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1. Structure of the model and equations

1.1. Accounting matrices

The DEFINE-HOUSING 2.0 model extends DEFINE-HOUSING 1.0 by incorporating green secu-
ritisation and shadow banking sectors into the structure of the financial system. This permits the
combined analysis of green housing and green securitisation dynamics and the study of the macro-
financial and environmental effects of a wider range of green financial policies. The economy of
DEFINE-HOUSING 2.0 consists of nine sectors: worker households, investor (rentier) households,
firms, commercial banks, Finance Vehicle Corporations (FVCs), Investment Funds (IFs), Money
Market Funds (MMFs), the government sector and the central bank.

Worker households take out green/conventional mortgages from commercial banks. Commercial
banks provide loans to worker households and firms. These loans can be either green or conventional
ones. Only a proportion of the mortgages that are demanded by worker households are provided
(i.e. there is credit rationing). Commercial banks securitise part of their green mortgages and sell
them to FVCs. The FVCs transform these green mortgages into green Mortgage Backed Securities
(MBSs). The green MBSs are bought by IFs (they issue repos to finance their purchases) and
MMEFs (they issue shares that are bought by investor households).

The balance sheet and the transactions flow matrices are shown in Table A.1 and Table A.2,
respectively. The balance sheet matrix highlights the assets and liabilities of the economy, while
the transactions flow matrix captures the flows and changes in assets and liabilities across sectors.
The balance sheet matrix and the transactions flow matrix have been used to identify the identities
of the model from each column and each row with more than two entries. Moreover, there are two
equations that are derived by using the transactions flow matrix that refer to the same variable.
Only one of them can be used in the simulations. The other one is used to make sure that the
model is consistent. The equation linked to this is the redundant equation.! Government securities
bought by the central bank are the variable that we use to check the consistency of the model.

IThis equation in SFC models is implied by the accounting identities and is therefore redundant (see e.g. Godley
and Lavoie 2012).



Table A.1: Balance sheet matrix
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Table A.2: Transactions flow matrix
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We construct a housing stock-flow matrix. Table A.3 shows the stock-flow interactions which take
place between own occupied houses by workers (first column), owned occupied houses by rentiers
(fourth column), vacant houses (third column) and houses owned by rentiers and rented to workers
(second column). The last column in Table A.3 shows the total number of houses. The first
horizontal line in the Table shows the opening stock of houses. These are the houses that already
exist. However, these opening stocks of houses might change because workers want to buy new
houses or because rentiers would like to sell some of the houses that they own or rent, amongst
other reasons. The last horizontal line in Table A.3 shows the closing stock of houses. Similarly,
to the balance sheet matrix and transactions flow matrix, the housing stock-flow matrix is used to
formulate the identities from each column and each row with more than two entries.

There is also a redundant equation in the housing market that needs to be considered in order
for the values in the housing market to be consistent. The last column can be used to identify
the number of total houses (Hrotq:) that increases by the new houses built by the firms (Hpnewt)
(Eq. A.105). There is also a horizontal constraint that can be used to identify the total number of
houses (Eq. A.104). According to this constraint, the total houses is equal to the houses owned by
workers, the houses owned by the rentiers, the houses that are rented by worker households and
owned by the rentiers and vacant houses. Both Egs. (A.104) and (A.105) need to hold. So, we
name one of them the redundant equation in the housing market.

The rest of this section presents a description of the equations of the model.

Table A.3: Housing stock-flow matrix

Houses owned and Houses owned by rentiers Vacant houses Houses owned Total
occupied by workers and rented to workers for sale or rent and occupied by rentiers houses
Opening stock Hwownt—1 Higentt—1 Hvacantt—1 Hiownt-1 Hrotatt—1
New houses +HW’Neu;Oum,Om:’u,pf, +HlNcchntcdt +H(7{msf,rVa,cu,ntt +HIN@wO'mn,O(:(:upt +HC(msf,'r
\ o
Eiit lrléi::iu: jss(c)ii“ erted +H [ RentedSoldt -HRentedSoldt 0
Existing houses converted from iH o 0
owned—occupied to rented I0wnOccupRentedt IOwnOccupRentedt
Existing houses converted from L Hy H 0
owned-occupied to sold WOwnOccupt WOuwnOccupt
Vacant houses that have H Nt 0
not been rented to workers IRentedV acantt IRentedV acantt
Vacant houses that are rented
but have not been sold ~H [ RentedSoldV acantt +H [ RentedSoldV acantt 0
Vacant houses that have o i Huw , 0
not been sold to workers WOwnOccupV acantt WOwnOccupV acantt
ClOSiIlg stock HWOumt HIRentt HVacantt HIOumt HTotalt

Note: The table refers to million houses.



1.2. Worker households

Eq. (A.1) defines the gross disposable income of worker households (Yzwet), which is equal to
wages, plus interest on deposits minus interest payments on green and conventional housing loans
and rent (Rent;), plus green interest subsidies; W, is the wage income and intp is the interest rate
on deposits.? Eq. (A.2) shows the net disposable income (Yzw:) which is the gross disposable
income minus taxes that worker households pay (TAXgw:). Eq. (A.3) describes the consumption
of worker households (COgyw+) which is a function of net disposable income and household wealth
(Viwt).> The above-mentioned equations show that the higher the interest subsidy on green loans,
the higher the net disposable income and the higher the consumption of worker households; ¢;; and
c12 show the propensities to consume out of net disposable income and wealth of worker households,
respectively.

Yawat = Wiy +intpDuwi—1 — intruci—1Luaci—1 — intruci—1Lugi—1 — Renty +intsypLuai—1

(A1)
Yaw: = Yawar — TAX gwy (A.2)
COpwt = ct1Yuwi—1 + c12Vawi—1 (A.3)

Eq. (A.4) shows that worker households keep deposits as a proportion of their income. Worker
households’ wealth, as shown in Eq. (A.5), is the value of green and conventional houses owned by
workers plus deposits of worker households minus the stock of both green and conventional loans.

Egs. (A.6) and (A.7) define the desired amount of new green and conventional loans, respectively.
For green loans, the desired new credit (NLHGp;) covers the demand for owned occupied houses
plus the repayment of loans minus a proportion of the existing savings of the households; pg+ is the
housing price, repy, is the repayment ratio, COpgyyy is the consumption of worker households and
Dpwy are the deposits. The desired new conventional loans (NLHCp,) are defined in a similar
way as the desired new amount of green loans.

Eq. (A.8) shows that the change in green housing loans is equal to the amount of new loans provided
by commercial banks after credit rationing, repayment and default are considered; C' Ry is the
proportion of green loans that are credit rationed; def ;v is the default rate on housing loans.*
Similarly to Eq. (A.8), Eq. (A.9) shows the amount of conventional housing loans. The housing
loans (L) is the sum of green and conventional housing loans, as shown in Eq. (A.10).

Dywi = proppYawi—1 (A.4)
Vawt = putHwouwnct + patHwownct + Dawt — Luct — Luct (A.5)
NLHGp: = (Hpwouwnct — HwownGt—1)prt—1 + reprLuci—1 (A.6)
= Bat(Yuwe — COgwi — (Dawt — Dawi-1))

NLHCpy = (Hpwownct — Hwownct—1)PHt—1 + 1eprLuci—1 (AT)

— (1= But)Yawt — COnwt — (Dawt — Dawi-1))
Lyct = Lugi—1+ (1 = CRugt)NLHGpy — reprLugi—1 — defuwiLuci—1 (A.8)
Lyct = Luyci—1+ (1 —CRycy)NLHCpt — reprLyci—1 — defuwiLact—1 (A.9)

2Zezza (2008) also formalises that workers pay rent to the rich households (capitalists).

31t’s typical in SFC models to use the lagged income or/and wealth to determine consumption (see e.g. Dunz
et al. 2021). An alternative way would be to include expected income or/and wealth in consumption (see e.g. Santos
and Zezza 2004).

4For a similar approach to the firm sector, see Dafermos and Nikolaidi (2022).



Lyt = Luct + Luce (A.10)

The amount of defaulted loans (DLpwy), defined in Eq. (A.11), is a proportion (def gy¢) of
housing loans. The default rate (defgw:) rises as households become less liquid (see Eq. (A.12));
de faz is the maximum default rate. Thus, when cash outflows grow relative to inflows, households’
capacity to service their mortgages weakens. Illiquidity is measured by the ratio illiqgw, which
sets household cash outflows against cash inflows (see Eq. (A.13)).5 Cash outflows include mortgage
interest and principal repayments on green and conventional housing loans, taxes net of green loan
subsidies, consumption spending, and the net cost of housing transactions.

Eq. (A.14) defines dsrgw: as interest and scheduled repayments on green and conventional mort-
gages relative to disposable income before interest, where intrgg: and intrgco: are the green and
conventional mortgage rates, Lyg: and Lyc: are the green and conventional loan stocks, repy, is
the repayment ratio and Ypy; is net disposable income.% Eq. (A.15) reflects the leverage ratio of
worker households (levgy¢) which is the ratio of housing loans to the value of houses that they
own. Hyownt denotes the actual total owned occupied houses of workers.

DLgw: = defawtLai—1 (A.11)

defmam
1 —+ d@foedefl —defailligrwi—1

(intpagi— +repr)Laci—1 + (intraci—1 +repr)Luci—1 + TAX gwe + Renty
W + (1 — CRHGt)NLHGDt + (1 — CRHCt)NLHCDt

illiggwt =

N —intsupLuci—1 + COawt + (Hwouwnct — Hwownct—1)PHt—1 + (Hwownct — HWwownct—1)DHt—1
W + (1 — CRHGt)NLHGDt + (1 — CRHOt)NLHCDt

(A.13)
nt _ L _ int _ L _
dsr i, — (intrHGt—1 JF?"BPL) HGt—1 + (in LHCt-1 +repr)Luci—1 (A.14)
Yaw: +intruci—1LaGi—1 + intruci—1LEC-1
Ly
levgws = — =12t A15
! thHWOwnt ( )

The model distinguishes between the desired and actual housing demand. Eq. (A.16) defines the
desired total owned occupied houses of worker households (Hpwownt) as a function of the debt
service ratio (dsryy¢), the growth of house prices (gpp:)”, the growth of the worker population
(9popw) and the rent rate (rent;).

Hpwownt = Hwownt—1+ (hio — hiidsrgwi—1+hi2gpai—1+ hisgropwi—1 + hiarents—1) Hwownt—1
(A.16)

Eq. (A.17) shows the share of green houses in total houses (8g¢). First, a lower green mortgage
rate compared to the conventional rate raises the green share. Second, an increase in the interest
subsidy (intsyp) increases the green share as well. Eq. (A.18) sets the desired demand of green
houses (Hpwouwnat) as a share (Bg) of total desired demand (Hpwownt)- Eq. (A.19) defines the
desired demand for conventional houses (Hpwouwnct) as the residual from total desired demand
(HDWOwnt)-

"We use a logistic function, on similar lines as Caiani et al. (2016) and Dafermos and Nikolaidi (2022) do for the
case of firms.

