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About this course

In the coming years, the world will need to change with a speed and scale unseen
before in order to tackle climate change and machine learning will play an
important role in making this transformation possible.

Students should walk away from this course with an understanding of the

complexities involved in tackling climate change and the landscape of applications
for machine learning in this domain.



Plan for the day

Introductions

Course logistics

Climate Change Overview

Break

Lecture on Energy Efficiency and Regression Techniques

Paper assignment



Introductions

Are you comfortable with...
python

jupyter notebook

pandas

scikit-learn
matplotlib/seaborn

reading academic ML papers

climate change topics



Course Logistics

Syllabus - on Brightspace!
Homeworks will be posted and submitted on Brightspace
Lecture videos will be posted on Brightspace

Lecture slides will be posted on my website (linked to in Brightspace)



Syllabus

Instructor
Prof. Grace Lindsay
Office: CDS, Room 601
Email: grace.lindsay@nyu.edu

Grader/TA
Kartik Jindgar
kartik.jindgar@nyu.edu

Meeting schedule
Class time: 8 AM to 10:30 AM on Thursdays
Class Location: 70 Washington Sq S (Bobst) Room LL138
Labs:
Friday 2:45-3:35pm 7 E 12th St Rm 121
or
Friday 4:55-5:45pm 60 5th Ave Rm 125
Office hours with Kartik: 11am on Wed, CDS Rm 660
With Grace: By appointment, either in-person or on zoom.



Syllabus

Links to materials
Lecture slides:
https://lindsay-lab.github.io/teaching/#machine-learning-for-climate-change-spring-2024
Lecture Zoom: https://nyu.zoom.us/j/95440984119 , Meeting ID: 954 4098 4119
Class Slack:
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Syllabus

Course Structure

This course will introduce you to both modern machine learning techniques as well as their
domain-specific application toward climate change problems. Lectures will be organized
around published research papers. Unless otherwise noted, in the second half of each class,
there will be a lecture that provides the necessary background needed to read the assigned
paper. In the first half of the next class, we will have a group discussion on the assigned
paper.

Lecture order

Reminder of assignments

Climate change in the news

Recap of previous class

Discussion of assigned paper

Break

Lecture on background for next paper
Summary of lecture




Syllabus

Evaluation

Your grade will be calculated according to following proportions:

Exams - 20% (10% each exam)
Project - 35%

Homeworks - 25%

Participation - 20%



Syllabus

Exams: Two in-class exams will be administered that evaluate understanding of climate
change concepts and the papers read in class. Make-up exams will only be offered in the
case of medical emergencies and must be arranged before the start of the exam. They must
be completed before the next class.

Project: Students will work in groups on an advanced research project of their design.
Grades will be the same for all members of the group and will be based on both the project
and its presentation.

Homework: Three out of four homework assignments will be coding assignments related to
the themes of the class. The fourth will be a project plan. Assignments must be turned in
before the start of class on the due date unless otherwise noted. Students will have 3 “grace
days” they can use toward the first three assignments that will allow them to turn in
assignments late. They can be used altogether (allowing a single assignment to be 3 days
late) or separately. Once the grace days are used, late assignments will not be accepted and
will be treated as a 0. Grace days cannot be applied to the project plan or final project.
Participation: Students will be required to submit a PMIRO+Q before and after in-class
discussions of assigned papers. Participation grades will also be based on attendance,
which will be taken by discussion groups (if you need to participate virtually you must set this
up with your discussion group). You can miss one discussion without penalty.



Syllabus

Extra Credit - Students who demonstrate a sincere desire to correct poor performance
before the end of the course can request an additional assignment. This assignment will
involve executing a task relevant to Lindsay Lab research on climate change. Requests for
extra credit cannot be made after May 2.



Syllabus

Course Schedule

Jan 25 - Intro and Background on Climate Change. Lecture on energy efficiency and
regression techniques.

Paper 1 assigned.

Feb 1 - Discuss paper 1. Lecture on extreme weather/disaster response and computer
vision/convolutional neural networks.

Paper 2 assigned. HW 1 assigned.

Feb 8 - Discuss paper 2. Lecture on global climate changes and remote
sensing/segmentation.

Paper 3 assigned.

Feb 15 - Discuss paper 3. Lecture on climate science models and unsupervised and
generative models.

Paper 4 assigned. HW 1 due. HW 2 assigned.

Feb 22 - Discuss paper 4. Lecture on food/agriculture and time series models.

Paper 5 assigned.

Feb 29 - Discuss paper 5. Lecture on communication/psychology and natural language
processing.

Paper 6 assigned. HW 2 due. HW 3 assigned.

Mar 7 - Discuss paper 6. Career Day, Project Info and Exam Prep.

Mar 14 - Exam |. Lecture on climate finance and recommender systems and genetic
algorithms.

Paper 7 assigned. HW 3 due (on Friday at midnight). Project HW assigned.

Spring Break



Syllabus

Mar 28 - Discuss paper 7. Lecture on transportation and reinforcement learning.
Paper 8 assigned.

Apr 4 - Discuss paper 8. Lecture on power grid/renewables and graph neural networks.
Paper 9 assigned. Project HW due.

