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Maximum moisture carrying capacity of air
The Engineering Toolbox Jan 2017
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Downdraft of precipitation from Tower cumulus building
a young Cumulonimbus into a thunderstorm



Floods
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Attribution confidence for extreme rainfall: medium



Pakistan
2010

worst flooding in i
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National
Geographic



Grocery
shopping In
Thailand
2011

worst floods in 50
years

National
Geographic




Nigeria
2012

worst floods in a
half century
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The Ganges River overflows, 2016

JoydeepMukherjee, 2016



Lifting houses to escape Chennai floods

India Climate Dialogu€opikrishnaVarner 2 Nov 2016

In November
December 2015, the
city received the
highest rainfall in 100
years. Thig combined
with the reduction of
the wetlands and
waterways system in
the city¢ led to floods
of the kind that left :
their mark on the walls
of buildings and also
the minds of people

A buildingbeing lifted in Chennai, IndidMemories of the
ruinous floods in Chennai last year, partially blamed on
climate change, have prompted many residents to raise t

height of their houses to avoid getting inundateé&hoto by
G. Warner



Southern
England
2014

wettest Deelan
since 1876

National
Geographic




A Christmas letter from my old friend
Alan in northern England, 2015

o[ Fau {lFddzNRIlI e yAIKLG {02
Inches rain on the Lake District causing widespread
floods and landslides. Heldiswaterrose 6 feet and
washed away our lovely, 250 years old, stone bridge.
Dlownc?tream another old bridge was damaged an
closed.

So access tBenrithis hard, ?artlcularly for Katy and
family who commute there for work and school.
Some villages are cut off completely and have no
electricity, telephone and internet connection. Not
OSNE [ KNAaduYlaae LQY I ¥
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Desmond, struck parts of northern England, southern Scotland and Ireland,
with 13.44 inches of rain falling mumbrlac a new national record for rainfall
accumulation in 24ours.

Three analyses: 1, statisticalfMes ¥
analyses of the historical =~ [« S50
temperature record, 2, e I
the trend in a global coupled # {f’--- >
climate modeland 3, the '
results of thousands of
simulations of possible
weather with a regional
climate model.

1 e 4
:
.

The team found that an event
like this is now roughly 40% -
more likely due to climate

change than it was in the

past, with an uncertainty

range of 5% to 80%




Paris, France, Seine River, 1 June 2016




Paris, France, Seine River, 1 June 2016

i . b ¥ @ Getty Images/T. Chesnot

Calculations found that global warming increased the chances for the Loire riverA basin
FEt22RAY3 0@ dn LISNOSYld YR GKS {SAYS NA
world with no mammade climate change. (Climate Central, Claims Journal)



Bavaria, Germany, 1 June 2016
Getty Images

Attribution results for Germany were inconclusive




1 June 2016

Somewhere In central Europe




CLAIMS JOURNAL

Man Made Climate Change Likely Contributed to
French Flood

BySETH BORENSTEIN | June 14, 2016

A senior climate researcher at the Royal Netherlands

Meteorological Institute, Geert Jan vaidenborgh says the ’
iSFyYQa OFft Odz I GA2ya F2dzy R GKI
chances for the Loire river basin flooding by 90 percent and the
{SAYS NAOSNI 6l aAy o0é& yn LISNDSYy
manmade climate change.

Parts of France got three months of rain in just one month, much of
It in just three days. The Seine, which runs through Paris, rose to 20
feet (6.1 meters) above its normal height.

GLO 61 & Q@SNE _ OfldnbdRmd S\IRIDK SINFE o |
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Wintertime flooding,
Missourl,
December 2015

GOAYUSNIAYS Ff22Ra
USA Today, January 9, 2016
(damage will exceed $1 billion)

Pacific, Missouri, Jeff Roberson, AP ’ ’
Robert Cohen, St. Louis P@spatch via AP



Seeking higher ground, Houston, Texas, April 2C
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Walking the dog, Houston, Texas, April 2016

Texas Monthly




Haughton Louisiana, March 2016
After 20 inches of rainfall inday period




Louisiana Flood of August 2016 resulted
from '1 OOOyear rain in 2 days

Ted Jackson/NoIa com | The TirABEayune \"ﬂa AP — 40,000 homes damaged.
57 ,i : r.ifu ,__:‘“ «\,
> ;* <. m"’ ~ 20,000 rescued; 10,000 in

