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1. Feedbacks: exploration

Are we forcing the
climate to change?




1. Feedbacks: exploration

Are we forcing the
climate to change?

.... Or there is a feedback in the climate
system which forces us to change?



Q1: What is a feedback?

forcing | model

response = A- forcing

response
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forcing | model | feedback
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response = A- forcing

pathway ,
response = + forcing
feedback
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The system with No feedback between variables
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d—C=cC+dA
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The system with No feedback between variables

The system with a feedback between A and C:

dA

—=qA +cC A C
dt

9 _dasec ]=(a C)

dt d e

How will J look with no self-feedbacks?



dA —_— .
o e 4A+cC At an equilibrium point

t O=aA+cC
d—C=dA+eC O=dA+eC
dt
J = “ A=(1+a)A+cC
d e

C=dA+(1+e)C

(1+a) (1+e)



dA

—=aA+cC (1+a) (1+e)
dt d
A C
dac =dA +eC a ¢ C
at /= d e
A=(1+a)A+cC
Let’s add a forcing C =dA + (1 + e)C
dA
— =aA F
dt ad+cCs A=(1+a)A+cC+F
‘Z_f=dA+eC C=dA+(1+e)C
Find solution: (1+a) (1+e)
d
A= F A C
l-cd-(+a)-(+e)+(1+a)(l+e) C

o dF '
Tl-cd-(+a)-(+e)+(+a)(+e)
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A=1—cd—(l+a)—(1+e)+(1+a)(l+e) (1+a) (1+e)
. dF d
l-cd-(l+a)-(+e)+1+a)I+e) A C
C
F
A= d S
1-L,-L,-L. +L,L 1-L
d F _4dF (1-L) is total feedback effect

1-L,-L,-L +LL 1-L



F

A=1—cd—(l+a)—(1+e)+(1+a)(l+e) (1+a) (1+e)
. dF d
l-cd-(l+a)-(+e)+1+a)I+e) A C
C
F
A= d S
1-L,-L,-L. +L,L 1-L
d F _4dF (1-L) is total feedback effect

"1-L,-L -L +LL 1-L

dA

A(l-L)=F 0=-A(-L)+F —=—A(l-L)+F
cl-L)=d F 0=-Cl-L)+d-F d—C=—C(1—L)+d-F
dt

A and C are independent!



2. Feedbacks: from models

climate projection

model

forcing scenario

a-forcing

n-forcing

human activities

natural factors
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climate projection

model | feedback ‘

forcing scenario

a-forcing

n-forcing

human activities

natural factors

a-emissions

sun
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n-emissions




2. Feedbacks: from models

climate projection

model | feedback

-----------

forcing scenario . el-nino :

a-forcing | n-forcing

human activities | natural factors

a-emissions sun

volcanoes

n-emissions

.... climate projection uncertainties should be also defined in terms of
the uncertainties of climate feedbacks.
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3. Feedbacks: from observations




Q2: Is it possible to recognize feedbacks in the
climate system solely through observations?

forcing | model | feedback

response

observations

we have these



Q2: Is it possible to recognize feedbacks in the
climate system solely through observations?

estimated
a-forcing | n-forcing forcing | model | feedback
unknown forcing response

response | response

Can we learn | observations

about this? A2: Yes, in very
we have these simplified system!




Andronova et al. (2009)

AN, N
Ayr =
\ an
dl

Apy = — AT,

aNtoa

L=ayrapy
athwa

response = P Y forcing

(1-L)
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Ayr = F“:a
Ay = It AT,
oN,,,
L=ayrapy
AN, = L(awv)
1-L

response =

pathway

(1-L)

forcing



pathway
(1-L)

response = forcing




pathway

response = forcing
(1-L)
Apy
V I fOCI
Ayr =
aT
AT, «— E
\ Arg

L=ayray

Total feedback effect

Name L=ap.ay;

obs L=+0.020
a,,=—0.0196

ayr=-—1.02

Ml L = +0.009
= -0.0086

a,;=—1.08

M2 L = +0.067
a,, = +0.0251

a,,=+2.68

Andronova et al. (2009)



pathway

response = orcin
p (1-L) f 5 Total feedback effect
Any
\% » ANtoa oN., Name L=aay
Ay =
\ I, obs || L= +0.020
aT’ _
a'l"\' = 3 ATS <4— E Ay —0.0196
- Ny, Arg y -—
L=ayrap, Gar— "
, M1 L = +0.009
/ = —0.0086
Ayy Prw a,=—1.08
V —/™» AN by -
M2 L =+0.067
b, a,, = +0.0251
E
bm N AT —E ay, = +2.68

L=Ly,+Ly+Ly,, Andronova et al. (2009)



Q3: When compiling climate scenarios for the
attribution of future climate, should we take into
account the “natural variability” of the climate
system?

estimated

a-forcing | n-forcing

unknown forcing

response | response

natural

variability? observations

A3: We explore
we have these the answer next ...



1. The climate system is not in equilibrium, and
its forcing is not constant.

2. A transient forcing is a set of independent
impUISeS. forcing

time

3. All forcing “impulses” initiate independent
responses (e.g. no synergism).

forcing driven

/

response M
14
tim

e



4. A feedback might be in place if lag between

forcing and response exists. — “feedback driven
detectable

system”. response /:\Cvel
/7' o time

forcing has been initiated

[T [
e e e e e —

5. We assume that a climate system’s response
to forcing is generated by the set of feedbacks,
defined by the system’s structural relationships.

AN AW
by =

s
athwa , Ayy aw oW
responce = p(l L)y forcing vV — AN a bur =1
— )“_, =




We assume that in a system dominated by
forcing, the system’s response patterns are
independent:

Var( X +Y) =Var(X)+Var(Y)+2Cov(X,Y)
Var(X)*Var(Y) = (rCov(X,Y))2

Forcing score derived from two responses:

In(Var(U,) + In(Var(U,) =2In(rCov(U,,U,)
Cov(U,,U,) —0;
In(Var(U,) + In(Var(U,)) —> -
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Var(AF) = AzVar(F )

response residual forcing

The ratio (R) of two
response variability

patterns represents the
RF’s tendency.

R -1 = In(Var(U,) -1n(Var(U,) =0



GFDL SM2.0, 2xC02 {run1) 2xCOZ equilibrium experiment cutput for IPCC AR4 and US

Var(AF) = X’Var(F)

response residual forcing

The ratio (R) of two
response variability
patterns represents the
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Var(AF) = X*Var(F)

response residual forcing

The ratio (R) of two
response variability -

patterns represents the

RF’s tendency.
R —1 =In(Var(U,) -In(Var(U,) —0
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20th century January-July 2xCO2

I ONGITUDF

Thus, though one cannot separate individual
feedbacks from observations, it is possible to
determine whether feedback is or is not present.



