pability in Civil Engineering



Term project logistics

* Project 'broposal due on Blackboard by Mar 14
This should be an outline that includes
- Topic
- General approach
- Data and methods to be used

— Dissemination plan

— Annotated bibliography (5-10 items and how
each Is relevant)

e After submitting the proposal, you must also
schedule a meeting with me to discuss it —
email me with your availability to set up a time



hat is sustainability?




What are some
manifestations of
unsustainability?



What is life?

» Are plants alive? Stars? Is there alien life?

* We can say that life-forms are highly
organized and complex entities, enclosed yet
open, that use ambient exergy to maintain
themselves and grow/reproduce

* Collectively and over long periods of time, life
IS surprisingly powerful in shaping the planet's
landscape and climate



A living planet

How does the Earth show life’s influence?



arth’s exergy source

low exergy/

high entropy
Radiated to Radiated
Reflected by Reflected Reflected by space from from earth
atmosphere by clouds earth's surface atmosphere to space

10 35 7 111 10
33 I
Absorbed by
atomosphere Radiation
absorbed
by
atmosphere

12

Conduction
and
rising air

Latent heat in
water vapor

89 PW absorbed by land and oceans



Plant primary
production

* What does
cutide photosynthesis require?

" 2—Upper epidermis

(S e Plants cover most of the
i o' feasible surface area,
A converting ~0.1% of
sl O Incoming sunlight into
NP\ o chemical energy (100 TW,
T e ~100 Pg C fixed / year);
6H ZO + 6CO; + light - ~2% _Ic_)cally under good
: C6H1206+ 602 conditions

* Major impacts on surface
and atmosphere



Food chains

* Millions of ways of life are
carried on by specialized
species

* Animals, fungi, and most
bacteria feed on chemical
exergy already fixed by plants

* Along the way, exergy Is used
up in maintenance and
digestion; on the order of 10%
of exergy used by prey Is
transmitted to predators

- “Why big fierce animals
are rare”




= Assimilation D@ERitrifying
i 7 pcteria

ﬁ,

T

Nitrogen-fixing '
bacteria in @ ’",’1
root nodules e I;‘ Nitrates (NO;")

of legumes TR

faerobic and anaershic
bactenia snd fungl)
Nitrifying

Ammonification Nitrification @ bacteria

D E

Nitrifying
bacteria

Nutrient cycles

* Elements that are
scarce (e.g. N, P, Fe)
tend to be recycled
within ecosystems

* Fungi and other
decomposers, as
well as roots, help
plants get needed
minerals

* Matter Is recycled,
energy downcycled
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* Nitrogen is needed
for proteins and
other biomolecules

* Most nitrogen is Iin
the atmosphere as
N>

* Nitrogen Is
converted
biologically (and
iIndustrially) between
phases & many
different forms

Tg N/ year



Sediments

Tg P (per year)

Global phosphorus flows and

stocks
Needed for many critical
biomoelcules (including
DNA)

No significant gas form

Land loses dissolved
phosphorus to ocean,
ocean to sediments;
only new source Is
weathering of bedrock

Common limiting
nutrient; heavily
recycled



Supporting

# NUTRIENT CYCLING

» SOIL FORMATION

= PRIMARY PRODUCTION

ECOSYSTEM SERVICES

Provisioning

“ FOOD

" FRESH WATER

= WOOD AND FIBER
= FUEL

CONSTITUENTS OF WELL-BEING

Security

» PERSOMAL SAFETY

» SECURE RESOURCE ACCESS
» SECURITY FROM DISASTERS

Regulating

# CLIMATE REGULATION
» FLOOD REGULATION
» DISEASE REGULATION
» WATER PURIFICATION

Basic material

for good life

» ADEQUATE LIVELIHOODS

» SUFFICIENT NUTRITIOUS FOOD
« SHELTER

» ACCESS TO GOODS

Cultural

= AESTHETIC

= SPIRITUAL

o EDUCATIONAL
» RECREATIONAL

Health

= STRENGTH

= FEELING WELL

» ACCESS TO CLEAN AIR
AMND WATER

LIFE ON EARTH - BIODIVERSITY

Good social relations
= SOCIAL COHESION
» MUTUAL RESPECT
# ABILITY TO HELP OTHERS