Largest Red Cross respon
since Superstorm Sandy

Over 20 inches of rain in 72 hours -
D2OSNY2NRa FlFYAfe S¢



Flooding in the South Looks a Lot Like Climate

Change By Jonah Engel Bromwich, New York Times AUG. 16, 2016

MaxBecherefFR 171354AP, via Associated Press
) o o . I e s -
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a/ tAYLF OGS
never going to
announce itself by
name. But this is
what we should
expect it to look

f A1 SPE

£ N

DavidGrunfeldThe Times
+ Picayune, via Associated Press

GCKS FE22RAY3 Ay [2dAaAil yl
in which the amount of rainfall in an area in a specified windo
time matches or exceeds the NOAA predictions for an amount
precipitation that will occur once every five hundred years, or
n®dH LISNOSyid OKFyOS 2F 200dzN



Louisiana flood price tag could hit $15 billion

CBS News, 8 Sept 2016 "
The devastating floods that hit Louisiana and other O(. v .S 3 2. ol
parts of the Gulf Coast last month likeigused S,'gna;l '? Qresent I
total economic losses of between $10 billion and $15U0 KSa Sy dzY 0
billion, according to reinsurer AON Benfield. That  study lead Karin van

would makeit onethe costliest natural disasters in ~ der Wiel of NOAA
U.S. history. and Princeton

AON Benfield alsexpects insuredosseso be in the Umversﬂyrece!']tly
low singledigit billions because more than 80 percent told the Associated
of the homes in the affected region lacked flood t N>aao®d a C
iInsurance. At least 13 people were killed in the precipitation event
floodsthat left parts of Baton Rouge underwater, ol

of this size to occur
destroyed150,000 homes and lethousands

on the central Gulf

homeless.

Coast, the odds have
Hurricane Katrina: $49 billion in 2015 dollars. Increased by at least
Sept 11, 2001: $24.6 billion. 40 percent and most

Superstorm Sandy: $65 billion. f A1 Sf a R 2 dz



Louisiana floods of August 20&¢@omments

a,Su LISZ2LIS 6SNB O221Ay3d KdzasS L2404 a
Local residentfrom Baton Rouge and Zachary cooked large batches of red
beans to feed sheriffs in Ascension Parigestaurant owners from New
Orleans drove more than 50 miles to flooded areas to serve chicken fricassee,
cornbreadand bread pudding.

"Even through disaster, God has shown us how strong love truly is," _
Richardson said. "There is no end to the kindness that our peopleh?veér;ght

V26D hdzNJ OZYYdzyAle Aa &l GAy3I S 2

As the scope of the devastation sunk in, many Louisiana residents took to
social media to rail against news outlets for what they believed was their lack
of coverage. Why, some wondered, was the displacement of thousands of
people less deserving of attention than the Olympics or Donald Trump?

a2 Keé AayQid ylLiadA2ylFf  _YSRAL O20SNAYZ
CrgweDuhe I . Lu2y wz2dz3S ydzNAAY3I alddzRSY
aSSYy 0ST2Nboe

http://www.latimes.com/nation/



Observed Change in Very Heavy Precipitation

The map shows the percent increase in very heavy events
(heaviest 1% of all daily events) from 1958 to 2012

Observed Change in Very Heavy Precipitation

Trends within
natural

variation. \

Change (%)

10-19  20-29 30-39 40+

National Climate Assessment 2014
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aExtreme precipitation events of 2013 were found to
have been much less influenced by humaduced
climate change than extreme temperature eveats

Of the five flood events in 2013 that were studied,
Anthropogenic influence increased the likelihood: two

Anthropogenic influence not found or uncertain: two
Anthropogenic influence decreased the likelihood: one

(this last event was the September 2013 rainfall centered
around Boulder, Colorado)

Herring, S. C., M. Roerling T. C. Peterson, and P. A. Stott, Eds., 2014: Explaining
Extreme Events of 2013 from a Climate PerspecBud. Amer. Meteor. Soc.



Sea Level Rise and
Coastal Subsidence



Global Impacts -
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Borrowed Time on Disappearing Land

Facing Rising Seas, Bangladesh Confronts the Consequences of Climate Che
By GARDINER HARRIS, New York Times. March 28, 2014

A woman stands where".
her house was before
CycloneAiladestroyed |
it in 2009.

