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Research questions

An analytical tool to help address four questions:

a) What is the impact of different types of fiscal policy on innovation 
and green spending?

b) What is the impact of innovation and green spending on economic 
growth and the ecosystem? 

c) What is the impact of ecological feedback mechanisms on fiscal 
policy effectiveness?

d) What is the indirect impact of climate change (and matter & energy 
reserves’ depletion) on the stock market?



Literature review

Four strands:

a) Sraffian supermultiplier (e.g. Serrano 1995, Cesaratto et al. 2003, 
Freitas and Serrano 2015)

b) Schumpeterian innovation and entrepreneurial role of the State 
(e.g. Mazzucato 2016, 2017, 2018, Deleidi and Mazzucato 2018)

c) Ecological PK economics (e.g. Fontana and Sawyer 2016, Dafermos
et al. 2017, 2018)

d) SFC dynamic modelling (e.g. Godley and Lavoie 2007)



Method

Five steps:

a) Develop (analytically) a reduced supermultiplier model

b) Implant it in a 6-sector SFC model (En = 122, X = 82)

c) Add government’s mission-oriented investment policies (MOIPs)

d) Add ecosystem: climate change + matter & energy depletion + 
feedbacks

e) Calibrate the model and perform numerical simulations



Table 1: nominal balance-sheet

Households
Production firms Banks & CB Government Foreign Σ

Workers Capitalists

Money +Hw +Hπ –Hs 0

Deposits +Dw +Dπ –Ds 0

Loans –Ld +Ls 
–Lrow 0

Conventional capital +Kc +Kc

Green capital +Kgr +Kgr

Shares +ed ∙ pe –es ∙ pe 0

Gov. bonds +Bd
+Bcb –Bs 0

Balance (net worth) –NWw –NWπ +NWf 0 +GDEB +ROWDEB –Kf

Σ 0 0 0 0 0 0 0



Table 2: transactions-flow matrix
Workers Capitalists

Production firms
Banks & CB Government Foreign Σ

Current Capital

Consumption –Cw –Cπ +Cs 0

Investment in conventional capital +Ic,s –Ic,d 0

Innovation spending (BE):

- Green investment +Igr,s –Igr,d 0

- Other +BEtech,s –BEtech,d 0

Gov. routine spending +Grout –Grout 0

Gov. innovative sp. (Gmois):

- Green spending +Ggr –Ggr 0

- Other +Gtech –Gtech 0

Taxes on income –Tw –Tπ +T 0

Net export +NX –NX 0

Wage bill +ω ∙ Y –ω ∙ Y 0

Depreciation allowances

(and amortisation funds)
–DAc – DAgr +AF 0

Interest on loans –rl,–1 ∙ Ld,–1 +rl,–1 ∙ Ls,–1 –rl,–1 ∙ Lrow,–1 0

Interest on deposits +rd,–1 ∙ Dw,–1 +rd,–1 ∙ Dπ,–1 –rd,–1 ∙ Ds,–1 0

Return on gov. bonds +rb,–1 ∙ Bπ,–1 –rb,–1 ∙ Bd,–1 0

Entrepreneurial profit +F –F 0

Change in money –ΔHw –ΔHπ +ΔHs 0

Change in loans +ΔLf –ΔLs +ΔLrow 0

Change in deposits –ΔDw –ΔDπ +ΔDs 0

Change in shares –Δed ∙ pe +Δes ∙ pe 0

Change in gov. bonds –ΔBd –ΔBcb +ΔBs 0

Σ 0 0 0 0 0 0 0 0

Memo: capital gains –Δpe ∙ es,–1



Table 3: ecosystem matrices
Physical flow matrix

Material balance Energy balance

Inputs

Extracted matter +mat

Non-renewable energy +cen +en

Oxygen +O2

Outputs

Industrial emissions –emis

Waste and emissions –wa

Dissipated energy –ed

Change in s.e.s. –Δkse

Σ 0 0



Table 3: ecosystem matrices (cont’d)
Physical stock-flow matrix

Material reserves Energy reserves
Atmospheric CO2 

concentrat.

Socio-economic 

stock

Initial stock km,–1 ken,–1 CO2–1 kse,–1

Resources turned into reserves +convm +conven

Emissions +emis

Production of material goods +ymat

Extraction/use of matter/energy –mat –en

Net transfer to oceans/biosph. –(1 – Ψ1) ∙ CO2–1

Destruction of s.e.s. -des

Final stock km ke CO2 kse



Model’s main interactions
Central bank and 

commercial banks 

Production firms

Working-class 

households

Capitalists and/or 
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energy)

Government sector

Foreign sector

Financial 
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Key equations: conventional investment

1) 𝐾𝑐 = 𝐾𝑐,−1 + 𝐼𝑐 −𝐷𝐴𝑐

2) 𝐼𝑓 = ℎ ⋅ 𝐸(𝑌)