This follows the definition used by BIS (2023) for the debt service ratio.

A single house price is assumed for green and conventional houses.



Bt = Bro — B (intLaci—1 — intsyp — intLECt—1) (A.17)
HDWOumGt - ﬁHtHDWOumt (AlS)

HDWOwnCt = HDWOwnt - HDWOwnGt (Alg)

The model also distinguishes between the desired amount of new green/conventional housing loans
and the actual amount of housing loans. As will be explained below, the actual amount of these
loans is determined by the credit rationing process, where banks accept a certain proportion of
loan applications. This proportion is positively influenced by both banks’ financial position and
borrowers’ creditworthiness. This means that banks play an active role in shaping actual loans and
consequently housing demand.

Since there is credit rationing, the desired amount of demanded houses deviates from the actual
amount of demanded houses. Eq. (A.20) defines the actual value of owned occupied houses of
worker households. It increases with net saving, given by disposable income (Ygw) minus con-
sumption (COgw:) and change in deposits, with new housing loans (ALpg;) and with defaulted
loans (DLpw+t), Hwouwnt is the number of houses that worker households own. The actual green
houses are a proportion (Sg:) of the total (Eq. (A.21)). The actual conventional houses are the
residual shown in Eq. (A.22).

Yuwt: — COawt — ADawe + ALt + DLpw:y

HWOumt = HWOwntfl + (AQO)
PHt

Hwouwnct = BatHwouwnt (A.21)

HWOwnC’t = HWOwnt - HWOwnG’t (A22)

Worker households can buy various houses. First, Eqs. (A.23)-(A.25) show how the number of
total, green and conventional newly built houses evolves; Hy NewOwnOceupt are the newly occupied
houses, Hyw NewOwnOceupGt are newly green occupied houses, and Hw NewOwnOccupct are the newly
conventional occupied houses. Second, Egs. (A.26)-(A.28) show the number of the total, green and
conventional existing houses that are bought by worker households that were previously rented;
Hipentedsolar is the total number of the rented houses offered for sale by rentiers and bought by
workers while HjgentedSoldgt and Hygentedsoldot: 1S the green and conventional number of these
previously rented houses. Third, the total number of houses that worker households can buy and
were previously occupied by the rentier households (HywownedOceupt) is shown in Eq. (A.29). This
equation is an identity derived from Table A.3. Eqgs. (A.30)—(A.31) show the green and conventional
houses respectively; Hy ownedoceupGt 18 the green houses that were previously owned by the rentiers
and Hyw ownedOccupct are the conventional ones.

HWNewOwnOccupt = propWHConstrt (A23)

HWNewOwnOccqut = BHt HWNewOumOccupt (A24)

HWNewOwnOccupCt = HWNewOwnOccupt - HWNewOwnOccqut (A25)
HiRentedSotdt = ProprentedSold(Hwownt—1 + Hrgentt—1) (A.26)
HRentedSoldGt = BHtHRentedSoldt (A.27)

Higenteasolact = HiRentedSoldt — HIRentedSoldGt (A.28)

HWOwnedOccupt = Hwownt — HwOwnt—1 — HWNewOwnOccupt — HiRentedSoldt (A29)
HWOwnedOccqut = 6HtHWOumedOccupt (A30)

HWOumedOccupCt = HWOumedOccupt - HWOumedOccqut (A 3 1)



Worker households then decide on how many houses they need to rent. Egs. (A.32)-(A.34) show
the evolution of the total, green and conventional rented houses. Hjgentt is the number of houses
that are rented, Hyyorkerst is the number of houses that correspond to workers, Higpentae is the
green rented houses and Hgentor is the conventional rented houses.

Once workers decide on the total number of rented houses, they choose between newly rented houses
and rented houses that were initially owned and occupied by the rentiers. First, Eqs. (A.35)—(A.37)
show the number of total, green and conventional houses that are newly rented; HyewRented: 1S the
number of newly rented houses, HjnewRentedgt 18 the number of newly rented that are green and
HiNewRentedct are the newly rented houses that are conventional ones. Second, Egs. (A.38)—(A.40)
show the total, green and conventional number of rented houses that were initially owned and
occupied by rentiers. The total number is defined based on the identity derived from the housing
stock-flow matrix (see Table A.3). HiownOccupRentedr is the number of rented houses that were
initially owned and occupied by rentiers, HrownoceupRentedct 1S the green number of houses rented
that were initially owned and occupied by rentiers and HrownOccupRentedct are the conventional
number of houses that were owned occupied by rentiers.

Higentt = Hworkerst — Hwouwnt (A.32)
Hirentct = BraeHRentt (A.33)

Higrentct = Hirentt — HiRentGt (A.34)
HiNewRentedt = PTOPNewRentedH Constrt (A.35)
HiNewRentedt = BrtHINewRentedt (A.36)
HiNewRentedct = HiNewRentedt — HINewRentedGt (A.37)

HiownoccupRentedt = Hirentt — HiRentt—1 — HiNewRentedt + HIRentedSoldt

(A.38)

+ H]RentedSoldVacantt
HIOwnOccupRenteth = ﬂHt HIOwnOccupRentedt (A 39)
HIOwnOccupRentedCt = HIOwnOccupRentedt - HIOumOccupRenteth (A40)

Eqgs. (A.41)—(A.42) show the rent expenditure (Rent;) that worker households pay to the investor
households and the rent rate® respectively; grprent is the growth rate of demanded rented houses,
JHSRent 1S the growth rate of the supplied rented houses and rent; is the rate that worker households
pay to rentiers at the aggregate level.

Rent; = rentiHrgpent—1 (A.41)

rent; = rent;_1 + (rento + rent1(guprentt—1 — JHSrentt—1))TeNt—1 (A.42)

1.3. Investor (rentier) households

Eq. (A.43) defines the gross disposable income of investor households (Yprgt), which consists
of the distributed profits from firms (DPF;), the distributed profits from banks (BPp;), the dis-
tributed profits from investment funds (I F Ppy), the distributed profits from money market funds
(MM F Ppy), along with the interest earned on deposits and government securities; intp is the in-
terest rate on deposits; Dy stands for deposits; intg is the interest rate on government securities;

87ezza (2008) assumes that the rent increases when the income of worker households becomes higher.



SECy 1 are government securities held by investor households.?

Eq. (A.44) defines the net disposable income of investor households (Yzy:) as the gross disposable
income minus taxes on investor households (T"AX ). The consumption of investor households
(COm1t), as described in Eq. (A.45), depends on the net disposable income (Y1) and the wealth
of investor households (Virt); co1 and coo represent the respective propensities to consume out
of net disposable income and wealth of investor households. Eq. (A.46) shows the wealth of
investor households (Vir;), which comprises the value of houses they demand, deposits (Dgry),
government securities (SECpy:) and shares issued by MMFs (SHuyavre); Hrownct, Hrownot 18
investor households demand for their green and conventional owned occupied houses, Hjgentor and
Higentor is the number of green and conventional rented houses, Hv gcantt — HConstrvVacantt are the
vacant houses that rentiers own, Hy gcantt 1S the number of total vacant houses and HconstrVacantt
is the number of new constructed houses that are vacant.

YHIGt = DPt + BPDt + IFPDt + MMFPDt + Z'ntDDH[t,1 + intsSECHItfl + R@ntt (A.43)

Yure =Yuict — TAXun (A.44)
COunrn = ea1Yur—1 + c22Vur— (A.45)

Vure = paiHiownt + patHiownct + PHHIRentGt + PHIH [ RentCt

(A.46)
+ th(HVacantt - HConstrVacantt) + DHIt + SECHIt + SHMMFt

Investor households accumulate wealth in four different financial and real assets; government secu-
rities, (green/conventional) houses, shares issued by MMFs and deposits. The allocation of wealth
follows the Tobin-style portfolio allocation approach between these four different assets.!”

In particular, a proportion of investor households’ wealth is invested in all four different finan-
cial/real assets (Eq. (A.47) to (A.50N)).!! This proportion changes in an endogenous way with
changes in interest rates in government securities, the rate of return on housing, the rate of return
of MMFs and the interest rates in deposits; SECg ; is government securities, Hrownt is the demand
for houses of investor households; SH sy e is money market fund shares; Dyry: is the notional
demand for deposits; rgg: is the rate of return in MMF shares; Aig, A2, Ago and Ay are the
proportions of wealth allocated to different assets. Eq. (A.50N) determines the notional amount
of deposits (Dgrnt). Eq. (A.50) describes the actual amount of deposits since it acts as a buffer
variable; deposits adjust based on changes in saving, and changes in government securities, total
housing that investor households own, MMF shares and refurbishment expenditure.'? Eq. (A.51)
shows that the rate of return on housing (rg) is equal to the rent plus the growth rate of housing
prices while Eq. (A.52) shows that the rate of return in MMF shares is equal to the distributed
profits of MMFs divided by the number of shares they issue.

Yar—1
Viri—1

SECHR = (Mo + Aints + MarHr—1 + M3rsmHi—1 + Aaintp + Ais WeI—1 (A.47)

9We assume that MMTFs is the only sector that issues shares and are bought by the investor households. In the
current model, firms, commercial banks and IFs do not issue shares. Moreover, investor households do not earn rent
income from worker households. See Zezza (2008) for an alternative formulation. We have also assumed that investor
households do not take out loans. This is a simplification since, according to Albanesi et al. (2022), high-income
households took out loans as well during the 2007-8 financial crisis.

10The Tobinsque principle relies on the work of Tobin in order to determine the investment in different assets based
on the rate of return of each asset and is standard in SFC models (see Godley 1999).

Hnvestor households are the owners of commercial banks and IFs and receive their distributed profits. Investor
households hold their capital, but don’t invest it (see Godley and Lavoie 2012).

1211 the simulations, deposits are always positive.
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Your—1,Vur— (A.48)

Hiownt = (A20 + Ao1ints + Aoarpre—1 + Aosrsmi—1 + Aeaintp + Aos v
HIt—1  PHt

. . Yur—
SHyvre = (A30 + Asvints + AgoTmre—1 + A33rsme—1 + Againtp + Ass VHIt 1)VHIt71 (A.49)
tf
B . . Y-
Dpint = (Mo + Mrints + Maorpre—1 + Marsme—1 + Aaaintp + \as Varr VWrr—1 (A.50N)
t—1
Duri = Duri—1 + Yur — COnre — (SECH — SECH-1) — PHHINewOwnOccupt (A.50)
Hw ownoceupt + PHtHIRentedSoldt — (SHympe — SHyvFi—1) — IRefurbt
THI: = Tent; + bHt — PHt—1 (A.51)
PHt-1
MM F Ppy,
S A.52
Y SHarvria ( )

Egs. (A.53)—(A.54) show the green demand (H;ownat) and the conventional demand (Hjownct) for
houses by rentiers. Eqgs. (A.55)-(A.57) show how investor households decide on i) on the number
of owned occupied houses that they want to sell to worker households (Hw ownoccupMarkett), ii) the
rented houses that could be sold (HjgentedSoldMarkett), iil) the number of houses that are owned
occupied and could be rented (HrownOccupRentedMarkett) and the types of newly constructed houses
they decide to buy. Finally, Egs. (A.58)—(A.60) shows the number of newly total, green and conven-
tional occupied houses, HNewOwnOccupt are the newly bought occupied houses, HjNewOwnOccupGt
are the newly bought houses that are green, and HnewOwnOccupct are the conventional ones.