Apr 11 - Discuss paper 9. Lecture on carbon dioxide removal and review of graph neural
networks, RL, transformers etc.

Paper 10 assigned.

Apr 18 - Discuss paper 10. Project check-ins and exam prep.

Apr 25 - Exam Il. Project time

May 2 - Project Presentations

Project reports due May 9th.



Climate Change



s NPR
2023 was the hottest year ever recorded, scientists say

Global temperatures soared past previous records in 2023, according to new data from

the European Union. Nations must slash fossil fuel...
& The New York Times

2023 Was Hottest Year on Record by a Lot

Month after month global temperatures didn't just break records, they surpassed them
by far. This year could be even warmer.

E} carbon Brief

State of the Climate: 2023 smashes records for surface
temperature and ocean heat

Carbon Brief examines the latest data across the oceans, atmosphere, cryosphere and
surface temperature of the planet.
CNN

2023 will officially be the hottest year on record, scientists
report

This year will be the hottest on record — by a significant margin. Between January and
November 2023, the world's average temperature reached...



Last 9 Years Warmest on Record
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

Snowball Earth ~650mya
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

Warm and wet without distinct seasons

+14 4

°C vs 1960-1990 average

GSF 2014
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

lce age
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

Glaciers melt, sea levels rise, cold south pole and hot at the equator

+14 4

°C vs 1960-1990 average

GSF 2014
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

Swings between ice ages and ice melts, equator still tropical

+14 4

°C vs 1960-1990 average

GSF 2014
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

Pangea formation led to deserts. Huge warming led to extinction of 95% of
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Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to
understand how Earth systems work.

Repeated glacial cycles

cmfo|s|D| c|P|Tr|J]| K | Pa| FEocene | OI | Miocene | Pliocene | Pleistocene | Holocene
14 PETM Lisiecki and Raymo (2005) & Hansen et al (2013) —— EPICA Dome C, Antafctica (x 0.5) —— EPICA Dome C, Antarctica (x 0.5)
+ Early Eocene | Lisiecki and Raymo (2005) & Hansen et al (2013) ——— NGRIP, Greenland (x 0.5) F+25
e Marcott et @l (2013)

% +12 o Berkeley Eanth land-ocean L+20
g +10 o o ® IPCCARSRCPBS
> ) )
® +81 +15
S +6

+6 4

¥
2 2100 10
l +4
8 2050 g +5
bo s +2 4 A k Eemian Holocene
S | 4,
[ 0 I 0
> (
O -2 ‘
Permian —
° . (S /S 5
wm— ROyer et al (2004) - CO2 from GEOCARB (x 2.0)
g5 L= == Royer et 2004) - CO2 ram provies (x 20) —— Zachos et (2008) & Hansen et 3 (2013) -10

500 400 300 200 100 60 50 40 30 20 10 5 4 3 2 1000 800 600 400 200 20 15 10 5 0
Millions of years before present Thousands of years before present (2015 CE)

GSF 2014

°F vs 1960-1990 average




Historical Climate

Paleoclimatology uses a variety of techniques to reconstruct past climate trends to

understand how Earth systems work.

Holocene era aligns with
expansion of human civilization

GSF 2014
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What's causing the change?

Annual greenhouse gas emissions by world region, 1880 to 2021
Greenhouse gas emissions include carbon dioxide, methane and nitrous oxide from all sources, including land-use change. They are measured in tonnes of carbon dioxide-equivalents
over a 100-year timescale.

EB Table E Chart £ Settings

Oceania
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Earth’s energy “budget”

The earth receives energy from the
sun, but also radiates energy back
into space. The radiated energy is

of a longer wavelength.

5500°C -20°C
Earth

Intensity
w
c
=

0.5 i 5 10 50

Wavelength (um)

total refiected
solar radiation
99.9

absorbed by absorbed by
z;t7m1osphere atmosphere

¥ absorbed by emitted by

surface surface
163.3 398.2

net absorbed
0.6

e —— emitted by
clouds
29.9 thermals
(conduction/
greenhouse gases  convection)
45w TN ]
- back ‘ B

radiation
340.3

All values are fluxes in Wnr?
and are average values based on ten years of data

NASA



Earth’s energy “budget”

The greenhouse effect refers to the
fact that heat emitted by the Earth’s
surfaces radiates back to the Earth.

The composition of the atmosphere
determines the amount of —
back-radiation. '

GREENHOUSE GASES 8 [l

METHANE
crcs OZONE NITROUS

CAR
DIOXIDi @ @

net absorbed
0.6

All values are fluxes in Wnr?
and are average values based on ten years of data

UCAR SciEd/NASA



Earth’s energy “budget”

The greenhouse effect refers to the
fact that heat emitted by the Earth’s
surfaces radiates back to the Earth.

The imbalance between the amount
of energy that enters the earth’s msgbe
atmosphere and that which leaves -

is known as “radiative forcing”.

