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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
MMFs (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.1 Government securities
bought by the central bank are the variable that we use to check the consistency of the model.

1This equation in SFC models is implied by the accounting identities and is therefore redundant (see e.g. Godley
and Lavoie 2012).
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Table A.1: Balance sheet matrix

Worker
households

Investor (rentier)
households Firms Commercial

banks
Financial Vehicle

Corporations (FVCs)
Investment
Funds (IFs)

Money Market
Funds (MMFs)

Government
sector

Central
bank Total

Green houses +pHtHWOwnGt

+pHtHIOwnGt

+pHtHIRentGt

+pHtHV acantGt

-pHtHConstrV acantGt

+pHtHConstrV acantGt +pHtHTotalGt

Conv. houses +pHtHWOwnCt

+pHtHIOwnCt

+pHtHIRentCt

+pHtHV acantCt

-pHtHConstrV acantCt

+pHtHConstrV acantCt +pHtHTotalCt

Green housing loans −LHGt +LNSHGt +LSHGt 0
Conv. housing loans −LHCt +LHCt 0
Conv. capital +KCt +KCt

Green capital +KGt +KGt

Deposits +DHWt +DHIt −Dt 0
Conv. loans −LCt +LCt 0
Green loans −LGt +LGt 0
Green MBSs −p̄Mtmt +p̄MtmIF t +p̄MtmMMFt 0
Green repos +Repot −Repot 0
Money markets’ shares +SHMMFt −SHMMFt 0
Gov. securities +SECHIt +SECBt +SECFV Ct +SECIF t +SECMMFt −SECt +SECCBt 0
High-powered money +HPMt −HPMt 0
Advances −At +At 0

Total (net worth) +VHWt +VHIt +VFt +CAPt +KFV Ct +KIF t +KMMFt −SECt +VCBt
+KGt +KCt

+pHtHTotalt

3



Table A.2: Transactions flow matrix

Worker
households

Investor (rentier)
households

Firms Commercial banks Financial vehicle
corporations (FVCs)

Investment
funds (IFs)

Money Market Funds
(MMFs)

Government
sector

Central
bank Total

Current Capital Current Capital Current Capital Current Capital Current Capital Current Capital Current Capital
Green housing investment +IConstrGt −IConstrGt 0
Conv. housing investment +IConstrCt −IConstrCt 0
Investment in refurbishment -IRefurbt +IRefurbt 0

Private consumption −COHWt −COHIt
+COHWt

+COHIt
0

Government net savings −GNSt +GNSt 0
Government consumption +COGOV t −COGOV t 0
Green investment +IGt −IGt 0
Conv. investment +ICt −ICt 0
Rents −Rentt +Rentt 0

Green new houses −pHtHWNewOwnOccupGt
−pHtHINewOwnOccupGt

−pHtHINewRentedGt

+pHtHWNewOwnOccupGt

+pHtHINewOwnOccupGt

+pHtHINewRentedGt

0

Conv. new houses −pHtHWNewOwnOccupCt
−pHtHINewOwnOccupCt

−pHtHINewRentedCt

+pHtHWNewOwnOccupCt

+pHtHINewOwnOccupCt

+pHtHINewRentedCt

0

Green interest subsidies +intSUBLHGt−1 −intSUBLHGt−1 0
Taxes −TAXHWt −TAXHIt −TAXFt − TAXCt +TAXt 0
Wages +Wt −Wt 0
Firms profit −DPt −TPt +RPt 0
Interest on green housing loans −intLHGt−1LHGt−1 +intLHGt−1LNHGt−1 +intLHGt−1LSHGt−1 0
Interest on conv. housing loans −intLHCt−1LHCt−1 +intLHCt−1LHCt−1 0
FVCs profits +FV CPDt −FV CPt +FV CPUt 0
Fees +FEEt −FEEt 0
IFs profits +IFPDt −IFPt +IFPUt 0
MMFs profits +MMFPDt −MMFPt +MMFPUt 0
Coupon payments −coupont−1mt−1 +coupont−1mIF t−1 +coupont−1mMMFt−1 0
Banks’ profits +BPDt −BPt +BPUt 0
Interest on deposits +intDDHWt−1 +intDDHIt−1 −intDDt−1 0
Interest on green loans −intGLGt−1 +intGtLGt−1 0
Interests on conv. loans −intCLCt−1 +intCtLCt−1 0
Interests on gov. securities +intSSECHIt−1 +intSSECBt−1 +intSSECFV Ct−1 +intSSECIF t−1 +intSSECMMFt−1 −intSSECt−1 +intSSECCBt−1 0
Interests on advances −intAt−1At−1 +intAt−1At−1 0
Interest on green repos +intRRepot−1 −intRRepot−1 0
Central bank’s profits +CBPt −CBPt 0
∆Deposits −∆DHWt −∆DHIt +∆Dt 0
∆Green repos −∆Repot +∆Repot 0
∆Green MBSs +p̄M∆mt −p̄M∆mIF t −p̄M∆mMMFt 0
∆Green housing loans +∆LHGt −∆LNHGt −∆LSHGt 0
∆Conv. housing loans +∆LHCt −∆LHCt 0
∆Green firm loans +∆LGt −∆LGt 0
∆Conv. firm loans +∆LCt −∆LCt 0
∆Gov. securities −∆SECHIt −∆SECBt −∆SECFV Ct −∆SECIF t −∆SECMMFt +∆SECt −∆SECCBt 0
∆Advances +∆At −∆At 0
∆High-powered money −∆HPMt +∆HPMt 0
∆MMF shares −∆SHMMFt +∆SHMMFt 0
Defaulted loans +DLHWt −DLNHt −DLFV Ct 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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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 (HTotalt) that increases by the new houses built by the firms (HFNewt)
(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 Eqs. (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
occupied by workers

Houses owned by rentiers
and rented to workers

Vacant houses
for sale or rent

Houses owned
and occupied by rentiers

Total
houses

Opening stock HWOwnt−1 HIRentt−1 HV acantt−1 HIOwnt−1 HTotalt−1

New houses +HWNewOwnOccupt +HINewRentedt +HConstrV acantt +HINewOwnOccupt +HConstr

Existing houses converted
from rented to sold +HIRentedSoldt -HIRentedSoldt 0

Existing houses converted from
owned-occupied to rented +HIOwnOccupRentedt -HIOwnOccupRentedt 0

Existing houses converted from
owned-occupied to sold +HWOwnOccupt -HWOwnOccupt 0

Vacant houses that have
not been rented to workers +HIRentedV acantt -HIRentedV acantt 0

Vacant houses that are rented
but have not been sold -HIRentedSoldV acantt +HIRentedSoldV acantt 0

Vacant houses that have
not been sold to workers +HWOwnOccupV acantt -HWOwnOccupV acantt 0

Closing stock HWOwnt HIRentt HV acantt HIOwnt HTotalt

Note: The table refers to million houses.
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1.2. Worker households

Eq. (A.1) defines the gross disposable income of worker households (YHWGt), which is equal to
wages, plus interest on deposits minus interest payments on green and conventional housing loans
and rent (Rentt), plus green interest subsidies; Wt is the wage income and intD is the interest rate
on deposits.2 Eq. (A.2) shows the net disposable income (YHWt) which is the gross disposable
income minus taxes that worker households pay (TAXHWt). Eq. (A.3) describes the consumption
of worker households (COHWt) which is a function of net disposable income and household wealth
(VHWt).3 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; c11 and
c12 show the propensities to consume out of net disposable income and wealth of worker households,
respectively.

YHWGt = Wt + intDDHWt−1 − intLHCt−1LHCt−1 − intLHGt−1LHGt−1 −Rentt + intSUBLHGt−1

(A.1)
YHWt = YHWGt − TAXHWt (A.2)

COHWt = c11YHWt−1 + c12VHWt−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.
Eqs. (A.6) and (A.7) define the desired amount of new green and conventional loans, respectively.
For green loans, the desired new credit (NLHGDt) covers the demand for owned occupied houses
plus the repayment of loans minus a proportion of the existing savings of the households; pHt is the
housing price, repL is the repayment ratio, COHWt is the consumption of worker households and
DHWt are the deposits. The desired new conventional loans (NLHCDt) 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; CRHGt is the
proportion of green loans that are credit rationed; defHWt is the default rate on housing loans.4
Similarly to Eq. (A.8), Eq. (A.9) shows the amount of conventional housing loans. The housing
loans (LHt) is the sum of green and conventional housing loans, as shown in Eq. (A.10).

DHWt = propDYHWt−1 (A.4)

VHWt = pHtHWOwnGt + pHtHWOwnCt +DHWt − LHGt − LHCt (A.5)

NLHGDt = (HDWOwnGt −HWOwnGt−1)pHt−1 + repLLHGt−1

− βHt(YHWt − COHWt − (DHWt −DHWt−1))
(A.6)

NLHCDt = (HDWOwnCt −HWOwnCt−1)pHt−1 + repLLHCt−1

− (1− βHt)(YHWt − COHWt − (DHWt −DHWt−1))
(A.7)

LHGt = LHGt−1 + (1− CRHGt)NLHGDt − repLLHGt−1 − defHWtLHGt−1 (A.8)

LHCt = LHCt−1 + (1− CRHCt)NLHCDt − repLLHCt−1 − defHWtLHCt−1 (A.9)

2Zezza (2008) also formalises that workers pay rent to the rich households (capitalists).
3It’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).
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LHt = LHCt + LHGt (A.10)

The amount of defaulted loans (DLHWt), defined in Eq. (A.11), is a proportion (defHWt) of
housing loans. The default rate (defHWt) rises as households become less liquid (see Eq. (A.12));
defmax 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 illiqHWt, 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 dsrHWt as interest and scheduled repayments on green and conventional mort-
gages relative to disposable income before interest, where intLHGt and intLHCt are the green and
conventional mortgage rates, LHGt and LHCt are the green and conventional loan stocks, repL is
the repayment ratio and YHWt is net disposable income.6 Eq. (A.15) reflects the leverage ratio of
worker households (levHWt) which is the ratio of housing loans to the value of houses that they
own. HWOwnt denotes the actual total owned occupied houses of workers.

