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Last 12 months have been exceptional
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What we do (& don’t) know

"W ° Long-term changes in climate are understood
% Interms of increasing anthropogenic forcing

» But w/intriguing regional anomalies

» Specifics of 2023 (and 2024) patterns and
magnitude of heat are anomalous

» Many theories that are being worked on
* No reconciliation (yet)
» Unclear what (if any) implications for long term






Surface Temperature

* GISTEMP (since 1981)
* Data from 1880

* Weather stations (GHCNv4)
* Ocean buoys/ship data
(ERSSTV))
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GISTEMP: Trends 1979-2023

Surface Temperature

» Long term trends are clear
« Surface products
« Satellite products
* Reanalysis

« Warming more over land than
ocean

» More in the North than the South
* Arctic most of all

 Some relatively cool spots:
» Southern Ocean
« Eastern Tropical Pacific
* mid-North Atlantic
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Atmospheric
Temperature

* MSU/SSU/AMSU (since 1979)

* TIROS-N

* NOAA-6/7/8/9/10/11/12/
14/15/16/18/19

* METOP-A/B

* AQUA
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Global Changes

Mid-Stratosphere Temperature (anomaly)

i: Arctic Ice Area (anomaly)
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Global Sea Level Rise

* Altimeter data matches
estimates from Argo (thermal
expansion) + mass addition from
melting ice and groundwater
extraction

* 2005-2019

1.3 mm/year THERMAL EXPANSION TREND, 2005-2019 /88.9 mm

2.1 mm/year MASS INCREASE TREND, 2002-2019 J[j\ 85.0 mm
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lce Sheet Mass

* GRACE (2002-2017)
* GRACE-FO (since 2018)

* Trends April 2002-Dec 2023
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Some anomalies in
recent SST trends

* 1990-2019
» Eastern Tropical Pacific P : &
« Southern Ocean Y 0.4 oo R —
* North Atlantic

Trend (°C/dec)

CMIP6 Multimodel SST Trends
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Tropical Ocean Possibilites?

» A short-term forced response (but not
captured sufficiently in models)

» A long-term forced response asymmetric in
El Nifio /La Nina

* Internal variability (models don’t have
enough)

 Evidence for each, but not definitive



Is Freshwater Addition
from ice sheets a
significant forcing?

°C/dec PSU/dec

4EEs |

0.0 R .. -0.05 0.00

* GISS ModelE2.1
* W and w/o observed rates of
melt

* Impacts on sea level, salinity,
temperature and sea ice in
Southern Ocean

* Impact on East Coast sea level
in North Atlantic

« Schmidt et al (2023)

Sea Ice Concentration Difference




Recent Antarctic Sea Antarctic Sea Ice

|ce reached record lows
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9.5

* SH Winter ice area was ~1
million sq km lower than normal.

9.0

* If increasing trend to 2015 was

related to freshwater forcing, what
cause the seeming regime change
in 2022/2023...7
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ASR (W/m?)

Earth’s Energy
Imbalance

* Has accelerated in recent years
(since about 2015)

* Acceleration not matched in
magnitude by GCMs

 Comparison is not quite right
* Historical data to 2014 (2019)
* Scenarios 2015-2023

EEI (W/m?)

* Updates needed to aerosol
emissions, solar input,
volcanoes...
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GISTEMP Seasonal Cycle since 1880

1880 May 2024
1900 :

1920

Record-breaking last
12 months

* GISTEMP results replicated by
reanalyses, NOAA, AIRS, and
MSU

Anomaly (°C) (w.r.t 1980-2015)

Seasonal cycle from MERRA2. Figure: NASA/GISS/GISTEMP v4
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Comparing Different 2023 Temperature Projections

<@ Observations € Schmidt B Met Office A Rohde Carbon Brief
2023
o Actual 2023 temperature
Predictions at end of e — $o
2022 failed
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How strange was 20237
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New Climate Models (CMIP6)
- Models screened by their transient climate response
—a— Surface Temperature Observations (GISTEMP)

1.0

CMIP6 Multi-model
Ensemble

« Some models run hot

* Assessed projections are
analogous to selecting models
with reasonable sensitivities (pink)

» 2023 (and 2024) will be close to
the subselected model mean.

Surface Temperature Anomaly (w.r.t. 1980-1999)

Hindcast Forecast
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2.5

Specifics of 2023 Climate Model Simulations of New
not captured in CMIP6 I September Global Average Records
MME E 9_\‘3, ] Based on 189 global warming runs from 48 CMIP6 models over 1970-2070
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A) Twomey Effect [W/m?]
Global Oceanic Mean = 0.0770

—

o1 Seasonality and

s spatial pattern

Impacts of IMO2020
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B) LWP Effect [W/m?]

o Abrupt Change in marine Global Oceanic Mean = 0.0039
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Heat Waves

* MODIS instrument
* Terra (since 2000)
* Aqua (since 2003)

* Record breaking heat waves in
2016, 2018, 2020

* Clear trends in heatwave
incidence and cumulative intensity
since 1960
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Intense Precipitation

« GPM (since 2014)

e Hurricane Harvey (2017)

« Estimates are ~20% of rainfall
attributable to anthropogenic
causes.

Total Flamfall (IMEHG} August 23-31, 201?
10 20 30 40 Inches
100 300 500 700 900 1100mm




Attribution

* High resolution/large ensemble
modeling of specific events w/ &
w/o anthropogenic changes in
ocean temperatures/modern
composition.

* Big increases in likelihood for:
* Marine and Land Heat waves
* Intense precipitation
* Drought Intensity
* Wildfires

& Atmosphere % Cold,snow & ice ¥ Coral bleaching
{ Drought %" Ecosystem function § Heat

48 Oceans & Rain & flooding == River flow

¥ Storm 48 Sunshine ® Wildfire

Global studies

Human influence found

Inconclusive

Phil;

CarbonBrief

No human influence found

CarbonBrief



What we do (& don’t) know

"W ° Long-term changes in climate are understood
% Interms of increasing anthropogenic forcing

» But w/intriguing regional anomalies

» Specifics of 2023 (and 2024) patterns and
magnitude of heat are anomalous

» Many theories that are being worked on
* No reconciliation (yet)
» Unclear what (if any) implications for long term



What we need to do

» Continue monitoring the climate and ensuring risks of gaps
In climate data records are minimized

* “Operationalize” (some) climate modeling as service
* Annual updates to input data (funded!)

« Commitment from centers to update simulations on
shorter timescales than IPCC cycles

* More frequent updates to scenarios/assessed projections
(perhaps via ML)

» Continued development of structurally diverse models

» National-level data analytics facility to encourage better
analyses, ML applications, and better access
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