All values are fluxes in Wnr?
and are average values based on ten years of data

UCAR SciEd/NASA



Greenhouse effect

Greenhouse Effect:

Greenhouse Effect
Normal CO,

Solar Radiation }
—

Some green-
house gases

Atmosphere

nps.org

More heat
escapes into Less heat
space escapes into
space

Less heat More heat
| trappedin trapped in
atmosphere [l atmosphere -
Solar Radiation
Re-Radiated
Re-Radiated . Heat
Heat i ‘

More
Greenhouse
Gases



What are greenhouse gases?

Composition of Air Emissions by Greenhouse Gas

Argon
0.9% Other
li'luorinated Gases 2.1%

Carbon Dioxide: 0.4150% . -
Neon: 0.0018% Nitrous Oxide 6.2% ~~
Helium: 0.00052%

Methane: 0.00019%
Krypton: 0.00011%

Methane 17.3%

ccounts for

CO, 74.4%

Nitrogen
78 _?7 e cenotes.ore Source: World Resource Institute- [World Greenhouse Gas Emissions: 2016].
1% sciencenotes.org

Non-water vapor greenhouse gases make up a tiny (>1%) fraction of the atmosphere



Not all greenhouse gases work the same way

. | Water vapor) f\}\ ﬂ Wﬁ M
z c Carbon dioxide LL‘ 1
c 5
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S Raylejgh scatterlng — ]

wavelength

Chemical structure determines the absorption

properties of gases

GWP of various

greenhouse gases
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Changes Over Time

GWP for CO: is 1, while CH
converges towards 0, having
value of 0.82 in year 100
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Source: Timma, Dace & Knudsen, Energies, MDPI, 2020

*water vapor

has a
timescale of
only 9 days

The GWP measures the relative warming impact of one tonne of a greenhouse
gas compared to one tonne of CO: over a given period of time. Different gases

have different effects on warming

climatescience.org



Humans are rapidly increasing the amount of greenhouse
gases in the atmosphere

Global greenhouse gas concentrations Atmospheric c02
425
Concentration Over Time
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Carbon cycle

Carbon stores .
Carbon can be stored in the . Processes @
land, ocean, and E), sos fucis i
atmosphere.

; /= Carbon dioxide
Photosynthesis () s

Both biological and _7
abiological processes can organc matter 2
convert carbon between p— — PE——

and run-off - y &
(f9) Phytoplankton » _;fxO

different stores. -

Sediments and
sedimentary rock “ :
Rock formation Sinking sediment Deep ocean

© 2007-2010 The University of Waikato | www.scienceleamm.org.nz




Which activities contribute to GHG emissions?

World Greenhouse Gas Emissions in 2016
Total: 49.4 GtCO,e

Sector End Use/Activity

Road 11.9%

v 4.3%

Buildings 17.5%

lectricity

Unallocated fuel
combustion 7.8%

- ENERGY ——

Iron & steel 7.2%

Chemical &

petrochemical 5.8%
Other industry
(including the 12.3%
agriculture energy)

Fossil fuels 5.6%

Source: Greenhouse gas emissions on Climate Watch. Available at: https./www.climatewatchdata.org

climatescience.org



Which activities contribute to GHG emissions?

. World Greenhouse Gas Emissions in 2016
Greenhouse Gas Emissions Total: 49.4 GtCO_e
from the Energy Sector Sector End Use/Activity

Fugitive Nz()c 02
N20 |

Road 1.9%
Emissions

Buildings 17.5%

Electricity
& heat

30.4%

Unallocated fuel

1
1
.
(O]
4
g 7.8%
combustion .
w

Manufacture ‘
of Products €Oz

Iron & steel 7.2%

Construction Chemical &

petrochemical 5.8%

Heat Py
Plant { Electricity
" l’ * Plant

Other industry
(including the 12.3%
agriculture energy)

Fossil fuels 5.6%

Combined m E!ﬁ
Heat + Power

Fertilizer Production

Transport Source: Greenhouse gas emissions on Climate Watch. Available at: https./www.climatewatchdata.org
~- S

climatescience.org



Which activities contribute to GHG emissions?

Greenhouse Gas Emissions World Greenhouse Gas Emissions in 2016
from Agriculture Total: 49.4 GtCO,e
co - Sector End Use/Activity

11.9%

Farm machinery

Burning of _ .
crop residues Rice paddies :
>" Buildings 17.5%
O Electricity
[+4 % heat 30.4%
g = Unallocated fuel
E combustion 7.8%

Iron & steel 7.2%

Cows, sheep and goats
digesting food Chemical &
EIL petrochemical 5.8%
Other industry
12.3%
Microorganisms 22;2:::::& tr::ergy)

Fossil fuels

5.6%

Flooding of rice fields encourages bacteria
that decomposes organic matter, leading to
up to 12% of global methane emissions

Source: Greenhouse gas emissions on Climate Watch. Available at: https./www.climatewatchdata.org

climatescience.org



The life cycle of plastics

Environmental impacts

Which activities contribute to GHG emissions?

W ‘ Electrical and
i

electronic equipment

EXTRACTION PRODUCTION AFTER USE

+ Use of oil and gas + Use of oil and gas + Human exposure to + Litter on land and in oceans, seas and freshwater
toxic substances
« Greenhouse gas. . issi d air pol
emissions and air

pollutants

+ Greenhouse gas emissions from incineration
and landfill

+ oil spills

Industrial processes includes emissions from producing cement,
chemicals, and various other materials (like plastics, rubber and
human-made fabric).This is one of the fastest growing sources of
greenhouse emissions and has grown by 203% since 1990.