3) ℎ = ℎ−1 + ℎ ⋅ 𝜙 ⋅ (𝑢−1 − 𝑢𝑛) + ℎ0

4) 𝐼𝑐 = 𝐼𝑓 − 𝐼𝑔𝑟

5) 𝑢 = 𝑢−1 + 𝑢−1 ⋅ (𝑔𝑦 − 𝑔𝑘)

6) 𝐷𝐴𝑐 = 𝛿𝑐 ⋅ 𝐾𝑐,−1



Key equations: green investment

7) 𝐺𝑔𝑟 = 𝛼 ⋅ 𝐺𝑚𝑜𝑖𝑠

8) 𝐼𝑔𝑟 = 𝛾𝑔𝑟 ⋅ 𝐺𝑔𝑟,−1 + 𝐷𝐴𝑔𝑟

9) 𝐾𝑔𝑟 = 𝐾𝑔𝑟,−1 + 𝐼𝑔𝑟 − 𝐷𝐴𝑔𝑟

10) 𝐷𝐴𝑔𝑟 = 𝛿𝑔𝑟 ⋅ 𝐾𝑔𝑟,−1

11) 𝑍𝑔𝑟 = 𝐼𝑔𝑟 + 𝐺𝑔𝑟



Key equations: matter reserves

12) 𝑦𝑚𝑎𝑡 = 𝜇 ⋅ 𝑦𝑠

13) 𝑚𝑎𝑡 = 𝑦𝑚𝑎𝑡 − 𝑟𝑒𝑐

14) 𝑟𝑒𝑐 = 𝜌𝑟𝑒𝑐 ⋅ 𝑑𝑒𝑠

15) 𝑑𝑒𝑠 = 𝜇 ⋅ 𝐷𝐴𝑓 + 𝐶−1 ⋅
1

𝑝−1

16) 𝑘𝑠𝑒 = 𝑘𝑠𝑒,−1 + 𝑦𝑚𝑎𝑡 − 𝑑𝑒𝑠

17) 𝑤𝑎 = 𝑚𝑎𝑡 + 𝑐𝑒𝑛 + 𝑜2 − 𝑒𝑚𝑖𝑠 − Δ𝑘𝑠𝑒 = 𝑚𝑎𝑡 − Δ𝑘𝑠𝑒



Key equations: matter reserves (cont’d)

18) 𝑐𝑒𝑛 =
𝑒𝑚𝑖𝑠

𝑐𝑎𝑟

19) 𝑜2 = 𝑒𝑚𝑖𝑠 − 𝑐𝑒𝑛

20) 𝑘𝑚 = 𝑘𝑚,−1 + 𝑐𝑜𝑛𝑣𝑚 −𝑚𝑎𝑡

21) 𝑐𝑜𝑛𝑣𝑚 = max(𝜎𝑚 ⋅ 𝑟𝑒𝑠𝑚,−1, 𝑚𝑎𝑡−1)

22) 𝑟𝑒𝑠𝑚 = 𝑟𝑒𝑠𝑚,−1 − 𝑐𝑜𝑛𝑣𝑚

23) 𝑝𝑚 = 𝑝𝑚
0 + 𝑝𝑚

1 ⋅
𝑚𝑎𝑡−1

𝜎𝑚,−1⋅𝑟𝑒𝑠𝑚,−1

24) 𝜎𝑚 = 𝜎𝑚
0 + 𝜎𝑚

1 ⋅ 𝐸(𝑝𝑚)



Key equations: energy reserves

25) 𝑒𝑛 = 𝜀 ⋅ 𝑦𝑠

26) 𝑒𝑑 = 𝑒𝑛

27) 𝑘𝑒𝑛 = 𝑘𝑒𝑛,−1 + 𝑐𝑜𝑛𝑣𝑒𝑛 − 𝑒𝑛

28) 𝑐𝑜𝑛𝑣𝑒𝑛 = max(𝜎𝑒𝑛,−1 ⋅ 𝑟𝑒𝑠𝑒𝑛,−1, 𝑒𝑛−1)

29) 𝑟𝑒𝑠𝑒𝑛 = 𝑟𝑒𝑠𝑒𝑛,−1 − 𝑐𝑜𝑛𝑣𝑒𝑛

30) 𝑝𝑒𝑛 = 𝑝𝑒𝑛
0 + 𝑝𝑒𝑛

1 ⋅
𝑒𝑛−1

𝜎𝑒𝑛,−1⋅𝑟𝑒𝑠𝑒𝑛,−1

31) 𝜎𝑒𝑛 = 𝜎𝑒𝑛
0 + 𝜎𝑒𝑛

1 ⋅ 𝐸(𝑝𝑒𝑛)



