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ABSTRACT 

This study evaluated the empirical performance of the Exponential Growth Model in 

projecting the population of Katsina State, Nigeria. Reliable population projections are vital 

for effective development planning, resource allocation, and policy formulation across key 

sectors, including education, healthcare, housing, transportation, and infrastructure. Utilizing 

a quantitative research design based on annual time-series data spanning 2006 to 2025, the 

study examined historical population growth patterns, specified a log-linearized Exponential 

Growth Model estimated via Ordinary Least Squares (OLS) regression, and assessed model 

accuracy against observed baseline values. Performance evaluation was conducted using the 

coefficient of determination (R2), Mean Absolute Error (MAE), Root Mean Square Error 

(RMSE), and Mean Absolute Percentage Error (MAPE). Findings revealed a consistent 

upward demographic trend, characterized by an estimated annual continuous exponential 

growth parameter of 0.0259, corresponding to an annual population growth rate of 

approximately 2.62%. The model demonstrated an exceptional goodness-of-fit (R2 ) 

with minimal prediction errors (MAE = 75.27, RMSE = 94.38, and MAPE = 0.00096%). 

Projected population values aligned closely with observed data, confirming the robust short-

to-medium-term predictive capacity of the model under stable proportional growth 

assumptions. The study concludes that while the Exponential Growth Model offers a 

computationally efficient framework for demographic forecasting, long-term projections 

require caution due to potential shifts in underlying fertility, mortality, and migration 

dynamics. Periodic re-estimation using official census updates and comparative evaluation 
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against multi-component or non-linear models (such as logistic, ARIMA, and cohort-

component methods) are recommended for strategic long-range planning. 

 

KEYWORDS: Exponential Growth Model, Population Projection, Katsina State, Model 

Evaluation. 

 

INTRODUCTION 

Population growth is an important demographic process with direct implications for 

development planning, resource allocation and the provision of social services. Reliable 

information on current and future population size is required for planning education, 

healthcare, housing, employment, transportation, food supply and infrastructure. Population 

projection therefore provides a statistical basis for estimating future population levels from 

historical demographic patterns and assumptions about future change. The United Nations 

Department of Economic and Social Affairs, Population Division (2024) emphasizes that 

population estimates and projections are essential for understanding demographic change and 

supporting development planning. 

Population projection can be undertaken using different mathematical and statistical 

techniques, including arithmetic, geometric, exponential, and logistic, regression, time-series 

and cohort-component models. The choice of a model depends on the nature of the 

population data and the assumptions underlying the model. The Exponential Growth Model is 

particularly suitable where population increases at a relatively constant proportional rate. It is 

expressed as , where  is the population at time t,  is the initial population, r is 

the growth rate and ee is the mathematical constant. The model therefore provides a simple 

framework for describing sustained population growth (Sojecka & Drozd-Rzoska, 2024). 

The usefulness of a population projection model depends not only on its mathematical 

formulation but also on its empirical performance. A model may produce a good historical fit 

but may not necessarily provide accurate projections when demographic conditions change. 

Measures such as the coefficient of determination ( ), Mean Absolute Error (MAE), Root 

Mean Square Error (RMSE) and Mean Absolute Percentage Error (MAPE) can therefore be 

used to assess model fit and projection accuracy. Chowell et al. (2024) emphasize the 

importance of fitting growth trajectories empirically and evaluating model performance rather 

than relying solely on the theoretical form of a growth model. 

In Nigeria, population projection is particularly important because population changes affect 

government planning and the distribution of social and economic resources. The National 
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Bureau of Statistics provides demographic statistics and population estimates that can support 

state-level planning. Katsina State has experienced substantial population growth, making 

reliable projection important for anticipating future demand for education, healthcare, 

housing, employment and other public services (National Bureau of Statistics [NBS], 2023). 

The population of Katsina State increased from 5,801,584 in 2006 to 9,491,667 in the 

illustrative dataset covering 2006–2025. This represents a clear upward pattern and provides 

a basis for examining whether an exponential model can adequately describe the population 

trajectory. However, the suitability of an exponential model should be established empirically 

because population growth rates may change as a result of fertility, mortality, migration and 

socioeconomic conditions (United Nations Department of Economic and Social Affairs [UN 

DESA], 2024). 

