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RECENT GLOBAL CLIMATE VARIABILITY

Update from Allan et al.(2014) Surv. Geophys

?

http://dx.doi.org/10.1007/s10712-012-9213-z
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Update from Allan et al.(2014) Surv. Geophys.; Allan et al. (2014) GRL

RECENT GLOBAL CLIMATE VARIABILITY

http://dx.doi.org/10.1007/s10712-012-9213-z
http://onlinelibrary.wiley.com/doi/10.1002/2014GL060962/full
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EEI RECONSTRUCTIONS

• Longer EEI record  forcing, feedback & links to water cycle

• Combine ERBS/CERES/simulations (Allan et al. 2014 GRL)

• Methods of Trenberth & Caron (2001) and others to reconstruct surface 

fluxes (Liu et al. (2017 JGR)

• Mass corrections, land flux adjustment, satellite gap adjustments

• Update with CERES EBAFv4.0 & enthalpy corrections (Mayer et al. 

2018 but see Trenberth & Fasullo 2018 J. Clim), 

• Use ERBS v3 and ERA interim data for now, poster by Chunlei Liu
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http://onlinelibrary.wiley.com/doi/10.1002/2014GL060962/full
https://journals.ametsoc.org/doi/10.1175/1520-0442(2001)014<3433:EOMAAO>2.0.CO;2
http://onlinelibrary.wiley.com/doi/10.1002/2017JD026616/abstract
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-17-0208.1
http://dx.doi.org/10.1175/JCLI-D-17-0137.1
https://doi.org/10.1175/JCLI-D-17-0838.1
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• Preliminary comparison 

with AMIP6 and ERA5

• Large uncertainty in pre-

CERES EEI remains

• ERA5 does not capture 

observed ASR increase 

after warming slowdown 

(e.g. Loeb et al. 2018) 

• AMIP vs reconstruction:

• NET: r = 0.46

• OLR: r = 0.57

• ASR: r = 0.67

• Consistent with ocean 

heat content (Cheng et 

al. 2017 Sci. Adv.) lower 

than new independent 

estimate by Resplandy 

et al. (2018) Nature

http://www.mdpi.com/2225-1154/6/3/62
http://advances.sciencemag.org/content/3/3/e1601545.full
https://www.nature.com/articles/s41586-018-0651-8
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INTERPRETING VARIABILITY & BIAS USING 

OCEAN MIXED LAYER ENERGY BALANCE

• Interpreting warming slowdown: upper ocean mixed layer heat budget 

(e.g. Hedemann et al. 2017; Roberts et al. 2017 JGR)

• Combine with surface radiation estimates (Kato et al., 2018 J. Clim) to 

investigate Southern Ocean biases (Hyder et al. 2018 Nature Comms) 
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Zonal wind max latitude bias

Hyder et al. 2018 

http://dx.doi.org/10.1038/nclimate3274
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016JC012278
https://journals.ametsoc.org/doi/ref/10.1175/JCLI-D-17-0523.1
https://doi.org/10.1038/s41467-018-05634-2
https://www.nature.com/nclimate/journal/v7/n5/full/nclimate3282.html
https://www.nature.com/nclimate/journal/v7/n5/full/nclimate3282.html
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TRENDS IN NET FLUXES 1985-2014

• Contrasting changes 

in AMIP & observed 

surface fluxes into 

warming slowdown 

(Liu et al., 2015 JGR)

 Also for prelim AMIP6

• Cloud feedbacks in E 

Pacific identified as 

important (Zhou et al., 

2016 Nature Geosci)

• Surface evaporation 

increases contribute at 

surface (Liu & Allan, 

2018 J. Clim; Hu et al. 

2018 Clim. Dyn.)

• 7

Top of atmosphere Surface

http://onlinelibrary.wiley.com/doi/10.1002/2015JD023264/full
http://dx.doi.org/10.1038/ngeo2828
https://journals.ametsoc.org/doi/10.1175/JCLI-D-17-0642.1
https://link.springer.com/article/10.1007/s00382-018-4232-1
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LAND/OCEAN ENERGY 

TRANSPORT ESTIMATE
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ESTIMATED VARIABILITY

IN ENERGY TRANSPORTS
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OCEAN HEAT TRANSPORT 26oN
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• Slightly larger than 

Trenberth & Fasullo

(2017) GRL (~1 PW)

• Agreement with 

magnitude of RAPID 

observations

• Variability: some 

agreement, ORAS5 

worse than ORAS4?
26oN

http://dx.doi.org/10.1002/2016GL072475
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SUMMARY & QUESTIONS
• Multi-decadal estimates of Earth’s energy imbalance/sea level broadly consistent 

(e.g. Cheng et al. 2017 Sci. Adv.; Allan et al. 2014 GRL; Nerem et al. (2018) PNAS)

• Advances in observing energy transports (Trenberth & Fasullo, 2017 GRL)

• Upper ocean mixed layer energy budget links EEI & surface warming rate (Roberts 

et al. 2015 JGR;  Hedemann et al. 2017 Nature Clim.; Xie & Kosaka 201 CCCR)

• What explains discrepancy in AMIP vs observed surface flux change?

• Distinct feedbacks on internal variability & forced change e.g. Brown et al. 2016; 

Xie et al. 2015 ; England et al. (2014)

• Do climate models underestimate low cloud amplifying feedbacks, internal 

variability &climate sensitivity? Marvel et al. 2018; Silvers et al. 2017 ; Yuan et al. 2018 

• Spatial patterns of warming crucial for feedbacks & climate sensitivity e.g. He & 

Soden (2016); Richardson et al. (2016); Ceppi & Gregory (2017); Andrews & Webb (2017) 

• Can radiative forcing spatial pattern drive temperature change?

• Are there missing dynamical feedbacks on warming?

• How does rebound from volcanic eruptions (e.g. Pinatubo) influence the climate 

system; is this represented by models?)

• Can fast water cycle/energy budget adjustments to forcings be observed?

• Combine energy/water(&salinity?/carbon?) budget constraints (Keith Haines)

http://advances.sciencemag.org/content/3/3/e1601545.full
http://onlinelibrary.wiley.com/doi/10.1002/2014GL060962/full
http://www.pnas.org/content/early/2018/02/06/1717312115
http://dx.doi.org/10.1002/2016GL072475
http://onlinelibrary.wiley.com/doi/10.1002/2016JC012278/full
http://dx.doi.org/10.1038/nclimate3274
http://link.springer.com/article/10.1007/s40641-017-0063-0
http://dx.doi.org/10.1175/JCLI-D-15-0384.1
http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo2581.html
http://dx.doi.org/10.1038/nclimate2106
http://dx.doi.org/10.1002/2017GL076468
http://onlinelibrary.wiley.com/doi/10.1002/2017GL075583/abstract
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2018GL077904
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-14-00597.1
http://dx.doi.org/10.1038/nclimate3066
http://www.pnas.org/content/114/50/13126
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-17-0087.1

