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1. Structure of  the document 

 

This document presents the technical details of the DEFINE (Dynamic Ecosystem-FINance-

Economy) 1.0 model (version 09-2017). Section 2 shows the four matrices that constitute the 

skeleton of the model. These are (i) the physical flow matrix; (ii) the physical stock-flow 

matrix; (iii) the transactions flow matrix; (iv) the balance sheet matrix. The first matrix portrays 

the flows of energy and matter that are linked with the production of output. The second 

matrix captures the dynamic interaction between physical stocks and flows and is a natural 

extension of the physical flow matrix. The third matrix and the fourth matrix describe the 

changes in the stocks and flows of the macroeconomic and the financial system, following the 

traditional formulations in the stock-flow consistent literature.   

 

Section 3 includes the list of equations of the model. For a detailed description of most of these 

equations see Dafermos, Nikolaidi and Galanis (2017a, 2017b). DEFINE 1.0 consists of two 

big blocs. The first bloc is the ecosystem bloc which includes equations about (i) matter, 

recycling and waste, (ii) energy, (iii) emissions and climate change and (iv) ecological efficiency 

and technology. The second bloc is the macroeconomy and financial system bloc which 

includes equations about (i) output determination, (ii) firms, (iii) households, (iii) banks, (iv) 

the government sector and (v) the central banks.  

 

The symbols used in the equations of the model are reported in Section 4. This section also 

reports how the initial values of the endogenous variables, parameters and exogenous 

variables have been selected. Section 5 reports the key assumptions of the baseline scenario.  
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2. Matrices 

 

 

Physical flow matrix  

Material 

balance

Energy 

balance

Inputs

Extracted matter +M

Renewable energy +ER

Non-renewable energy +CEN +EN

Oxygen +O2

Outputs

Industrial CO2 emissions -EMIS IN

Waste -W

Dissipated energy -ED

Change in socio-economic stock -ΔSES

Total 0 0  

Note: The table refers to annual global flows. Matter is measured in Gt and energy is measured in EJ. 

 

 

Physical stock-flow matrix 

Material 

reserves

Non-renewable 

energy reserves

Atmospheric CO2

 concentration

Socio-economic 

stock

Hazardous

waste

Opening stock REV M-1 REV E-1 CO2 AT-1 SES -1 HWS -1

Additions to stock

   Resources converted into reserves +CONV M +CONV E

   CO2 emissions +EMIS

   Production of material goods +MY

   Non-recycled hazardous waste +hazW

Reductions of stock

   Extraction -M -EN

   Net transfer to oceans/biosphere

   Demolished/disposed material goods -DEM

Closing stock REV M REV E CO2 AT SES HWS

  121111 221   UPAT COCO 

 

Note: The table refers to annual global stocks and flows. Matter is measured in Gt and energy is measured in EJ.  
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Transactions flow matrix 

Households Government sector Total

Current Capital Current Capital Current Capital

Consumption -C +C 0

Government expenditures +G -G 0

Conventional investment +I C -I C 0

Green investment +I G -I G 0

Wages +wN -wN 0

Taxes -T H -T F +T 0

Firms' profits +DP -TP +RP 0

Commercial banks' profits +BP D -BP +BP U 0

Interest on deposits +int D D -1  -int D D -1 0

Capital depreciation -δK -1 +δK -1 0

Interest on conventional loans -int C L C-1 +int C L C-1 0

Interest on green loans -int GL G-1 +int GL G-1 0

Interest on conventional bonds +coupon Cb CH-1 -coupon C b C-1 +coupon C b CCB-1 0

Interest on green bonds +coupon Gb GH-1 -coupon Gb G-1 +coupon Gb GCB-1 0

Interest on government securities +int S SEC H-1 +int S SEC B-1 -int S SEC -1 +int S SEC CB-1 0

Interest on advances -int AA -1 +int AA -1 0

Central bank's profits +CBP -CBP 0

Bailout of banks +BAILOUT -BAILOUT 0

Δdeposits -ΔD +ΔD 0

Δconventional loans +ΔL C -ΔL C 0

Δgreen loans +ΔL G -ΔL G 0

Δconventional bonds -p CΔb CH +p C Δb C -p C Δb CCB 0

Δgreen bonds -p GΔb GH +p GΔb G -p GΔb GCB 0

Δgovernment securities -ΔSEC H -ΔSEC B +ΔSEC -ΔSEC CB 0

Δadvances +ΔA -ΔA 0

Δhigh-powered money -ΔHPM +ΔHPM 0

Defaulted loans +DL -DL 0

Total 0 0 0 0 0 0 0 0 0

Firms Commercial banks Central banks

 

Note: The table refers to annual global flows in trillion US$.   

 

Balance sheet matrix 

Households Firms Commercial 

banks

Government 

sector

Central 

banks

Total

Conventional capital +K C +K C

Green capital +K G +K G

Durable consumption goods +DC +DC

Deposits +D -D 0

Conventional loans -L C +L C 0

Green loans -L G +L G 0

Conventional bonds +p Cb CH -p C b C +p C b CCB 0

Green bonds +p Gb GH -p Gb G +p Gb GCB 0

Government securities +SEC H +SEC B -SEC +SEC CB 0

High-powered money +HPM -HPM 0

Advances -A +A 0

Total (net worth) +V H +V F +K B -SEC +V CB +K C +K G +DC  

Note: The table refers to annual global flows in trillion US$.   
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3. List of  equations 

 

Ecosystem 

 

Matter, recycling and waste 

 

YMY   (1) 

RECMYM   (2) 

DEMREC   (3) 

 11   DCKDEM   (4) 

DEMMYSESSES  1  (5) 

SESEMISOCENMW IN  2  (6) 

car

EMIS
CEN

IN
  (7) 

CENEMISO IN 2  (8) 

hazWHWSHWS  1  (9) 

POP

HWS
hazrario  (10) 

MCONREVREV MMM  1  (11) 

1 MMM RESconCON  (12) 

MMM CONRESRES  1  (13) 

1


M

M
REV

M
dep  (14) 

 

 

Energy 

 

YE   (15) 

EER   (16) 

EREEN   (17) 

ERENED   (18) 

ENCONREVREV EEE  1  (19) 

1 EEE RESconCON  (20) 

EEE CONRESRES  1  (21) 

1


E

E
REV

EN
dep  (22) 

 
 

Emissions and climate change 

 

ENEMISIN   (23) 

 lrEMISEMIS LL   11  (24) 

