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The world has just experienced the
hottest summer onrecord - by a
significant margin

Itz CNN Fr— none Kevin Frayer/Getty Images

As heat waves continue to bake parts of the world, scientists are reporting that
Br this blistering, deadly summer was the hottest on record — and by a significant aters
] margin.

I T I June to August was the planet’s warmest such period since records began in



Unstable Jet Stream — Extreme weather







This summer was the hottest on record — by a significant margin

Summers have been trending hotter since at least the 1940s, and especially the past decade. Global

temperature for June, July and August this year has surpassed that of summer 2019 — the previous
record — by nearly a third of a degree Celsius.

2023 N

Note: Summer temperature includes all days in June, July, and August.

Source: Copernicus Climate Change Service
Graphic: Krystina Shveda, CNN



Global surface temperatures have set records

virtually every day since mid-June

DAILY GLOBAL SURFACE AIR TEMPERATURE ANOMALY /-ﬁ\ Gimate
Data: ERAS 1940-2023 « Reference period: 1850-1900 « Credit: C3S/ECMWF § " Crange service

climate.copernicus.eu
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Since April, the hottest SSTs ever measured
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Extent (million square kilometers)
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GLOBAL SEA ICE
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Extraordinary
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gIobaI Sea Ice 1993 1998 2003 2008 2013 2018
losses in

2023

NOTE: Trends/variability in Arctic & Antarctic sea ice are affected by very different atmospheric/ocednic processes and opposite seasonality!
DATA: National Snow & lce Data Center, Boulder CO (Arctic + Antarctic)
SOURCE: fip://sidads.colorado.edu/DATASETS/NOAA/GO2135/ (5-day running mean)

GRAPHIC: Zachary Labe (@ZLabe)
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* The rate of global warming
has accelerated

* BEvery month from June to
November was the hottest
ever recorded globally. to date ®

* 2023 may be warmer than
1°50C The rate of warming

* Nov 17&18 2023 were the first  been 0% higher than -
days on record to have a global ™™

average surface temperature
above 2°C

=

| | \ |
1850 1900 1950 2000

Source: Berkeley Earth Land/Ocean Temperature Record



Paris Agreement, 2015

United Nations Framework Convention on Climate Change

Stop global warming Pursue efforts to end
before 2°C (3.6°F) warming before 7.5°C (2.7°F)

Nations Unies
Conférence sur les Changements Climatiques 2015
COP21/CMP11

Paris France %
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Progress on Stopping Warming at 1.5°C

e
UN &
environment
programme

GlObal FOSSI' C02 f 2023 +7 7% Temperatures hit new highs, yet world

fails to cut emissions (again)
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Net zero pledges cover about 80% of emissions, bu
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—————————————

Climate Action Tracker (2022) https://climateactiontracket.org/documents/1055/CAT_2022-06-08_BricfingEnergyCrisisReaction.pdf
Grant, N. (2022) The Paris Agreement’s ratcheting mechanism needs strengthening 4-fold to keep 1.5°C alive, Joule, v. 6, p. 703-708, ISSN 2542-4351, https://doi.org/10.1016/j.joule.2022.02.017
Meinshausen, M., Lewis, J., McGlade, C. ¢# al. (2022) Realization of Paris Agreement pledges may limit warming just below 2 °C. Nazure 604, 304-309 https://doi.org/10.1038/541586-022-04553-2
United Nations Environment Programme (2023). Emissions Gap Report 2023: Broken Record — Temperatures hit new highs, yet world fails to cut emissions (again). Nairobi. https://doi.org/10.59117/20.500.11822/43922.



https://doi.org/10.1016/j.joule.2022.02.017
https://doi.org/10.1038/s41586-022-04553-z

Globally, Governments still plan to produce more
than double the amount of fossil fuels in 2030 than
would be consistent with stopping warming at 2°C

United Nations Environment Programme (2023). Emissions Gap Report 2023: Broken Record — Temperatures hit new highs, yet world fails to cut emissions
(again). Nairobi. https://doi.org/10.59117/20.500.11822/43922.



