MODEL DOCUMENTATION
The model presented in the study is envisaged to do population projection and estimate fertility rates as an output on a yearly basis. The nature of the model structure required long listing of age-specific parameters. Given that we worked out with difference equations with a time step of 5 years and we have a long listing of repeating age-specific parameters, we found it more convenient to code the model with the programming language, Python. Below, we first provide the list of Python equations. Then, we give initial conditions and parameter values used in experiments.  Finally, we give detailed list of all major feedback loops of UGT and the economy-demography model. 


List of Equations (in Python)
import math
Reads data files

'data reading'
data1= [line.strip().split() for line in open('ccmdata.txt')]
data2= [line.strip().split() for line in open('lagerlof.txt')]
'time frame'Defines the length of the simulation run.

t=21

'data read: starting population'Reads initial population size.

MM=list(range(17))
FF=list(range(17))
for i in range(0,17):
    MM[i]=float(data1[i][0])
for i in range(0,17):
    FF[i]=float(data1[i][1])	
Linitial=0
for i in range(0,17):
    Linitial=Linitial+MM[i]+FF[i]

M=list()
F=list()
M.append(MM)
F.append(FF)
Reads survival rates for males.


'data read: Survival ratio male'
SRm=list(range(t))
for i in range(0,t):
    SRmm=list(range(17))
    for ii in range(0,17):
        SRmm[ii]=float(data1[28+ii][i]) (cont’d) Reads survival rates for males.


    SRm[i]=SRmm
Reads survival rates for females.


'data read: Survival ratio female'
SRf=list(range(t))
for i in range(0,t):
    SRff=list(range(17))
    for ii in range(0,17):
        SRff[ii]=float(data1[46+ii][i])
    SRf[i]=SRff


'data read: Lagerlof age specific'Reads age-specific parameters and 



thau=list(range(7))
cbar=list(range(7))
for i in range (0,7):
    thau[i]=float(data2[0][i])
    cbar[i]= float(data2[2][i])
Initializes education by age, 


eint=list(range(13))
for i in range (0,13): 
    eint[i]=float(data2[3][i])
e=list()
e.append(eint)
Initializes human capital by age, 


hint=list(range(10))
for i in range (0,10): 
    hint[i]=float(data2[14][i])
h=list()(cont’d) Initializes human capital by age, 


h.append(hint)

'data read: Lagerlof parameters'
alpha=float(data2[5][0])Reads point parameters and initializes technology


A=float(data2[6][0])
Alist=list()
Alist.append(A)
g=float(data2[7][0])
gama=float(data2[8][0])
p=float(data2[9][0])
astar=float(data2[10][0])
X=float(data2[11][0])
theta=float(data2[12][0])
hc1519=float(data2[14][0])Reads survival rates from age 0 to 15 for male and female respectively

Sxm015=list(range(t))
Sxf015=list(range(t))
for i in range(0,t):
    Sxm015[i]=float(data2[16][i])
    Sxf015[i]=float(data2[17][i])

'zbar calculation'Equation (21)



zbar=list(range(7))
for i in range(0,7):
    zbar[i]=cbar[i]/(1-gama)



'''G&W'''
totalpopulation=list()
L=list()
tbirths=list()Python syntax to generate arrays for stocks and auxiliaries.

z=list()
nb=list()
en=list()
hn=list()
totedu=list()
tothc=list()
glist=list()
g15list=list()
nlist=list()
tbirthsccmlist=list()
TFR=list(range(t))
ASFR=list(range(t))
aL=list(range(t))
Repeats the entire set of calculations for each time step  

for i in range(0,t):
    
    mp=0
    fp=0Calculates total population

    for x in range(0,17):
        mp=mp+M[i][x]
        fp=fp+F[i][x]
    tp=0
    tp=mp+fp
    totalpopulation.append(tp)
    
    'standardizing population'
    LL=list(range(17))Normalizes population with respect to initial population

    for x in range(0,17):
        LL[x]=(M[i][x]+F[i][x])/Linitial
    L.append(LL)
    Calculates population at working age