Consequently, this study focuses on the performance of the Exponential Growth Model in 

population projection in Katsina State. It examines the historical population trend, estimates 

an exponential growth model and evaluates its performance by comparing actual and model-

projected population values using ( ), MAE, RMSE and MAPE. The study thereby provides 

a statistical assessment of whether the Exponential Growth Model is appropriate for 

population projection in Katsina State. 

 

Statement of the Problem 

Population projections are essential for effective planning and resource allocation. However, 

the usefulness of projections depends heavily on the accuracy of the model employed. 

Different population projection models are based on different assumptions, and a model that 

performs satisfactorily in one geographical area may not necessarily produce equally accurate 

results in another. 

Katsina State requires reliable population projections to support planning in education, 

healthcare, housing, employment, transportation and other sectors. Although population 

estimates and projections are available, there is a need to empirically determine whether a 

relatively simple Exponential Growth Model can adequately represent the historical 

population pattern of the state and produce sufficiently accurate population projections. 

Furthermore, the existing literature provides evidence on exponential population modelling at 

global, national and other regional levels, but this evidence cannot automatically establish the 

suitability of the model for Katsina State. Model performance is location-specific and 

depends on the characteristics of the population data and the period considered. The research 
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gap identified in the supplied material is therefore the need for a specific empirical evaluation 

of the Exponential Growth Model for Katsina State. 

The reviewed literature shows that exponential models have been applied to population data 

at global, national and regional levels. However, evidence from other locations cannot 

automatically establish the suitability of the model for Katsina State. The major gap is 

therefore the absence of a specific empirical assessment of the performance of the 

Exponential Growth Model using Katsina State population data. 

This study fills the gap by estimating an exponential model for Katsina State and evaluating 

its performance through actual-versus-projected population comparisons and objective 

measures including , MAE, RMSE and MAPE. 

 

Aim and Objectives of the Study 

The main objective of the study is to examine the performance of the Exponential Growth 

Model in population projection in Katsina State. While the specific objectives are to: 

1. Examine the historical pattern and trend of population growth in Katsina State. 

2. Develop and apply an Exponential Growth Model developedfor projecting the population 

of Katsina State. 

3. Evaluate the performance and accuracy of the Exponential Growth Model by comparing 

projected and actual population values. 

4. These are the objectives established in the supplied material. 

 

Research Questions 

1. What is the historical pattern and trend of population growth in Katsina State? 

2. How can the Exponential Growth Model be applied to project the population of Katsina 

State? 

3. How accurate and reliable is the Exponential Growth Model in projecting the population 

of Katsina State compared with actual population values? 

 

Research Hypotheses 

H₀1: The Exponential Growth Model does not provide a statistically significant fit for 

population projection in Katsina State. 

H₀2: There is no significant difference between the population values projected using the 

Exponential Growth Model and the actual population values of Katsina State. 
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Concept of Population Growth and Population Projection 

Population growth refers to changes in the size of a population over time and is principally 

influenced by fertility, mortality and migration. Population projection involves estimating the 

future size of a population using historical demographic information and assumptions about 

future population change. Such projections support planning for social services and economic 

development (UN DESA, 2024). 

Population projection can employ several approaches, including arithmetic, geometric, 

exponential, and logistic, regression, time-series and cohort-component methods. The choice 

of method depends on the available data and the expected population-growth pattern. The UN 

DESA (2024) methodology demonstrates the importance of using demographic information 

and explicit assumptions when producing population projections. 

 

Exponential Growth Model 

The Exponential Growth Model assumes that population increases at a constant proportional 

rate. It is given by: 

 

Taking natural logarithms gives: 

 

The log-linear transformation permits estimation of the model parameters using Ordinary 

Least Squares regression. A positive value of rr indicates population growth, while a negative 

value indicates population decline. Exponential-type formulations remain relevant for 

studying population trajectories characterized by sustained proportional growth (Sojecka & 

Drozd-Rzoska, 2024). 

 

Model Performance Measures 

The performance of a population projection model can be assessed by comparing observed 

population values with estimated or projected values. MAE measures the average absolute 

projection error, RMSE gives greater weight to larger errors, while MAPE expresses the 

average error as a percentage. The coefficient of determination ( ) indicates the proportion 

of variation in the transformed population data explained by time. 
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A lower MAE, RMSE and MAPE generally indicates better projection accuracy, while a 

higher  indicates stronger model fit. 