World Greenhouse Gas Emissions in 2016
Total: 49.4 GtCO,e

Sector

End Use/Activity

Road 11.9%

Rail, air, shi
& pipeline
I
|
> Buildings 17.5%
O Electrici
4 2 hoat ty 30.4%
L ea Unallocated fuel
2 combustion 7.8%
w
Iron & steel 7.2%
Chemical &
petrochemical 5.8%
Other industry
(including the ~ 12:3%
agriculture energy)

Fossil fuels 5.6%

Source: Greenhouse gas emissions on Climate Watch. Availoble ot: https./www.climatewatchdata.org

climatescience.org



Which activities contribute to GHG emissions?

Aerobic Anaerobic
100 Phase | | Phasell Phase lll Phase IV
Me tha noge nic, Methanoge nic,
Unsteady Steady
90
T 80
£
3 13
i 70 Y
2 .
9 —
£ e E /]
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[ '_.  __ eeseoeesey
5 [ . 45-50%
§_ 40 e s
% .
£ 00 .
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4 % 0
20 / e -
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& % .
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Time After Placement

Figure adapted
from ATSDR
2008. Chapter
2: Landfill Gas
Basics.

Decomposing waste releases a variety of greenhouse gases.

Sorting wastewater and treating human sewage also contributes.

World Greenhouse Gas Emissions in 2016
Total: 49.4 GtCO,e

Sector

End Use/Activity

11.9%

1

I

>l_ Buildings 17.5%

O Electrici

4 &: t ty 30.4%

w ea Unallocated fuel

4 combustion 7.8%

w
Iron & steel 7.2%
Chemical &
petrochemical 5.8%
Other industry
(including the ~ 12:3%
agriculture energy)

Fossil fuels 5.6%

Source: Greenhouse gas emissions on Climate Watch. Availoble ot: https./www.climatewatchdata.org

climatescience.org



Which activities contribute to GHG emissions?

Emissions from the Food Supply Chain

The Fashion Supply Chain
Land Use Farm Animal Feed

Change

Qo

da by

(A R

G ot

Growing and

Retail Transport

o h ting fib
g ‘ arvesting fibers
Fabric
‘ Production
Packaging

‘Source Our World in Data. https founworidindata.org/food-choice-vs-eating-local
Accessed August 2274, 2020

Source: European Porliament.

https: P 019/633143/EPRS_BRI(2019)633143_EN.pof
Accessed 20 October 2020.

Calculating GHGs in terms of end product
can be more effective for encouraging
individual change.

World Greenhouse Gas Emissions in 2016
Total: 49.4 GtCO,e

Sector

End Use/Activity

Road 11.9%

1
1
>|_ Buildings 17.5%
O Electrici
4 &l:ct tc ty 30.4%
w ea Unallocated fuel
4 combustion 7.8%
w
Iron & steel 7.2%
Chemical &
petrochemical 5.8%
Other industry
(including the 12.3%
agriculture energy)

Fossil fuels 5.6%

Source: Greenhouse gas emissions on Climate Watch. Availoble ot: https./www.climatewatchdata.org

climatescience.org



Where are GHGs coming from?

Total fossil fuel CO2 emissions, 2000 to 2020

-0.3%/yr/ij
+1.9% per year trend from 2015 to 2020
-1.7%lyr
-2.8%l/yr
P 42.2%lyr
. ~=  0.0%l/yr
muﬂ[ﬂ]]]]' I
. United European . . _iQmest of
China p India Russia
States Union world

Per capita fossil CO2 emissions, 2000 to 2020

In -2.2% per year trend from 2015 to 2020
4
0.0%l/yr
—
+1.5%/yr -3.0%lyr
-1.7%lyr
+1.1%/yr —
om0 17
. United European . . Rest of
China p India Russia
States  Union world

global carbon product



What does warming do?

Changing the amount of heat in the atmosphere has impacts on global climate

patterns and precipitation

Warming Arctic driving extreme weather

Linked to severe winter storms in US and Europe, heatwave at North Pole

» Normal circumstances

’ Strong jet stream and polar vortex hold freezing cold air
in the Arctic and warm air in lower latitudes

> Arctic warms faster than lower latitudes

Jet stream and polar vortex weaken, allowing Arctic air
to move south and warm air to move north

Strong, stable Polar vortex Jet stream i
‘ polar vortex weakens T startstoslow
Strong and to meander
Jjetstream . / f 7 k ) :
traps s NF O ‘
cold air ) ‘ :
in Arctic ) ) A i

Source: NOAA



EPA

Climate change has already increased extreme events

Figure 1. Heat Wave Characteristics in the United States by Decade, 1961-2021
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‘This indicator measures drought conditions of U.S. lands.

Figure 3. Average Change in Drought (Five-Year SPEI) in the Contiguous 48 States, 19002020

Change in SPEI:

This indicator describes trends in average precipitation for the United States

Figure 1. Precipitation in the Contiguous 48 States, 1901-2021
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This indicator tracks the frequency, extent, and severity of wildfires in the United States.

