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OUTLINE OF THE TALK

1. Models for the components of the global carbon budget

2. The dynamics of atmospheric concentrations C

3. The system model

4, Esimation: Residual diagnostics, Residual processes, Parameter
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6. Discussion: Budget imbalance, airborne fraction, sink rate
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ANTHROPOGENIC EMISSIONS

Delta log(World GDP)
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SINKS LINEAR IN CONCENTRATIONS
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LAND SINK
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OCEAN SINK
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AC = GROWTH IN ATM. CONCENTRATIONS
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THE DYNAMICS OF C

ACt == Et - S_LNDt - S_OCNt

= E; — P1Ct — B2Ct + &, &:~1(0) tO
(1+ﬁf+ﬁ§)€t—Ct_1=Eo+dt+xt+€t thZUS,i
=1
(1 —qL)C; = qEo + qdt + qx; + q . 1 1

Three insights:

t—1 t—1
qE, dq? ] [qu dq? ] dq - :
Ce =q"|Co — + + - + t+z J+1x_-+z IART A
t q 0 1_q (1_q)2 1_q (1_q)2 1_q j=0q t—j j=0q t—j

= o(1) +0(1) + 0(t) + I1(1) + 1(0) = 0(t) + I (1)

AC, = 1(0)

(1—qL)(1 - L)C; = qd + qAx; + qAe; = 1(0)

ERIC HILLEBRAND

Ol CREATES @ INDEPENDENT RESEARCH | b 'AACSB @AMB‘A ,/. VD
AAR"Blgg iﬂgﬁ; EJ?ITV?I?SFE(T)MI FUND DENMARK 15. DECEMBER 2020 ECONOMETRIC MODELS OF CLIMATE CHANGE [\ el [AREy - EQuis



THE SYSTEM MODEL

State equation Model 1

* 181 *
S_LND¢yq = C—OCt+1

. _Ba.
S_OCNpyy = C—Ct+1
0

Efy1 =Ef+d+ns,

State equation Model 2 Measurement equation

* :81 * *
S_LND¢yq = C_Ct+1 + B3S501¢41 Ce =Ct + Xyt
0
) By . S_LND, = S_LND{ + X, ,
S_OCNgyq = C_Ct+1 + B4S01¢ 44 .
0 S_OCNt == S_OCNt + X3,t

E{s1 = E{ + BsAlog GDPYS™'® + dummies + s,  E, = E;_, + Xy

Clyr = C; + G_ATM;,

G_ATM;,, = Ef,, —S_LND},, — S_OCN/,,

Xie = $1 X101+ M1t N1t [ of 112010, 1130903 0 0
Xot =Mt N2t 712010, o5 0 0 0
X3t = P3Xze—1+ M3 Zii MO 7'133103 8 0032 02 0 n4,t~N(O' Jé% Sé 11996)
’ oy O
Xt = Nag st 0 0 0 0 of
AT
(;?4‘/7-45‘\“\\3'7\
e N [ o Plaes <AV

R3] AARHUS UNIVERSITET




RESIDUAL DIAGNOSTICS

Model 1

Residual mean std dev skew kurt LB(1) JB DW
C 0.030 0.953 0.313 3.061 1.671 0.955 1.659
E 0.204 0.988 -1.372 8.084 0.002 80.66™* 1.897
S_LND -0.152 098 0.033 2.960 0.202 0.014 2.064
S.OCN 0.051 0997 0.263 2.843 0.050 0.729 1.906

Model 2
Residual mean std dev skew kurt LB(1) JB DW
C -0.031 0.879 -0.239 3.666 0.212 1.569 1.836
E 0.592 0.769 0.351 3.147 1.880 1.198 1.636

S LND -0.074 0.983 0.042 2.343 0.478 1.023 2.172
S OCN 0.032 0.961 0.135 3.441 0.242 0.622 2.093
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RESIDUAL PROCESSES
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PARAMETER ESTIMATES

Coeflicients Variances
estimate std err estimate std err

Model 2 c, (filt.) -6.77 0.05 021 0.83 0.20
co (filt.) -5.35 0.04 032 0.49 0.16
8, 720 090 o2  0.008  0.002
B 5.57 0.48 024 0.006 0.002
Bs (filt.) 3.15 0.30 sg 2.38 0.57
Be (filt.)  -0.11 0.08
Br (filt.)  -0.18 0.08
Bs (filt.)  -0.25 0.08
By (filt.)  -0.65 0.18
1 0.86 0.07
O3 0.74 0.11
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SIMULATIONS OF MODEL 1
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BUDGET IMBALANCE
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AIRBORNE FRACTION AND SINK RATE
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NOW-/FORECASTS

Forecasts of World GDP growth
from IMF and World Bank

2020 2021
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N/A N/A

2019

IMF 3.2%
World Bank 2.6%
Data 2.4%

Forecasts of SOI

from forecast model

of monthly SOI data
1866-1920, with
trigonometric seasonal
and second-order
trigonometric cycle w/
period about 4 years
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PROJECTIONS TO 2100
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CONCLUSIONS

« Specification of state-space model for Global Carbon Budget
«  World GDP as driver in emissions

e Sinks: linear in CO2 concentrations and in SOI

« CO2 concentrations are I(1) ranging on 1(2)

 Model allows for forecasting, projections, study of key variables such as airborne
fraction and sink rate

Future directions

* Include ensemble members for S_LND and S_OCN

* Factor model for drift in emissions using large macroeconomic dataset
« Higher resolution on Global Carbon Cycle module (MAGICC)

« Connection to temperatures (Energy Balance Models)

« Cointegration analysis
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