Hiownct = ButHiownt (A.53)

Hiownct = Hiownt — HiownGt (A.54)

Hyw 0wnOceupMarkett = PTOPW ExistingH 10wnt (A.55)

HiRentedSoldMarkett = PTOPIRentedH 10wnt (A.56)

HIOwnOccupRentedMarkett = PTrOPI1OwnOccup Hrownt (A 57)

HiNewownOceupt = Hiownt — Hrownt—1 + HiownOceupRentedt + Hw 0wnOccupt (A.58)
+ HIRentedVacantt + HWOwnOccupVacantt .

H]NewOwnOccqut = BHtHINewOwnOccupt (A59)

HINewOwnOccupCt = HINewOwnOccupt - HINewOwnOccqut (AGO)

1.4. Firms

The total output of the economy (Y;) consists of consumption by worker households (COgw+), the
consumption by investor households (COpgy;), investment by firms (I;), government consumption
expenditures (COgovt), green and conventional construction investment (Iconstr¢) and refurbish-
ment investment that converts conventional into green houses (Igrefurt), as shown in Eq. (A.61),
where Iconstrar and Iconstrar are green and conventional construction investment respectively. So
in the model, an increase in demand for houses leads to a higher housing supply and construction
investment and promotes economic activity.

Y;f = C(OHWt + C'()Hlt + It + COGOVt + IConstrGt + IC'onstrC’t + [Refurbt (A61)

Eq. (A.62) defines the gross profits of firms (7'Pgy), which are calculated as the sales (they are the
same with output) minus wages (W;) and interest payments on both green loans and conventional
loans; intq is the interest rate on green loans and Lgy is the green loans; int¢ is the interest rate on
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conventional loans; L¢y is the conventional loans. Wages, given in Eq. (A.63), are determined as
a proportion (sy) of total output; sy is the wage share. Eq. (A.64) determines the net profits of
firms (T'P;), which are obtained by deducting corporate taxes (T’AX ;) and carbon taxes (T'AX¢y)
from gross profits of firms. Retained profits (RF;), as described in Eq. (A.65), represent the portion
of net profits that firms choose to retain, calculated as a proportion (sr) of net profits. Eq. (A.66)
defines the distributed profits of firms (DPF;), which are calculated as the difference between net
profits and retained profits. Eq. (A.67) calculates firms’ rate of profit (r;) as the ratio of net
profits (T'P;) to the capital stock (K;), Eq. (A.68) and Eq. (A.69) refers to capacity utilisation
(ut) as actual output relative to its potential level and potential output (Ypo) respectively, v is
the potential output-to-capital stock.

TPot =Yy — Wy —intaLgi—1 — inteLoi—1 (A.62)
Wi = swYs (A.63)
TP, =TPg — TAXp; — TAX ¢y (A.64)
RPt = SFTPt,1 (A65)
DP, =TP, — RP; (A.66)
TP
=t A
Tt K, ( 67)
Y:
! }/pott ( )
Y;)ott = 'l}Kt (A69)

Eq. (A.70) shows that investment depends on the rate of profit (see, e.g., Blecker 2002) and capacity
utilisation. We consider that the rate of profit and capacity utilisation affect investment in a non-
linear way in general line with the tradition that draws on Kaldor (1940). As a result of this, once
the profit rate and the capacity utilisation are very low or very high, their effects on investment
become rather small.!> Eq. (A.71) shows that the share of green investment to total investment
(B¢) changes when the green and conventional interest rates change. Egs. (A.72)-(A.73) show
how green investment (Ig;) and conventional investment (Ic¢) are defined. Egs. (A.74), (A.75)
and (A.76) respectively show the value for green capital stock (Kq¢), conventional capital stock
(Kcy) and total capital stock (K;).'* Firms take out green and conventional loans to finance
green/conventional housing investment and changes in capital stock (Eq. (A.77)—(A.78)). The
total loans are equal to the sum of green and conventional loans (Eq. (A.79)).1?

I = e e K (A.70)
Bi = Bo — Pilinte — intc) (A.71)
Ici = Bidy (A.72)

Icy = I — Iy (A.73)

Kai = Kgi—1 + It (A.74)

Kev = Keg—1 + Lot (A.75)

13See also Dafermos and Nikolaidi (2022) for a similar investment function.

We assume that there is no depreciation of capital stock. See Dafermos and Nikolaidi (2022) for an investment
with depreciation of capital stock.

15We assume for simplicity that there is no credit rationing in firms’ loans. See Dafermos and Nikolaidi (2022) for
credit rationing applied to the firm sector.
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Ky = Kot + Kat (A.76)
Lat = Lai—1 + 1gt + Loonstrat — BiREP;

(A.77)
- Btth(HWNewOumOccupt + HINewOumOccupt + HINewRentedt)
Let = Lot—1 + Lot + Igt + IconsirGt + Loonstrot — RPr — (Lt — Lai—1) (A.78)
- th(HWNewOwnOccupt + HINewOwnOccupt + HINewRentedt)
Li = Lgt + Lo (A.79)

More houses are built as the demand for houses and house prices increase (Eq. (A.80)), where
Newconstrt is the new constructed houses.!® These new constructed houses increase the stock of
existing houses (Eq. (A.81)), where Hgoonstrt is the number of constructed houses.'” The number
of the constructed houses are split into green and conventional ones: the number of green houses
is a proportion of total houses and the rest are conventional houses (Egs. (A.82)—(A.83)).

HWNewOwnOccupt—l + HINewOwnOccupt— 1+ HINewRentedtfl

Newconstrt = (h20+h21 +h229PHt71)HConstrt71

HConstrtfl
(A.80)
HConstrt = HConstrt—l + NewConst'r’t (A81)
HConstrGt = BHtHC’onstrt (A82)
HC’onstrCt = HC(mstTt - HConstrGt (A83)

Investment in constructed houses (in EUR trillion) is the value of the stock of constructed houses
(Eq. (A.84)), where Iconstrt is the investment in constructed houses and poonstr is the constant
price for construction (in EUR trillion /million houses). Eqs. (A.85)—(A.86) shows the green and
the conventional investment in construction that takes place; Iconstrgt is the investment in green
constructed houses and Iconstrct iS the investment in the conventional constructed houses.

IConstrt = pConstrHConstrt (A84)
IConstrGt = BHtIConst'rt (A85)
IConstrCt = IConstrt - IC’onstrGt (A86)

The model makes a distinction between green residential investment associated with the construc-
tion of green houses and residential investment associated with refurbishment that transforms
conventional houses into green houses. We implicitly assume that, when By increases, green re-
furbishment also increases to transform existing conventional houses into green houses. The new
number of houses that are refurbished (in million houses) is given by Eq. (A.87), N €W Re furbt 18
the new number of refurbished houses. These are the conventional houses that are transformed
into green (e.g. the rented houses that are not new and some owner-occupied houses). The stock
of refurbished houses (Hpefyurtt) increases by this new number of houses (Eq. (A.88)). The value
of refurbished houses (Igefurtt) is given by Eq. (A.89), where prefyr is the constant price of
refurbished houses.'®

16 Jackson and Victor (2019) and Byrialsen et al. (2024a,b) include other factors in housing investment such as
economic activity. Other factors could affect the supply of houses, such as land and construction costs.

1"We assume that there is no depreciation of the housing capital stock. See Jackson and Victor (2019) and Byrialsen
et al. (2024a,b) for a housing market with depreciation of the housing stock.

8Tn the simulations we make sure that pre sy is lower than the pconse- to capture the higher cost associated with
new housing construction.
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NewRefurbt = HIRentedSoldG’t—l + HWOwnOccqut—l + HIOwnOccupRenteth—l

(A.87)

+ HIRentedVacanth—l + HIRentedSoldVacanth— 1+ HWOwnOccupVacanth— 1
HRefurbt = HRefuTbt—l + NewRefurbt (A88)
IRefurbt = pRefurbHRefurbt (A89)

Eq. (A.90) defines that the growth rate of the housing prices is affected by the difference between
the growth rate of total demanded houses (grp:)'® and the growth rate of existing houses (gzr¢)
(see Eatwell et al. 2008 and Nikolaidi 2015).

pat = PHi—1 + (h33 + h3(9rDi—1 — 9HI-1))PHI-1 (A.90)

In the model, there are different types of vacant houses (Egs. (A.91)—(A.103)). Eq. (A.91) defines
the vacant new houses (Hoonstrvacantt). Eq. (A.92) captures the number of rented houses that
are vacant and are not sold (HjRgentedSoldvacantt), While Eq. (A.93) refers to the number of owned
houses that are vacant and are not sold (HwownOccupVacantt). Finally, Eq. (A.94) provides the
number of rented houses that are vacant (Hjgentedvacantt)-

A91
A.92
A.93
A.94

HConstrVacantt = HConstrt - HWNewOwnOccupt - HINewOwnOccupt - H]NewRentedt
HIRentedSoldVacantt = HIRentedSoldMarkett - HIRentedSoldt

(A.91)
(A.92)
HWOumOccupVacantt = HWOwnOccupMaTkett - HWOwnOccupt ( )
(A.94)

HIRentedVacantt = HINewRentedt + HIOwnOccupRentedMarkett - HIOwnOccupRentedt

Egs. (A.95)—(A.100) describe the allocation of the above-mentioned houses between green and
conventional. Green houses are a proportion () of the total number of houses, while conventional
houses are the remaining ones.

HiRentedSoldvacantGt = BHt HRentedSoldv acantt (A 95)
HiRentedSoldvacantct = HRentedSoldvacantt — HIRentedSoldVacantGt (A 96)
HWOwnOccupVacanth = BHt HWOwnOccupVacantt (A 97)
HWOwnOccupVacantCt = HWOwnOccupVacantt - HWOwnOccupVacctht (A98)
HIRentedVacanth = BHt HIRentedVacantt (A 99)
Higentedvacantct = HiRentedvacantt — HiRentedvacantGt (A.100)

Eq. (A.101) shows the overall number of vacant houses, while Eqs. (A.102)-(A.103) shows the
number of green and conventional vacant houses. Note that Eq. (A.91) and (A.101) are identities
derived from the housing stock-flow matrix (Table A.3).

