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Current EAM 
paradigm

State from Previous Step:
  T_mid, horiz_winds, o3_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

homme
Computed Fields:
  omega,  p_dry_int,  p_dry_mid,  p_int,  p_mid,  
  pseudo_density, pseudo_density_dry
Updated Fields:
  T_mid,  horiz_winds,  o3_volume_mix_ratio,  
 phis,  ps,  qv,  tracers (group) 

p3
Computed Fields:
  precip_ice_surf_mass, precip_liq_surf_mass,
  eff_radius_qc, eff_radius_qi, micro_liq_ice_exchange, 
  micro_vap_ice_exchange, micro_vap_liq_exchange
Required Fields:
  p_dry_mid, pseudo_density_dry,
  inv_qc_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

shoc
Computed Fields:
  inv_qc_relvar,  pbl_height
Required Fields:
  surf_evap,  surf_mom_flux,  surf_sens_flux,  
  phis,  omega,  p_int,  p_mid, pseudo_density 
Updated Fields:
  T_mid,  horiz_winds,  qv,  qc,  tke,  cldfrac_liq,  
  eddy_diff_mom, sgs_buoy_flux, tracers (group) 

rrtmgp
Computed Fields:
  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, h2o_volume_mix_ratio,  
  n2_volume_mix_ratio, n2o_volume_mix_ratio, o2_volume_mix_ratio, rad_heating_pdel, sfc_flux_dif_nir,
  sfc_flux_dif_vis, sfc_flux_dir_nir, sfc_flux_dir_vis, sfc_flux_lw_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_qi 
Updated Fields:
  T_mid, o3_volume_mix_ratio 

spa
Computed Fields:
  aero_g_sw, aero_ssa_sw, aero_tau_lw,
  aero_tau_sw, nccn
Required Fields:
  p_mid

State Saved for Next Step
  T_mid, horiz_winds, o3_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

SurfaceCouplingExporter
Required Fields:
  T_mid, 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

SurfaceCouplingImporter
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,  wind_speed_10m

cld_fraction
Computed Fields:
  cldfrac_ice, cldfrac_ice_for_analysis,
  cldfrac_tot, cldfrac_tot_for_analysis
Required Fields:
  qi, cldfrac_liq

• Opaque
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• Hardcoded process order,

• Hardcoded time-splitting,

• Difficult to add new processes,

• Difficult to audit

• Individual pieces are dependent 

on the rest of the model.
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Field Manager Class and Field Objects
• All persistent variables are instances of a field object
• All fields managed by a single Field Manager
• Simplifies operations on fields, e.g.

• Remapping to different grids
• Adding new fields
• Storing field metadata



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 …
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> 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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Field Manager Class and Field Objects
• All persistent variables are instances of a field object
• All fields managed by a single Field Manager
• Simplifies operations on fields, e.g.

• Remapping to different grids
• Adding new fields
• Storing field metadata

Atmosphere Driver Class and Atmosphere Process 
Objects
• Every process (physics and dynamics) is an instance 

of an AP object.
• Atmosphere Driver manages all AP’s, including call 

sequence order, subcycling, grids, IO
• Able to handle many runtime configurations.



What is an Atmosphere Process?
• An interface to the dynamics or an atmosphere parameterization.
• EAMxx supports universal operations on atmosphere processes:

• Unit testing, subcycling, backing out tendencies, log msgs, performance timing, …

• Has a defined initialization, run and finalization. 
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> Name: SHOC
> Type: Physics
> Grid: Physics PG2
> Timestamp: TS{2024,11,4,8,30,0}
> Inputs: omega, surf_sens_flux, surf_mom_flux, …, T_mid, qv
> Outputs: surf_evap, T_mid, qv, … , tke, pbl_height
> init_impl: Do ‘xyz’ to initialize SHOC
> run_impl: Do ‘ijk,’ then call shoc_main, do ‘qrs’
> finalize_impl: Nothing to do

* Artist depiction
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add_field<X>(…)
X:

Required (IN)
Computed (OUT)
Updated (IN/OUT)

ad.initialize(comm,params,t0)
ad.run(dt)

ad.finalize()

ap.initialize(t0,type)
ap.run(dt)

ap.finalize()

Field Manager Class and Field Objects
• All persistent variables are instances of a field object
• All fields managed by a single Field Manager
• Simplifies operations on fields, e.g.

