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Tropospheric adjustment of Lower Tropospheric Stability (LTS) to CO2 doubling
(CFMIP1/CMIP3 slab ocean experiments)
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Negative response of MIROC3.2 leads to large inter-model difference?



Understanding the difference in LTS adjustment

Additional experiments with 3 GCMs

» MIROC3.2(T42L20) compared with HadGEM2-A(N96L38) and MIROC5.0(T85L40).
CMIP3 CMIP5

Experimental design

» Trop. adjustment evaluated by “4xC0O2 AMIP” minus “AMIP”, 1979-2008.
; difference in 30 years average between the two experiments. (Hansen et al. 2005)

» The above approach chosen to confirm the result of regression method.
(Gregory et al. 2004)

» Using MIROC3.2, four members of initial value ensemble runs obtained for
significance test (95%).

» For HadGEM-2 and MIROCS5.0, one member analyzed for each.



Tropospheric adjustment of LTS estimated from AMIP-type runs

LTS response (4xCO2 AMIP minus AMIP, Annual mean)

Negative adjustment found in MIROCS3.2 (over subtropical ocean).



S
Tropospheric adjustment of Cloud Radiative Effect (CRE) from AMIP-type runs

Shortwave CRE Response (4xCO2 AMIP minus AMIP, Annual mean)
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Positive adjustment in MIROC3.2, consistent with the LTS adjustment.
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Commentaires de présentation
MIROC3.2, mean=2.29 W/m-2,   MIROC5.0, mean=1.92 W/m-2,  HadGEM2-A, mean=0.479 W/m-2


Tropospheric adjustment of temperature profile from AMIP-type runs

Temperature response (4xCO2 AMIP minus AMIP, Zonal Annual mean)
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What causes the negative adjustment in mid-troposphere in MIROC3.2 ?
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Analysis of temperature tendency terms

oT _ Convective | Non-Convective , Longwave , Shortwave

E = Cloud + Cloud + Heating + Heating + Diffusion + Dynamics + Residual
7 .
= ZTI
i=1 T »
Integrating from t=0 to t=t’, and taking the 4xC0O2
difference between 4xCO2 and 1xCO2 by A, AT (t')

AT (') = (iﬁ ijxt' 1xCoz

Lt o

Consistency checked between T response, AT (t')

, and tendency terms response, ATi .



Tropospheric adjustment of temperature tendency terms in MIROC3.2
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Contribution from multiple terms to the negative AT in mid-troposphere.



Tropospheric adjustment of temperature tendency terms in MIROC3.2
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Contribution of Alnst. Forcing appears important to the negative AT.




Inter-model difference of Alnst. Forcing; is it consistent with AT ?

AT Alnst. Forcing
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Inter-model difference of Alnst. Forcing appears consistent with AT.



Pressure

Evaluation of Alnst. Forcing with Line-By-Line (LBL) calculations.

Instantaneous 4xCO2 Heating rate x 0.5 Longwave heating rate perturbation

(JJA mean, clear Sky, 30N-60N) COg: 287574 ppmyv (LW)
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Adapted from Collins et al. (2006), JGR, Fig.10

Radiative Transfer Model Intercomparison Project (RTMIP),
AR4 models including MIROC3, compared with LBLSs.
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The negative Alnst. Forcing in mid-troposphere may be guestionable.



Tropospheric adjustment of Lower Tropospheric Stability (LTS) to 2xCO2
(CFMIP1/CMIP3 slab ocean experiments)

d) LTS 2CO_ rapid response (K)
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Fig. 8 Lower Tropospheric Stability (LTS) composites of net, shortwave and longwave CRE
components of forcing over the low latitude oceans (30N /S) in the AR4 ensemble, and rapid
responses of LTS, Estimated Inversion Strength (EIS) and pressure velocity at 500 hPa.

Webb et al. submitted to Climate Dynamics
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Negative response of MIROC3.2 leads to large inter-model difference.



Summary

An example of model inter-comparison study on LTS adjustment presented.

» LTS reduction in MIROC3.2 reflects cooling in mid-troposphere
, Which can be explained by multiple factors, especially instantaneous
radiative forcing.

» Comparison with LBL calculation suggests that the negative forcing
In mid-troposphere is questionable.

» Inter-model difference in LTS adjustment is expected to decrease
with the above constraint (at least in CMIP3).
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T response [K]

Seasonal variation of Alnst. Forcing; is it related to AT ?
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Seasonal variation of Alnst. Forcing correlated with AT only in I\/IIROClg.
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Commentaires de présentation
Fig.8 季節変化の特徴も示すことでダメを押す。瞬時放射強制力、大事ですよね。
ここでは他のマルチモデルの結果を重ねて示すのも良さそう。


Forcing, feedback and tropospheric adjustment

[ N=Q—Y = ATs Gregory et al. (2004) ]

—VY-ATs
N: radiative imbalance at TOA (positive down, W/m2)

Q: radiative forcing

Y: climate feedback (W/m2/K)

ATs: global annual mean surface T change

[W/mA2]N
Q

A

Instantaneous CO2 increase in a GCM.
N & ATs monitored every year to make a scatter plot.

Draw a regression line.

Y-intercept — Q estimated (adjustment included)
Slope — Y estimated.
X-intercept — Climate sensitivity estimated.

[

ATeff ATs [K]
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Diversity in ATeff between GCMs results from diversity in Y and Q (including adjustment)



Lower Tropospheric static Stability (LTS)

AB=0(p=700mb) —B(p=sea level pressure, T=surface air temperature)
Klein and Hartmann (1993)

Stratus Cloud Amount vs. Stability
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Fici. 13. Scatterplot of seasonally averaged stratocumulus cloud
amount with seasonally averaged lower-tropospheric stability for the
five subtropical oceanic regions and the Chinese stratus region. In
addition, the June, July, and August seasonally averaged quantities
are plotied for the Nonh Pacific and MNorth Atlantic but are not
included in the regression.
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Fic. 14. Climatological values of lower-tropospheric static stability for the June, July, and August season
in degrees Celsius, Contour interval is 2°C.
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(d) MIROC3 4xCO2 AMIP — AMIP
T Tendencies (152E,18N)
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Fig.5 気温低下が最も顕著なPoint A について鉛直プロファイルを見る。
　　500hPa の気温低下にはDynamics とLW forcing の寄与が大きい。Dynamics は夏の効果と冬の効果がある（図略）。
　　700hPaではLW forcing の加熱に対してDynamcis, 雲の冷却が勝って冷却が実現している。
MIROC3.2 の中層冷却の仕組みは分かったとして、では同様の仕組みはMIROC5とHadGEM2に働かないのか？→メカニズム概観。
（以下、後で戻って来る）
一方、HadGEM2とMIROC5.0では（気温の応答が違うことをTendency termsの違いで説明する仮説を示す）。
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