DLHWt = defHWtLHt−1 (A.11)

defHWt =
defmax

1 + def0edef1−def2illiqHWt−1
(A.12)

illiqHWt =
(intLHGt−1 + repL)LHGt−1 + (intLHCt−1 + repL)LHCt−1 + TAXHWt +Rentt

Wt + (1− CRHGt)NLHGDt + (1− CRHCt)NLHCDt

+
−intSUBLHGt−1 + COHWt + (HWOwnGt −HWOwnGt−1)pHt−1 + (HWOwnCt −HWOwnCt−1)pHt−1

Wt + (1− CRHGt)NLHGDt + (1− CRHCt)NLHCDt

(A.13)

dsrHWt =
(intLHGt−1 + repL)LHGt−1 + (intLHCt−1 + repL)LHCt−1

YHWt + intLHGt−1LHGt−1 + intLHCt−1LHCt−1
(A.14)

levHWt =
LHt

pHtHWOwnt
(A.15)

The model distinguishes between the desired and actual housing demand. Eq. (A.16) defines the
desired total owned occupied houses of worker households (HDWOwnt) as a function of the debt
service ratio (dsrHWt), the growth of house prices (gPHt)7, the growth of the worker population
(gPOPWt) and the rent rate (rentt).

HDWOwnt = HWOwnt−1+(h10−h11dsrHWt−1+h12gPHt−1+h13gPOPWt−1+h14rentt−1)HWOwnt−1

(A.16)
Eq. (A.17) shows the share of green houses in total houses (βHt). First, a lower green mortgage
rate compared to the conventional rate raises the green share. Second, an increase in the interest
subsidy (intSUB) increases the green share as well. Eq. (A.18) sets the desired demand of green
houses (HDWOwnGt) as a share (βHt) of total desired demand (HDWOwnt). Eq. (A.19) defines the
desired demand for conventional houses (HDWOwnCt) as the residual from total desired demand
(HDWOwnt).

5We use a logistic function, on similar lines as Caiani et al. (2016) and Dafermos and Nikolaidi (2022) do for the
case of firms.

6This follows the definition used by BIS (2023) for the debt service ratio.
7A single house price is assumed for green and conventional houses.
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βHt = βH0 − βH1(intLHGt−1 − intSUB − intLHCt−1) (A.17)

HDWOwnGt = βHtHDWOwnt (A.18)

HDWOwnCt = HDWOwnt −HDWOwnGt (A.19)

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 (YHWt) minus con-
sumption (COHWt) and change in deposits, with new housing loans (∆LHt) and with defaulted
loans (DLHWt), HWOwnt is the number of houses that worker households own. The actual green
houses are a proportion (βHt) of the total (Eq. (A.21)). The actual conventional houses are the
residual shown in Eq. (A.22).

HWOwnt = HWOwnt−1 +
YHWt − COHWt −∆DHWt +∆LHt +DLHWt

pHt
(A.20)

HWOwnGt = βHtHWOwnt (A.21)

HWOwnCt = HWOwnt −HWOwnGt (A.22)

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; HWNewOwnOccupt are the newly occupied
houses, HWNewOwnOccupGt are newly green occupied houses, and HWNewOwnOccupCt are the newly
conventional occupied houses. Second, Eqs. (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;
HIRentedSoldt is the total number of the rented houses offered for sale by rentiers and bought by
workers while HIRentedSoldGt and HIRentedSoldCt is 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 (HWOwnedOccupt) is shown in Eq. (A.29). This
equation is an identity derived from Table A.3. Eqs. (A.30)–(A.31) show the green and conventional
houses respectively; HWOwnedOccupGt is the green houses that were previously owned by the rentiers
and HWOwnedOccupCt are the conventional ones.

HWNewOwnOccupt = propWHConstrt (A.23)

HWNewOwnOccupGt = βHtHWNewOwnOccupt (A.24)

HWNewOwnOccupCt = HWNewOwnOccupt −HWNewOwnOccupGt (A.25)

HIRentedSoldt = propRentedSold(HWOwnt−1 +HIRentt−1) (A.26)

HIRentedSoldGt = βHtHIRentedSoldt (A.27)

HIRentedSoldCt = HIRentedSoldt −HIRentedSoldGt (A.28)

HWOwnedOccupt = HWOwnt −HWOwnt−1 −HWNewOwnOccupt −HIRentedSoldt (A.29)

HWOwnedOccupGt = βHtHWOwnedOccupt (A.30)

HWOwnedOccupCt = HWOwnedOccupt −HWOwnedOccupGt (A.31)
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Worker households then decide on how many houses they need to rent. Eqs. (A.32)–(A.34) show
the evolution of the total, green and conventional rented houses. HIRentt is the number of houses
that are rented, HWorkerst is the number of houses that correspond to workers, HIRentGt is the
green rented houses and HIRentCt 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; HINewRentedt is the
number of newly rented houses, HINewRentedGt is the number of newly rented that are green and
HINewRentedCt are the newly rented houses that are conventional ones. Second, Eqs. (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). HIOwnOccupRentedt is the number of rented houses that were
initially owned and occupied by rentiers, HIOwnOccupRentedGt is the green number of houses rented
that were initially owned and occupied by rentiers and HIOwnOccupRentedCt are the conventional
number of houses that were owned occupied by rentiers.

HIRentt = HWorkerst −HWOwnt (A.32)

HIRentGt = βHtHIRentt (A.33)

HIRentCt = HIRentt −HIRentGt (A.34)

HINewRentedt = propNewRentedHConstrt (A.35)

HINewRentedGt = βHtHINewRentedt (A.36)

HINewRentedCt = HINewRentedt −HINewRentedGt (A.37)

HIOwnOccupRentedt = HIRentt −HIRentt−1 −HINewRentedt +HIRentedSoldt

+HIRentedSoldV acantt

(A.38)

HIOwnOccupRentedGt = βHtHIOwnOccupRentedt (A.39)

HIOwnOccupRentedCt = HIOwnOccupRentedt −HIOwnOccupRentedGt (A.40)

Eqs. (A.41)–(A.42) show the rent expenditure (Rentt) that worker households pay to the investor
households and the rent rate8 respectively; gHDRent is the growth rate of demanded rented houses,
gHSRent is the growth rate of the supplied rented houses and rentt is the rate that worker households
pay to rentiers at the aggregate level.

Rentt = renttHIRent−1 (A.41)

rentt = rentt−1 + (rent0 + rent1(gHDrentt−1 − gHSrentt−1))rentt−1 (A.42)

1.3. Investor (rentier) households

Eq. (A.43) defines the gross disposable income of investor households (YHIGt), which consists
of the distributed profits from firms (DPt), the distributed profits from banks (BPDt), the dis-
tributed profits from investment funds (IFPDt), the distributed profits from money market funds
(MMFPDt), along with the interest earned on deposits and government securities; intD is the in-
terest rate on deposits; DHIt stands for deposits; intS is the interest rate on government securities;

8Zezza (2008) assumes that the rent increases when the income of worker households becomes higher.
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SECHIt are government securities held by investor households.9

Eq. (A.44) defines the net disposable income of investor households (YHIt) as the gross disposable
income minus taxes on investor households (TAXHIt). The consumption of investor households
(COHIt), as described in Eq. (A.45), depends on the net disposable income (YHIt) and the wealth
of investor households (VHIt); c21 and c22 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 (VHIt), which comprises the value of houses they demand, deposits (DHIt),
government securities (SECHIt) and shares issued by MMFs (SHMMFt); HIOwnGt, HIOwnCt is
investor households demand for their green and conventional owned occupied houses, HIRentGt and
HIRentCt is the number of green and conventional rented houses, HV acantt −HConstrV acantt are the
vacant houses that rentiers own, HV acantt is the number of total vacant houses and HConstrV acantt

is the number of new constructed houses that are vacant.

YHIGt = DPt +BPDt + IFPDt +MMFPDt + intDDHIt−1 + intSSECHIt−1 +Rentt (A.43)

YHIt = YHIGt − TAXHIt (A.44)

COHIt = c21YHIt−1 + c22VHIt−1 (A.45)

VHIt = pHtHIOwnGt + pHtHIOwnCt + pHtHIRentGt + pHtHIRentCt

+ pHt(HV acantt −HConstrV acantt) +DHIt + SECHIt + SHMMFt
(A.46)

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.10

In particular, a proportion of investor households’ wealth is invested in all four different finan-
cial/real assets (Eq. (A.47) to (A.50N)).11 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; SECHIt is government securities, HIOwnt is the demand
for houses of investor households; SHMMFt is money market fund shares; DHINt is the notional
demand for deposits; rSHt is the rate of return in MMF shares; λ10, λ20, λ30 and λ40 are the
proportions of wealth allocated to different assets. Eq. (A.50N) determines the notional amount
of deposits (DHINt). 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.12 Eq. (A.51)
shows that the rate of return on housing (rHIt) 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.

