


An Analysis of Economic Growth Indices in Nigeria Using the Solow’s Model


1. ABSTRACT
This article presents an Analysis of Economic Growth Indices in Nigeria using the Solow’s Model. The model uses key indices of economic growth such as Capital formation, Labor Supply and Total factor productivity to estimate the real Gross Domestic Product (GDP) per capita of the Nigerian economy. Nigeria's economic growth has fluctuated in recent decades, with periods of rapid expansion followed by stagnation. The study utilizes the Augmented Cobb-Douglas production function to model Nigeria's economic growth from 2005 to 2022. The research used MATLAB and Excel spreadsheet to simulate growth using 2005 as base year and to compare the results obtained with World Bank data. The results of the study showed that the model was able to track the trends in Nigeria’s Labor Force data and Total Factor Productivity with a relatively stable growth rate of approximately 2.63% per year. But the model tends to overestimate observed Capital Formation, with an average annual growth rate of 14.49%. The Solow’s model showed a growth pattern of Nigeria with an average growth rate of 4.53%, and an estimated real Gross Domestic Product (GDP) per capita of $20,190.50 in 2022, indicating the model’s ability to predict the economic growth rate of Nigeria. Nigeria policymakers should adopt strategies that improves these key drivers of economic growth in order to boost the overall production of the country.
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2. INTRODUCTION
Economic growth is the sustained increase in the capacity of an economy to produce goods and services, measured as a percentage change in real GDP per capita (Jones, 2018). Economic growth has been a central concern of mathematical economists since the Industrial Revolution. Countries around the world, from Africa, to Europe, to Asia, to the Americas, have sought to understand how to achieve sustained economic growth over time (Shuaibu, 2021). The World Bank Group data on ‘Nigeria Development Outlook’ of December 2022, stated that “The potential output of real GDP growth of Nigeria slowed by 48% from an average of a strong 8.2 percent in 2000-2010 to 4.4 percent in 2011-2014 and further to 2.1% in 2015-2021”. The reason for these growth volatilities in Nigeria and other countries has remained an important theoretical and empirical task. 
The growth theory of Solow (1956) falls within the framework of the neoclassical growth model. It explains long-run economic growth by looking at some factors of production such as, ‘capital accumulation, labor and increase in productivity largely driving by technological progress or total factor productivity. The Solow model assumes that a single output (GDP) is produced according to an aggregate production function technology of Cobb-douglas. 
The production function for the unique final good is given as
 , 								1
where  is the total production at time t, having three inputs: Capital Stock , total labor supply  and the residual input defined in terms of technological progress A(t). The function  is continuous, twice differentiable in  and , with diminishing marginal products and F is linearly homogenous of degree one in K and L if  or in economic terms, it exhibits constant return to scale.
The savings rate according to this model is a key indices in determining the level of capital stock (K), since a higher savings rate leads to growth in investments and hence a higher level of production. Savings is one of the factors which plays an important role in the economic growth and development of any economy. Growth models developed by Romer (1986) and Luca (1988) predicted that higher savings and the related increase in capital accumulation can result in the permanent increase in growth rates. More so, empirical work by Barro (1990) has provided support to the notion that capital accumulation and savings is central for understanding growth differentials across countries. Nigeria’s national savings, as a percentage of Gross Domestic product (GDP) has been declining from 87% in 1981 to 23% in 2020 (World Bank Group, 2020).
Another indices of economic growth after Savings and increase in labor supply is Technological progress. This can be seen in the qualitative changes in the production such as increasing the educational level of workers, improvements of the organization, growth of the production scale and so on.
The Cobb-Douglas production function is one of the most widely used economic models to measure growth rates around the world. It is a simple and elegant model that relates the output of an economy to its inputs of capital and labor. The model is named after its two developers, Charles Cobb and Paul Douglas, who first published it in 1928. It has been used to measure growth rates in a wide range of countries, including developed and developing countries. It has also been used to study the sources of growth, such as the impact of capital accumulation and technological progress on growth (Jones, 2018)
However, this research will use the modified augmented production function of Cobb-Douglas as stated by Mankiw (2009), to be of the form
  , where  is said to be labor-augmenting technological progress or total factor productivity (TFP). 
 