Figure 2. Wildfire Extent in the United States, 1983-2021
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This indicator tracks the frequency of heavy precipitation events in the United States.

Figure 1. Extreme One-Day Precipitation Events in the Contiguous 48 States, 1910-2020
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IPCC Policymaker Report

Climate change has already impacted human systems

(b) Observed impacts of climate change on human systems

Impacts on Impacts on Impacts on
water scarcity and food production health and wellbeing cities, settlements and infrastructure
) Animal and  Fisheries Inland  Flood/storm Damages
Agriculture/  livestock  yields and ) Heat, floodingand induced ~ Damages to key :
Human Water cop  healthand aquaculture Infectious malnutriton ~ Mental associated dama?es in_ to economic Confidence
systems scarcity  production productivity production diseases  and other health  Displacement damages coastal areasinfrastructure  sectors in attribution

to climate change
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What's in store for the future?



How 2 degree warming will play out in different locations

1:33-5:50



http://www.youtube.com/watch?v=q67IWTQ55vM&t=93

Paris Agreement

e International treaty on climate change adopted in 2015

e Aims are to keep the rise in mean global temperature to well below 2 °C
above pre-industrial levels (preferably to 1.5 °C), to increase the ability to
adapt to climate change, and to encourage finance flows to support emissions
reductions.

e Different scenarios have been devised to understand how to achieve these

goals.



Shared Socio-Economic Pathways (SSPs)

5 narrative scenarios, representing
different approaches and resulting
challenges

SSPs include social, economic, and
governmental forces and challenges
Provide a framework for making
predictions of possible futures

Socio-economic
challenges for mitigation

4

X SSP 5: * SSP 3:
(Mit. Challenges Dominate) (High Challenges)
Fossil-fueled Regional Rivalry
Development A Rocky Road
Taking the Highwa!
SRETIMY Y ssp 2:
(Intermediate Challenges)
Middle of the Road
% SSP1: X SSP4:
(Low Challenges) (Adapt. Challenges Dominate)
Sustainability Inequality
Taking the Green Road ARoad Divided

Socio-economic challenges
for adaptation

v

Fig. 1 Overview of SSPs

Narratives in O’Neill et al., 2016, Glob Env Change, online first)
SSP1: low challenges for mitigation
(resource efficiency) and adaptation
(rapid development)

SSP3: high challenges for mitigation
(regionalized energy / land policies)
and adaptation (slow development)
SSP4: low challenges for mitigation
(global high tech economy), high for
adapt. (regional low tech economies)
SSP5: high challenges for mitigation
(resource / fossil fuel intensive) and
low for adapt. (rapid development)



The Intergovernmental
Panel On Climate Change — The Intergovernmental Panel on Climate Change

(IPCCQC) is the United Nations body for assessing

the science related to climate change.

Reports

The IPCC prepares comprehensive Assessment Reports about the state of scientific, technical and socio-economic knowledge on
climate change, its impacts and future risks, and options for reducing the rate at which climate change is taking place. It also
produces Special Reports on topics agreed to by its member governments, as well as Methodology Reports that provide guidelines
for the preparation of greenhouse gas inventories. The IPCC is working on the Sixth Assessment Report which consists of three
Working Group contributions and a Synthesis Report. The Working Group I contribution was finalized in August 2021, the Working

Group II contribution in February 2022 and the Working Group III contribution in April 2022.

Working Group 1 Working Group 2 Working Group 3

The Physical Science Basis Impacts, Adaptation, and Vulnerability Mitigation of Climate Change

N This report focuses I\, This report focuses on N This report focuses
on how and why how climate change on the actions we
the world's climate affects people, our built can take to reduce
has changed in the systems, and the future climate
past, and how it is natural world. It also change and prevent
projected to change addresses how we can it from becoming
in the future. adapt and become too extreme.

more resilient to
climate change.




Scenarios considered in recent IPCC reports

SSP1-1.9 for the 1.5°C Paris Agreement goal
SSP1-2.6 for sustainable pathways
SSP2-4.5 for middle-of-the-road

SSP3-7.0 for regional rivalry

SSP5-8.5 for fossil fuel-rich development.

(Labels indicate SSP type and amount of radiative forcing)



Possible futures
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Possible futures

CO, emissions:

. . . <3 Peaking
Historical global mean Possible % Halving
surface temperatures futures 0 Netzero

95%
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GSAT range
(Chapter 4) SSP5-8.5
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Possible futures

Global greenhouse gas emissions and warming scenarios

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario.
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
4.1-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

50 Gt Current policies

25-29°C

- emissions with current climate policies in
place result in warming of 2.5 to 2.9°C by 2100.

Greenhouse gas emissions

up to the present JPIedges & targets (2.1 °C)
issions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.
0 2°C pathways

1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021).
OurWorldinData.org - Research and data to make progress against the world'’s largest problems.

Last updated: April 2022.
Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

Discussions of
temperature
increases are

usually in
degrees celsius
relative to
pre-industrial
averages. As of
2022, we were at
an average of
+1.2C.