SECHIt = (λ10 + λ11intS + λ12rHIt−1 + λ13rSHt−1 + λ14intD + λ15
YHIt−1

VHIt−1
)VHIt−1 (A.47)

9We assume that MMFs 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).

11Investor 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).

12In the simulations, deposits are always positive.
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HIOwnt = (λ20 + λ21intS + λ22rHIt−1 + λ23rSHt−1 + λ24intD + λ25
YHIt−1

VHIt−1
)
VHIt−1

pHt
(A.48)

SHMMFt = (λ30 + λ31intS + λ32rHIt−1 + λ33rSHt−1 + λ34intD + λ35
YHIt−1

VHIt−1
)VHIt−1 (A.49)

DHINt = (λ40 + λ41intS + λ42rHIt−1 + λ43rSHt−1 + λ44intD + λ45
YHIt−1

VHIt−1
)VHIt−1 (A.50N)

DHIt = DHIt−1 + YHIt − COHIt − (SECHIt − SECHIt−1)− pHtHINewOwnOccupt

HWOwnOccupt + pHtHIRentedSoldt − (SHMMFt − SHMMFt−1)− IRefurbt

(A.50)

rHIt = rentt +
pHt − pHt−1

pHt−1
(A.51)

rSHt =
MMFPDt

SHMMFt−1
(A.52)

Eqs. (A.53)–(A.54) show the green demand (HIOwnGt) and the conventional demand (HIOwnCt) for
houses by rentiers. Eqs. (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 (HWOwnOccupMarkett), ii) the
rented houses that could be sold (HIRentedSoldMarkett), iii) the number of houses that are owned
occupied and could be rented (HIOwnOccupRentedMarkett) and the types of newly constructed houses
they decide to buy. Finally, Eqs. (A.58)–(A.60) shows the number of newly total, green and conven-
tional occupied houses, HINewOwnOccupt are the newly bought occupied houses, HINewOwnOccupGt

are the newly bought houses that are green, and HINewOwnOccupCt are the conventional ones.

HIOwnGt = βHtHIOwnt (A.53)

HIOwnCt = HIOwnt −HIOwnGt (A.54)

HWOwnOccupMarkett = propWExistingHIOwnt (A.55)

HIRentedSoldMarkett = propIRentedHIOwnt (A.56)

HIOwnOccupRentedMarkett = propIOwnOccupHIOwnt (A.57)

HINewOwnOccupt = HIOwnt −HIOwnt−1 +HIOwnOccupRentedt +HWOwnOccupt

+HIRentedV acantt +HWOwnOccupV acantt
(A.58)

HINewOwnOccupGt = βHtHINewOwnOccupt (A.59)

HINewOwnOccupCt = HINewOwnOccupt −HINewOwnOccupGt (A.60)

1.4. Firms

The total output of the economy (Yt) consists of consumption by worker households (COHWt), the
consumption by investor households (COHIt), investment by firms (It), government consumption
expenditures (COGOV t), green and conventional construction investment (IConstrt) and refurbish-
ment investment that converts conventional into green houses (IRefurbt), as shown in Eq. (A.61),
where IConstrGt and IConstrGt 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.

Yt = COHWt + COHIt + It + COGOV t + IConstrGt + IConstrCt + IRefurbt (A.61)

Eq. (A.62) defines the gross profits of firms (TPGt), which are calculated as the sales (they are the
same with output) minus wages (Wt) and interest payments on both green loans and conventional
loans; intG is the interest rate on green loans and LGt is the green loans; intC is the interest rate on
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conventional loans; LCt is the conventional loans. Wages, given in Eq. (A.63), are determined as
a proportion (sW ) of total output; sW is the wage share. Eq. (A.64) determines the net profits of
firms (TPt), which are obtained by deducting corporate taxes (TAXFt) and carbon taxes (TAXCt)
from gross profits of firms. Retained profits (RPt), as described in Eq. (A.65), represent the portion
of net profits that firms choose to retain, calculated as a proportion (sF ) of net profits. Eq. (A.66)
defines the distributed profits of firms (DPt), which are calculated as the difference between net
profits and retained profits. Eq. (A.67) calculates firms’ rate of profit (rt) as the ratio of net
profits (TPt) to the capital stock (Kt), Eq. (A.68) and Eq. (A.69) refers to capacity utilisation
(ut) as actual output relative to its potential level and potential output (Ypott) respectively, v is
the potential output-to-capital stock.

TPGt = Yt −Wt − intGLGt−1 − intCLCt−1 (A.62)

Wt = sWYt (A.63)

TPt = TPGt − TAXFt − TAXCt (A.64)

RPt = sFTPt−1 (A.65)

DPt = TPt −RPt (A.66)

rt =
TPt

Kt
(A.67)

ut =
Yt

Ypott
(A.68)

Ypott = vKt (A.69)

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.13 Eq. (A.71) shows that the share of green investment to total investment
(βt) changes when the green and conventional interest rates change. Eqs. (A.72)–(A.73) show
how green investment (IGt) and conventional investment (ICt) are defined. Eqs. (A.74), (A.75)
and (A.76) respectively show the value for green capital stock (KGt), conventional capital stock
(KCt) and total capital stock (Kt).14 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)).15

It =
α00

1 + eα01−α1ut−1−α2rt−1
Kt−1 (A.70)

βt = β0 − β1(intG − intC) (A.71)

IGt = βtIt (A.72)

ICt = It − IGt (A.73)

KGt = KGt−1 + IGt (A.74)

KCt = KCt−1 + ICt (A.75)

13See also Dafermos and Nikolaidi (2022) for a similar investment function.
14We 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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Kt = KCt +KGt (A.76)

LGt = LGt−1 + IGt + IConstrGt − βtRPt

− βtpHt(HWNewOwnOccupt +HINewOwnOccupt +HINewRentedt)
(A.77)

LCt = LCt−1 + ICt + IGt + IConstrGt + IConstrCt −RPt − (LGt − LGt−1)

− pHt(HWNewOwnOccupt +HINewOwnOccupt +HINewRentedt)
(A.78)

Lt = LGt + LCt (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.16 These new constructed houses increase the stock of
existing houses (Eq. (A.81)), where HConstrt is the number of constructed houses.17 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 (Eqs. (A.82)–(A.83)).

NewConstrt = (h20+h21
HWNewOwnOccupt−1 +HINewOwnOccupt−1 +HINewRentedt−1

HConstrt−1
+h22gPHt−1)HConstrt−1

(A.80)
HConstrt = HConstrt−1 +NewConstrt (A.81)

HConstrGt = βHtHConstrt (A.82)

HConstrCt = HConstrt −HConstrGt (A.83)

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 pConstr 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 (A.84)

IConstrGt = βHtIConstrt (A.85)

IConstrCt = IConstrt − IConstrGt (A.86)

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 βHt 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), NewRefurbt is
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 (HRefurbt) increases by this new number of houses (Eq. (A.88)). The value
of refurbished houses (IRefurbt) is given by Eq. (A.89), where pRefurb is the constant price of
refurbished houses.18

16Jackson 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.

17We 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.

18In the simulations we make sure that pRefurb is lower than the pConstr to capture the higher cost associated with
new housing construction.
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NewRefurbt = HIRentedSoldGt−1 +HWOwnOccupGt−1 +HIOwnOccupRentedGt−1

+HIRentedV acantGt−1 +HIRentedSoldV acantGt−1 +HWOwnOccupV acantGt−1
(A.87)

HRefurbt = HRefurbt−1 +NewRefurbt (A.88)

IRefurbt = pRefurbHRefurbt (A.89)

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 (gHDt)19 and the growth rate of existing houses (gHt)
(see Eatwell et al. 2008 and Nikolaidi 2015).

pHt = pHt−1 + (h33 + h3(gHDt−1 − gHt−1))pHt−1 (A.90)

In the model, there are different types of vacant houses (Eqs. (A.91)–(A.103)). Eq. (A.91) defines
the vacant new houses (HConstrV acantt). Eq. (A.92) captures the number of rented houses that
are vacant and are not sold (HIRentedSoldV acantt), while Eq. (A.93) refers to the number of owned
houses that are vacant and are not sold (HWOwnOccupV acantt). Finally, Eq. (A.94) provides the
number of rented houses that are vacant (HIRentedV acantt).

HConstrV acantt = HConstrt −HWNewOwnOccupt −HINewOwnOccupt −HINewRentedt (A.91)

HIRentedSoldV acantt = HIRentedSoldMarkett −HIRentedSoldt (A.92)

HWOwnOccupV acantt = HWOwnOccupMarkett −HWOwnOccupt (A.93)

HIRentedV acantt = HINewRentedt +HIOwnOccupRentedMarkett −HIOwnOccupRentedt (A.94)

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

HIRentedSoldV acantGt = βHtHIRentedSoldV acantt (A.95)

HIRentedSoldV acantCt = HIRentedSoldV acantt −HIRentedSoldV acantGt (A.96)

HWOwnOccupV acantGt = βHtHWOwnOccupV acantt (A.97)

HWOwnOccupV acantCt = HWOwnOccupV acantt −HWOwnOccupV acantGt (A.98)

HIRentedV acantGt = βHtHIRentedV acantt (A.99)

HIRentedV acantCt = HIRentedV acantt −HIRentedV acantGt (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).