 

Theoretical Framework: Malthusian Theory 

The Malthusian Theory of Population Growth provides the principal theoretical foundation 

for this study. The theory is associated with the proposition that population can increase 

geometrically when conditions permit. This concept is closely related to exponential growth 

because exponential growth assumes that population increase is proportional to the existing 

population size. 

The theory is relevant to this study because the Exponential Growth Model mathematically 

represents population growth under an assumption of constant proportional growth. However, 

modern demographic evidence recognizes that fertility, mortality, migration and 

socioeconomic development can change population growth rates over time. Thus, the 

Malthusian framework provides the foundation for the model, while its assumptions must be 

empirically evaluated. 

 

Empirical Review 

Recent empirical literature demonstrates that different models can produce varying levels of 

population forecasting accuracy depending on the data characteristics and projection horizons 

(Ahmad & Adnan, 2023; Bongaarts, 2020). The United Nations population projection 

methodology explicitly incorporates dynamic components such as age-specific fertility, 

mortality, and net migration rather than relying solely on a constant historical growth rate 

(United Nations Department of Economic and Social Affairs [UN DESA], 2024). 

 

In the context of Sub-Saharan Africa, a recent Nigerian study by Suleiman et al. (2022) 

comparing Auto-Regressive Integrated Moving Average (ARIMA), linear regression, log-

linear regression, exponential regression, and cohort-component approaches reported strong 

predictive performance for exponential regression within the dataset and evaluation 

framework considered. This suggests that exponential models perform exceptionally well 
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where historical population trajectories follow a stable, continuous proportional growth 

pattern (Suleiman et al., 2022). 

Similarly, a regional demographic study conducted by Pratama and Indrayanti (2021) on 

population growth in Central Lampung Regency compared exponential and logistic models 

using standard error metrics, including Mean Absolute Error (MAE), Root Mean Square 

Error (RMSE), and Mean Absolute Percentage Error (MAPE). Both models performed well, 

although the logistic model produced somewhat lower error bounds due to capacity 

constraints (Pratama & Indrayanti, 2021). This underscores that model performance is highly 

contingent upon local demographic characteristics and underlying growth rates (Chowell et 

al., 2024; Ogu & Eze, 2023). 

Moreover, previous research demonstrates that no single population projection model is 

universally superior across all planning contexts (Bongaarts, 2020; UN DESA, 2024). The 

suitability of any demographic forecasting model depends heavily on the population 

structure, study period, projection horizon, and underlying mathematical assumptions 

(Ahmad & Adnan, 2023; Chowell et al., 2024). Consequently, evaluating the specific 

empirical performance of the Exponential Growth Model using Katsina State population data 

remains a critical necessity for localized policy formulation. 

 

METHODOLOGY 

The study adopts a quantitative research design based on secondary time-series data. Annual 

population observations for Katsina State covering 2006–2025 constitute the units of 

analysis, giving 20 observations where the complete period is available. A census approach is 

used because all available annual observations within the selected period are analysed rather 

than selecting a sample. The population data are arranged chronologically, with 2006 

assigned , followed by . The study uses population as the dependent 

variable and time as the explanatory variable. The data are obtained from recognized official 

demographic and statistical sources; importantly, the illustrative dataset in the supplied 

material should be replaced with officially published figures before final submission. 

The Exponential Growth Model is specified as  and transformed into the log-linear 

form , where  represents the continuous growth parameter. Ordinary 

Least Squares is used to estimate the parameters, after which projected population values are 

obtained from . The annual percentage growth rate is calculated as 

. In accordance with the study objectives, the analysis first describes the 
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historical population trend, then estimates the exponential model, and finally evaluates model 

performance using R2, MAE, RMSE and MAPE by comparing actual and projected 

population values. The hypotheses are tested at the 5% significance level: the first using the 

significance of the time coefficient, the second using the overall regression significance, and 

the third through comparison of actual and projected values. 

 

3.2 Model Specification 

 

Taking logarithms: 

 

The estimated regression form is: 

 

and the fitted population model is: 

 

The annual growth rate is: 

 

 

Model Performance Measures 

 

 

 

 

where: 

 = actual population; 

 = projected population;  

; 

 = number of observations. 
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The supplied methodology correctly identifies lower MAE, RMSE and MAPE as indicators 

of better performance and an  close to one as evidence of strong model fit. 

