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What is SCREAM? EAMxx?

« The Simple Cloud Resolving E3SM Atmosphere Model (SCREAM) is the 3.25km

paramzie - turbulent mtn. o LYYANL], /-\/_\_/
: stress LT T

configuration of EAMXxX.

EAMxx is the atmosphere model code which can be run at any resolution (eventually):
— a complete redesign of the E3SM Atm. Model in C++/Kokkos

Turbulence and cloud
formation handled by
Simplified Higher-Order
Closure (SHOC)

Resolved-scale fluid dynamics
treated by a non-hydrostatic
Spectral Element (SE) approach

/

Microphysical processes handled Radiation handled by

Aerosols are prescribed following | A0°1, '8 by Predicted Particle Properties externally-developed,
the Simple Prescribed Aerosols v ' (P3) scheme GPU-ready RRTMGP
(SPA) model. package
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* Using coarser grid for physics parameterizations (PG2) *




How we got here

e Parallel tracks:
 validation of SCREAM configuration,
* and development of EAMxx infrastructure.

* ~4.5yrs +~6 FTE’s o
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Portability and Performance

288: —— Frontier

- Portable Performance: 2801 --- Summit

— Compiler Directives, e.g. OpenMP, OpenACC
— General Purpose Libraries, e.g. Kokkos, YAKL and Raja
— Domain Specific Languages (DSL), e.g. GridTools, PSyclone
and CLAW
* Transition to C++
— Necessary to leverage tools like Kokkos
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— Attracts the next generation of software engineers, who may
have never worked with Fortran 30
— Better compiler support from vendors 20

N 388 Teeeen Perlmutter-GPU
350 1 =—-=— Perlmutter-CPU

[‘_'T,B =5~ Model

=/ Atmosphere
==~ Dycore

— A number of added benefits, such as object oriented (a)

384512 1024 2048 4096 8192

Number of nodes

programm in g. figure: scaling performance of EAMxx

Added Bonus: A complete rewrite allows us to cleanup legacy
code that is either unused or rigid!
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Memory Management

e 3.25km = 25.17M columns... x 128 levels = 3.22B dofs
* Qutput:

e 2D field (e.g. surface pressure) =12.9 GB

* 3D physics field (e.g. temperature) = 1.65 TB

* 4x greater on dynamics grid (e.g. for restarts)

Rigid Structure
* Hard-coded persistent variables
(phys_state, phys_tend, dyn_state, PBUF)
* Hard-coded set of restart variables

@SM Energy Exascale E.ﬁl’AERTMREvEFY
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Memory Management

e 3.25km = 25.17M columns... x 128 levels = 3.22B dofs

* Qutput:

» 2D field (e.g. surface pressure) =12.9 GB

« 3D physics field (e.g. temperature) = 1.65 TB Intelligent Memory Management

* 4x greater on dynamics grid (e.g. for restarts) * Field Manager:

e only allocate persistent variables actually
Rigid Structure used.
* Hard-coded persistent variables * Restart variables list determined at runtime.
(phys_state, phys_tend, dyn_state, PBUF) e Atm. Memory buffer — shared memory space for

. Hard—coﬁ_eﬁet of restart variables local variables.
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The EAMxx Field Manager

Field Manager Class and Field Objects

phys_state * All persistent variables are instances of a
phys_tend field object
dyn_state mesesesss—) ° All fields managed by a single Field Manager
PBUF * Simplifies operations on fields, e.g.
cam_in/out  Remapping to different grids

e Adding new fields
e Storing field metadata
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Directed Acyclic Graph -
(DAG)

 Reference for how state variables
are used.

 Quickly audit all global variables in
the simulation.

* Runtime determination of what is
needed for restarts.

