ReBET D —HL-RBFR - £ L TAEDIHIC -

"o
THE CLEAR

" BLUF SKY

THE PATH TO RESTORING
OUR ATMOSPHERE

ROB JACKSON

rob.jackson@stanford.edu
Blue Planet Prize, Award Ceremony, Asahi Glass Foundation, Oct 2025

Climate change is here. 2023 was the warmest year (by far) until 2024...

2024 was the first year above 1.5C
Global average temperature by year, compared with the
pre-industrial average (1850-1900]
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We’re already paying for climate change. Billion-dollar weather disasters in the United
States happen 8 times more often today than a few decades ago and already cost us

$100 billion more pery

ear (NOAA).
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The 2017 Tubbs fire in
Santa Rosa, CA,
coupled an unusually
- wet winter with record
heat.
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An enormous “thank you” to my colleagues at the Global Carbon Project!
We track global emissions of CO,, CH,, N,O and, more recently, H,.
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The Global Carbon Project

The Global Carbon Project (GCP) integrates knowledge of greenhouse gases
for human activities and the Earth system. Our projects include global budgets
for three dominant greenhouse gases — carbon dioxide, methane, and

nitrous oxide — and complementary efforts in urban, regional, cumulative, and
negative emissions.
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siens cxenox Fossil CO, emissions are still rising (37 billion tons, ~60% over 1990 levels).
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Why are carbon emissions still rising despite renewables growing at

>10%/yr? Because global energy demand keeps increasing. No fossil
fuel shows evidence of a decline in global use (yet).

Annua global anangy consumplion, 0002021
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Jackson et al, 2022 Env Res Lett
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Some industries are especially hard to decarbonize (steel, cement, and more.)

HEESR A PEERE, BEREASICEASEEE L FELET,
cHMemEETERENSFR., HTCcevSIERICEVEE FRELEN
7=,

“EMEEREHOEEAER TIRAY 2 H A,

They use coal in their furnaces
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Green steel is coming but requires a price on carbon pollution.
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srossciesinty Fate of anthropogenic fossil CO, emissions (2014-2023)

Land currently “absorbs”™ ~30% of global fossil CO, emissions;
we need to protect forests, tool
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Cr forests provide many benefits and provide our best opportunities to store carbon. We're
working to document the beneafits of old-growth forests around the world.

Old-Growth Forest Relics as a Model for Forest Restoration
and Natural Climate Solutions
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Step #1. Sample ~350 primary, old-growth forests in Sweden. Pair them
with nearby or adjacent secondary forest plots
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Step #2. Estimate aboveground C biomass from national forast inventory plots, then
sample soil carbon, roots, and mycorrhizal diversity in primary and secondary forests.
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A healthy old-growth forest
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Results: Old growth forests store twice as much organic carbon in soils (brown bars)
and 72% more carbon overall. Why?
Paired analysis
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@ Primary Forests Inventoried (by NFI) . .
mmm Primary Forests 0 Science, in press
Mountainous areas
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Hypothesis #1: Industrial planting, including disk trenching, mounding, and
ploughing, reduces soil structure and health and accelerates decomposition.
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A newly planted secondary forest. Industrial planting degrades soils

Bource: Phil Robarge, Stanford University
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Hypothesis #2 Oid growth forests have more abundant and diverse soil fungi that promote
soil health and fartility. This community may increase trea growth and restoration success
for secondary-forest restoration.
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Peatland restoration is another
area of research, including
methane emissions.
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Methane concentrations are rising even faster than CO,
Methane is 85-times more potent than CO, after two decades. It is the only GHG where
mitigation can reduce peak temperatures over the next decade or two.

GLOBAL MONTHLY MEARN CH.

1906
15

04 mole fraction ippb)
&

3
S

- A 5

T T T T A R T T
ear

Lam af al. 2024, NOAAAGML

AR ORT[PRER, —EbRE (COy &KVEESITEL~A—ZTEM
LTuwET,
AE IR, 20FEWIEHMTRELES, CODOH8ELDREME TFrb

-

27, AP TOHFGELTHMOEIEFE tEVoriSGHTT,

SRR A, ST KA OHEHEREICERVES I, $#10—205FL0]
HicoEESRER LBENAs 4 TE S —

2FY, cOEBIIVWETATONOEETWEIBIIHESFBNEE—D
BEMEHNA BOTT,

11



What would Restoration look like for methane and other GHGs in the atmosphere?
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Human activities release two-thirds of methane emissions. We need to reduce emissions
from cows and energy (upward arrows to the left) and enhance sinks (arrows to the right).
Wetlands are the largest natural source.
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Tropical wetlands are the largest natural source and their emissions are increasing.
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We measure methane emissions across the Amazon and elsewhere.
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| thank our tropical collaborators (new measurement sites in red).

FLUXNET-CH4-v2
Wetiand distribution, existing and proposed towers
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More than 20 million Amazon hectares burned in 2024, an area larger than CA. The river
dropped to its lowest levels in a century. River dolphins cooked in water too hot to survive.
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Greenhouse gas

emissions ‘Nobody ever saw anything like this
before”: how methane emissions are
pushing the Amazon towards
environmental catastrophe

Rob Jackson
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year. Photograph: Michael Dantas/AFP/Getty Images
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Reducing methane emissions from the energy sector is our best opportunity:
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”Restaurant Inspections” to detect leaks at oil and gas facilities
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N\ A better way : satellites can now map CH, “super-emitters”
GLOBAL CARBON . .
PROJECT from space. Carbon Mapper released its first data last year.

