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Climate and Economics

o Greenhouse gases (GHGs) in atmosphere trap heat radiation (infrared
light).
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Climate and Economics

o Greenhouse gases (GHGs) in atmosphere trap heat radiation (infrared
light).

@ Heat is transported up through atmosphere in other ways (mainly
convection) until GHG concentration is sufficiently low to permit
IR-radiation.

@ Works like a blanket and the blanket gets thicker with more CO; in
the atmosphere.

o Effects first quantified by Svante Arrhenius (1896).

@ In combination with carbon cycle, every additional ton of a CO;
emissions has an approximately constant and permanent effect on the
global mean temperature (IPCC, 2021).

@ The global mean temperature at time t is approximately proportional
to over time cumulative global emissions. T; = occr Yt_g Ms.
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Cumulative emissions and Global Mean Temperature
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Figure: IPCC (2021), Physical Science Basis, Figure TS.18
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Policy prescription easy in principle - difficult in practice

@ Emissions constitute an externality. Global emissions of CO, mixes
quickly in the atmosphere and affect the climate everywhere.
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Policy prescription easy in principle - difficult in practice

@ Emissions constitute an externality. Global emissions of CO, mixes
quickly in the atmosphere and affect the climate everywhere.

@ The presence of externalities implies a market failure, easy to fix in
principle but policy advice must be quantitative.

o Carbon stays in atmosphere very long time and affects all parts of the
world but in very different ways.

@ Large and hard-to-quantify uncertainty:

o According to the latest (6th) IPCC report, occr is "likely"
0.27-0.63°C/ TtCO,. Current human effect 0.8-1.3°C. Short-lived
cooling effect from aerosols 0-0.8°C.

e Equally large uncertainty regarding economic sensitivity to climate
change, in particular in long-run.

@ Given Knightian uncertainty, standard CB-calculations of optimal tax
given a particular set of assumptions not convincing.

@ Policy mistakes/failures inevitable. Important to find robust polices.
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@ Develop global Integrated Assessment Model including a neoclassical
growth model with carbon-cycle and climate blocks that builds on
Nordhaus. (parameters from Folini, et al. 2024)
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1°regions, collected into the real world countries. Use G-Econ-data on
population and production for each region in 2005 for calibration.
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@ How far can a modest uniform carbon tax go to limit global warming

and damages around the world?
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@ Is an ambitious climate policy robust to different assumptions on
climate sensitivity in a heterogenous perspective?.
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@ Develop global Integrated Assessment Model including a neoclassical
growth model with carbon-cycle and climate blocks that builds on
Nordhaus. (parameters from Folini, et al. 2024)

@ Many sources of energy and large degree of heterogeneity. 16 443 1°x
1°regions, collected into the real world countries. Use G-Econ-data on
population and production for each region in 2005 for calibration.

© Despite complexity, model is very easy to solve and highly accessible
to others, i.e., no need for advanced numerical toolboxes. Easy to
calibrate and straightforward to extend.

@ Not focusing on optimal policy, instead answering questions such as:

@ How far can a modest uniform carbon tax go to limit global warming
and damages around the world?
@ How costly is it to deviate from tax uniformity and allow poor countries

to not tax carbon?
@ Is an ambitious climate policy robust to different assumptions on
climate sensitivity in a heterogenous perspective?.

© Proof of concept at this stage.
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The economy: countries, regions and people.

@ Each country j is divided in 1°Xx 1° latitude-longitude regions indexed
by /.
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The economy: countries, regions and people.

@ Each country j is divided in 1°Xx 1° latitude-longitude regions indexed
by /.

o Citizens (consumers) in each country identical and price taking. Their
number in country j is Nj; which changes exogenously over time.

o They maximize Y2 ; N;:B" log(cj:) where cj; is per capita
consumption of a single good.

@ Labor, capital and domestically produced fuels freely mobile across
the regions in a country but cannot move across countries.

@ Consumers decide how much to consume and to save in next periods
capital stock.

@ Some countries are classified as producers of conventional oil. Citizens
there only decide how much oil to sell to the rest of the world.
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The economy: markets and taxes.

@ Within each country there is a frictionless and competitive market for
labor, capital and domestic energy sources.
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@ There is a frictionless international market for (conventional) oil.
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The economy: markets and taxes.

@ Within each country there is a frictionless and competitive market for
labor, capital and domestic energy sources.

@ There is a frictionless international market for (conventional) oil.
@ There is no international capital market.