SS M Energy Exascale
Earth System Model

State from Previous Step:

T_mid, horiz_winds, 03_volume_mix_ratio, phis, ps,
qv, bm, nc, ni, nr, qc, qi, qm, qr, tke, tracers,

T prev_micro_step, qv_prev_micro_step,
precip_ice_surf mass, precip_liq_surf mass

N\

SurfaceCouplingImporter

homme

Computed Fields:

T_2m, qv_2m, sfc_alb_dif nir, sfc_alb_dif vis, sfc_alb_dir_nir,
snow_depth_land, surf evap, surf lw_flux_up, sfc_alb_dir_vis,

surf_ mom flux, surf radiative T, surf sens_flux,

Computed Fields:
omega, p_dry int, p_dry mid, p_int, p_mid,

pseudo_density, pseudo_density_dry >
Updated Fields:

wind speed_10m

T mid, horiz winds, 03 volume mix ratio,
phis, ps, qv, tracers (group)

shoc

Computed Fields:
inv_qc_relvar, pbl

Required Fields:
surf_evap, surf_m

Updated Fields:

phis, omega, p_int, p_mid, pseudo_density

T_mid, horiz winds, qv, qc, tke, cldfrac_liq,
eddy_diff mom, sgs_buoy_flux, tracers (group)

height

om_flux, surf sens_flux,

cld_fraction

cldfrac_tot, cl

qi, cldfrac_liq

Computed Fields:
cldfrac_ice, cldfrac_ice_for_analysis,

Required Fields:

spa

Computed Fields:
aero_g_sw, aero_ssa_sw, aero_tau_lw,
aero_tau_sw, nccn

Required Fields:
p_mid

dfrac_tot_for analysis

N

e

p3

Computed Fields:
precip_ice_surf mass, precip_liq_surf mass,
eff_radius_qc, eff radius_gi, micro_liq_ice_exchange,
micro_vap_ice_exchange, micro vap liq exchange
Required Fields:
p_dry_mid, pseudo_density_dry,
inv_gc_relvar, cldfrac_tot, nccn,
precip_ice_surf mass, precip_liq_surf mass
Updated Fields:
T_mid, qv, bm, nc, ni, nr, qc, qi, qm, qr,
T_prev_micro_step, qv_prev_micro_step

N\

rrtmgp

U

Computed Fields:

T_mid, 03_volume_mix_ratio

LW_clrsky_flux_dn, LW_clrsky_flux_up, LW_flux_dn, LW_flux_up, SW_clrsky_flux_dn,

SW _clrsky flux_dn_dir, SW_clrsky flux_up, SW_flux_dn, SW_flux_dn_dir, SW_flux_up, ch4_volume mix ratio

cldhgh, cldlow, cldmed, cldtot, co2_volume mix_ratio, co_volume mix ratio, h20_volume mix ratio,
n2_volume_mix_ratio, n20_volume_mix_ratio, 02_volume_mix_ratio, rad_heating_pdel, sfc_flux_dif nir,
sfc_flux_dif vis, sfc_flux_dir nir, sfc_flux_dir vis, sfc_flux_Iw_dn, sfc_flux_sw_net

Required Fields:

sfc_alb_dif nir, sfc_alb_dif vis, sfc_alb_dir nir, sfc_alb_dir_vis, surf lw_flux_up qv, p_int, p_mid, qc, qi,

pseudo_density, cldfrac_tot, aero_g_sw, aero_ssa sw, aero_tau lw, aero_tau sw, eff radius qc, eff radius_gi

pdated Fields:

State Saved for Next Step

SurfaceCouplingExporter

T_prev_micro_step, qv_prev_micro_step,
precip_ice_surf mass, precip_liq_surf_mass

e e o3 ol e Required Fields:
—fic, LOTIZ_Winds, 03_v0 Ume_rix_ratio, PAis, ps, T_mid, horiz_winds, phis, qv, p_int, p_mid,
qv, bm, nc, ni, nr, qc, qi, qm, qr, tke, tracers,

pseudo_density, precip_ice_surf_mass, precip_liq_surf_mass,
sfc_flux_dif nir, sfc_flux_dif vis, sfc_flux_dir_nir,

sfc_flux_dir vis, sfc_flux lw_dn, sfc_flux sw_net
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(DAG)

 Reference for how state variables

are used.

 Quickly audit all global variables in

the simulation.