LIN EMISEMISEMIS   (25) 

121111 222   UPATAT COCOEMISCO   (26) 
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132122112 2222   LOUPATUP COCOCOCO   (27) 

133123 222   LOUPLO COCOCO   (28) 

EX
PREAT

AT
CO F

CO

CO
logFF 




2

2
222

 (29) 

fexFF EXEX  1  (30) 

 







 


 1121

22
11 LOATAT

CO
ATAT TTtT

S

F
FtTT  (31) 

 1131   LOATLOLO TTtTT  (32) 

 

 

Ecological efficiency and technology 

 

  g  11  (33) 

 11 1   gg  (34) 

 CG KK

minmax
max

e 2
11










  (35) 

 CG KK

max

e 4
31









  (36) 

 CG KK

minmax
max

e 6
51










  (37) 

 CG KK
e 8

71

1






  (38) 

 

 

Macroeconomy and financial system 

 

Output determination and damages 

 



RECREV
Y

M
*
M




1  (39) 

 




1

1E
*
E

REV
Y  (40) 

vKYK *  (41) 

hLFY*
N   (42) 

 *
N

*
K

*
E

*
M

* Y,Y,Y,YminY   (43) 

GICY   (44) 

*
MY

Y
um   (45) 

*
EY

Y
ue   (46) 

*
KY

Y
u   (47) 

*
NY

Y
re   (48) 
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7546
3

2
211

1
1

.
ATATAT

T
TTT

D
 

  (49) 

TTP pDD   (50) 

TP

T
TF

D

D
D






1

1
1  (51) 

 

 

Firms 

 

11111 intint   GGCCGGCCG bcouponbcouponKLLwNYTP   (52) 

FG TTPTP   (53) 

1 TPsRP F  (54) 

RPTPDP   (55) 

KRPr   (56) 

    
 1111

16115114113121101

00 1
50501 625242



























 TI

D DKKK
um.ue.urgruexp

I 







 (57) 

DD
G II   (58) 

D
G

DD
C III   (59) 

      131111210 1   TCGLCGL Dyieldyieldshintintsh   (60) 

)1( 0100  g 
 (61) 

 2100 1   gg  (62) 

GGGG
D
G

D
G bpKrepLRPINL    11  (63) 

  CCCC
D
C

D
C bpKrepLRPINL    111  (64) 

11   GGGGGG defLbpKLRPI   (65) 

DLbpbpIKLLRPI CCGGGGCC    1  (66) 

GC III   (67) 

GC LLL   (68) 

11   GGGG KIKK   (69) 

11   CCCC KIKK   (70) 

GC KKK   (71) 

K/KG  (72) 

   100 11  TFK Dad  (73) 

  11 11   TPP Dadvv  (74) 

1210  Ygg 
 (75) 

 3100 1     (76) 

    11 111   TPP Dadg  (77) 

hsw W  (78) 

h

Y
N   (79) 

reur 1  (80) 

C

D
C

CC
p

Ix
bb

1
1    (81) 

G

D
G

GG
p

Ix
bb

2
1    (82) 

111101  Cyieldxxx  (83) 

121202  Gyieldxxx  (84) 
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 2012020 1 xgxx    (85) 

 412020 1  xx gg  (86) 

C

C
C

p

coupon
yield   (87) 

G

G
G

p

coupon
yield   (88) 

CCBCHC BBB   (89) 

GCBGHG BBB   (90) 

C

C
C

b

B
p   (91) 

G

G
G

b

B
p   (92) 

GC BBB   (93) 

1 defLDL  (94) 

 12101 


illiqdefdefexpdef

def
def

max

 (95) 

   
    GGCC

D
GG

D
CC

FGGCCGGCC

bpbpNLCRNLCRY

KTwNbcouponbcouponLrepintLrepint
illiq












11

11111  (96) 

   
    1111

1111










GGCCGGCC

GGCCGGCC

bcouponbcouponLrepintLrepintTP

bcouponbcouponLrepintLrepint
dsr  (97) 

 

 

Households 

 

1111   GHGCHCHSDDHG bcouponbcouponSECintDintBPDPwNY  (98) 

HHGH TYY   (99) 

  11211 1   THFH DVcYcC   (100) 

GGHCCHHHFHF pbpbCYVV  111    (101) 

1

1
15141131121111010

1 
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DGCST
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Y
intyieldyieldintD'

V

SEC
  (102) 

1

1
25241231222112020

1 
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DGCST
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V

Y
intyieldyieldintD'

V

B
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1

1
35341331323113030

1 
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1
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45441431424114040

1 
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H
DGCST

HF V

Y
intyieldyieldintD'

V

D
  (105n) 

GHGCHCHH bpbpSECCYDD   1  (105) 

 3013030 1  g   (106) 

 413030 1   gg  (107) 

C

CH

CH

p

B
b   (108) 

G

GH

GH

p

B
b   (109) 

11   DCCDCDC   (110) 

 51 1  POPPOP gg  (111) 

 POPgPOPPOP   11  (112) 

    POPDadhazratiolflfLF TFLF 1121 11    (113) 
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 6111 1  lflf  (114) 

 

 

Banks 

 

11111   AintDintSECintLintLintBP ADBSGGCC  (115) 

BAILOUTDLBPKK UBB  1  (116) 

1 BPsBP BU  (117) 

UD BPBPBP   (118) 

DhHPM 1  (119) 

DhSECB 2  (120) 

BAILOUTBPDDLSECLLHPMAA UBCG   1  (121) 

     CRminmax
BB

max

C
CARCARrlevlevrdsrrrexpr

CR
CR 




 141312101
 (122) 

     CRminmax
BB

max

G
CARCARllevlevldsrllexpl

CR
CR 




 141312101
 (123) 

  111 1   CC
D
CCCC defLrepLNLCRLL  (124) 

  111 1   GG
D
GGGG defLrepLNLCRLL  (125) 

  BBGCB KHPMSECLLlev   (126) 

  BSGCLB SECwLLwKCAR   (127) 

 

 

Government sector 

 

BAILOUTCBPSECintTGSECSEC S   11  (128) 

1 govYG  (129) 

1 GHHT   (130) 

1 GFF TPT   (131) 

FH TTT   (132) 

 
 
Central banks 
 

1111 intint   CBSAGCBGCCBC SECAbcouponbcouponCBP  (133) 

