- %e [
CLEAN PAPER

/V\

WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Tanaggaaaiiod lawmualnu? vuuaasepiionmealn
iludae Taldiudnlan

mavIaevgReIMAaaInAn 29  uuyliiaidaanmuaatmosnaduarisiuasnadlan  ssuinissao 1.35
o 1.87 wuamtynd awaiiuagiinaunnlanbingamsunsykioesiy - anxen  uasis
arsveulnaen]aamaniiveralola sululanmg st 33mfun a1vesyiu vsalanasauanidoln

Written by Cinzia Vaglio - Cross-checked by Matteo - Edited by Michele Renda - Figures by Cinzia Vaglio and Nova Vela
- Al-assisted, human-reviewed

Paper: Maximum Lifetime of the Vegetative Biosphere, Jacob Haqq-Misra and Eric Wolf, Journal of Geophysical Research: Atmospheres
131, €2025JD045586 (2026) - DOI: 10.1029/2025JD045586


https://doi.org/10.1029/2025JD045586

THE CLEAN PAPER au1AATadlan

Tanaggaaalisrlawmualuu? tuaasspiomaliiingis
Taldmdnlan

Tulsiossegmelageanasiiuann sudassmsuas w1 msuenlasenlaa uwazgungiiiitadizoninsula ludniia
1aenus anariindquiiontiiudniiaviinesteanasit ualudranamiainami sinliaei

eanoiinafioginntnimataiman sikazaes 9 @iniu uaariiadibnadwnlilanseudn udlaniimyaey
auavszosemognile: Ufnsossunandu msvenlasenlda wasiuddinaansadwamsvonlasenlsasonain
ussmala  damlidsingmioiiFaunszanosuadlagsolionnuTouuNaGI  Minouanadsniiitismlnlan
© < o 2 Qg a o o8 v A6 ¥ v A A dAda
uas TuiigaoramInddidiaduenivaemamsuoniildasiuilofaiiia

unanulnailu Journal of Geophysical Research: Atmospheres muniiaainalasnamndsnon: seutinll n3e
mivaunlasanlaanasiinll aaeulalituilan “ms” meladunemaadawwnniiaslamling daniafiden
lidmsuiiaiiduansiuasegiilssnm 1.35 da 1.87 Winamiwuainafaqin

#wilnania Banawnatins (vegetative biosphere): dunasszuudsiidinuulaniiaregarsdeiidinduansinas
Togmmgitsuasdadidinduiinldouuaasmsvoulasanlaaiiuasstinm  dlilimnsnsolamsiqatumn
#iia latldorgronosonsonysunuws uasliiliorgionealan

0T LNALAATDY Laniaaai LuL o uaoan)

annliinounande msevianasvindaina (silicate weathering) msuonlasanlanasarsluiilu vljasennn
Auddina wasmeitgagnnligamannsuazaznon punliduamsvenlasanlaagusrsrmaludnnamussaling
nrsinumsmaiHNnuiindmnilareipansasueua-gaina faingnesineiniumesluauaanesnnniaysi

Tulanfiguuazindn  magivoraHriunasdsnsvenlasanladeanlaisini  uamliginmsasuanasiazaiugu
Tanmalaaneriagitaninluemaausaiioala Jacob Haqq-Misra uag Eric Wolf Aelalaidentaumanitauan
ariluduneii “gnaes” winimaiaee nsatdarsda (end members) dowunn: nytigairiiaalalaioasensig
anuliuruon

- Tunsal msuntaan msveunlasanlaalunssmmansiiii 400 dmluamdain sugianofiagiainadumlay
QMNYIgalin

- Tunsal mseviause ganngfidiadsnhTanaeiii 288 taaiu wieilssinm 15 svangaidod nusiimsuenlasanlaa
gnavadiiauavainduiniin

Tadinyddlagnwnanadniiuewianaieredlan  Awwsnammenusonazmozlamnmsvenlasanlandege dmiai
doamummsmamsuanazies limnmsmisiesnwganigiitads Tanl lnaanlagin

msgrilzsminmmiiiiounines luauaalaagials?

aulssuisniinednsdounay  lilsuewquase 9 dlegiioimaiiguiinisenmiseianaad
mivanlasanlaalussmmamnntinenalilegluavazas us uagazneu  n@IMAToUNTEANHEINI



https://doi.org/10.1029/2025JD045586

THE CLEAN PAPER auIAAadlan

MuanuFautanyNaIm Tudnnarionmn malassmanagpmliaswimsvenlasenlaanaim
anuuNesudasintinegilu Anilluanuidy manaeme Hine ssalwlsdmgm uastadinewmanny
whdetiauaiiumanamagoumyneuauaunioNng unuitazioiunes lnauaailiiiuiaiasinsiyngfinass
RISTG)

One brighter Sun, two illustrative limits

The study brackets uncertainty; it does not assign either future a probability.

( Sunlight rises slowly )
N\ (
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WEAK WEATHERING RESPONSE STRONG WEATHERING RESPONSE
Carbon dioxide fixed at 400 ppm Global mean held at 288 K
Heat becomes the limit Carbon dioxide becomes the limit
323K | 1.68 Gyr 338K | 1.87 Gyr 10 ppm 2.9 ppm 1 ppm?
most land plants all land plants 1.35 Gyr 1.64 Gyr 1.84 Gyr
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ILLUSTRATIVE END MEMBERS, NOT FORECASTS

* each time is billions of years from now and conditional on its stated threshold
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Twenty-nine climate snapshots, not one future-Earth movie

Each tile is a separate ExoCAM world under prescribed sunlight and carbon dioxide.

29 SEPARATE CASES EACH CASE
1 2 3 4 5 6
70 model years
7 8 9 10 11 12
13 14 15 16 17 18
‘ 19 ‘ ‘ 20 ‘ ‘ 21 ‘ ‘ 22 ‘ ‘ 23 ‘ ‘ 24 ‘ Final 20 years averaged

after the climate settles

SNAPSHOTS, NOT A CONTINUOUS TWO-BILLION-YEAR SIMULATION
* the future paths are traced schematically through separate settled climates
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The range is built from choices, not read from a clock

Change a path, threshold or model boundary and the endpoint can move.

4 N )
1 | CLIMATE PATH 2 | BIOLOGY 3 | MODEL BOUNDARY
Weak weathering Heat limit Geography
or or Ocean .
g o8 g o0 Atm T
strong weathering carbon-dioxide limit tmosphere
Feedbacks
prescribed end members adopted, uncertain thresholds one ExoCAM configuration
.

THE BOUNDARY
* 1.35-1.87 Gyr is not a date for the end of all life

Original diagram - The Clean Paper - CC BY 4.0
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