3. LITERATURE REVIEW
The failure of an economy has been identified to be associated with mismanagement of her macroeconomic indices (Nyoni and Bonga, 2018). This research will draw on some recent theoretical perspectives, including but not exclusive to the Classical growth theory, Neoclassical growth theory of Solow-Swan and the endogenous growth theory. Classical growth was developed by Adam Smith, Thomas Malthus, and David Ricardo in the 18th and 19th centuries. It was an economic theory that states that economic growth is determined by the accumulation of capital and the growth of population (Harris, 2003). Classical growth theory has been criticized for its pessimistic view of economic growth. Critics argue that the theory does not take into account the role of technological progress in driving economic growth, because technological progress can offset the decline in the marginal productivity of capital, allowing for sustained economic growth (Herrera, 2011).
The growth theory of Solow (1956) is one of the most important contributions to modern growth theory. The Solow-Swan model of economic growth or the exogenous growth model is an economic model of long-run economic growth. It attempts to explain long-run economic growth by looking at Capital accumulation, Labor or Population growth and increase in productivity, which is largely driven by technological progress. Solow proved that the growth theory of Harrod-Domar was not correct in concluding that a constant rate of savings and investment brings about an everlasting growth. He was able to show the effect of diminishing returns on continuous investment (Solow, 1956). 
The Solow’s model is a nonlinear system consisting of a single ordinary differential equation that models the evolution of the per capita stock of capital (Wikipedia, 2023). The model states that output is produced using two factors of production, labor (L) and Capital (K) in an aggregate production function of Cobb-Douglas (1927), given by   . This production function was the collaborative work done by Paul Douglas, a professor of economics and Charles Cobb, a Mathematician. As stated by Mankiw (2010), Paul Douglas noticed that the division of national income between Capital and Labor has been roughly constant over a long period. This meant that as the economy grew more prosperous in the long run, the total income of workers and the total income of capital owners grew at almost the same rate. 
Endogenous growth theory was developed in response to the neoclassical growth model, which argues that economic growth is driven by exogenous factors, such as technological progress. The neoclassical growth model predicts that, in the long run, all economies will converge to the same level of income per capita. However, this prediction is not consistent with the observed fact that some economies grow much faster than others. The theory argues that there are a number of factors that can lead to sustained economic growth, even in the absence of exogenous technological progress. These factors include, ‘Investment in human capital’: which means that education and training can increase the productivity of workers, which can lead to higher output and income. 
To evaluate the Solow’s Model in Nigeria’s Economy, Rolle and Uffe (2015) utilized the Ordinary Least Square techniques and annual time series data spanning the years 1970 to 2012. While the basic Solow model was completely validated using the Nigeria’s economy, the Augmented Solow model was non-compliant with prescriptions by Romer, Mankiw and Weil(date). The study recommended among others, the creation of enabling environment for an effective macroeconomic policy framework that supports the Solow model, policy consistency and the integration of Solow variables into policy formulation.
Esu and Udonwa (2016) sort to assess the role some growth determinants to the growth of the Nigerian economy. The study employed time series data for the period 1981 to 2013, using the Augmented Cobb-Douglas production function (gleaning from Solow growth model) and relying on error correlation modeling framework. The econometric results established the fact that population growth has the potentials of fostering economic growth in Nigeria, but underlined the fact that this and other benefits would depend on, not only the chunk of the entire population. But in a study on Modeling Economic Growth in Ghana, Mends-Brew (2012) used the Augmented Cobb-Douglas Production function of the Solow Model to measure the changes in the Ghanian Economy for the period 1991 to 2011, with respect to the changes in the real aggregate Gross Domestic Product (GDP) growth and the ratios of the main macroeconomic variables, like production per worker, capital-output ratio. The result of this study showed that the model is good for the prediction of any country’s economic growth. 
