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Article Information  Abstract 

 

Article History: 
 The significant increase in population growth rates is the largest in 

most developing countries, including Iraq, the increase is 

accompanied by a change in the characteristics of the population 

in terms of size, composition and distribution, this leads to a review 

of existing population policies, to be able to cope with the 

pressures that overpopulation poses on sustainable development 

efforts and future plans. Hence, there is always a need to make 

estimates of future population numbers and the changes that are 

likely to accompany the composition and distribution of the 

population at the level of different activities and areas of life. The 

methods of estimation differ from each other on the basis of each 

applied in completely different circumstances from the other, the 

reason for the difference is due to the level of accuracy of the data 

that are used as the basis for making these estimates and 

predictions indicate an increase or decrease in the number of 

future populations. This research deals with the use of some of the 

estimation methods that will be applied to the population in Iraq 

during a certain period of time, to estimate the numbers of the 

population in the future and these methods like (Exponential 

Modified, Logistics), the population numbers during this period 

(1989-2023) were obtained from the Central Bureau of Statistics, 

and by using algorithms prepared by researchers for each method 

of estimation and During the extracted results, it is clear that the 

population forecasts of the population of Iraq will be increasing or 

decreasing in the future. 
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Introduction 
When studying demographic analysis, we always need estimates of population numbers and 

possible changes in their composition and distribution across different activities, population studies 

are considered one of the studies that follow the changes that occur in the total population and its 

basic components in terms of values, customs, traditions and others, as well as calculating the basic 

indicators that measure the rise and fall of population growth in order to estimate the number of 

population during the years, or predict the size of the population for future planning and 

development plans programs in the long term. 

There is a difference in the application of each method of estimation from the other, this is 

because the circumstances are different for each method, and the difference in the level of accuracy 

in the data on which it depends in calculating the estimates, and also the difference is due to the 

calculation of the time periods for the estimate, some are short and some are long-term, which 

include future estimates, estimating the size of the population in different periods of time requires 

calculating the population growth rates of any society, therefore, mathematical models are used in 

population forecasts, which depend on the existence of many different functions that can be 

employed in the work of population forecasts. [1,2,3] 

The research deals with population estimates using some of the mathematical models, to 

estimate population growth, and also a prediction of the population numbers in Iraq classified by 

gender (males and females) for the period from 1989-2023 depending on some functions, including 

the modified exponential function and the logistic function to calculate the population growth rates 

in Iraq during the mentioned period, as well as comparing the methods of estimation for both males 

and females and forecasting for the coming years. 
 

 Objective 
Comparison of estimation methods between the number of males and the number of females 

and predicting the numbers of the male and female population in Iraq in the future. 
 

Theoretical side 
 

Estimation methods using mathematical models 

According to these methods, mathematical methods are used to estimate the number of 

population and population growth rates based on the number of populations for previous years and 

for different periods, and these methods; 

Modified Exponential Function 

These functions are considered population estimation functions and depend on predictions 

by choosing successive periods with equal periods of time to calculate the annual growth rate and 

its general formula.[2,4,6] 

       
  (1) 

 

Since 

       (2) 
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  (
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 (4) 

 

    ،    ،     Population numbers for three consecutive periods. 

n: The length of the period between two successive values. 

x: Number of years in the estimation period. 

The annual growth rate according to this model is calculated from the following formula: 
 



PISSN (1681-6870) EISSN (2790-2293) (2024); Issue 56 Journal of AL-Rafidain University College for Sciences  
 

393 
 

  (   )  (5) 

 

Logistic Function 

This function depends on the fact that the population growth rate begins to increase at an 

increasing rate and then reaches a turning point or inflection point after which the growth rate 

changes at an increasing and decreasing rate until it approaches an upper limit at which the constant 

growth rate continues. 

This function depends on the fact that the population growth rate begins to increase at an 

increasing rate and then reaches a turning point or inflection point after which the growth rate 

changes at an increasing and decreasing rate until it approaches an upper limit at which the constant 

growth rate continues.. [1,2,7] 
 

The logistic function is calculated from the following formula: 

   
 

         
 (6) 

 

Since  

  : Assumed maximum population when x=0 

    : Estimated value of population in the period(t). 

    : Constant 

   : Fixed and its value is negative in the ascending growth curve, and its value increases with 

the acceleration of growth 

     : The time period required for estimation, starting from the first year 

The estimated function is calculated from the following formula: 

   
 

         
 (7) 

 
Predicting Model 

It is clear from the formula of the logistic function that it is similar to the linear regression 

equation, but it is not possible to apply the ordinary least squares method to estimate the parameters 

of the equation due to the lack of the necessary conditions for estimation. 