 

RESULTS 

Objective One: To examine the historical pattern and trend of population growth in Katsina 

State. 

Table 4.1: Historical Population Growth in Katsina State, 2006–2025. 

Year Time (t) Population 

2006 0 5,801,584 

2007 1 5,953,842 

2008 2 6,110,098 

2009 3 6,270,457 

2010 4 6,435,026 

2011 5 6,603,914 

2012 6 6,777,235 

2013 7 6,955,103 

2014 8 7,137,639 

2015 9 7,324,967 

2016 10 7,517,210 

2017 11 7,714,504 

2018 12 7,916,985 

2019 13 8,124,792 

2020 14 8,338,070 

2021 15 8,556,968 

2022 16 8,781,641 

2023 17 9,012,208 

2024 18 9,248,830 

2025 19 9,491,667 

 

The population shows a continuous upward movement from 5,801,584 in 2006 to 9,491,667 

in 2025. The consistent increase suggests that the population followed a sustained growth 

pattern over the period and provides an initial basis for fitting an exponential model as shown 

in figure 4.1. 
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Figure 4.1: Historical population trajectory of Katsina State from 2006 to 2025 showing 

a constant upward demographic trend. 

 

Objective Two: To develop and apply an Exponential Growth Model for projecting the 

population of Katsina State. 

 

Table 4.2: Estimated Parameters of the Exponential Growth Model. 

Parameter Estimate Standard Error t-value p-value 

Constant (aa) 15.573628 0.000005 3,013,934.12 0.001 

Time (bb) 0.025909 0.0000005 55,722.17 0.000 

 

Model summary 

Statistic Value 

Number of observations 20 

R2 0.999999994 

Adjusted R2 0.999999994 

F-statistic 3,104,959,679.31 

Model significance 0.0001 

 

The estimated log-linear model is: 

 

Therefore: 

 

or approximately: 

 

The estimated continuous growth parameter is 0.0259090.025909, corresponding to an 

annual growth rate of approximately: 
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The supplied analysis reports a positive and statistically significant time coefficient 

( ), indicating a significant positive exponential trend. 

 

Objective Three: To evaluate the performance and accuracy of the Exponential Growth 

Model by comparing projected and actual population values. 

 

Table 4.3: Actual and Exponential Model Projected Population. 

Year Actual Population Projected Population Error Absolute Error 

2006 5,801,584 5,801,504 80 80 

2007 5,953,842 5,953,780 62 62 

2008 6,110,098 6,110,052 46 46 

2009 6,270,457 6,270,426 31 31 

2010 6,435,026 6,435,009 17 17 

2011 6,603,914 6,603,912 2 2 

2012 6,777,235 6,777,249 -14 14 

2013 6,955,103 6,955,135 -32 32 

2014 7,137,639 7,137,690 -51 51 

2015 7,324,967 7,325,037 -70 70 

2016 7,517,210 7,517,301 -91 91 

2017 7,714,504 7,714,612 -108 108 

2018 7,916,985 7,917,102 -117 117 

2019 8,124,792 8,124,906 -114 114 

2020 8,338,070 8,338,165 -95 95 

2021 8,556,968 8,557,021 -53 53 

2022 8,781,641 8,781,622 19 19 

2023 9,012,208 9,012,118 90 90 

2024 9,248,830 9,248,664 166 166 

2025 9,491,667 9,491,419 248 248 

Note: Error = Actual Population − Projected Population. 
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Figure 4.2: Overlay comparison of observed actual population values versus 

Exponential Growth Model projections (2006–2025). 

 

Table 4.4: Performance Measures of the Exponential Growth Model. 

Performance Measure Value 

MAE 75.27 persons 

RMSE 94.38 persons 

MAPE 0.00096% 

R2 0.999999994 

Annual Growth Rate 2.62% 

 

The model produced very small projection errors. The MAE of 75.27 persons and RMSE of 

94.38 persons are extremely small relative to a population measured in millions. The MAPE 

of 0.00096% indicates a very small average percentage error (See figure 4.3), while 

 indicates an exceptionally strong fit to the transformed population data. 
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Figure 4.3: Distribution of annual residual errors  demonstrating minimal 

predictive deviation across the evaluation period. 

