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energy transport?
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Heat Transport From Radiation Imbalance
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Meridional Energy Transport in CMIP3 models compared to observations
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Total (atmosphere plus ocean) meridional heat transport varies by about 20%
between models.

- Also biased low relative to observations especially in the SH

Donohoe and Battisti (2012). What determined meridional heat transport in climate models. J. Climate.



Meridional Energy Transport in CMIP5 models
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Meridional Energy Transport in CMIP6 models
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Meridional Energy Transport by CMIP generation compared to observations
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Inter-model spread and bias in MHT is persistent across generations of CMIP
models




Intermodel Spread in MHT
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Atmospheric energy transport
calculated from ERAS high
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This strategy was
pioneered by
Trenberth and Caron
(2001)
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Model partitioning of AHT/OHT
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III

Consistency of “observational” and
“model” based MHT calculation in a
model simulation

Validation of AHT and AHTMoist calculations
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-- Partitioning of MHT

Meridional Energy Transport in CMIP3 models compared to observations
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Meridional Energy Transport in CMIP6 models compared to observations
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CMIP3 to 6 against observations

Meridional Energy Transport by CMIP generation compared to observations
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OBSERVATIONS FROM ERAS5 and CERES

ERAS and CERES energy transport compared to models
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OBSERVATIONS FROM ERA INTERIM
and CERES
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OBSERVATIONS FROM NCEP reanalysis
and CERES
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OBSERVATIONS FROM ERAS5 and CERES

ERAS and CERES energy transport compared to models
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Accounting for ocean heat content
changes

ERAS and CERES energy transport compared to models
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Does spatial resolution of atmospheric reanalysis
miss heat transport at small scales? (NO!)

Heat transport spectra for 40N at 700 hPa DJF

Dry energy transport
Moist energy transport
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Truncation at 2° resolution results in
and loss of dry/moist heat transport



Partitioning of atmospheric energy by
circulation type
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Observation vs. model AHT partitioning

Annual atmospheric heat transport partition
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Main conclusion: Models move too much energy through
the atmosphere and too little through the ocean

Fractional AHT/OHT partitioning in models versus observations

Models versus observed Atmospheric and Oceanic energy transport partioning
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Sources of atmospheric heating

Ildealized Aquaplanet - global mean removed ERAS - global mean removed

AHT is determined by —

spatial structure of energy |
input into the atmosphere

Evaporation is responsible
for majority of the spatial
anomalies in energy input
to the atmosphere
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Models are biased
toward too much
evaporation
globally
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Models transport
too much energy
through the
atmosphere

(?
&
=)
o
.9
afd
(4¢]
et
.9
I
)
L
Q.

Global Water Balance

1:1 line

CMIPS

CMIPG
OAflux(Ocean)/ERAS(Land)/GPCP
ERASL

77.5 80.0 82.5 85.0 87.5 90.0

Evaporation (W m2)

92.5

95.0




	Are climate models biased in the atmosphere-ocean partitioning of poleward energy transport?
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Consistency of “observational” and “model” based MHT calculation in a model simulation
	CMIP3  -- Partitioning of MHT 3
	CMIP53
	CMIP63
	CMIP3 to 6 against observations
	OBSERVATIONS FROM ERA5 and CERES
	OBSERVATIONS FROM ERA INTERIM      and CERES
	OBSERVATIONS FROM NCEP reanalysis      and CERES
	OBSERVATIONS FROM ERA5 and CERES
	Accounting for ocean heat content changes
	Does spatial resolution of atmospheric reanalysis miss heat transport at small scales? (NO!)
	Slide Number 24
	Observation vs. model AHT partitioning
	Model bias of enhanced transient eddy heat transport is due to sensible heat transport
	Main conclusion: Models move too much energy through the atmosphere and too little through the ocean
	Slide Number 28
	Slide Number 29