1 GGGCB BsB   (134) 

1 CCCCB BsB  (135) 

C

CCB
CCB

p

B
b   (136) 

G

GCB
GCB

p

B
b    (137) 

BHCB SECSECSECSEC    (138) 

GGBGCCBCCBCB bpbpAHPMSECSEC   1  (139-red) 
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4. Symbols and values 

 

Symbols and initial values for endogenous variables (baseline scenario) 

 

Symbol Description Value Remarks/sources

A Advances (trillion US$) 6.5 Calculated from the identity K B =L C +L G +HPM+SEC B -A -D  using the initial 

values of K B , L C , L G , HPM , SEC B  and D

B
Value of total corporate bonds (trillion US$) 12.0 Based on OECD (2015, p. 3); we use the figure for the debt securities issued by 

non-financial corporations
BAILOUT Bailout funds provided to the banking system from the government sector 0 No bailout is assumed in 2015 since lev B <lev B

max
  and CAR>CAR

min

BC Value of conventional corporate bonds (trillion US$) 11.7 Calculated from Eq. (A93) using the initial values of B  and BG

b C Number of conventional bonds (trillions) 0.117 Calculated from Eq. (A91) using the initial values of p C and BC

BCCB
Value of conventional corporate bonds held by central banks (trillion US$) 0.1 Based on the recent holdings of central banks as part of their corporate sector 

purchase programmes

b CCB Number of conventional corporate bonds held by central banks (trillions) 0.001 Calculated from Eq. (A136) using the initial values of p C and BCCB

BCH Value of conventional corporate bonds held by households (trillion US$) 11.6 Calculated from Eq. (A89) using the initial values of BCCB and B C

b CH Number of conventional corporate bonds held by households (trillions) 0.1 Calculated from Eq. (A108) using the initial values of p C and BCH

BG
Value of green corporate bonds (trillion US$) 0.3 Based on Climate Bonds Initiative (2016); we estimate the value of bonds held by 

the non-financial corporate sector using the outstanding value of both labelled and 

unlabelled green/climate-alligned bonds 

b G Number of green corporate bonds (trillions) 0.003 Calculated from Eq. (A92) using the initial values of p G and BG

BGCB Value of green corporate bonds held by central banks (trillion US$) 0 There was no green QE programme in 2015

b GCB Number of green corporate bonds held by central banks (trillions) 0 Calculated from Eq. (A137) using the initial values of p G and B GCB

BGH Value of green corporate bonds held by households (trillion US$) 0.30 Calculated from Eq. (A90) using the initial values of BG and BGCB

b GH Number of green corporate bonds held by households (trillions) 0.0030 Calculated from Eq. (A109) using the initial values of p G and B GH

BP Profits of banks (trillion US$) 2.84 Calculated from Eq. (A115) using the initial values of L C , L G , SEC B , D and A

BP D Distributed profits of banks (trillion US$) 0.48 Calculated from Eq. (A118) using the initial values of BP and BP U

BP U Retained profits of banks (trillion US$) 2.37 Calculated from Eq. (A117) using the initial value of BP

C Consumption (trillion US$) 48.0 Calculated from Eq. (A44) using the initial values of Y , G and I

CAR Capital adequacy ratio 0.1 Calculated from Eq. (A127) using the initial values of K B , L C , L G  and SEC B

CBP Central banks' profits (trillion US$) 0.2 Calculated from Eq. (A133) using the initial values of b CCB , b GCB , A and SEC CB

CEN Carbon mass of the non-renewable energy sources (Gt) 9.9 Calculated from Eq. (A7) using the initial value of EMIS IN 

CO2 AT Atmospheric CO2 concentration (Gt) 3120 Taken from NOAA/ESRL (National Oceanic & Atmospheric 

Administration/Earth System Research Laboratory)

CO2 LO Lower ocean CO2 concentration (Gt) 1686.8 Based on the DICE-2016R model (Nordhaus, 2016); Gt of carbon have been 

transformed into Gt of CO2

CO2 UP Upper ocean/biosphere CO2 concentration (Gt) 6380.6 Based on the DICE-2016R model (Nordhaus, 2016); Gt of carbon have been 

transformed into Gt of CO2

CON E
Amount of non-renewable energy resources converted into non-renewable 

energy reserves (EJ)

1626.0 Calculated from Eq. (A20) using the initial value of RES E 

CON M Amount of material resources converted into material reserves (Gt) 194 Calculated from Eq. (A12) using the initial value of RES M

CR C Degree of credit rationing for conventional loans 0.2 Calculated from Eq. (A122) using the initial values of dsr , lev B and CAR

CR G Degree of credit rationing for green loans 0.3 Calculated from Eq. (A123) using the initial values of dsr , lev B and CAR

D Deposits (trillion US$) 66.0 Based on Allianz (2015)

DC Stock of durable consumption goods (trillion US$) 1256 Calculated from Eq. (A4) using the initial values of K , DEM , δ  and μ

def Rate of default 0.040 Based on World Bank

DEM Demolished/discarded socio-economic stock (Gt) 17.0 Based on Haas et al. (2015)

dep E Energy depletion ratio 0.013 Calculated from Eq. (A22) using the initial values of EN  and REV E

dep M Matter depletion ratio 0.008 Selected from a reasonable range of values

DL Amount of defaulted loans (trillion US$) 2.2 Calculated from Eq. (A94) using the initial values of L and def

DP Distributed profits of firms (trillion US$) 17.2 Calculated from Eq. (A55) using the initial values of TP  and RP

dsr Debt service ratio 0.41 Calculated from Eq. (A97) using the initial values of L C , L G , b C , b G , TP , p C and 

p G

D T Total proportional damage caused by global warming 0.0028 Calculated from Eq. (A49) using the initial value of T AT

D TF Part of damage that affects directly the fund-service resources 0.0026 Calculated from Eq. (A51) using the initial values of D T and D TP

D TP Part of damage that reduces the productivities of fund-service resources 0.0003 Calculated from Eq. (A50) using the initial value of D T

E Energy used for the production of output (EJ) 580.0 Based on IEA (International Energy Agency); total primary energy supply is used

ED Dissipated energy (EJ) 580.0 Calculated from Eq. (A18) using the initial values of EN and ER

EMIS Total CO2 emissions (Gt) 38.9 Calculated from Eq. (A25) using the initial values of EMIS IN  and EMIS L

EMIS IN Industrial CO2 emissions (Gt) 36.3 Taken from CDIAC (Carbon Dioxide Information Analysis Center)