2023 saw days
close to +2C.



What do we need to do?

Mitigation - attempts to reduce climate change (mainly by reducing GHG
emissions)

Adaptation - efforts to prepare humans and human infrastructure for a changing
climate



Recommendations from IPCC reports

More laws, activism, and policy:

Following current climate pledges to 2030 would make it “impossible” to limit warming to
1.5C with “no or limited overshoot” — and “strongly increas|e] the challenge” for 2C. (most
likely path under current policy leads to 2.5-3C by 2100)

Although at least 90% of global GHG emissions are covered by climate targets, only 53%
are covered by “direct” climate laws.

Accelerated climate action is “critical” to achieving sustainable development.

Carbon Brief



Recommendations from IPCC reports

No more fossil fuels:

All scenarios limiting warming to 2C or below include “greatly reduced” fossil fuel use, with
unabated coal being “completely” phased out by 2050.

The world can emit just 460 gigatonnes more of carbon dioxide, measured from the start of
2020, if we want at least a 50 percent chance of staying below 1.5 degrees. In recent years,
the world has emitted about 36.4 gigatonnes annually. If we continue at that pace, we will
blow our entire carbon budget in about a decade.

Carbon Brief



Recommendations from IPCC reports

In real terms:

“[The report is a] file of shame, cataloguing the empty pledges that put us firmly on track towards
an unlivable world”.

“Climate activists are sometimes depicted as dangerous radicals. But the truly dangerous radicals
are the countries that are increasing the production of fossil fuels...[The report] sets out viable,
financially sound options [for cutting emissions] in every sector that can keep the possibility of
limiting warming to 1.5C alive.”

-UN secretary-general Antonio Guterres

Furthermore, the global economic benefit of limiting warming to 2C is reported to exceed the cost
of mitigation in most of the assessed literature.

Carbon Brief



What you'll learn in this course...

is a little bit of everything about how the world works.





http://www.youtube.com/watch?v=EbjKcHPmxKQ

15 min break



Today:

Climate change domain: energy use and efficiency

ML technique: Regression techniques



Energy efficiency as a way to reduce GHGs

World Greenhouse Gas Emissions in 2016

Unallocated fuel
combustion 7.8%

Total: 49.4 GtCO.e
Sector End Use/Activity
Road 11.9%
T 4.3%
1
% Buildings 17.5%
Electricity
5 & heat A
2
w

Iron & steel 7.2%

Chemical &

petrochemical 5.8%
Other industry
(including the 12.3%
agriculture energy)

Fossil fuels 5.6%

Source: Greenhouse gas emissions on Climate Watch. Available ot https./www.climatewatchdata.org



Buildings and Energy EIA

U.S. energy flow, 2021
quadrillion Btu

other® sinck

and other®
imports 3.36

Residential and commercial building energy consumption makes up 40% of the total
energy consumption in the United States.

Energy is measured in British thermal unit, defined as the amount of heat required to raise the
temperature of one pound of water by one degree Fahrenheit



Final Energy Use [MWh/cap/yr]
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Different practices
across different
countries lead to
different energy use
intensities.

The fraction of energy
used by buildings is
similar in the EU (40%)
but lower on average

across the globe (32%).

IPCC



Relative Change with Respect to Reference Year 2010 [%]
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n n
How is that energy being used? z

= Non-OECD-1990
£ 1400
]
g Fans W Laundry B Llighting
§ 1200 W Televisions [ Refrigerators
o
=
3

Residential Commercial E 100
g 20%

Appliances
Cooking
Space Heating
Water Heating 0
Lighting

Cooling

Other
(IT Equipment, etc.)

2010 2030 2010 2030

Total = 24.3 PWh Total = 8.42 PWh



How to increase building efficiency

post-war gas low-rise M® Building Touchpoint
Refinancing/ Energy
Anytime/ Midcycle Substantial Tenant Payback Savings

Energy Conservation Measure Anywhere Retrofit Retrofit Turnover (years) Cost per SF per SF

Install Exhaust Fan Timers . 0 . 5.0 $ -

Install Submetering . . 2.0 $8% |

Install Solar/Photovoltaic . 17.0 $88S -

Upgrade Motors . . 5.5 $$ -

Upgra ° © 25 S [}

Ir r ) B 1.0 $ =

Upg . 6.5 $S |

Upgrade Boiler . >20 $888 =

Install TRVs and Zone Control . . 6.5 888 ==

Install Heating Controls and Thermostats 0 . 2.5 $$ —

Insulate Condensate Tank . . . 2.5 $ =]

