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



Literature review

Four strands:

a)
b)
C)

d)

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

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

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

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



Method

Five steps:
a) Develop (analytically) a reduced supermultiplier model

b) Implantitin 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 )]
Workers Capitalists
Money +H,, +H._ —H, 0
Deposits +D,, +D —D, 0
Loans —L4 +L, ~Lrow 0
Conventional capital +K_ +K_
Green capital +K,, +K,,
Shares +ey " P, —e. " P, 0
Gov. bonds +B, +B, —B, 0
Ba|ance (networth) ............ _N WW ............. _N Wn ...................... +NWf .......................... 0 .................. + GDEB ................ +ROWDEB_Kf .........

2 0 0 0 0 0 0 0




Table 2: transactions-flow matrix

Production firms

Workers Capitalists - Banks & CB Government Foreign b3
Current Capital
Consumption -C, o +C 0
Investment in conventional capital +e =l 4 0
Innovation spending (BE):
- Green investment o e 0
- Other +BEech s —BEech,q 0
Gov. routine spending +G oot —Gout 0
Gov. innovative sp. (G i)
- Green spending +Gg, —Gg, 0
- Other +Gioch —Giech 0
Taxes on income =T -T. +T 0
Net export +NX -NX 0
Wage bill tw:-Y -w- Y 0
Depreciation allowances
o —DA. - DA, +AF 0
(and amortisation funds)
Interest on loans =1Ly +r_g Ly -1 Leow— 0
Interest on deposits +ry_1 Dy +ry_1 Dpy —rg-1* Ds 4 0
Return on gov. bonds +y_1 By —Ip-1* Bar-1 0
Entrepreneurialprofit ... M) T e, 0. .
Change in money -AH,, —AH, +AH, 0
Change in loans +AL; —-AL, +AL,o, 0
Change in deposits -AD,, -AD,, +AD, 0
Change in shares —Ae, - p, +Ae, - p, 0
Change in gov. bonds -ABy —-AB,, +AB, 0
z 0 0 0 0 0 0 0 0

Memo: capital gains -Ap,-e,_;



Table 3: ecosystem matrices

Physical flow matrix

Material balance Energy balance
Inputs
Extracted matter +mat
Non-renewable energy +cen +en
Oxygen +02
Outputs
Industrial emissions —emis
Waste and emissions -wa
Dissipated energy —ed
Change in s.e.s. —Ak,,

2 0 0




Table 3: ecosystem matrices (cont’d)

Physical stock-flow matrix

Material reserves Energy reserves Atmospheric CO2 Socio-economic

concentrat. stock

Initial stock K1 Ken, -1 Co2_, Kse 1

Resources turned into reserves +conv,, +conv,,,

Emissions +emis

Production of material goods +Y ot

Extraction/use of matter/energy —mat —en

Net transfer to oceans/biosph. —(1-y,)-Co2_,

Destruction of s.e.s. -des

Final stock k k CO2 k

se




Model’s main interactions

Capital Change in investment

( Central bank and decisions & capital

Finance to government outflow

-
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Key equations: conventional investment

1) K,=K,_,+1,— DA,
2) Ir=h-E(Y)

3) h=h_y+h-¢ (u_;—uy) + hy
4) I, =1Ir— 1,

5) u=u_q+u_q-(9gy —9gr)

6) DA, =6, K._4



Key equations: green investment

7) Ggr = @ - Gpois

8) Igr =VgrGgr—1+ DAy,
9) K,y =Kyy_1 + Iy — DA
10) DAy = 84y - Kor 1

11) Zyy = Loy + Gy

gr



Key equations: matter reserves

12) Ymar = U Vs

13) mat = y,,q — rec

14) rec = p, - des
1
15) des = u - (DAf + C_l) o

16) kg = kse,—l + Vmar — des

17) wa = mat + cen + 02 — emis — Ak, = mat — Ak,



Key equations: matter reserves (cont’d)

emis

18) cen =
car

19) 02 = emis — cen

20) ky = ky -1 + convy,, — mat

21) conv,, = max(o,, - res;, —;,mat_,)