HV acantt = HV acantt−1 +HConstrV acantt +HIRentedSoldV acantt +HIRentedV acantt

+HWOwnOccupV acantt
(A.101)

HV acantGt = βHtHV acantt (A.102)

19The total demand for houses includes the demand of worker and investor households.
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HV acantGt = βHtHV acantt (A.103)

Eq. (A.104) and Eq. (A.105) show the total housing stock (HTotalt) while Eqs. (A.106)-(A.107)
show the total number of green houses (HTotalGt) and the total number of conventional houses
(HTotalCt). Both Eqs. (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. Eqs. (A.106)–(A.107) show the number of total houses that
are green and conventional, respectively.

HTotalt = HTotalt−1 +HConstrt (A.104)

HTotalredt = HWOwnt +HIOwnt +HIRentt +HV acantt (A.105)

HTotalGt = HWOwnGt +HIOwnGt +HIRentGt +HV acantGt (A.106)

HTotalCt = HTotalt −HTotalGt (A.107)

In the model, we link the number of houses to the population of worker and rentier households (Eqs.
(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 (POPWt). Similarly, Eq. (A.109) indicates
that the number of houses associated with rentier households (HRentierst) is a proportion of the
rentier population (POPR).

HWorkerst =
POPWt

size
(A.108)

HRentierst =
POPR

size
(A.109)

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

WealthIndext =
VHIt/POPRt

VHWt/POPWt
(A.110)

The evolution of the worker and rentier populations over time is described in Eqs. (A.111)–
(A.113). Total population (POPt) grows at an exogenous rate (gPOP ) according to (A.111). Eq.
(A.112) describes the dynamics of worker population (POPWt) and Eq. (A.113) defines the rentier
population as the residual, equal to the difference between the total population and the worker
population.

POPt = (1 + gPOP )POPt−1 (A.111)

POPWt = propWorkersPOPt (A.112)

POPRt = POPt − POPWt (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.20 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 (BPt), 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 (FV CPDt), along with fees received from securitising part
of the housing loans (FEEt)21 minus the interest expenses on deposits and advances. intR is the
interest rate in repos, Repot are the green repos that commercial banks buy, intAt is the interest
in advances and At is the advances of commercial banks. The deposits of commercial banks (Dt)
are equal to the deposits held by workers and rentiers (Eq. (A.115)).
Eq. (A.116) shows bank’s capital (CAPt), which increases by undistributed bank profits (BPUt)
and decreases by defaults on non-securitised housing loans (DLNHt).22 Banks hold part of their
profits (Eq. (A.117)) while the rest are distributed to investor households (Eq. (A.118)); BPUt

are the undistributed profits of commercial banks. Eq. (A.119) specifies the defaulted amount
of non-securitised housing loans (DLNHt) as a proportion (defHWt) of the sum of non-securitised
green housing loans and conventional housing loans.

BPt = intCLCt−1 + intGLGt−1 + intLHGt−1LNHGt−1 + intLHCt−1LHCt−1

+intSSECBt−1 + intRRepot−1 + FEEt + FV CPDt − intDDt−1 − intAtAt−1
(A.114)

Dt = DHWt +DHIt (A.115)

CAPt = CAPt−1 +BPUt −DLNHt (A.116)

BPUt = sBBPt−1 (A.117)

BPDt = BPt −BPUt (A.118)

DLNHt = defHWt(LNHGt−1 + LHCt−1) (A.119)

Eq. (A.120) determines the proportion of securitised green housing loans (st), which is influenced
by an exogenous component (s0) and by the difference between the green MBS’s yield (yieldMt−1)
and the target MBSs yield (yieldMT ).23 Eq. (A.121) defines the amount of green securitised
housing loans (LSHGt), while Eq. (A.122) shows the non-securitised housing loans as the difference
between total green housing loans and securitised green loans.

st = s0 − s1(yieldMt−1 − yieldMT ) (A.120)

LSHGt = stLHGt (A.121)

LNHGt = LHGt − LSHGt (A.122)

Eq. (A.123) defines the amount of high-powered money (HPMt) as a proportion (h1) of deposits
(Dt). Government securities held by banks (SECBt) are also a proportion (h2) 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.24

HPMt = h1Dt (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.

23The 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).

24If advances become negative, the government securities bought by banks (SECBt) become the buffer variable.
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SECBt = h2Dt (A.124)

At = At−1 + (HPMt −HPMt−1) + (LGt − LGt−1) + (LCt − LCt−1) + (LNHGt − LNHGt−1)

+ (LHCt − LHCt−1) + (SECBt − SECBt−1) + (Repot −Repot−1)− (Dt −Dt−1)

−BPUt +DLNHt

(A.125)

Eq. (A.126) defines the leverage ratio of commercial banks (levBt) as the ratio of total assets to
their capital (CAPt). The capital adequacy ratio (CARt), 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; wL is the
weight for loans; wS is the weight for government securities; wH is the weight for high-powered
money; wR is the weight for repos.25

levBt =
HPMt + LCt + LGt + LNHGt + LHCt + SECBt +Repot

CAPt
(A.126)

CARt =
CAPt

wL(LCt + LGt + LNHGt + LHCt) + wSSECBt + wHHPMt + wRRepot
(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 (CRHt) 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 (CARmin) determined by the
regulatory authority26 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 (Eqs. (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. yieldMt is the yield on MBSs; yieldMT is the target yield for
MBSs; CRHGt is the credit rationing on green housing loans; CRHCt is the credit rationing on
conventional housing loans.27

CRHt =
CRmax

1 + r0er1−r2dsrHWt−1+r3(CARt−1−CARmin)
(A.128)

CRHGt = (1 + lH3(yieldMt−1 − yieldMT ))CRHt (A.129)

CRHCt = (1− lH3(yieldMt−1 − yieldMT ))CRHt (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 (Eqs. (A.131) and (A.132)) where sprHGt is
the lending spread on green housing loans and sprHCt is the lending spread on conventional housing
loans. The total spread (sprHt) 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).

25See BCBS (2025) for the weights of the different assets.
26See 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).
27During 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 = sprHGt + intAt (A.131)

intLHCt = sprHCt + intAt (A.132)

sprHt = sprH0 − sprH1(CARt−1 − CARmin) + sprH2dsrHWt−1 (A.133)

sprHGt = (1 + sprH3(yieldMt−1 − yieldMT ))sprHt (A.134)

sprHCt = (1− sprH3(yieldMt−1 − yieldMT ))sprHt (A.135)

1.6. Financial Vehicle Corporations (FVCs)

Eq. (A.136) defines the total profits of FVCs, which consist of interest earned on securitised green
mortgages (LSHGt) and government securities (SECFV Ct), minus the securitisation fees (FEEt)
and the coupon payments of green MBSs, where couponMt is the coupon rate of green MBSs and
mt is the number of green MBSs that are issued. Eq. (A.137) shows the undistributed profits
(FV CPUt), which are a proportion of (sFV C) of the total profits of FVCs. The distributed profits
(FV CPDt) are equal to the total profits minus the undistributed profits, as shown in Eq. (A.138).

FV CPt = intLHGt−1LSHGt−1 + intSSECFV Ct−1 − FEEt − couponMt−1mt−1 (A.136)

FV CPUt = sFV CFV CPt−1 (A.137)

FV CPDt = FV CPt − FV CPUt (A.138)

Eq. (A.139) defines the coupon rate of green MBSs, which is determined by the yield on green
MBSs (yieldMt) multiplied by the par value of green MBSs (p̄M ). 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
(pMt).28 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 (LSHGt).

couponMt = yieldMt−1p̄M (A.139)

yieldMt =
couponMt

pMt
(A.140)

FEEt = feeLSHGt−1 (A.141)

Eq. (A.142) shows the change in the capital of FVCs (KFV Ct), which consists of the undistributed
profits of FVCs minus the default on securitised green housing loans (DLFV Ct). The defaulted
green securitised housing loans is a proportion (defHWt) of the securitised green housing loans (Eq.
(A.143)). Eq. (A.144) shows the change in the number of green MBSs (mt) that FVCs decide
to issue. The change in the number of green MBSs becomes higher when the securitised green
mortgages become higher.29 Eq. (A.145) represents the value of the total green MBSs (Mt), which
comprise those held by IFs (MIF t) and MMFs (MMMFt). 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 (mt).30 Eq. (A.147) shows the change in government securities held by FVCs (SECFV Ct).
FVCs decide to hold more government securities when their undistributed profits (FV CPUt) plus
the new value of green MBSs issued are higher than the change in securitised green housing loans
and defaulted loans experienced by FVCs.

28See Dafermos and Nikolaidi (2022) for a similar formulation for the case of corporate (conventional/green) bonds.
29Combining 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.
30It is assumed that there is equilibrium in the market of green MBSs.

18



KFV Ct = KFV Ct−1 + FV CPUt −DLFV Ct (A.142)

DLFV Ct = defHWtLSHGt−1 (A.143)

mt = mt−1 + (LSHGt − LSHGt−1) +DLFV Ct (A.144)

Mt = MIF t +MMMFt (A.145)

pMt =
Mt

mt
(A.146)

SECFV Ct = SECFV Ct−1 + FV CPUt + p̄M (mt −mt−1)− (LSHGt −LSHGt−1)−DLFV Ct (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 (IFPt), which are equal to the coupon payments received from green MBSs
plus interest earned on government securities, minus the interest paid on repos; SECIF t is the
government securities held by IFs. Eq. (A.149) shows the undistributed profits of IFs (IFPUt),
which are a proportion (sIF ) of their total profits. The distributed profits (IFPDt) are calculated
as the total profits minus the undistributed profits, as shown in Eq. (A.150). IFs hold capital
(KIF t) which increases by their undistributed profits (Eq. (A.151)).