Fate of anthropogenic CO, emissions (2010-2019)

Sources = Sinks

18.9 GtCO, /yr
353 GtCO,/yr 47
0

83%0

/0
123 G<LO,
1 12%

4.7 GtCO, /yr
26%0
Budget Imbalance: 30/ 0 104 GtCO,/yr

(the difference between estimated soutces & sinks) 12
GtCO, /yr

Source: Friedlingstein et al 2023; Global Carbon Project 2023



* Plant photosynthesis removes
CO, from the air

* Plant respiration releases CO, to
the air

* Photosynthesis has a heat
limit, past which:

* Photosynthesis sharply
declines

* Respiration continues to
increase

* Carbon uptake by land plants
is degraded

* With continued emissions,

* Carbon uptake may be
degraded nearly 50% as
early as 2040

* 'This effect is not accounted
for in National Policies

SCIENCE ADVANCES | RESEARCH ARTICLE

ENVIRONMENTAL STUDIES

How close are we to the temperature tipping point

of the terrestrial biosphere?

Katharyn A. Duffy"z*, Christopher R. Schwalm®?, Vickery L. Arcus’
Liyin L. Liang®®, Louis A. Schipper®
The temperature dependence of global p hesis and respi d
While the land sink currently mitigates ~30% of anthropogenic carbon emi
system service will persist and, more specifically, what hard temperature |
Here, we use the largest continuous carbon flux monitoring network to cons
temperature response curves for global land carbon uptake. We show that t
quarter (3-month period) passed the thermal maximum for photosynthes
tempera!ures, respiration rates continue to rise in contrast to sharply decl
as-usual this di e elicits a near halving of the lan

JOURNAL OF GEOPHYSICAL RESEARCH
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Are tropical forests near a high temperature threshold?
Christopher E. Doughty 5% Michael L. Goulden

First published: 17 October 2008 | https://doi.org/10.1029/2007)G000632 | Citations: 162

i SECTIONS = poF X TOOLS

Abstract

[1] We used leaf gas exchange, sap flow, and eddy covariance measurements to
investigate whether high temperature substantially limits CO, uptake at the LBA
(Large-scale Biosphere-Atmosphere) km-83 tropical forest site in Brazil. Leaf-leve
temperature-photosynthesis curves, and comparisons of whole-canopy net ecos
CO, exchange (NEE) with air temperature, showed that CO, uptake declined sha
during warm periods. Observations of ambient leaf microclimate showed that le
oscillate between two states: a cool, dimly lit stage and a hot, brightly illuminatec
where leaf temperatures are often greater than 35°C. The leaf-level rates of
photosynthesis decreased when shaded leaves (~amb
umol m2 s7") were transferred into a pre!
38°C and 1000 umol m=2 s™"), coincidg
evaporative demand, and stoma
calculated at 5-min intervals i
followed extended cloudy pg
temperature and evaporatf
The forest at km-83 appea
CO; uptake drops sharply
leaf temperature and leaf
disproportionately to canop
exchange is curtailed.

(13

1. Introduction

[2] Researchers have hypothesized that increasing
on tropical forest production [Clark, 2004], resulting in a positive =
global climate change [Cox et al., 2000]. High temperatures reduce COZ uptake by C
through reversible, short-term increases in photorespiration, respiration and stome
closure, and, in extreme cases, irreversible damage to biochemical machinery [Berr,
Bjérkman, 1980]. Increases in temperature that increase photorespiration, total eco
respiration, or the incidence of stomatal closure would be expected to decrease tro
forest primary production. The Amazon Forest contains 93 (+23) PgC (10'° g) of live
aboveground, and tropical forest accounts for at least 30% of global terrestrial prim

Copyright © 2021
The Authors, some
rights reserved;

forests

Article
Temperate and Tropical Forest Canopies are Already
Functioning beyond Their Thermal Thresholds

for Photosynthesis

fress 128.171.57.189.