Freedom
of choice
and action

OPPORTUNITY TO BE
ABLE TO ACHIEVE
WHAT AN INDIVIDUAL
VALUES DOING
AND BEING

ARROW'S COLOR
Potential for mediation by
socioeconomic factors

Low
B Medium
B High

ARROW'S WIDTH

Intensity of linkages between ecosystem
services and human well-being

= Weak
—— Medium

[ strong

Source: Millennium Ecosyslem Assessment

N attempt to convince economists (etc.)
of the value of ecology (Millennium
Ecosystem Assessment)




ecosystems as wealth

MNet Present Value in dollars per hectare

10 000
. Sustainably managed ecosystems
. Converted ecosystems
90004
& 0004
70004

& 000+ Intact wetand

50001
4 0007 &mamahle
30007
I
Small-scale
farming
20001
Traditional
forest use
1 000 mnngm'as
Shrimp Unsustainable
farming timber harvest
1]

Tropical Forest Mangrove Tropical Forest
Cameroon Thailand Cambaodia

Source: Millennium Eccsystem Assessment




Planetary boundaries

Climate change
Genetic
diversity

Biosphere integrity

Functional

Land-system
change

Atmospheric aerosol loading

Freshwater use

Phosphorus . .

Nitrogen

Ocean acidification
Biochemical flows

B Beyond zone of uncertainty (high risk) B Below boundary (safe)
In zone of uncertainty (increasing risk) Boundary not yet quantified
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The Doughnut: a 21st-century

compass. Between its social

foundation of human wellbeing

and ecological ceiling of

planetary pressure lies the safe

and just space for humanity.”
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DOUGHNUT
ECONOMICS

Seven Ways to Think Like a
21st-Century Economist

(O

KATE RAWORT

'l read this book with the excitamen [
day must ha 0 ory
It is brilliant, thrilling and revo



La}f-ffis:% of ecology (Barry Commoner)

Everyt’ung IS Connected to Everything Else.

Everything Must Go Somewhere.

Nature Knows Best.

There Is No Such Thing as a Free Lunch.

Complex: Unintended consequences and backfires
are common (e.g. pesticides, fire suppression)

= You can never do just one thing
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Greenhouse gas
absorption: 350

Heat and energy
in the atmosphere

€

1 The
. 254 :Greenhuuse

y Effect
Earth's land and ocean surface
warmed to an average of 14°C

he greenhouse effect

e The amount of

sunlight the earth
absorbs can be
balanced by
radiation at a
blackbody
temperature of 255
K. Why Is our
average surface
temperature 288 K?

Greenhouse gases
act like insulation
that reduces
(radiative) heat
transfer between the
earth and space
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Radiation Transmitted by the Atmosphere
1

10 70

Downgoing Solar Radiation
70-75% Transmitted

Upgoing Thermal Radiation

15-30% Transmitted

- | A Oxygen and Ozone
Y * Methane
. l A Mitrous Oxide
Rayleigh Scattering
v :I - I1I|J . ——e .?ﬂ
Wavelength (um)

lance and greenhouse

gases

Because of life,
99% of the
atmosphere is Oy,
N2, and Ar, which
don’t absorb IR
light; most other
molecules, notably
H,O and CO,, do

Without life, the
atmosphere would
be mostly CO, and
possibly H2O
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Climate history

Panama strait
closure (4.4-2.9
Myrs) Start of NH
glacations

&

Tertiar *; Quartiar

| -
geological scale:
@ o -~
x
gl 2le {HE g o3
g g L 8 8 B 3
; . = 8 e - B B I
biological scale; 21 5 g 29
archaean | protoerozoic | paleozoic | mesozoic cenozoic
prokariotic cells eukariotic cells <] cephalopods, corals, Farns, dinosaurs | Cold
snails, insects, fungi, Cycades, birds NI lce
warms, vitebrates /\ house
\_/ — X present
Warm
Green
’ + house

LHB: 3.8 -3.6 Gyrs,
secondary H,0

Moon
formed

Lcatastrophic CH,
release’ (depleted
13C in CaC0,)

(443 Myrs
mass extinction
y-ray burst)
Sturtian, Cambrian
Maringan& exposion !