?‘1“""’4 ‘E‘ A or —

Scientists expect rising=—== .-
sea levels to submerge - 7
17 percent of i s
Bangladesh's landand = *
displace 18 million & |
people in the next 40 - -
years.
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Kadirvan Lohuizenfor The New York Times
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“  South Florida Company Uses Data to Predict Whether Your House
Be Underwater in 30 Years

For $99, a person can look up any address in four counties in south Florida and determine
of flooding from sedevel rise over the next 30 yearBrowardPalm Beach New Times, Jan 18, 20

~ - n~ < 3
Q. = - ~

Photo by Dave vis Flickr Creative Commons


http://www.reddit.com/submit?url=http://www.browardpalmbeach.com/news/south-florida-company-uses-data-to-predict-whether-your-house-will-be-underwater-in-30-years-7518463
mailto:?subject=BrowardPalmBeach.com:+South+Florida+Company+Uses+Data+to+Predict+Whether+Your+House+Will+Be+Underwater+in+30+Years&body=http://www.browardpalmbeach.com/news/south-florida-company-uses-data-to-predict-whether-your-house-will-be-underwater-in-30-years-7518463
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SUNNYDAY FLOOD
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0.57 m of normally dry land (~2 feet) an
capped a weeklong event in which daily
high tides exceeded the local nuisance
flood threshold. Tidal floods of this
magnitude occur only every few years
now but will become commonplace in
the coming decades.

The probability of a 0.5 tidal flood e
within the Miami region has increased bg
>500% since 1994 from a 1&M/ sea
level rise (SLR¢lated trend in monthly
highest tides.

(oS »—}i ~ ~ “Special Supplement to thé
ulfetin of the American Meteorolo ) 4
s Vol 97, No. 12, December 2016 ; =

Special Supplement to the Bulletin of B g—tie e SR

the American Meteorological Society y ‘ ‘
©Photo by Jo&RaedléGetty Images Sept 30,
Vol 97, no. 12, December 2016 2015 For)t/LauderdaIe FIY. J P




Octopus In a Miami Beach parking garage during
supermoos 2F Mp b20 HAMC

— Sy SR

That's an
octopus __

(...ina
parking garage)

@KerrinJeromin



South Florida continues prep for sea level rise
Brittany Wallard Broward Sun Sentinel 27 Feb 2017

Fort Lauderdale raised the
required height of sea walls
& home site elevations.

Delray Beach added valves ==
keep salt water out of city
drainage system.

Broward County ordered

Flooding from seasonal king tides has worsened i
new flood maps to be drawn. g )

Fort Lauderdale as a result of skeael rise.
JoeCavarettdSunSentinal



First US climate refugees get $48 million to mov

Federal grant aims to move the entire community of the sinking
Isle de Jean Charles, La., to a drier place. Christian Science Monitor, May 3, 2016

!
.

LakeBistineay Louisiana, March 14, 2016, Therég@el/Reuters



Isle de Jean Charlesace 1955, the island has lost 98 percent of its land.

Island Road, pictured, frequently washes out.
National Geographic, May 25, 2016

¢KS AaflyRXA&a t20F0SR RSSLI Ay (KS &a2dzi KSNYy
kilometers) south of New Orleans and 15 miles (24 kilometers) from the Gulf of Mexico.



Isle de Jean Charles, LouisiaiRanal Geographic, May 25, 2016

G2S R2YyQuU KIFI@S UAYS>ZE GNROLI f
who spent the last 15 years advocating to

NEf 20 GS KAa LIS2L SZ alAR® 4G¢KS
the more hurricane season we have to go
through. We hate to let the island go, but we
have to. It is like losing a family member. We
1y26 ¢S INB 3F2Ay3T G2
GKSY d¢



| fAYFGS / KFy3sS La | Wal G
MarSha" ISIandS By Jorietman Civil Beat, Honolulu. Nov 4, 2016

Gal NAKI ff Sas
and land have a symblotlc |
relatlonshlpt 2y S Ol y ﬁ
gAUOUK2dzi O0KS 2
moving from our islands is
not a viable option. As a
nation facing cultural
extinction due to climate
change, we plead to stronger
and major polluting countries =
to spare us the imminent fate &%
2F o0SAy3 Of AY
Hilde Heine, President of the P s g TOURAEY
Republic of the Marshall Islands. AT M

Rising tides are taking their toll on this Majuro
graveyard. Tombstones and markers are slipping
the sea as the ocean claims the land.