Egbulonu and Ajudua (2023) examined the determinants of economic growth in Nigeria using macroeconomic approach for the period 1980 to 2014. The macroeconomic model formulated used Gross Domestic Product (GDP) as the depended variable while Foreign Direct Investment (FDI), Degree of openness, Gross Capital formation, Money Supply, Interest rate, Government expenditure on education and employed labor force as the explanatory variable. The data were tested for stationarity using Augmented Dickey-fuller unit root test. The test revealed that a long run relationship exists between economic growth (GDP) and the macro-economic variables used in the study.
A study by Nyoni and Bonga (2018) on What determines Economic Growth in Nigeria revealed that the main determinants of economic growth in Nigeria are Population growth, Inflation, Foreign direct investment (FDI), interest rates, exports as well as provide and public investment. In another study, Mustapha and Akinkunmi (2017) analyzed the pattern of economic growth in Nigeria since its independence and investigated the determinants of its economic growth for the sample period 1960-2015. The findings of the study based on the estimation of Autoregressive Distributed Lag (ARDL) model indicates that the long-run economic growth is significantly influenced by the level of investment, while political stability and political freedom have a negative insignificant impact on the growth rate of the Nigerian economy. 
Oburota and Ifere (2017) investigated the manufacturing subsector and economic growth in Nigeria. Findings from the study showed that manufacturing output, capital and technology were the major determinants of economic growth, and the results also confirms that quality of institutions and labor force does not exert any impact on economic growth. The study then concluded that the provision of capital in the form of financial resources to fund the manufacturing sector will greatly improve manufacturing activities in Nigeria.
In another study, Shuaibu (2021) explored how variables such as Foreign Direct Investment, Physical capital, export, savings, natural resources, financial development, population size and foreign exchange, influence economic growth in Nigeria. It used the dynamic econometrics modeling techniques of autoregressive distributed lag (ARDL) and the generalized method of moments model to analyze the data. The findings showed that physical capital, savings, population growth and government size have positive effects on economic growth in Nigeria. Adelakun (2011) evaluated the Human capital development and economic growth in Nigeria, by adopting conceptual analytical framework that employs the theoretical and ordinary least square (OLS) to analyze the relationship using GDP as proxy for economic growth. The result showed that there is a strong positive relationship between these variables.
Yusuf (2020) analyzed the impact of foreign Direct investment inflow, net-export and foreign exchange rate on the growth of the Nigerian economy (GDP). The dynamic ordinary least square method (DOLS) and multiple regression analysis technique was employed to estimate the various data covering 1980 to 2018. The result showed that all the explanatory variables except exchange rate were positively linked with economic growth.
Ewubare and Anuli (2015) in their study on Capital Accumulation and Economic Growth in Nigeria, adopted a simple endogenous growth model to evaluate the short and long-run impact of Gross Fixed capital formation, human capital formation, savings and population growth rate on economic growth in Nigeria. The Autoregressive Distributed Lag model indicated no short and long-run impact of these variables on economic growth. Also using Pesaran Bound Test and Wald Coefficient Diagnostic Test, it was found that there is no long-run impact of Gross Fixed capital formation, human capital formation, national saving, and population growth rate on economic growth.
Ismaila and Imoughele (2015) examined the macroeconomic determinants of economic growth in Nigeria using real gross domestic product (RGDP). They used Johansen’s co-integration test to establish short and long run relationships between economic growth and major macroeconomics determinants. The results showed that gross fixed capital formation, foreign direct investment and total government expenditure are the main determinants economic growth in Nigeria.
Efuntade (2022) explored the effect of population growth on the economic growth of Nigeria over the period of 1994 to 2019. Time Series data on gross domestic product (GDP), mortality rate, fertility rate, and immigration rate, were obtained from the Central Bank of Nigeria (CBN) and world development indicators. This study utilized the co-integration and vector error correction model to analyze the data. The findings of the study revealed that mortality rate has a negative significant effect on GDP, while the fertility rate and international immigration has a significant positive effect on economic growth in Nigeria.