EMIS L Land-use CO2 emissions (Gt) 2.6 Taken from the DICE-2016R model (Nordhaus, 2016)

EN Energy produced from non-renewable sources (EJ) 498.8 Calculated from Eq. (A17) using the initial values of E and ER

ER Energy produced from renewable sources (EJ) 81.2 Calculated from Eq. (A16) using the initial values of θ and E

F Radiative forcing over pre-industrial levels (W/m
2
) 2.46 Calculated from Eq. (A29) using the initial values of CO2 AT and F EX

F EX
Radiative forcing, over pre-industrial levels, due to non-CO2 greenhouse gases 

(W/m
2
)

0.50 Based on the DICE-2016R model (Nordhaus, 2016)

G Government expenditures (trillion US$) 11.6 Calculated from Eq. (A129) using the initial value of Y

g POP Growth rate of population 0.012 Taken from United Nations (medium fertility variant)

g x20
Growth rate of the autonomous proportion of desired green investment 

funded via bonds

0.040 Calibrated such that the model generates the baseline scenario

g β0 Growth rate of the autonomous share of green investment in total investment 0.004 Calibrated such that the model generates the baseline scenario  
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(continued from the previous page) 

 

Symbol Description Value Remarks/sources

g λ Growth rate of labour productivity 0.016 Calculated from Eq. (A75) using the initial values of g Y  and σ 0

g λ30
Growth rate of the households' portoflio choice parameter related to the 

autonomous demand for green bonds

0.040 Calibrated such that the model generates the baseline scenario

g ω Growth rate of CO2 intensity -0.005 Calibrated such that the model generates the baseline scenario

hazratio Hazardous waste accumulation ratio (tonnes per person) 1.90 Calculated from Eq. (A10) using the initial values of HWS and POP

HPM High-powered money 13.20 Calculated from Eq. (A119) using the initial value of D

HWS Stock of hazardous waste (Gt) 14.0 Calculated assuming a constant ratio of hazardous waste to GDP since 1960

I Total investment (trillion US$) 14.6 Calibrated such that the model generates the baseline scenario

I C Conventional investment (trillion US$) 13.9 Calculated from Eq. (A67) using the initial values of I  and I G

I C
D Desired conventional investment (trillion US$) 16.1 Calculated from the identity I C

D
=I

D
-I G

D
; we use the initial values of I

D
 and I G

D

I
D Desired total investment (trillion US$) 17.0 Calibrated such that the model generates the baseline scenario

I G
Green investment (trillion US$) 0.7 Based on IEA (2016); we use a higher value than the one reported in IEA (2016) 

since green investment in our model  is not confined to investment in energy 

efficiency and renewables (it also includes investment in recyclicing and material 

efficiency)

I G
D Desired green investment (trillion US$) 0.9 Calculated such that it is reasonably higher than I G

illiq Illiquidity ratio 0.72 Calculated from Eq. (A96) using the initial values of L C , L G , b C , b G , w , N , T F , δ , 

K , Y , CR C , NL C
D

, CR G , NL G
D

, p C and p G

K Total capital stock of firms (trillion US$) 222.6 Calculated from the identity K =(K /Y )*Y using the initial value of Y and assuming 

that K/Y =3 (based on Penn World Table 9.0)

K B
Capital of banks (trillion US$) 8.0 Calculated from Eq. (A126) using the initial values of lev B , L C , L G , SEC B  and 

HPM

K C Conventional capital stock (trillion US$) 214.2 Calculated from Eq. (A71) using the initial values of K  and K G

K G Green capital stock (trillion US$) 8.4 Calculated from Eq. (A72) using the initial values of K  and κ

L Total loans of firms (trillion US$) 55.4 Calculated from the identity L =(credit -B/Y )*Y; credit is the credit to the non-

financial corporations in percent of GDP taken from BIS (Bank for International 

Settlements); it is assumed that credit  includes both loans and bonds

L C Conventional loans (trillion US$) 53.3 Calculated from Eq. (A68) using the initial values of L  and L G

L G
Green loans (trillion US$) 2.1 Calculated by assuming that L G /L=K G /K=κ ; we use the initial values of κ  and L

lev B Banks' leverage ratio 10.0 Taken from World Bank

LF Labour force (billion people) 3.40 Taken from World Bank 

lf 1
Autonomous labour force-to-population ratio 0.465 Calculated from Eq. (A113) using the initial values of LF , POP , hazratio  and D TF

M Extraction of new matter from the ground, excluding the matter included in 

non-renewable energy sources (Gt)

48.0 Based on the data provided by www.materialflows.net; the figure includes industrial 

and construction minerals plus ores

MY Output in material terms (Gt) 53.1 Calculated from Eq. (A2) using the initial values of M  and REC

N Number of employees (billion people) 3.2 Calculated from the definition of the rate of employment (re=N/LF ) using the 

initial values of re  and LF

NL C
D Desired new amount of conventional loans (trillion US$) 10.7 Calculated from Eq. (A64) using the initial values of I C

D
, β , RP , L C , δ,  K C , p C , 

and b C

NL G
D Desired new amount of green loans (trillion US$) 0.7 Calculated from Eq. (A63) using the initial values of I G

D
, β , RP , L G , δ,  K G , p G 

and b G

O2 Oxygen used for the combustion of fossil fuels (Gt) 26.4 Calculated from Eq. (A8) using the initial values of EMIS IN  and CEN

p C Price of conventional corporate bonds (US$) 100 The price has been normalised such that it is equal to 100 in 2015

p G Price of green corporate bonds (US$) 100 The price has been normalised such that it is equal to 100 in 2015

POP Population (billions) 7.35 Taken from United Nations (medium fertility variant)

r Rate of retained profits 0.009 Calculated from Eq. (A56) using the initial values of RP  and K 

re Rate of employment 0.94 Calculated from Eq. (A80) using the initial value of ur

REC Recycled socio-economic stock (Gt) 5.1 Calculated from Eq. (A3) using the initial values of ρ and DEM

RES E Non-renewable energy resources (EJ) 542000 Based on BGR (2015, p. 33)

RES M Material resources (Gt) 388889 Calculated by assuming  RES M /REV M =64.8 (based on UNEP, 2011)

REV E Non-renewable energy reserves (EJ) 37000 Based on BGR (2015, p. 33)

REV M Material reserves (Gt) 6000 Calculated from Eq. (A14) using the initial values of M and dep M