• Remapping to different grids
• Adding new fields
• Storing field metadata

Atmosphere Driver Class and Atmosphere Process 
Objects
• Every process (physics and dynamics) is an instance 

of an AP object.
• Atmosphere Driver manages all AP’s, including call 

sequence order, subcycling, grids, IO
• Able to handle many runtime configurations.



Current EAM 
paradigm

State from Previous Step:
  T_mid, horiz_winds, o3_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

homme
Computed Fields:
  omega,  p_dry_int,  p_dry_mid,  p_int,  p_mid,  
  pseudo_density, pseudo_density_dry
Updated Fields:
  T_mid,  horiz_winds,  o3_volume_mix_ratio,  
 phis,  ps,  qv,  tracers (group) 

p3
Computed Fields:
  precip_ice_surf_mass, precip_liq_surf_mass,
  eff_radius_qc, eff_radius_qi, micro_liq_ice_exchange, 
  micro_vap_ice_exchange, micro_vap_liq_exchange
Required Fields:
  p_dry_mid, pseudo_density_dry,
  inv_qc_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

shoc
Computed Fields:
  inv_qc_relvar,  pbl_height
Required Fields:
  surf_evap,  surf_mom_flux,  surf_sens_flux,  
  phis,  omega,  p_int,  p_mid, pseudo_density 
Updated Fields:
  T_mid,  horiz_winds,  qv,  qc,  tke,  cldfrac_liq,  
  eddy_diff_mom, sgs_buoy_flux, tracers (group) 

rrtmgp
Computed Fields:
  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, h2o_volume_mix_ratio,  
  n2_volume_mix_ratio, n2o_volume_mix_ratio, o2_volume_mix_ratio, rad_heating_pdel, sfc_flux_dif_nir,
  sfc_flux_dif_vis, sfc_flux_dir_nir, sfc_flux_dir_vis, sfc_flux_lw_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_qi 
Updated Fields:
  T_mid, o3_volume_mix_ratio 

spa
Computed Fields:
  aero_g_sw, aero_ssa_sw, aero_tau_lw,
  aero_tau_sw, nccn
Required Fields:
  p_mid

State Saved for Next Step
  T_mid, horiz_winds, o3_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

SurfaceCouplingExporter
Required Fields:
  T_mid, 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

SurfaceCouplingImporter
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,  wind_speed_10m

cld_fraction
Computed Fields:
  cldfrac_ice, cldfrac_ice_for_analysis,
  cldfrac_tot, cldfrac_tot_for_analysis
Required Fields:
  qi, cldfrac_liq
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The EAMxx
paradigm

State from Previous Step:
  T_mid, horiz_winds, o3_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

homme
Computed Fields:
  omega,  p_dry_int,  p_dry_mid,  p_int,  p_mid,  
  pseudo_density, pseudo_density_dry
Updated Fields:
  T_mid,  horiz_winds,  o3_volume_mix_ratio,  
 phis,  ps,  qv,  tracers (group) 

p3
Computed Fields:
  precip_ice_surf_mass, precip_liq_surf_mass,
  eff_radius_qc, eff_radius_qi, micro_liq_ice_exchange, 
  micro_vap_ice_exchange, micro_vap_liq_exchange
Required Fields:
  p_dry_mid, pseudo_density_dry,
  inv_qc_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

shoc
Computed Fields:
  inv_qc_relvar,  pbl_height
Required Fields:
  surf_evap,  surf_mom_flux,  surf_sens_flux,  
  phis,  omega,  p_int,  p_mid, pseudo_density 
Updated Fields:
  T_mid,  horiz_winds,  qv,  qc,  tke,  cldfrac_liq,  
  eddy_diff_mom, sgs_buoy_flux, tracers (group) 

rrtmgp
Computed Fields:
  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, h2o_volume_mix_ratio,  
  n2_volume_mix_ratio, n2o_volume_mix_ratio, o2_volume_mix_ratio, rad_heating_pdel, sfc_flux_dif_nir,
  sfc_flux_dif_vis, sfc_flux_dir_nir, sfc_flux_dir_vis, sfc_flux_lw_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_qi 
Updated Fields:
  T_mid, o3_volume_mix_ratio 

spa
Computed Fields:
  aero_g_sw, aero_ssa_sw, aero_tau_lw,
  aero_tau_sw, nccn
Required Fields:
  p_mid

