Shihan Li!, Richard E Zeebe?, and Shuang Zhang!

'Department of Oceanography, Texas A&M University
2School of Ocean and Earth Science and Technology, University of Hawaii at Manoa

March 26, 2024



PP33D-1554 Tracking carbon cycling with ILOSCAR:

an extension of the LOSCAR model with double-inversion algorithm
Shihan Li', Richard E. Zeebe?, Shuang Zhang’

'Department of Oceanography, Texas A&M University, College Station, Texas 77840 | 2School of Ocean and Earth Science and Technology, University of Hawaii at Manoa, Honolulu, HI, 96822, USA

Results i .
» Modeling results align with ST R / TN e
1.1 Perturbed carbon cycle 2 1 Base model: LOSCAR proxy pCO, and sea surface E AL \
. . g 13 8N - ,'I 03 %@1-5' | N,
. 2022 C Emission: ~10 Gt + Need to decipherthe | |.  Atmosphere, Ocean, 0™C data a
. Since 1850 carbon cycle Sediments * Results mirror findings from I — o \%
dynamics . Wu et al., 2023 c «
« pCO,: 280 — 420 ppmv Y | - Efficient: several seconds for o o] e 0
NOT enough » Running time: 13.6 min
: Figure 3. Architecture of the vs 1-2 months in cGENIE g 1 % -
1.2 logic hyperthermal even : 7
seologic hyperthermal events LOSCAR model (Zeebe, 2012). Figure 6. Inversion modeling o / was
P 1 3 " " ) ° 0 20 40 60 80 0 0 20 40 60 80
Anomalous 0'°C excursion —> Carbon cycle perturbation > results for the EPME. e e 0 PTB GIE
. . i Proxy data
* Rapid global warming 2.2 Inversion algorithm
* Trigger: large carbon injection —> Modern analog . Divide the proxy data to n e
: 5
e LIRS IR B D S R DR IR B D R R Figure 1. Integrated Intervals and assume a £ 1500
T e BT T ST records of climate constant emission rate within g - - -
s . ; conditions. carbon anch itarval fe - . Event: Kasimovian-Gzhelian boundary (~304 Ma)
fw - |cycle perturbations feinp(®) = k | (fto<t<t) « O"3C decreased, pCO, increased, and global warming (Chen et al.,
< 2- 25 . B ! 0 —=%t=2=0 i
3 c1)~ OAE1b’OAé’1d‘ :)ﬁ and geOIOglcaI — k2 (lf tl <t< tZ) N OD 2b 4b 6b Sb 2022) a F23.0 b
-TPT LSTM ETME TOAE OAE14 OAEfe oz2 PETM 1 hyperthermal events """ Time (kyr) : :ZZ | T
gw: 'fﬁ“, ' ¢ ) ¢ “ ’ :30§£ durlng the MeSOZOIC_ = kn (lf tn_l <t< tn) - * Paleo_glaCIaI State = 220 Zgzz:
S O A Ly oA fai |Paleogene F'guze ‘:c A{‘he’famp'e_ of pCSZI Inversion experiment £
et e Ihyperthermal events | i, Start from the (to, t;) interval  [SS0TES 0T T TVETSION MOCES . Input: pCO,, Sea surface 5'3C e N S N
Ma 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 (He et al’ 2023) and kl |S the Only free |V Save the Correspondlng . . . B T T Ty [ 200 ZOO i ——— 4(.)(;
Terrestrial LI P Submarine LI P i Extinc tion || Ocean deoxygenation event (ODE) R S R o MOdellng reSUItS allgn Wlth proxy c q
parameter that can control y(t,) as the initial y for the ecords o -
1.3 Carbon emission trajectory the modeled pCO, att =t; next interval (¢4, t,) 9.000 Gt C emissi £ s
. . . . ¢ -~ y emISSIOn é Q@—zo-
» Left: emission mass - How much carbon released? lil. Employ numerical methods v. [terate the same process P
» Right: isotopic signature > What is the carbon source? to determine k, until k,, 1s solved » Two new features N e
o ) ) Negatlve C em|SS|On Time relative to KGB CIE (kyr)
S on = Figure 2. An example Organic C burial Figure 7. Inversion modeling results for
s E of carbon emission « A gradual decrease in 8'3C__ e the KGB.
trajectory across a Event: End Permian Mass Extinction (~252 Ma)
3 specific event. .
| * 5-6%0 5'°C decrease W e
» Low-latitude 8-10°C warming ST e L
1.4 Curr ‘_"‘" t m ethod ILOSCAR development TEXAS A&M
« Combination of proxy records and the carbon cycle model ks o e . . . NIV ERSITY.
a - * Areliable, efficient and user-friendly model tool
c X t) = cinp(t o — . . .
moaet(t) = f (fcinp(t)) Largest mass eXt_'”Ct'O”O | —  Open-source, https://github.com/Shihan150/iloscar,
! A in the Phanerozoic (~90% 2 tutorial available
Or marine species gy . .. . L 2
fcinp(t) . | X0 qe1 (1) | p. ) | | ; = * Better constrain the carbon emission trajectories in
 Recent emission trajectory estimate sl ofa ey geologic hyperthermal events
1.5 Aim: Inversion model development by Wu et al., 2023 oot m B ow ;’-S-p SPC(I)IIEQI'\II'CE
4 N « c-GENIE (intermediate ‘ Outlook PROCGRAM
| complexity) based inversion Figure 5. Compiled 6™°C . o .
Xops(t) (PCO,, pH ...) [ ) fcinp(t) Constraints: 6C0. and §13C =] (1E0) (ErEIElE SEreEE * Multiple proxies inversion
X0 1t (E) =X o< (L) P | the EPME, after Corso et - Sensitivity test of inversion results on the model Qs g o
fcinp(t) = argmin Y~ | =22 ex ‘ o )0 St » |deal for model intercomparison al., 2022. settings OF AMERICA
obs\‘i



https://github.com/Shihan150/iloscar