IFPt = couponMt−1mIF t−1 + intSSECIF t−1 − intRRepot−1 (A.148)

IFPUt = sIF IFPt−1 (A.149)

IFPDt = IFPt − IFPUt (A.150)

KIF t = KIF t−1 + IFPUt (A.151)

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 (MIF t), which is equal to their capital divided by thehaircut
(haircutt).31 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 (ϵ0) and a variable
component that depends on the difference between the green mortgage yield (yieldMt) and the
target market yield (yieldMT ).32 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 (MIF t) by the market price (pMt).

MIF t =
KIF t−1

haircutt
− SECIF t (A.152)

haircutt = ϵ0 + ϵ1(yieldMt−1 − yieldMT ) (A.153)

mIF t =
MIF t

pMt
(A.154)

Eq. (A.155)) shows that the government securities bought by IFs are a proportion of total govern-
ment securities (SECt). 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.

SECIF t = hIFSECt (A.155)

Repot = Repot−1 + p̄M (mIF t −mIF t−1) + (SECIF t − SECIF t−1)− IFPUt (A.156)

levIF t =
pMtmIF t + SECIF t

KIF t
(A.157)

1.8. Money Market Funds (MMFs)

Eq. (A.158) defines the total profits of MMFs (MMFPt), which consist of coupon payments
received from green MBSs and interest earned on government securities (SECMMFt). Eq. (A.159)
shows the undistributed profits (MMFPUt), which are a proportion of (sMMF ) of the total profits
of MMFs. Subsequently, the distributed profits (MMFPDt) 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 (KMMFt), which increases with undistributed profits.

MMFPt = couponMt−1mMMFt−1 + intSSECMMFt−1 (A.158)

MMFPUt = sMMFMMFPt−1 (A.159)

MMFPDt = MMFPt −MMFPUt (A.160)

KMMFt = KMMFt−1 +MMFPUt (A.161)

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 (MMMFt) is defined in
Eq. (A.162), which is a proportion of the shares that MMFs issue (SHMMFt). This proportion is
endogenous: it depends on the yield on green MBSs (yieldMt) and the interest rate on government
securities (intS). 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 (MMMFt) by the price (pMt). Eq. (A.165) defines the leverage
ratio of MMFs (levMMFt), which is equal to green MBSs and government securities (i.e. their total
assets) to the shares that they issue.

MMMFt = (γ10 + γ11yieldMt−1 + γ12intS)SHMMFt−1 (A.162)

SECMMFNt = (γ20 + γ21yieldMt−1 + γ22intS)SHMMFt−1 (A.162N)

SECMMFt = SECMMFt−1 + (SHMMFt − SHMMFt−1)− p̄M (mMMFt −mMMFt−1)

+MMFPUt
(A.163)

mMMFt =
MMMFt

pMt
(A.164)

levMMFt =
pMmMMFt + SECMMFt

SHMMFt
(A.165)

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 (GNSt) which is the difference between the govern-
ment’s revenues and expenditures. The government revenues consist of taxes (TAXt) and central
bank profits (CBPt) while the government spending consists of government consumption, inter-
est loans subsidies and interest on securities; SECt 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)). Eqs.
(A.169), (A.170), (A.171) and (A.172) show respectively worker households’ taxes (TAXHWt), in-
vestor households’ taxes (TAXHIt), taxes on firms’ profits (TAXFt), and carbon taxes that the
firms have to pay (TAXCt).34 Carbon taxes are a proportion (τC) of other emissions.35 Total taxes
are equal to the taxes that the government collects from worker households, investor households
and firms (Eq. (A.173)).

GNSt = TAXt + CBPt − COGOV t − intSUBLHGt−1 − intSSECt−1 (A.166)

SECt = SECt−1 −GNSt (A.167)

COGOV t = govCYt−1 (A.168)

TAXHWt = τHWYHWGt−1 (A.169)

TAXHIt = τHIYHIGt−1 (A.170)

TAXFt = τFTPGt−1 (A.171)

TAXCt = τCEMISOt−1 (A.172)

TAXt = TAXHWt + TAXHIt + TAXFt + TAXCt (A.173)

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; SECCBt 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.36 The wealth of the central
bank (VCBt) 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

CBPt = intAt−1At−1 + intSSECCBt−1 (A.174)

SECCBt = SECt − SECHIt − SECBt − SECFV Ct − SECIF t − SECMMFt (A.175)

SECCBredt = SECCBt−1 + (HPMt −HPMt−1)− (At −At−1) (A.176)

VCBt = At + SECCBt −HPMt (A.177)

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, τC 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 intmax and intmin by the central bank to

promote green policies.
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intAt = intref + (intmax − intref )
LHCt

LHt
− (intref − intmin)

LHGt

LHt
(A.178)

1.11. Emissions

Eq. (A.179) shows that housing emissions (EMISHt) depend on the housing stock. CIHt is the
carbon intensity of the housing stock (HTotal). 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 (EMISOt) as a function of output.38 CIOt 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)).

EMISHt = CIHtHTotalt (A.179)

CIHt = CIHmax −
CIHmax − CIHmin

1 + e−κCIH(HTotalGt−1/HTotalCt−1−1/(HTotalGt−1/HTotalCt−1)−cCIH)
(A.180)

EMISOt = CIOtYt (A.181)

CIOt = CIOmax −
CIOmax − CIOmin

1 + e−κCIO(KGt−1/KCt−1−1/(KGt−1/KCt−1)−cCIO)
(A.182)

38An 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

trillion)
Model-constrained 0.2776 Calculated from Eq. (114)

BPD Distributed profit of the
banks (EUR trillion)

Model-constrained 0.083 Calculated from Eq. (118)

BPU Undistributed profit of the
banks (EUR trillion)

Model-constrained 0.1946 Calculated from Eq. (117)

CAP Capital of banks (EUR
trillion)

Model-constrained 2.0056 Calculated from Eq. (126)

CAR Capital adequacy ratio Model-constrained 0.116 Calculated from Eq. (127)
CBP Central bank profits (EUR

trillion)
Model-constrained 0.2473 Calculated from Eq. (175)

CIH Carbon intensity of houses
(GtCO2/Million)

Model-constrained 0.0042 Calculated from Eq. (180)

CIO Carbon intensity of other
emissions (GtCO2/EUR
trillion)

Model-constrained 0.1091 Calculated from Eq. (182)

COGOV Government expenditure
(EUR trillion)

Free 3.0639 The proportion of
government expenditure in
GDP is based on Eurostat

COHI Consumption of investor
households’ (EUR trillion)

Model-constrained 2.4152 Calculated from Eq. (61)

COHW Consumption of worker
households (EUR trillion)

Model-constrained 5.9011 Calculated from Eq. (20)

couponM Green MBSs coupon
payments

Model-constrained 0.0384 Calculated from Eq. (139)

CRH Degree of total credit
rationing on housing loans

Model-constrained 0.2 Calculated from Eq. (128)

CRHC Degree of conv. credit
rationing on housing loans

Model-constrained 0.2 Calculated from Eq. (130)

CRHG Degree of green credit
rationing on housing loans

Model-constrained 0.2 Calculated from Eq. (129)

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

DHI Deposits held by investor
households (EUR trillion)

Model-constrained 19.6965 Calculated from Eq. (115)

DHIN Deposits held by investor
households (EUR trillion)

Free 19.6965 Selected from a reasonable
range of values

DHW Deposits held by worker
households (EUR trillion)

Free 2.1885 Selected from a reasonable
range of values

defHW Default rate on housing loans Free 0.02 Based on Eurostat
DLFV C Amount of defaulted loans,

FVCs (EUR trillion)
Model-constrained 0.0049 Calculated from Eq. (144)

DLHW Amount of defaulted loans
(EUR trillion)

Model-constrained 0.1602 Calculated from Eq. (11)

DLNH Amount of defaulted loans
com. banks (EUR trillion)

Model-constrained 0.1553 Calculated from Eq. (119)

DP Distributed profits (EUR
trillion)

Model-constrained 3.8742 Calculated from Eq. (66)

dsrHW Debt service ratio of worker
households

Model-constrained 0.1836 Calculated from Eq. (14)

EMISH Housing emissions (GtCO2),
0.33 EEA proportion of
building emissions

Free 0.7841 Based on NGFS (2025) and
EEA (2025)

EMISO Other emissions (GtCO2),
0.33 EEA proportion of
building emissions

Free 1.5919 Based on NGFS (2025) and
EEA (2025)

FEE Fee (EUR trillion) Model-constrained 0.0014 Calculated from Eq. (142)
FV CP Profit of the FVCs (EUR

trillion)
Model-constrained 0.0279 Calculated from Eq. (ES)

FV CPD Distributed profit of the
FVCs (EUR trillion)

Model-constrained 5e-04 Calculated from Eq. (138)

FV CPU Undistributed profit of the
FVCs (EUR trillion)

Model-constrained 0.0274 Calculated from Eq. (137)
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GNS Government net saving
(EUR trillion)

Model-constrained -0.2489 Calculated from Eq. (167)

HConstr Number of constructed
houses (Million houses)

Model-constrained 3.6788 Calculated from Eq. (104)

HConstrC Conv. new houses (Million
houses)

Model-constrained 2.428 Calculated from Eq. (83)

HConstrG Green new houses (Million
houses)

Model-constrained 1.2508 Calculated from Eq. (82)