State Saved for Next Step
  T_mid, horiz_winds, o3_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

SurfaceCouplingExporter
Required Fields:
  T_mid, 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

SurfaceCouplingImporter
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,  wind_speed_10m

cld_fraction
Computed Fields:
  cldfrac_ice, cldfrac_ice_for_analysis,
  cldfrac_tot, cldfrac_tot_for_analysis
Required Fields:
  qi, cldfrac_liq

• Simpler

• Increased runtime options, and 
process ordering set at runtime.

• Interoperability for atmosphere 
processes.

• Independence for individual 
processes.
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Directed Acyclic 
Graph (DAG)

State from Previous Step:
  T_mid, horiz_winds, o3_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

homme
Computed Fields:
  omega,  p_dry_int,  p_dry_mid,  p_int,  p_mid,  
  pseudo_density, pseudo_density_dry
Updated Fields:
  T_mid,  horiz_winds,  o3_volume_mix_ratio,  
 phis,  ps,  qv,  tracers (group) 

p3
Computed Fields:
  precip_ice_surf_mass, precip_liq_surf_mass,
  eff_radius_qc, eff_radius_qi, micro_liq_ice_exchange, 
  micro_vap_ice_exchange, micro_vap_liq_exchange
Required Fields:
  p_dry_mid, pseudo_density_dry,
  inv_qc_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

shoc
Computed Fields:
  inv_qc_relvar,  pbl_height
Required Fields:
  surf_evap,  surf_mom_flux,  surf_sens_flux,  
  phis,  omega,  p_int,  p_mid, pseudo_density 
Updated Fields:
  T_mid,  horiz_winds,  qv,  qc,  tke,  cldfrac_liq,  
  eddy_diff_mom, sgs_buoy_flux, tracers (group) 

rrtmgp
Computed Fields:
  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, h2o_volume_mix_ratio,  
  n2_volume_mix_ratio, n2o_volume_mix_ratio, o2_volume_mix_ratio, rad_heating_pdel, sfc_flux_dif_nir,
  sfc_flux_dif_vis, sfc_flux_dir_nir, sfc_flux_dir_vis, sfc_flux_lw_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_qi 
Updated Fields:
  T_mid, o3_volume_mix_ratio 

spa
Computed Fields:
  aero_g_sw, aero_ssa_sw, aero_tau_lw,
  aero_tau_sw, nccn
Required Fields:
  p_mid

State Saved for Next Step
  T_mid, horiz_winds, o3_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

SurfaceCouplingExporter
Required Fields:
  T_mid, 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

SurfaceCouplingImporter
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,  wind_speed_10m

cld_fraction
Computed Fields:
  cldfrac_ice, cldfrac_ice_for_analysis,
  cldfrac_tot, cldfrac_tot_for_analysis
Required Fields:
  qi, cldfrac_liq

• Reference for how state variables 
are used.

• Quickly audit all global variables in 
the simulation.

• Incredibly useful for debugging.
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Runtime Options: namelist
• Difficult to read/parse

• Not organized

• Cumbersome to add new options

• Difficult to audit, vulnerable to user 
error

• Conflicts only detected if developer 
adds their own checks.

• Multiple entries can lead to 
unexpected behavior.



• EAMxx use YAML to handle all runtime options.

• Human readable – options organized into relevant 
sections.

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

• Setting and adding new options is simple.  Each 
process has their own parameter list.

• Has similar support to CIME XML functions
• ./atmchange
• ./atmquery
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Runtime Options: YAML
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Output Control: user_nl_eam



Output Control: YAML
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Output Control: YAML
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Testing:
• EAMxx 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 CI integrates unit testing 

through the Autotester.



Conclusions:
• EAMxx is a complete rewrite of the E3SM global atmosphere model 

infrastructure in C++/Kokkos

• EAMxx incorporates modern software best practices

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

• The benefits of YAML runtime options is extended to output control.

