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In this textbook, we are going to illustrate how to perform populations projections using the Cohort-
Component Method using simple R functions and without using population projections specific Packages
such as popdemo. We use the Algerian population data for our case study. Then, we are going to show how

to carry-out practical plots of population pyramid.

1 POPULATION PROJECTIONS

1.1 Introduction to population projections

The most practical way to make population projections consists of using the Cohort-Compnent Method.
This methods consists of treating the baseline population (population at time 0 ) to be composed of different
cohorts born in different years. So, their actual ages go from age 0 to the maximum surviving age, that
we note w. Then, numbers within each cohort are projected using prospectivelifetables, and each year,
new-borns are added in age . When migration and emigration data are available, population numbers are
adjusted accordingly. That’s where Component comes from; population dynamics is driven from the expected
evolution of three components: Mortality, Fertility and Immigration.

If we set P, to be the population aged z in the begenning of the year ¢, and g, :to be the Age-Specific
Mortality Rate (ASMR) corresponding to = and ¢, the year-to-year evolution of the the population within

each cohort can be driven using the equation:

Pw+1,t+1 = Pw7t * (1 - qw,t)

The new-borns during the year tare added to the population of the year ¢ + 1 as the population aged O.
To estimate the number of new-borns during the year ¢, noted By, the mid-year population of females at the
procreation ages, i.e., 15 — 49years, needs to be multiplied by the Age-Specific Fertility Rates (ASFRs), fy.+.
The mid-year population can be approximated by the average population between the begenning of the years

t and t + 1. We can write.

49
Plogt+Plet+1
By = E : B : *fm,t
x=15

Then, the number of new-borns are to be split out into boys and girls. If we set "a" to be the number of
boys corresponding to one girl among new-borns, we can split Biinto B{"and Btf , with m designs males and

f females, using the equation:

a
Bu= B+ Bl = o Bt g

a can be estimated based on the historical recorded values.

Then, B™t and B/t are introduced as populations, of males and females, at age 0 in the begenning of the
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year t + 1.

1.2 Data requirements

The implementation of the Cohort-Component Method requires to make available 4 types of data: a Baseline
population, projected mortality surfaces (for males and females), a projected fertility surface, and the part
of males for 1 female among new-boruns.

All datasets need to be extended on the period going from the reference yars, 2015 in our case, to the
horizon of the projection, 2070 in our case.

We associated the datasets to this textbook as embded files which can be downloaded from the links

provided below.

e Baseline population: We use the population of 2015, by detailed ages, as a baseline population.

This population pyramid, for males and females, can also be downloaded fom :[http://www.cread.dz

/Actuarial_Demography/Donnees_Site/Detailed_Ages_Proj.xlsx]
or from:

https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets’2F-Ma
JSerM8252L8AuDszJ%2F - MaK5hBKFwimb0Vnotp3%2F-MaK5snk02Tr5mIJbfbfS),2Fbaseline_pop_dz_2
015.txt7alt=media&token=0e1£2739-95ab-41fb-b30e-b4ee20031567

e The projected Age-Specific mortality Rates (ASMRs) from 0 to 120 years for the period from 2015
to 2017 were driven from the coherent mortality foracst of Flici (2016a) following the methodology of
Hyndman et al. (2013).

These rates can be downloaded from the following links for males

https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets2F-Ma
JSerM8252L8AuDszJ%2F -MaK5hBKFwimb0Vnotp3%2F-MaK74BV_QlAkymXDuA-%2Fmort_forecast_mal
es.txt?alt=media&token=9db67£96-2956-46f4-badb-5a64b22c1888

and for females

https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets),2F-Ma
JSerM8252L8AuDszJ%2F -MaK5hBKFwimb0Vnotp3%2F-MaK7KqDqOpbgN73xc41%2Fmort_forecast_fem
ales.txt?alt=media&token=878ff681-d3a0-42f1-b54a-639853703dff

The dataset of ASMRs of males and females can also be downloaded in Excel format from [ http:

//www.cread.dz/Actuarial_Demography/Donnees_Site/Projected_ASMRs.xlsx].

e The projected Age-Specific Fertility Rates (ASFRs) for females ages 15-49 years along the period
from 2015-2070 are estimated by Flici (2016b) following the methodology of Lee (1993), and can be


http://www.cread.dz/Actuarial_Demography/Donnees_Site/Detailed_Ages_Proj.xlsx
http://www.cread.dz/Actuarial_Demography/Donnees_Site/Detailed_Ages_Proj.xlsx
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK5snkO2Tr5mJbfbfS%2Fbaseline_pop_dz_2015.txt?alt=media&token=0e1f2739-95ab-41fb-b30e-b4ee20031567
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK5snkO2Tr5mJbfbfS%2Fbaseline_pop_dz_2015.txt?alt=media&token=0e1f2739-95ab-41fb-b30e-b4ee20031567
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK5snkO2Tr5mJbfbfS%2Fbaseline_pop_dz_2015.txt?alt=media&token=0e1f2739-95ab-41fb-b30e-b4ee20031567
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK74BV_QlAkymXDuA-%2Fmort_forecast_males.txt?alt=media&token=9db67f96-2956-46f4-bad5-5a64b22c1888
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK74BV_QlAkymXDuA-%2Fmort_forecast_males.txt?alt=media&token=9db67f96-2956-46f4-bad5-5a64b22c1888
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK74BV_QlAkymXDuA-%2Fmort_forecast_males.txt?alt=media&token=9db67f96-2956-46f4-bad5-5a64b22c1888
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7KqDqOpbqN73xc4l%2Fmort_forecast_females.txt?alt=media&token=878ff681-d3a0-42f1-b54a-639853703dff
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7KqDqOpbqN73xc4l%2Fmort_forecast_females.txt?alt=media&token=878ff681-d3a0-42f1-b54a-639853703dff
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7KqDqOpbqN73xc4l%2Fmort_forecast_females.txt?alt=media&token=878ff681-d3a0-42f1-b54a-639853703dff
http://www.cread.dz/Actuarial_Demography/Donnees_Site/Projected_ASMRs.xlsx
http://www.cread.dz/Actuarial_Demography/Donnees_Site/Projected_ASMRs.xlsx
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downloaded in Excel format from: [http://www.cread.dz/Actuarial_Demography/Donnees_Site/

Projected_ASFRs.xlsx|.

It can also be dowloaded as a .txt file from the link: https://firebasestorage.googleapis.com/v
0/b/gitbook-28427.appspot.com/o/assets)2F-MaJSerM8252L8AuDszJ%2F - MaK6hBKFwim50Vnotp3
%h2F-MaK7u8vEPZFeCdrX_X0%2Ffert_forecast.txt?alt=media&token=8bd4f9eb-dal0d-4e48-8d71
-9c4cdd91bdeb

e The international migration balance is supposed to be null.

e The number of males corresponding to 1 female among newborns is equal to 1.045 according to historical

data.

1.3 Data preparation
1.3.1 Baseline population pyramid

For the needs of this work, we use the population pyramid of Algeria in the begening of 2015 for males and

females for the ages 0-99 years old.

Figure 1: Baseline population dataset on excel

A B C
1 2015 males  females
2 a 525631 495945
3 1 505803 474973
4 2 434789 460463
5 3 4736322 437178
§ 4 455602 422942
i 5 430373 400370
8 -} 403453 388023
- T 375371 376249

96 94 4043 4325
a7 95 3328 3372
a8 9% 2688 2895
93 a7 2123 2295
100 a8 1636 1
101 99 1223 1332

We upload the datafile :

Baseline_pop_dz_2015 <- read.table("https://firebasestorage.googleapis.com/v0/b/gitboo
k-28427 . appspot . com/o/assets%2F-M69GC8Q928d0zF6PVLEY2F - M69I6T3gpSXoKg j42Q6%2F - M69 JWbNPOq
-h1hHgkYv/2Fbaseline_pop_dz_2015.txt7alt=media&token=7735f959-b6c4-43cl-abc5-294e4825a14
4" header=T)

