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Syukuro Manabe, urodzony 1931, 
doktorat 1959, University of Tokyo

Nagroda Nobla z fizyki 2021 
"za fizyczne modelowanie klimatu 
Ziemi, ilościowe określanie 
zmienności i wiarygodne 
przewidywanie globalnego 
ocieplenia" 



Uśredniony bilans energii systemu klimatycznego. Wartości w W/m2. 
W nawiasach zakres niepewności i zmienności. https://www.ipcc.ch/report/ar6/wg1/figures/chapter-7/figure-7-2/



W modelach klimatu wykorzystujemy matematyczne 
sformułowania praw fizyki co pozwala w sposób ilościowy 
symulować oddziaływania między elementami systemu 
klimatycznego.

W ten sposób możemy np. badać odpowiedzi systemu klimatycznego na 
wymuszenia czy badać sprzężenia w systemie klimatycznym.

Sp – parametr stabilności 
(gradient temperatury),
 J – diabatyczne 
ogrzewanie/chłodzenie



  



  



  

1) Rachunki równowagi 
radiacyjnej – na dnie i szczycie 
atmosfery równowagi strumieni 
krótko- i długofalowych.

2) Dołożenie „convective 
adjustment” = transportu ciepła 
od powierzchni w procesach 
konwekcyjnych.
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3) Dołożenie obecności chmur 
w modelu radiacyjnym.

4) Dołożenie rzeczywistych 
(obserwacyjnych) profili 
najważniejszych gazów 
cieplarnianych.



  



  



  



  



  https://www.ecmwf.int/en/research/climate-reanalysis



  



  



  



  



  



  



  



  



  



  



Clouds and Convective Self‐Aggregation in a Multimodel 
Ensemble of Radiative‐Convective Equilibrium Simulations.

Hourly averaged outgoing longwave radiation (W m−2) at Day 
80 of the RCE_large300 simulation for all cloud-resolving 
models. Each panel displays a different model and the size 
of each panel represents the domain size, which varies 
slightly across models.

J Adv Model Earth Syst, Volume: 12, Issue: 9, First 
published: 20 July 2020, DOI: (10.1029/2020MS002138) 



Clouds and Convective Self‐Aggregation in a 
Multimodel Ensemble of Radiative‐
Convective Equilibrium Simulations

Hourly averaged outgoing longwave radiation 
(W m−2) at Day 80 of the RCE_large300 
simulation for all global models (except for 
IPSL-CM6, which reported daily averaged 
output). All models shown are GCMs with 
parameterized convection (panels a–k) 
except MPAS, NICAM, and SAM (panels l–
n), which are global cloud-resolving models 
that employ reduced Earth radius of RE/8, 
RE/4, and RE/4, respectively, and are shown 
to scale and, in the box, zoomed in.



Horizontal-mean relative humidity 
profile, averaged in time 
excluding the first 75 days of 
simulation of the RCE_small (top 
row a–d) and RCE_large (bottom 
row: e–h) simulations at 300 K. 
The first column (a, e) includes 
all models that performed each 
type of simulation, where the 
black line is the ensemble mean, 
the blue shading shows the 
range across all models, and the 
orange lines indicate the 
interquartile range (IQR). The 
other columns display each 
subgroup of models: models with 
parameterized convection 
(second column: b, f), CRMs 
(third column: c, g), models that 
performed RCE_small_vert 
(dashed) and RCE_small_les 
(solid) simulations (panel d; 
RCE_small_les simulations are 
averaged over Days 25–50), and 
GCRMs (panel h).



Horizontal-mean total cloud water 
condensate profile, averaged in time 
excluding the first 75 days of 
simulation of the RCE_small (top 
row: a–d) and RCE_large (bottom 
row: e–h) simulations at 300 K. The 
first column (a, e) includes all models 
that performed each type of 
simulation, where the black line is the 
ensemble mean, the blue shading 
shows the range across all models, 
and the orange lines indicate the 
interquartile range (IQR). The other 
columns display each subgroup of 
models: models with parameterized 
convection (second column: b, f), 
CRMs (third column: c, g), models 
that performed RCE_small_vert 
(dashed) and RCE_small_les (solid) 
simulations (panel d; RCE_small_les 
simulations are averaged over Days 
25–50), and GCRMs (panel h).



In summary, despite some robust behaviors, there is substantial disagreement across the 
RCEMIP ensemble in representations of cloudiness, self-aggregation, and climate 
sensitivity. Some readers may find this discouraging or surprising (perhaps hoping that 
models with explicit convection might have agreed better), while some readers may have 
anticipated that the many degrees of freedom in how models may achieve RCE would 
result in divergent behavior. 
Indeed, because RCE is relatively unconstrained, with convection left free to evolve as 
long as energy balance is still met, it is a tough test for models. We argue that this is a 
benefit of RCE, rather than a weakness. The divergent behavior in RCEMIP reveals the 
true sensitivities to representations of convection, microphysics, turbulence, and dynamical 
cores, sensitivities that might be masked in other comparisons by constraints imposed by 
large-scale circulations. Furthermore, the RCEMIP results show that the wide range of 
equilibrated states is not due to differences in the basic configuration such as SST, 
CRM grid spacing, insolation, or initialization, as there is a large spread despite 
constraining these factors to be the same. Instead, the different responses must be due 
to differences in model physics and/or numerics.
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