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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]).

1 Introduction 

The development of a theory of climate sensitivity needs a 
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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<latexit sha1_base64="6WNw3wyziwhLWHr3dy7B2bfIb0M=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXYOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Ht3G8/ojYyiR9okqIf8WEsQyk42VHjvl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87oZhdf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdVzq17jslK7yQ9RhBM4hXPw4ApqcAd1aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj2+ihYpr</latexit><latexit sha1_base64="6WNw3wyziwhLWHr3dy7B2bfIb0M=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXYOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Ht3G8/ojYyiR9okqIf8WEsQyk42VHjvl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87oZhdf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdVzq17jslK7yQ9RhBM4hXPw4ApqcAd1aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj2+ihYpr</latexit><latexit sha1_base64="6WNw3wyziwhLWHr3dy7B2bfIb0M=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXYOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Ht3G8/ojYyiR9okqIf8WEsQyk42VHjvl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87oZhdf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdVzq17jslK7yQ9RhBM4hXPw4ApqcAd1aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj2+ihYpr</latexit><latexit sha1_base64="6WNw3wyziwhLWHr3dy7B2bfIb0M=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXYOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Ht3G8/ojYyiR9okqIf8WEsQyk42VHjvl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87oZhdf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdVzq17jslK7yQ9RhBM4hXPw4ApqcAd1aIIAhGd4g3dn4Dw5L87rT7Tg5H+O4Y+cj2+ihYpr</latexit>

N
<latexit sha1_base64="C52/Q2qYJI/RnHRcBy5ILz8XDbM=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaVJGAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nMLa+sbmVnG7tLO7t39QPjxqmSTTApsiUYnuBNygkjE2SZLCTqqRR4HCdjC+nfvtR9RGJvEDTVL0Iz6MZSgFJztq3PfLFbfqLsRWwcuhArnq/fJnb5CILMKYhOLGdD03JX/KNUmhcFbqZQZTLsZ8iF2LMY/Q+NPFojN2Fiaa0QjZ4v07O+WRMZMosJmI08gse/Phf143o/Dan8o4zQhjYSPWCzPFKGHzvmwgNQpSEwtcaGm3ZGLENRdkr1Ky9b3lsqvQuqh6btVrXFZqN/khinACp3AOHlxBDe6gDk0QgPAMb/DuDJwn58V5/YkWnPzPMfyR8/ENnI2KZw==</latexit><latexit sha1_base64="C52/Q2qYJI/RnHRcBy5ILz8XDbM=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaVJGAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nMLa+sbmVnG7tLO7t39QPjxqmSTTApsiUYnuBNygkjE2SZLCTqqRR4HCdjC+nfvtR9RGJvEDTVL0Iz6MZSgFJztq3PfLFbfqLsRWwcuhArnq/fJnb5CILMKYhOLGdD03JX/KNUmhcFbqZQZTLsZ8iF2LMY/Q+NPFojN2Fiaa0QjZ4v07O+WRMZMosJmI08gse/Phf143o/Dan8o4zQhjYSPWCzPFKGHzvmwgNQpSEwtcaGm3ZGLENRdkr1Ky9b3lsqvQuqh6btVrXFZqN/khinACp3AOHlxBDe6gDk0QgPAMb/DuDJwn58V5/YkWnPzPMfyR8/ENnI2KZw==</latexit><latexit sha1_base64="C52/Q2qYJI/RnHRcBy5ILz8XDbM=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaVJGAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nMLa+sbmVnG7tLO7t39QPjxqmSTTApsiUYnuBNygkjE2SZLCTqqRR4HCdjC+nfvtR9RGJvEDTVL0Iz6MZSgFJztq3PfLFbfqLsRWwcuhArnq/fJnb5CILMKYhOLGdD03JX/KNUmhcFbqZQZTLsZ8iF2LMY/Q+NPFojN2Fiaa0QjZ4v07O+WRMZMosJmI08gse/Phf143o/Dan8o4zQhjYSPWCzPFKGHzvmwgNQpSEwtcaGm3ZGLENRdkr1Ky9b3lsqvQuqh6btVrXFZqN/khinACp3AOHlxBDe6gDk0QgPAMb/DuDJwn58V5/YkWnPzPMfyR8/ENnI2KZw==</latexit><latexit sha1_base64="C52/Q2qYJI/RnHRcBy5ILz8XDbM=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaVJGAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nMLa+sbmVnG7tLO7t39QPjxqmSTTApsiUYnuBNygkjE2SZLCTqqRR4HCdjC+nfvtR9RGJvEDTVL0Iz6MZSgFJztq3PfLFbfqLsRWwcuhArnq/fJnb5CILMKYhOLGdD03JX/KNUmhcFbqZQZTLsZ8iF2LMY/Q+NPFojN2Fiaa0QjZ4v07O+WRMZMosJmI08gse/Phf143o/Dan8o4zQhjYSPWCzPFKGHzvmwgNQpSEwtcaGm3ZGLENRdkr1Ky9b3lsqvQuqh6btVrXFZqN/khinACp3AOHlxBDe6gDk0QgPAMb/DuDJwn58V5/YkWnPzPMfyR8/ENnI2KZw==</latexit>