4. METHODOLOGY
This study adapted the Solow’s model to analyze selected indices of economic growth in Nigeria in comparison with data obtained from the World Bank Group. A Chi-Squared goodness-of-fit test was used to show whether there is a significant difference between the data observed from the World Bank Group and the Solow model. The data for this study were obtained from secondary sources. The databases of World Bank, Central Bank of Nigeria and the Nigeria Bureau of Statistics were accessed. These sources provided reliable and verifiable data on the selected indices of economic growth in Nigeria for the period 2005 to 2022. The method of data analysis will involve the development of mathematical models of some indices of economic growth using differential equations. These indices are Capital Accumulation, labor supply and Total Factor Productivity and the production function. To facilitate the analysis process, software packages like Matlab and the Excel Spreadsheet will be employed.

4.1	Model formulation
The following assumptions were made:
· The model is a dynamic model
· Denote aggregate variable by capital letters  and per capita variables by small letters 
· It is assumed that Labor Supply and TFP grows by itself from an initial level  and A(0) respectively.
· The production function will be of Cobb-Douglas written as 
 
where  is the total output, K is the capital accumulation, L is total labor supply,  is the output elasticity and AL is labor-augmented productivity.
· It is assumed that each factor of production is subject to diminishing return
· The economy is closed to external forces and no government intervention
· Depreciation of capital is ignoredBottom of Form

4.2	The Production Function
The Solow model assumes that GDP is produced according to an aggregate production function that satisfies the property of ‘constant return to scale’, ‘the intensive form (expression of concepts in per capita form)’ and the Inada condition. The Cobb-Douglas function is the function used by Solow that satisfies these conditions, and it is given by:
 								(2)
Where, K is Capital or capital accumulation, 	L is Labor supply,  is productivity or Total factor productivity (TFP) or labor-augmented productivity.

4.3	Constant Return to Scare
Solow assumed that the Production function exhibits constant return to scale, which means that if all inputs are increased by a certain multiple, output will increase by exactly that same multiple. The representation of the Production function in per worker terms is in the next representation is quite appropriate, given that we define economic growth as the change in per capita output:
									(3)
 						(4)

4.4	The intensive form
 								(5)	
 				       		(6)	
Output , is a function of output per capita.

4.5	Inada Condition
We assume that , and the following Inada condition:
	 								(7)
	

4.6	The Labor Supply Model
The labor supply model is an economic model that analyzes the relationship between labor supply and the production output within the framework of the Cobb-Douglas production function.
It is assumed that Labor Supply grows by itself (from assumption bullet four)
 								(8)
This is a separable difference equation
 										(9)
Divide both sides by L and by integrating, we obtain,
 									(10)
 									(11)
By taking the natural logarithm of both sides, we obtain
  										(12)
 										(13)
										(14)
where  is the initial capital stock of the economy.

4.7	Total Factor Productivity Model
Total Factor Productivity (TFP) is a measure of the efficiency or technological progress in the production process within the context of the Cobb-Douglas production function. It represents the output residual or the portion of output that cannot be explain by changes in the quantities of Capital Accumulation and Labor supply alone. This is reflected by the combined effects of factors such as information Technology, Artificial Intelligence, Biotechnology, managerial skills, among others.
This model assumes that TFP is endogenous i.e it grows proportional to itself.
 						 					(15)
Solving by separable variables
 										(16)
 										(17)
 										(18)
It then follows that:
 										(19)
Let  which represents the initial level of productivity.
We then have the following model for total factor productivity.
 										(20)
where:
 rate of productivity
 initial level of productivity 

4.8	Capital Accumulation Model
Capital accumulation refers to the portion of income that is not consumed but set aside (saved) for investment. The savings that are channeled into investment increase the stock of physical capital in the economy. This capital stock can be used in the production process to enhance productivity and contribute to economic growth.
In a closed economy, total output (Y) is equal to total income of the economy. The fraction of income saved, which is defined as investment constitutes change in capital, denoted by ‘s’.
Let the amount saved be  and the change of stock of capital with respect to time (t) be denoted by 
In a closed economy, we assume investment to be equal to savings
 										(21)

It follows that
 										(22)
     										(23)
This equation can be written as
 										(24)
Substituting  for  and  for  into (3.20)
 								(25)
Divide both sides by  and integrating, we obtain
 								(26)
 							(27)
 							(28)
 									(29)
But 
 								(30)
								(31)
If  (Initial capital stock)
 								(32)
Let 									(33)
Replacing  into (3.8.12) we obtain
 						(34)
 							(35)
This then follows that the model for capital accumulation is given by:
 						(36)
 								(37)
Where  and 

4.9	The Production Model
The Production model is a widely used to describe the relationship between aggregate output and aggregate inputs in an economy. The aggregate Production function specifies how the quantity of Labor (L) and Capital (K), along with Total Factor productivity (A), combine to generate output (Y) in the economy.
it is given as:
 										(38)
By substituting 3.6.1.1, 3.6.2.2 and 3.6.3.6 into 3.7.1, we obtain:
 		(39)
 			(40)
 							(41)
Where , () and 
This is the Production model of the economy.