* Runtime determination of what is
needed for restarts.

Directed Acyclic Graph

Incredibly useful for debugging!
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X(t=t_n)

SurfaceCouplingIpefforter

Computed Fields:

T 2m, qv_2m, sfc_alb_dif sfc_alb_dif vis, sfc_alb_dir_nir,
snow_depth_land, surfefap, surf lw_flux_up, sfc_alb_dir_vis,
surf mom _flux, sypPTadiative T, surf sens_flux, wind speed 10m

State from Previous Step:
oriz_winds, 03_volume_mix_ratio, phis, ps,
qU=PTm, nc, ni, nr, qc, qi, qm, qr, tke, tracers,

T prev_micro_step, qv_prev_micro_step,
precip_ice_surf mass, precip_liq_surf mass

N\

homme

Computed Fields:
omega, p_dry int, p_dry mid, p int, p_mid,
pseudo_density, pseudo_density_dry

U ed Fields:
(T mid) horiz winds, 03 volume mix ratio,
pOIS, ps, qv, tracers (group)

)(

Computed Eiets:
jpeC relvar, pbl height

| Required Fields:

surf_evap, surf mom_flux, surf sens_flux,
phis, omega, p_int, p_mid, pseudo_density

Updated Fields:

horiz_winds, qv, qc, tke, cldfrac_liq,
eddy_diff mom, sgs_buoy_flux, tracers (group)

cld_fraction

Computed Fields:
cldfrac_ice, cldfrac_ice_for_analysis,
cldfrac_tot, cldfrac_tot_for analysis

spa

Computed Fields:
aero_g_sw, aero_ssa_sw, aero_tau_lw,
aero_tau_sw, nccn

Required Fields:
p_mid

Required Fields:

e

p3

qi, cldfrac_liq
Computed Fields:

precip_ice_surf mass, precip_liq_surf mass,
eff radius_qc, eff radius_gi, micro_liq_ice_exchange,
micro_vap_ice_exchange, micro_vap_liq exchange

Required Fields:

p_dry_mid, pseudo_density_dry,
inv_gc_relvar, cldfrac_tot, nccn,
precip_ice_surf mass, precip_liq_surf mass

Upgdated Fields:
(_mid)av, bm, ne, ni, 0, qc, qi, qm, ar,
Tev_micro_step, qv_prev_micro_step

N\

rrtmgp

Computed Fields:

Required Fields:

ields:

LW_clrsky_flux_dn, LW_clrsky_flux_up, LW_flux_dn, LW_flux_up, SW_clrsky_flux_dn,
SW _clrsky flux_dn_dir, SW_clrsky flux_up, SW_flux_dn, SW_flux_dn_dir, SW_flux_up, ch4_volume mix ratio
cldhgh, cldlow, cldmed, cldtot, co2 volume mix ratio, co volume mix ratio, h20 volume mix ratio,
n2_volume_mix_ratio, n20_volume_mix_ratio, 02_volume mix_ratio, rad_heating_pdel, sfc_flux_dif nir,
sfc_flux_dif vis, sfc_flux_dir nir, sfc_flux_dir vis, sfc_flux_Iw_dn, sfc_flux_sw_net

@D Nolume_mix_ratio

sfc_alb_dif nir, sfc_alb_dif vis, sfc_alb_dir nir, sfc_alb_dir vis, surf Iw_flux_up qv, p_int, p_mid, qc, qi,
wudo_density, cldfrac_tot, aero_g sw, aero_ssa_sw, aero_tau_lw, aero_tau_sw, eff radius_qc, eff radius_qi

State Saved for Next Step
(T_midYhoriz_winds, 03_volume_mix_ratio, phis, ps,
qv, bm, nc, ni, nr, qc, qi, gm, qr, tke, tracers,
T_prev_micro_step, qv_prev_micro_step,
precip_ice_surf mass, precip_liq_surf_mass

SurfaceCouplingExporter
d Fields:
@ horiz_winds, phis, qv, p_int, p_mid,
pseudo_density, precip_ice_surf _mass, precip_liq_surf_mass,
sfc_flux_dif nir, sfc_flux_dif vis, sfc_flux_dir_nir,
sfc_flux_dir vis, sfc_flux lw_dn, sfc_flux sw_net

X(t=t_n+1)
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Atmosphere memory buffer

* Allocate the minimum memory footprint to accommodate
local memory needs of all processes.
» Take advantage of pointers to memory, rather than

allocated arrays.

