CLEAN PAPER

/}!ﬂ\

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

w [ [3
AW L e ge Y (Bl
£ ool e Ged) 2B e F (g, Sl i Vs sl 12N Al 62 Oy e o o

38T 38 O g 33y ) A el B 08 e S jn e ) azs S ok e 87,1, 3501
(S S S 3l A IS ) S o e et L N i S e B ) 0500

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 Lfietime of the Vegetative Biosphere, Jacob Haqq-Misra and Eric Wofl, Journal of Geophysical Research: Atmospheres
,131 e2025]D045586 (2026) - DOL: 1029/2025]JD045586.10


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

o2V e

Vol pa e 38 el s 02,V s O K8 e
I 3l 1e e

e Jos Ld# La5les g )l s 05 ) ST Gl oy gl ) g B Gee O35 o WL B s
T VB L e o LT L0310 s e bl el (b el O, OLAYI L8

CSSU S 2V g Q] a5 b3l (9355 ooy Lgp g 333 ¢l Gl o W (3 et p 5 e
) r 0 SN ST G 5 0T O 525 0 SO ST Gy s ol oy ¥lelisl oK eV oy g olowid
B S 2 8 S 58 G L BV S Y e B Dby o)) A b Y1 gl Canay Vs oo
) Ll o) asied o) 0 S e Dl il & Spd) 28 o5

13K e as <-T ib e 5yl ~ :\U &;l 2 L';”:Q-\ ‘:gi Atmospheres Research: Geophysical of Journal L} bl By, JLi
e BB saszall 5yl o JAE s Cdeitan Sl b +2 531 gl 2,6 oad Lzl ly 20y 5O ST gt o
Y o B e 87015 35,1 42 oy Gyl J2)

L Yy o Jpal) @l ) LK afss @l 02531 o Bl Gegiie e el GL gpdl N1 L Gladl Vs e

Sladl 8 Gy wonSee K15 ol sy i 5le ) 0 SO ST s eyl Jp @l s 2 Y1 BLA U], bl
WSS LE s ol

085 e Olalael SN 5,0~ vl‘*

215 Ja5 ¢ nll 552 ol s Jlae¥l abe G 050 ST 36 Copdy i) 32 n STU Rl e s
o b ) e L) o o) SO ) 0 S ST 3 8L ety sl My e 2 el 3l 3 Jelid
WS 51 e el D g 31 ety Sl S0 5505 o m low Ll o K25,

odn lpy Sotr 1 5531 (50 0 ¥ L) (S .J:fii\cﬂ&jﬁ\wiéb&j}%ﬂ\@w5@,b))é:ﬁieké
e & u'ajxll\:\,\} \;LM Wofl Eric, Haqq—Misra]acobj&,r\ SR L;)Lw T aln o oL o2 Bz V!
i e Bl gy g Oleiad VA8 0 e ol e ol

el g5 Loy Ol e 400 e (g okl OV G 0 S ST Uy Alenidl gl 13 Bl Al
B3 B gl sl

ey, B oo By 15 2 (ol 6" 288 o Qe ()W) e 51 Tys oo iy el 3 ol 15 B Al 3
el o 23 me 0 S ST G i

Jlay e 0500 a8 G s 13) 8,040 Jodo 15Le oW1 It w el G2 s sy e Al o T 2 Y
AT e o U3 A 5 Gy e ) S0 13) 0 SO s Jodw I3Le 311


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

o2V e THE CLEAN PAPER

?s)yrﬁiwohjwﬁa;

il Glas, il 1Y e §2 0 i Lot g FU Y 555 3 ol caﬂ:w\ﬂd@, N

o G LS 0, SN gl (B 3l A O3l vy W3l Vi S k) b gy ) Sl e
e b oy e L) 2y e iy Slal S 2701 36 1T 0 SO L) SO g

A By il O JE B e pe bl e Vo Gl Sblaal 3,

One brighter Sun, two illustrative limits

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

( Sunlight rises slowly )

4 N\ )

WEAK WEATHERING RESPONSE

Carbon dioxide fixed at 400 ppm
Heat becomes the limit

STRONG WEATHERING RESPONSE

Global mean held at 288 K
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

ILLUSTRATIVE END MEMBERS, NOT FORECASTS
* each time is billions of years from now and conditional on its stated threshold
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400 0.1 1

180 0.1 2
25.11 0.1 3
40625.1 0.1 4
400 044.1 5

180 044.1 6

135 044.1 7
25.11 044.1 8
40625.1 044.1 9
400 081.1 10

180 081.1 11
25.11 081.1 12
40625.1 081.1 13
400 091.1 14

180 091.1 15

34 091.1 16
25.11 091.1 17
40625.1 091.1 18
400 143.1 19

180 143.1 20
25.11 143.1 21

6 143.1 22
40625.1 143.1 23
400 2.1 24

180 2.1 25
25.11 2.1 26
40625.1 2.1 27
45.0 2.1 28

0 2.1 29
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Twenty-nine climate snapshots, not one future-Earth movie

Each tile is a separate ExoOCAM 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 1 12

13 14 15 16 17 18 I
‘ © ‘ o ] ‘ i ] ‘ P ] ‘ o ] ‘ o ] Final 20 years averaged

> ) ) . after the climate settles

(=](=](z](=](=]

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 .
q S s .. Atmosphere
strong weathering carbon-dioxide limit P
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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