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Research Question

Climate change will get worse and inequality has been rising.

We live in the same planet. But are we on the same boat?

Which will be the impact of the climate crisis on the within-country income
distribution?
Which channels of transmissions have an impact on the distribution?

Development of an E-SFC-IO model: a macroeconomic model with social classes, an
ecological module and disaggregated productive sectors.

Identification of the main channels through which the climate crisis can impact the
income distribution and insertion of such ecological-economic loops in the model.

Calibration the model to replicate Italian data. [Work in progress]
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Literature review

Four strands of literature:

Econometric studies: Typically find that temperature increases have a significant positive
impact on inequality (Paglialunga et al., 2022; Park et al., 2018; Palagi et al., 2022; Mumtaz
and Theophilopoulou, 2023; Dang et al., 2024).

Ecological Macroeconomics: principle that economies are embedded in a planetary system
and they are totally dependent upon it. (Victor and Jackson, 2020)

Integrated Assessment models: class of macro models that combine economic and climatic
considerations, built by integrating together a number of separate “modules”. (Nordhaus,
1993; Proctor, 2023)
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Literature review II

Post Keynesian Economics:

Macro models with characteristics such as demand-led
assumptions, non rational expectations and endogenous money.
I refer to the SFC literature and the more recent SFC-IO.

No ecological macro model, to the best of my knowledge, maps the channels of transmissions
through which the climate crisis impacts the economy and the within country income
distribution and assess the relative impact of each channel.

Models which are the closest to the one I am developing are the DEFINE (Dafermos et al.,
2017) and the EUROGREEN (D’Alessandro et al., 2020).
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Ecological SFC-IO

T.I.T.A.N.I.C. = Temperatures Impact and Transitions Analysis: Navigating Inequalities and
Climate

What is an Ecological Stock-Flow Consistent Input-Output model?

→ It is a combination of three components:

Stock-Flow Consistent model, which is a class of macroeconomic models with a rigorous
accounting structure, a detailed financial system and post-Keynesian behavioral
assumptions.

It has an ecological module that keeps track of the exchanges between the economy and
the ecosystem

The industries are modeled through an Input-Output system
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Households

3 classes:

Workers: Earn wages and receive unemployment benefits, and consume all their income

Managers: Earn wages which are proportionally higher than the workers ones and receive
a share of profits and financial income

Capitalists: Receive most of the profits

All the classes pay a flat tax over total income. Managers and capitalists decide their real
consumption demand according to a consumption function:

cj = α1j · ydej + α2j ·
Vhj−1

pC
(1)

with capitalists having lower propensities to consume: α1r < α1m; α2r < α2m.
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Productive sector

The productive sector is modeled with an Input-Output structure, and sets prices applying a
markup over the unit cost.

Investment decisions are set at sector level, meaning that each sector decide its demand of
investment based on their target capacity utilization and on the utilization level at the previous
period:

uk = x̂∗k · x−1 (2)

inv = γ · k̂−1 · (uk−1 − uk
T ) + δ · k−1 (3)

Production level is determined through a Leontief inverse matrix
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Labor market

Employment: since the model is demand driven, the employment of each sector is
determined by the output and sectoral labor productivity.

Ndw = p̂rl
−1 · x (4)

Wages are modeled in a conflict inflation framework (Cripps and Godley, 1976; Hein and
Stockhammer, 2010), in which, in each sector, the workers wages growth rate depends on
the inflation rate, on the sectoral level unemployment and on labor productivity.

gw = w0 + wu ·∆uw + wp · π + wl · gprl (5)
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Other sectors

Foreign sector: stylized rest of the world, import is divided into consumption, investment and
intermediate goods.

Government: exogenously growing public expenditures and social contributions to
unemployed and households outside the labor force.