O O
Process 1 Process 2

3SM Energy Exascal
Earth Syste mM del

)

Process 3

Memory Buffer
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Managing output

e 2D field (e.g. surface pressure) = 12.9 GB
* 3D physics field (e.g. temperature) = 1.65 TB
e 4x greater on dynamics grid (e.g. for restarts)

Top of Atmosphere Shortwave Cloud Forcing in SCREAMv1
January

60°N -

30°N -

0° 1

30°E 60°E 90°E 120°E150°E 180° 150°W120°W90°W 60°W 30°W

E 3S M Energy Exascale
Earth System Model

U.S. DEPARTMENT OF

ENERGY




Managing output . NSA

e 2D field (e.g. surface pressure) = 12.9 GB
* 3D physics field (e.g. temperature) = 1.65 TB
* 4x greater on dynamics grid (e.g. for restarts)

Produce output at a

Top of Atmosphere Shortwave Cloud Forcing in SEREA

January

_ aiyr%qq"r'
RIS S O

600N_ ” - ;
30°N
0° 1

30°S -

60°S »
— "“r/—""“———-\k

[ — _.—7_4‘.\ _‘w
& Vo

30°E 60°E 90°E 120°E150°E 180° 150°W120°W90°W 60°W 30°W
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Managing output . NSA

SGP

Produce output at a

e 2D field (e.g. surface pressure) = 12.9 GB
* 3D physics field (e.g. temperature) = 1.65 TB
* 4x greater on dynamics grid (e.g. for restarts)

Top of Atmosphere Shortwave Cloud Forcing in SEREA

January Produce output over

I ’ a sub-region of the
{m‘?i@' ~ /

60°N -

30°N

-

/ﬁ_
[

-y

. o

i
! 4

0°4 &
N

3
.
/
7
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i 7’/—-'“—-_‘“ ] e '- o

30°E 60°E 90°E 120°E150°E 180° 150°W120°W90°W 60°W 30°W

60°S
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Managing output . NSA

e 2D field (e.g. surface pressure) = 12.9 GB . ENA...
* 3D physics field (e.g. temperature) = 1.65 TB
* 4x greater on dynamics grid (e.g. for restarts)

Produce output at a

Top of Atmosphere Shortwave Cloud Forcing in A
January Produce output over
- a sub-region of the
60°N - =
.
30°N A
o
0° 1 o
Online coarsening of output.
30°Sq W . " s sl | o ™
HHHH J
60°S

30°E 60°E 90°E 120°E150°E 180° 150°W120°W90°W 60°W 30°W

EasM Energy Exascale U.S. DEPARTMENT OF
Earth System Model ENERGY




(E3SM

Energy Exascale
Earth System Model

bfbhash

catch_main_invalid_flags

Global Atmosphere catchlanlteeta

M Od e I -D r|Ve r check_subcycling

heck_subcycling_tend_check
k_surf_mom_flux_slices_np1

Testing

Passed 3s 350ms
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Testing

 EAMXxx inherits all the standard E3SM testing

coverage, + robust unit tests
* This is possible because,
 Model elements are independent.
* Take advantage of arbitrary class structure in
C++.
* Incredibly useful for debugging and verification
* SCREAM git-repo Cl integrates unit testing through

the Autotester.

E 3S M Energy Exascale
Earth System Model

(i

E3SM-Autotester commented 6 hours ago

Status Flag 'Pull Request AutoTester' - Jenkins Testing: 1 or more Jobs FAILED

Note: Testing will normally be attempted again in approx. 2 Hrs. If a change to the PR source branch occurs, the
testing will be attempted again on next available autotester run.

