( )

1 Introduction

The development of a theory of climate sensitivity needs o
better understanding of the interaction of aerosols, clouds and
circulation ([1]), in particular its impact on Equilibrium Climate
Sensitivity (ECS) and Transient Climate Response (TCR).

We show a close correlation between the warming from
1970—2005 and TCR, that is supported by the Forcing-

Feedback Framework. Using the observed warming over this
period we infer a TCR of 1.60 K.
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2 Emergent Constrains

An emergent constraint is a mathematical relationship derived
from model data between quantities: a non-observable and
an observable. The estimation sets the values of the non-
observable quantity consistent with reality (see figure below,

from [2]).
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The core assumption is that real world is a data point. The
pittall of emergent constraints is that they have no physico

support by themselves. In this study, we propose a constraint
supported by the Forcing-Feedback Framework.
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F R 3 Forcing-Feedback framework )
N

N, This is the principle of conservation of

energy: Forcing plus feedback equate the net

energy inside the system.

Earth system has (a) a low-heat-capacity mixed-layer encompassing
the atmosphere, land and upper ocean and (b) a high-heat-capacity
deep ocean. This is the Two-Layer Model (TLM) ([3]), with two

imiting cases:

1) Mixed-Layer Model (MLM): Deep ocean as a heat sink. Forcing

comparable to the mixed-layer heat capacity.

2) Zero-Layer Model (ZLM): Deep ocean as a heat sink. Mixed-layer

. heat capacity negligible in comparison to forcing. y
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We take the difference of the average temperatures of 1970—1989
and 1995—2005 to factor out Mount Pinatubo eruption. ZLM
regime suggest a relationship to TCR given by:

TCR = 22 AT (1)
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.1 Observations

We used HadCRUT4, GISTEMP and NOAA GlobalTemp
observations and we considered the MPI-ESM1.1 Grand Ensemble
variability as an estimate of the variability of the observationadl
estimate.
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We used data from 32 CMIP5 models and, in addition, the MPI-
ESM1.1 100-member Grand Ensemble and MPI-ESM1.2.01-

highECS in which we moditied the tropical shallow convection ([4])
and mid-latitudes mixed-phase clouds to test it it can reproduce
historical warming with the aid of aerosol indirect effect ([5]). TCR is
calculated as the average of a 10-year period around year 70 of
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The regression is statistically signiticant, as well as the slope. Although the y-intercept is greater than zero, it is not
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gher than 1.32 K from [6].

TCR and [1970,1989] U [1995,2005] AT

3.0 3.0

TCR and [1970,1989] U [1995,2005] AT

statistically significant
TCR = (4.06 £ 0.633)AT + (0.1 £0.2)
Considering (1) and the historical total forcing, we find that
- TCR = 3.8AT )
6 Conclusions h

From the regression, ZLM expression (1) and statistical significance tests we conclude that there is a robust
emergent constraint for TCR in terms of the 1970-2005 warming. The emergent constraint gives a TCR of 1.60 K,

1
—— Observations w /variability of MPI-ESM1.1 I
= (MIP5 Data Regression
— - 95% Prediction Band
Zero-Layer Model
= Mixed-Layer Model (ECS < [0.1,10]K)
—— Two-Layer Mcdel (e = 1, v = 1)
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