More Water Vapor
and Clouds

Warmer Air,
Warmer Water

(Global Warming)

WHAT YOU CAN DO
Personal

Family, Friends, Neighbc
Town and City

State

National
International

|

Atmosphere
IS Biosphere
¢ Cryosphere
(Climate Change
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Why climate change divides us

Fort Collins, Larimer County

The community solar farm in Fort Collins
IS just one example of the way that city
in Northern Colorado is taking a lead on
climate change solutions. The city has
reduced per capita greenhouse gas
emissions by 18 percent since 2005, and

has a plan to be carbon neutral by 2050.
Amanda Paulson/The Christian Science Monitor

Christian Science Monitor, Oct 12, 2016

Weld County, Colorado

e RE
Roni Sylvester stands in front of several of tt
gas wells drilled on the 26&cre farm where
she and her husband live in LaSalle, Colo. T
farm has been in her husband's family for fo
generations. Ms. Sylvester is a properghts
advocate who believes that climate change |
hoax, and is bothered by the many inroads
Into property rights that she says are caused

by environmental legislation and activists.
Amanda Paulson/The Christian Science Monitor
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In the absence of federal leadership, th
states must lead. For too long, Congres
has refused to take even the smallest

2NBF yAT |

RN -V - Conservation Colorado Y

Colorado cannot wait. As the governor
KAYaStF Lildzi A0 AfQ

YIFf LIN) OiGAOSe 42 VY
effective strategies to clean up air

pollution.
Conservation Colorado web site.

#ActOnClimate




Welcome to the Sierra Club Colorado Chapter

With more than 73,00nembers and supporteisere in Coloradoye
work together to protect our communities and the planet.

The Sierra Club Colorado Chapter works statke to focus our work at

the municipal and county levels. We're involved in everything from
hiking, to environmental education, to conservation.

Sierra Club web site, extracted 9 April 2017



The Alllance Center

Sign up on their mailing list
and pick what you want to
receive (free)

ONnWynkoopsSt, i V< Sustaln@bm’cy
one block from L el R Semes
Union Station. ‘, Whoi‘ Colorado Can Learn 'fjrc;m Hawaii:

B State Action on Energy & Climate

May 9 | 5:30-7:30 pm
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In 2004, Colorado passed the first veted Renewable Energy
Standard (RES) in the nation, requiring electricity providers to obtain
a minimum percentage of their power from renewable energy
sources. The legislature has increased the amount of renewable
energy required three times since 2004, including HBAO1 which
required investorowned utilities to generate 30% of their electricity
from renewable energy by 2020, of which 3% must come from
distributed energy resources.

The most recent update, SB-232, requires cooperative utilities to
generate 20% of their electricity from renewables. The RES has
sparked the development of hundreds of new renewable energy
projects across the state, generating thousands of jobs and helping to
reduce the state's greenhouse gas emissions.

https://www.colorado.gov/pacific/energyoffice/renewablenergystandard accessed Nov 2016
RESStatute(840-2-124, C.R.S.)



[ 2f 2N R2Q4 t dzof AO |

The Colorado PUC has full economic and quality of service regulaton
authority over investoiowned electric and gas utilities, as well as
partial regulatory control over municipal utilities and cooperative
electric associations.

¢CKS t!/ Qa YAaaAirzy Aa (2 &aSNWBS
regulating utilities and facilities so that the people of Colorado
receive safe, reliable, and reasonaplyced services consistent with

the economic, environmental and social values of the state.