Varanger

glaciations

90 % of marine

life dies ! dinosaurs
disappear ! o) —
45 Myrs home sapiens
intznctinf appear !
retic
glaciation

'_Ible reason:. CO; removal by photosynthesis
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...... ~ GHG concentrations since 1800

Incllllzatnrsofthehumaninfluence = COZ 280 — 420 ppm

on the atmosphere during the Industrial era

A - Fossil fuel burning
- ﬁsfii;‘; - Secondary: forest
80 4 . R 1}%2#' -'3"1‘ 1 1

= burning, lime

* CHa4: 750 = 1900 ppb

cing |
0 - gulfatgta Srosuls . .
o0 it Greeniandice |y e Pad dy CuU It'Vatlon
2 ' Shomains |
23 [oEs H 2 ; . ]
- Lol ' - Cow digestion
Ll ' ;::-: ' 1m ' Jl:- I &r:n H.A:-:ﬂ JL1] G0 L] 2000

- Fossil fuel use

- Landfills, reservoirs
* N2O: 270 = 330 ppb

- N Fertilizer
* CFCs etc. (new)



QP /obal warming potential

~ + The contribution of a release of a mole of a given
gas to greenhouse warming, relative to that of
CO: (which has GWP = 1)

» Depends on the starting atmospheric
composition and on the timeframe (100-year
GWP Is usually quoted)

e Some values (IPCC): CHa: 25, N,O: 298, CFC-
12: 10,900



tors affecting earth’s
temperature

i Anthrnpogemc and natural forcing of the climate for the year 2000, relative to 1750
Global mean radiative forcing (Wm-2)

Greenhouse gases

Halocarbons Aerosols + clouds
27 N0 |
£ CH, Black
E - carbon
@
=

from
17 Tropospheric i
C fuel Mineral
% ozone buming Dust Aviation Solar

) Il [I ‘|' Contrails Cirrus II

e T i

0 i [k, 1 J
Stratospheric Qrganic I

ozone carbon Land use

Biomass

f=1] -1 -
= fossil
§ fuel

) bumning

-2 - =
The height of a bar indicates a best estimate of the forcing, and the Aerosol
ACC0 ing vertical line a likely range of values. Where no bar is present indirect
the line only indicates the range in best estimates with no likelihood. effect

LEVEL OF SCIENTIFIC AN SN AT S e e

LUNDERSTANDING low low low

diative forcing from human impacts is around
/ M, on the order of 1% of sun intensity
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CO, emissions (GIC yr')
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& Global "
‘ China ____——" India _

i —

1960 1570 1980 1950 2000 2010 2020
Time (yr)

Carbon dioxide

buildup
Emissions: 10 Pg
C/y[37 Pg CO.;
1.2 ton per
person pery
(USA: 4; EU: 1.7;
China: 1.9; India:
0.5)

2.1 PgC=1ppm
atm. CO,; -
yearly emissions
are >1% of what's
In entire
atmosphere



 Qver centuries,

@O0 -
= 75% of emissions
" owmiEATe TOTAL SINKS WIII dISSOIVe in the
G . ocean

* Geological
reactions are much
slower (thousands

of years)

som camon @ Currently,
g atmospheric
concentration is
increasing by 2.5
ppm (0.6%) / year



. Emissions vs. concentrations

Impact of stabilizing emissions versus stabilizing concentrations of CO,

CO; emissions (Gt C yr') CO; concentration (ppm) Temperature change (°C)

