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The character of the global economy can thus be pictured 

on a coin, one side displaying skyscrapers, factories, 

plantations, agricultural fields, animal farms, and 

highways in all parts of the world; the other side 

depicting shrunken lakes, dead oceanic zones, desiccated 

forests, bleached coral reefs, and infertile watersheds.



Global Wealth per capita 
Formally, there is 

ecological overreach 

If  Ny/α > G     

  



Large segments of the population in high-income countries believe that 
climate change could lead to the extinction of humankind or that, at a 
minimum, the future will be worse than the present. This belief is partly 
based on projections from climate change research; for example, 
hundreds of thousands of deaths from heatwaves and other climate-
related causes, billions of people at risk of disease, steeply rising 
damages from floods, millions pushed into poverty, 20% of species going 
extinct, tipping points about to be bridged and parts of the world 
already approaching the threshold of a survivable climate1,2,3. 
Statements in the press have echoed, and in some cases magnified, the 
theme4,5. But the very same studies…

https://www.nature.com/articles/s41558-023-01784-4#ref-CR1
https://www.nature.com/articles/s41558-023-01784-4#ref-CR2
https://www.nature.com/articles/s41558-023-01784-4#ref-CR3
https://www.nature.com/articles/s41558-023-01784-4#ref-CR4
https://www.nature.com/articles/s41558-023-01784-4#ref-CR5


Steffen et al. The trajectory of the Anthropocene: The Great Acceleration (Anthropocene Review) 16 January 2015. Design: Globaia 

Also GDP,
CO2, CH4, 
Population

Water
Dams
Urbanis.
Fertilizer
Fishing..

Better or Worse
?



For Better or for Worse?

•Rockström et al: Climate, Biodiversity, P, N 
cycles..   Also Bees, bats, Sperm, plastic in the 
Ocean, coral reefs, Baobab trees

•Rossling:  Everything much better that we
think:  Life expectancy

•PLEASE VOTE



You might be wondering what I think ?



Better AND worse. 
Externality Shifting
We solve local by
creating global problems 





Soot, soil, germs, 
chocolate, oil +++ 
Detergent and hot 

water etc…→l 



Waste dump→”energy recovery” incineration



What do you do with all the filters?



Cooking



Heat and Power



Industry 
OECD Guidelines to Reduce 
Emissions of Sulphur Oxides
Encouraging the 
confinement of high 
polluting fuels to large 
installations.
Ensuring these are 
equipped with tall 
chimneys and, where 
necessary, advanced 
particulate arrestment. 



Transport



NY 200 000 horses → 2000 tons manure/d



Solutions imply new problems



Externality shifting takes many forms. CHEMICALS

•Stop TCE to reduce human exposure

Another example: Local Pollution related to wear and tear
or wind power stations can be fixed using PFAS in paints…



Move environmental liabilities in time & Space

T
S

Distinguish Technical improvement
from Substitution of one problem for 
another (often further away)



Directed (classical) shifting. Our problems 
→ not global but specific other sites



Modelling Shift: Local→global  Now→Future

Firm chooses Abatement aₜ and Ext. Shifting hₜ . 

• Total emissions after abatement are  Eₜ = Ē − aₜ   (1)

• Abatement cost: C(aₜ), with C′ > 0 and C″ > 0

• Shifting cost: K(hₜ), with K′ > 0 and typically K″ ≥ 0

Share of emissions locally deposited is φ(hₜ), 

* Local (flow) externality  xₜ = φ(hₜ) · (Ē − aₜ)                         (2)

• Addition to global stock pollutant yₜ = [1 − φ(hₜ)] · Eₜ     (3)



Shifting: hₜ reduces xₜ but increases yₜ

• The global pollutant stock Sₜ₊₁ = (1 − δ) · Sₜ + yₜ,  (4)
• Local damages from exposure: D(xₜ), with D′(·) > 0
•Global damages G(Sₜ), with G′ > 0 
• Some Local policy, τₜ > 0 No (or weak global ρₜ ~ 0)
• Local tax payment = τₜ · xₜ = τₜ · φ(hₜ) · Eₜ   (5)

