Understanding Biases 1n Motivation & Background How well does the default E3SMv2 perform?
Egstz Simulated Cloud Cloud droplet number (Ny) is largely controlled by The default E3SMv2 underestimates Nyand aerosols in both boundary layer
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Data & Model Impact of DMS emission & chemistry updates
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1 Department of Atmospheric and Climate Science To evaluate E3SMv2 simulated Nyand aerosols, we Update DS erpission & chemistry
’ . . .
University of Washington, Seattle, WA, USA mainly rely on aircraft data from SOCRATES. (Fig.1a)

Updating DMS emission and
chemistry improves

agreement between model
$ and observation in Nyand
: boundary layer aerosols.

2 Pacific Northwest National Laboratory, Richland, To evaluate simulated sulfur species, we use data
WA USA from other campaigns conducted over the SO

during the austral summer. (Fig.1b)

Himawari-8

Key points 8 ‘N..

. o et Despite reasonable Ny;, model
F|gure 1. (a) > z;&mb;g Jan-Feb, 2018 . . 11
. Corgeen, still underestimates CCNy< and
 The default E3SMv2 underestimates cloud Schematic N | S Camer oot s s | |
ShOWS hO\N troplc__)rsepehere CCN, Nyo, Ny, SaW‘tOo'th_m JHSAS:AerDso".L.mﬂbe'\l for D>70nm N7O In the free tro posphere’
droplet number and aerosol SOCRATES B o\ T ikely due to insufficient
: : aircraft data . . .
concentrations when compared with “re used: (b) a % e growth of Aitken particles.
. ' o R i A ;S\(CDEF;A e i
observations map showing 40°S|®" . S/ o glo
the tracks of  gges e SORIEE £ ' : . .
1 1 1 1 ——- CAPRICORN2 & = 10° .
Improving DMS emission and chemistry all campaigns s T s et K « Figure 7. Violin plots for aircraft
: neluded i 6095 ik observed and E3SMv2 simulated
enhances model-observation agreement It?ffs study S R P et 102 N, CCNgy=, Noo, and Ny in 3km runs
: 70°S T :
for cloud droplet number and boundary . t . for collocated samples. Panels b,c,d.
, . e A0 depict results in both the boundary
Iayer aerosols 120°E  140°E  160°E  180°E  160°W  140°W layer and the free troposphere.
Biases persist in the free troposphere We conduct sensitivity tests, focusing on updating
aerosols likely due to insufficient growth of the DMS emission and chemistry in E3SMv2. Figure 8. Comparison between
Aitk ticl observed and simulated DMS and
Itken particies 0 . . sulfate, which are plotted against
Sulfate ~—— H,SO, +—— SO,  DVS oxidation (gex phase) Obs rung  ruNgmod latitude and against pressure. ¥
. & Sea galt DMS + ;o;tuon
Pre rlnt &o(;ga;:s NUcleation DMS + OH (abstraction)
P Py -:.-:o&.-.:t? gzzsj;:fn The u pd ates reduce 400 — 400 -
O Kang, L., Marchand, R. T., Ma, P. L., Huang, M.., Wopd, R‘Z Free troposphere Entrainment DMS ve rtically and — E :E’ — e } :
= Jongebloed, U, & Alexander, B. Understanding Biases in Boundary layer Ny ... ¥ imorove overall model- 1% Somee 500 ; domas (| 40 SR 500 -
E3SMvV2 Simulated Cloud Droplet Number and Aerosol Ml R / v prove .O era ode . aes _ :
Concentrations over the Southern Ocean. ESS Open Vs “‘ ¢\l ken o observation agreement. 600 - ey
Archive. DOI: 10.22541/essoar.172574475.50852357/V1 CRORIEN ele <\DMS oxidation {gas-phase) g . g =
Scavenging . Th d | t” g 50 % 700 . = =50 = 700
Sea“ pray  Wind-speed DMS DMS flux to c mo <l St 3 a- ] 3 -
Acknowledeements ararreaton atmosphere overestimates DMS at | 300 § 300
5 Southern Ocean in the Summer :ib%)o h Ig h latitudes and sulfate o | 000 B &5 -