@ Each country has an exogenous carbon tax on emissions that is
rebated back as a negative income tax.
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The economy: energy supply

e Final output in region i and country j is given by

uyt it

Aje <K”‘ N VJEVJ)
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@ where K, N and E is capital, labor and energy services. ;<1
interpreted as land being a scarce and fixed resource.
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@ where K, N and E is capital, labor and energy services. ;<1
interpreted as land being a scarce and fixed resource.

e E is produced using oil and domestic energy sources (coal, fracked oil
and green) in a nested CES.

@ Domestic energy sources are produced at fixed but heterogenous and
time varying costs in terms of the final good.

° /A4,-jt is region specific TFP which will have a region specific
component, a country specific trend (catch-up) and a climate effect
with a region specific sensitivity to global warming.
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The economy: energy supply

e Final output in region i and country j is given by

l—a—v; v
Age (KNG ER )"
@ where K, N and E is capital, labor and energy services. ;<1
interpreted as land being a scarce and fixed resource.

e E is produced using oil and domestic energy sources (coal, fracked oil
and green) in a nested CES.

@ Domestic energy sources are produced at fixed but heterogenous and
time varying costs in terms of the final good.

° /A4,-jt is region specific TFP which will have a region specific
component, a country specific trend (catch-up) and a climate effect
with a region specific sensitivity to global warming.

@ In conventional oil producing countries, oil in extracted costlessly
from a reserve with a fixed initial size.
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The economy: country aggregation

@ Given distribution of TFPs across regions, the competitive equilibrium
implies labor and capital allocated to equalize wage and marginal
productivity of capital within each country.
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The economy: country aggregation
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@ We show this implies that per capita output net of energy costs in
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@ Given distribution of TFPs across regions, the competitive equilibrium
implies labor and capital allocated to equalize wage and marginal
productivity of capital within each country.

@ We show this implies that per capita output net of energy costs in
each country j, denoted yj;,is

vj9; )
Vi®i\ Vi T ay
yjie = (1= Vj(Pj) ( P A 7Kyl

@ pj; is the perfect price index of energy services, A
1 N\ 1-9;
(Z, 1 (A,ﬁN(P’ )“”f) a convex weighted average of

regional TFPs and k;j; the per capita capital stock.

o Net aggregate country output becomes a Cobb-Douglas in labor and
capital!
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Oil supply

@ In oil producing countries, savings means leaving oil in ground with a
being the oil price growth p‘th.
,0
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Oil supply

@ In oil producing countries, savings means leaving oil in ground with a
being the oil price growth p‘th.
@ The Euler equation is then,
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@ Substitution and income effects of prices cancel with log utility.
Supply is independent of current and future oil price.
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Oil supply

@ In oil producing countries, savings means leaving oil in ground with a
being the oil price growth ”EJ.
@ The Euler equation is then,

1 1 Pt+1,0

Cjt Cj,t+1  Pt,o
@ Substitution and income effects of prices cancel with log utility.
Supply is independent of current and future oil price.
If Njy = Nj, (1 — B) of remaining oil reserve is sold every period.
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Oil supply

@ In oil producing countries, savings means leaving oil in ground with a
being the oil price growth ";IJ.
@ The Euler equation is then,

1 1 Pt+1,0

Cit Cj,t+1  Pt,o

@ Substitution and income effects of prices cancel with log utility.
Supply is independent of current and future oil price.

o If Ny = N, (1 — B) of remaining oil reserve is sold every period.

@ With population growth, supply remains completely inelastic and
independent of future prices. The share saved, sj; satisfies:

_ BNje+1/ Nje
1 —sjry1+ BNjey1/ Nj

Sjt
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Oil supply

@ In oil producing countries, savings means leaving oil in ground with a
being the oil price growth "EJ.
@ The Euler equation is then,

1 1 Pt+1,0

Cit Cj,t+1  Pt,o

@ Substitution and income effects of prices cancel with log utility.
Supply is independent of current and future oil price.

o If Ny = N, (1 — B) of remaining oil reserve is sold every period.

@ With population growth, supply remains completely inelastic and
independent of future prices. The share saved, sj; satisfies:

_ BNje+1/ Njt
1 —sjry1+ BNjey1/ Nj
@ A higher population growth implies larger weight on future per capita

consumption. A temporarily higher population growth implies oil
supply converges to 1 — 8 from below.