RP Retained profits of firms (trillion US$) 2.0 Calculated from Eq. (A54) using the initial value of TP

SEC Total amount of government securities 59.8 Calculated from the identity general government debt-to-GDP =SEC/Y  using the initial 

value of Y and the value of the general government debt-to-GDP  ratio (taken from 

IMF)

SEC B Government securities held by banks (trillion US$) 12.0 Calculated by assuming that SEC B /SEC=0.2 based on Alli Abbas et al. (2014)

SEC CB
Government securities held by central banks (trillion US$) 6.6 Calculated from the identity SEC CB =HPM+V CB -p C b CCB -p G b GCB -A  using the 

initial values of V CB , p C , b CCB , p G , b GCB , A  and HPM

SEC H Government securities held by households (trillion US$) 41.3 Calculated from Eq. (A138) using the initial values of SEC, SEC CB  and SEC B

SES Socio-economic stock (Gt) 1058.5 Calculated from the identity SES =μ (K +DC ) using the initial values of μ , K  and 

DC

sh L Share of loans in total firm liabilities 0.82 Calculated from the formula sh L =L /(L +B ) using the initial values of L  and B

T Total taxes (trillion US$) 10.5 Calculated from Eq. (A132) using the initial values of T H  and T F  
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(continued from the previous page) 

 

Symbol Description Value Remarks/sources

T AT Atmospheric temperature over pre-industrial levels (
o
C) 1.0 Based on Met Office

T F Taxes on firms' profits (trillion US$) 3.3 Calculated from Eq. (A131) using the initial value of TP G

T H Taxes on households' disposable income 7.2 Calculated from Eq. (A130) using the initial value Y H

T LO Lower ocean temperature over pre-industrial levels (
o
C) 0.0068 Taken from the DICE-2016R model (Nordhaus, 2016)

TP Total profits of firms (trillion US$) 19.2 Calculated from Eq. (A53) using the initial values of TP G  and T F

TP G
Total gross profits of firms (trillion US$) 22.5 Calculated from Eq. (A52) using the initial values of Y , w , N , L C , L G , δ,  K, b C 

and b G

u Rate of capacity utilisation 0.72 Based on World Bank, Enterprise Surveys

ue Rate of energy utilisation 0.01 Calculated from Eq. (A46) using the initial values of Y and Y E
*

um Rate of matter utilisation 0.01 Calculated from Eq. (A45) using the initial values of Y and Y M
*

ur Unemployment rate 0.06 Based on World Bank

v Capital productivity 0.46 Calculated from Eqs. (A41) and (A47) using the initial values of Y , u  and K

V CB Wealth of central banks (trillion US$) 0 It is assumed that there are no accumulated capital gains for the central banks

V HF
Financial wealth of households (trillion US$) 119.2 Calculated from the identity V HF =D +p C b CH +p G b GH +SEC H  using the initial 

values of SEC H , p C , b CH , p G , b GH  and D

w Annual wage rate (trillion US$/billions of employees) 12.07 Calculated from Eq. (A78) using the initial value of λ

W Waste (Gt) 11.90 Calculated from the identity W=DEM -REC  using the initial values of DEM  and 

REC

x 1 Proportion of desired conventional investment funded via bonds 0.02 Calibrated such that the model generates the baseline scenario

x 2 Proportion of desired green investment funded via bonds 0.01 Calibrated such that the model generates the baseline scenario

x 20 Autonomous proportion of desired green investment funded via bonds 0.01 Calculated from Eq. (A84) using the initial values of yield G and x 2

Y Output (trillion US$) 74.2 Taken from IMF, World Economic Outlook (current prices)

Y
* Potential output (trillion US$) 78.9 Calculated from Eq. (A43) using the initial values of Y M

*
, Y E

*
, Y K

*
 and Y N

*

Y E
* Energy-determined potential output (trillion US$) 5504.0 Calculated from Eq. (A40) using the initial values of REV E , θ  and ε

Y H Disposable income of households (trillion US$) 51.1 Calculated from Eq. (A99) using the initial values of Y HG  and T H

Y HG
Gross disposable income of households (trillion US$) 58.3 Calculated from Eq. (A98) using the initial values of w , N , DP , BP D ,  D, SEC H , 

b CH  and b GH

yield C Yield on conventional corporate bonds 0.05 Based on FTSE Russell (2016)

yield G Yield on green corporate bonds 0.05 Based on FTSE Russell (2016)

Y K
* Capital-determined potential output (trillion US$) 103.1 Calculated from Eq. (A41) using the initial values of v  and Κ

Y M
* Matter-determined potential output (trillion US$) 8391.3 Calculated from Eq. (A39) using the initial values of REV M , REC  and μ

Y N
* Labour-determined potential output (trillion US$) 78.9 Calculated from Eq. (A42) using the initial values of λ and LF

β Share of desired green investment in total investment 0.05 Calculated from Eq. (58) using the initial values of I G
D

 and I
D

β 0 Autonomous share of desired green investment in total investment 0.05 Calculated from Eq. (60) using the initial values of β , sh L , yield G , yield C  and D T

δ Depreciation rate of capital stock 0.04 Calculated from Eq. (A73) using the initial value D TF

ε Energy intensity (EJ/trillion US$) 7.82 Calculated from the definition of energy intensity (ε=Ε/Y ) using the initial values of 

Ε  and Y

θ Share of renewable energy in total energy 0.14 Based on IEA (International Energy Agency); total primary energy supply is used

κ Ratio of green capital to total capital 0.04 Selected such that it is reasonably lower than I G /I

λ Hourly labour productivity (trillion US$/(billions of employees*annual hours 

worked per employee))

0.01 Calculated from Eq. (A79) using the initial values of Y and N

λ30
Households' portoflio choice parameter related to the autonomous demand 

for green bonds

0.01 Calculated from Eq. (A104) using the initial values of BGH , V HF , D T , yield C , yield G 

and Y H

μ Material intensity (kg/$) 0.72 Calculated from the definition of material intensity (μ =MY /Y ) using the initial 

values of MY and Y

ρ Recycling rate 0.30 Based on Haas et al. (2015)

σ 0 Autonomous growth rate of labour productivity -0.02 Calibrated such that the model generates the baseline scenario

ω CO2 intensity (Gt/EJ) 0.07 Calculated from Eq. (A23) using the initial values of EMIS IN  and EN  
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Symbols and values for parameters and exogenous variables (baseline scenario) 

 