4.10	The Growth Model
The growth model is represented by
 									(42)
 
Using equation 3.9.1 and substituting in time, , we have
   	(43)
Therefore the percentage change Q of total output over time,  is given by 
 								(44)
This will be the equation that will be used to find the economic growth rate of Nigeria at time, 

5. Data Presentation and Analysis
5.1	Labor Force Total
Labor force comprises of people ages 15 and older who supply labor for the production of goods and services during a specified period.  It includes people who are currently employed and people who are unemployed but seeking work, as well as first time job seekers (World Bank, 2023).

Table 1:  Total Labor Force of Nigeria from 2005 to 2022
	
	Total Labor Force
	Rate Of Change Of Labor(%)

	YEAR
	World Bank Data
	Calculated Values From Solow’s Model
	World Bank
	Solow’s Model


	2005
	47613325
	47613325
	
	

	2006
	48846711
	48867505.1405
	2.59
	2.63

	2007
	50110483
	50154721.5754
	2.59
	2.63

	2008
	51407935
	51475844.5121
	2.59
	2.63

	2009
	52748865
	52831767.0800
	2.61
	2.63

	2010
	54154360
	54223405.9345
	2.66
	2.63

	2011
	55649284
	55651701.8762
	2.76
	2.63

	2012
	54750499
	57117620.4878
	-1.64
	2.63

	2013
	53710834
	58622152.7860
	-1.94
	2.63

	2014
	55758900
	60166315.8919
	3.81
	2.63

	2015
	57867585
	61751153.7187
	3.78
	2.63

	2016
	60073638
	63377737.6770
	3.812
	2.63

	2017
	62423461
	65047167.3995
	3.91
	2.63

	2018
	64865190
	66760571.4843
	3.91
	2.63

	2019
	67373496
	68519108.2578
	3.87
	2.63

	2020
	68632664
	70323966.5579
	1.87
	2.63

	2021
	70620043
	72176366.5374
	2.90
	2.63

	2022
	73272344
	74077560.4894
	3.76
	2.63


Source: data.worldbank.org


5.2	Total Factor Productivity (TFP)
The productivity of inputs, or more technically, total factor productivity, refers to the amount of input required to produce a unit of output. It is typically computed as the ratio of output to the input utilized. While the total factor productivity for an economy can be computed this way, this can often be a difficult task. A more specific and commonly used measure of productivity is labor productivity; for our purpose, labor productivity is derived as the ratio of total output (annual GDP current prices) to labor inputs (total hours worked per year).


Table 2:  Total Factor Productivity of Nigeria from 2005 to 2022
	YEAR
	TOTAL FACTOR PRODUCTIVITY (observed values)
	TOTAL FACTOR PRODUCTIVITY (from model)
	Rate of change (observed values)
	Rate of change
(from model) 

	2005
	109.375
	112.2560 
	
	

	2006
	170.82
	115.2130
	61.45% 
	2.63%

	2007
	232.265
	118.2478
	35.84% 
	2.63%

	2008
	293.71
	121.3625
	26.47%
	2.63%

	2009
	355.155
	124.5594
	21.01% 
	2.63%

	2010
	416.6                                      
	127.8404
	17.46% 
	2.63%

	2011
	471.94                                    
	131.2078
	13.22% 
	2.63%

	2012
	551.70
	134.6639
	16.86%
	2.63%

	2013
	594.83
	138.2111
	7.82% 
	2.63%

	2014
	639.34
	141.8517
	7.49%
	2.63%

	2015
	718.14
	145.5882
	12.31% 
	2.63%

	2016
	774.08
	149.4232
	7.93% 
	2.63%

	2017
	835.735
	153.3591
	7.87% 
	2.63%

	2018
	897.39
	157.3987
	7.65%
	2.63%

	2019
	959.045
	161.5448
	6.84% 
	2.63%

	2020
	1020.7
	165.8000
	6.47%
	2.63%

	2021
	1082.355
	170.1673
	6.02%
	2.63%

	2022
	1144.01
	174.6497
	5.65%
	2.63%


Nigeria Bureau of Statistics: nigerianstat.gov.ng



Fig. 1: Extrapolation of Total Factor Productivity

5.3	Capital Formation Data of Nigeria
Gross capital formation (formally gross domestic fixed investment) includes land improvements, plant, machinery and equipment purchases and the construction of roads. Railways and the likes, including Schools, offices, Hospitals, Private residential dwellings and commercial and industrial buildings

