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Outline

Louisiana Climate
Initiatives Task Force

1. Basic concepts T weather and climate, how atmospheric
chemistry influences temperature

2. Observed and projected change i global, National and Regional
national

3. Impacts on the central Gulf Coast region i findings of the IPCC
and the US Fourth National Climate Assessment

4. Adaptation and mitigation options
5. Scenarios of future change, with and without mitigation

a2 USGS
science for a changing world



Difference between weather and climate

The difference betweeweatherandclimateis a measure dime.
I Weatheris the condition of the atmosphere over a short period of time.
I Climateis how the atmosphere "behaves" over relatively long periods of time.

Climateis the average of weather over a period of time. It is not just the average, but the
variability and the extremesClimate is usually defined for different seasons or months and

averaged over a peI’IOd GD yearS Observed Number of Very Warm Nights
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Louisiana
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Climate changdNBE TSNBR (2 | GNBYR 2 NJ
of the climate that can be identified (e.g. using statistical
tests) and that persists for an extended period, typically
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10 Indicators of a Warming World

Air Temperature Near Surface (Troposphere)

Water Vapor

Glaciers and Ice Sheets |

Temperature Over Oceans

e

Sea Surface Temperature N / J
W
Sea Level

Temperature Over Land

Sea Ice

Ocean Heat Content

Long-term Earth observations reveal climate variability and long-term warming trends.
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COoOr es

hel p us document how

temperature have changed through time.

A Ice cores are read like tree rings
I Summer ice appears light
I Winter ice appears dark

A Air bubbles in the ice trap pollen and
atmospheric gases

A Stable isotopes of oxygen (160, 180] and
hydrogen [D/H]) provide a detailed
record of temperature change
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Ice Core record of past 420,000 years:
411 ppm CO,

Temperature and CO, record from Vostok, Antarctica (Petit et al. 1999) +
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Upper, blue line = CO, level Lower, red line = temperature

Orbital eccentricity affects the Earth-sun distance in a cycle that takes 90,000 -100,000 years
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Globally averaged greenhouse gas concentrations
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a USGS

Since 1970 cumulative
CO2 emissions from
fossil fuel combustion,
cement production (2.4%
of total emissions) and
flaring have tripled.

(IPCC AR5, 2014)

science for a changing world

CH, (ppb)

Atmospheric carbon
dioxide level now is
highest in at least 3
million years.

@) Global anthropogenic CO, emissions

Quantitative information of CH, and N,0 emission time series from 1850 to 1970 is limited

40 —

I Fossil fuels, cement and flaring
. Forestry and other land use

T I 1 I

(b) Cumulative CO2
emissions

1750 1750
1970 2011



3.5

= 30 -
N
A &
Human Activities L 20
are the Primary < 20 -
Driver of 2 15 -
@)
Recent Global § 0
Temperature Rise &
= 0.5 -
0
5 00 - : -
-0.5
Human-caused Solar Volcanic

ANe find no convincing evidence that natural variability can account for the amount of global warming observed over the industrial er a é . .

Solar output changes and internal variability can only contribute marginally to the observed changes in climate over the last century, and we
find no convincing evidence for natural cycles in the observational record that could explain the observed changes in climate. (Very high
confidence)o ( NCA4, 2017)
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Global temperatures are rising rate varies among regions

Anomaly (°F)

Global Land and Ocean Temperature Anomalies Surface Temperature Change
20 Annual

1.6

1.2

0.8

0.4

0.0

-0.4-
-0.8 | | , Change in Temperature (°F)
1880 1900 1920 1940 1960 1980 2000 < ] | I | | [ T e

Year -1 -10 -05 00 05 10 15 20 25 30

Global annual average temperature (from instrumental records over both land and oceans) has increased
by more than 1.2F(0.65°C) for the periodl986;2016relative to 190%£1960; the linear regression
change over the entire period frofiP01c2016 is 1.8~ (1.0°C) yery high confidenge