Replace or Repair Steam Traps . ° . 3.5 $S |

Insulate Pipes 0 . . 2.0 $ =

Install or Upgrade Master Venting . . 3.0 $$ |mca)
@. Separate DHW from Heating . 6.5 $88 =
@:  Install Low-Flow Showerheads . B . . 1.0 $$ =
. Install DHW Controls . . . 0.5 $ =
@. Install Low Flow Aerators . . . . 1.5 $s ==
@ Insulate Pipes and Tank . . . 6.0 $ =
Energy Conservation Measure Cost per Square Foot Energy Savings per SF (kBtu)  Notes
$§§  Ventilation & Cooling Il Heating Distribution $ <§$.05 - 0-3 This list of Energy Conservation Measures (ECM) is based on
O Other $$ $0.05-$0.25 | 31-8 LL87 audit data and therefore may be incomplete. Suggested
%% Lighting @: Domestic Hot Water $$$ $0.26-$1.00 - 112 ECMe for each Building Touchpoint are rapresentative,
& Heating Equipment $$8$ >$1.00 12 :::c'i\z:: building "Z oing ancl fo Sy, of eq "r Vanert:ul:t

be considered in determining the appropriate packages of
ECMs for individual buildings. The first step of any upgrade
should be to work with a qualified service provider to
develop a scope of work appropriate for your building.

be-exchange.org



Urban vs Suburban Energy Consumption

@ MapBox
Avg. Total Household Carbon Footprint by CoolClimate Network

Low density suburban development is
2.0-2.5% as energy and GHG
emissions intensive as high-density
urban core development per capita.




Urban vs Suburban Energy Consumption

Avg. Total Household Carbon Footprint by CoolClimate Network
Average annual household carbon footprint by Zip Code Tabulation Area

With shared resources, shared walls and
generally smaller square footage,
households in buildings with five or more
units consume only 38 percent of the
energy of households in single-family
homes (Brown et al., 2005).

At a suburban density of four homes per
acre, carbon dioxide emissions per
household were found to be 25 percent
higher than in an urban neighborhood with
20 homes per acre (Mazza, 2004).



Benefit of urban density: district heating



http://www.youtube.com/watch?v=j1Vo6JmjaKc

NYC Building Efficiency Grades

Building Energy
Efficiency Rating

e




NYC Building Efficiency Grades

R - —
Building Energy -\ Buildings in New York City are
Efficiency Rating . .
e responsible for 70% of emissions

www.citysignal.com



NYC Building Efficiency Grades

Building Energy |
Efficiency Rating

www.citysignal.com

Local Law No. 95 requires all buildings to have an efficiency
rating based on Energy Star and EPA guidelines. In October 2020,
an additional rule was added that larger buildings had to have
these scores posted on their main entrances. That’s around
50,000 buildings and nearly two-thirds of the building area in the
city.

The rankings come from Energy Star and are based on energy
consumption, water consumption, and greenhouse gas emissions.

Buildings must submit energy information to the government for a
12 month period of time, and a list of fuels burned and converted
on site. These criteria add together for a total score of anywhere
between 1-100.



NYC Building Efficiency Grades

Building Energy |
Efficiency Rating

www.citysignal.com

Of the approximately 40,000 buildings that submitted reports when
the law was first implemented, about half of them received a D.
Thousands submitted nothing, receiving F’s. Buildings like The
New York Stock Exchange and Trump Tower received some of the
lowest scores, while the Flatiron Building and the Empire State
Building did rather well.

In 2024 Local Law No. 97 goes into effect, which would fine
buildings with lower scores. Depending on how low the scores
are, the buildings could receive fines as high as hundreds of
thousands of dollars. This has incentivized many buildings to
change their energy consumption and distribution.



How can we know how much energy buildings consume?

(this is the focus of the paper you will read)



NYC Local Law 84 Dataset

The New York City Benchmarking Law, known as Local Law 84 (LL84), requires buildings that are
over 50,000 square feet, or lots with buildings with over 100,000 square feet combined, to report their

annual energy and water consumption values in a standardized manner using the EPA’s portfolio
manager database.

This consumption data, along with some of the building characteristics (such as: total square feet, year
built, primary building activity, and energy use intensity ), have been released annually since 2011.

What about outside NYC?



Commercial Buildings Energy Consumption Survey

eia’

building owners and
managers provide
data
information about
the building’s
structure, use,
energy sources and
end uses, and
equipment

some building
respondents also
provide energy
usage data

some building
respondents do
not provide
energy usage data

energy
usage data
collected
from energy
providers

geographical
information

.|

weather

data

+

complete building record

PHASE 1: Buildings Survey PHASE 2: Energy Suppliers Survey PHASE 3: Non-Survey Data

e The only independent, statistically representative source of national-level data on the characteristics
and energy use of commercial buildings

e Building characteristics collected through an in-person or web survey of managers of 6,436 buildings,
representing 5.9 million buildings in the United States.

e Energy usage data collected from suppliers of electricity, natural gas, fuel oil, and district heat
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Also: number of workers, hours of operation, year of construction, etc.
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Energy information

Total commercial buildings and floorspace by energy source, 2018
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"Heating™ and "Cooling” Degree Days

Heating and Cooling Degree Days

Degree days are based on the assumption that when the outside temperature is 65°F,
we don't need heating or cooling to be comfortable. Degree days are the difference
between the daily temperature mean, (high temperature plus low temperature divided
by two) and 65°F. If the temperature mean is above 65°F, we subtract 65 from the
mean and the result is Cooling Degree Days. If the temperature mean is below 65°F,
we subtract the mean from 65 and the result is Heating Degree Days.