• EAMxx 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.
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Performance Portability (C++/Kokkos)

25

https://acme-
climate.atlassian.net/wiki/spaces/ECM/pages/41293250
57/2024-02-15+All-Hands+Presentation+Meeting+Notes

https://acme-climate.atlassian.net/wiki/spaces/ECM/pages/4129325057/2024-02-15+All-Hands+Presentation+Meeting+Notes
https://acme-climate.atlassian.net/wiki/spaces/ECM/pages/4129325057/2024-02-15+All-Hands+Presentation+Meeting+Notes
https://acme-climate.atlassian.net/wiki/spaces/ECM/pages/4129325057/2024-02-15+All-Hands+Presentation+Meeting+Notes


Performance Portability (C++/Kokkos)
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https://acme-
climate.atlassian.net/wiki/spaces/ECM/pages/41293250
57/2024-02-15+All-Hands+Presentation+Meeting+Notes
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The new EAMxx paradigm
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phys_state
phys_tend
dyn_state

PBUF
cam_in/out

cam_init
phys_init

dyn/stepon_init
cam_run,1,2,3,4

phys_run1,2
stepon_run1,2,3

Field Manager Class and Field Objects
• All persistent variables are instances of a field object
• All fields managed by a single Field Manager
• Simplifies operations on fields, e.g.

• Remapping to different grids
• Adding new fields
• Storing field metadata

Atmosphere Driver Class and Atmosphere Process 
Objects
• Every process (physics and dynamics) is an instance 

of an AP object.
• Atmosphere Driver manages all AP’s, including call 

sequence order, subcycling, grids, IO
• Able to handle many runtime configurations.



The EAM
paradigm

State from Previous Step:
  T_mid, horiz_winds, o3_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

homme
Computed Fields:
  omega,  p_dry_int,  p_dry_mid,  p_int,  p_mid,  
  pseudo_density, pseudo_density_dry
Updated Fields:
  T_mid,  horiz_winds,  o3_volume_mix_ratio,  
 phis,  ps,  qv,  tracers (group) 

p3
Computed Fields:
  precip_ice_surf_mass, precip_liq_surf_mass,
  eff_radius_qc, eff_radius_qi, micro_liq_ice_exchange, 
  micro_vap_ice_exchange, micro_vap_liq_exchange
Required Fields:
  p_dry_mid, pseudo_density_dry,
  inv_qc_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

shoc
Computed Fields:
  inv_qc_relvar,  pbl_height
Required Fields:
  surf_evap,  surf_mom_flux,  surf_sens_flux,  
  phis,  omega,  p_int,  p_mid, pseudo_density 
Updated Fields:
  T_mid,  horiz_winds,  qv,  qc,  tke,  cldfrac_liq,  
  eddy_diff_mom, sgs_buoy_flux, tracers (group) 

rrtmgp
Computed Fields:
  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, h2o_volume_mix_ratio,  
  n2_volume_mix_ratio, n2o_volume_mix_ratio, o2_volume_mix_ratio, rad_heating_pdel, sfc_flux_dif_nir,
  sfc_flux_dif_vis, sfc_flux_dir_nir, sfc_flux_dir_vis, sfc_flux_lw_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_qi 
Updated Fields:
  T_mid, o3_volume_mix_ratio 

spa
Computed Fields:
  aero_g_sw, aero_ssa_sw, aero_tau_lw,
  aero_tau_sw, nccn
Required Fields:
  p_mid

State Saved for Next Step
  T_mid, horiz_winds, o3_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

SurfaceCouplingExporter
Required Fields:
  T_mid, 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

SurfaceCouplingImporter
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,  wind_speed_10m

cld_fraction
Computed Fields:
  cldfrac_ice, cldfrac_ice_for_analysis,
  cldfrac_tot, cldfrac_tot_for_analysis
Required Fields:
  qi, cldfrac_liq

• Opaque
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X(t=t_n+1)

X(t=t_n)

phys_state1

phys_tend1

phys_state

phys_tend

pbuf

dyn_state

stepon_run1

stepon_run2

stepon_run3

phys_run1

phys_run2

cam_out

cam_in
CPL

• Hardcoded process order,

• Hardcoded time-splitting,

• Difficult to add new processes,

• Difficult to audit

• Individual pieces are dependent 

on the rest of the model.

Output