Table 3:  Capital Formation of Nigeria from 2005 to 2022
	YEAR
	Nigeria Gross capital formation (current US$) – Observed Values -
	Rate of change (Observed Values)
	Nigeria Gross capital formation (current US$) – Calculated from Model -
	Rate of change (from model calculation)

	2005
	46007392712.5445
	
	46007392712.5445
	

	2006
	66446868684.5136
	44.43
	54378499251.9759
	18.20

	2007
	59115420478.9567
	-12.40
	63917552075.0464
	17.54

	2008
	67545569382.2184
	14.26
	74747143789.4925
	16.94

	2009
	65048063825.9167
	-3.84
	86999716991.2477
	16.39

	2010
	64451254554.2638
	-0.92
	100818229390.0218
	15.88

	2011
	67809055788.934
	5.21
	116356860384.3772
	15.41

	2012
	69404614241.6679
	2.35
	133781761494.9692
	14.97

	2013
	77517772776.564
	11.68
	153271853205.1119
	14.57

	2014
	90736563331.142
	17.05
	175019670905.5433
	14.19

	2015
	76370361782.9367
	-18.81
	199232262795.7391
	13.83

	2016
	62181351621.7258
	-22.81
	226132142757.8479
	13.50

	2017
	58144125749.4116
	-6.94
	255958301391.8139
	13.19

	2018
	83562457327
	43.72
	288967278582.0840
	12.89

	2019
	120602843089.334
	44.33
	325434301157.9690
	12.62

	2020
	118842245855.716
	1.48
	365654489411.8718
	12.36

	2021
	149154697147.503
	25.50
	409944136452.7650
	12.11

	2022
	112000000000
	-24.9
	458642064597.1649
	11.88


Source: data.worldbank.org


5.4	Production Data (GDP – Constant 2002 US$)
GDP at purchaser’s prices is the sum of gross value added by all resident producers in the economy plus any product taxes and minus any subsidies not included in the value of the products. It is calculated without making deductions for depreciations of fabricated assets or for depletion and degradation of natural resources. Data are in current U.S dollars.

Table 4:  Production (GDP-Constant 2002 US$) of Nigeria from 2005 from 2002
	Year
	Observed Values 
	Calculated Values
	GDP Growth Rate 
Observed       Calculated

	2005
	175670536601.006
	703408825513.6835
	
	4.45

	2006
	238454952231.572
	734761156769.0710
	35.74
	4.46

	2007
	278260808841.03
	767587917074.7362
	16.69
	4.47

	2008
	339476215683.592
	801961032082.7537
	22.00
	4.47

	2009
	295008767295.038
	837956027876.2102
	-15.07
	4.48

	2010
	366990528103.078
	875652214557.7280
	24.40
	4.50

	2011
	414466540786.738
	915132879324.2756
	12.94
	4.51

	2012
	463971000388.612
	956485489523.1171
	11.94
	4.52

	2013
	520117163617.721
	999801906209.7498
	12.10
	4.53

	2014
	574183825592.358
	1045178608756.0234
	10.39
	4.54

	2015
	493026782401.561
	1092716931085.4573
	-16.46
	4.55

	2016
	404649048648.026
	1142523310143.0891
	-21.84
	4.56

	2017
	375745732274.676
	1194709547239.1118
	-7.69
	4.57

	2018
	421739210176.152
	1249393082939.1870
	12.24
	4.58

	2019
	474517470742.749
	1306697286209.6797
	12.51
	4.59

	2020
	432198936002.177
	1366751758563.3594
	-9.79
	4.60

	2021
	440833583992.485
	1429692653990.3013
	2.00
	4.61

	2022
	477386120635.845
	1495663015500.0374
	8.29
	4.62


Source: data.worldbank.org

5.5 	GDP per Capital/ Capital per Labor
This indicator provides per capita values for gross domestic product (GDP) expressed in current international dollars converted by purchasing power parity (PPP) conversion factor. GDP is the sum of gross value added by all resident producers in the country plus any product taxes and minus any subsidies not included in the value of the products (World Bank Group).