» Pull Request Auto Testing has FAILED (click to expand)

Member

» SCREAM_PullRequest_Autotester_Mappy # 5172 FAILED (click to see last 100 lines of console output)

» SCREAM_PullRequest_Autotester_Weaver # 5520 FAILED (click to see last 100 lines of console output)

(©)

477 tests passed.
Name A

ad_ut

array_io

atm_proc

atmosphere_density

bfbhash
catch_main_invalid_flags
catch_main_tests
check_subcycling
check_subcycling_tend_check
check_surf_mom_flux_slices_np1
check_surf_mom_flux_slices_np2
check_surf_mom_flux_slices_np3
check_surf_mom_flux_slices_np4
check_U_V_slices_fail_diff
check_U_V_slices_fail_layout
check_U_V_slices_fail_missing
check_U_V_slices_np1
check_U_V_slices_np2
check_U_V_slices_np3
check_U_V_slices_np4
cld_fraction_standalone
coarsening_remapper_np1
coarsening_remapper_np2
coarsening_remapper_np3

coarsening_remapper_np4

Status A
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed

Time

2s 140ms
3s 230ms
2s 680ms
1s 460ms
3s 730ms
3s 990ms
3s 640ms
50ms
320ms
370ms
380ms
340ms
370ms
310ms
390ms
350ms
470ms
360ms
370ms
340ms

1s 570ms
3s 400ms
2s 620ms
1s 180ms
820ms

Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable

Summary
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
Stable
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Global Atmosphere
Model - Driver

Energy Exascale
Earth System Model

(E3SM

cmlon = 262.5
use_hetfrz_classnuc = .true.
micro_mg_dcs_tdep = .true.
microp_aero_wsub_scheme = 1

sscav_tuning = .true.
CONVPF —_—
demot

1iqer| User Interface
regen

resus_fix = ,false.
mam_amicphys_optaa = 1
fix_gl_err_ndrop = .true.
ssalt_tuning = .true.

.true.

relvar_fix = .true.
mg_prc_coeff_fix =
n fiv — True

/

U.S. DEPARTMENT OF

ENERGY



Runtime Options:

d_macmic_num_steps = 6
m t = 106006,1,12
cosp_WNte = .true.
use_gw_txQnt = .true.
nhtfrq = 1,8 ,-2
fincll = 'Q"', DLIQ', 'CLDICE'
fincl2 = 'PS'," ', 'T500"'
scm_iop_srf_prop = O

avgflag_pertape = 'A’ ld macmic_num_steps = 6

iop_nudge_tq = .fals

cld_macmic_num_steps mfilt - 1 , . 2

radlw = 1
Nefite = usr/gaard  COSP_lite = .true.

e s e | use_gw_front = .true.

N s | Nhtfrg = 1,0,-2

microp oo msub sond fincll = 'Q', 'CLDLIQ', 'CLDICE'
convpioe dNaer - ] fincl2 = 'PS','TMQ', 'T5600'

Difficult to read/parse

Not organized

Cumbersome to add new options

Difficult to audit, vulnerable to user error

Heetfi e | SCM_l0p_srf_prop = .true. * Conflicts only detected if developer

resus_fix = .faNe. anflag_pertape = 'A' ' ' ' X!

bt W % adds their own checks.
ssalt_tur.\ing =n.r5:u ) . = o o
relvei fix = e, \CC1D_Macmic_num_steps = 3 e Multiple entries can lead to

mg_prc_coeff_fix = .t';ue.
rrtmg_temp_fix = .true.

mam_amicphys_optaa = 1 B
fix_gl_err_ndrop = .true. unexpected bEhaV|Or.
ssalt_tuning = .true.

use_rad_dt_cosz = .true.

ice_sed_ai = 500.0

do_tms = .false.

n_so4_monolayers_pcage = 8.0D0

se_ftype = 2

zmconv_trigdcape_ull = .true. 0.6, B R Gl

offow beres = .35 22 ENERGY
gw_convect_hcf = 12.5
effaw oro = A.378



Runtime Options: YAML

physics:
Type: Group

atm_procs_list: !strings

—~ mac_aero_mic

- rrtmgp

- mlcorrection
compute_tendencies: !strings

* EAMxx use YAML to handle all runtime options. - T_nid

- qv

* Human readable — options organized into relevant sections.