.... numerous studies
suggest that a variety
of ecosystems are
operating at or near
thermal thresholds.”
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No evidence of canopy-scale leaf thermoregulation
to cool leaves below air temperature across a range of

forest ecosystems

Christopher J. Still*' @, Gerald Page®<®, Bharat Rastogi®*, Daniel M. Griffith®*
Chad V. Hanson®, Hyojung Kwon?®, Linnia Hawkins®, Frederick C. Meinzer, Sanna Sevanto™,
., and Andrew D. Richardson®"

Matteo Detto™ @, Brent Helliker*

Edited by James Clark, Duke University, Durham, NC; received March 31, 2022; accepted june 28, 2022

Understanding and predicting the relationship between leaf temperature (Tleap) and air
temperature (7,;) is essential for projecting responses to a warming climate, as studies
suggest that many forests arc ncar tl\crmal thmholds for carbon uptake. Based on leaf
d.c limited leaf b argues that daytime Zj,,/is
opuma and below damaging temperature
thresholds. Spccl.ﬁcally‘ leaves should cool below 7 at higher temperatures (i.e., >
~25-30°C) leading to slopes <1 in 7},//T,;, relationships and substantial carbon
uptake when leaves are cooler than air. This hypothesis implies that climate warming
will be mitigated by a compensatory leaf cooling response. A key uncertainty is under-
standing whether such thermoregulatory behavior occurs in natural forest canopies. We
present an unprecedented set of growing season canopy-level leaf temperature (T,
data measured with thermal imaging at multiple well-instrumented forest sites jp>

. Using energy balance
leaf-air coupli

afipacts on forest carbon cycling and

omeothermy | photosynthesis | leaf traits

neal control on biological systems and processes at
. Tts influence spans from enzymatic reactions to
ale species distributions. Temperature s also a
h of the concern about the impact of climatc
by the pervasive influence of temperature on
long been recognized as imporcant for plant
ly influences photosynthesis, respiration (1-4),
§ of T, pin different habitats are also affected by
[ laicude: A global meta-analysis of leaf size in rela-

/"The temperature of leaves is, therefore, of fundamental
afion, productivity, and distribution.

glhg appreciation of variation in 7%, and its critical control on
plant and ecosystem function. Several studies document temperature
<Tor posicive net photosynthesis at leaf and canopy scales, with evidence that
Trent temperatures are approaching or such thresholds, in
tropical forests (7-10). This has large implications for forest carbon balance and the
global carbon cycle. If tropical canopy photosynthesis declines with increasing tempera-
ture while respiration continues to increase, then the strength of the carbon sink in the
tropics will be reduced. The scnsmvuy of leaf d its acclima-
tion to rising of accurate T,

, Donald M. Aubrecht®", Youngil Kim', Sean P. Burns*,
, Dar Roberts",

Mike Goulden®®, Stephanie Pau”,

Significance

Leaf temperature has long been
recognized as important for plant
function, and climate warming
may lead to outsized impacts on
leaf temperature and function.
This includes carbon assimilation,
numerous studies suggest that
avariety of ecosystems are
operating at or near thermal
thresholds. However, sustained,
high-frequency measurements of
canopy-scale leaf temperature
across a range of ecosystems and
conditions are rare. We show that
daytime canopy leaf temperatures
do not cool below air as predicted
by the leaf homeothermy
hypothesis. Leaves are typically
warmer than air and the
magnitude of this departure varies
with leaf size and canopy
structure. Almost all ecosystem
photosynthesis occurs when leaf
temperature exceeds air
temperature. Future warming is
unlikely to be mitigated by leaf
cooling,
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and models for predicting carbon fluxes %, 11.15). Finally, the increasing prevalence
of heat extremes and hea waves resulting from climate warming (14, 15) has height-
ened interest in how ecosystems respond to such events, in particular, how leaves can
avoid heat stress and mortality (16). Thus, understanding 7}, variations and controls

PNAS 2022 Vol.119 No.38 2205682119

chris sill@oregonstate.edu.