Central Bank

Ecological module: 4 ecological commodities (inputs: water and energy, outputs: hazardous
waste and CO2) and 7 ecosystem variables
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Input-Output representation

The output is computed through an inverse Leontief matrix, while the computation of
ecological inputs and outputs follows an EEIO approach (Aguilar-Hernandez et al., 2018;
Miller and Blair, 2021)

Processing Sectors Total Demand
Ecological
outputs

s1 s2 s3 Cons Investments Govt Exports Total Output CO2 Hazardous Waste

Processing
Sector

s1
Z

cdom1 idom1 g1 e1 x1
N = R · x̂s2 cdom2 idom2 g2 e2 x2

s3 cdom3 idom3 g3 e3 x3
Labor w1 w2 w3 ub wb + ub
Other
value
added

n1 n2 n3 OVA

Import m1 m2 m3 mC mI m
Total outlays x1 x2 x3 c i g e Tot
Ecological
inputs

Energy
M = Q · x̂

Water
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Ecosystem-Economy channels of transmission

The identified channels can be grouped in three categories:

Supply side effects: Mortality, labor supply, labor productivity, capital destruction and
production relocation

Demand side effects: Energy consumption, total consumption and investment

Financial side effects: Flight-to-safety mechanisms and credit constraints
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Supply side I

Mortality: Mortality and temperatures have a U shape relationship (Deschênes and
Greenstone, 2011). The overall effect in south Europe is positive (Gasparrini et al., 2017).
Linear relationship included TITANIC (Cromar et al., 2022)

Labor supply: workers will tend to diminish their labor supply as temperature gets higher
(Dasgupta et al., 2021).
Sector specific labor supply loss function included in the model (Graff Zivin and Neidell, 2014).

Labor productivity: will tend to decrease in Italy, with sectoral heterogeneity depending on
the work intensity. Labor productivity loss function included in the model. (Hsiang et al.,
2017; Martinich and Crimmins, 2019; Graff Zivin and Neidell, 2014; Orlov et al., 2019).
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Greenstone, 2011). The overall effect in south Europe is positive (Gasparrini et al., 2017).
Linear relationship included TITANIC (Cromar et al., 2022)

Labor supply: workers will tend to diminish their labor supply as temperature gets higher
(Dasgupta et al., 2021).
Sector specific labor supply loss function included in the model (Graff Zivin and Neidell, 2014).

Labor productivity: will tend to decrease in Italy, with sectoral heterogeneity depending on
the work intensity. Labor productivity loss function included in the model. (Hsiang et al.,
2017; Martinich and Crimmins, 2019; Graff Zivin and Neidell, 2014; Orlov et al., 2019).

Edoardo Sala TITANIC October 23, 2024 17 / 48



Research question Literature review Model Overview Ecosystem-Economy links Preliminary results Conclusion Annex References

Supply side I

Mortality: Mortality and temperatures have a U shape relationship (Deschênes and
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Supply side II

Capital Destruction: an increase in extreme events frequency (Intergovernmental Panel On
Climate Change (Ipcc), 2023) is gonna have a strong impact on the installed capital. In
TITANIC stochastic damages are included as in Hallegatte et al. (2007).

Production relocation: Firms might relocate in places with better climatic conditions
(Linnenluecke et al., 2011) due to direct (Dasgupta et al., 2021) or indirect effects, such as
change in energy costs (Koch and Basse Mama, 2019) and in climatic regulations (Misch and
Wingender, 2021).
In the model the productive sector increases the amount of intermediate goods that imports
from abroad and decreases the amount of intermediate goods that produces domestically as
temperatures increase.
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Demand side I

Energy consumption: it has a U-shaped relationship with temperatures (Deschênes and
Greenstone, 2011).

The effect on domestic consumption depends on the social classes considered (De Cian and
Sue Wing, 2019; Du et al., 2020), hence in the model, the energy consumption increases as
temperatures increase, with the increase being larger for the workers and smaller for the
capitalists.