Table 5: GDP per Capital of Nigeria
	
	GDP per Capital (PPP)
	Capital per Labor

	Year
	Observed
	Calculated
	Observed 
	Calculated

	2005
	3,689.52
	14,773.36
	966.27
	966.27

	2006
	4,881.70
	15,035.78
	1,360.31
	1,112.77

	2007
	5,552.95
	15,304.40
	1,179.70
	1,274.41

	2008
	6,603.58
	15,579.37
	1,313.91
	1,452.08

	2009
	5,592.70
	15,860.84
	1,233.17
	1,646.73

	2010
	6,776.75
	16,148.97
	1,190.14
	1,859.31

	2011
	7,447.83
	16,443.93
	1,218.51
	2,090.81

	2012
	8,474.28
	16,745.89
	1,267.65
	2,342.22

	2013
	9,683.65
	17,055.02
	1,443.24
	2,614.57

	2014
	10,297.62
	17,371.49
	1,627.30
	2,908.93

	2015
	8,519.91
	17,695.49
	1,319.74
	3,226.37

	2016
	6,735.88
	18,027.20
	1,035.09
	3,568.01

	2017
	6,019.30
	18,366.82
	931.45
	3,934.96

	2018
	6,501.78
	18,714.54
	1,288.25
	4,328.41

	2019
	7,043.09
	19,070.55
	1,790.06
	4,749.54

	2020
	6,297.28
	19,435.08
	1,731.57
	5,199.57

	2021
	6,242.33
	19,808.32
	
	5,679.76

	2022
	6,515.23
	20,190.50
	
	6,191.37




5.6	Chi-Squared Goodness-of-fit test for Total Labor force, Capital formation, Production (GDP) of the Nigerian economy.
A Chi-Squared goodness-of-fit test will be performed between the data obtained from World Bank Group and the data obtained from the Solow’s model.  
Table 6: Chi-Squared Analysis for Total Labor Force
	Year
	World Bank (W)
	Solow (S)
	 
	
	

	2005
	47.6
	47.6
	0
	0
	0

	2006
	48.8
	48.9
	-0.1
	0.01
	0.000204499

	2007
	50.1
	50.2
	-0.1
	0.01
	0.000199203

	2008
	51.4
	51.5
	-0.1
	0.01
	0.000194175

	2009
	52.7
	52.8
	-0.1
	0.01
	0.000189394

	2010
	54.2
	54.2
	0
	0
	0

	2011
	55.6
	55.7
	-0.1
	0.01
	0.000179533

	2012
	54.8
	57.1
	-2.3
	5.29
	0.092644483

	2013
	53.7
	58.6
	-4.9
	24.01
	0.409726962

	2014
	55.8
	60.2
	-4.4
	19.36
	0.321594684

	2015
	57.9
	61.8
	-3.9
	15.21
	0.246116505

	2016
	60.1
	63.4
	-3.3
	10.89
	0.171766562

	2017
	62.4
	65
	-2.6
	6.76
	0.104

	2018
	64.9
	66.8
	-1.9
	3.61
	0.054041916

	2019
	67.4
	68.5
	-1.1
	1.21
	0.017664234

	2020
	68.6
	70.3
	-1.7
	2.89
	0.041109531

	2021
	70.6
	72.2
	-1.6
	2.56
	0.035457064

	2022
	73.3
	74.1
	-0.8
	0.64
	0.008636977

	 
	 
	 
	 
	 
	1.503725722


Decision: Since the  < , We conclude that there is no significant difference between Solow’s model and World Bank data.   