Nd
<latexit sha1_base64="aAqG9CE7asIIU+0wXGJZY9osjwA=">AAAB5nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08SwU0CyRJmJ73JkNkHM71CWPILehL15gf5A/6Nk5iDioJ1qq6qhu4KMyUNue67U1paXlldK69XNja3tnequ3stk+ZaoC9SlepOyA0qmaBPkhR2Mo08DhW2w/HlzG/foTYyTW5pkmEQ82EiIyk4Wcm/7heDab9a8+ruHOxvUoMFmv3qW2+QijzGhITixnQ9N6Og4JqkUDit9HKDGRdjPsSupQmP0QTF/NgpO4pSzWiEbD5/zRY8NmYShzYTcxqZn95M/M3r5hSdB4VMspwwETZivShXjFI2+5kNpEZBamIJF1raK5kYcc0F2WYq/3u/dVL33Lp3c1prXCyKKMMBHMIxeHAGDbiCJvggQMIDPMOLM3LunUfn6TNachY7+/ANzusHzUqMTQ==</latexit><latexit sha1_base64="aAqG9CE7asIIU+0wXGJZY9osjwA=">AAAB5nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08SwU0CyRJmJ73JkNkHM71CWPILehL15gf5A/6Nk5iDioJ1qq6qhu4KMyUNue67U1paXlldK69XNja3tnequ3stk+ZaoC9SlepOyA0qmaBPkhR2Mo08DhW2w/HlzG/foTYyTW5pkmEQ82EiIyk4Wcm/7heDab9a8+ruHOxvUoMFmv3qW2+QijzGhITixnQ9N6Og4JqkUDit9HKDGRdjPsSupQmP0QTF/NgpO4pSzWiEbD5/zRY8NmYShzYTcxqZn95M/M3r5hSdB4VMspwwETZivShXjFI2+5kNpEZBamIJF1raK5kYcc0F2WYq/3u/dVL33Lp3c1prXCyKKMMBHMIxeHAGDbiCJvggQMIDPMOLM3LunUfn6TNachY7+/ANzusHzUqMTQ==</latexit><latexit sha1_base64="aAqG9CE7asIIU+0wXGJZY9osjwA=">AAAB5nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08SwU0CyRJmJ73JkNkHM71CWPILehL15gf5A/6Nk5iDioJ1qq6qhu4KMyUNue67U1paXlldK69XNja3tnequ3stk+ZaoC9SlepOyA0qmaBPkhR2Mo08DhW2w/HlzG/foTYyTW5pkmEQ82EiIyk4Wcm/7heDab9a8+ruHOxvUoMFmv3qW2+QijzGhITixnQ9N6Og4JqkUDit9HKDGRdjPsSupQmP0QTF/NgpO4pSzWiEbD5/zRY8NmYShzYTcxqZn95M/M3r5hSdB4VMspwwETZivShXjFI2+5kNpEZBamIJF1raK5kYcc0F2WYq/3u/dVL33Lp3c1prXCyKKMMBHMIxeHAGDbiCJvggQMIDPMOLM3LunUfn6TNachY7+/ANzusHzUqMTQ==</latexit><latexit sha1_base64="aAqG9CE7asIIU+0wXGJZY9osjwA=">AAAB5nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08SwU0CyRJmJ73JkNkHM71CWPILehL15gf5A/6Nk5iDioJ1qq6qhu4KMyUNue67U1paXlldK69XNja3tnequ3stk+ZaoC9SlepOyA0qmaBPkhR2Mo08DhW2w/HlzG/foTYyTW5pkmEQ82EiIyk4Wcm/7heDab9a8+ruHOxvUoMFmv3qW2+QijzGhITixnQ9N6Og4JqkUDit9HKDGRdjPsSupQmP0QTF/NgpO4pSzWiEbD5/zRY8NmYShzYTcxqZn95M/M3r5hSdB4VMspwwETZivShXjFI2+5kNpEZBamIJF1raK5kYcc0F2WYq/3u/dVL33Lp3c1prXCyKKMMBHMIxeHAGDbiCJvggQMIDPMOLM3LunUfn6TNachY7+/ANzusHzUqMTQ==</latexit>