We separate males and females into different datasheets while changing filenames into "PM15" and "PF15"

as accronyms of "Population of males 2015" and "Population of females 2015".


http://www.cread.dz/Actuarial_Demography/Donnees_Site/Projected_ASFRs.xlsx
http://www.cread.dz/Actuarial_Demography/Donnees_Site/Projected_ASFRs.xlsx
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7u8vEPZFeCdrX_XO%2Ffert_forecast.txt?alt=media&token=8bd4f9eb-da0d-4e48-8d71-9c4cdd91b4e6
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7u8vEPZFeCdrX_XO%2Ffert_forecast.txt?alt=media&token=8bd4f9eb-da0d-4e48-8d71-9c4cdd91b4e6
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7u8vEPZFeCdrX_XO%2Ffert_forecast.txt?alt=media&token=8bd4f9eb-da0d-4e48-8d71-9c4cdd91b4e6
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-MaJSerM8252L8AuDszJ%2F-MaK5hBKFwim5OVnotp3%2F-MaK7u8vEPZFeCdrX_XO%2Ffert_forecast.txt?alt=media&token=8bd4f9eb-da0d-4e48-8d71-9c4cdd91b4e6
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JWbNPOq-h1hHgkYv%2Fbaseline_pop_dz_2015.txt?alt=media&token=7735f959-b6c4-43c1-a5c5-294e4825a144
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JWbNPOq-h1hHgkYv%2Fbaseline_pop_dz_2015.txt?alt=media&token=7735f959-b6c4-43c1-a5c5-294e4825a144
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JWbNPOq-h1hHgkYv%2Fbaseline_pop_dz_2015.txt?alt=media&token=7735f959-b6c4-43c1-a5c5-294e4825a144
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JWbNPOq-h1hHgkYv%2Fbaseline_pop_dz_2015.txt?alt=media&token=7735f959-b6c4-43c1-a5c5-294e4825a144
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PM15<-as.matrix(Baseline_pop_dz_2015$males[1:100])

rownames (PM15) <-c(0:99)

PF15<-as.matrix(Baseline_pop_dz_2015$females[1:100])

rownames (PF15)<-c(0:99)

Figure 2: Baseline population of males on R

1.3.2 Mortality forecast

L R R I I N

EEEE

14
15
16
17
18
19

Filter

515601 048
519571231
451550.703
497606656
461300109
449618.192
430699 838
387823.185
361752422
337382592
322954.195
319494905
30BE46.492
290405299
283166798
286027962
3016581872
316431750
323807596
331124.256

Showing 1 to 21 of 100 entries

Console

Terminal

We need to upload the mortality surface for males and females.

Figure 3: Mortality data matrix in Excel

A B c [ E F o OURBRKET G AZ Ba BE BC ED BE
1 ogem| A5 36 097 A 3014 Foy o) 67 e
2 00023252 0027 000193 0021313 0020732 000943 0,009389 0009302 0005217 0009135 0009056
3 10001838 000109 0001064 0001015 0003007 0000455 0000483 0000457 000045 0,00048% 0,000888
4 3 00009 0000901 0000007 00008E 0000839 0000407 0000098 0000395 0000391 0000088 Q000383
5 30000813 000079 Q00076 0000743 00007 0000385 0000342 0000335 0000336 0000333 000033
6 4| 0000687 0000663 000065 000063 0000617 000016 0000193 000019 0000IRE 0000085 000083
18 106 073008 O7EEGM O7ETII O7ET0L O, 7RSO 0,355 0763355 0,76058 O7GXISE 076X QTGINS
115 17| 0,2335363 0837855 0837269 0836524 0335769 0,E1761 0,E17EL OENPEL 051761 05176l 0E1761
120 11K 0390018 088835 OAEWII 088885 OBETHMD GETSGE OETSE 05N OEMSAE 0EMHR} 08NN
121 109 0543877 OSalaSE 0883203 004D 0506 DT SISTT OS0MTT OSAMTT 0508477 Q50477
122 1 1 1 1 1 1 1 1 1 1 1 1
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Male mortality