: Istrings

* Strict enforcement of each entry.
e Support for “info” metadata for user support.

- shoc

- cldFraction

- spa

- p3

cldFraction:
compute_tendencies: !strings []
enable diti s:

e Setting and adding new options is simple. Each process has rable_precondition
their own parameter list. internal_diaghostics

repair_log_1
compute_tendencies: !strings
enable_po dition S:

* Has similar support to CIME XML functions internal. diagn
« ./atmchange 03

compute_tendencies: !strings []

° .//tltf77(]Ll€?f]/ gi ?FCdiC? nc: true

bed_ccn:

internal_diagnostics_level: ©
EssM Energy Exascale max_total _ni: 740000.0
Earth System Model 23 number_of_subcycles: 1
3_a_imm: .65
+ o et Al myafartare 1260 O



Runtime Options: YAML

> ./atmquery mac_aero_mic::number_of_subcycles
namelist_defaults::atmosphere_processes::physics::mac_aero_mic::number_of_subcycles: é
> ./atmchange mac_aero_mic::number_of_subcycles=12
Regenerating .../namelist_scream.xml. Manual edits will be lost.
> ./atmquery mac_aero_mic::number_of_subcycles

1gs
e EAMX namelist_defaults::atmosphere_processes::physics::mac_aero_mic::number_of_subcycles: 12
~ horiz_winds
mac aero Ti" : enable_postcondition_checks: true
B T o . enapre—ps=ecandition_checks: true
® Huma Type: Group ecHoRs- internal diagnostics Tevers
N S— NYOCS - ot | ety S < mac_aero_mlic:
atm_procs_list: Istrings Type: Group
- tms atm_procs_list: !strings
c - tms
® StrICt q - shoc - shoc
~ cldFraction - cldFraction

- p3 cldFraction:

compute_tendencies: !strings []

* Suppo ~ spa - 0o

o cldFraction: enable ondition_checks:
C Settlnfl compute_ten denc i,:. g: | Stril‘lg‘:- [ ] CESS haS ';i'\;::iv: prec x:vn:;iiii:‘rnl C hfz-l: tf‘zgo
their ¢ enable_postcondition_checks: true ,l[m“l” ycles: i';'wl: ’
enable_precondition_checks: true repair_log_level: trace
internal_diagnostics_level: © EﬁIETE°jﬁiffﬁﬂéiiign’iﬁf?°9f iiuc
e Has sil number_of_subcycles: 1 1:'ll'lldl'1f’ll'}li e
repalr_log_level: trace number_of_subcycles: 12
S/ compute_tendencies: !strings [] —_____,———””—> “f;”mn:ﬂwwwwhi
. ./ enable postcondition checks: true do_predict nc—tThe
enable_precondition_checks: true (o peesTTabed con: true

enable_column_conservation_checks: false

internal_diagnostics_level: © enable ondition_checks: true
numbhar of ecubevelae e enable_pr ndition_checks: true
- number_o subc ) cles: 12 internal_diagnostics_level: ©
Eas Energy Exascale max_total_ni: 740000.0
Earth System Model 24 number_of_subcycles: 1

p3_a_imm: 0.65

N2 auntnen

e myafacrtmare 1250 O




Conclusions:

o TR
it ey

 EAMXxx is a complete rewrite of the E3SM global atmosphere model infrastructure in
C++/Kokkos, eploying modern software best practices.

 SCREAM is the 3.25 km configuration of EAMxx with processes targeting high resolution.

 EAMxx enforces strict memory management as a necessity given the shear size of the
problem being solved.

 EAMXxx infrastructure was designed with testing in mind. Unit testing:
 Makes debugging substantially easier,
* Gives more confidence that new features won’t impact or break existing features.