HConstrV acant Vacant new houses (Million
houses)

Model-constrained 0.2755 Calculated from Eq. (91)

HDWOwn Number of houses workers
desire to buy (Million
houses)

Model-constrained 39.5241 Calculated from Eq.
(10),(8),(9), (187) and (188)

HDWOwnC Number of conv. houses
workers desire to buy
(Million houses)

Model-constrained 26.0859 Calculated from Eq. (19)

HDWOwnG Number of green houses
workers desire to buy
(Million houses)

Model-constrained 13.4382 Calculated from Eq. (18)

HINewOwnOccup Number of new own-occupied
houses by rentiers (Million
houses)

Model-constrained 2.9736 Calculated from Eq. (58)

HINewOwnOccupC Number of new conv.
own-occupied houses by
rentiers (Million houses)

Model-constrained 1.9626 Calculated from Eq. (60)

HINewOwnOccupG Number of new green
own-occupied houses by
rentiers (Million houses)

Model-constrained 1.011 Calculated from Eq. (59)

HINewRented Number of new rented houses
(Million houses)

Model-constrained 0.2036 Calculated from Eq. (38)
and Eq. (92)

HINewRentedC Number of new conv. rented
houses (Million houses)

Model-constrained 0.1344 Calculated from Eq. (37)

HINewRentedG Number of green new rented
houses (Million houses)

Model-constrained 0.0692 Calculated from Eq. (36)

HIOwn Number of houses investors
own (Million houses)

Free 66.5739 Selected from a reasonable
range of values

HIOwnC Number of conv.
own-occupied houses by
rentiers (Million houses)

Model-constrained 43.9388 Calculated from Eq. (54)

HIOwnG Number of green
own-occupied houses by
rentiers (Million houses)

Model-constrained 22.6351 Calculated from Eq. (53)

HIOwnOccupRented Number of owned houses
that are rented (Million
houses)

Free 0.8931 Selected from a reasonable
range of values

HIOwnOccupRentedC Number of conv. rented
houses that were
own-occupied by rentiers
(Million houses)

Model-constrained 0.5894 Calculated from Eq. (40)

HIOwnOccupRentedG Number of green rented
houses that were
own-occupied by rentiers
(Million houses)

Model-constrained 0.3036 Calculated from Eq. (39)

HIOwnOccupRentedMarket Number of own-occupied
houses by rentiers for renting
(Million houses)

Model-constrained 0.7989 Calculated from Eq. (57)

HIRent Total number of rented
houses (Million houses)

Free 52.5329 Based on ECB

HIRentC Number of conv. rented
houses (Million houses)

Model-constrained 34.6717 Calculated from Eq. (34)

HIRentedSold Number of rented houses
that are sold (Million houses)

Model-constrained 0.0645 Calculated from Eq. (92)

HIRentedSoldC Number of conv. rented
houses that were sold
(Million houses)

Model-constrained 0.0426 Calculated from Eq. (28)

HIRentedSoldG Number of green rented
houses that were sold
(Million houses)

Model-constrained 0.0219 Calculated from Eq. (27)

24



HIRentedSoldMarket Number of rented houses by
rentiers for selling (Million
houses)

Model-constrained 0.0666 Calculated from Eq. (56)

HIRentedSoldV acant Number of rented houses
that are vacant and are not
sold (Million houses)

Free 0.0021 Based on ECB

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

Model-constrained 0.0014 Calculated from Eq. (94)

HIRentedSoldV acantG Number of green rented
houses that are vacant
(Million houses)

Model-constrained 7e-04 Calculated from Eq. (93)

HIRentedV acant Number of rented houses
that are vacant (Million
houses)

Model-constrained 0.1094 Calculated from Eq. (98)

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

Model-constrained 0.0722 Calculated from Eq. (100)

HIRentedV acantG Number of green rented
houses that are vacant
(Million houses)

Model-constrained 0.0372 Calculated from Eq. (99)

HIRentG Number of green rented
houses (Million houses)

Model-constrained 17.8612 Calculated from Eq. (33)

HRefurb Number of refurbished
houses (Million houses)

Model-constrained 29.4911 Calculated from Eq. (88)

HRentiers Number of houses rentiers
live in (Million houses)

Model-constrained 60.5217 Calculated from Eq. (109)

HTotal Total number of houses
(Million houses)

Model-constrained 187.6174 Calculated from Eq. (105)

HTotalC Total number of conv.
houses (Million houses)

Model-constrained 123.8275 Calculated from Eq. (185)

HTotalG Total number of green houses
(Million houses)

Model-constrained 63.7899 Calculated from Eq. (184)

HTotalred Total number of houses
(Million houses)

Free 187.6174 Based on ECB

HV acant Total number of vacant
houses (Million houses)

Model-constrained 30.2609 Calculated from Eq. (101)

HV acantC Number of conv. vacant
houses (Million houses)

Model-constrained 19.9722 Calculated from Eq. (103)

HV acantG Number of green vacant
houses (Million houses)

Model-constrained 10.2887 Calculated from Eq. (102)

HWNewOwnOccup Number of new own-occupied
houses of workers (Million
houses)

Model-constrained 0.2261 Calculated from Eq. (29)

HWNewOwnOccupC Number of new conv. houses
workers buy (Million houses)

Model-constrained 0.1492 Calculated from Eq. (25)

HWNewOwnOccupG Number of new green houses
workers buy (Million houses)

Model-constrained 0.0769 Calculated from Eq. (24)

HWorkers Number of houses worker live
in (Million houses)

Model-constrained 90.7826 Calculated from Eq. (108)

HWOwn Number of houses workers
own (Million houses)

Model-constrained 38.2497 Calculated from Eq. (32)

HWOwnC Number of conv. houses
workers buy (Million houses)

Model-constrained 25.2448 Calculated from Eq. (22)

HWOwnG Number of green houses
workers buy (Million houses)

Model-constrained 13.0049 Calculated from Eq. (21)

HWOwnOccup Number of houses workers
own occupy (Million houses)

Model-constrained 0.4594 Calculated from Eq. (95)

HWOwnOccupC Number of new conv.
own-occupied houses of
workers (Million houses)

Model-constrained 0.3032 Calculated from Eq. (31)

HWOwnOccupG Number of new green
own-occupied houses of
workers (Million houses)

Model-constrained 0.1562 Calculated from Eq. (30)

HWOwnOccupMarket Number of own-occupied
houses by rentiers for selling
(Million houses)

Model-constrained 0.6657 Calculated from Eq. (55)

HWOwnOccupV acant Number of owned houses
that are vacant and are not
sold (Million houses)

Free 0.2064 Based on ECB
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HWOwnOccupV acantC Conv. vacant workers own
occupied houses (Million
houses)

Model-constrained 0.1362 Calculated from Eq. (97)

HWOwnOccupV acantG Number of green vacant
houses own occupied houses
(Million houses)

Model-constrained 0.0702 Calculated from Eq. (96)

haircut Haircut on repos Model-constrained 0.2451 Calculated from Eq. (153)
HGHC Model-constrained 0.5152 Calculated from Eq. (201)
HPM High-powered money (EUR

trillion)
Free 8.6081 The high-powered money in

GDP is based on Eurostat
I Investment (EUR trillion) Free 2.349 The proportion of total

investment in GDP is based
on Eurostat

IC Conv. investment of firms
(EUR trillion)

Model-constrained 1.4768 Calculated from Eq. (73)

IConstr Investment in new houses
(EUR trillion)

Free 0.3529 The proportion of investment
in construction in GDP is
based on Eurostat and EOS
(2024)

IConstrC Investment in new conv.
houses (EUR trillion)

Model-constrained 0.2329 Calculated from Eq. (86)

IConstrG Investment in new green
houses (EUR trillion)

Model-constrained 0.12 Calculated from Eq. (85)

IG Green investment (EUR
trillion)

Free 0.8722 Green investment refers to
renewable energy investment
based on NGFS (2025), 0.89
is the exchange rate

IRefurb Investment in refurbishment
(EUR trillion)

Free 0.5079 The proportion of investment
in dwellings in GDP is based
on Eurostat

IFP Profit of the IFs (EUR
trillion)

Model-constrained 0.0026 Calculated from Eq. (149)

IFPD Distributed profit of the IFs
(EUR trillion)

Model-constrained 0.001 Calculated from Eq. (151)

IFPU Undistributed profit of the
IFs (EUR trillion)

Model-constrained 0.0016 Calculated from Eq. (150)

illiqHW Worker households’
illiquidity ratio

Model-constrained 1 Calculated from Eq. (13)

intA Interest rate on advances Model-constrained 0.03 Calculated from Eq. (179)
intLHC Interest rate on conv.

housing loans
Free 0.04 Based on ECB

intLHG Interest rate on green
housing loans

Free 0.04 Based on ECB

K Capital stock of firms (EUR
trillion)

Model-constrained 119.7985 Calculated from Eq. (76)

KC Conv. capital of firms (EUR
trillion)

Model-constrained 75.3163 Calculated from Eq. (75)

KFV C Capital of FVCs (EUR
trillion)

Model-constrained 1.1462 Calculated from Eq. (148)

KG Green capital of firms (EUR
trillion)

Model-constrained 44.4822 Calculated from Eq. (74)

KIF Capital of IFs (EUR trillion) Model-constrained 0.0817 Calculated from Eq. (158)
KMMF Capital of MMFs (EUR

trillion)
Model-constrained 0.4406 Calculated from Eq. (164)