This work was supported by the U.S. National Science Foundation on mass concentration. - - 5 1 '
grant AGS-2124993 and supported as part of the Enabling Aerosol- Figure 5. Schematic for the E3SMv2's relevant processes £ /_ looo Bl sy Al 1000 -
cloud interactions at GLobal convection-permitting scalES (EAGLES) 0 Dﬁgo[pptl]ooo 0 1([’)‘;45([’&50]0 40 OOSulfateoig m_3]1 ° sulfate [ug m->]
project (No. 74358) sponsored by the United States Department of o . ' '
Energy (DOE), Office of Science, Office of Biological and Update DMS emission Update DMS chemistry
Environmental Research (BER), Earth System Model Development ] : :
(ESMD) program area. The research used high-performance E3SMv2 Default Hulswar et al. (2022) Lana et al. (201) - Update the oxidants file with Future work
computing resources from the PNNL Research Computing, the DOE ' I pAevc\;l'CAthk?_CherT‘;' resul:cts f « Qur study underscores the need for further model development to
' i \ e - odi e reaction rates for : : :
Office of Science, BER, Earth Systems Model Development Program | fy improve DMS-related processes in EZSMv2 and other climate models.
area of Earth and Environmental System Modeling program’s Compy & DMS+OH and DMS + NO4 . . .
computing cluster located at PNNL, and resources of the National £ using Burkholder et al. (2015)  Future work is needed to address aerosol biases in the free troposphere
Energy Research Scientific Com.put.ing Center (N.E.RSC). We express - Add DMS+0O5 (gas) pathway and to improve below-cloud scavenging.
gratitude for the valuable contributions from individuals associated - update DMS + OH addition , .
with the SOCRATES, NCAR EOL, ATom, ACE-1, SORIEE, JARES], and Figure 6. DMS flux in Feb [umol m2d']. reaction to conserve sulfur - More measurements of sulfur species and oxidants would e valuable,
CAPRICORNZ campaigns. Special thanks to Laura Revell and Senzi oreferably alongside observations of aerosols, clouds, and precipitation.
Koga for sharing the DMS data. We also thank Lu Xu and Ruhi
Humphries for their help in interpreting the data, and Shuting Zhai,
Jerome Fast, and Qiang Fu for their insightful comments. R
eference
Burkholder, J. B., Sander, S. P., Abbatt, J., Barker, J. R., Huie, R. E., Kolb, C. E., Kurylo, M. J., Orkin, V. L., Wilmouth, D. M., and Wine, P. H. (2015). Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies, Evaluation No. 18, JPL Publication 15-10
[mage credit: NASA Ocean Color [mage Ga[[ery Hulswar, S., Simé, R., Gali, M., Bell, T. G., Lana, A., Inamdar, S., et al. (2022). Third revision of the global surface seawater dimethyl sulfide climatology (DMS-Rev3). Earth System Science Data, 14(7), 2963-2987.

Lana, A., Bell, T. G., Sim¢, R., Vallina, S. M., Ballabrera-Poy, J., Kettle, A. J., et al. (2011). An updated climatology of surface dimethlysulfide concentrations and emission fluxes in the global ocean. Global Biogeochemical Cycles, 25(1).
McCoy, I. L., McCoy, D. T., Wood, R., Regayre, L., Watson-Parris, D., Grosvenor, D. P, et al. (2020). The hemispheric contrast in cloud microphysical properties constrains aerosol forcing. Proceedings of the National Academy of Sciences, 117(32), 18998-19006.



https://jpldataeval.jpl.nasa.gov/pdf/JPL_Publication_15-10.pdf
https://doi.org/10.5194/essd-14-2963-2022
https://doi.org/10.1029/2010GB003850
https://doi.org/10.1073/pnas.1922502117
https://doi.org/10.22541/essoar.172574475.50852357/v1