HVacantt = HVacantt—l + HConstrVacantt + HIRentedSoldVacantt + HIRentedVacantt (A 101)

+ HWOwnOccupVacantt

HVacanth = BHtHVacantt (A 102)

The total demand for houses includes the demand of worker and investor households.
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HVacanth = ﬂHt HVacantt (A 103)

Eq. (A.104) and Eq. (A.105) show the total housing stock (Hrpetar) while Egs. (A.106)-(A.107)
show the total number of green houses (Hrotaigt) and the total number of conventional houses
(Hrotaict). Both Egs. (A.104)—(A.105) are identities taken from the housing stock-flow matrix
(Table A.3). We use one of these identities in the simulations, while the other one we use to check
that the housing market is consistent. Egs. (A.106)—(A.107) show the number of total houses that
are green and conventional, respectively.

A.104
A.105
A.106
A.107

HTotalt = HTotalt—l + HConstrt
HTotalredt = HWOumt + HIOwnt + HIRentt + HVacantt

( )
( )
HTotath = HWOumGt + HIOwnGt + HIRenth + HVacanth ( )
( )

HTotalCt = HTotalt - HTotath

In the model, we link the number of houses to the population of worker and rentier households (Egs.
(A.108)-(A.109)). Eq. (A.108) shows that the number of houses required by worker households
(Hworkerst) is a proportion (size) of their population (POPy,). Similarly, Eq. (A.109) indicates
that the number of houses associated with rentier households (HRgentierst) is @ proportion of the
rentier population (POPg).

POPR

HWorkerst = . Wi (A108)
Size
POP,

HRentierst - . & (A 109)
Stze

Eq. (A.110) shows a simple wealth inequality index (WealthIndex;) that compares the wealth of
the rentiers per person to the wealth of workers per person. The higher the WealthIndex;, the
higher the wealth inequality.

Vi /POPr;

WealthInder; = ——————
" Viw:/PO Py,

(A.110)

The evolution of the worker and rentier populations over time is described in Egs. (A.111)-
(A.113). Total population (POP;) grows at an exogenous rate (gpop) according to (A.111). Eq.
(A.112) describes the dynamics of worker population (PO Py) and Eq. (A.113) defines the rentier
population as the residual, equal to the difference between the total population and the worker
population.

POP; = (1+ gpopr)POP,— (A.111)
POPWt = propWorkersPOPt (A112)
POPg, = POP, — POPy, (A.113)

1.5. Commercial banks

Commercial banks hold other financial assets as well, apart from green and conventional
firms/worker households loans. They hold government securities and repos that are issued by
IFs.2? They are also the owners of the FVCs and receive distributed profits. They also provide

20Commercial banks could potentially buy only a proportion of repos that are issued by IFs while the rest could
be bought by other financial institutions (e.g. MMFs).
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deposits and get advances from the central bank.

Eq. (A.114) defines the total profits of commercial banks (BP;), which is equal to the interest on
various loans (including housing and firms’ loans), interest from government securities and green
repos, distributed profits from FVCs (FVCPp,), along with fees received from securitising part
of the housing loans (FEF;)?! minus the interest expenses on deposits and advances. intg is the
interest rate in repos, Repo; are the green repos that commercial banks buy, int 4; is the interest
in advances and A; is the advances of commercial banks. The deposits of commercial banks (D;)
are equal to the deposits held by workers and rentiers (Eq. (A.115)).

Eq. (A.116) shows bank’s capital (CAP;), which increases by undistributed bank profits (BPy)
and decreases by defaults on non-securitised housing loans (DLyp;).22 Banks hold part of their
profits (Eq. (A.117)) while the rest are distributed to investor households (Eq. (A.118)); BPy,
are the undistributed profits of commercial banks. Eq. (A.119) specifies the defaulted amount
of non-securitised housing loans (DLy ) as a proportion (defrgw¢) of the sum of non-securitised
green housing loans and conventional housing loans.

BP, =intcLcy—1 + intgLai—1 + intraci—1 Lnuai—1 + intrpci—1 Laci—1
+intgSECBi—1 + intgRepor_1 + FEE; + FVCPpy — intpDy_1 — int 4z A1
Dy = Duwi+ Durne ( )
CAPt:CAPt—1+BPUt—DLNHt ( )

BPUt = SBBPt_l (All?)

BPp; = BP, — BPy ( )

DLnpgt = defgwi(LNuGt-1 + Luct-1) ( )

Eq. (A.120) determines the proportion of securitised green housing loans (s;), which is influenced
by an exogenous component (sg) and by the difference between the green MBS’s yield (yieldpsi—1)
and the target MBSs yield (yieldy7).2> Eq. (A.121) defines the amount of green securitised

housing loans (Lsgat), while Eq. (A.122) shows the non-securitised housing loans as the difference
between total green housing loans and securitised green loans.

st = so — s1(yieldyrp—1 — yieldysr) (A.120)
Lsuat = stLuct (A.121)
Lypat = Luct — Lsuct (A.122)

Eq. (A.123) defines the amount of high-powered money (H PM;) as a proportion (h;) of deposits
(Dy). Government securities held by banks (SECp;) are also a proportion (hg) of deposits (Eq.
(A.124)). Eq. (A.125) describes the advances that commercial banks take from the central bank
to finance their assets. These advances are provided on demand by the central bank.?*

HPM, = h\D, (A.123)

21We assume that commercial banks securitise only part of the green housing loans.

22We assume for simplicity that defaults take place only within housing loans. Moreover, we assume that commercial
banks are not listed on the stock market in order to avoid complications that arise from the effect of changes in the
price of shares of banks.

ZThe concept of the target yield stresses that the sponsors of MBSs wanted to ensure that the main buyers of
MBSs, the MMFs, were able to purchase highly rated assets (see Acharya et al. 2013; Schroth et al. 2014).

241f advances become negative, the government securities bought by banks (SECg:) become the buffer variable.
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SECp; = hyDy (A.124)

A=Ay 1+ (HPMy — HPM; 1) + (Lat — Lai—1) + (Lot — Lov—1) + (Lvaat — Lvag-1)
+ (Lgot — Lycot—1) + (SECp — SECp—1) + (Repo, — Repoy—1) — (Dy — Dy—1)
— BPyy + DLng
(A.125)

Eq. (A.126) defines the leverage ratio of commercial banks (levp;) as the ratio of total assets to
their capital (CAP;). The capital adequacy ratio (CAR;), presented in Eq. (A.127), measures the
bank’s capital relative to its risk-weighted assets, which include (housing/firm) loans, government
securities, high-powered money, and repos, weighted by their respective risk weights; wy, is the
weight for loans; wg is the weight for government securities; wy is the weight for high-powered
money; wg is the weight for repos.?’

HPM; + Loy + Lt + Lvaae + Lacoe + SECB + Repoy
CAP,
CAP,
wr(Lot + Let + Lvaat + Luct) + wsSECp: + wyg HP M + wrRepoy

levp, = (A.126)

CAR; =

(A.127)

As explained earlier, commercial banks provide only an amount of green and conventional housing
loans. Eq. (A.128) shows that total credit rationing for household loans (C'Rpy) depends nega-
tively on the debt service ratio of worker households and positively on the capital adequacy ratio
of commercial banks relative to the minimum capital adequacy ratio (CAR,y;,) determined by the
regulatory authority?® In the baseline scenario, total credit rationing is equal to green and con-
ventional credit rationing. However, credit rationing on green and conventional loans can become
different once the yields on MBSs become different (Egs. (A.129) and (A.130)). We consider that
commercial banks will be willing to provide more green mortgages once the yield of MBSs becomes
lower. This implies that banks will be able to securitise more green mortgages and transform them,
with the help of FVCs into MBSs. yieldys; is the yield on MBSs; yieldysr is the target yield for
MBSs; CRyqa: is the credit rationing on green housing loans; C'Rycy is the credit rationing on

conventional housing loans.?”
CRmaw
Clm = 1 + roert—r2dsrawi—1+r3(CAR -1 —CARmin) (A.128)
CRuyc: = (1 + lH3(yi€lth_1 — yieldMT))CRHt (A.129)
CRpct = (1 — lgs(yieldyri—1 — yieldpyr))C Ryt (A.130)

The interest rate on the green and conventional housing loans is set as a spread over the policy
interest rate, which is determined by the central bank (Eqgs. (A.131) and (A.132)) where spryg: is
the lending spread on green housing loans and sprgc: is the lending spread on conventional housing
loans. The total spread (sprp:) depends on the capital adequacy ratio and debt service ratio of
worker households (Eq. (A.133)). The same factors that affect total credit rationing also affect the
total spread. In the baseline scenario, the total spread of housing loans is the same for green and
conventional housing loans. However, a reduction in the yield of green MBSs can reduce the green
spread and increase the conventional spread of loans. This is shown in Eqs. (A.134) and (A.135).

#5See BCBS (2025) for the weights of the different assets.

263ee Dafermos and Nikolaidi (2022) for a similar formulation for the case of firms. The loan-to-value ratio (or the
leverage of worker households) is an alternative indicator that could be used (see e.g. Grovenstein et al. 2005).

2"During the financial crisis of 2007-8, banks were willing to provide more loans to securitise them, given that there
was strong demand (see Deku et al. 2021).
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iNtLHGt = SPruGt + int At

intrgot = Spruct + inta

( )

( )

spriy = sprao — Spru1(CAR—1 — CARyin) + sprmadsrgwi—1 (A.133)
spract = (1 + sprus(yieldy—1 — yieldyr))sprat ( )

( )

sprace = (1 — sprus(yieldyr—1 — yieldyrr)) spr ot

1.6. Financial Vehicle Corporations (FVCs)

Eq. (A.136) defines the total profits of FVCs, which consist of interest earned on securitised green
mortgages (Lspat) and government securities (SECEy ), minus the securitisation fees (FEE})
and the coupon payments of green MBSs, where coupon s is the coupon rate of green MBSs and
my is the number of green MBSs that are issued. Eq. (A.137) shows the undistributed profits
(FV CPyy), which are a proportion of (spy¢) of the total profits of FVCs. The distributed profits
(FVCPpy) are equal to the total profits minus the undistributed profits, as shown in Eq. (A.138).