This article contains supporting information online at
org/lookup/suppl/dol:10.1073/pnas.
2205682119/-/DCSupplemental.
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Deadly heat waves projected in the densely populated
agricultural regions of South Asia

Eun-Soon Im,'* Jeremy S. Pal,”* Elfatih A. B. Eltahir®*

The risk associated with any climate change impact reflects intensity of natural hazard and level of human vul-
nerability. Previous work has shown that a wet-bulb temperature of 35°C can be considered an upper limit on
human survivability. On the basis of an ensemble of high-resolution climate change simulations, we project that
extremes of wet-bulb temperature in South Asia are likely to approach and, in a few locations, exceed this critical

Copyright © 2017
The Authors, some
rights reserved;
exclusive licensea
American Association
for the Advancement
of Science. No claim to
original LIS, Government
Works. Distributed
under a Creative
Commens Attribution
NonCommerdal
License 4.0 (CC BY-MNC).

threshold by the late 215t century under the business-as-usual scenario of future greenhouse gas emissions. The
most intense hazard from extreme future heat waves is concentrated around densely populated agricultural re-
gions of the Ganges and Indus river basins. Climate change, without mitigation, presents a serious and unique risk
in South Asia, a region inhabited by about one-fifth of the global human population, due to an unprecedented

combination of severe natural hazard and acute vulnerability.

INTRODUCTION

The risk of human illness and mortality increases in hot and humid
weather associated with heat waves. Sherwood and Huber (1) pro-
posed the concept of a human survivability threshold based on wet-
bulb temperature (TW). TW is defined as the temperature that an air
parcel would attain if cooled at constant pressure by evaporating water
within it until saturation. It is a combined measure of temperature
[that is, dry-bulb temperature (T)] and humidity ( Q) that is always less
than or equal to T. High values of TW imply hot and humid conditions
and vice versa. The increase in TW reduces the differential between hu-
man body skin temperature and the inner temperature of the human
body, which reduces the human body's ability to cool itself (2). Because
normal human body temperature is maintained within a very narrow
limit of +1°C (3), disruption of the body’s ability to regulate temperature
can immediately impair physical and cognitive functions (4). If ambient
air TW exceeds 35°C (typical human body skin temperature under
warm conditions), metabolic heat can no longer be dissipated. Human
exposure to TW of around 35°C for even a few hours will result in death
even for the fittest of humans under shaded, well-ventilated conditions
(1). While TW well below 35°C can pose dangerous conditions for most
humans, 35°C can be considered an upper limit on human survivability
in a natural (not air-conditioned) environment. Here, we consider max-
imum daily TW values averaged over a 6-hour window (TW,,_, ), which
is considered the maximum duration fit humans can survive at 35°C.

HISTORICAL DISTRIBUTION OF MAXIMUM

WET-BULB TEMPERATURE

According to the global historical reanalysis for modern record (1979-
2015) (5), the largest TW,___, rarely exceeds 31°C in the current climate.
However, three extensive regions, where values exceed 28°C, are ob-
served: southwest Asia around the Persian/Arabian Gulf and Red Sea,
South Asia in the Indus and Ganges river valleys, and eastern China

"Division of Erviranment and Sustainability, Department of Civil and Environmental
Engineering, The Hong Kang University of Science and Technology, Kewlean, Heng Kong.
“Pepartment of Civil Engineering and Enviranmental Science, Loyola Marymount
University, Los Angeles, CA 90045, USA. *Ralph M. Parsons Labaratory, Massachusetts
Institute of Technology, Cambridge, MA 02139, USA.