    L1564=0
    for x in range(0,10):
        L1564=L1564+L[i][x+3]
       
    'avgtahu calculation'Calculates the fixed time allocated to childcare,  by weighted average method

    avgthau=0
    L1549=0
    for x in range(0,7):
        avgthau=avgthau+(thau[x]*L[i][x+3])
        L1549=L1549+L[i][x+3]
    avgthau=avgthau/L1549

    'totaleducationlevel'Calculates education population,  by weighted average method

    te=0
    for x in range(0,10):
        te=te+e[i][x+3]*L[i][x+3]
    te=te/L1564
    totedu.append(te)
    'totalhumancapitallevel'Calculates human capital population,  by weighted average method


    th=0
    for x in range(0,10):
        th=th+h[i][x]*L[i][x+3]
    th=th/L1564
    tothc.append(th)
   Equation (20)
 

    'income calculation'
    ztemp=list(range(7))
    for x in range(0,7):
       ztemp[x]=(h[i][x]**alpha)*(A*X/L1564)**(1-alpha)
    z.append(ztemp)

    'technology'Equation (19)


    aL[i]=min((theta*L1564),astar)
    g=(totedu[i]+p*avgthau)*aL[i]
    glist.append(g)

    g15=0Equation (18)

and 


    A=A+g*A
    Alist.append(A)
    if(i>3):
        g15=(Alist[i-1]-Alist[i-4])/Alist[i-4]
    g15list.append(g15)

    'en'Education (15)


    enn=list(range(7))
    for x in range(0,7):
       enn[x]=max(0,(math.sqrt(g*thau[x]*(1-p))-p*thau[x]))
    en.append(enn)
    
    'hn'Equation (16)


    hnn=list(range(7))
    if (i>3):
        for x in range (0,7):
            hnn[x]=(en[i-4][x]+p*thau[x])/(en[i-4][x]+p*thau[x]+g15) (cont’d) Equation (16)


    hn.append(hnn)
        
    'births'
    n=list(range(7))Equation (21)


    for x in range(0,7):
        if (z[i][x]<=cbar[x]):
            n[x]=0  
        elif(z[i][x]>=zbar[x]):
            n[x]=(gama/(thau[x]+en[i][x])) 
        else:
            n[x]=(1-(cbar[x]/z[i][x]))/(thau[x]+en[i][x])
    nlist.append(n)        
    nbb=list(range(7))
    for x in range(0,7):
        nbb[x]=n[x]*L[i][x+3]*Linitial
    nb.append(nbb)
    Equation (22)


    'total births'
    Sx015=(Sxm015[i]+Sxf015[i])/2
    ttbirths=0
    for x in range(0,7):
        ttbirths= ttbirths+nb[i][x]
    totnb=ttbirths
    ttbirths=ttbirths/(Sx015)
    tbirths.append(ttbirths)
    
    'ASFR and TFR'
    asfrtemp=list(range(7))
    for x in range(0,7):Equation (24)


        asfrtemp[x]=nb[i][x]/totnb
    ASFR[i]=asfrtemp
   
    pf=0Equation (23)


    for x in range(0,7):
        pf=pf+F[i][x+3]
    TFR[i]=tbirths[i]/pf

    'education'Material delay of age-specific education

   
    etemp=list(range(13))
    for x in range(1,13):
        etemp[x]=e[i][x-1]
    a=0Equation (17)


    births=0
    for x in range (0,7):
        a=a+(en[i][x]*nb[i][x])
    etemp[0]=a/totnb
    e.append(etemp)
    
    'human capital'Material delay of age-specific human capital


    births=0
    hhh=0
    htemp=list(range(10))
    for x in range(1,10):
        htemp[x]=h[i][x-1]
    if (i>3):Calculates human capital level of first age group,  in a similar fashion with equation (17)

        for x in range (0,7): 
            hhh=hhh+(hn[i][x]*nb[i-4][x])(cont’d) Calculates human capital level of first age group,  in a similar fashion with equation (17)

            births=births+nb[i-4][x]
        htemp[0]=hhh/births
    else:
        htemp[0]=hc1519
        
    h.append(htemp)
Ageing chain of population disaggregated by age and sex


    '''CCM'''