* The adoption of YAML makes runtime options:
* More protected against user error,
e Human readable,
* More organized

@33 M Energy Exascale E ﬁPAERTMREEFY
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Questions? donahue5@linl.gov
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Output Control: user_nl _eam

cld_macmic_num_steps = 6
mfilt = 10000,1,12

cosp_lite = .true.
use_gw_front = .true.

nhtfrqg = 1,0,-2

fincll = 'Q', 'CLDLIQ', 'CLDICE'
fincl2 = 'PS','TMQ', 'T500'
scm_iop_srf_prop = .true.
avgflag_pertape = 'A','I"', 'X!

':A.\ RS P - e — Enl nm
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Output Control: YAML

cld_macmic_num_steps = 6
mfilt = 10000,1,12

cosp_lite = .true.
use_gw_Tfront = .true.

nhtfrqg = 1,0,-2

fincll = 'Q','CLDLIQ', 'CLDICE"
fincl2 = 'PS','TMQ', 'T500'
scm_iop_srf_prop = .true.
avgflag_pertape = 'A','I','X!'

':A.\ RS P - e — Enl nm

Scorpio:
model restart:

filename prefix: ./F2010-SCREAMv1.ne38pg2_ne30pg2

output_control:
Frequency: 1
frequency units: nmonths

output_yaml_files: !strings
- data/my_first_output_file.yaml

- data/my_other_output_file.yaml U.S. DEPARTMENT OF
(E3SM =z . ENERGY




Output Control: YAML

cld_macmic_num_steps = 6
mfilt = 10000,1,12

cosp_lite = .true.
use_gw_front = .true.

nhtfrqg = 1,0,-2

fincll = 'Q', 'CLDLIQ', 'CLDICE'
fincl2 = 'PS','TMQ', 'T500'
scm_iop_srf_prop = .true.
avgflag_pertape = 'A','I"', 'X!

o mem sl e o Enlnn
Instant . Max
Fields: Fields:
Physics PG2: Physics PG2:
Field Names: Field Names:
qv ps
gc VapwWaterPath
qi LigwaterPath
Max Snapshots Per File: 1 Max Snapshots Per File: 12
filename prefix: output.scream.monthly.NAME_1 filename prefix: output.scream.monthly.NAME_2
output_control: output _control:
- 1l - - DEPARTMENT OF
@S’b : nmonths : nhours NERGY




What is a Field?

» Stores everything the atmosphere model needs to know about a global variable.

« As an object allows SCREAM to define universal operations for all fields,
— E.g. remapping, arithmetic operations, cloning, property checking, timestep management ...

« 1\ Energy Exascale
8 W Earth System Model

>Name: T_mid

> Units: K

> Layout: (columns, levels)
> Grid: Physics PG2

> Datatype: Real

> Timestamp: TS{2024,11,4,8,30,0}

> Data Pointer: 6efgkh38sahdlgis0372

> Providers: HOMME, SHOC, P3, RRTMGP, Surface-Coupling
> Customers: HOMME, SHOC, P3, RRTMGP, Surface-Coupling
> Extra Metadata: [Mask, Foo, Bar, ...]

* Artist depiction
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What is an Atmosphere Process?

* An interface to the dynamics or an atmosphere parameterization.
« EAMXxx supports universal operations on atmosphere processes:

— Unit testing, subcycling, backing out tendencies, log msgs, performance timing, ...

 Has a defined initialization, run and finalization.

Energy Exascale
¥ Earth System Model

> Name: SHOC

> Type: Physics

> Grid: Physics PG2

> Timestamp: T5{2024,11,4,8,30,0}

> Inputs: omega, surf_sens_flux, surf_mom_flux, ..., T_mid, qv

> Qutputs: surf_evap, T_mid, qv, ..., tke, pbl_height
> init_impl: Do ‘xyz’ to initialize SHOC

> run_impl: Do ‘ijk,” then call shoc_main, do ‘grs’

> finalize_impl: Nothing to do

* Artist depiction
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—

Performance Portability (C++/Kokkos)
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Vector Unit

Vector Unit

NaN

NaN
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