*These authors contributed equally to this work.

tComresponding author. Email: eltahir@mitedu

Im, Pal, Eltahir, Sci. Adv. 2017;3:e1603322 2 August 2017

(Fig 1). To identify the precise reasons for high TW, individual studies
need to be performed because of each region’s unique geography and
climate. The un ing reasons why southwest Asia stands out are dis-
cussed by Pal and Eltahir (6), who concluded that future TW,p,,, around
the Persian/Arabian Gulf region is likely to exceed the TW threshold for
human survivability by the end of the century under a business-as-usual
(BAU) scenario of atmospheric greenhouse gas (GHG) concentrations.
In summer 2015, TW in the Bandar Mahshahr, Iran Persian/Arabian
Gulf, reached nearly 35°C, suggesting that the threshold may be breached
sooner than projected (7). In this study, we shift our attention to the
region of South Asia, here defined as Pakistan, Nepal, India, Bangladesh,
and Sri Lanka. The northern part of this region is the second hottest
after southwest Asia but is more expansive when considering the land
area affected.

Heat waves and their impacts on human health are combined
consequences of high dry-bulb temperatures and humidity (that is,
high TW) and the vulnerability of the population. Many previous
studies have investigated the impacts of anthropogenic climate
change on heat waves and human health (8, 9). However, it is not
until more recently that the combined effects of temperature and hu-
midity have been more commonly considered. For example, the Fourth
Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC) (10) when making projections about future heat
waves only considers T. However, the latest IPCC report (11} does
consider the combined effects of T and Q when considering working
conditions, which are projected to worsen considerably in many re-
gions (12, 13). In addition, studies that include the combined effects
at a global scale are largely based on output from climate models with
resolutions on the order of 100 to 200 km (1, 14). Studies that are based
on higher-resolution simulations are generally focused on North
America and Europe (15, 16). However, the most detrimental human
impacts of climate change on heat waves could potentially be those in
developing nations because of the vulnerability of their populations. In
much of India and Pakistan, an apparent rising trend in the frequency
of deadly heat waves has been observed (17-19). For example, severe
heat waves resulting in thousands of deaths to humans and livestock
were reported around Odisha (eastern India) in 1998, Andhra Pradesh
in 2003, and Ahmadabad and other parts of Gujarat (western India) in
2010 (20). In particular, the fifth deadliest heat wave in recorded history
(21) affected large parts of India and Pakistan, claiming around
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Warming on Land

1 billion displaced for every 1°C of additional global warming

TODAY — 0.8% of land surface, to hot

for human existence

. I
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3°C 19% of land surface, to hot for

human existence

Xu, C,, et al. (2020) Future of the human climate niche, PN.AS, May 2020, 201910114; DOI:10.1073/pnas. 1910114117




After 200 yrs of fossil fuel expansion we are at a
turning point in the global energy system

* World spent $1.8 trillion transitioning to clean power last
year, more than spent producing oil & gas.

* Rooftop solar grew nearly 50% globally last year
e 2020 - 1 in 25 cars sold was electric
e 2023 - 1 in 5 cars sold was electric

* Global energy demand growth will now “almost entirely
be met by renewables” IEA

e Economic growth no longer requires rising emissions

* However, Ambition needs to accelerate

* We are headed for a long plateau of continued emissiens
* In 2022 solar and wind produced 12%.oef-global electricity.

* By 2030 this must increaseto 41% of global electricity (to be
on track for net-zero by 2050).

https:/ /www.businessgreen.com/news/4061209/ extraordinary-iea-heralds-energy-ctisis-‘histotic-point-
renewables?utm_campaign=Carbon%20Brief%20Daily%20Briefing&utm_content=20221206&utm_medium=email&utm_source=Revue%20Daily



FIGURE 1
Global greenhouse gas emissions and temperature rise
Net emissions including removals (billion metric tons of CO;-equivalent)
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Mean Sea Level (cm)