Along with the Colorado General Assembly, the PUC plays a central
role in determining the details of electric and gas policy in Colorado.

https://www.colorado.gov/pacific/energyoffice/regulatorinformation accessed Nov 2016



CRES Jefferson County (JCRES) is a regional chapter of the
Colorado Renewable Energy Society (CRES), a statewide, non
partisan, nonrprofit, 501(c)3 membership organization. JCRES is
dedicated to the advancement of all forms of renewable energy
(RE), energy efficiency (EE), and their synergy with sustainabilit
and economic development in all IS F Eitie® &nd towns,
Including Golden, Lakewood, and Wheat Ridge. Our goal is to
raise awareness and provide educational activities to increase
the adoption of existing and emerging EE/RE technologies,
technigques, and policies.

https://www.cres-energy.org/jeffersorcounty-jcres/
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alre rampant, under“able/ Paul Douglas, The Washington Post, 18 Nov 2016
P ~_ N
L AYUSNBASGSR mMmm 2F Y
broadcast TV meteorologists, to hear
their thoughts and stories of how a

rapidly changing climate is affecting local
weather patterns:

{ SNB

Chief meteorologist Mike Nelson
G 5SYgdShNE
gradual warming of the planet
our regional climate is likely to
become drier on average over thgs |
next 100 years. The result will bl
more wildfires, lower water leve| s
INn our reservoirs and more
FNBIjdzSYy & RNZR dz3

I Daily Mean Temperature Anomaly: 01 November 2016 - 17 November 2016
Period ending 7 AM EST 17 Nov 2016




Hurricanes and Typhoons
(Skip this If short of time)

Attribution confidence for tropical cyclones: low



Climate Change Is Knocking on the Door of Our Urban Fortresse
How should citieeespond? By Nexus Media, with Sabrina McCormick, 9/8/2016

Few cities are
ready for the
challenges they
already face, and
planning is wildly
Inconsistent from
city to city.

New Orleans after Hurricane Katrina in 2005.
Source: U.S. Navy



W{OFNBEQ Of AYFOS OKI
changes: planninghief new vork post, 8 sept 2016

City Planning chief Carl
Weisbrodsaid the changes
his office are considering
include new requirements
02 GKSf LI NIAA&
and existing buildings in
FE22R LINRYS |

B e

e

G2 S | NB FdzNI K
any other place in the
O2dzy U NBE = 0 dzi
LINE LJ2 &Weishraitgld £
an Association for a Better
New York breakfast in

e B < B ; 2 midtown.
Homes in Staten Island are flooded G{ Sl f80S8ta |
after Superstorm Sandy in 2012. we are going to have to deal
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Photos: R Train Resumes Full Service Between Manh:
And BrOOklyn Jen Chung in News, Sep, 914

3 \\,\\ /////“ After an e_xtensiv_e 1—Bnont_h
‘\\L\ /Ili (zg’ | .f.‘\\ rehabilitation project that involved
\\f\ L= ‘ﬁ ) “JZ replacing "two miles of track, 37 miles o
i | 4~ ____ = communication cable and 14 miles of
.~ 2" power cable," the R train resumed full
F . service between Manhattan and Brookly
7 this morning. At a press conference

MTA Photo Gothamist |
o0 OTAmS yesterday, Governor Andrew Cuomo sal

"Su perstorm Sglzngpy broulght mcredlble

¢KS az2yidl 3dzS ¢dzoS 61 a K dzu 1MO X
Construction crews had to enter the 4,06t sectlon destructlon down on the New York Clty

under the East River from entry points in Manhattanlsubway system 0 dZU U 2 R | %)

and Brooklyn, removing all debris and bringing in al

equipment and tools through the tunnels themselve@Nother huge Step forward to repalr the
Crews replaced 11,000 feet of track, 30,000 feet of damage and Strengthen the System to

concrete and terra cotta duct banks, 75,000 feet of

power cable and 200,000 feet of communications \withstand the next major storm."

cable.



De Blasio Admits More Than 1,000 SeéRayaged Homes Won't Be Rebuil

On Schedule
By EmmaVhitford in News, Oct 202016

Late Wednesday night, days before
the four year anniversary of Hurrican
Sandy, members of the City Council
received Mayor de Blasio's formal
admission that his office will not finisl|
construction on hurricanelamaged
== homes in the Build It Back program k
~VESS==" the end of 2016, as promised.

—

s |
| eyt
A‘/ ™

ol |

. ,'- o~ [ 5 I\
étaten Island's Midiand Beach a few days after éandy
(Jessicdehrmar/ Gothamist

Build it Back leaders detailed snags the project has hit since its June 2013 inception. Fo
the sandy terrain underneath many damaged buildings proved difficult to build on. "The
original model assumed that over 90% of these houses could be lifted and set back dow
said Build It Back Director Amy Peterson. "Certainly what we found with the architects, is
that this is not what it takes." Joh@arathwol budget director for the Office of Management
and Budget, added that, in the midst of a construction boom, the program has "strugglec

get enough architects."