Fourth US National
Climate Assessment

USGS Volume 1, November 2017

science for a changing world



(a) Observed globally averaged combined land and ocean

Accelerated warming - last three decades have been surface temperature anomaly 1850-2012
successively warmer at the E | anwloeage | l"‘,"*
preceding decade since 1850. The period from 1983 to ol /f\P
2012 was likely the warmest 30-year period of the last 02} Wﬂ'
1400 years in the Northern Hemisphere. ~04 /34 ;

(b) Observed change in surface temperature 1901-2012

0.2 | Decadal average

Temperature (°C) relative to 1986-2005
|

~02} -
0.4 ———
Y . SR
o (IPCC AR5T2014)
1850 1900 1950 2000

I I S Y [ [ S
-06 -04 <02 0 02 04 06 08 10 125 15 1756 25
("C)

Increase in Ocean Temperature - On a global scale, the ocean warming is largest near the surface, and
the upper 75 m warmed by 0.11 AC per decade over the period 1971 to 2010. It is virtually certain that the
upper ocean (01700 m) war med warmedretwednihkt 1870s and 09710 ,

(IPCC AR5, 2014)

ZUSGS
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Contiguous U.S. Average Temperature
1895-2020 Trend

= (+0.11°F/Decade)
69.00°F |'2EL55’C

Contiguous US M
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Louisiana Minimum Temperature (189%020) Louisiana Precipitation (1892020)

Louisiana Minimum Temperature 18052 el 1895-2020 Tren: d

e
e
Z gl
"l:—':"
S E——
o e—
—
=2
T —t‘>
_..'.J::-l
uz"
-
C "
“"-' L -
————
—
—
—_—
‘__.’::__'_‘;__:7
e
D ——
£
3

| I\A [\AA\AAAAL Af‘“‘"«\

2~ USGS (NOAA, NCEI, 2020)

science for a changing world



Land Ice Decline - Over the period 1992 to 2011, the Greenland and Antarctic ice
sheets have been losing mass and at a larger rate over 2002 to 2011. Glaciers have
continued to shrink almost worldwide.

ettt e

ﬁ500‘3‘ — Glaciers — 14
g G land - .
Antarctics 12 2-Day Precipitation Events
- 10 v .
: g Exceeding 5-Year Recurrence Interval
3
g 3 60
g i Pentad Average
E 0 2 2 40-
N Y N T N N N I O o
1992 1994 199 1998 2000 2002 2004 2006 2008 2010 2012 5 =
Year Z W
© 2 9.
(IPCC AR5, 2014) = £
T @
O %
o W
5 O
Precipitation Change - Averaged over the mid-
latitude land areas of the Northern Hemisphere, 20
precipitation has increased since 1901. S o9 g 2 3 2 089 9 3 o
S 288 38388 85 Qg

Year

Fourth US National
Climate Assessment

% USGS Volume 1, November 2017
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Sea Level Rise 1 aconsequence of atmospheric warming caused by:

1) Thermal expansion of sea water as it warms
2) Transfer of water to the ocean from glaciers, ice caps and the Greenland and Antarctic Ice Sheets

(@)

-
26
A Global mean sea level (GMSL) has risen by Ega |
about 7i 8 inches since 1900, with about 3 $s2 py——|
of those inches occurring since 1993.
1800 1850 1900 1950 2000 2050 2100
Year
A Relative to 2000, GMSL is very likely to rise ® R
by 0.31 0.6 feet by 2030, 0.51 1.2 feet by iz g e
2050, and 1.0-4.3 feet by 2100. | 7 -
A A GMSL rise greater than 8 feet by 2100 is &
physically possible, although the probability
cannot currently be assessed. :
Change in Sea Level (feet)
== i . ===
<0 1 2 3 4 5 >6
= USGS Cimate Assessmont
science for a changing world Volume 1, November 2017



CO, flux (Gt CO,/yr)

Oceanic uptake of CO, has resulted in acidification of the
ocean,; decreasing pH of ocean surface water by 0.1, a
26% observed increase in acidity.