12 ; 800 1 4 -

CO9 emissions Atmospheric CO2 concentrations Temperature response
80O 1

3-

600 1 o

500 -
1
400 1

L] L 1 L 1 aﬂﬂ 1 L L] L L 1 D L L L L} L L
2100 2200 2300 2000 2100 2200 2300 2000 2100 2200 2300

Constant CO; emissions at year 2000 level — Emissions path to stabilize CO- concentration at 550 ppm

SYR - FIGURE 5-2

' 'T:o stabilize or reduce atmospheric CO., need zero
emissions (stabilizing/reducing emissions not enough)



Morthern Hemisphere Extent Anomalies Jan 1979 - 2023

20

1 Giobal Average Temperature 1850 - 2022

=20

1981-2010 mean = 14.4 million sq km
1980 1985 1990 1995 2000 2005 2010 2015 2020

Hational Snow and Ice Data Center, University of Colorado, Boulder

slope = -3.0 = 0.4 % per decade 4

7l i' w1 T p) J1a Land data prepared by Berkeley Earth and combined
‘ 'I | T YRl with noean data adapted fram the UK Hadley Centre
T %1 i {8 L Global temperature ancmakies relative to 1850-1500 average

Viertical lines indicate 95% confidence intérvals

-1.4

=1 [

-0.8

-0.6

T
<
=

T
o
ma

LS
- ]

1860 1880 1900 1920 1940 1960 1980 2000 2020

similar to climate model simulations
Ice melt Is faster than models

Global warming so far

Global Temperature Anomaly (° C)



/farming just about everywhere

et T e

www.BerkeleyEarth.org

[ e j j j TN Temperature

2 1 -0.5 0 0.5 1 2 4 6 Anomaly (° C)

« The planet's average surface temperature has risen
about 1.2 K (2 °F) since the late 19th century (1.8 K
_ for land temperature)



Local Iong-term temperatures
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New warmest years

'ﬁ.

years since hottest
year on record

B oo

Bl ooz
< o030
Bl 0t 40
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| |:100
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years since coldest
year on record
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P <010 50
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How long ago was the hottest year on record

How long ago was the coldest year on record
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« = 1 K more warming
(depending on
=20 emissions and
... feedbacks)

55P1-1.9

O = N T CHN X T W o

e Ocean acidification

g

2000 2015 2050 2100

* Faster evaporation
* More intense rain
== ¢ Continued melting of

glaciers, ice caps,
| il and sea ice; sea level
I rise



Clrmate feedbacks introduce many
_ e unknowns

. A warmer atmosphere can hold more water vapor,
~_amplifying greenhouse warming

¢ Land and open water absorb more sunlight than ice
~ (albedo feedback)

~« Clouds cover has a big impact on radiation budget — not
clear how clouds will change

* Under drought/fire, plant C could be released as more CO,
* Methane hydrates in Arctic ocean floors could sublimate

* |[ce sheets disintegrate by flowing (not completely melting)
— No good models

* The response of the earth system (especially life) to large
disturbance Is unpredictable



_ -~ Mitigation of global warming
. * To reduce emissions:

= Stop burning fossil fuels (alternative energy
sources)

- Reduce forest burning
- * To Increase CO:; fixing/absorption:

— Seqguestration of combustion products: much talked
about, but not actually happening (may not be
practical — thermodynamic difficulties)

- Pyrolysis of biomass into char (slow to decay in soil)
e Policies: carbon tax, or cap (C emission rations)

- Note that net emissions must go to zero
- Need long-term effort in many countries, cf. 350.0rg



i F

e cala’s “stabilization wedges”
RO * Climate
stabilization with
near-present

energy use rates
will require major
changes and
large investments

* On the plus side,
these changes
will have other

pOWER GENERATIgy

.. Al benefits (e.g.
s/ security, health)
/4

Source: www.thewashingtonnote.com

R oy BAT



'“"*-*-'*:--_e:f-f:..-_:___-;_:eoengmeermg Science fiction
: brought to earth

108 Speculatlve iIdeas for cooling the earth

- Place sulfuric acid in the stratosphere to maintain
a permanent planetary haze

— Spray ocean water into the air to make clouds
more reflective

- Mix ocean water to bring cold, nutrient-rich water
to surface

- Launch many pieces of aluminum foil into earth
orbit to deflect some sunlight

e None has been shown to be feasible: each elicits
many concerns about side effects
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Global average annual temperature change relative to 1980-1999 (°C)