Global tax payment = ρₜ · yₜ = ρₜ · [1 − φ(hₜ)] · Eₜ  (6)

Where 0 ≤ ρₜ ≪ τₜ



Firm behavior 
Minimizes cost  C(aₜ) + K(hₜ) + τₜ·φ(hₜ)·Eₜ + ρₜ·[1−φ(hₜ)]·Eₜ (7)

•FOC for abatement   C′(aₜ) = ρₜ + (τₜ − ρₜ) · φ(hₜ) (8)
• If global policy is weak (ρₜ small), abatement incentive come mainly from local policy

• If the firm increases hₜ (reducing φ), it reduces visibility of Eₜ and reduces incentives to 
abate.

• FOC for shifting/dispersion (hₜ) K′(hₜ) = − (τₜ − ρₜ) · Eₜ · φ′(hₜ)   (9)

• Since φ′(hₜ) < 0:

• If τₜ > ρₜ (local policy stronger), the firm chooses higher hₜ → more shifting.

If emissions are priced locally >> globally, Firms will shift rather than abate



Firm behavior if ρₜ =0
Minimizes cost  C(aₜ) + K(hₜ) + τₜ·φ(hₜ)·Eₜ   (7)

•FOC for shifting  K′(hₜ) = − (τₜ) · Eₜ · φ′(hₜ)  (8)
•Higher tax τₜ → Higher hₜ → more shifting

•FOC for abatement   C′(aₜ) =    (τₜ) · φ(hₜ) (9)
• If 80% goes up chimney then abatement incentive is weakened

to C’ = 0.2 τ

• Increasing hₜ (reducing φ), →reduces incentives to abate.



Global OPTIMUM
• Planner chooses {aₜ, hₜ} to minimize discounted social cost:

•Minimize Σₜ βᵗ · [ C(aₜ) + K(hₜ) + D(xₜ) + G(Sₜ) ]
Let λₜ be the (discounted) shadow cost of Sₜ. Then:

• λₜ = G′(Sₜ) + β·(1 − δ)·λₜ₊₁ 

• Define the marginal social cost of global inflow yₜ: mₜ ≡ β·λₜ₊₁ 

• FOC for abatement and shifting

•C′(aₜ) = φ(hₜ) · D′(xₜ) + [1 − φ(hₜ)] · mₜ 

•K′(hₜ) = − Eₜ · φ′(hₜ) · [ D′(xₜ) − mₜ ] 
• Note that even in Optimum there may be shifting! Shifting is socially 

desirable iff local damages  D′) are high and global damages (global m) low.



First Best Instruments

• Comparing FOC for firm and Soc Planner gives optimal instruments

•τₜ = D′(xₜ)                            

•ρₜ = mₜ = β·λₜ₊₁                   
• Global tax can also be written as the present-value expression:

•ρₜ = Σ βᵏ · (1 − δ)ᵏ⁻¹ · G′(Sₜ₊ₖ)
• BUT GLOBAL POLICY UNAVAILABLE



Second Best Local Policy if Global policy absent

• τₜ = D′(xₜ) + (mₜ − ρ̄t ) · [ (d yₜ / dτₜ) / (d xₜ / dτₜ) ] (SB-τ)
• NET Result is not obvious

• If Abatement dominates and shift is limited then τₜ > D′(xₜ)

• If global policy is too weak, the local tax should be higher, because it also 
reduces yₜ via extra abatement.

• But if SHIFT dominates then a high τₜ is counterproductive globally since it 
induces more more shifting, raising yₜ and global stock Sₜ.

• DIFFICULT AND UNCERTAIN: ACCEPTABILITY PROBLEMS MULTIPLY

• (Or USE 2 instruments. Set Pigouvian local tax τₜ = D′(xₜ) and limit shift.)



