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Global Climate Model Biases in Cloud Cover

Cloud Cover from the International Satellite Cloud
Climatology Project (ISCCP)

Bias: -14.8, RMSE: 16.9

CAM5

Bias: -11.5, RMSE: 16.8

CAM6

Medeiros et al.,



Coarse resolution models struggle with liquid phase

ISCCP

physics and stratocumulus to cumulus transitions
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Challenges in assessing models against
field observations
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Challenges in assessing models against
field observations
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Goal: Observation
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Integrating Field Observations and Research Models
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System Science (INFORM — COMPASS)



A regime-based process-system approach to
assessing resedrch models
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Developing a Process System Database from
Aircraft Observations

Candidate Campaigns: CSET, VOCALS, SOCRATES, ORACLES, EURECA4A,... and many many more!
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Developing a Process System Database from
Aircraft Observations

Sampling Maneuver ID field campaign data “wrapper”

In-cloud level-leg

van der Dussen et al., 2015 LWC, Ny, T, RH, w
shortwave
radiation longwave -
radiation In-cloud profiling

entrainment LWP, vertical distribution of

LWC, Ng, T, RH, wq

Below cloud

” Naerosol, MBL » PrecipitatiOn, HCR
- A cloud classification and particle
decoupled O’eso , D
e . A4 well mixed ;

Above cloud
Cloud top SW flux, HCR cloud

classification and particle ID,

Naerosol,UT

cumulus <« stratocumulus



Developing a Process System Database from
Aircraft Observations

Sampling Maneuver ID field Compcugn data’ Wropper
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Altitude (m)

Altitude (m)

Developing a Process System Database from
Aircraft Observations
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Cloud Regime Compositing Method Development

HCR cloud echo type categorization fromm Romatschke

(2023) and Romatschke and Dixon (2022)

HCR Echo Type
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Co-located ERA5 Cloud Controlling Factors based on
decades of literature
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Developing a Process System Database from
Aircraft Observations

Cloud Regime Compositing Method Development

HCR cloud echo type categorization fromm Romatschke

Co-located ERA5 Cloud Controlling Factors based on
(2023) and Romatschke and Dixon (2022) 9

decades of literature
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Developing a Process System Database from
Aircraft Observations

Cloud Regime Compositing Method Development

HCR cloud echo type categorization fromm Romatschke

: Co-located ERA5 Cloud Controlling Factors based
(2023) and Romatschke and Dixon (2022) 9 on

decades of literature
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Developing a Process System Database from
Aircraft Observations
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ow to Assess CESM using Aircrd
Observations?

Assessment workflow Use Cases

I’'m a process expert. I'd like to test a new
parameterization or process in the
model.

| need to tune the global model, but want

There s an issue in the modeL. s it to make sure my tuning choices are not

making clouds bad, or worse.

isolated to a particular region or process?

Run CAM with COSP
and .hs. output

Atmosphere and Cloud STATE assessment

* thermodynamic vertical profiles (u, v, t, q) CAM.hs. vs. Dropsondes
e CCF CAM vs. ERAS
* Cloud fraction, Cloud top P, CR, Precipitation = CAM COSP vs. Satellite

Nudging Experiments
- Window nudging Not tolerable Lol =

-> Domain nudgin <
Which van'aglesg? What levels?; : Milestone 1 - Model setup for best model

: state and macrophysics necessary for
: assessing subgrid/microphsyical

1 parameterizations

1

What timescale?

Cloud Microphysics assessment
LWC, Ng, Nypsas, W, SWHLUX, No;izzie

Macro-physics Development

1. Isolate Blas Chain -> co-located comparison CAM vs. aircraft

->» composited statistical relationships

2. Determine physics changes to
minimize macro biases

Additional tools and data: Initialization cl i
experiments; Idealized SCAM cases (PPE), High ear biases Best
Resolution model data (e.g., MPAS) I

Milestone 2 - Model with
best state-dependent
micro to macro physics

Micro-physics Development P,

1. Isolate Bias Chain £ e X

2. Propose changes to minimize micro biases ( 2 /,J
. >

Additional tools and data: Single column model
(PPE), Process Model data (CM1)




Assess Model Base State — Composited Observation
and Model Thermodynamic Profiles