KGKC Model-constrained 0.5906 Calculated from Eq. (202)
L Total loans (EUR trillion) Free 9.3376 The loans to the

non-financial corporations in
GDP is based on Eurostat

LC Firms conv. loans (EUR
trillion)

Model-constrained 5.8705 Calculated from Eq. (79)

LG Green loans (EUR trillion) Free 3.4671 Selected from a reasonable
range of values

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

Free 8.1704 The loans to the households
in percent of GDP is based
on Eurostat

LHC Conv. housing loans (EUR
trillion)

Model-constrained 5.3925 Calculated from Eq. (10)
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LHG Green housing loans (EUR
trillion)

Free 2.7779 Selected from a reasonable
range of values

LNHG Non-securitised green
housing loans (EUR trillion)

Model-constrained 2.5279 Calculated from Eq. (122)

LSHG Securitised green housing
loans (EUR trillion)

Model-constrained 0.25 Calculated from Eq. (121)

lev Firms’ leverage ratio Model-constrained 0.0779 Calculated from Eq. (193)
levB Leverage ratio of banks Free 14.7 Based on Eurostat
levHW Leverage ratio of worker

households
Model-constrained 0.9709 Calculated from Eq. (15)

levIF Leverage ratio of IFs Free 4 Based on ECB
levMMF Leverage ratio of MMFs Free 2.2 Based on ECB
m Number of green MBSs

issued (Million)
Model-constrained 0.5 Calculated from Eq. (145)

M Value of the green MBSs
(EUR trillion)

Model-constrained 0.5 Calculated from Eq. (147)

mIF Number of green MBSs
owned by IFs (Million)

Model-constrained 0.2 Calculated from Eq. (155)

MIF Green MBSs held by IFs
(EUR trillion)

Free 0.2 Selected from a reasonable
range of values

mMMF Number of gren MBSs held
by MMFs (Million)

Model-constrained 0.3 Calculated from Eq. (165)

MMMF Value of green MBSs held by
MMFs (EUR trillion)

Model-constrained 0.3 Calculated from Eq. (146)

MMFP Profit of the MMFs (EUR
trillion)

Model-constrained 0.0252 Calculated from Eq. (159)

MMFPD Distributed profit of the
MMFs (EUR trillion)

Model-constrained 0.0166 Calculated from Eq. (161)

MMFPU Undistributed profit of the
MMFs (EUR trillion)

Model-constrained 0.0086 Calculated from Eq. (160)

NewConstr Number of new houses
constructed (Million houses)

Model-constrained 0.0721 Calculated from Eq. (81)

NewRefurb Number of refurbished
houses (Million houses)

Model-constrained 0.5783 Calculated from Eq. (87)

NLHCD Model-constrained 0.9252 Calculated from Eq. (188)
NLHGD Model-constrained 0.4766 Calculated from Eq. (187)
pH Price of houses (EUR

million)
Free 0.22 Based on ECB

pM Price of green MBSs Free 1 Selected from a reasonable
range of values

POP Population (Million people) Free 348 Based on Eurostat
POPR Population of rentiers

(Million people)
Model-constrained 139.2 Calculated from Eq. (113)

POPW Population of workers
(Million people)

Model-constrained 208.8 Calculated from Eq. (112)

r Rate of profit Model-constrained 0.0471 Calculated from Eq. (67)
rHI Rate of return for houses Model-constrained 0.0187 Calculated from Eq. (51)
rSH Rate of return on shares

issued by MMFs
Model-constrained 0.0461 Calculated from Eq. (52)

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

trillion)
Free 0.9647 Based on ECB

Repo Repo issued by IFs (EUR
trillion)

Model-constrained 0.2452 Calculated from Eq. (157)

RP Retained profits (EUR
trillion)

Model-constrained 1.7701 Calculated from Eq. (65)

s Proportion of green
securitised loans

Free 0.09 Based on ECB

SEC Total outstanding amount of
government securities (EUR
trillion)

Free 12.6933 The government securities in
GDP is based on Eurostat

SECB Government securities held
by banks (EUR trillion)

Free 3.3703 The government securities
held by banks in GDP is
based on Eurostat and EBA

SECCB Government securities held
by central bank (EUR
trillion)

Model-constrained 3.0171 Calculated from Eq. (177)

SECCBred Government securities held
by central bank (EUR
trillion)

Model-constrained 3.0171 Calculated from Eq. (177)
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SECFV C Government securities held
by MMFs (EUR trillion)

Free 1.3963 Selected from a reasonable
range of values

SECHI Government securities held
by investor households (EUR
trillion)

Model-constrained 4.275 Calculated from Eq. (176)

SECIF Government securities held
by IFs (EUR trillion)

Model-constrained 0.1269 Calculated from Eq. (156)

SECMMF Government securities held
by MMFs (EUR trillion)

Free 0.5077 Selected from a reasonable
range of values

SHMMF MMF shares (EUR trillion) Model-constrained 0.3672 Calculated from Eq. (166)
sprH Spread on housing loans Model-constrained 0.01 Calculated from Eq. (134)
sprHC Spread on conv. housing

loans
Model-constrained 0.01 Calculated from Eq. (132)

sprHG Spread on green housing
loans

Model-constrained 0.01 Calculated from Eq. (131)

TAX Total taxes (EUR trillion) Model-constrained 2.9205 Calculated from Eq. (174)
TAXC Carbon tax revenues (EUR

trillion)
Free 0.032 Based on ERCST (2025)

TAXF Taxes on firms’ profits (EUR
trillion)

Model-constrained 0.4315 Calculated from Eq. (172)

TAXHI Taxes on investor
households’ disposable
income (EUR trillion)

Free 1.459 Selected from a reasonable
range of values

TAXHW Taxes on worker households’
disposable income (EUR
trillion)

Model-constrained 0.998 Calculated from Eq. (170)

TP Total profit of firms (EUR
trillion)

Model-constrained 5.6443 Calculated from Eq. (64)

TPG Total gross profit of firms
(EUR trillion)

Model-constrained 6.1078 Calculated from Eq. (62)

u Capacity utilisation rate Free 0.79 Based on Eurostat
VCB Wealth of central bank (EUR

trillion)
Model-constrained 0 Calculated from Eq. (178)

VHI Wealth of investor
households (EUR trillion)

Model-constrained 57.1389 Calculated from Eq. (46)

VHW Wealth of worker households
(EUR trillion)

Model-constrained 2.433 Calculated from Eq. (5)

W Wage income (EUR trillion) Model-constrained 8.0245 Calculated from Eq. (63)
WealthIndex Ratio of rentiers’ to workers’

wealth
Model-constrained 35.2268 Calculated from Eq. (110)

Y Output (EUR trillion) Free 14.59 Based on Eurostat
YHI Disposable income of the

investor households (EUR
trillion)

Model-constrained 3.984 Calculated from Eq. (44)

YHIG Gross disposable income of
the investor households
(EUR trillion)

Model-constrained 5.443 Calculated from Eq. (43)

YHW Disposable income of the
worker households (EUR
trillion)

Model-constrained 5.7886 Calculated from Eq. (2)

YHWG Gross disposable income of
the worker households (EUR
trillion)

Model-constrained 6.7867 Calculated from Eq. (1)

Ypot Potential output (EUR
trillion)

Model-constrained 18.4684 Calculated from Eq. (69)

yieldM Yield on green MBSs Free 0.0384 Based on Marques-Pinto
(2020)

β Share of green investment in
total investment

Model-constrained 0.3713 Calculated from Eq. (72)

βH Share of green houses to
total houses

Free 0.34 Based on BPIE (2022)
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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

disposable income for worker
households

Model-constrained 1.0356 Calculated from Eq. (3)

c12 Propensity to consume out of
wealth for worker households

Free 0.01 Selected from a reasonable
range of values

c21 Propensity to consume out of
disposable income for investor
households

Model-constrained 0.4749 Calculated from Eq. (45)

c22 Propensity to consume out of
wealth for investor households

Free 0.01 Selected from a reasonable
range of values

cCIH Parameter linking the green to
conventional housing stock with
carbon housing intensity

Free -1.4086 Selected from a reasonable
range of values

cCIO Parameter linking the green to
conventional capital stock with
carbon other emissions intensity

Free -1.1044 Selected from a reasonable
range of values

CARmin Minimum capital adequacy ratio Free 0.08 Based on the Basel III
regulatory framework

CIH2035 Carbon housing intensity target Free 0.0033 Selected from a reasonable
range of values

CIHmax Maximum intensity rate for carbon
intensity of houses

Free 0.005 Selected from a reasonable
range of values

CIHmin Minimum intensity rate for carbon
intensity of houses

Free 0.0021 Selected from a reasonable
range of values

CIO2050 Carbon other emission intensity
target

Free 0.0873 Selected from a reasonable
range of values

CIOmax Maximum intensity rate for carbon
intensity of other emissions

Free 0.1309 Selected from a reasonable
range of values

CIOmin Minimum intensity rate for carbon
intensity of other emissions

Free 0.0546 Selected from a reasonable
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

def0 Parameter in the default rate
function

Free 14 Selected from a reasonable
range of values

def1 Parameter in the default rate
function

Free 13.3929 Selected from a reasonable
range of values

def2 Parameter in the default rate
function

Free 13.3929 Selected from a reasonable
range of values

defmax Maximum default rate of housing
loans

Free 0.3 Selected from a reasonable
range of values

fee Fee rate Free 0.0057 Based on Karimov et al
(2025)

govC Share of government expenditure in
output

Model-constrained 0.2142 Calculated from Eq. (169)

h1 Banks’ reserve ratio Model-constrained 0.3933 Calculated from Eq. (123)
h10 Parameter in the worker households’

desired demand for houses
Model-constrained 0.072 Calculated from Eq. (16)

h13 Parameter in the worker households’
desired demand for houses (growth
rate of workers population)