All eyes on 
Davos…

All eyes on 
Davos…



•THANK YOU





Shifting from externalities to public bads

Define individuals i = {1……n} that together form a set of individuals or 
a community 

Define a subset of individuals i  are the immediate neighbours of i and

Define a second subset which is much larger and includes more distant
neighbours i . 

i  i 



Externality shifting ES

Short distance Externality Uj = Uj (xj, xi) if j  i 

Long distance Externality Uj = Uj (xj, xi) if j  i

Public good (bad) Uj = Uj (xj, xi) if j  

ES is transforming Short dist. Ext → Long dist. Ext → Public bad



Externality shifting takes many forms and relates
PB• Washing bodies or cleaning houses

• Chimeneys/smokestacks on houses and factories

• Filters on Chimeneys (where do you put the filters ?)

• Banning landfills→ incinerating waste

• Getting rid of TCE and using Freons

• Getting rid of Freons and using HCFCs

• Energy Ladder burning Wood →keroesene ..→ ”clean” Electricty

• Ending up with Nuclear power and Climate change

• Remove heavy chores and bacteria risks by using plastics →

Hormone disturbances in fish

• Sulfur and scrubbers in ships, see recent in Reneables





~1955 ~1990

ANTHROPOCENE

SATURATION 
POINT

SMALL WORLD ON LARGE PLANET
Externalities
Incremental, linear change
Earth resilience high

BIG WORLD ON SMALL PLANET
Internalities
Non-linear, Regime shifts
Earth resilience low
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Also GDP,
CO2, CH4, 
Population

Water
Dams
Urbanis.
Fertilizer
Fishing..

Better & Worse



Both better ---- and worse



Modelling Shift: Local→global  Now→Future

Firm chooses Abatement aₜ and Externality Shifting hₜ . (Figuratively,  h 
can be seen as chimney height or pollution dispersion)

• Total emissions after abatement are  Eₜ = Ē − aₜ   (1)

• Abatement cost: C(aₜ), with C′ > 0 and C″ > 0

• Shifting cost: K(hₜ), with K′ > 0 and typically K″ ≥ 0

Share of emissions locally deposited is φ(hₜ), [ 0 < φ(hₜ) ≤ 1 and φ′(hₜ) < 0]
• The local (flow) externality is    xₜ = φ(hₜ) · Eₜ                         (2)

• Annual addition to global stock pollutant yₜ = [1 − φ(hₜ)] · Eₜ (3)



The shift function hₜ reduces xₜ but increases yₜ

• The global pollutant stock Sₜ₊₁ = (1 − δ) · Sₜ + yₜ,  (4)

• Global damages G(Sₜ), with G′ > 0 (often convex)

• Assume policy instruments, locally τₜ > 0 and weaker ρₜ globally

• Local tax payment = τₜ · xₜ = τₜ · φ(hₜ) · Eₜ   (5)
Global tax payment = ρₜ · yₜ = ρₜ · [1 − φ(hₜ)] · Eₜ  (6)

Where 0 ≤ ρₜ ≪ τₜ



Firm behavior 
Minimizes cost  C(aₜ) + K(hₜ) + τₜ·φ(hₜ)·Eₜ + ρₜ·[1−φ(hₜ)]·Eₜ (7)

• FOC for abatement   C′(aₜ) = ρₜ + (τₜ − ρₜ) · φ(hₜ) (8)
• If global policy is weak (ρₜ small), abatement incentive come mainly from local policy

• If the firm increases hₜ (reducing φ), it reduces visibility of Eₜ and reduces incentives to 
abate.

• FOC for shifting/dispersion (hₜ) K′(hₜ) = − (τₜ − ρₜ) · Eₜ · φ′(hₜ)   (9)

• Since φ′(hₜ) < 0:

• If τₜ > ρₜ (local policy stronger), the firm chooses higher hₜ → more shifting.

If emissions are priced locally >> globally, Firms will shift rather than abate



The great acceleration and the global food system

Image: GLOBAIA



Classical Externality shift – a special case
Neighbours trash smell bad? Push it downhill
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