0 1 2 3 4 5°C

WATER

Increased water availability in moist tropics and high latitudes == == == —— —— = = = |
Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes = == ==jie

Hundreds of millions of people exposed 1o iNcreased Water SITESS e m = e e — ————]—

ECOSYSTEMS

Up to 30% of species at Significant® extinctions
increasing risk of extinction around the globe ]

Increased coral bleaching === Most coral bleached = Widespread coral mortality s s s -

Terrestrial biosphere tends toward a net carbon source as:

~15% ~40% of ecosysterns affected I

Increased species range shifts and wildfire risk

Ecosystem changes due to weakening of the meridional — g
overturning circulation

FOOD

Complex, localised negative impacts on small holders, subsistence farmers and fishers = = = = =— = =i

Tendencies for cereal productivity Productivity of all cereals __ __ -
to decrease in low latitudes decreases in low latitudes

Tendencies for some cereal productivity Cereal productivity to
to increase at mid- to high latitudes decrease in some regions

COASTS

Increased damage from floods and Stomms = == == = o= = —— = = == = — == ===
About 30% of
global Coastal == = m= ————
wetlands lost*

Millions more people could EXPETiENCe m m w— m———— -
coastal flooding each year

HEALTH

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases == == =i

Increased morbidity and mortality from heat waves, floods and droughts == == == == e o= —————

Changed distribution of some disease vactors == == == == == = - = — = — = = == — -

Substantial burden on health services = = ==

0 1 2 3 4 3°C

Significant is defined here as more than 40%. *Based on average rate of sea level rise of 4.2 mmy/vear from 2000 to 2080,

f climate change on people

* Heat and drought
will make crop
fallure more likely
In warm climates

* Coastal cities may
be flooded (cf.
Houston);
Bangladesh has
~15 million people
within 1 m of sea
level



Sea level rise

TOPEX
Jason-1
Jason-2
Jason-3
& Sentinel-6 MF
= B0-day smoothed
— Quadratic Fit
Average Rate: 3.4 + 0.4 mm/y

Acceleration: 0.084 + 0.025 mm/y?

&0

40

* Globally,
accelerated
from?2 to4
mm/y since

e 1990s

Seasonal Signals Removed

MSL [mm]

2000 2005 2010 2015 2020

* About 6 mm/y
around NY



ting to global warming in NYC
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https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14008
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Temperature (°F)

# Events

Days

Mean maximum temperature

— Medium emissions
—— High emissions
- (Observations

Event frequency

b)

c) Mean event duration
~ B

d) Mean event intensity
: rw\ i\

1975 2000 2025 2050 2075 2100

~ Year
Plegis i

. humid) is a direct concern

Mean specific humidity

00174 — M_edmm emissions
- —— High emissions
=4 —— Observations
< 0.016- ,
$
g 0.015 -
Fond -
g 0.014
E
¥
S 0.013 -
=
g
» 0.012

D.ull L] T Ls L} T L

1980 2000 2020 2040 2060 2080 2100
Year i
Heat Vulnerability Index (HVI) 2010

for New York City

Score (lowest 1 - highest 5)
1
2

. >
.
-

Source: Hew York Gy Deparimen of Meath and Menial Hygene (2010)



The proposed process

. Adaptatlon Assessment Steps:

- |Identify current and future climate hazards

— Conduct inventory of infrastructure and
assets

— Characterize risk of climate change on
Infrastructure

— Develop initial adaptation strategies
- |dentify opportunities for coordination

- Link strategies to capital and rehabilitation
cycles

- Prepare and implement adaptation plans
- Monitor and reassess



Acoeplable risk

Status quo

Setting inflexible adapiation
standand with mitigation
Flaxible Adagtation Patheay
without mitigation