MM<- read.table("https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/
assets)2F-M69GC8Q928d0zF6PVLE)2F-M69J6T3gp8XoKgj4206%2F-M69J_65GSqJfyB1hQZ47,2FMort_forec
ast_males.txt7alt=media&token=ce303331-93ca-40ce-b2a3-fb50dfccObea", header=T)

MM<-as.matrix(MM[1:121,2:57])

rownames (MM) <-c(0:120)

colnames (MM) <-c(2015:2070)

Figure 4: Mortality datamatrix being uploaded to R
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Female Mortality

MF<- read.table("https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/
o/assets’2F-M69GC8Q928d0zF6PVLLY2F-M69J6T3gp8XoKgj4206%2F-M69JamiW2fVEbZCOgial,2FMort_for
ecast_females.txt7alt=media&token=8454d5f6-3270-45a0-826c-09de6bfe750d", header=T)

MF<- as.matrix(MF[1:121,2:57])
rownames (MF)<-c(0:120)
colnames (MF)<-c(2015:2070)


https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69J_65GSqJfyB1hQZ4%2FMort_forecast_males.txt?alt=media&token=ce303331-93ca-40ce-b2a3-fb50dfcc0bea
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69J_65GSqJfyB1hQZ4%2FMort_forecast_males.txt?alt=media&token=ce303331-93ca-40ce-b2a3-fb50dfcc0bea
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69J_65GSqJfyB1hQZ4%2FMort_forecast_males.txt?alt=media&token=ce303331-93ca-40ce-b2a3-fb50dfcc0bea
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JamiW2fVfbZC0gia%2FMort_forecast_females.txt?alt=media&token=8454d5f6-3270-45a0-826c-09de6bfe750d
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JamiW2fVfbZC0gia%2FMort_forecast_females.txt?alt=media&token=8454d5f6-3270-45a0-826c-09de6bfe750d
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JamiW2fVfbZC0gia%2FMort_forecast_females.txt?alt=media&token=8454d5f6-3270-45a0-826c-09de6bfe750d

Population projections using R - including graphical dynamic presentations FLICI, F.

1.3.3 Fertility forecast

Figure 5: Fertility datamatrix in Excel
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Upload the data file, and we name it as (FR) as "Fertility".

FR<-read.table("https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.co
m/o/assets’%2F-M69GC8Q928d0zF6PVLEY,2F-M69J6T3gp8XoKgj42Q06%2F-M69JcV0tWsH-GQUmIiu),2FFert_f
orecast.txt?alt=media&token=cc90aebb-dcae-49d9-86e6-b9244fd4549d", header=T)

FR<- as.matrix(FR[1:35, 2:57])

rownames (FR)<-c(15:49)

colnames (FR)<-c(2015:2070)

Figure 6: Fertility datamatrix being uploaded to R
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1.4 Projection Results

First, we create an ampty matrix to receive the projection results (PopM for males and PopF for females).
This matrix should be of a dimension (n = 121byt = 56)
PopM<-matrix (0,nrow=121,ncol=56)

rownames (PopM) <-c(0:120)


https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JcVOtWsH-GQUmIiu%2FFert_forecast.txt?alt=media&token=cc90ae5b-dcae-49d9-86e6-b9244fd4549d
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JcVOtWsH-GQUmIiu%2FFert_forecast.txt?alt=media&token=cc90ae5b-dcae-49d9-86e6-b9244fd4549d
https://firebasestorage.googleapis.com/v0/b/gitbook-28427.appspot.com/o/assets%2F-M69GC8Q928dOzF6PVLf%2F-M69J6T3gp8XoKgj42Q6%2F-M69JcVOtWsH-GQUmIiu%2FFert_forecast.txt?alt=media&token=cc90ae5b-dcae-49d9-86e6-b9244fd4549d

Population projections using R - including graphical dynamic presentations FLICI, F.