CQ Sources and Sinks

425 8.33
Atmospheric CO: (ppmv)
40 - a00 | Seawater pCO: (patm) 328
30 Seawater pH
Fossil fuels el i
20 - and industry §350 “ |5
10 -
325 + 1 8.13
0. Land-use change b 1.
Land sink 300 | ; 34 18.08
10 - i
275 8.03
1955 1965 1975 1985 1995 2005 2015
-20 Atmosphere Year
Time series of carbon dioxide and ocean pH
-30 at Mauna Loa, Hawaii
Ocean sink
-40

1880 1900 1920 1940 1960 1980 2000 2015

Fourth US National ETT . :
Climate Assessment AS chan aC|d|f|cat|_on mcrease_s,
Volume 1, November 2017 available carbonate ions bond with excess

hydrogen, resulting in fewer carbonate ions
-~ available for calcifying organisms to build and
2~ USGS maintain their shells and skeletons

science for a changing world




Summary of Observed Change i U.S.

U.S. Heating and Cooling
Degree Days

Change in
e Annual Average Temperature

— Cooling degree days 0 ©
3000 0
1890 1910 1930 1950 1970 1990 2010

toy:
Precipitation

teTemperature

. ‘.
OO
DR

l Westemn
U.S. Snowpack

Change in Ter'npera“l'y!ew('F) 1@ Heat Waves Q U.S. Wildfires
-1 0 1 2 3 -
"w12 .
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Ocean Acidity

Percent
of Land Area

Change in Length of Growing Seascn (days)
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Fourth US National
b Climate Assessment
a USGS Volume Il, November 2018
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IPCC and NCAindings regarding North Atlantic hurricanes:

Past:
w substantial increase in intensity, frequency, and duration as well as the number of strongest

(Category 4 and 5) storms since the early 1980s
w observed increases in hurricane intensity are linked, in part, to higher sea surface temperatures

Future: =
w by late this century, models, on average, project an incre_ =
In the number of the strongest (Category 4 and 5) hurrican
w greater hurricane rainfall in a warmer climate

w tropical cyclones are projected to increase in intensity
although not in frequency

Hurricane Zeta, Grand Isle Levee, October 28,
2020 (Jefferson Parish) 2

= USGS
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1980-2020 Year-to-Date United States Billion-Dollar Disaster Event Frequency (CPI-Adjusted)

Frequency

® 2018
® 2019

Mumber of Events

® 2016
® 2011
® 2017
® 2020

8 Average

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

279 weather and climate disasters

with overall damages/
during 1980 - 2020.

Total cost exceeds $1.825 trillion.

Does not include Hurricanes Sally,

Delta and Zeta.

Source: US NOAA, NCElI, October 2020

Dec

¥ Drought Count
W Wwildfire Count

oI N 7

1980 1982 1984 1986 1988 1990 199,

Updared: October 7, 2020

1980-2020 US
Billion-Dollar
Disaster Events

United States Billion-Dollar Disaster Events 1980-2020 (CPl-Adjusted)

B Flooding Count B Freeze Count B Severe Storm Count

Tropical Cyclone Count

W Winter Storm Count M Combined Disaster Cost ™ Costs 95% Cl M 5-Year Avg Costs
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Projected Global Temperature

25 cZ
58 38 10
o o SE RCP8.5
28 a3 —
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(IPCC, 2014) (NCA, 2018)

RCP = Representative Concentration Pathway, Radiative Forcing in units W/M2

= USGS
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Projected US Climate Change

Annual Temperature

Mid-21st Century
Lower Scenario (RCP4.5)

Higher Scenario (RCP8.5)

Late 21st Century

Lower Scenario (RCP4.5) Higher Scenario (RCP8.5)
P

ey

Fourth US National

% USGS Climate Assessment

science for a changing world Volume Il, November 2018

Seasonal Precipitation
Late 21st Century, Higher Scenario (RCP8.5)

Winter Spring

Ty

1) I,

Change in Precipitation (%)

|
-30 =256 -20 -15 -10 -5 0 5 10 15 20 25 30

Areas with red dots show where projected changes are large
compared to natural variations; areas that are hatched show
where changes are small and relatively insignificant.