50 Open-Cell (N = 24) Stratocumulus (N = 17) Regime Difference (Strat — Open)
—— Sonde —— Sonde A é
: CAM6 A iz
600 - JERTERS ERA5 A
g
< 700 A
p
=)
@ 800
a
900 1 —— Sonde
T= 6 CAM6 \
...... ERA5 !
1000 " y y o T ' ; ' y " i i S
0 20 40 60 80 100 0 20 40 60 80 100 -30 -20 -10 0 10 20
Relative Humidity (%) Relative Humidity (%) Relative Humidity (%)
560 Open-Cell (N = 24) Stratocumulus (N = 17) Regime Difference (Strat — Open)
—— Sonde —— Sonde —— Sonde A
4 --- CAM6 ~—- CAM6 A
600l o SE L eemas |0 O SRR |1 <(
5
< 700
p
=2
0
¥ 800
a
9001
T =48 }
1000 i -
0 20 40 60 80 100 0 20 40 60 80 100 -30 -20 -10 0 10 20

Relative Humidity (%) Relative Humidity (%) Relative Humidity (%)



Assess Model Base State — Composited Observation
and Model Thermodynamic Profiles
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Assess Model Base State — Composited Observation
and Model Thermodynamic Profiles
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ow to Assess CESM using Aircrd
Observations?

Assessment workflow Use Cases

I’'m a process expert. I'd like to test a new | need to tune the global model, but want
parameterization or process in the to make sure my tuning choices are not
model. making clouds bad, or worse.

There is anissue in the model. Is it
isolated to a particular region or process?

START Run CAM with COSP
HERE and .hs. output

Atmosphere and Cloud STATE assessment
* thermodynamic vertical profiles (u, v, t, q) CAM.hs. vs. Dropsondes

« CCF CAMvs. ERA5
* Cloud fraction, Cloud top P, CR, Precipitation = CAM COSP vs. Satellite

Nudging Experiments
-> Window nudging Not tolerable

-> Domain nudging T
Which variables?; What levels?;
What timescale?

Tolerable?

Milestone 1 - Model setup for best model
ics necessary for

assessing subgrid
| parameterizations

M fvsics Devel t Cloud Microphysics assessment
= .
Bt s essoosners T T
: -> co-located comparison CAM vs. aircraft

= Dgtgrrpine physic§ changes to -> composited statistical relationships
minimize macro biases

Additional tools and data: Initialization
experiments; Idealized SCAM cases (PPE), High
Resolution model data (e.g., MPAS)

Clear biases

Milestone 2 - Model with
best state-dependent
micro to macro physics

Micro-physics Development . S,
1. Isolate Bias Chain e X

2. Propose changes to minimize micro biases

Additional tools and data: Single column model
(PPE), Process Model data (CM1)



CAM Microphysical Assessment Usin
Composited Approach
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CAM Microphysical Assessment Using

CSET
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CAM Microphysical Assessment Using

Co-located aircraft

observations (< 4km)

with CAM6
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Discussion and Future work

Preliminary findings and new Future work
developments » Further investigation of cloud
« Created process-system database of aircraft microphysical processes in CAM
observations  Impacts of aerosol and CCN
+ Composited dataset for stratocumulus and loading, turbulence
open-cell cumulus cloud regimes * Assess CAM cloud macrophysics
- Assessed model base state and + COSP and satellite data
microphysics  Expand this process-system
- Model representation of base state pretty good,  database to difference regions and
can represent distinct cloud regimes cloud regimes
« CAMBG low bias for Nd for stratocumulus [ * Marine cold-air outbreaks
improved representation of Nd and LWC in (CAESAR)
CAM7 » Arctic mixed-phase clouds

 Preliminary results suggest compositing may
be better method for aircraft v CAM evaluation






The latest INFORM Schematic (v5)

INFORM decision tree

There is a model bias we attribute to a
process that needs improving. | have
some expertise in the process that |
believeis an issue.

I’'m a process expert. I'd like to test a new | need to tune the global model, but want
parameterization or process where that to see how my tuning choices impacting a
process is key in the models. process.

Is there one or more INFORM cases
available that tests my process/region?
See database of INFORM cases with their
metadata etc...

Is the INFORM case(s) defined for the
model and version | want to use (e.g.
CESM3)

Build a new INFORM case. See building
an INFORM case.

Do | know the model | am using looks
pretty much the same (large scale info)
for the region

Add new model to an INFORM case. See
adding model to INFORM case.

Run the relevant INFORM case or cases
and “do my science/optimize the process
representation”. Write a paper.

Test changes in the full model. Is it an
improvement?

This is common. Where is it worse.
Congratulations you have done model Perhaps look at testing change in other
development. Write another paper. INFORM cases or hypothesize the issue.
This is the hard part.