colnames (PopM)<-c(2015:2070)
Then,

PopF<-matrix (0,nrow=121,ncol=56)
rownames (PopF)<-c(0:120)
colnames (PopF)<-c(2015:2070)

Figure 7: Create and Ampty matrix in R
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Then, we copy the PM15 into the first row in PopM (PF15 into PopF)

PopM[1:121,1]<-rbind (PM15, as.matrix(rep(0,21), ncol=1,nrow=21))

PopF[1:121,1]<-rbind(PF15,as.matrix(rep(0,21) ,ncol=1,nrow=21))

PopM<-as.matrix(PopM)

PopF<-as.matrix (PopF)

The projection of population number by age is deduced by a year to year approach by applying the
survival probabilities. If we not to be the probablity to die (Age Specific Mortality Rates) between the ages

and during the year , the population at age during the year noted is deduced from :

Priii41=Prp* (1 —quy)

The population at age in the begenning of the year is estimated by the total of newborns during the
previous years, i.e., year , (noted ) on the basis of combining the population (Mid-year population rather
than that of the begening of the year) of females at fertility age ( years : noted with the age specific fertility
rates ASFRs (noted ). We can write :

49
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We estimate the Mid-year population (PFM as an average of the populations at the begening and the

end of the previous year). It makes:

49
PF,, 1+ PF
By = § % * fs,t—l
s=15

In order to separate males and females among the newborns, we introduce (define) which represents the
number of males aong newborn corresponding to female.

a=1.045

_a

1+o While the number of females is equal

The part of males among a cohort of newborns is equal to B x
to B x H#a The newborns during the year are introduced as the population of age in the begenning of year .
for (i in 2 : 56) {
for (j in 2: 121) {PopM[j,il<-PopM[j-1,i-1]1*(1-MM[j-1,i-1])
PopF[j,il<-PopF[j-1,i-1]*(1-MF[j-1,i-1])
}
PoplM[1,il<-as.matrix (t (PopF[16:50,i-1]+PopF[16:50,1i])/2)%*%as.matrix(
FR[,i-11)*(a/(1+a))
PopF[1,i]<-as.matrix(t (PopF[16:50,i-1]+PopF[16:50,1i])/2)%*}%as.matrix(

FR[,i-11)*(1/(1+a)) }

Figure 8: The projection matrix being filled out
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2 GRAPHICAL PRESENTATIONS

2.1 How to plot a population pyramid in R?

First, we need to call ggplot

A first example

i<-40
yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")
A<-ggplot (pyram, aes(x=age))
B<-A+ geom_bar (aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)

print (C)

Figure 9: Population Pyramid - a first example
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2.1.1 How to reverse the axis z and y ?

by adding + coord_flip()
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i<-40

yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")

A<-ggplot (pyram, aes(x=age))

B<-A+ geom_bar(aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()

print (D)

Figure 10: Population Pyramid with axes being rotated 90°

2.1.2 Ho to redefine the variable scale?

by adding
+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "z105M),
limits=c(-650000,650000))
It makes :

i<-40
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yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")

A<-ggplot (pyram, aes(x=age))

B<-A+ geom_bar (aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()

E<-D+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "z10°M),
limits=c(-650000,650000))

print (E)

Figure 11: Population Pyramid with axes scale being redefined
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2.1.3 How to rename Axis titles?

by adding
+ xlab("Age") + ylab("Population number")
It makes :

i<-40

13
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yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")

A<-ggplot (pyram, aes(x=age))

B<-A+ geom_bar (aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()

E<-D+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "z10°M),
limits=c(-650000,650000))

F<-E+ xlab("Age") + ylab("Population number")

print (F)
Figure 12: Population Pyramid with axes being labelled
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2.1.4 how to add a title?

by adding
+ ggtitle(paste("Population Pyramid of Algeria:", yearl)

It makes :

14
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i<-40

yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")

A<-ggplot (pyram, aes(x=age))

B<-A+ geom_bar(aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()

E<-D+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "z105M),
limits=c(-650000,650000))

F<-E+ xlab("Age") + ylab("Population number")