FVCP, =intrgai—1Lsagi—1 +intsSECpyoi—1 — FEE; — couponps—1ms_1 (A.136)
FVCPy; = spycFVCP_4 (A.137)
FVCPpy = FVCP, — FVCPyy (A.138)

Eq. (A.139) defines the coupon rate of green MBSs, which is determined by the yield on green
MBSs (yieldys:) multiplied by the par value of green MBSs (pps). The yield of green MBSs, as
shown in Eq. (A.140), is calculated as the ratio of the coupon rate to the price of green MBSs
(pare)-2® The higher the demand for these bonds, the higher the price and as expected the lower
the yield of these bonds. Eq. (A.141) determines the fees that FVCs pay to commercial banks.
These fees are calculated as a proportion (fee) of the securitised green mortgages (Lspat)-

couponyy = yieldpyre— 1Dy (A.139)

yieldyy = oMt (A.140)
Pwme

FEE, = feeLsnci-1 (A.141)

Eq. (A.142) shows the change in the capital of FVCs (K gy c¢), which consists of the undistributed
profits of FVCs minus the default on securitised green housing loans (DLpyc¢). The defaulted
green securitised housing loans is a proportion (defrw:) of the securitised green housing loans (Eq.
(A.143)). Eq. (A.144) shows the change in the number of green MBSs (m;) that FVCs decide
to issue. The change in the number of green MBSs becomes higher when the securitised green
mortgages become higher.?? Eq. (A.145) represents the value of the total green MBSs (M;), which
comprise those held by IFs (M;p;) and MMFs (Myarre). Eq. (A.146) shows the price of green
MBSs, calculated as the ratio of their total value of green MBSs to the total number of green MBSs
issued (m;).30 Eq. (A.147) shows the change in government securities held by FVCs (SECErycy).
FVCs decide to hold more government securities when their undistributed profits (F'VC Pyy) plus
the new value of green MBSs issued are higher than the change in securitised green housing loans
and defaulted loans experienced by FVCs.

283ee Dafermos and Nikolaidi (2022) for a similar formulation for the case of corporate (conventional/green) bonds.

2 Combining Eq. (A.8) and Eq. (A.144) we can see that the default rate is cancelled out and does not affect the
number of bonds issued.

30Tt is assumed that there is equilibrium in the market of green MBSs.
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Krver = Kpvet—1+ FVCPyy — DLpyer (A.142)
DLpver = defawiLsuci—1 (A.143)

my =my—1 + (Lsaat — Lsaai—1) + DLpycy (A.144)
My = Mipe + My ry (A.145)

PMt = n]\ﬁ (A.146)

SECpvcet = SECpyvci—1+ FVCPye + py(me — my—1) — (Lsuat — Lsucgi—1) — DLpycr (A.147)

1.7. Investment Funds (IFs)

IFs hold government securities and green MBSs on the asset side of their balance sheet. They issue
repurchase agreements (repos) to fund their activities (they also hold capital). Eq. (A.148) defines
the total profits of IFs (I F'P;), which are equal to the coupon payments received from green MBSs
plus interest earned on government securities, minus the interest paid on repos; SECrr; is the
government securities held by IFs. Eq. (A.149) shows the undistributed profits of IFs (I F Pyy),
which are a proportion (s;r) of their total profits. The distributed profits (I F Pp;) are calculated
as the total profits minus the undistributed profits, as shown in Eq. (A.150). IFs hold capital
(K1) which increases by their undistributed profits (Eq. (A.151)).

IFP; = couponppi—1mipi—1 + intsSECipi_1 — intgRepos_1 (
IFPy; = siplFP (

IFPp; =1FP, — IF Py, (A.150
Kipt = Kipe—1 + IF Py (

IFs buy green MBSs since they can be used as collateral when they issue repos. Eq. (A.152) defines
the value of green MBSs held by IFs (Mjgy), which is equal to their capital divided by thehaircut
(haircut;).3" The more capital the IFs have, the higher the value of MBSs they would like to buy.
Moreover, the lower the haircut of the MBSs the more willing the IFs are to buy green MBSs.
The haircut, as described in Eq. (A.153), is determined by a fixed component (€¢p) and a variable
component that depends on the difference between the green mortgage yield (yieldys;) and the
target market yield (yieldyr).>2 By combining Eq. (A.152) and Eq. (A.153), we can see that the
lower the yield of green MBSs, the lower the haircut of repos and the more willing the IFs are to
buy green MBSs. Eq. (A.154) shows the number of green MBSs held by IFs, which is obtained by
dividing their market value (Mp;) by the market price (pas).

Kirpi—
Mipy = —T50  SECR (A.152)
haircut;
haircuty = €o + e1(yieldye—1 — yieldyr) (A.153)
M
mrpe = —— (A.154)
Pt

Eq. (A.155)) shows that the government securities bought by IFs are a proportion of total govern-
ment securities (SEC;). Once IFs decide about the green MBBs and government securities that

31This is generally in line with the argument of Adrian and Shin (2010) that shadow banks (e.g. security broker-
dealers) had a procyclical leverage ratio during the financial crisis of 2007-8.

32By definition, the haircut is the difference between the initial market value of an asset and the purchase price
paid for that asset at the start of a repo (see e.g. ICMA 2025).
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they buy, then they decide the amount of repos they issue (Eq. (A.156)). Eq. (A.157) defines the
leverage ratio of IFs, which is calculated as the ratio of total assets—comprising the green MBss
and government securities—to their capital. So an increase in the price of green MBSs, increases
the leverage of IFs and their willingness to issue repos.

SECips = hipSEC; (A.155)
Repoy = Repoi—1 + py(mipt — mipe—1) + (SECrpe — SECrpi—1) — IF Py (A.156)
SEC
levips = PMtMIF: + IFt (A.157)
Kiry

1.8. Money Market Funds (MMFs)

Eq. (A.158) defines the total profits of MMFs (MM FP,), which consist of coupon payments
received from green MBSs and interest earned on government securities (SECyarrt). Eq. (A.159)
shows the undistributed profits (M M F Py;;), which are a proportion of (spspr) of the total profits
of MMFs. Subsequently, the distributed profits (MM F Pp,) are calculated as the total profits
minus the undistributed profits, as shown in Eq. (A.160). Eq. (A.161) describes the change in the
capital of MMFs (K psarre), which increases with undistributed profits.

MMFP; = couponyrs—1mpynviri—1 + intsSSECy ppe—1
MMFPy = symrMMF P
MMFPpt = MMFP, — MMF Py
Kyvre = Kpype—1 + MMF Py

MMFs choose between two assets: green MBSs and government securities. They do so by relying
upon Tobin’s portfolio allocation. The value of green MBSs held by MMFs (M p¢) is defined in
Eq. (A.162), which is a proportion of the shares that MMFs issue (SHpsarr¢). This proportion is
endogenous: it depends on the yield on green MBSs (yieldys:) and the interest rate on government
securities (intg). Accordingly, the notional amount of government securities is defined in Eq.
(A.162N).33 Eq. (A.163) outlines the government securities of MMFs, which act as a buffer variable.
The number of green MBSs held by MMFs is represented in Eq. (A.164), which is calculated by
dividing their total market value (Masprre) by the price (pase). Eq. (A.165) defines the leverage
ratio of MMFs (levpsarrt), which is equal to green MBSs and government securities (i.e. their total
assets) to the shares that they issue.

Murvire = (10 + yryieldar—1 + yi2ints) SHyvrre—1 (A.162)
SECyrnt = (720 + y21yieldyss—1 + Yooints)SHarnrre—1 (A.162N)
SECumr: = SECumre-1 + (SHumre = SHumre-1) = Pulmanure —marmre-1) - 165
+ MMF Py .
M
My = —LMEt (A.164)
Pyt
SEC
levpvre = DA FL S (A.165)
SHyMFt

33The parameters in the portfolio choice equations satisfy the horizontal, vertical and symmetry constraints.
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1.9. Government sector

Eq. (A.166) shows the government net saving (GNS;) which is the difference between the govern-
ment’s revenues and expenditures. The government revenues consist of taxes (T'AX;) and central
bank profits (C'BP;) while the government spending consists of government consumption, inter-
est loans subsidies and interest on securities; SEC; are the securities issued by the government.
According to Eq. (A.167) the government issues securities when the government net saving is
negative. Government consumption spending is a proportion (govc) of output (Eq. (A.168)). Egs.
(A.169), (A.170), (A.171) and (A.172) show respectively worker households’ taxes (TTAX gw), in-
vestor households’ taxes (TAX ), taxes on firms’ profits (T'’AXp;), and carbon taxes that the
firms have to pay (TAX¢;).?* Carbon taxes are a proportion (7¢) of other emissions.?> Total taxes
are equal to the taxes that the government collects from worker households, investor households
and firms (Eq. (A.173)).

GNS; =TAX; +CBP, — COgov:t — intsupLugi—1 — intsSEC;_1 ( )
SECy = SEC,_1 — GNS ( )

COgovi = govcYi—1 ( )

TAXgwt = TaW YHWGt—1 ( )

TAXun = tHIYHIG—1 (A.170)

TAXp: = 1T Pgt—1 ( )

TAXc: = 7o EMISoi—1 ( )

TAX; =TAXpgwt + TAXpgn + TAXFp + TAX o4 ( )

1.10. Central bank

Eq. (A.174) shows the central bank’s net profits, which are composed of interest payments on
advances and interests on the central bank’s securities; SECop; are the government securities
held by the central bank. These government securities held by the central bank are equal to the
government securities that are not held by households, commercial banks, FVCs, IFs and MMFs
(Eq. (A.175)). Eq. (A.176) is the redundant equation of the model.3® The wealth of the central
bank (Vo pe) is equal to the advances, the government securities held by the central bank minus high-
powered money (Eq. (A.177)). Eq (A.178) shows the interest rate on advances, which increases or
decreases based on the greenness or dirtiness of the banks’ mortgage portfolio (see van’t Klooster
and van Tilburg 2020; Krebel and van Lerven 2022; Jourdan et al. 2024).37

A.174
A175
A.176
A1TT

CBP; =intas 1A 1 +intgSECoBs—1
SECcp: = SEC; — SECH: — SECt — SECEyct — SEC1r: — SECyMFt
SECcBredqt = SECcpi—1 + (HPMy — HPM;_1) — (A: — Aiq)

(
(
(
Vepe = Ay + SECcpy — HP M, (

)
)
)
)

34In 2027, the European Union will apply an explicit carbon price to fuels used in buildings and road transport
through a separate emissions trading system known as EU ETS2 (see e.g. European Commission 2025). In our future
work, we could investigate the incorporation of carbon taxes in the household sector.

35In the simulations, 7¢ is considered constant, but could become endogenous (see e.g. NGFS 2025).

36In our simulations, we always make sure that the redundant equation is satisfied.

37In the current simulations, it is assumed that there is no change in the int,,q. and int,.» by the central bank to
promote green policies.

21



L L
intar = intref + (intmaz — Mtyep) ot — (intyef — intmin) et (A.178)
Lyt Ly

1.11. Emissions

Eq. (A.179) shows that housing emissions (EMISg;) depend on the housing stock. Clgy is the
carbon intensity of the housing stock (Hrpete). This intensity can become lower as the total green
houses increase compared to total conventional houses (Eq. (A.180)). Eq. (A.181) defines the
rest of carbon emissions (EMISo;) as a function of output.®® Clo, is the carbon intensity that
corresponds to the rest of the emissions. This intensity becomes lower when firms invest more in
green capital compared to conventional capital (Eq. (A.182)).