    'births'
    birthsccm= list(range(7))
    for x in range(0,7):Calculates the inflow to the first age group, i.e. number of births

        birthsccm[x]=F[i][x+3]*TFR[i]*(ASFR[i][x])
    tbirthsccm=0
    for x in range(0,7):
        tbirthsccm=tbirthsccm+birthsccm[x]

    'female population'Flow of female population

    Ff=list(range(17))
    for f in range(1,17):
        Ff[f]=F[i][f-1]*(SRf[i][f-1])
    Ff[16]=(F[i][16]*SRf[i][16]+F[i][15]*SRf[i][15])
    Ff[0]=100*tbirthsccm/205
    F.append(Ff)

    'male population'
    Mm=list(range(17))
    for m in range(1,17): Flow of male population

        Mm[m]=M[i][m-1]*SRm[i][m-1]
    Mm[16]=M[i][16]*SRm[i][16]+M[i][15]*SRm[i][15]
    Mm[0]=105*tbirthsccm/205
    M.append(Mm)
    tbirthsccmlist.append(tbirthsccm)
    
Writes all outputs accumulated over the simulation run to a text file

'''''write output'''

outputfile=open('output.txt','w')

for i in range(0,t):
    for x in range(0,17):
        outputfile.write(str(M[i][x])+'\t')
    for x in range(0,17):
        outputfile.write(str(F[i][x])+'\t')
    
    outputfile.write(str(TFR[i])+'\t')
    outputfile.write(str(totedu[i])+'\t')
    outputfile.write(str(tothc[i])+'\t')
    outputfile.write(str(tbirths[i])+'\t')
    outputfile.write(str(Alist[i])+'\t')
    outputfile.write(str(glist[i])+'\t')
    outputfile.write(str(g15list[i])+'\t')
    outputfile.write(str(totalpopulation[i])+'\t')

    for x in range(0,7):
        outputfile.write(str(nlist[i][x])+'\t')
    for x in range(0,7):(cont’d) Writes all outputs accumulated over the simulation run to a text file

        outputfile.write(str(nb[i][x])+'\t')
    for x in range(0,10):
        outputfile.write(str(e[i][x+3])+'\t') 
    for x in range(0,10):
        outputfile.write(str(h[i][x])+'\t')
    for x in range(0,7):
        outputfile.write(str(en[i][x])+'\t')
    for x in range(0,7):
        outputfile.write(str(hn[i][x])+'\t')
    for x in range(0,7):
        outputfile.write(str(ASFR[i][x])+'\t')
    for x in range(0,7):
        outputfile.write(str(z[i][x])+'\t')
        
    outputfile.write(str(tbirthsccmlist[i])+'\t')
    outputfile.write(str(aL[i]))
    outputfile.write('\n')   
outputfile.close()
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Parameters and Initial Values for Stock Variables
Table 1 shows the calibration of point parameters. Labor share ( is assumed to take the value of wage compensation proportion in Turkish GDP of year 2006. Educational part of  ( and scale effect parameter ( are derived from initial education level and technological progress rate by equations (15) and (19) respectively, while the scale effect of population size is assumed to reach the maximum value of  In a similar fashion, weight on fertility in the utility function () is derived over the number of child per person formulation (i.e. equation 21) given a fertility level assumption. Scale effect parameter () and land () have no effect after the calibration, so they are assumed to be equal to 1 as in the study of Lagerlöf (2006). 
Sex ratio at birth (SRB) is assumed to be 105. That is the number of newborn babies of male over hundred females. Life expectancies for the first 8 time steps are given in Table 1. As it is seen in the table, life expectancies are not equal to standard values used in the life tables that are given either in 2.5 year or 5 year increments. Consequently, survival rates are calculated by linear interpolation technique with respect to Coale-Demeny West Life Table prepared by United Nations.