Nt
<latexit sha1_base64="+djwLCm35vFVfbObvYC0ym7BHAw=">AAAB5nicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZdONKKpi20IYymd40Qyc/zNwIJfQVdCXqzgfyBXwbpzULrZ7VN/ecgXtukEmhyXE+rcrK6tr6RnWztrW9s7tX3z/o6DRXHD2eylT1AqZRigQ9EiSxlylkcSCxG0yu5373AZUWaXJP0wz9mI0TEQrOyIy822FBs2G94TSdhey/4JbQgFLtYf1jMEp5HmNCXDKt+66TkV8wRYJLnNUGucaM8QkbY99gwmLUfrFYdmafhKmyKUJ78f6ZLVis9TQOTCZmFOllbz78z+vnFF76hUiynDDhJmK8MJc2pfa8sz0SCjnJqQHGlTBb2jxiinEyl6mZ+u5y2b/QOWu6TtO9O2+0rspDVOEIjuEUXLiAFtxAGzzgIOAJXuHNiqxH69l6+Y5WrPLPIfyS9f4F4OeMWg==</latexit><latexit sha1_base64="+djwLCm35vFVfbObvYC0ym7BHAw=">AAAB5nicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZdONKKpi20IYymd40Qyc/zNwIJfQVdCXqzgfyBXwbpzULrZ7VN/ecgXtukEmhyXE+rcrK6tr6RnWztrW9s7tX3z/o6DRXHD2eylT1AqZRigQ9EiSxlylkcSCxG0yu5373AZUWaXJP0wz9mI0TEQrOyIy822FBs2G94TSdhey/4JbQgFLtYf1jMEp5HmNCXDKt+66TkV8wRYJLnNUGucaM8QkbY99gwmLUfrFYdmafhKmyKUJ78f6ZLVis9TQOTCZmFOllbz78z+vnFF76hUiynDDhJmK8MJc2pfa8sz0SCjnJqQHGlTBb2jxiinEyl6mZ+u5y2b/QOWu6TtO9O2+0rspDVOEIjuEUXLiAFtxAGzzgIOAJXuHNiqxH69l6+Y5WrPLPIfyS9f4F4OeMWg==</latexit><latexit sha1_base64="+djwLCm35vFVfbObvYC0ym7BHAw=">AAAB5nicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZdONKKpi20IYymd40Qyc/zNwIJfQVdCXqzgfyBXwbpzULrZ7VN/ecgXtukEmhyXE+rcrK6tr6RnWztrW9s7tX3z/o6DRXHD2eylT1AqZRigQ9EiSxlylkcSCxG0yu5373AZUWaXJP0wz9mI0TEQrOyIy822FBs2G94TSdhey/4JbQgFLtYf1jMEp5HmNCXDKt+66TkV8wRYJLnNUGucaM8QkbY99gwmLUfrFYdmafhKmyKUJ78f6ZLVis9TQOTCZmFOllbz78z+vnFF76hUiynDDhJmK8MJc2pfa8sz0SCjnJqQHGlTBb2jxiinEyl6mZ+u5y2b/QOWu6TtO9O2+0rspDVOEIjuEUXLiAFtxAGzzgIOAJXuHNiqxH69l6+Y5WrPLPIfyS9f4F4OeMWg==</latexit><latexit sha1_base64="+djwLCm35vFVfbObvYC0ym7BHAw=">AAAB5nicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZdONKKpi20IYymd40Qyc/zNwIJfQVdCXqzgfyBXwbpzULrZ7VN/ecgXtukEmhyXE+rcrK6tr6RnWztrW9s7tX3z/o6DRXHD2eylT1AqZRigQ9EiSxlylkcSCxG0yu5373AZUWaXJP0wz9mI0TEQrOyIy822FBs2G94TSdhey/4JbQgFLtYf1jMEp5HmNCXDKt+66TkV8wRYJLnNUGucaM8QkbY99gwmLUfrFYdmafhKmyKUJ78f6ZLVis9TQOTCZmFOllbz78z+vnFF76hUiynDDhJmK8MJc2pfa8sz0SCjnJqQHGlTBb2jxiinEyl6mZ+u5y2b/QOWu6TtO9O2+0rspDVOEIjuEUXLiAFtxAGzzgIOAJXuHNiqxH69l6+Y5WrPLPIfyS9f4F4OeMWg==</latexit>