Carbon-Mapper:accelerating
local climate actian, globally
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Carbon Mapper Releases First Emissions
Detections from the Tanager-1 Satellite

Oil & gas, Permian Basin, TX Landfillin Karachi, Pakistan (1200 kg CH4/hr)
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Downstream, we produced the first publicly available maps of gas pipeline
leaks in cities: Boston below (~3,400 leaks; 1,300 km of roads)

19.4 ppmi

14.0 ppm
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Red = roads driven
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#1 predictor - miles
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Some Quick Responses:

Boston Mayor Tom Menino wrote a strongly worded letter to the Department of
Public Utilities to increase pipeline scrutiny.

Congressman Ed Markey, MA 7*" District wrote to PHMSA:

“This study shows that we need a plan to ensure leaks from aging natural gas pipelines
in Boston and other cities and communities are repaired, so that we can conserve this
important natural resource, protect the consumers from paying for gas that they don't
aven use, and prevent emissions of greenhouse gases into the environment.”

July, 2014: MA passes a statewide pipeline safety bill to accelerate natural gas pipeline
replacements and faster cost recovery for companies. The bill creates jobs, improves
air quality, and reduces greenhouse gas emissions and the risk of explosions.

E-toERLHEICHL, TR FrhEvHFa—F v vHidREice
W L#E LT,

YEOTRRA PR FL - As— s K AESEEEE S (Department of
Public Utilities) [ZffL. 4 754 »OERETH{tET 5L 3 EET S
B T &Y # LT,

27-, SETTREESTEERLIKEEED T F - v—F—K if. aidRed
HRd @A kol S EBEEEY L

[ZOHTIE. B2 FroE0isEd - s T2 EmE LR H 244
fvﬁfﬂﬁﬂ%ﬁﬁiﬁlmm# HRETHAEETLTLET,
FhicdY, BELARAFTRETY., FRALTVHRVWAZOEEE HESH

Eﬂﬁhtﬁﬁﬁxmﬁﬁ%mxmﬁm%M1a EHRTERT, |
FOBE THF e VHESFMSE NS TS A RS ET

W W T L AP0 R Ok TORF | 22 i

L # L-i"'-._.:

COEEICLY, RRARSATSA vouEEingEl, tELFEFREEH
PR TE s{tiE& FEAoNE LT

coEiER, ERTAHL, ASOBETUEL., RENHEN A OHHSERRE
FWNmU A T{ER &€& Lk,

FLT, coTERFLLEEAOZERR [RE] dUs LS e
DERFE TL =

19




Same outcome in Washington, D.C. “Project Pipes” began in 2014 after we
mapped 6,000 leaks there. The response enhanced safety and reliability for

165,000 customers. m —
l PR o v

Matural Gas Pipeline Leaks Across Washington, DC
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How can we reduce methane emissions individually? Most methane is used to heat our
homes and buildings. Replace your gas or propane stove and other appliances with
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You wouldn't willingly breathe air pollution from your car. Why breathe it from your stove?

Fuel choice dictates indoor air pollution. It's the flame not the food.

Stoves that burn gas and propane produce substantial benzene, nitrogen
diaxide, and carbon monoxide. Electric and induction stoves produce none.
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You can reduce risk through ventilation and behavioral changes,
but you can't eliminate It.
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When you burn natural gas or propane indoors, NO,, benzene, and other pollutants from the
kitchen travel throughout your home to distant bedrooms, sometimes staying above health
benchmarks for hours.

MOZ concentrations measured in bedrooms
CDwen on Owven off

MOZ Conc (ppbw)
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Keshian et al. 2024 Sci. Adv.
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We need social movements as much as new technologies to solve the climate crisis.
We're working with community partners (Central CA Asthma Collaborative, Esperanza,
and Sustento) to document the health benefits of replacing gas with electric appliances in
lower-income communities, such as this 30-unit public-housing complex in Los Angeles.
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MNew results for a home in the Esperanza complex: NOx concentrations in a kitchen
before and after replacing its gas stove with an electric induction stove (same apartment,
same family). The induction stove eliminates all of the dangerous spikes in NO, levels.
Clean energy is better for the climate and better for cur health.
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. Enough About Cimate Change. Ai
sossmsresses— Polutions Killing Us Now

Rl 18, 3843

Worldwide, one in five deaths is caused by burning fossil
fuels—ten million senseless deaths a year—when cleaner,
safer fuels are already available (Vohra et al. 2021).
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Climate action will make us healthier. Past environmental transformations already have:

1) Japan was the first country to ban leaded gasoline.
Since then, lead levels in the blood of our children have
dropped 96%.

2) The Montreal Protocol protects the ozone shield and
all life on Earth. It has saved millions of deaths and
billions of skin cancers.

3) A half century of benefits from the U.S. Clean Air Act _
saves hundreds of thousands of lives a year at a 30-fold CLEAN AIR ACt
return on investment.
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This is my dream:
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Thank you for listening. And thank you for the Blue Planet Prize!
rob.jackson@stanford.edu
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