	Point Parameter

	Description
	Value
	Unit
	Year 
	Data source

	
	Labor share
	0.262
	Dimensionless
	2006
	TURKSTAT

	
	Educational part of 
	0.2103
	Dimensionless
	-
	Calibration

	
	Scale effect parameter
	0.4617
	Dimensionless
	-
	Calibration

	
	Weight on fertility on utility function
	0.5280
	Dimensionless
	-
	Calibration

	
	Scale effect parameter
	1
	Dimensionless
	-
	Assumption

	
	Land
	1
	Dimensionless
	-
	Assumption

	
	Sex ratio at birth
	105
	Dimensionless
	-
	Assumption

	
	Survival rate
	CD West Life Table
	Dimensionless
	-
	United Nations

	
	Female life expectancy
	77.2
	78.8
	79.9
	80.0
	80.0
	80.0
	80.0
	80.0
	Years
	-
	Assumption

	
	Male life expectancy
	74.3
	75.4
	76.5
	77.7
	78.8
	79.9
	80.0
	80.0
	Years
	-
	Assumption
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Subsistence level of consumption () and fixed time cost of children () are defined as age-specific and the data used in the model is given in Table 2 Subsistence level of consumption is obtained from 2006 household consumption survey of TURKSTAT and calculated as the percentage of the age specific average income per capita. 
There is no exact data for fixed time cost of children. There is the “Household time usage survey” conducted by TURKSTAT in 2006 and also a report by EUROSTAT (Statistical Office of the European Communities), that gathers several time usage surveys of various countries in a common study. Nevertheless, these two data sources display inconsistency. TURKSTAT survey does not mention an explicit data item for child care. Time allocation to child care can be estimated by the time spent for household and home care, which yields 50% of the total time available beyond sleeping. In EUROSTAT data, there are more detailed data items about the amount of the time that is allocated exactly for child care and it is between 20% and 30% on average. Due to the inconsistency between these two data sources and the lack of age-specific data, we applied parameter optimization with random search algorithm. 
	Age-specific parameters
	Description
	Value
	Unit
	Year 
	Data source

	
	Subsistence level of consumption by age
	0.3849
	0.4299
	0.4265
	0.4551
	0.4582
	0.5064
	0.5469
	Dimensionless
	2006
	TURKSTAT

	
	Fixed time cost of children by age
	0.731
	0.250
	0.250
	0.343
	0.829
	0.857
	0.780
	Dimensionless
	-
	Parameter optimization
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In addition to model parameters, stock variables of the model is initialized with initial state conditions (Table 3). Firstly, age-specific education level is derived by the combination of several data sources by TURKSTAT. We gathered the education level by age in monetary terms by combining two data sources: education expenditure per student by education level (2002) and education levels by age (2008). Then we standardized the derived education levels by converting them into the percentage of GDP per capita of year 2002. 
Initial technology level is assumed to be equal to unity, which is assumed to actually represent the value of research and development labor force proportion per ten thousand employees in 2006. Accordingly, initial technological progress rate represents the change between years 2005 and 2006. 
Human capital levels are calculated by initial education levels and technology data. Based on the derived human capital levels, income levels are calculated with equation 10. Lastly, model is initialized with the population size and age/sex distribution of year 2008 (ABPRS-Address Based Population Registry System). Note that population size is also standardized at the beginning of the experiments. 
	Initial state conditions for stock variables
	Description
	

Value by age
	Unit
	Year 
	
Data source

	
	
	0-4
	5-9
	10-14
	15-19
	20-24
	25-29
	30-34
	35-39
	40-44
	45-49
	50-54
	55-59
	60-64
	65-69
	70-74
	75-79
	80+
	
	
	

	
	Initial income by age
	
	
	
	1.2416
	1.1970
	1.1939
	1.2065
	1.2416
	1.2386
	1.2417
	
	
	
	
	
	
	