Flexible Adaptation Pathveey
with mitigation

Monitor & Reassess! )

e the impacts of climate change can’t be
sely forecast, we should plan to periodically
luate plans in light of new developments



The New York City Panel on
Climate Change (NPCC3)

100-Year Flood Event

Potential progression of the 100-year flocd from
present throwgh 2100 for the S0th percentile
model-based scenarios of sea level rise
[ FEMas 2015 Presminary FIRM
B z020s: 107 Sea Level Rise

2050s: 30" Sea Level Rise
B 0505 587 Sea Lavel Rise

2100: 75" Sea Level Rise

100-yaar food for the high Impact but low
probability Antarctic Rapid Top Melt [ARIM)
scenarios of sea level rise

2080s ARIM: 81° Sea Level Rise
) 2100 ARIM: 114" Sea Level Rise
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in physical and social

vulnerability

Social Vulnerability Index (SVI)
for New York City

Nerthern Manhattan

Percentile ranking by census tract

s 25th percentile (lowest)
s 50th percentile
. 5 75th percentile
I s 99th percentile (highest)
© Excluded census tracts

Data Source: 2012-2016 American Comemunity
Center for Disease Conftrol Agency for Towic Substancas
& Disease Registry

Survey 5-Year Estimates,

The SVI utilizes 15 indicators categorized
into four themes: socioeconomic status,
household composition and disability,
minority status and language, and housing
and transportation. NPCC3 community
case study neighborhoods are circled.



: - Recommendations to the City
. Rlsks |dent|f|ed as

- Heat and heat waves
- Sea level rise and storm surge
— Droughts and floods

“« Have ongoing climate monitoring and an advisory
panel

e Revise codes and regulations to address climate
Impacts
* Work with the insurance industry

Not answered: Is there enough investment in
foreseeable needs? Will there be enough lead time to

walit and see?
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“The potential 30-foot storm surge*
accompanying a Category 3 hurricane
would flood large swaths of south
Brooklyn, parts of Queens, Staten
Island, and Manhattan below Canal
Street ... floodwater might pour into
the city's tunnels and subway
system ... The city's wastewater
treatment plants ... could back up,
sending raw sewage into basements
and bathrooms citywide.” (2006)

Dutch engineers have
conceptualized a barrier across the
Verrazano Narrows — price tag:
$6.5 billion

Other cities have such barriers,
usually built after major floods



After Sandy, smaller
projects are underway

* Rendering of planned promenade and 20 seawall

| SE Staten Island, Ft Wadsworth to Oakwood
each; $600 million, 2025




ﬁ ggtrum 'of possible adaptation
= ‘4‘_-1 responses

Cﬂastal adaptatmn "Adaptatiun objectives | Adaptation responses (after Example
(IPCC CZMS, 1990) (Klein and Tol, 1997) Cooper et al., 2002;
Defra, 2001)

Estuary closure
Protect P Increased robustness —p Hold the line » Dyke; beach nourishment

/ Advance the line ——— Land claim; empoldering

Accommodate ——JPp Increased flexibility p ‘Flood proof”buildings
Floating agricultural systems

Retreat the line P Managed realignment

Retreat ——— Enhanced adaptability <Limited intervention ——p Ad hoc seawall
No intervention ——p Monitoring only

Reversing maladaptive —» Sustainable adaptation —p» Wetland restoration
trends

Improved awareness and —p Community-focussed ——p Flood hazard mapping; flood
preparedness adaptation warnings

@ 're going to have to do something,” [Stony Brook
ok ,.-;?;_";T'f’_.{.}_,.;.fji_f'flty oceanography professor Malcolm] Bowman said.

you retreat, and that’s inconceivable. How are you
. going to retreat from New York City?”




w do we engineer resilient
- " Infrastructure?

Can we design structures that will serve
people well under not only global warming
t also resource depletion, social change,
nd natural and human-made disasters?
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