Sjt
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@ We showed that net production becomes a Cobb-Douglas. Full capital
depreciation and taxes distributed as negative income tax implies that
savings rate is completely determined by parameters and population
growth.
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@ We showed that net production becomes a Cobb-Douglas. Full capital
depreciation and taxes distributed as negative income tax implies that
savings rate is completely determined by parameters and population
growth.

e Without population growth, savings rate is determined by 8 and
parameters in production function determining marginal productivity

of capital, s;; = [Sal_(f[cp .
i)
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@ We showed that net production becomes a Cobb-Douglas. Full capital
depreciation and taxes distributed as negative income tax implies that
savings rate is completely determined by parameters and population
growth.

e Without population growth, savings rate is determined by 8 and
parameters in production function determining marginal productivity
of capital, sjz = Bag

VJ‘P
@ With population growth, we get the easily solved recursion

XpQ;
lﬁvcpNH‘l/Nﬁ

Sit =
T PO Ny /N
= Sjt41 + =T it+1/ Nje
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@ We showed that net production becomes a Cobb-Douglas. Full capital
depreciation and taxes distributed as negative income tax implies that
savings rate is completely determined by parameters and population
growth.

e Without population growth, savings rate is determined by 8 and
parameters in production function determining marginal productivity
of capital, sjz = Bag

VJ‘P
@ With population growth, we get the easily solved recursion

XpQ;
lﬁvcpNH‘l/Nﬁ

Sit =
T PO Ny /N
= Sjt41 + =T it+1/ Nje

from above.

@ Savings converge to Bai—
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Emission and carbon circulation

@ Global emissions M; are the sum of all uses of coal, conventional oil
and fracked oil (measured in GtC). This enters into a 3-reservoir
(atmosphere S;, biosphere+surface ocean SV, and deep ocean S\)
linear carbon cycle model.
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Emission and carbon circulation

@ Global emissions M; are the sum of all uses of coal, conventional oil
and fracked oil (measured in GtC). This enters into a 3-reservoir
(atmosphere S;, biosphere+surface ocean SV, and deep ocean S\)
linear carbon cycle model.

@ ldea is that flows are proportional to size of source reservoir:

St=St-1 = —¢1St-1+ Py S 1+ Mea (1)
StU - Stu—l = ‘P125t*1 - (4721 + ‘P23) 51:U—1 + ¢325tL—1 (2)
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Emission and carbon circulation

@ Global emissions M; are the sum of all uses of coal, conventional oil
and fracked oil (measured in GtC). This enters into a 3-reservoir
(atmosphere S;, biosphere+surface ocean SV, and deep ocean S\)
linear carbon cycle model.

@ ldea is that flows are proportional to size of source reservoir:

St=St-1 = —¢1St-1+ Py S 1+ Mea (1)
StU - Stu—l = ‘P125t*1 - (4721 + ‘P23) 51:U—1 + ¢325tL—1 (2)
StL - StL—l = 4;2351{1_1 - ‘P325tL—1- (3)

@ The carbon cycle model determines a path of the size of the
atmospheric carbon reservoir, i.e., the atmospheric CO, concentration
(note that 1 GtC corresponds to 0.47 ppm COy).
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o We use the two-temperature (T;, T}) energy budget model:

X Si1
Tt — Tt,]_ = 01 (In2|n ( ;0 ) —Kthl — 02 <Tt71 — TtL_1)>

TtL - TtL—l = 03 (thl - TrL—1>
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o We use the two-temperature (T;, T}) energy budget model:

X Si1
Tt — Tt,]_ = 01 (|n2|n ( ;0 ) —Kthl — 02 <Tt71 — TtL_1)>

TtL - TtL—l = 03 (thl - TtL—l)

@ Together, the carbon cycle and climate model well replicates historic
data as well as simulations of difference future scenarios from Earth

System Models.
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CO2 Concentration and Global temperatures 1850-2023

Climate change

192 1940 1955 1970 1985 2000 2015

«——Tatm model === Tempdata ==——PPM model === PPM Data
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Downscaling

@ Given different emission scenarios, our model predicts a path for the
global mean temperature T;.
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@ Given different emission scenarios, our model predicts a path for the
global mean temperature T;.
@ The region (1°x 1° ) specific TFP is:

Ajje = €D (Tjje) .

zjj; captures global productivity trends and country specific catch-up.
D is the effect due to the local temperature Tjj;.
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Downscaling

@ Given different emission scenarios, our model predicts a path for the
global mean temperature T;.
@ The region (1°x 1° ) specific TFP is:

Ajje = €D (Tjje) .

zjj; captures global productivity trends and country specific catch-up.
D is the effect due to the local temperature Tjj;.

@ Need to predict temperature T; ; ; in each region. Done by statistical
downscaling. ldea is to run the regression

Tije = B; ; Tt + €ije

either with historic data or using output from Earth System model.
@ This provides a reasonably good fit.
@ Regression coefficient /AS,-J- (here taken from Cruz and
Rossi-Hansberg, 2021).is region specific sensitivity of the local

temperature the global. We use thisin D (B, T;

HKO (IIES, IIES, Riksbank) Climate Policy in the Wide World Madrid, November 2024 15 / 25




Sensitivity to Global Mean Temperature change
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Climate change effects

@ Expanding literature on empirical estimates of climate change effects
uses either time or space variation in local climate. Both exogenous.
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@ So far, little consensus but a typical (but not universal) finding:
higher temperatures good (bad) in cold (hot) countries with a bliss
point slightly below the average global temperature (15°C).
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@ We use the G-Econ database on regional (1 x 1° grid) GDP and
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Climate change effects

@ Expanding literature on empirical estimates of climate change effects
uses either time or space variation in local climate. Both exogenous.