Symbol Description Value Remarks/sources

ad K Fraction of gross damages to capital stock avoided through adaptation 0.80 Selected from a reasonable range of values

ad LF Fraction of gross damages to labour force avoided through adaptation 0.70 Selected from a reasonable range of values

ad P Fraction of gross damages to productivity avoided through adaptation 0.90 Selected from a reasonable range of values

c 1 Propensity to consume out of disposable income 0.73 Calibrated such that the model generates the baseline scenario

c 2
Propensity to consume out of financial wealth 0.10 Empirically estimated using data for a panel of countries (the econometric 

estimations are available upon request)

car Coefficient for the conversion of Gt of carbon into Gt of CO2 3.67 Taken from CDIAC (Carbon Dioxide Information Analysis Center)

CAR
min Minimum capital adequacy ratio 0.08 Based on the Basel III regulatory framework

CO2 AT-PRE Pre-industrial CO2 concentration in atmosphere (Gt) 2156.2 Taken from DICE-2016R model (Nordhaus, 2016); Gt of carbon have been 

transformed into Gt of CO2

CO2 LO-PRE Pre-industrial CO2 concentration in upper ocean/biosphere (Gt) 6307.2 Taken from DICE-2016R model (Nordhaus, 2016); Gt of carbon have been 

transformed into Gt of CO2

CO2 UP-PRE Pre-industrial CO2 concentration in lower ocean (Gt) 1320.1 Taken from DICE-2016R model (Nordhaus, 2016); Gt of carbon have been 

transformed into Gt of CO2

con Ε Conversion rate of non-renewable energy resources into reserves 0.003 Selected from a reasonable range of values

con M Conversion rate of material resources into reserves 0.0005 Selected from a reasonable range of values

coupon C Fixed coupon paid per conventional corporate bond (US$) 5 Calculated from Eq. (A87) using the initial values of p C and yield C

coupon G Fixed coupon paid per green corporate bond (US$) 5 Calculated from Eq. (A88) using the initial values of p G and yield G

CR
max Maximum degree of credit rationing 0.5 Selected from a reasonable range of values 

def
max Maximum default rate of loans 0.2 Selected from a reasonable range of values 

def 0 Parameter of the default rate function 4.00 Calculated from Eq. (A95) using the initial value of illiq 

def 1 Parameter of the default rate function 5.65 Calibrated such that the model generates the baseline scenario

def 2
Parameter of the default rate function (related to the sensitivity of the default 

rate to the illiquidity ratio of firms)

7.81 Selected from a reasonable range of values 

F 2xCO2
Increase in radiative forcing (since the pre-industrial period) due to doubling of 

CO2 concentration from pre-industrial levels (W/m
2
)

3.7 Taken from the DICE-2016R model (Nordhaus, 2016)

fex Annual increase in radiative forcing (since the pre-industrial period) due to non-

CO2 agents (W/m
2
)

0.006 Based on the DICE-2016R model (Nordhaus, 2016)

gov Share of government expenditures in output 0.16 Based on World Bank; the figure includes only the consumption government 

expenditures

h Annual working hours per employee 1800 Based on Penn World Table 9.0

h 1 Banks' reserve ratio 0.2 Based on World Bank

h 2 Banks' government securities-to-deposits ratio 0.18 Calculated from Eq. (A120) using the initial values of SEC B  and D

haz Proportion of hazardous waste in total waste 0.04 EEA (2012, p. 22) reports a figure equal to 3.7% for EU-27

int A Interest rate on advances 0.02 Based on Global Interest Rate Monitor

int C Interest rate on conventional loans 0.07 Based on World Bank

int D Interest rate on deposits 0.015 Based on World Bank

int G Interest rate on green loans 0.08 Based on World Bank; it is assumed that int G -int C =0.01

int S Interest rate on government securities 0.012 Based on Bank of America Merrill Lynch (2014)

l 0 Parameter of the function of credit rationing on green loans 0.67 Calculated from Eq. (A123) using the initial values of dsr , CAR  and lev B

l 1
Parameter of the function of credit rationing on green loans -0.24 Calibrated such that the model generates the baseline scenario

l 2
Parameter of the function of credit rationing on green loans (related to the 

sensitivity of credit rationing to the default rate)

2.08 Selected from a reasonable range of values 

l 3
Parameter of the function of credit ratioing on green loans (related to the 

sensitivity of credit rationing to the leverage ratio of banks)

0.04 Selected from a reasonable range of values 

l 4
Parameter of the function of credit ratioing on green loans (related to the 

sensitivity of credit rationing to the capital adequacy ratio of banks)

2.08 Selected from a reasonable range of values 

lev B
max Maximum leverage ratio 33.33 Based on the Basel III regulatory framework (the Basel III bank leverage can be 

proxied by the capital-to-assets ratio and its minimum value is 3%; since in our 

model the bank leverage is defined as the assets-to-capital ratio, the maxium value 

used is equal to 1/0.03)

lf 2
Sensitivity of the labour force-to-population ratio to hazardous waste 0.001 Selected from a reasonable range of values 

lr Rate of decline of land-use CO2 emissions 0.024 Taken from the DICE-2016R model (Nordhaus, 2016); has been adjusted to reflect 

a 1-year time step

p Share of productivity damage in total damage caused by global warming 0.1 Selected from a reasonable range of values

r 0 Parameter of the function of credit rationing on conventional loans 1.50 Calculated from Eq. (A122) using the initial values of dsr , CAR  and lev B

r 1
Parameter of the function of credit rationing on conventional loans -0.24 Calibrated such that the model generates the baseline scenario

r 2
Parameter of the function of credit rationing on conventional loans (related to 

the sensitivity of credit rationing to the default rate)

2.08 Selected from a reasonable range of values 

r 3
Parameter of the the function of credit ratioing on conventional loans (related 

to the sensitivity of credit rationing to the leverage ratio of banks)

0.04 Selected from a reasonable range of values 

r 4
Parameter of the the function of credit ratioing on conventional loans  (related 

to the sensitivity of credit rationing to the capital adequacy ratio of banks)

2.08 Selected from a reasonable range of values 

rep Loan repayment ratio 0.1 Selected from a reasonable range of values 

S Equilibrium climate sensitivity, i.e. increase in equilibrium temperature due to 

doubling of CO2 concentration from pre-industrial levels (
o
C)

3.1 Taken from then DICE-2016R model (Nordhaus, 2016)
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(continued from the previous page) 

 