EMISy; = ClyHropan (A.179)
CIHmam - CIHmzn

1 4+ e—rcra(Hrotagi-1/Hrotaict—1—1/(HrotaiGi—1/Hrotaict—1)—ccrm)
EMISo; = Clp:Yy (A.181)

CIOmax — CIOmzn
1 4+ e—rcro(Ket-1/Ket—1—1/(Kgt-1/Kct-1)—ccro)

(A.180)

CIHt = CTHmaazt -

Clor = Clomas — (A.182)

38 An increase in housing investment (the flow) increases other emissions while an increase in houses (the stock)
increases housing emissions.
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2. Symbols, data sources and values for variables and parameters

Table A.4: Symbols and initial values for endogenous variables (baseline scenario)

Symbol Description Variable category Initial value Source/remarks

A Advances (EUR trillion) Model-constrained — 5.591 Calculated from Eq. (191)

BP Profit of the banks (EUR Model-constrained 0.2776 Calculated from Eq. (114)
trillion

BPp Distrib)uted profit of the Model-constrained  0.083 Calculated from Eq. (118)
banks (EUR trillion)

BPy Undistributed profit of the =~ Model-constrained 0.1946 Calculated from Eq. (117)
banks (EUR trillion)

CAP Capital of banks (EUR Model-constrained  2.0056 Calculated from Eq. (126)
trillion

CAR Capita% adequacy ratio Model-constrained 0.116 Calculated from Eq. (127)

CBP Central bank profits (EUR ~ Model-constrained  0.2473 Calculated from Eq. (175)
trillion

Cly Carbon) intensity of houses =~ Model-constrained 0.0042 Calculated from Eq. (180)
(GtCO2/Million)

Clo Carbon intensity of other Model-constrained  0.1091 Calculated from Eq. (182)
emissions (GtCO2/EUR
trillion)

COgov Government expenditure Free 3.0639 The proportion of
(EUR trillion) government, expenditure in

GDP is based on Eurostat

COnr Consumption of investor Model-constrained = 2.4152 Calculated from Eq. (61)
households’ (EUR trillion)

COnw Consumption of worker Model-constrained  5.9011 Calculated from Eq. (20)
households (EUR trillion)

coupon s Green MBSs coupon Model-constrained  0.0384 Calculated from Eq. (139)
payments

CRy Degree of total credit Model-constrained 0.2 Calculated from Eq. (128)
rationing on housing loans

CRuc Degree of conv. credit Model-constrained 0.2 Calculated from Eq. (130)
rationing on housing loans

CRuc Degree of green credit Model-constrained 0.2 Calculated from Eq. (129)
rationing on housing loans

D Deposits (EUR trillion) Free 21.885 Selected from a reasonable

range of values

Dur Deposits held by investor Model-constrained 19.6965 Calculated from Eq. (115)
households (EUR trillion)

Durn Deposits held by investor Free 19.6965 Selected from a reasonable
households (EUR trillion) range of values

Duw Deposits held by worker Free 2.1885 Selected from a reasonable
households (EUR trillion) range of values

defaw Default rate on housing loans Free 0.02 Based on Eurostat

DLpve Amount of defaulted loans, Model-constrained 0.0049 Calculated from Eq. (144)
FVCs (EUR trillion)

DLpw Amount of defaulted loans ~ Model-constrained 0.1602 Calculated from Eq. (11)
(EUR trillion)

DLng Amount of defaulted loans Model-constrained 0.1553 Calculated from Eq. (119)
com. banks (EUR trillion)

DP Distributed profits (EUR Model-constrained — 3.8742 Calculated from Eq. (66)
trillion

dsraw Debt sgrvice ratio of worker ~Model-constrained 0.1836 Calculated from Eq. (14)
households

EMISy Housing emissions (GtCO2), Free 0.7841 Based on NGFS (2025) and
0.33 EEA proportion of EEA (2025)
building emissions

EMISo Other emissions (GtCO2), Free 1.5919 Based on NGFS (2025) and
0.33 EEA proportion of EEA (2025)
building emissions

FEE Fee (EUR trillion) Model-constrained  0.0014 Calculated from Eq. (142)

FVCcP Profit of the FVCs (EUR Model-constrained  0.0279 Calculated from Eq. (ES)
trillion

FVCPp Distrib)uted profit of the Model-constrained  5e-04 Calculated from Eq. (138)
FVCs (EUR trillion)

FVCPy Undistributed profit of the =~ Model-constrained 0.0274 Calculated from Eq. (137)

FVCs (EUR trillion)

23



GNS

HConst'r
HConst'rC
HConst'rG
HConst'rVacant

Hpwown

HDWO'LunC'

Hpwownc

HINewOwnOccup

HINewOwnOccupC

HINewOwnOccqu

HINewRented
HINewRentedC
HINEwRentedG
HIOwn

HIOwnC

HIOwnG

HIOwnOccupRented

HIOw'nOccupRentedC

HIOwnOccupRentedG

HIOwnOccupRentedMarket

HIRent
HIRentC
HiRentedSold

HIRentedSoldC

HiRentedsolda

Government net saving

(EUR trillion)
Number of constructed

houses (Million houses)
Conv. new houses (Million

houses)
Green new houses (Million

houses)
Vacant new houses (Million

houses)
Number of houses workers

desire to buy (Million
houses)

Number of conv. houses
workers desire to buy

(Million houses)
Number of green houses

workers desire to buy

(Million houses)
Number of new own-occupied

houses by rentiers (Million

houses)
Number of new conv.

own-occupied houses by

rentiers (Million houses)
Number of new green

own-occupied houses by

rentiers (Million houses)
Number of new rented houses

(Million houses)

Number of new conv. rented
houses (Million houses)
Number of green new rented
houses (Million houses)
Number of houses investors

own (Million houses)
Number of conv.

own-occupied houses by

rentiers (Million houses)
Number of green

own-occupied houses by

rentiers (Million houses)
Number of owned houses

that are rented (Million

houses)
Number of conv. rented

houses that were
own-occupied by rentiers

(Million houses)
Number of green rented

houses that were
own-occupied by rentiers
(Million houses)

Number of own-occupied
houses by rentiers for renting

(Million houses)
Total number of rented

houses (Million houses)
Number of conv. rented

houses (Million houses)
Number of rented houses

that are sold (Million houses)
Number of conv. rented

houses that were sold

(Million houses)
Number of green rented

houses that were sold
(Million houses)

Model-constrained
Model-constrained
Model-constrained
Model-constrained
Model-constrained

Model-constrained

Model-constrained

Model-constrained

Model-constrained

Model-constrained

Model-constrained

Model-constrained
Model-constrained
Model-constrained
Free

Model-constrained

Model-constrained

Free

Model-constrained

Model-constrained

Model-constrained

Free
Model-constrained
Model-constrained

Model-constrained

Model-constrained
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-0.2489

3.6788

2.428

1.2508

0.2755

39.5241

26.0859

13.4382

2.9736

1.9626

1.011

0.2036

0.1344

0.0692

66.5739

43.9388

22.6351

0.8931

0.5894

0.3036

0.7989

52.5329

34.6717

0.0645

0.0426

0.0219

Calculated from Eq. (167)
Calculated from Eq. (104)
Calculated from Eq. (83)
Calculated from Eq. (82)
Calculated from Eq. (91)

Calculated from Eq.
(10),(8),(9), (187) and (188)

Calculated from Eq. (19)

Calculated from Eq. (18)

Calculated from Eq. (58)

Calculated from Eq. (60)

Calculated from Eq. (59)

Calculated from Eq. (38)
and Eq. (92)

Calculated from Eq. (37)
Calculated from Eq. (36)
Selected from a reasonable

range of values
Calculated from Eq. (54)

Calculated from Eq. (53)
Selected from a reasonable

range of values

Calculated from Eq. (40)

Calculated from Eq. (39)

Calculated from Eq. (57)

Based on ECB
Calculated from Eq. (34)
Calculated from Eq. (92)

Calculated from Eq. (28)

Calculated from Eq. (27)



HiRgentedSoldMarket

HIRentedSoldVacant

HIRentedSoldVacantC'

HIRentedSoldVacantG

HIRentedVacant

HIRentedVacantC

HIRentedVacantG

HIRentG
HREf’U/V‘b
HRentie'rs
HTotcLl
HTotcLlC
HTotcLlG
HTotachd
HVaca,nt
HVaca,ntC
HVaca,ntG

HWNewOwnOccup

HWNewOwnOccupC
HWNewOwnOccqu
HWorkers

HWOwn

HWOwnC
HWOwnG
HWOwnOccup

HWOwnOccupC

HWOwnOccqu

HWOwnOccupMarket

HWOwnOccupVacant

Number of rented houses by
rentiers for selling (Million

houses)
Number of rented houses

that are vacant and are not

sold (Million houses)
Number of conv. rented

houses that are vacant

(Million houses)
Number of green rented

houses that are vacant

(Million houses)
Number of rented houses

that are vacant (Million

houses)

Number of conv. rented
houses that are vacant
(Million houses)
Number of green rented
houses that are vacant
(Million houses)
Number of green rented

houses (Million houses)
Number of refurbished

houses (Million houses)
Number of houses rentiers

live in (Million houses)
Total number of houses

(Million houses)
Total number of conv.

houses (Million houses)
Total number of green houses

(Million houses)
Total number of houses

(Million houses)
Total number of vacant

houses (Million houses)
Number of conv. vacant

houses (Million houses)
Number of green vacant

houses (Million houses)
Number of new own-occupied

houses of workers (Million

houses)
Number of new conv. houses

workers buy (Million houses)
Number of new green houses

workers buy (Million houses)
Number of houses worker live

in (Million houses)
Number of houses workers

own (Million houses)
Number of conv. houses

workers buy (Million houses)
Number of green houses

workers buy (Million houses)
Number of houses workers

own occupy (Million houses)
Number of new conv.

own-occupied houses of

workers (Million houses)
Number of new green

own-occupied houses of

workers (Million houses)
Number of own-occupied

houses by rentiers for selling

(Million houses)
Number of owned houses

that are vacant and are not
sold (Million houses)

Model-constrained

Free

Model-constrained

Model-constrained

Model-constrained

Model-constrained

Model-constrained

Model-constrained
Model-constrained
Model-constrained
Model-constrained
Model-constrained
Model-constrained
Free

Model-constrained
Model-constrained
Model-constrained

Model-constrained

Model-constrained
Model-constrained
Model-constrained
Model-constrained
Model-constrained
Model-constrained
Model-constrained

Model-constrained

Model-constrained

Model-constrained

Free
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0.0666

0.0021

0.0014

7e-04

0.1094

0.0722

0.0372

17.8612

29.4911

60.5217

187.6174

123.8275

63.7899

187.6174

30.2609

19.9722

10.2887

0.2261

0.1492

0.0769

90.7826

38.2497

25.2448

13.0049

0.4594

0.3032

0.1562

0.6657

0.2064

Calculated from Eq.

