• Climate models based on physics agree w/ past observations
• Emission scenarios bracket possible futures
• Even a little warming makes extremely hot weather MUCH
more frequent
• Water supply decreases & demand increases with
temperature (bad for crops)
• Fast warming in our region likely to cause big changes in
forests & lots of fireflooding MUCH more frequent
• Coastal
• Without strong policy, consequences could be really
catastrophic in the long run

Course Outline
Climate 201
• 3/21 Climate in a Nutshell
• 3/28 Forcing, Feedback & Sensitivity
• 4/4

Fossil Fuels, Energy & Carbon

• 4/11 What’s the Future Look Like?
• 4/18 Solutions!
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