H
<latexit sha1_base64="n6KSUzluOIqNrkcKszjLaJTIteQ=">AAAB4nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLzkmYB6QLGF20psMmX0w0yuEJT+gJ1FvfpI/4N84iTmoKFin6qpq6K4gVdKQ6747hbX1jc2t4nZpZ3dv/6B8eNQxSaYFtkWiEt0LuEElY2yTJIW9VCOPAoXdYHqz8Lt3qI1M4luapehHfBzLUApOVmo1huWKV3WXYH+TCqzQHJbfBqNEZBHGJBQ3pu+5Kfk51ySFwnlpkBlMuZjyMfYtjXmExs+Xh87ZWZhoRhNky/lrNueRMbMosJmI08T89Bbib14/o/DKz2WcZoSxsBHrhZlilLDFv2wkNQpSM0u40NJeycSEay7ItlL63/udi6rnVr3WZaV+vSqiCCdwCufgQQ3q0IAmtEEAwgM8w4szcu6dR+fpM1pwVjvH8A3O6weX7Ipk</latexit><latexit sha1_base64="n6KSUzluOIqNrkcKszjLaJTIteQ=">AAAB4nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLzkmYB6QLGF20psMmX0w0yuEJT+gJ1FvfpI/4N84iTmoKFin6qpq6K4gVdKQ6747hbX1jc2t4nZpZ3dv/6B8eNQxSaYFtkWiEt0LuEElY2yTJIW9VCOPAoXdYHqz8Lt3qI1M4luapehHfBzLUApOVmo1huWKV3WXYH+TCqzQHJbfBqNEZBHGJBQ3pu+5Kfk51ySFwnlpkBlMuZjyMfYtjXmExs+Xh87ZWZhoRhNky/lrNueRMbMosJmI08T89Bbib14/o/DKz2WcZoSxsBHrhZlilLDFv2wkNQpSM0u40NJeycSEay7ItlL63/udi6rnVr3WZaV+vSqiCCdwCufgQQ3q0IAmtEEAwgM8w4szcu6dR+fpM1pwVjvH8A3O6weX7Ipk</latexit><latexit sha1_base64="n6KSUzluOIqNrkcKszjLaJTIteQ=">AAAB4nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLzkmYB6QLGF20psMmX0w0yuEJT+gJ1FvfpI/4N84iTmoKFin6qpq6K4gVdKQ6747hbX1jc2t4nZpZ3dv/6B8eNQxSaYFtkWiEt0LuEElY2yTJIW9VCOPAoXdYHqz8Lt3qI1M4luapehHfBzLUApOVmo1huWKV3WXYH+TCqzQHJbfBqNEZBHGJBQ3pu+5Kfk51ySFwnlpkBlMuZjyMfYtjXmExs+Xh87ZWZhoRhNky/lrNueRMbMosJmI08T89Bbib14/o/DKz2WcZoSxsBHrhZlilLDFv2wkNQpSM0u40NJeycSEay7ItlL63/udi6rnVr3WZaV+vSqiCCdwCufgQQ3q0IAmtEEAwgM8w4szcu6dR+fpM1pwVjvH8A3O6weX7Ipk</latexit><latexit sha1_base64="n6KSUzluOIqNrkcKszjLaJTIteQ=">AAAB4nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLzkmYB6QLGF20psMmX0w0yuEJT+gJ1FvfpI/4N84iTmoKFin6qpq6K4gVdKQ6747hbX1jc2t4nZpZ3dv/6B8eNQxSaYFtkWiEt0LuEElY2yTJIW9VCOPAoXdYHqz8Lt3qI1M4luapehHfBzLUApOVmo1huWKV3WXYH+TCqzQHJbfBqNEZBHGJBQ3pu+5Kfk51ySFwnlpkBlMuZjyMfYtjXmExs+Xh87ZWZhoRhNky/lrNueRMbMosJmI08T89Bbib14/o/DKz2WcZoSxsBHrhZlilLDFv2wkNQpSM0u40NJeycSEay7ItlL63/udi6rnVr3WZaV+vSqiCCdwCufgQQ3q0IAmtEEAwgM8w4szcu6dR+fpM1pwVjvH8A3O6weX7Ipk</latexit>

4 Aerosol forcing 

Aerosol forcing since 1970 has 
lesser increase in comparison 
t o ca rbon d iox ide . Th i s 
suggests a better signal-to-noise 
relationship between warming 
and climate sensitivity.

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 =
F2x

�F
�T
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5 Results 

The regression is statistically significant, as well as the slope. Although the y-intercept is greater than zero, it is not 
statistically significant 

Considering (1) and the historical total forcing, we find that

TCR = (4.06± 0.633)�T+ (0.1± 0.2)
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4.1 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 observational 
estimate.

6 Conclusions 
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, 
20% higher than 1.32 K from [6].

The core assumption is that real world is a data point. The 
pitfall of emergent constraints is that they have no physical 
support by themselves. In this study, we propose a constraint 
supported by the Forcing-Feedback Framework.

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 
limiting 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.

3 Forcing-Feedback framework 

This is the principle of conservation of 
energy: Forcing plus feedback equate the net 
energy inside the system.

4.2 Models 

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 modified the tropical shallow convection ([4]) 
and mid-latitudes mixed-phase clouds to test if 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 
the 1pctCO2 experiments.