Global Mean Sea Level Rise

Latest MSL Measurement

15 October. 2021 1 foot per century
Reference GMSL - corrected for GIA

10

Recent acceleration 1
to 1.5 ft/century

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
© CNES,LEGOS,CLS

https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/ mean-sea-level.html
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Greenland melting has quadrupled
since 2010

~20% of global sea level rise
Ice loss, billions of tonnes

: H : RATE OF CHANGE
Greenland Mass Variation Since 2002
Data source: lce mass measurement by MASA's GRACE \|/ 2 80 O
satellites. Gap represents time between missions. *
Credit: NASA Gigatonnes per year
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Bevis, M. et al. (2019) Accelerating changes in ice mass within Greenland, and the ice sheets sensitivity to atmospheric forcing. PNAS, 116, 1934-1939. King, M.D., ef al. (2020)
Dynamic ice loss from the Greenland Ice Sheet dtiven by sustained glacier retreat. Commmnn Earth Environ 1. https:/ /doi.otg/10.1038/s43247-020-0001-2



Antarctica Mass Variation Since 2002  asre or chance

Antarctica mass (Gt)

Antarctic ice melt has tripled

since 2010  ~9% of global sea
level rise

West Antarctic Glaciers are in Irreversible Retreat

Ice loss, billions of
tonnes

Data source: lce mass measurement by MASA's GRACE \I/ 1 4 7 O
.

satellites. Gap represents time between missions.
Credit: NASA Gigatonnes per year
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The IMBIE team (2018) Mass Balance of the Antarctic Ice Sheet, Nazure, 558, pages219-222, https://doi.org/10.1038/541586-018-0179-y



Temperature change relative to global average

Thermal expansion ~38% of SR
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IPCC, 2021 Assessment Report 6

Sea level is committed to rise for centuries to millennia due to continuing deep-
ocean warming and ice-sheet melt and will remain elevated for thousands of years
(high confidence). [ar6 wai sPm p.21 B.5.4]

Global mean sea level will rise by about

-6.5to 10 ft at 1.5°C

- 6.5to 20 ft at 2°C

...and will continue to rise over subsequent millennia

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group 1 to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., ¢z al. (eds.)]. In Press.



i

Sea level rise, an unstop
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Sea Level Change (m)

NOAA/NASA SILR Planning Scenarios

Honolulu, Oahu
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https://sealevel.nasa.gov/task-force-scenario-tool



SLR Flooding: Nuisance and Permanent

Sea
level

#2. Temporary high tide flooding

* Arrives decades earlier than GMSL 1 i"
* Has already started I :,4 o
. . ! | .‘i:w;'.l‘:
* Accelerating frequency and magnitude A
B \¢“h*"qr ’
vv!';\ i
o‘v‘b' ...' ¢
i

CH#1. Long term
GMSLR

' Permanent, accelerating

inundation
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Ewa Beach — Wave Flooding, 2-3ft
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Sunset Beach — Coastal Erosion

Google Earth hrirs-



Presenter Notes
Presentation Notes
Example of transects


Sunset Beach — Coastal Erosion, 1 ft

Kalunawa

Google Earth |

2000 ft |




Sunset Beach — Coastal Erosion, 2 ft

Kalunawai
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Sunset Beach — Coastal Erosion, 3 ft

Kalunawai
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Google Earth | e & |




Sunset Beach — Coastal Erosion, 4 ft

Kalunawai
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SLR Flooding

Groundwater
Wave & tidal flooding inundation
and coastal erosion
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SLR will bring
polluted
roundwater to
the surface

Groundwater
Pollution



Storm
drain
backflow













Waikiki
Dec. 5, 2021

. Sea level rise flooding
today involves
> Rain
- Extreme tides
> Onshore winds
o Large waves

Level 2 Radar Composite for State of Hawaii







https:/ /www.whbsida.org/waikiki-beach-improvements ¢ i inesy mm Na



https://www.soest.hawaii.edu/crc/slr-viewer/index.php?map=kp
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