Based on ECB

Calculated from Eq.

Calculated from Eq.

Calculated from Eq.

Calculated from Eq.

Calculated from Eq.

Calculated from Eq.
Calculated from Eq.
Calculated from Eq.
Calculated from Eq.
Calculated from Eq.

Calculated from Eq.

Based on ECB

Calculated from Eq.
Calculated from Eq.
Calculated from Eq.

Calculated from Eq.

Calculated from Eq.
Calculated from Eq.
Calculated from Eq.
Calculated from Eq.
Calculated from Eq.
Calculated from Eq.
Calculated from Eq.

Calculated from Eq.

Calculated from Eq.

Calculated from Eq.

Based on ECB

(101)
(103)
(102)

(29)

(25)
(24)
(108)
(32)
(22)
(21)
(95)

(31)

(30)



HWOwnOccupVacantC

HWOwnOccupVacantG

haircut
HGHCc
HPM

1

Ic

-IConstr

IConst'rC

IConst'rG

Ig

IRefurb

IFP
IFPp
IFPy
lliqaw

inta
mtruc

intLaG
K

Kc
Krve
Ke

Kir
Kymr

KGkc

Luc

Conv. vacant workers own
occupied houses (Million
houses)

Number of green vacant
houses own occupied houses

(Million houses)
Haircut on repos

High-powered money (EUR
trillion)
Investment (EUR trillion)

Conv. investment of firms

(EUR trillion)
Investment in new houses

(EUR trillion)

Investment in new conv.
houses (EUR trillion)
Investment in new green

houses (EUR trillion)
Green investment (EUR

trillion)

Investment in refurbishment

(EUR trillion)

Profit of the IFs (EUR
trillion)
Distributed profit of the IFs

(EUR trillion)
Undistributed profit of the

IFs (EUR trillion)
Worker households’
illiquidity ratio

Interest rate on advances
Interest rate on conv.

housing loans
Interest rate on green

housing loans

Capital stock of firms (EUR
trillion)

Conv. capital of firms (EUR
trillion)

Capital of FVCs (EUR
trillion)

Green capital of firms (EUR
trillion)

Capital of IFs (EUR trillion)
Capital of MMFs (EUR
trillion)

Total loans (EUR trillion)

Firms conv. loans (EUR
trillion)
Green loans (EUR trillion)

Household debt, consolidated
including Non-profit
institutions serving
households (NPISH) (EUR
trillion)

Conv. housing loans (EUR
trillion)

Model-constrained

Model-constrained

Model-constrained
Model-constrained
Free

Free

Model-constrained

Free

Model-constrained
Model-constrained

Free

Free

Model-constrained
Model-constrained
Model-constrained
Model-constrained

Model-constrained
Free

Free

Model-constrained
Model-constrained
Model-constrained
Model-constrained

Model-constrained
Model-constrained

Model-constrained
Free

Model-constrained
Free

Free

Model-constrained
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0.1362

0.0702

0.2451
0.5152
8.6081

2.349

1.4768

0.3529

0.2329

0.12

0.8722

0.5079

0.0026

0.001

0.0016

0.04

119.7985

75.3163

1.1462

44.4822

0.0817
0.4406

0.5906

9.3376

5.8705

3.4671

8.1704

5.3925

Calculated from Eq. (97)
Calculated from Eq. (96)

Calculated from Eq. (153)
Calculated from Eq. (201)
The high-powered money in

GDP is based on Eurostat
The proportion of total

investment in GDP is based

on Eurostat
Calculated from Eq. (73)

The proportion of investment
in construction in GDP is
based on Eurostat and EOS

(2024)
Calculated from Eq. (86)

Calculated from Eq. (85)

Green investment refers to
renewable energy investment
based on NGFS (2025), 0.89

is the exchange rate
The proportion of investment

in dwellings in GDP is based

on Eurostat

Calculated from Eq. (149)

Calculated from Eq. (151)

Calculated from Eq. (150)

Calculated from Eq. (13)

Calculated from Eq. (179)

Based on ECB
Based on ECB
Calculated from Eq. (76)
Calculated from Eq. (75)

Calculated from Eq. (148)

Calculated from Eq. (74)

Calculated from Eq. (158)
Calculated from Eq. (164)

Calculated from Eq. (202)
The loans to the
non-financial corporations in

GDP is based on Eurostat
Calculated from Eq. (79)

Selected from a reasonable

range of values
The loans to the households

in percent of GDP is based
on Eurostat

Calculated from Eq. (10)



Luc Green housing loans (EUR Free 2.7779 Selected from a reasonable

trillion) range of values

Lynnac Non-securitised green Model-constrained 2.5279 Calculated from Eq. (122)
housing loans (EUR trillion)

Lsua Securitised green housing Model-constrained  0.25 Calculated from Eq. (121)
loans (EUR trillion)

lev Firms’ leverage ratio Model-constrained  0.0779 Calculated from Eq. (193)

levp Leverage ratio of banks Free 14.7 Based on Eurostat

levagw Leverage ratio of worker Model-constrained 0.9709 Calculated from Eq. (15)
households

levrr Leverage ratio of IFs Free 4 Based on ECB

levmm P Leverage ratio of MMFs Free 2.2 Based on ECB

m Number of green MBSs Model-constrained 0.5 Calculated from Eq. (145)
issued (Million)

M Value of the green MBSs Model-constrained 0.5 Calculated from Eq. (147)
(EUR trillion)

mrr Number of green MBSs Model-constrained 0.2 Calculated from Eq. (155)
owned by IFs (Million)

Mg Green MBSs held by 1Fs Free 0.2 Selected from a reasonable
(EUR trillion) range of values

MMMF Number of gren MBSs held Model-constrained 0.3 Calculated from Eq. (165)
by MMFs (Million)

Mymr Value of green MBSs held by Model-constrained 0.3 Calculated from Eq. (146)
MMFs (EUR trillion)

MMFP Profit of the MMFs (EUR Model-constrained  0.0252 Calculated from Eq. (159)
trillion)

MMFPp Distributed profit of the Model-constrained 0.0166 Calculated from Eq. (161)
MMFs (EUR trillion)

MMF Py Undistributed profit of the =~ Model-constrained 0.0086 Calculated from Eq. (160)
MMFs (EUR trillion)

Newconstr Number of new houses Model-constrained 0.0721 Calculated from Eq. (81)
constructed (Million houses)

NewRefurb Number of refurbished Model-constrained 0.5783 Calculated from Eq. (87)
houses (Million houses)

NLHCp Model-constrained  0.9252 Calculated from Eq. (188)

NLHGp Model-constrained 0.4766 Calculated from Eq. (187)

PH Price of houses (EUR Free 0.22 Based on ECB
million)

DM Price of green MBSs Free 1 Selected from a reasonable

range of values

POP Population (Million people) Free 348 Based on Eurostat

POPgr Population of rentiers Model-constrained  139.2 Calculated from Eq. (113)
(Million people)

POPw Population of workers Model-constrained  208.8 Calculated from Eq. (112)
(Million people)

r Rate of profit Model-constrained  0.0471 Calculated from Eq. (67)

THI Rate of return for houses Model-constrained 0.0187 Calculated from Eq. (51)

TSH Rate of return on shares Model-constrained 0.0461 Calculated from Eq. (52)
issued by MMFs

rent Rent rate (EUR million) Model-constrained  0.0187 Calculated from Eq. (41)

Rent Expenditure for rent (EUR  Free 0.9647 Based on ECB
trillion)

Repo Repo issued by IFs (EUR Model-constrained  0.2452 Calculated from Eq. (157)
trillion)

RP Retained profits (EUR Model-constrained  1.7701 Calculated from Eq. (65)
trillion)

s Proportion of green Free 0.09 Based on ECB
securitised loans

SEC Total outstanding amount of Free 12.6933 The government securities in
government securities (EUR GDP is based on Eurostat
trillion)

SECE Government securities held  Free 3.3703 The government securities
by banks (EUR trillion) held by banks in GDP is

based on Eurostat and EBA

SECcB Government securities held = Model-constrained 3.0171 Calculated from Eq. (177)
by central bank (EUR
trillion)

SECcBred Government securities held ~ Model-constrained — 3.0171 Calculated from Eq. (177)
by central bank (EUR
trillion)
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TAXur
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TPa

u
Ve

Vur

Vaw

w
WealthIndex

Y
Yur

Yurc

Yaw

Yawa

Yoot
yieldns
B

Bu

Government securities held

by MMFs (EUR trillion)
Government securities held

by investor households (EUR

trillion)

Government securities held
by IFs (EUR trillion)
Government securities held
by MMFs (EUR trillion)
MMF shares (EUR trillion)
Spread on housing loans
Spread on conv. housing
loans

Spread on green housing
loans

Total taxes (EUR trillion)
Carbon tax revenues (EUR
trillion)

Taxes on firms’ profits (EUR

trillion)
Taxes on investor
households’ disposable

income (EUR trillion)

Taxes on worker households’
disposable income (EUR
trillion)

Total profit of firms (EUR
trillion)

Total gross profit of firms

(EUR trillion)
Capacity utilisation rate

Free 1.3963

Model-constrained 4.275

Model-constrained  0.1269

Free 0.5077

Model-constrained 0.3672
Model-constrained 0.01
Model-constrained  0.01

Model-constrained 0.01

Model-constrained  2.9205
Free 0.032

Model-constrained 0.4315

Free 1.459

Model-constrained  0.998

Model-constrained 5.6443

Model-constrained 6.1078

Free 0.79

Wealth of central bank (EUR Model-constrained 0

trillion)
Wealth of investor
households (EUR trillion)

Wealth of worker households

(EUR trillion)
Wage income (EUR trillion)
Ratio of rentiers’ to workers’

wealth
Output (EUR trillion)
Disposable income of the

investor households (EUR
trillion)

Gross disposable income of
the investor households

(EUR trillion)
Disposable income of the

worker households (EUR
trillion)
Gross disposable income of

the worker households (EUR

trillion)

Potential output (EUR
trillion)

Yield on green MBSs

Share of green investment in

total investment
Share of green houses to

total houses

Model-constrained 57.1389

Model-constrained 2.433

Model-constrained  8.0245
Model-constrained 35.2268

Free 14.59
Model-constrained 3.984

Model-constrained 5.443

Model-constrained 5.7886

Model-constrained 6.7867

Model-constrained 18.4684

Free 0.0384

Model-constrained 0.3713

Free 0.34

Selected from a reasonable
range of values

Calculated from Eq. (176)
Calculated from Eq. (156)
Selected from a reasonable
range of values

Calculated from Eq. (166)

Calculated from Eq. (134)
Calculated from Eq. (132)

Calculated from Eq. (131)

Calculated from Eq. (174)
Based on ERCST (2025)

Calculated from Eq. (172)

Selected from a reasonable
range of values

Calculated from Eq. (170)

Calculated from Eq. (64)
Calculated from Eq. (62)