	Dimensionless
	2006
	Calibration

	
	Initial education level by age
	0.0742

	0.0742
	0.0742
	0.0742
	0.0833
	0.0891
	0.0861
	0.0801
	0.0708
	0.0667
	0.0636
	0.0561
	0.0512
	
	
	
	
	Dimensionless
	2002 and
2008
	TURKSTAT

	
	Initial human capital by age
	
	
	
	0.7153
	0.6049
	0.6153
	0.6395
	0.7369
	0.7339
	0.7172
	0.7143
	0.7069
	0.7021
	
	
	
	
	Dimensionless
	-
	Calibration

	
	Initial male population by age
	3082338
	3242581
	3322041
	3171917
	3187625
	3300291
	2939518
	2680941
	2397706
	2153427
	1824582
	1423445
	1035261
	783680
	575433
	492226
	437754
	Persons
	2008
	ABPRS

	
	Initial female population by age
	2915920
	3075551
	3150156
	3013187
	3068933
	3218546
	2870589
	2649543
	2342544
	2130748
	1818591
	1454659
	1153037
	917704
	699248
	618556
	839616
	Persons
	
	ABPRS
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Major Feedback Loops of UGT (Figure 2)
Name of the loops are given with a short memorial explanation in parenthesis for the reader’s understanding.
R1: (educated generations raise educated off-springs)
  	 Education Parent, e(t)
       Technological Progress Rate, g
       Education Offspring, e(t+1)
R2: (qualified generations, higher levels of income, larger populations)
  	 Population, L
       Technological Progress Rate, g
       Education Offspring, e(t+1)
       Human Capital Offspring, h(t+1)
       Human Capital Parent, h(t)
       Income Level, z
       Number of Child per Person, n
R3: (higher technology, higher levels of income, larger populations)
  	 Population, L
       Technological Progress Rate, g
       Technological Progress
       Technology, A
       Income Level, z
       Number of Child per Person, n
B1: (depreciation of education level against technological development)
  	 Population, L
       Technological Progress Rate, g
       Human Capital Offspring, h(t+1)
       Human Capital Parent, h(t)
       Income Level, z
       Number of Child per Person, n
B2: (quantity – quality trade-off)
  	 Population, L
       Technological Progress Rate, g
       Education Offspring, e(t+1)
       Number of Child per Person, n
B3: (larger populations, less income per person)
  	 Population, L
       Income Level, z
       Number of Child per Person, n