Example 1: The high temperature for a particular day was 90°F and the low
temperature was 66°F. The temperature mean for that day was:

(90°F + 66°F )/ 2 =78°F
Because the result is above 65°F:

78°F - 65°F = 13 Cooling Degree Days
Example 2: The high temperature for a particular day was 33°F and the low
temperature was 25°F. The temperature mean for that day was:
(33°F+25°F ) /2 =29°F
Because the result is below 65°F:

65°F - 29°F = 36 Heating Degree Days.



What if you have a building that is outside New York and
not sampled by the CBECS?

Use a statistical model to make an informed guess!

Regression analysis ¥p 50 languages v

Article Talk Read Edit View history Tools v

From Wikipedia, the free encyclopedia

In statistical modeling, regression analysis is a set of statistical processes for estimating the
relationships between a dependent variable (often called the 'outcome’ or 'response’ variable, or a
‘label' in machine learning parlance) and one or more independent variables (often called 'predictors’,
‘covariates', 'explanatory variables’ or 'features'). The most common form of regression analysis is
linear regression, in which one finds the line (or a more complex linear combination) that most closely
fits the data according to a specific mathematical criterion. For example, the method of ordinary least
squares computes the unique line (or hyperplane) that minimizes the sum of squared differences
between the true data and that line (or hyperplane). For specific mathematical reasons (see linear
regression), this allows the researcher to estimate the conditional expectation (or population average
value) of the dependent variable when the independent variables take on a given set of values. Less
common forms of regression use slightly different procedures to estimate alternative location
parameters (e.g., quantile regression or Necessary Condition Analysisi1]) or estimate the conditional
expectation across a broader collection of non-linear models (e.g., nonparametric regression).

o O potn .

e el

) ‘

Regression line for 50 &
random points in a Gaussian
distribution around the line
y=1.5x+2 (not shown)



Linear Regression

independent variable

MLlearning.ai



Linear Regression

45 ~
A -1
,B = (XT X) XT Yy
,B = ordinary least squares estimator

X = matrix regressor variable X

T = matrix transpose

Y = vector of the value of the response variable

~

Y = predicted values

2000
3000 200 0
4000 100 150

Weight Horsepower

MLlearning.ai



Linear Regression

B,

Lasso

B2

Ridge

XY Lasso

2
n P P
winitnize { (y.- —Bo - Zﬁszj) } subject to Y |B;] < '

=1

(6.8)

2
muuﬁmlzc { (yi - B — Zﬁjz,j) } subject to Zﬁf < s,
J=1
Ridge (6.9)

Lasso + Ridge = “ElasticNet”



Multi-layer Perceptron (MLP)

Simple artificial neural network Input Hidden Hidden Hidden Hidden Output

layer  layer 1 layer 2 layer 3 layer4  layer

Functions like a stack of individual
regression nodes

Needs to be trained with
backpropagation and gradient descent
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Decision Tree Regression
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For each input region, the value is the average of all
samples that fit the logical criteria.

Quality of a split is determined by how much it
reduces Mean Squared Error



Ensemble methods

Output is a combination of multiple individual models.

e.g. Random Forest regression is an ensemble of many decision trees

Test Sample Input

Prediction 1 Prediction 2

Prediction 600

Average All Predictions

.

Random Forest
Prediction

Keboola



Bagging and Boosting
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http://www.youtube.com/watch?v=tjy0yL1rRRU

Feature Importance

Determine which inputs are most important for accurate predictions
Many methods exist for different regression models

When working with tree-based models, the splitting process provides a built-in
metric of importance

Quiality of a split is determined by
how much it reduces Mean
Squared Error







Paper assignments

Each week you will be assigned a paper to read (pdf posted in Brightspace).

You will need to read that paper and submit your answers to a set list of questions
before next class, to prepare you for the discussion.

You will not be judged on the accuracy of your answers, but just that you made an
honest attempt.



Paper Questions

How to Read a Scientific Article: The QDAFI Method of Structured Relevant Gist

Q - Question
Pascal Wallisch

D - Do

A - rAtionale
Abstract F - Flndlngs
Gainfully reading a scientific paper can be challenging, particularly for beginners. This chapter I - I nte rp retatl on
introduces a principled method to extract relevant information from scientific articles to produce
a concise summary—the “QDAFI” method. To be as efficient as possible, this method takes into

account both the conventional structure of scientific papers as well as our understanding of

cognition.

But this is really more for science than engineering



Paper Questions

P - Problem

What problem are the authors trying to solve? Who needs this tool and for
what?

M - Method

What did they use to solve the problem? E.g., what type of model and/or
training technique

| - Innovation

How is what they did different from how people previously solved the problem?
Did they come up with any clever new idea or explore a new problem?

R - Results

How well did their method(s) do, particularly in comparison to other methods?
O - Open issues

What problems remain? In what way are there still constraints or issues that
prevent fully solving the original problem



Paper Assignment

PMIRO: Keep it short, sentence or two for each section.

You will also need to submit at least one question regarding something you
were confused about in the paper.

Submit your PMIRO+Q via the Brightspace assignment before the start of class.
We will spend the first half of next lecture discussing the paper in groups.

Remember: you are not expected to fully understand the paper!






