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❑ March 2024 in Boulder
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Models all the way down: Reanalyses and Satellite Retrievals

❑ Reanalysis and satellite 
retrieval products disagree 
even when ingesting the 
same direct observations.

❑ The differences between 
data products imply large, 
unquantified structural 
uncertainties.

❑ Differences between data 
products are a conservative 
estimate of uncertainty 
(e.g. Chemke and Polvani, 
2019).

Sergio DeSouza-Machado, UMBC
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Satellite spectral radiation records are the most 
complete and detailed observational records available.
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Challenges to satellite-model comparisons

Definitional differences hinder fair comparisons:

- Observed radiances and brightness temperatures are not comparable 
with model radiative fluxes

- Differences in diurnal sampling, spatial resolution, etc.
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Simulating Spectral Radiances in Climate Models with COSP-RTTOV

Climate Model
(e.g. CESM2)

Climate model :
- Coupled 

atmosphere, 
ocean, land, and 
sea ice 
components

1. Climate model 
simulates the 
coupled climate 
system.
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Simulating Spectral Radiances in Climate Models with COSP-RTTOV

Climate Model
(e.g. CESM2)

Satellite Emulator 
(COSP)

Climate model :
- Coupled 

atmosphere, 
ocean, land, and 
sea ice 
components

COSP:
- Used by multiple 

modelling centers
- Sub-grid sampling
- Diurnal sampling 

for satellite orbits

1. Climate model 
simulates the 
coupled climate 
system.

2. COSP reads the 
model state (e.g. q, T 
profiles) and computes 
simulated satellite 
output.

8



Simulating Spectral Radiances in Climate Models with COSP-RTTOV

Climate Model
(e.g. CESM2)

Satellite Emulator 
(COSP)

Radiative 
Transfer 
(RTTOV)

Climate model :
- Coupled 

atmosphere, 
ocean, land, and 
sea ice 
components

RTTOV:
- Fast, accurate 

radiative transfer 
model

- Instrument-specif
ic

1. Climate model 
simulates the 
coupled climate 
system.

2. COSP reads the 
model state (e.g. q, T 
profiles) and computes 
simulated satellite 
output.

3. RTTOV simulates 
all-sky and clear-sky 
radiances for 
requested instruments 
+ channels.

COSP:
- Used by multiple 

modelling centers
- Sub-grid sampling
- Diurnal sampling 

for satellite orbits 9



Output: “Satellite-like” spectra with intuitive meaning

CESM2 CESM2
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Output: “Satellite-like” spectra with intuitive meaning

CESM2 CESM2

CESM2
CESM2
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Output: Model evaluation against direct satellite observations
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Output: Model evaluation against direct satellite observations
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Output: Model evaluation against direct satellite observations

Standard methods for 
model evaluation can 
be applied to these 
fields just like normal 
CESM output
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Output: “Satellite-like” fields for new and nascent missions
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Key Points

❑ Commonly-used “observational” data products have large, unquantified 
structural uncertainties.

❑ Satellite spectral radiation fields are long-term, globe-spanning, and 
information-rich.

❑ Evaluating CESM against these direct spectral radiation observations is 
easy and complements current methods.

jonah.shaw@colorado.edu

GMD article here:

COSP-RTTOV-1.0: Flexible radiation diagnostics to enable new science applications 
in model evaluation, climate change detection, and satellite mission design
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Example: Arctic Stratospheric Temperatures
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Mean State Trends

CESM2 captures the observed mean state and trends (2003-2021)
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CESM2 captures the observed inter- and intra-annual variability

Standard modeling methods can be applied:
    - Nudging
    - Model hierarchies
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Stratospheric cooling trends in the Arctic are nearly detectable
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“Satellite-like” diurnal sampling: Implementation

❑ User specifies local 
times and swath widths.

❑ Simulators only run on 
appropriate model 
gridcells.

❑ Reduced simulator calls 
reduce computational 
cost.
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“Satellite-like” diurnal sampling: Results

CESM2

CloudSat
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CESM2 captures the observed mean state and trends (2003-2021)

Surface Temperature Spectral Channel 88mb Temperature Spectral Channel
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*Comparison with RRTMG radiative fluxes uses SRFs with 0.3cm-1 spacing and a 6-point gaussian quadrature.

20.0 - 28.6um*

Output: “Satellite-like” spectra consistent with GCM radiation fields
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Climate model 
supplies 

instantaneous 
gridcell-average cloud, 

temperature, and 
trace gas profiles

Optionally mask data 
using supplied 

overpass times and 
swath widths for each 
simulated instrument.

COSP2 subgrid 
sampling and 

instrument simulators

RTTOV radiative 
transfer calculations 

simulate spectral 
radiances, brightness 

temperatures, and 
reflectances. COSP outputs for 

definition-aware 
comparisons with 

observations

User supplies output 
variables, channels, 

and viewing geometry 
for each instrument 

simulated using 
RTTOV.

User optionally 
supplies satellite orbit 
(overpass local time 

and swath widths) for 
each instrument.

Grey: New functionality in COSP-RTTOV
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