G<-F+ ggtitle(paste("Population Pyramid of Algeria:", yearl)))
print (G)

Figure 13: Population Pyramid with title being added
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2.1.5 How to add a legend? Or any text to the plot?

by adding

+ annotate(’text’, x = 95, y = 250000, label = ’Females’, size = 5,

15
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colour="red")

It makes :

i<-40

yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")

A<-ggplot (pyram, aes(x=age))

B<-A+ geom_bar (aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()

E<-D+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "r10°M),
limits=c(-650000,650000))

F<-E+ xlab("Age") + ylab("Population number")

G<-F+ ggtitle(paste("Population Pyramid of Algeria:", yearl)))

H<-G+ annotate(’text’, x = 95, y = 250000, label = ’Females’, size = 5,
colour="red")

print (H)
Figure 14: Population Pyramid with legend/text being added
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2.1.6 Other options

by adding
+theme(plot.title = element_text(hjust = 0.5,size=12,face="bold"),
panel.border = element_rect(colour = "black",fill=NA,size=1),
axis.text = element_text(size=12,face="bold"), panel.background =
element_rect(fill="white")))
It makes :
i<-40
yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")
A<-ggplot (pyram, aes(x=age))
B<-A+ geom_bar(aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()
E<-D+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "z10°"),
limits=c(-650000,650000))
F<-E+ xlab("Age") + ylab("Population number")
G<-F+ ggtitle(paste("Population Pyramid of Algeria:", yearl)))
H<-G+ annotate(’text’, x = 95, y = 250000, label = ’Females’, size = 5,
colour="red")
I<-H")+theme(plot.title = element_text(hjust = 0.5,size=12,face="bold"),
panel.border = element_rect(colour = "black",fill=NA,size=1), axis.text =
element_text(size=12,face="bold"))

print (H)

17
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Figure 15: Population Pyramid
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2.1.7 A little bit more

In order to change the background color from gray to white we just need to put:
panel.background = element_rect(fill=NA) into +theme()
It makes :
i<-40
yearl<-as.character(2015+1i)
pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
colnames (pyram)<-c("age","males","females")
A<-ggplot (pyram, aes(x=age))
B<-A+ geom_bar (aes(y=males),fill="blue",stat="identity",width=0.75)
C<- B+ geom_bar(aes(y=females),fill="red",stat="identity",width=0.75)
D<- C+coord_flip()
E<-D+ scale_y_continuous(breaks = seq(-600000, 600000, 200000),
labels = paste(as.character(c(seq(6, 0, -2),seq(2,6,2))), "z10°"),
limits=c(-650000,650000))
F<-E+ xlab("Age") + ylab("Population number")
G<-F+ ggtitle(paste("Population Pyramid of Algeria:", yearl)))

H<-G+ annotate(’text’, x = 95, y = 250000, label = ’Females’, size = 5,
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colour="red")

I<-H+theme(plot.title = element_text(hjust = 0.5,size=12,face="bold"),
panel.border = element_rect(colour = "black",fill=NA,size=1), axis.text =
element_text(size=12,face="bold"), panel.background = element_rect(fill=
NA))

print (H)

Figure 16: Population Pyramid with white bakground
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2.2 How to Make it moving moving 777

Required packages:
library(animation)
library(dplyr)
library(ggthemes)

The code to run:

saveGIF ({

for (i in 1:56)

{
yearl<-as.character(2014+1i)

pyram<-cbind.data.frame(seq(0,110,1),-PopM[1:111,i],PopF[1:111,i])
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colnames (pyram)<-c("age","males","females")

