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Global Carbon Budget
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(IPCC, 2013)

> The oceans take up 20% to 35% of anthropogenic CO, Khatiwala et al., 2009; Sabine et al.,
2004).

The oceans play key roles in the global carbon cycle. - Los Alamos
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Impacts of chlorophyll
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Impacts of marine biogenic aerosols (DMS)
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Required for E3SM v1 BGC Science Godadl

» Feedback analysis needs land and marine BGC

» Multiple CO, tracers allow isolation of carbon cycle
processes

» |ncludes sea ice BGC (Jeftery, Wang, Elliott, Hunke)
» | everages porous flow capability of MPAS-CICE

Unigue component of ESMs with this complexity

Marine surface chlorophyll (mg/m?)
simulation on the MPAS global, variable
resolution, unstructured mesh.
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E3SM Ocean Biogeochemistry Intro

» |mport Biogeochemical Elemental Cycling (BEC) info MPAS-O
» Characteristics

» 5 phytoplankton functional groups (pico, diatoms, diazatrophs,
Phaeocystis, implicit coccolithophores)

» | zooplankton group

» Tracegas and macro-molecules (Lipids, proteins, polysaccharides)
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(Chisholm, 2000) - Los Alamos
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Global Sea Ice Biogeochemistry (zbgc) Intro
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Annual Ice Primary Production (gC/m2) Annual Ice Primary Production (gC/m2)
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Contours of total annual sea ice carbon production from year 60 of E3SM fully
oupled BGC simulation. The red line is the mean 15% sea ice contour for the year.



Norweigian Sea
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Annual cycle of sea ice chlorophyll in E3SM
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Sea ice chlorophyll concentrations from 15 years of fully-coupled spin-up

compared with in situ measurements. Colored lines are annual daily averages
for a given grid point clustered within 2° of the mean field location. The green A
shaded region indicates the maximal range of simulated values.
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Annual mean chlorophyll img/m3)

E3SM Annual Chlorophyll
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Ocean-Atmosphere CO, FIux (mol C/m2/yr)

E3SM, -1.56PgC/yr
. ' 5

60 I

= .
30 \ ' =
W - y ~§
EE -‘t’ o %
= p— &
-30 o
. - g

-60 > - it » E3SM (yr 25 -30) and observation-
-5 based estimates show similar
0 30 60 90 120 150 180 210 240 270 300 330 360
patterns
longitude ) )
®» Regional biases
NODC climatology, -1.37PgC/yr

latitude
COz flux (mol/mzlyr)

0 30 60 90 120 150 180 210 240 270 300 330 360

longitude

~» Los Alamos

NATIONAL LABORATORY
EST.1943




Ocean-Atmosphere CO, (CONT.)
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» Simulated preindustrial air-sea CO, flux is
~-0.6 PgC/yr (a weak sink), but it should
be a weak source

» Seasonal variafions of air-sea CO, fluxes
are different

» Biases in physical states, e.g. SST

» Bjases in biological uptake

» Currently, there is no feedback from
ocean BGC to climate



What's nexte

» Scienfific questions:

» \What are the impacts of different energy and land use futures on
the ocean carbon cyclee¢

» How the ocean carbon cycle and biological activities will feedback
to thie coupled systeme

w might coastal marine ecosystems respond to changing
errestrial and atmospheric inputse
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What is the impact of ice bgc on estimates of polar chlorophylle (results from E3SM-HIIAT)
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E3SM Is In an optimal position to go beyond
guantification of an ice bgc “chla” impact to...

1. Model CO, exchange directly between the atmosphere-ice and ice-ocean systems
(port existing DIC biochemical inferactions to MPAS-seaice)

2. Activate snow-on-ice biochemistry to address the direct impacts of
biogeochemistry on ice albedo and trace gas production from atmospheric
chemical sources

(Enable direct atmosphere-ice fluxes of tfrace gases, nifrates, and testing of the
snow domain)

3. Improve carbon sequestration estimates by allowing for deep penetrative mixing of
ice to ocean biogeochemical fluxes

(Extend/port the ocean brine plume model for salinity to include ice-brine biochemical
variables).

\\



What's needed?

Short-term plan

» Scale-aware parameterization to improve regional
refined BGC simulations, especially for the coastal zone
» Supercycling of biogeochemistry fime stepping to
reduce the computational cost

Implement two-way coupling between atmosphere
and ocean, and land and ocean to diagnose impacts
of anthropogenic activities on ocean BGC and ifs
feedback



What's needed?

®» |mprove the representation of organic matter cycling
» Explicit microbial processes
®»|ncorporate model developments by university collaborators
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Improve the representation of export tfluxes
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Ocean Chla (mg/m2) -- month 4

Ocean Chla (mg/m2) -- month 6

June

0206895  1.94065 6 88392 16.7506 3¥.2307 5-858

Difference (polar chla with sea ice bgc — polar chla without)

1N . 1S0E
]

0205805  1.94005 6 80392 167598 33.2%07 5&58

yeow . - S80E

April b) May ™ i i chlune 7 £ sait

\ <
D 1206 20W N 206 20w 4  120€
- pet -~
| |
oW & ot oW [ o ow | | ot
| \ o
\T'3 3
o \
.y % /
B € oo | s0€ o y &€
A ’ '1’
o 4 ¢
(& IS & ;
e I3 S o &8 e
o

EEE | RN e chia/m?

-11 -0.23 1.1 19 58