2016 Hurricane season ends, busiest since 2010
By Doyle Rice, USA Today, 30 Nov 2016

o o+ % Inall, atotal of 15 named tropical
~ .- storms formed during 2016, seven
: of whichturned into hurricanes
(Alex, Earl, Gaston, Hermine,
Matthew, Nicoleand Otto),
according to the National Oceanic
and Atmospheric Administration.

Photo: HO, AFP/Getty Images

The strongest and longeéted storm of the season was Matthew, which had winds of
160 mph and lasted as a major hurricane for eight days from Sept. 30 to Oct. 7. Matthe
was the first category 5 hurricane in the Atlantic since Felix in 2007.

A Matthew killed at least 500 people and perhaps as many as 1,000 in Haiti.

A Matthew killed 49 people in the U.S.



From Caribbean to Carolinas, Hurricane Matthew Left Devastation in W
By Andrea Thompsowxshift Oct 11, 2016

, S AN & a4 \ g 7 — ' w,
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Hurricane Matthew as it skirted the coast of Florid
on Oct. 7. Credit: NASA/NOAA GOES Project

A few miles made the difference
between a storm that could have
been so much worse and one th
was already bad enough.

With at least 30 people killed in
the U.S., and more than 1,000
killed in Haiti, Hurricane Matthew
was one of the worst Atlantic
hurricanes since Sandy. It tied a
the fifth longestlived major
hurricane in the Atlantic since
satellite records began in the late
1960s, and was the longekted
major hurricane to form after
SLIPd HpX



Hurricane Matthew, one of the biggest extreme weather events
In 2016, devastated Haiti. Hurricane Matthew was the first
category 4 storm to make landfall since 1963.

Credit: Getty Images

P
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Hurricane Matthew Took A Big Bite Out Of Southeastern States' Beache
Greg Allen, NPR Morning Edition, Nov 1, 2016

 September 6, 2014

Photos taken before
Hurricane Matthew
(Sept. 6, 2014) and after
(Oct. 14, 2016) show
that the storm washed
away a 1léoot sand
October 14, 2016 o S samesn. | dUNe, destroying

NrE AT, e * #% | boardwalks and decks
and exposing a seawall
at VilanoBeach, Fla.
USGS photo




Poor, Displaced and Anxious in North Carolina as
Floods Climb After Hurricane Matthew essiagood new

York Times Oct 13, 2016

G¢CKS LI2Z2NBai
In North Carolina are the
ones who are being hurt
the most by these
Tf22Razé D2
said at an otherwise
upbeat news conference
2y ¢ KdAdzZNERIF &c
LIS2 L)X S KI @S
added, urging people to

Ryan Christian and Delores Miller canoed down a streetdonate to a state disaster
Tuesday in Lumberton, N.C., where a third of residents fyend.

In poverty. Credit Travis Long/The News & Observer, via

Associated Press




Super typhoorNepartakhits Taiwan, July 2016

ForNepartak conditions were ideal. Waters in the Philippine Sea surpassed 86° F, rampi
the spin cycle to produce a neaerfect storm of terrifying force.

Map: SST Anomaly During Nepartak

NOAA/NWS /NCEP /EMC Marine Modeling and Analysis Branch Oper H.R.
RTG_SST_HR Anomaly (0.083 deg X 0.083 deq) for 05 Jul 2016

Sea temperature as
much as 4legC

above average Category 5, wind
speeds of 150 mph




Super Typhoon Wipes Out Nearly Every Home In Thi
Philippine City, Oct 2016

Five of the 10 deadliest typhoons to ever hit

the archipelago nation came in the last
decade.

The Philippines suffered its
second major storm in a week a:
Super Typhooiklaimamade
landfall Wednesday, reportedly
destroying or damaging nearly
every home infuguegaracCity,

a northeastern city of about
153,000 people.

Nearly 100,000 were evacuated
ahead of the storm, which had
sustained winds of 140 mph,
according to the BBC. At least
four people were killed.

A man takes cover as strong winds and rain topple trees while Typhoon
HaimalashesNarvacanllocosSur, northern Philippines on Thursday Oct.

20, 2016