Projected change (mm) in Soil Moisture by end of century

Winter
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CMIP5 model projections (RCP 8.5) project drying in all seasons by 2100, even
where precipitation is projected to increase, consistent with increased

- evapotranspiration due to elevated temperatures i profound implications for

= USGS |

scionce for achanging wol agriculture, forestry and land carbon. (NCA4 Volume I, 2017)



US National Climate Assessment
Key Findings (Impacts Volume, 2018)

A Earthoés climate is now changing faster than at any

A These changes are primarily the result of human activities, the evidence of which is
overwhelming and continues to strengthen.

By U.S. Global Change
'\D Research Program

A The impacts of climate change are already being felt across the :
country, and climate-r el at ed threats to Ame Fourth National A |
social, and economic well-being are rising. Climate Assessment

A Americans are responding in ways that can bolster resilience
and improve livelihoods.

A However, neither global efforts to mitigate the causes of climate
change nor regional efforts to adapt to the impacts currently
approach the scales needed to avoid substantial damages to
the U.S. economy, environment, and human health and well-
being over the coming decades.

Volume |l

Impacts, Risks, and Adaptation in the United States

%USGS Read and download NCA4 Volume 2 at
o nca2018.globalchange.gov



Southeast Key Message #1.:
Urban Infrastructure & Health Risks

Ae. aegypti potential abundance

Rapid Population Shifts 7 12 of the 20 fastest growing metro @ High
areas are in the Southeast; a more urbanized region creates Moderate to high
new vulnerabilities Low to moderate

Increasing Heat i Birmingham, New Orleans, and Raleigh
are seeing some of the most extreme increases in high heat
events.

Infrastructure T Flooding and SLR affect roads, bridges,
municipal water supplies, etc.

Vector-Borne Disease i expanded spatial extent and annual
duration of certain vector-borne diseases

Air Quality T Climate influence remains uncertain (clouds, Current suitability for the Aedes

rain, wind, etc.), but aeroallergens likely to increase in urban aegypti mosquito in July. These mosquitoes
areas can spread diseases, including dengue

fever, chikungunya, and Zika fever. The
Southeast is the region with the greatest
potential mosquito activity. Warming
temperatures have the potential to expand
mosquito habitat and disease risk.

None to low

ZUSGS
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Southeast Key Message #2:
Increasing Flood Risks in Coastal & Low-Lying Regions

Observed Projected

A NOAA tide gauges show as much A By 2050, many Southeast cities are
as 1 to 3 feet of local relative SLR in projected to experience 30+ days of
the past 100years (vs8-9 0 gl obal | y) hightide flooding regardless

A Annual occurrences of high-tide of scenario.
coastal flooding have increased 5- A More extreme coastal flood events are
to 10-fold since the 1960s in several also projected to increase in frequency
low-lying coastal cities and duration.

Sea Level Rise

—
1960s 2010s

350 -

300+
250 B Extreme

B Intermediate

B Intermediate Low
150 Trend
100 Il Observations

50 -

200

Probability of Occurrence

( Flooding Begins

High Tide Flooding (days/year)

-40 -3.0 -20 -1.0 00 10 20 30 40
Height Above Mean Highest High Water (feet) 0

- USGS 1960 1980 2000 2020 2040 2060 2080 2100
“‘ Year
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Southeast Key Message #3:
Natural Ecosystems Will Be Transformed

A Warming Winter Temperature Extremes i Plant
hardiness zones shift; salt marsh A mangrove

A Changing Patterns of Fire i SE region has the most
prescribed fire in the U.S., a practice that may become
less effective with climate change and urbanization

A Rising Sea Levels and Hurricanes i Coastal

inundation affects marine economies, port infrastructure, In Louisiana and parts of northern Florida, future
.. coastal wetlands are expected to look and
and communities function more like the mangrove-dominated

systems currently present in South Florida and

A Drought and Extreme Rainfall i Tree mortality and the Caribbean.