Free 0.01 Selected from a reasonable
range of values

h14 Parameter in the worker households’
desired demand for houses (rents)

Free 0.01 Selected from a reasonable
range of values

h2 Banks’ government
securities-to-deposits ratio

Model-constrained 0.154 Calculated from Eq. (124)

h20 Parameter in the housing
investment function

Model-constrained 0.0107 Calculated from Eq. (80)

h3 Parameter in housing prices Free 0.02 Selected from a reasonable
range of values

h33 Parameter in the housing price
equation

Model-constrained 0 Calculated from Eq. (90)

hIF Share of government securities
owned by IFs

Free 0.01 Selected from a reasonable
range of values
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HGHC2034 Housing intensity target Free 0.52 Selected from a reasonable
range of values

intC Interest rate on conventional loans Free 0.05 Based on ECB
intD Interest rate on deposits Free 0.02 Based on ECB
intG Interest rate on green loans Free 0.05 Based on ECB
intmax Maximum interest rate on advances Free 0.03 There is no policy in the first

year
intmin Minimum interest rate on advances Free 0.03 There is no policy in the first

year
intR Interest rate on repos Free 0.035 Based on ICMA (2022)
intref Reference interest rate on advances Free 0.03 Selected from a reasonable

range of values
intS Interest rate on government

securities
Free 0.028 Based on ECB

intSUB Green loan subsidy rate Free 0.0016 Based on OECD (2024)
KGKC2034 Capital stock intensity target Free 0.59 Selected from a reasonable

range of values
pConstr Price of constructed houses (EUR

trillion per million houses)
Model-constrained 0.0959 Calculated from Eq. (84)

pMbar Par value price of green MBSs
(EUR)

Free 1 Selected from a reasonable
range of values

pRefurb Price of refurbished houses (EUR
trillion per million houses)

Model-constrained 0.0172 Calculated from Eq. (89)

propD Proportion of workers’ deposits to
income

Model-constrained 0.3856 Calculated from Eq. (4)

propHIRent Proportion of rented houses, percent
of total houses

Free 0.28 Based on Based on ECB

propIOwnOccup Proportion of owned houses rentiers
wish to rent

Free 0.012 Selected from a reasonable
range of values

propIRented Proportion of rented houses rentiers
wish to sell

Free 0.001 Selected from a reasonable
range of values

propNewRented Proportion of new rented houses Model-constrained 0.0553 Calculated from Eq. (35)
propRentedSold Proportion of rented houses that

were sold
Model-constrained 7e-04 Calculated from Eq. (26)

propV acancy Vacancy rate, percent of total
houses

Free 0.11 Based on Based on ECB

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

Model-constrained 0.0615 Calculated from Eq. (23)

propWExisting Proportion of owned houses rentiers
wish to sell

Free 0.01 Selected from a reasonable
range of values

propWorkers Share of workers Free 0.6 Selected from a reasonable
range of values

r0 Parameter in the credit rationing of
housing loans

Free 1.5 Selected from a reasonable
range of values

r1 Parameter in the function of the
credit rationing on housing loans

Model-constrained -1.4361 Calculated from Eq. (128)

r2 Parameter in the credit rationing of
housing loans

Free 8.5397 Selected from a reasonable
range of values

r3 Parameter in the credit rationing of
housing loans

Free 83.3333 Selected from a reasonable
range of values

rent0 Parameter linked to the rent
equation

Model-constrained 0 Calculated from Eq. (42)

rent1 Parameter linked to the rent
equation

Free 0.01 Selected from a reasonable
range of values

repL Repayment of loans Free 0.1 Selected from a reasonable
range of values

s0 Parameter linked to green
securitised loans

Model-constrained 0.09 Calculated from Eq. (120)

s1 Parameter in the share of green
securitised mortgages

Free 1 Selected from a reasonable
range of values

sB Banks’ retention rate Model-constrained 0.715 Calculated from Eq. (116)
sF Firms’ retention rate Model-constrained 0.3199 Calculated from Eq. (78),

(186), (79), (70) and (65)
sFV C FVCs retention rate Model-constrained 1.0003 Calculated from Eq. (143)
sIF IFs retention rate Model-constrained 0.6291 Calculated from Eq. (152)
sMMF MMFs retention rate Model-constrained 0.3493 Calculated from Eq. (162)
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sW Wage share Free 0.55 Based on Penn World Table
10.0 (see Feenstra, 2015)

size Average household size Free 2.3 Based on Eurostat
sprH0 Parameter in the spread on housing

loans
Model-constrained 0.0069 Calculated from Eq. (133)

sprH2 Parameter in the lending spread on
housing loans (debt service ratio)

Free 0.0232 Selected from a reasonable
range of values

v Capital productivity Model-constrained 80 Calculated from Eq. (68)
and (69)

wH Risk weight on high-powered money Free 0 Based on BCBS (2023)
wL Risk weight on loans Free 1 Based on BCBS (2023)
wR Risk weight on repos Free 0.1 Based on BCBS (2023)
wS Risk weight on government

securities
Free 0 Based on BCBS (2023)

yieldMT Target yield on green MBSs Free 0.0384 Selected from a reasonable
range of values

α00 Parameter in investment function Free 0.04 Selected from a reasonable
range of values

α01 Parameter in the investment
function

Model-constrained 1.0539 Calculated from Eq. (70)

α1 Parameter in the investment
function (related to the sensitivity
to the capacity utilisation)

Free 0.69 Selected from a reasonable
range of values

α2 Parameter in the investment
function (related to the sensitivity
to the profit rate)

Free 10.8 Selected from a reasonable
range of values

β0 Parameter for the green investment
share

Model-constrained 0.3713 Calculated from Eq. (71)

β1 Parameter for the green investment
share to the interest rate differential

Free 1 Selected from a reasonable
range of values

βH0 Parameter in share of green houses Model-constrained 0.3384 Calculated from Eq. (17)
ϵ0 Parameter in the haircut Model-constrained 0.2451 Calculated from Eq. (154)
ϵ1 Parameter in haircuts Free 1 Selected from a reasonable

range of values
γ10 Parameter of MMFs portfolio choice Model-constrained 0.8334 Calculated from Eq. (163)
γ11 Parameter of MMFs portfolio choice Free 0.01 Selected from a reasonable

range of values
γ12 Parameter of MMFs portfolio choice Free -0.01 Selected from a reasonable

range of values
γ20 Parameter of MMFs portfolio choice Model-constrained 1.4106 Calculated from Eq. (164)
γ21 Parameter of MMFs portfolio choice Free -0.01 Calculated from the

constraint
γ22 Parameter of MMFs portfolio choice Free 0.01 Selected from a reasonable

range of values
κCIH Parameter linking the green to

conventional housing stock with
carbon housing intensity

Free 52.4652 Selected from a reasonable
range of values

κCIO Parameter linking the green to
conventional capital stock with
carbon other emissions intensity

Free -513.9948 Selected from a reasonable
range of values

λ10 Parameter of investor households’
portfolio choice

Model-constrained 0.077 Calculated from Eq. (47)

λ11 Parameter of investor households’
portfolio choice

Free 0.03 Calculated from the
constraint

λ12 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ13 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ14 Parameter of households’ portfolio
choice

Free -0.01 Selected from a reasonable
range of values

λ15 Parameter of households’ portfolio
choice

Free -0.01 Selected from a reasonable
range of values

λ20 Parameter of investor households’
portfolio choice

Model-constrained 0.2625 Calculated from Eq. (48)

λ21 Parameter of investor households’
portfolio choice

Free -0.01 Calculated from the
constraint
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λ22 Parameter of investor households’
portfolio choice

Free 0.03 Calculated from the
constraint

λ23 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ24 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ25 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ30 Parameter of investor households’
portfolio choice

Model-constrained 0.0065 Calculated from Eq. (49)

λ31 Parameter of investor households’
portfolio choice

Free -0.01 Calculated from the
constraint

λ32 Parameter of investor households’
portfolio choice

Free -0.01 Calculated from the
constraint

λ33 Parameter of investor households’
portfolio choice

Free 0.03 Calculated from the
constraint

λ34 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ35 Parameter of investor households’
portfolio choice

Free -0.01 Selected from a reasonable
range of values

λ40 Parameter of investor households’
portfolio choice

Model-constrained 0.3498 Calculated from Eq. (189)

λ41 Parameter of investor households’
portfolio choice

Free -0.01 Calculated from the
constraint

λ42 Parameter of households’ portfolio
choice

Free -0.01 Calculated from the
constraint

λ43 Parameter of investor households’
portfolio choice

Free -0.01 Calculated from the
constraint

λ44 Parameter of households’ portfolio
choice

Free 0.03 Calculated from the
constraint

λ45 Parameter of households’ portfolio
choice

Free 0.03 Calculated from the
constraint

τC Carbon tax (EUR trillion/GtCO2) Model-constrained 0.0205 Calculated from Eq. (173)
τF Firms’ tax rate Model-constrained 0.0721 Calculated from Eq. (168)

and (167)
τHI Investor households’ tax rate Model-constrained 0.2734 Calculated from Eq. (171)
τHW Worker households tax rate Free 0.15 Selected from a reasonable

range of values
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