Symbol Description Value Remarks/sources

s B Banks' retention rate 0.86 Calibrated such that the model generates the baseline scenario 

s C Share of conventional corporate bonds held by central banks (trillion US$) 0.01 Calculated from Eq. (135) using the initial values of BCCB  and B C

s F Firms' retention rate 0.10 Calibrated such that the model generates the baseline scenario 

s G Share of green corporate bonds held by central banks (trillion US$) 0.00 Calculated from Eq. (134) using the initial values of BGCB  and B G

s W Wage income share 0.52 Based on Penn World Table 9.0

t 1
Speed of adjustment parameter in the atmospheric temperature equation 0.020 Taken from the DICE-2016R model (Nordhaus, 2016); has been adjusted to reflect 

a 1-year time step

t 2
Coefficient of heat loss from the atmosphere to the lower ocean (atmospheric 

temperature equation)

0.018 Taken from the DICE-2016R model (Nordhaus, 2016); has been adjusted to reflect 

a 1-year time step

t 3
Coefficient of heat loss from the atmosphere to the lower ocean (lower ocean 

temperature equation)

0.005 Taken from the DICE-2016R model (Nordhaus, 2016); has been adjusted to reflect 

a 1-year time step

w L Risk weight on loans 1.0 Based on BCBS (2006)

w S Risk weight on government securities 0.0 Based on BCBS (2006)

x 10 Autonomous proportion of desired conventional investment funded via bonds 0.02 Calculated from Eq. (A83) using the initial values of yield C and x 1

x 11
Sensitivity of the proportion of desired conventional investment funded via 

bonds to the conventional bond yield

0.10 Selected from a reasonable range of values 

x 21
Sensitivity of the proportion of desired green investment funded via bonds to 

the green bond yield

0.10 Selected from a reasonable range of values 

α 00 Parameter of the desired investment function 0.16 Calibrated such that the model generates the baseline scenario

α 01 Parameter of the desired investment function 1.35 Calibrated such that the model generates the baseline scenario

α 1
Parameter of the desired investment function (related to the sensitivity of  

investment to the capacity utilisation)

2.00 Based on econometric estimations for a panel of countries (available upon request)

α 2
Parameter of the desired investment function (related to the sensitivity of 

investment to the rate of profit)

1.84 Based on econometric estimations for a panel of countries (available upon request)

α 3
Parameter of the desired investment function (related to the sensitivity of  

investment to the growth rate of energy intensity)

0.08 Based on econometric estimations for a panel of countries (available upon request)

α 41
Parameter in the investment function (related to the sensitivity of investment to 

the unemployment rate)

0.02 Based on econometric estimations for a panel of countries (available upon request)

α 42
Parameter in the investment function (related to the sensitivity of investment to 

the unemployment rate)

0.5 Selected from a reasonable range of values 

α 51
Parameter in the investment function (related to the sensitivity of investment to 

the energy utilisation rate)

0.01 Selected from a reasonable range of values 

α 52
Parameter in the investment function (related to the sensitivity of investment to 

the energy utilisation rate)

0.99 Selected from a reasonable range of values 

α 61
Parameter in the investment function (related to the sensitivity of investment to 

the matter utilisation rate)

0.01 Selected from a reasonable range of values 

α 62
Parameter in the investment function (related to the sensitivity of investment to 

the matter utilisation rate)

0.99 Selected from a reasonable range of values 

β 1 Autonomous share of desired green investment in total investment 0.02 Calibrated such that the model generates the baseline scenario

β 2
Sensitivity of the desired green investment share to the interest rate differential 

between green loans/bonds and conventional loans/bonds

2 Selected from a reasonable range of values 

β 3 Sensitivity of the desired green investment share to global warming damages 0.5 Selected from a reasonable range of values 

δ 0 Depreciation rate of capital stock when there are no global warming damages 0.04 Based on Penn World Table 9.0

ε
max Maximum potential value of energy intensity (EJ/trillion US$) 12 Selected such that it is reasonably higher than initial ε

ε
min Minimum potential value of energy intensity (EJ/trillion US$) 3 Selected such that it is reasonably higher than 0

ζ 1 Rate of decline of the (absolute) growth rate of CO2 intensity 0.03 Calibrated such that the model generates the baseline scenario

ζ 2 Rate of decline of the growth rate of β 0 0.10 Calibrated such that the model generates the baseline scenario

ζ 3 Rate of decline of the autonomous (absolute) growth rate of  labour 0.01 Calibrated such that the model generates the baseline scenario

ζ 4 Rate of decline of the growth rates of x 20  and λ 30
0.20 Calibrated such that the model generates the baseline scenario

ζ 5 Rate of decline of the growth rate of population 0.02 Calibrated such that the model generates the baseline scenario

ζ 6 Rate of decline of the autonomous labour force-to-population ratio 0.0007 Calibrated such that the model generates the baseline scenario

η 1 Parameter of damage function 0 Based on Weitzmann (2012); D T =50% when T AT =6
o
C

η 2 Parameter of damage function 0.00284 Based on Weitzmann (2012); D T =50% when T AT =6
o
C

η 3 Parameter of damage function 0.000005 Based on Weitzmann (2012); D T =50% when T AT =6
o
C

λ10
Parameter of households' portfolio choice 0.36 Calculated from Eq. (A102) using the initial values of SEC H , V HF , D T , yield C , 

yield G  and Y H

λ10
' Parameter of households' portfolio choice 0.10 Selected from a reasonable range of values 

λ11 Parameter of households' portfolio choice 0.03 Calculated from the constraint λ 11 =-λ 21 -λ 31 -λ 41

λ12 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ13 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ14 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ15 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ20
Parameter of households' portfolio choice 0.10 Calculated from Eq. (A103) using the initial values of BCH , V HF , D T , yield C , yield G 

and Y H  
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(continued from the previous page) 

 

Symbol Description Value Remarks/sources

λ20
' Parameter of households' portfolio choice -0.20 Selected from a reasonable range of values 

λ21 Parameter of households' portfolio choice -0.01 Calculated from the constraint λ 21 =λ 12

λ22 Parameter of households' portfolio choice 0.03 Calculated from the constraint λ 22 =-λ 12 -λ 32 -λ 42

λ23 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ24 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ25 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ30
' Parameter of households' portfolio choice 0.00 Global warming damages are assumed to have no impact on the holdings of green 

bonds

λ31 Parameter of households' portfolio choice -0.01 Calculated from the constraint λ 31 =λ 13