impacts on forest ecosystems that drive local economies
(family farms)

A Warming Ocean Temperatures i shifts in fisheries and
coral bleaching

Increase in ocean temperature of 1-2° C above summer
maxima causes expulsion of coraline symbiotic algae

= USGS
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http://coastal.er.usgs.gov/african_dust/images/events/bleachedcoral.jpg
http://coastal.er.usgs.gov/african_dust/images/events/bleachedcoral.jpg

Southeast Key Message #4:
Economic & Health Risks for Rural Communities

A Diverse Rural Regions i Communities centered around
energy production, agriculture, forestry, manufacturing,
and tourism face unique risks

¥ it Change in
i % Hours Worked (%)
=\ mm -65to-5

% mm -49to-4

A Risks to Agriculture & Forestry i Freeze-free days,

wildfire, invasive species, drought, extreme heat and - -39t -3

precipitation en
-09to0
mm 01t01.5
A Heat, Health, and Livelihoods i Outdoor jobs
(_constructlon, agriculture) and recreation (hunting, Estimated % change in hours worked in 2090 (vs
fIShIng) 2003-07) under a higher warming scenario (RCP8.5).
Projections indicate an annual average of 570 million
A Compou nding Stresses and Constraints to labor hours lost per year in the Southeast by 2090 in
. . . e . high-risk industries (i.e., agriculture, forestry, and fishing;
Adaptation i Poverty, low literacy, and limited capacity hunting, mining, and construction: manufacturing,

to respond can exacerbate impacts and inhibit resilience transportation, and utilities).

ZUSGS
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Examples of Coastal Impacts

1. Warmer winters lead to changes in plant
and animal species distribution and the
spread of invasive species Chinese tallow

“a - =
Y "\-~ R

Nutria

Lower soil moisture leads to more intense, frequent,
and widespread wildfires and plant water stress

= USGS
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3. As sealevel rises, fresh and brackish water coastal ecosystems will
become more saline

= USGS
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4.

e Interstates Bl
—— Other Highways Below
—— Rivers
i —_ H
N Elevation Otner Highvays
N —— Interstates
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Y States
Sk 0o 2 % 100 150 200 Above 4 feet
s Mies

5. Low-lying coastal ecosystems will erode August 31, 2005
more rapidly if storms increase in intensity. curor
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217 square miles of Louisiana coast were lost to open
water during Hurricanes Katrina and Rita in 2005

Water Area Changes
Fall 2004 to Mid-October, 2005

Water Aren (mi*)
1

Pontchartrain Basin

Barataria Basin

Atchafalaya
Basin Terrebonne Basin

= USGS
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Tipping points in natural systems are generally poorly
understood and difficult to predict i there will be surprises.

= USGS
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'éj’De Jean Charles band

S
: :

N

=1SGS T/Pping points in community sustainability will also be
s e crossed as risks increase in low-lying coastal regions



Iy b CRERINR Qe
Risks from Cllmate change impacts afrlseffrom the
interaction between hazard (trlggered. )% an,event
or trend related to climate change), vUIn"érablllty v
(susceptibility to harm), and exposure (people/ ~
assets or ecosystems at risk). | -

¥

Climate change risks are generally“éreater for
disadvantaged people and communities in

countries at all IeveIs of development
_,‘m 3
K- IPCC

= INTERGOVERNMENTAL PANEL oN ClimaTe change




What can be done
to reduce risks?

Adaptation

A Purposeful actions taken to reduce
undesirable effects or enhance positive
effects of climate change

Mitigation

A Reduce greenhouse gas emissions or
enhance carbon sequestration (in the
subsurface or in ecosystems)



claptation: 5 exarnol

1. Reduce non-climate stressors on coasts

2. Adapt infrastructure T floodproof

existing structures, design the built .
environment to survive the changes S i\ |
that are likely 7 A\

ZUSGS

ing world