@ So far, little consensus but a typical (but not universal) finding:
higher temperatures good (bad) in cold (hot) countries with a bliss
point slightly below the average global temperature (15°C).

@ We use the G-Econ database on regional (1 x 1° grid) GDP and
population in 2005.

@ Using our model, we can back out regional TFP in 2005.
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GDP and Population vs. temperature
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Temperature and TFP

@ Combine calculated regional TFP and average regional temperature
1980-2008 to calibrate relation between local temperature and TFP.

;7(4
D(Tje) = exp(x1 Tjje) (1 + exp(x2(Tjje — x3))) 2 (Cruz and
Rossi-Hansberg, 2021).

Regional TFP Versus regional temperature
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Solution of model

@ Solve for the saving rates Vj (no endogenous variables) for all time
periods. This solves all forward-looking problems in the model. Rest
can be solved period by period.
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@ All variables but world market price of oil has closed form analytical
solutions.
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Solution of model

@ Solve for the saving rates Vj (no endogenous variables) for all time
periods. This solves all forward-looking problems in the model. Rest

can be solved period by period.

@ All variables but world market price of oil has closed form analytical
solutions.

@ Solving the model for 200 years and 16 000 regions takes about a
minute.
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Solution of model

@ Solve for the saving rates Vj (no endogenous variables) for all time
periods. This solves all forward-looking problems in the model. Rest
can be solved period by period.

@ All variables but world market price of oil has closed form analytical
solutions.

@ Solving the model for 200 years and 16 000 regions takes about a
minute.

o Calibrate to output and GDP in 2005 and distribution of emissions
across countries.
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Initial GDP and emissions
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Experiment: A modest tax

o Effect of a modest CO, tax of USD $20/ton CO; at the initial date
that grows at the rate of world GDP.
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Experiment: A modest uniform tax

Population and TFP, no tax Population and TFP, global CO, tax
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Using the model

© Evaluating cost of non-uniform policies.

Extending the model
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© Finding robust policies by evaluating cost of mistakes (and its
regional distribution) under different assumptions about climate
sensitivity and damage function.
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@ Having a more heterogenous energy supply. Regional distribution of
hydro power, ...
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© Evaluating cost of non-uniform policies.
@ Examining whether green subsidies can substitute for carbon pricing.

© Finding robust policies by evaluating cost of mistakes (and its
regional distribution) under different assumptions about climate
sensitivity and damage function.

Extending the model

@ Having a more heterogenous energy supply. Regional distribution of
hydro power, ...

@ |Introduce agriculture and trade.
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© Finding robust policies by evaluating cost of mistakes (and its
regional distribution) under different assumptions about climate
sensitivity and damage function.

Extending the model

@ Having a more heterogenous energy supply. Regional distribution of
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© Endogenize technology and think of spill-overs.
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Using the model

© Evaluating cost of non-uniform policies.
@ Examining whether green subsidies can substitute for carbon pricing.

© Finding robust policies by evaluating cost of mistakes (and its
regional distribution) under different assumptions about climate
sensitivity and damage function.

Extending the model
@ Having a more heterogenous energy supply. Regional distribution of
hydro power, ...
@ |Introduce agriculture and trade.
© Endogenize technology and think of spill-overs.

@ Introduce short-run frictions, in particular in energy sector.
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Conclusion

@ We think we have a model that is very highly disaggregated yet easy
to work with.
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@ Given the large uncertainty about consequences of emissions of CO5,

finding optimal policy for specific and questionable policies is less
relevant.
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to work with.
@ Should be easy to extend to guide policy.

@ Given the large uncertainty about consequences of emissions of CO5,
finding optimal policy for specific and questionable policies is less
relevant.

@ Policy relevance comes from demonstrating robustness to a large set
of assumption. Models are useful for this purpose.
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Conclusion

@ We think we have a model that is very highly disaggregated yet easy
to work with.

Should be easy to extend to guide policy.

Given the large uncertainty about consequences of emissions of CO5,
finding optimal policy for specific and questionable policies is less
relevant.

Policy relevance comes from demonstrating robustness to a large set
of assumption. Models are useful for this purpose.

@ Stern and Stiglitz are wrong!
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