A<-ggplot (pyram,aes(x=age))+geom_bar (aes(y=males) ,fill="blue",stat=
"identity",width=0.75)+geom_bar (aes(y=females) ,fill="red",stat="identity",

width=0.75)+ coord_flip()+ scale_y_continuous(breaks= seq(-600000,600000,
200000), labels = paste(as.character(c(seq(G,O,—2),seq(2,6,2))),"x105"),
limits=c(-650000,650000))+x1lab("Age")+ylab("Population number")+ggtitle(

paste("Population Pyramid of Algeria:", yearl))+annotate(’text’, x=95, y=
250000,1label=’Females’, size = 5,colour="red")+annotate(’text’, x=95, y=
250000, label=’Females’, size = 5, colour="red")+annotate(’text’, x=95,

y =-250000, label=’Males’, size = 5, colour="blue")+ theme(plot.title =
element_text(hjust = 0.5, size=12, face="bold"), panel.border =
element_rect(colour = "black", fill=NA,size=1),axis.text = element_text(
size=12, face="bold"))

print (A)

3

, Mmovie.name = ’pyram.gif’, interval = 0.3, ani.width = 1100, ani.height
= 820)

After having executed the R-code above, a message about the progression of the GIF creation is posted

on the screen:

Figure 17: GIF creation message

Executing:

"convert =loop 0 -delay 30 Rplotl.png Rplotl.png Rplot3.png
rplotd.png rRplot5.png Rplot6.png Rplot?.png Rplotd. png
rplot9.png Rplotld.png Rpletll.png Rplotl2.png Rplotli. png
Rplotld.png RplotlS.png Rplotlé. png Rplotl?.png Rplotl8. png
rplotl9.png Rplot20.png Rplot2l.png Rplot22.png Rplot23. png
Rplot24.png Rplot25.png Rplot26.png Rplot2?.png Rplot8. png
rplot29.png Rplot30.png Rplot3l.png Rplot32.png Rplot33. png
Rplot34.png Rplot35.png Rplot36.png Rplot37.png Rplotis. png
rplot3g.png Rplotdd.png Rplotdl.png rplotd2.png Rplotd3. png
Rplotd4.png Rplotd5.png Rplotd46. png Rplotd7.png Rplotdd. png
rplotdd.png Rplot50.png Rplot5l. png rplotS2.png Rplots3. png
Rplot54.png Rplots5.png Rplot56. png “"pyram.gif™"

Qutput at: pyram.gif

[1] TRuE

>

Once you get this message, the gif file can be found in the same directory as the R-project location. To

open it, you should use any internet browser or to put it on power point full screen.
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Figure 18: Dynamic population pyramid
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In order to visualize the dynamic pyramid, you can insert the GIF plot into a power point file and to

make it on full screen view or you can just open the GIF using any internet browser.

Converter Error Message

Sometimes, when trying to run the code to create the GIF, an error message appears and it concerns the
converter ImageMagick. This last is not a part of R, and i is only a graphical tools which allow the creation
of a GIF correctely. What do you need to do in such a case, is to install ImageMagic version 7 or higher
because the old versions work with converter.exe which is not adapted to the new versions of Rstudio. The
right converter is magick . This application can be downloaded from:
www.imagemagick.org/script/download.php.
Then, you need to run the following code in R to update the location of the converter being installed:
ani.options(convert = ’C:/PROGRA~1/ImageMagick—7.0.7—Q8/convert.exe’)

before to run again the saveGIF ()
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3 APPLICATION EXAMPLES

3.1 Dynamic Total Fertility Rate projection
e Download historical and the projected series of life expectancy at birth for males and females in Algeria

from : http://www.cread.dz/Actuarial_Demography/Donnees_Site/Total_Fertility_Rate.xlsx

e Using ggplot, try to perform a similar plot as
Figure 19: GIF creation message

Fertility, Algeria, 2070

8 ..
e gyt
- e
261 761 e
T "
£4 xS
('S bl
= OOWM————_____
22 3.01 2.52
0

1960 1975 1990 2005 2020 2035 2050 2065
year

e Make it moving as in the Figure bellow
Figure 20: Dynamic Fertility rate projection
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3.2 Dynamic life expectancy projection:

e Download historical and the projected series of life expectancy at birth for males and females in Algeria

from : http://www.cread.dz/Actuarial_Demography/Donnees_Site/Life_exp_coherent_forecas

t.xlsx

e Using ggplot, try to perform a similar plot as
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Figure 21: GIF creation message
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Figure 22: Dynamic Fertility rate projection
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