The effect on productive energy consumption is positive (van Ruijven et al., 2019; De Cian
and Sue Wing, 2019). Hence, in TITANIC the energy required to produce a unit of output
increases as temperature increases, with a larger increase for the manufacturing sector. (van
Ruijven et al., 2019).
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Demand side: II

The effect of climate change on consumption could be negative (Chen et al., 2024; Hsiang
et al., 2017) or positive due to adaptation strategies (Aggarwal, 2021)

While the effect on investment is negative due risk aversion (Chuang and Schechter, 2015;
Bourdeau-Brien and Kryzanowski, 2020) and uncertainty increase (Gao and Zhang, 2024)

In TITANIC, following the IAM literature it is assumed that total consumption and
investments decrease according to a climate damage function (Dafermos et al., 2017):

DT =
1

1 + π1 · TAT + π2T 2
AT + π3 · T 6.754

AT

(6)
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Financial Side: Credit Constraints

As climate change gets worse, the economic conditions through which the productive sector
must operate become tougher. This could lead to an increase of firms rate of failures, altering
the financial sector balance sheet, which could react limiting the credit availability.

In order to investigate this channel, the model is augmented with credit rationing mechanism,
in which the banking sector provides only a part of the credit, based on their capital and on
the liquidity of the productive sector.

Finally, the productive sector default rate increase as temperature increases.
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Effect of climate change on GDP
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Effect of climate change on Unemployment
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Effect of climate change on Profit share
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To sum up

With this work I have so far developed a medium scale ecological model with a
disaggregated household sector.

The work is conducted with a methodology (Eco-SFC-IO), that allows to keep track of sectoral
dynamics of the productive sector and of the ecosystem main variables.

With the continuation of such work, it will be possible to assess the impact of climate change
on within country income distribution, highlighting the different impact of the different
channels of transmission, contributing to expanding the literature.
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Thanks for the attention!

edoardo.sala@uniroma3.it
es39@soas.ac.uk
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Effect of climate change on per capita disposable Income
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Effect of climate change on Price Level
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Baseline GDP Growth
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Transaction Flow Matrix

Households Production Firms
Capitalists Managers Workers Current Capital Banks Government Central Bank Foreign Sector Sum

Consumption −Cc −Cm −Cw +Cdom +MC 0
Investment +I dom −I +MI 0
Government Expenditures +UBm +UBw +G −G − UB 0
Intermediate Good Import −MZ +MZ 0
Export +E −E 0
Wages +WBm +WBw −WB 0
Depreciation Allowances −AF +AF 0
Taxes −Tc −Tm −Tw +T 0
Central Bank profits +Fcb −Fcb 0
Firms Profits +FDfc +FDfm −Ff +FUf 0
Banks Profits +Fbc +Fbm −Fb 0

0
Interests on loans −rl−1 · Lh−1 +rl−1 · Ls−1 0
Interests on deposits +rm−1 ·Mhc−1 +rm−1 ·Mhm−1 +rm−1 ·Mhw−1 −rm−1 ·Ms−1 0
Interests on Bills +rb−1 · Bhhc−1 +rb−1 · Bhhm−1 +rb−1 · Bhb−1 −rb−1 · Bs +rb−1 · Bcb−1 +rb−1 · Brow−1 0
Interests on Advances −ra−1 · Ah−1 +ra−1 · As−1 0

0
Change in Cash −∆Hhhc −∆Hhhm −∆Hhb +∆Hs −∆Hrow 0
Change in Deposits −∆Mhc −∆Mhm −∆Mhw +∆Ms 0
Chance in Bills −∆Bhhc −∆Bhhm −∆Bhb +∆Bs −∆Bcb −∆Brow 0
Change in Loans +∆Ld −∆Ls 0
Change in Advances +∆Ah −∆As 0
Change in Equity −∆Ehc −∆Ehm +∆Esf +∆Esb 0

Sum 0 0 0 0 0 0 0 0 0 0
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Balance Sheet Matrix

Households
Capitalists Managers Workers Firms Banks Government Central Bank Foreign Sector Sum

Cash +Hhhc +Hhhm +Hhb −Hs +Hrow 0
Deposits +Mhc +Mhm +Mhw −Ms 0
Bills +Bhhc +Bhhm +Bhb −Bs +Bcb +Brow 0
Loans −Ld +Ls 0
Advances −Ah +As 0
Equity +Ehc +Ehm −Esf −Esb 0
Fixed Capital +K +K
Net worth −Vhc −Vhm −Vhw −Vf −Vb +GD −Vrow −V

Sum 0 0 0 0 0 0 0 0 0
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Aguilar-Hernandez, G. A., Sigüenza-Sanchez, C. P., Donati, F., Rodrigues, J. F. D., and
Tukker, A. (2018). Assessing circularity interventions: a review of EEIOA-based studies.
Journal of Economic Structures, 7(1):14.