Key equations: emissions and climate change

32) 𝑒𝑚𝑖𝑠 = 𝛽 ⋅ 𝑒𝑛

33) 𝑐𝑜2 = 𝜓1 ⋅ 𝑐𝑜2−1 + 𝑒𝑚𝑖𝑠

34) 𝑡𝑒𝑚𝑝 = 𝑡𝑒𝑚𝑝−1 + 𝜓2 ⋅ 𝑐𝑜2



Key equations: feedback mechanisms

35) 𝜌𝑚 =
𝑚𝑎𝑡

𝑘𝑚,−1

36) 𝜌𝑒𝑛 =
𝑒𝑛

𝑘𝑒𝑛,−1

37) 𝑔𝑚 =
𝑐𝑜𝑛𝑣𝑚

𝑘𝑚,−1

38) 𝑔𝑒𝑛 =
𝑐𝑜𝑛𝑣𝑒𝑛

𝑘𝑒𝑛,−1



Key equations: feedback mechanisms (cont’d)

39) 𝑔𝑎𝑐 = max 𝜌𝑚, 𝜌𝑒𝑛
40) 𝑔𝑠𝑢 = min 𝑔𝑚, 𝑔𝑒𝑛

41) 𝛿𝑐 = 𝛿0 + 𝛿1 ⋅ 𝑔𝑎𝑐,−1 − 𝑔𝑠𝑢,−1 + 𝛿2 ⋅ Δ𝑡𝑒𝑚𝑝

42) ℎ0 = ℎ00 + ℎ01 ⋅ (𝑔𝑎𝑐,−1 − 𝑔𝑠𝑢,−1 ) + ℎ02 ⋅ Δ𝑡𝑒𝑚𝑝

43) 𝑐𝑤 = 𝑐𝑤0 + 𝑐𝑤1 ⋅ (𝑔𝑎𝑐,−1 − 𝑔𝑠𝑢,−1 ) + 𝑐𝑤2 ⋅ Δ𝑡𝑒𝑚𝑝



Production function

44) 𝑦𝑓
∗ = 𝑎𝑓 ⋅ 𝑘𝑓,−1

45) 𝑦𝑚
∗ =

𝑘𝑚,−1+𝑟𝑒𝑐

𝜇

46) 𝑦𝑒𝑛
∗ =

𝑘𝑒𝑛,−1

𝜀

47) 𝑦∗ = min 𝑦𝑓
∗, 𝑦𝑚

∗ , 𝑦𝑒𝑛
∗



Production function (cont’d)

48) 𝜇 = 𝜇𝑔𝑟 ⋅
𝐾𝑔𝑟

𝐾𝑓
+ 𝜇𝑐 ⋅

𝐾𝑐

𝐾𝑓

49) 𝜀 = 𝜀𝑔𝑟 ⋅
𝐾𝑔𝑟

𝐾𝑓
+ 𝜀𝑐 ⋅

𝐾𝑐

𝐾𝑓

50) 𝛽 = 𝛽𝑔𝑟 ⋅
𝐾𝑔𝑟

𝐾𝑓
+ 𝛽𝑐 ⋅

𝐾𝑐

𝐾𝑓

51) 𝑝 = 𝑝0 + 𝑝1 ⋅ 𝑦−1 − 𝑦−1
∗



Impact of fiscal policy (+0.1% GDP) to output

0.999

1.000

1.001

1.002

1.003

1.004

1.005

0.999 

1.000 

1.001 

1.002 

1.003 

1.004 

1.005 

2016 2018 2020 2022 2024 2026 2028 2030

Increase in MOIS 

Increase in routine spending

Cut in taxes paid by workers

Cut in taxes paid by capitalists

(a) GDP (ratio to baseline)

-.001

.000

.001

.002

.003

.004

-.001 

.000 

.001 

.002 

.003 

.004 

2016 2018 2020 2022 2024 2026 2028 2030

Increase in MOIS

Increase in routine spending

(b) Capacity utilisation (difference with baseline)



Impact of fiscal policy on government budget
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Impact of MOIS on depletion rates
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Impact of MOIS on climate change
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Eco feedbacks on GDP
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Eco feedbacks on GDP (cont’d)
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Price of products and potential output
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Eco feedbacks on production function 
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Eco feedbacks on financial structure
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Eco feedbacks on financial structure (cont’d)
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Matter and energy prices
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Final remarks

• Main findings (to be tested empirically): some types of government green 
spending can support growth, while slowing down climate change and 
reserves’ depletion. But ecological feedback effects must be considered… 

• Limitations / cons:
a) neither estimated nor tested (the model returns us what we assumed)

b) the role of CB is country-specific and class/political struggle is ruled out

c) the ecosystem is still quite stylised

• Advantages / pros: 
a) sheds light on the role of the State in actively promoting green innovation

b) conundrum: green innovation leads to higher efficiency but also higher growth…

c) shows tendency of growth rates to slow down, while facing ecological issues

• Two developments: empirical calibration, two-country model



Thank you
Download this presentation from: www.marcopassarella.it/en