As the number of parameters   ،    ،   More than the number of variables     Therefore, 

we use another method, which is the three-point method chosen, as in the case of the modified 

exponential function, to obtain the values of the three parameters according to the following 

formulas: [2,5,8] 

   
 

 
   

  (     )
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  ) (10) 

Since  
          : Population numbers for three selected successive periods. 

The annual growth rate is calculated from the following formula: 

  (|  |   )   (11) 
 

Applied Side 
In this aspect, data representing the population numbers classified by gender (males and 

females) for the State of Iraq and during the time period 1989-2023 will be analyzed to obtain the 

predictive population numbers for the year 2030 through the use of modified exponential estimation 

methods and the logistic function for both the male and female population. 
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1. The modified exponential method, which assumes reliance in its calculations on three years of 

study, as the first year 1989 was relied upon and assumed as P0, the middle year was 2006 and 

assumed as P1, and the final year was 2023 and assumed by P2, relying on equations 

numbered (2), (3) and (4), The following results were obtained. 

C=1.01713393 people    

b= 323335.0418 people 

a=-314382.042 people   

By substituting the previous results into Equation No. (1), we obtain the predictive 

population numbers for the year 2030 

P2030 = 271605 people 

The annual growth rate can be calculated from Equation No. (5) 

r= 171% 

We notice from the results that the male population will increase in 2030 compared to 2023 

by 249,717, with an annual growth rate of 171%. 

The female population is done with the same previous steps. The predictive numbers of 

females can be obtained by relying on the equations numbered (2), (3), and (4). 

C= 1.011696943   people  

b= 499446.74      people 

a= -490971.74    people 

By substituting the previous results into Equation No. (1), we obtain the predictive 

population numbers for the year 2030. 

P2030 = 259362 people 

The annual growth rate can be calculated from Equation No. (5) 

We note from the results that the female population will increase in 2030 compared to 2023 

by 237,926, with an annual growth rate of 161%. 

This means that the population increase for males is greater than the population increase for 

females, and this increase can be affected by the factors surrounding the population during the study 

period. 

2.  Logistic function: This function relies in its calculations on the same mechanism in which the 

exponential adjusted function was calculated based on three years of study. It was assumed 

that the year 1989 = P1, and the year 2006 = P2, as it is the average year that divides the years 

of study into equal periods, and the year 2023 = P3. 

To estimate the male population size based on equations numbered (8), (9), and (10), we 

obtain the following results: 

nB1 = -0.00750883   people 

B0= 0.72653764  people 

K = 56651.6649   people 

By substituting the previous results into Equation No. (7), we obtain the predictive numbers 

of males for the year 2030. 

P2030= 21873 people 

The annual growth rate is calculated according to Equation No. (11) 

r= 75% 

By comparing the extracted results, which represent the predicted numbers of males, we 

notice a decrease in the number of males in the year 2030 compared to the year 2023 by 197,015, 

with an annual growth rate of 75%. 

To obtain the population numbers of predictive females, we follow the same previous steps, 

relying on the equations numbered (8), (9), and (10). We obtain the results. 

nB1 = -0.00906133   people 

B0= 0.56865216   people 

K = 39865. 0395   people 

By substituting the previous results into Equation No. (7), we obtain the predicted numbers 

of females for the year 2030 
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P2030= 17439 people 

The annual growth rate is calculated according to Equation No. (11) 

r= 19% 

Comparing the extracted results, which represent the predicted number of females, we notice 

a decrease in the number of females in 2030 compared to 2023 by 3997, with an annual growth rate 

of 91%. 

Through the results extracted for the two methods and the classified population numbers, 

they can be included in the following table: 

Table No. (1) shows the results of estimates for the numbers of males and females for the year 

2030 

Males No. Females No. 

Modified exponential 271605 Modified exponential 259362 

Annual growth rate 979%  Annual growth rate 991%  

Logistic function 21873 Logistic function 17439 

Annual growth rate 77%  Annual growth rate 19%  
 

By observing Table No. (1) and comparing the estimated results for the number of males 

and females for the year 2030 with the number of males and females for the year 2023, as it is the 

last year and closest to the predicted year, we conclude the following: 

1. The results of estimating the number of males predicted according to the modified exponential 

method appeared to be 271,605 for the year 2030, with a growth rate of 171%, compared with 

the number of males, 21,888 for the year 2023, while it was found that the number of males 

predicted according to the logistic method was 21,873 for the year 2030, with a growth rate of 

75%, compared with the number Males: 21,888 for the year 2023, which indicates that the 

number of males will increase in the future according to the exponential modified function, 

while the results of the logistic function showed that the number of males is decreasing over 

time. 

