Appendix 1: 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')   
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