Major Feedback Loops of the economy-demography model (Figure 3)
Name of the loops are given with a short memorial explanation in parenthesis for the reader’s understanding.
R1’: (educated generations raise educated off-springs)
  	Education Parent, e(i)
 	Education Population, e  
  	Technological Progress Rate, g
  	Education Offspring, en(i)
R2’: (qualified generations, higher levels of income, larger populations)
 	Population, L
  	Technological Progress Rate, g
  	Education Offspring, en(i)
  	Human Capital Offspring, hn(i)
  	Human Capital Parent, h(i)
  	Income Level, z(i)
 	Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
R2’a: (qualified generations, higher levels of income, larger populations)
  	Population, L
  	Population at Working Age (i)
  	Education Population, e
  	Technological Progress Rate, g
 	Education Offspring, en(i)
  	Human Capital Offspring, hn(i)
  	Human Capital Parent, h(i)
  	Income Level, z(i)
  	Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
R2’b: (qualified generations, higher levels of income, larger populations)
Population, L
Population at Reproductive Age (i)
Education Parent, e(i)
Education Population, e
Technological Progress Rate, g
  	Education Offspring, en(i)
  	Human Capital Offspring, hn(i)
  	Human Capital Parent, h(i)
  	Income Level, z(i)
  	Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
R2’c: (qualified generations, higher levels of income, larger populations)
  	Population, L
Population at Reproductive Age (i)
Fixed Time Allocated to Childcare, 𝜏
Technological Progress Rate, g
  Education Offspring, en(i)
  Human Capital Offspring, hn(i)
  Human Capital Parent, h(i)
  Income Level, z(i)
  Number of Child per Person, n(i)
  Total Number of Children Born, nb
  TFR
  Births
R3’: (higher technology, higher levels of income, larger populations)
  	Population, L
 	Technological Progress Rate, g
  	Technological Progress
  	Technology, A
 	Income Level, z(i)
Number of Child per Person, n(i)
  	Total Number of Children Born, nb
 	TFR
  	Births
R3’a: (higher technology, higher levels of income, larger populations)
Population, L
Population at Working Age (i)
Education Population, e
Technological Progress Rate, g
  	Technological Progress
  	Technology, A
 	Income Level, z(i)
Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
R3’b: (higher technology, higher levels of income, larger populations)
  	Population, L
Population at Reproductive Age (i)
Education Parent, e(i)
Education Population, e
Technological Progress Rate, g
  	Technological Progress
  	Technology, A
 	Income Level, z(i)
Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
R3’c: (higher technology, higher levels of income, larger populations)
Population, L
Population at Reproductive Age (i)
Fixed Time Allocated to Childcare, 𝜏
Technological Progress Rate, g
  	Technological Progress
  	Technology, A
 	Income Level, z(i)
Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
B1’: (depreciation of education level against technological development)
 	Population, L
 	Technological Progress Rate, g
 	Human Capital Offspring, hn(i)
 	Human Capital Parent, h(i)
 	Income Level, z
 	Income Level, z(i)
Number of Child per Person, n(i)
Total Number of Children Born, nb
TFR
Births
B1’a: (depreciation of education level against technological development)
Population, L
Population at Working Age (i)
Education Population, e
Technological Progress Rate, g
 	Human Capital Offspring, hn(i)
 	Human Capital Parent, h(i)
 	Income Level, z
Income Level, z(i)
Number of Child per Person, n(i)
Total Number of Children Born, nb
TFR
Births
B1’b: (depreciation of education level against technological development)
Population, L
Population at Reproductive Age (i)
Education Parent, e(i)
Education Population, e
Technological Progress Rate, g
 	Human Capital Offspring, hn(i)
 	Human Capital Parent, h(i)
 	Income Level, z
 	Income Level, z(i)
Number of Child per Person, n(i)
Total Number of Children Born, nb
TFR
Births
B1’c: (depreciation of education level against technological development)
  Population, L
Population at Reproductive Age (i)
Fixed Time Allocated to Childcare, 𝜏
Technological Progress Rate, g
Human Capital Offspring, hn(i)
Human Capital Parent, h(i)
Income Level, z
Income Level, z(i)
Number of Child per Person, n(i)
Total Number of Children Born, nb
TFR
Births

B2’: (Quantity – Quality trade-off)
  Population, L
  Technological Progress Rate, g
  Education Offspring, en(i)
  Number of Child per Person, n(i)
Total Number of Children Born, nb
  TFR
  Births
B2’a: (Quantity – Quality trade-off)
  Population, L
  Population at Working Age (i)
  Education Population, e
  Technological Progress Rate, g
  Education Offspring, en(i)
  Number of Child per Person, n(i)
  Total Number of Children Born, nb
  TFR
  Births
B2’b: (Quantity – Quality trade-off)
 	Population, L
Population at Reproductive Age (i)
Education Parent, e(i)
Education Population, e
Technological Progress Rate, g
  	Education Offspring, en(i)
 	Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
B2’c: (Quantity – Quality trade-off)
Population, L
Population at Reproductive Age (i)
Fixed Time Allocated to Childcare, 𝜏
Technological Progress Rate, g
  Education Offspring, en(i)
  Number of Child per Person, n(i)
  Total Number of Children Born, nb
  TFR
  Births
B3’: (Larger populations, less income per person)
  	Population, L
  	Income Level, z(i)
  	Number of Child per Person, n(i)
  	Total Number of Children Born, nb
  	TFR
  	Births
Rb (Population Growth by Births)
Population, L 
Female Population at Reproductive Age 
Births
Bd (Population Decline by Deaths)
Population, L
Deaths
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