Based on Eurostat
Calculated from Eq. (178)

Calculated from Eq. (46)
Calculated from Eq. (5)

Calculated from Eq. (63)
Calculated from Eq. (110)

Based on Eurostat
Calculated from Eq. (44)

Calculated from Eq. (43)
Calculated from Eq. (2)
Calculated from Eq. (1)
Calculated from Eq. (69)
Based on Marques-Pinto

(2020)
Calculated from Eq. (72)

Based on BPIE (2022)

28



Table A.5: Symbols and values for parameters and exogenous variables (baseline scenario)

Symbol Description Parameter category Value Source/remarks
c11 Propensity to consume out of Model-constrained 1.0356 Calculated from Eq. (3)
disposable income for worker
households
c12 Propensity to consume out of Free 0.01 Selected from a reasonable
wealth for worker households range of values
ca1 Propensity to consume out of Model-constrained 0.4749 Calculated from Eq. (45)
disposable income for investor
households
C22 Propensity to consume out of Free 0.01 Selected from a reasonable
wealth for investor households range of values
CCIH Parameter linking the green to Free -1.4086 Selected from a reasonable
conventional housing stock with range of values
carbon housing intensity
ccro Parameter linking the green to Free -1.1044 Selected from a reasonable
conventional capital stock with range of values
carbon other emissions intensity
CARmin Minimum capital adequacy ratio Free 0.08 Based on the Basel II1
regulatory framework
Cl2035 Carbon housing intensity target Free 0.0033 Selected from a reasonable
range of values
Clymaz Maximum intensity rate for carbon  Free 0.005 Selected from a reasonable
intensity of houses range of values
Clgmin Minimum intensity rate for carbon Free 0.0021 Selected from a reasonable
intensity of houses range of values
Clo2050 Carbon other emission intensity Free 0.0873 Selected from a reasonable
target range of values
Clomaz Maximum intensity rate for carbon  Free 0.1309 Selected from a reasonable
intensity of other emissions range of values
Clomin Minimum intensity rate for carbon Free 0.0546 Selected from a reasonable
intensity of other emissions range of values
CRinitial Initial degree of credit rationing Free 0.2 Selected from a reasonable
range of values
CRmax Maximum degree of credit rationing Free 0.5 Selected from a reasonable
range of values
de fo Parameter in the default rate Free 14 Selected from a reasonable
function range of values
defi Parameter in the default rate Free 13.3929 Selected from a reasonable
function range of values
defa Parameter in the default rate Free 13.3929 Selected from a reasonable
function range of values
de fmaz Maximum default rate of housing Free 0.3 Selected from a reasonable
loans range of values
fee Fee rate Free 0.0057 Based on Karimov et al
(2025)
govc Share of government expenditure in  Model-constrained 0.2142 Calculated from Eq. (169)
output
h1 Banks’ reserve ratio Model-constrained 0.3933 Calculated from Eq. (123)
hio Parameter in the worker households’ Model-constrained 0.072 Calculated from Eq. (16)
desired demand for houses
his Parameter in the worker households’ Free 0.01 Selected from a reasonable
desired demand for houses (growth range of values
rate of workers population)
hia Parameter in the worker households’ Free 0.01 Selected from a reasonable
desired demand for houses (rents) range of values
ha Banks’ government Model-constrained 0.154 Calculated from Eq. (124)
securities-to-deposits ratio
hoo Parameter in the housing Model-constrained 0.0107 Calculated from Eq. (80)
investment function
hs Parameter in housing prices Free 0.02 Selected from a reasonable
range of values
hss Parameter in the housing price Model-constrained 0 Calculated from Eq. (90)
equation
hrr Share of government securities Free 0.01 Selected from a reasonable

owned by IFs
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To

r1

T2

T3

rento

renty
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50

S1

SB
SF

SFVC
SIF
SMMF

Housing intensity target

Interest rate on conventional loans
Interest rate on deposits

Interest rate on green loans
Maximum interest rate on advances

Minimum interest rate on advances

Interest rate on repos
Reference interest rate on advances

Interest rate on government
securities

Green loan subsidy rate
Capital stock intensity target

Price of constructed houses (EUR
trillion per million houses)

Par value price of green MBSs
(EUR)

Price of refurbished houses (EUR
trillion per million houses)
Proportion of workers’ deposits to
income

Proportion of rented houses, percent
of total houses

Proportion of owned houses rentiers
wish to rent

Proportion of rented houses rentiers
wish to sell

Proportion of new rented houses
Proportion of rented houses that
were sold

Vacancy rate, percent of total
houses

Proportion of new own-occupied
houses by workers to total new
houses

Proportion of owned houses rentiers
wish to sell

Share of workers

Parameter in the credit rationing of
housing loans

Parameter in the function of the
credit rationing on housing loans
Parameter in the credit rationing of
housing loans

Parameter in the credit rationing of
housing loans

Parameter linked to the rent
equation

Parameter linked to the rent
equation

Repayment of loans

Parameter linked to green
securitised loans

Parameter in the share of green
securitised mortgages

Banks’ retention rate

Firms’ retention rate

FVCs retention rate
IFs retention rate
MMFs retention rate

Free
Free
Free
Free
Free

Free

Free
Free

Free

Free
Free

Model-constrained
Free
Model-constrained
Model-constrained
Free
Free
Free

Model-constrained
Model-constrained

Free

Model-constrained

Free
Free
Free
Model-constrained
Free
Free
Model-constrained
Free
Free
Model-constrained
Free

Model-constrained
Model-constrained

Model-constrained

Model-constrained
Model-constrained
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0.52
0.05
0.02
0.05
0.03
0.03

0.035
0.03

0.028

0.0016
0.59

0.0959

0.0172

0.3856

0.28

0.012

0.001

0.0553
Te-04

0.11

0.0615

0.01

0.6

1.5

-1.4361

8.5397

83.3333

0

0.01

0.1

0.09

0.715
0.3199

1.0003
0.6291
0.3493

Selected from a reasonable
range of values

Based on ECB

Based on ECB

Based on ECB

There is no policy in the first
year

There is no policy in the first
year

Based on ICMA (2022)
Selected from a reasonable

range of values
Based on ECB

Based on OECD (2024)
Selected from a reasonable
range of values

Calculated from Eq. (84)

Selected from a reasonable
range of values
Calculated from Eq. (89)

Calculated from Eq. (4)
Based on Based on ECB

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (35)
Calculated from Eq. (26)

Based on Based on ECB

Calculated from Eq. (23)

Selected from a reasonable
range of values
Selected from a reasonable
range of values
Selected from a reasonable
range of values
Calculated from Eq. (128)

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (42)

Selected from a reasonable
range of values
Selected from a reasonable
range of values
Calculated from Eq. (120)

Selected from a reasonable
range of values

Calculated from Eq. (116)
Calculated from Eq. (78),
(186), (79), (70) and (65)
Calculated from Eq. (143)
Calculated from Eq. (152)
Calculated from Eq. (162)



SW

size
SPrHO

SPrH2

Y10
Y11

Y12

Y20
Y21

Y22

RCIH

Rcr1o

Wage share

Average household size

Parameter in the spread on housing
loans

Parameter in the lending spread on
housing loans (debt service ratio)
Capital productivity

Risk weight on high-powered money
Risk weight on loans

Risk weight on repos

Risk weight on government
securities

Target yield on green MBSs

Parameter in investment function

Parameter in the investment
function

Parameter in the investment
function (related to the sensitivity
to the capacity utilisation)
Parameter in the investment
function (related to the sensitivity
to the profit rate)

Parameter for the green investment
share

Parameter for the green investment
share to the interest rate differential
Parameter in share of green houses
Parameter in the haircut
Parameter in haircuts

Parameter of MMFs portfolio choice
Parameter of MMFs portfolio choice

Parameter of MMFs portfolio choice

Parameter of MMFs portfolio choice
Parameter of MMFs portfolio choice

Parameter of MMFs portfolio choice

Parameter linking the green to
conventional housing stock with
carbon housing intensity
Parameter linking the green to
conventional capital stock with
carbon other emissions intensity
Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of households’ portfolio
choice

Parameter of households’ portfolio
choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Free

Free
Model-constrained

Free
Model-constrained
Free
Free
Free
Free
Free
Free

Model-constrained

Free

Free

Model-constrained
Free

Model-constrained
Model-constrained

Free

Model-constrained
Free

Free

Model-constrained
Free

Free

Free

Free

Model-constrained
Free
Free
Free
Free
Free
Model-constrained

Free
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0.55

2.3
0.0069

0.0232

80

0.0384

0.04

1.0539

0.69

10.8

0.3713

0.3384
0.2451

0.8334

0.01

-0.01

1.4106
-0.01

0.01

52.4652

-513.9948

0.077

0.03

-0.01

-0.01

-0.01

-0.01

0.2625

-0.01

Based on Penn World Table
10.0 (see Feenstra, 2015)
Based on Eurostat
Calculated from Eq. (133)

Selected from a reasonable
range of values

Calculated from Eq. (68)
and (69)

Based on BCBS (2023)
Based on BCBS (2023)
Based on BCBS (2023)
Based on BCBS (2023)

Selected from a reasonable
range of values
Selected from a reasonable

range of values
Calculated from Eq. (70)

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (71)

Selected from a reasonable
range of values

Calculated from Eq. (17)
Calculated from Eq. (154)
Selected from a reasonable
range of values

Calculated from Eq. (163)
Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (164)
Calculated from the
constraint

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (47)

Calculated from the
constraint

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Selected from a reasonable

range of values
Calculated from Eq. (48)

Calculated from the
constraint



TC
TF

THI
THW

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of investor households’
portfolio choice

Parameter of households’ portfolio
choice

Parameter of investor households’
portfolio choice

Parameter of households’ portfolio
choice

Parameter of households’ portfolio
choice

Carbon tax (EUR trillion/GtCO2)

Firms’ tax rate

Investor households’ tax rate
‘Worker households tax rate

Free

Free

Free

Free

Model-constrained

Free

Free

Free

Free

Free

Model-constrained

Free

Free

Free

Free

Free

Model-constrained
Model-constrained

Model-constrained
Free

0.03

-0.01

-0.01

-0.01

0.0065

-0.01

-0.01

0.03

-0.01

-0.01

0.3498

-0.01

-0.01

-0.01

0.03

0.03

0.0205
0.0721

0.2734
0.15

Calculated from the
constraint

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (49)

Calculated from the
constraint

Calculated from the
constraint

Calculated from the
constraint

Selected from a reasonable
range of values

Selected from a reasonable
range of values

Calculated from Eq. (189)

Calculated from the
constraint

Calculated from the
constraint

Calculated from the
constraint

Calculated from the
constraint

Calculated from the
constraint

Calculated from Eq. (173)
Calculated from Eq. (168)
and (167)

Calculated from Eq. (171)
Selected from a reasonable
range of values
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