22) res,, =res;y _1 — CONv,y,

mat_1

23) Pm = D + P -

Om,—1'7€Sm,—1

24) 0y = 0py + 0 - E(P)



Key equations: energy reserves

25) en =€ -y,

26) ed = en

27) ken = kep—1 + convg, —en

28) coNVyy = Max(0ep —1 * T€Sepn —1,€N_1)

29) reSgy =TeSgp 1 — CONVgy,

en_1

30) Pen = pgn + pgn '

Oen,—1'T€Sen,—1

31) Opn = O-gn + O-gn  E(Pen)



Key equations: emissions and climate change

32) emis =f -en
33) co2 =Y, - co2_; + emis
34) temp = temp_; + Y, - co2



Key equations: feedback mechanisms

) P =,

36) Pen = 7
37) g = S0
38) Gen =7

Ken —1



Key equations: feedback mechanisms (cont’d)

39) Gac = maX(pm» Pen)
40) gsy = min(gm' gen)

41) 0, = 8y + 01 - (9ac,—1 — Jsu,—1 ) + 0, - Atemp
42) hg = hoo + ho1 - (Gac,—1 — Gsu—1 ) + ho2 - Atemp

43) ¢y, = Cywo t w1 - (Gac-1 — Gsu—-1) T Cwy - Atemp



Production function

44) y; — af . kf,—l
km—1trec

U

45) ym =

* ken,—
46) Ven = -

&

47) y* = min(yf, ym, Yeon)



Production function (cont’d)

K¢

48) P = Ugy Ki‘l'ﬂc'K—f
_ gr X

49) € = &g, f+ ¢ k;
50) b = bgr K—gf+,3c°K—f

51) p=po+p1- (Y-1 —¥Z1)



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

(a) GDP (ratio to baseline) (b) Capacity utilisation (difference with baseline)
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Impact of fiscal policy on government budget

(a) Impact on gov. debt to GDP (difference with baseline)

.0012

(b) Impact of gov. MOIS on debt to GDP (difference with baseline)

.0008

.0004

2016 2018 2020 2022 2024 2026

Increase in MOIS
-—-— Increase in routine spending
——— Cut in taxes paid by workers

——~ Cut in taxes paid by capitalists

.0000

-.0004

-.0008
2028 2030

.0010 L 0010
0005 o Y N O H 0005
.0000 4 0000

-.0005 ' . -.0005

-.0010 i T e ~.0010

-.0015 \ ,’ -.0015

0020 X i -.0020

-.0025 \ ;/ -.0025

-.0030 4 -.0030

2016 2018 2020 2022 2024 2026 2028 2030

—— Medium initial debt
———~ High initial debt

———~ Low initial debt



.00004
.00002
.00000
-.00002
-.00004
-.00006
-.00008
-.00010
-.00012

Impact of MOIS on depletion rates

(a) Depletion ratios per unit of output (/1000)

2016 2018 2020 2022 2024 2026 2028 2030

[ Matter depletion ratio (difference with baseline)
[ ] Energy depletion ratio (difference with baseline)
7] Matter depletion ratio (difference with conventional spending)
B Energy depletion ratio (difference with conventional spending)
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Impact of MOIS on climate change

(a) Impact of increase in MOIS on CO2 emissions (to baseline)
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Eco feedbacks on GDP

(a) GDP components when climate change boosts capital depreciation
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Eco feedbacks on GDP (cont’d)

(a) GDP componentswhen climate change affects consumption
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Price of products and potential output

(a) Normalised output price level when...
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(b) Normalised potential output when...
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Eco feedbacks on production function

(a) Production constraints: shock to MOIS (relative to baseline)
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(b) Production constraints: MOIS + all eco. feedbacks (relative to baseline)
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Eco feedbacks on financial structure

(a) Normalised dividend yields when...
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(b) Normalised market value of equity and shares when...
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Eco feedbacks on financial structure (cont’d)

(a) Normalised Tobin g when... (b) Change in firms leverage ratio...
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Matter and energy prices

(a) Unit price of matter (relative to baseline) (b) Unit price of energy (relative to baseline)
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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...

e 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
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