2. The results of estimating the number of females predicted according to the modified 

exponential method appeared at 259,362 for the year 2030, with a growth rate of 116%, by 

comparing it with the number of females, 21,436 for the year 2023. It was found that the 

number of females will increase in the future according to this function, while it was found 

that the number of females predicted according to the method Logistics: 17,439 for the year 

2030, with a growth rate of 91%, compared to the number of females, 21,436 for the year 

2023. It shows us that the number of females is constantly decreasing over time according to 

this function. 
 

Conclusions and Recommendations 
1. The number of males predicted according to the modified exponential and logistic methods is 

increasing compared to the number of females. 

2. The estimate of the numbers of males and females according to the modified exponential 

method will continue to increase in the year 2030 compared to the year 2023. 

3. Estimating the numbers of males and females according to the logistical method will be 

constantly decreasing in the year 2030 compared to the year 2023. 

4. The estimated numbers of males and females according to the modified exponential method 

are constantly increasing. Therefore, it is considered better than the logistic method, which has 

shown that the estimated numbers of males and females are decreasing during the coming 

period. 

5. We recommend using other estimation methods to estimate population numbers for future 

years. 

6. Make estimates of other data, such as births and deaths for males and females. 
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 انعزاق، جايعت انًستُصزَت، بغذادانلسى الاحصاء، كهُت الادارة والالتصاد، 

 

 هعلىهات البحث
 

 الوستخلص

 تىاريخ البحث:

 
هٍ الأكبز فٍ يعظى انذول انُايُت بًا فُها  إٌ انشَادة انكبُزة فٍ يعذلاث انًُى انسكاٍَ     

انعزاق، وَصاحب هذِ انشَادة تغُز فٍ خصائص انسكاٌ يٍ حُث انحجى وانتزكُب 

وانتىسَع، يًا َؤدٌ إنً إعادة انُظز فٍ انسُاساث انسكاَُت انمائًت، نتكىٌ لادرة عهً 

ستذايت وانخطظ يىاجهت انضغىط انتٍ َشكهها الاكتظاظ انسكاٍَ عهً جهىد انتًُُت انً

 .انًستمبهُت

ويٍ هُا فئٌ هُان حاجت دائًا إنً إجزاء تمذَزاث نلأعذاد انسكاَُت انًستمبهُت وانتغُزاث      

انتٍ يٍ انًحتًم أٌ تصاحب تزكُبت انسكاٌ وتىسَعهى عهً يستىي الأَشطت ويجالاث 

 .انحُاة انًختهفت

ها تطبك فٍ ظزوف يختهفت تختهف طزق انتمذَز عٍ بعضها انبعض عهً أساص أٌ كم يُ

ً عٍ الأخزي، وَعىد سبب الاختلاف إنً يستىي دلت انبُاَاث انتٍ تستخذو كأساص  تًايا

لإجزاء هذِ انتمذَزاث وانتُبؤاث انتٍ تشُز إنً سَادة أو َمصاٌ فٍ عذد انسكاٌ فٍ 

 .انًستمبم

َتُاول هذا انبحث استخذاو بعض طزق انتمذَز انتٍ سُتى تطبُمها عهً انسكاٌ فٍ       

انعزاق خلال فتزة سيُُت يعُُت نتمذَز أعذاد انسكاٌ فٍ انًستمبم وهذِ انطزق يثم )الأسُت 

يٍ ( 0202-9191)هىجستُت( تى انحصىل عهً أعذاد انسكاٌ خلال هذِ انفتزة وانًعذنت ان

نلإحصاء، وباستخذاو انخىارسيُاث انًعذة يٍ لبم انباحثٍُ نكم طزَمت يٍ انجهاس انًزكشٌ 

طزق انتمذَز ويٍ خلال انُتائج انًستخزجت َتضح أٌ انتُبؤاث انسكاَُت نسكاٌ انعزاق سىف 

 .تتشاَذ أو تتُالص فٍ انًستمبم

  25/2/2024انبحث: تمذَى تارَخ 

 12/4/2024تارَخ لبىل انبحث: 

 31/12/2024ً انًىلع: تارَخ رفع انبحث عه
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 .انسكاَُت فٍ انعزاق
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