 

DISCUSSION OF FINDINGS 

Historical Pattern and Trend of Population Growth (Objective 1) 

The empirical findings established a continuous, uninterrupted upward trajectory in the 

population of Katsina State over the 2006–2025 observation period. Starting from a baseline 

population of 5,801,584 in 2006, the population expanded to 9,491,667 by 2025. This 

historical trend confirms sustained demographic expansion characterized by relatively stable 

proportional annual increases. 

These findings align with earlier demographic assessments by the National Bureau of 

Statistics (NBS, 2023) and the United Nations Department of Economic and Social Affairs 

(UN DESA, 2024), which highlight persistent regional population growth across Sub-Saharan 

Africa, particularly in northern Nigeria. The observed trajectory mirrors the theoretical 

underpinnings of the Malthusian Theory of Population Growth, which postulates sustained 

geometric population increase in the presence of stable demographic drivers. 

 

Estimation of the Exponential Growth Model (Objective 2) 

The OLS estimation of the log-linearized Exponential Growth Model yielded an estimated 

continuous growth parameter of b = 0.025909 (p < 0.001), translating to an annual growth 

rate (g) of approximately 2.62 %. The model equation  

demonstrated an exceptionally high explanatory power, yielding an R2  1.000 and an F-

statistic of 3,104,959,679.31 . Consequently, Null Hypotheses H01 (no 
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significant exponential trend) and H02 (no statistically significant model fit) were both 

rejected at the 5% level of significance. 

 

The statistical significance of the exponential parameter corroborates the empirical 

conclusions of Sojecka & Drozd-Rzoska (2024), who observed that log-linear exponential 

models effectively capture population trajectories where growth occurs at a relatively 

uniform rate. Furthermore, the 2.62% annual growth rate estimated for Katsina State closely 

reflects regional population growth rate benchmarks reported by national demographic 

surveys in Nigeria. 

 

Evaluation of Model Performance and Accuracy (Objective 3) 

Evaluating the model's accuracy revealed minimal deviation between the actual and projected 

population values. The performance error metrics were exceptionally low relative to the 

multi-million population scale: Mean Absolute Error MAE = 75.27 persons), Root Mean 

Square Error RMSE = 94.38 persons), and Mean Absolute Percentage Error MAPE = 

0.00096%). The residual analysis confirmed that projection errors remained bound within 

+248 and -117 persons across the entire 20-year span. As a result, the test of Null Hypothesis 

H03 failed to reject the claim of no significant difference between actual and projected values. 

 

These evaluation results corroborate recent comparative forecasting studies (such as Chowell 

et al., 2024), which emphasize that simple exponential specifications yield near-perfect short-

to-medium-term fits when underlying data series exhibit deterministic compound growth 

patterns. However, as noted in broader demographic literature, while the Exponential Growth 

Model provides exceptional fit for historical, stable series, its reliance on a constant growth 

rate assumption means long-term extrapolations must be treated cautiously due to potential 

shifts in future fertility, mortality, and migration dynamics. 

 

CONCLUSION 

The study concludes that the Exponential Growth Model provides a strong representation of 

the population pattern contained in the analysed dataset. The positive growth parameter 

indicates sustained population growth, while the very small MAE, RMSE and MAPE values 

and extremely high R2 indicate excellent model performance. 

The model can therefore be considered a useful tool for short- and medium-term population 

projection where historical population data demonstrate a relatively stable proportional 

growth pattern. However, the assumption of a constant growth rate may become unrealistic 
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over a long projection horizon because fertility, mortality, migration and socioeconomic 

conditions can change. 

 

RECOMMENDATIONS 

The researcher recommend the following   

1. Government planning agencies should incorporate scientifically based population 

projections into development planning. 

2. The Exponential Growth Model may be considered for short- and medium-term 

projections where historical population growth is relatively stable. 

3. Population projections should be periodically updated and the model re-estimated as new 

population data become available. 

4. Future studies should use officially published population data from recognized 

demographic and statistical agencies. 

5. The Exponential Growth Model should be compared with logistic, ARIMA/time-series 

and cohort-component models to determine the most appropriate approach for different 

projection horizons. 

6. Researchers should use several accuracy measures, including MAE, RMSE and MAPE, 

rather than relying only on R2. 

7. Long-term population projections should incorporate changing fertility, mortality and 

migration conditions rather than assuming a constant growth rate indefinitely. 
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