Bilal, A. and Känzig, D. R. (2024). The Macroeconomic Impact of Climate Change: Global vs.
Local Temperature.

Bils, M., Chang, Y., and Kim, S.-B. (2007). Comparative Advantage in Cyclical
Unemployment.

Bourdeau-Brien, M. and Kryzanowski, L. (2020). Natural disasters and risk aversion. Journal
of Economic Behavior & Organization, 177:818–835.

Edoardo Sala TITANIC October 23, 2024 36 / 48



Research question Literature review Model Overview Ecosystem-Economy links Preliminary results Conclusion Annex References

References II

Chen, X., Liu, L.-C., Hou, J.-J., and Gao, X. (2024). Do high temperatures dampen chinese
urban household consumption? Climate Change Economics, 15(02):2350026. Publisher:
World Scientific Publishing Co.

Chuang, Y. and Schechter, L. (2015). Stability of experimental and survey measures of risk,
time, and social preferences: A review and some new results. Journal of Development
Economics, 117:151–170.

Cripps, F. and Godley, W. (1976). A Formal Analysis of the Cambridge Economic Policy
Group Model. Economica, 43(172):335–348. Publisher: [London School of Economics,
Wiley, London School of Economics and Political Science, Suntory and Toyota International
Centres for Economics and Related Disciplines].

Edoardo Sala TITANIC October 23, 2024 37 / 48



Research question Literature review Model Overview Ecosystem-Economy links Preliminary results Conclusion Annex References

References III

Cromar, K. R., Anenberg, S. C., Balmes, J. R., Fawcett, A. A., Ghazipura, M., Gohlke, J. M.,
Hashizume, M., Howard, P., Lavigne, E., Levy, K., Madrigano, J., Martinich, J. A.,
Mordecai, E. A., Rice, M. B., Saha, S., Scovronick, N. C., Sekercioglu, F., Svendsen, E. R.,
Zaitchik, B. F., and Ewart, G. (2022). Global Health Impacts for Economic Models of
Climate Change: A Systematic Review and Meta-Analysis. Annals of the American Thoracic
Society, 19(7):1203–1212. Publisher: American Thoracic Society - AJRCCM.

Dafermos, Y. and Nikolaidi, M. (2024). Ecological stock-flow consistent modelling: * a
practical guide.

Dafermos, Y., Nikolaidi, M., and Galanis, G. (2017). A stock-flow-fund ecological
macroeconomic model. Ecological Economics, 131:191–207.

Dafermos, Y., Nikolaidi, M., and Galanis, G. (2018). Climate Change, Financial Stability and
Monetary Policy. Ecological Economics, 152:219–234.

Edoardo Sala TITANIC October 23, 2024 38 / 48



Research question Literature review Model Overview Ecosystem-Economy links Preliminary results Conclusion Annex References

References IV

Dang, H. H., Hallegatte, S., and Trinh, T. (2024). Does global warming worsen poverty and
inequality? An updated review. Journal of Economic Surveys, page joes.12636.

Dasgupta, S., van Maanen, N., Gosling, S. N., Piontek, F., Otto, C., and Schleussner, C.-F.
(2021). Effects of climate change on combined labour productivity and supply: an empirical,
multi-model study. The Lancet Planetary Health, 5(7):e455–e465.

De Cian, E. and Sue Wing, I. (2019). Global Energy Consumption in a Warming Climate.
Environmental and Resource Economics, 72(2):365–410.
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