λ32 Parameter of households' portfolio choice -0.01 Calculated from the constraint λ 32 =λ 23

λ33 Parameter of households' portfolio choice 0.03 Calculated from the constraint λ 33 =-λ 13 -λ 23 -λ 43

λ34 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ35 Parameter of households' portfolio choice -0.01 Selected from a reasonable range of values 

λ40 Parameter of households' portfolio choice 0.53 Calculated from the constraint λ 40 =1-λ 10 -λ 20 -λ 30

λ40
' Parameter of households' portfolio choice 0.10 Selected from a reasonable range of values 

λ41 Parameter of households' portfolio choice -0.01 Calculated from the constraint λ 41 =λ14

λ42 Parameter of households' portfolio choice -0.01 Calculated from the constraint λ 42 =λ 24

λ43 Parameter of households' portfolio choice -0.01 Calculated from the constraint λ 43 =λ 34

λ44 Parameter of households' portfolio choice 0.03 Calculated from the constraint λ 44 =-λ 14 -λ 24 -λ 34

λ45 Parameter of households' portfolio choice 0.03 Calculated from the constraint λ 45 =-λ 15 -λ 25 -λ 35

μ
max Maximum potential value of material intensity (kg/US$) 1.5 Selected such that it is reasonably higher than initial μ

μ
min Minimum potential value of material intensity (kg/US$) 0.3 Selected such that it is reasonably higher than 0

ξ Proportion of durable consumption goods discarded every year 0.012 Selected such that the initial growth of DC  is equal to the growth rate of output

π 1
Parameter linking the green capital-conventional capital ratio with material 

intensity

1.01 Calibrated such that initial μ  corresponds to initial κ  and μ (2050)=0.9μ (2015) in line 

with the baseline scenario

π 2
Parameter linking the green capital-conventional capital ratio with material 

intensity

16.29 Calibrated such that initial μ  corresponds to initial κ  and μ (2050)=0.9μ (2015) in line 

with the baseline scenario

π 3
Parameter linking the green capital-conventional capital ratio with recycling rate 6.88 Calibrated such that initial ρ  corresponds to initial κ  and ρ (2050)=1.4ρ (2015) in line 

with the baseline scenario

π 4
Parameter linking the green capital-conventional capital ratio with recycling rate 36.02 Calibrated such that initial ρ  corresponds to initial κ  and ρ (2050)=1.4ρ (2015) in line 

with the baseline scenario

π 5
Parameter linking the green capital-conventional capital ratio with energy 

intensity

9.37 Calibrated such that initial ε corresponds to initial κ  and ε (2050)=0.75ε (2015) in line 

with the baseline scenario

π 6
Parameter linking the green capital-conventional capital ratio with energy 

intensity

53.29 Calibrated such that initial ε  corresponds to initial κ  and ε (2050)=0.75ε (2015) in line 

with the baseline scenario

π 7
Parameter linking the green capital-conventional capital ratio with the share of 

renewable energy 

12.29 Calibrated such that initial θ  corresponds to initial κ  and θ (2050)=0.18 in line with 

the baseline scenario

π 8
Parameter linking the green capital-conventional capital ratio with the share of 

renewable energy 

17.63 Calibrated such that initial θ  corresponds to initial κ  and θ (2050)=0.18 in line with 

the baseline scenario

ρ
max Maximum potential value of recycling rate 0.8 Selected such that it is reasonably lower than 1

σ 1 Autonomous growth rate of labour productivity 0.01 Calibrated such that the model generates the baseline scenario

σ 2
Sensitivity of labour productivity growth to the growth rate of output 0.92 Empirically estimated using data for a panel of countries (the econometric 

estimations are available upon request)

τ F Firms' tax rate 0.15 Selected from a reasonable range of values

τ H Households' tax rate 0.13 Calibrated such that the model generates the baseline scenario

φ 11
Transfer coefficient for carbon from the atmosphere to the atmosphere 0.9760 Calculated from the formula φ 11 =1-φ 12  (see the DICE-2016R model, Nordhaus, 

2016)

φ 12
Transfer coefficient for carbon from the atmosphere to the upper 

ocean/biosphere 

0.0240 Taken from the DICE-2016R model (Nordhaus, 2016); has been adjusted to reflect 

a 1-year time step

φ 21
Transfer coefficient for carbon from the upper ocean/biosphere to the 

atmosphere 

0.0392 Calculated from the formula φ 21 =φ 12 (CO2 AT-PRE /CO2 UP-PRE ) (see the DICE-

2016R model, Nordhaus, 2016)

φ 22
Transfer coefficient for carbon from the upper ocean/biosphere to the upper 

ocean/biosphere 

0.9595 Calculated from the formula φ 22 =1-φ 21 -φ 23  (see the DICE-2016R model, 

Nordhaus, 2016)

φ 23
Transfer coefficient for carbon from the upper ocean/biosphere to the lower 

ocean 

0.0013 Taken from the DICE-2016R model (Nordhaus, 2016); has been adjusted to reflect 

a 1-year time step

φ 32
Transfer coefficient for carbon from the lower ocean to the upper 

ocean/biosphere 

0.0003 Calculated from the formula φ 32 =φ 23 (CO2 UP-PRE /CO2 LO-PRE ) (see the DICE-

2016R model, Nordhaus, 2016)

φ 33
Transfer coefficient for carbon from the lower ocean to the lower ocean 0.9997 Calculated from the formula φ 33 =1-φ 32  (see the DICE-2016R model, Nordhaus, 

2016)  
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5. Baseline scenario 

 

Variable Value/trend

Economic growth till 2050 slightly lower than 2.7% (on average)

Unemployment rate till 2050 around 6% (on average)

Population in 2050 9.77bn

Labour force-to-population ratio in 2050 0.45

Share of renewable energy in total energy in 2050 around 18%

CO2 intensity in 2050 as a ratio of CO2 intensity in 2015 around 0.9

Material intensity in 2050 as a ratio of material intensity in 2015 around 0.9

Energy intensity in 2050 as a ratio of energy intensity in 2015 around 0.75

Recycling rate in 2050 as a ratio of recycling rate in 2015 around 1.4

Default rate till 2050 slightly higher than 4% (on average)

Cumulative green investment till 2050 around US$47tn

Cumulative conventional investment till 2050 around US$828tn

Price index of conventional bonds quite stable till around 2050

Price index of green bonds increases slightly in the next decade or so  
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