	Table 7: Chi-Squared Analysis for Capital Formation of Nigeria
	Year
	World Bank (W)
	Solow (S)
	  
	 
	 

	2005
	46
	46
	0
	0
	0

	2006
	66.4
	54.4
	12
	144
	2.647058824

	2007
	59.1
	63.9
	-4.8
	23.04
	0.36056338

	2008
	67.5
	74.7
	-7.2
	51.84
	0.693975904

	2009
	65
	87
	-22
	484
	5.563218391

	2010
	64.5
	100.9
	-36.4
	1324.96
	13.13141724

	2011
	67.8
	116.4
	-48.6
	2361.96
	20.29175258

	2012
	69.4
	133.8
	-64.4
	4147.36
	30.99671151

	2013
	77.5
	153.3
	-75.8
	5745.64
	37.47971298

	2014
	90.7
	175
	-84.3
	7106.49
	40.60851429

	2015
	76.4
	199.2
	-122.8
	15079.84
	75.70200803

	2016
	62.2
	226.1
	-163.9
	26863.21
	118.8111897

	2017
	58.1
	256
	-197.9
	39164.41
	152.9859766

	2018
	83.6
	289
	-205.4
	42189.16
	145.9832526

	2019
	120.6
	325.4
	-204.8
	41943.04
	128.8968654

	2020
	118.8
	365.7
	-246.9
	60959.61
	166.692945

	2021
	149.2
	410
	-260.8
	68016.64
	165.8942439

	2022
	112
	458.6
	-346.6
	120131.56
	261.9528129

	 
	 
	 
	 
	 
	1368.692219



· Decision: Since the  > , we conclude that there is a significant difference in Capital Formation data of Nigeria between the World Bank values and the Solow’s model values.

Table 8: Chi-Squared analysis for the Production (GDP) of Nigeria
	Year
	World Bank (W)
	Solow (S)
	  
	 
	 

	2005
	175.7
	703.4
	-527.7
	278467.29
	395.887532

	2006
	238.5
	734.8
	-496.3
	246313.69
	335.2118808

	2007
	278.3
	767.6
	-489.3
	239414.49
	311.9000651

	2008
	339.5
	802
	-462.5
	213906.25
	266.7160224

	2009
	295
	838
	-543
	294849
	351.8484487

	2010
	367
	875.7
	-508.7
	258775.69
	295.5072399

	2011
	414.5
	915.1
	-500.6
	250600.36
	273.8502459

	2012
	464
	956.5
	-492.5
	242556.25
	253.5872974

	2013
	520.1
	999.8
	-479.7
	230112.09
	230.1581216

	2014
	574.2
	1045.2
	-471
	221841
	212.2474168

	2015
	493
	1092.7
	-599.7
	359640.09
	329.1297611

	2016
	404.6
	1142.5
	-737.9
	544496.41
	476.583291

	2017
	375.7
	1194.7
	-819
	670761
	561.4472252

	2018
	421.7
	1249.4
	-827.7
	685087.29
	548.3330319

	2019
	474.5
	1306.7
	-832.2
	692556.84
	530.0044693

	2020
	432.2
	1366.8
	-934.6
	873477.16
	639.0672812

	2021
	440.8
	1429.7
	-988.9
	977923.21
	684.0058824

	2022
	477.4
	1495.7
	-1018.3
	1036934.89
	693.2773217

	 
	 
	 
	 
	 
	7388.762534


Decision: Since the  > , We conclude there is a significant difference in the Production (GDP) data between the World Bank values and the Solow’s model values. 



6. Results and Discussion:
6.1	Labor Force data 
The analysis of the labor force data from 2005 to 2002 show the following:
· The total labor force in Nigeria has increased steadily from 2005 to 2022, with an average annual growth rate of 2.63% according to both the World Bank data and the Solow labor force model.
· The result of the Chi-Squared goodness-of-fit test shows that there was no significant difference in Labor Force data between the World Bank values and the Solow’s model values. 


		Fig 2: Total Labor Force of Nigeria from 2005 to 2022



6.2	 Total Factor Productivity (TFP) 
· The results from the World Bank shows that Total Factor Productivity in Nigeria has increased steadily from 2005 to 2022, with an average annual growth rate of 6.38%.
· The model predicts a constant annual growth rate of TFP of 2.63%. This suggests that the model may be underestimating the growth of Total Factor Productivity in Nigeria.

6.3	 Capital Formation
· Nigeria's gross capital formation (GCF) has increased steadily from 2005 to 2022, with an average annual growth rate of 14.49% according to observed data.
· The result of the Chi-Squared goodness-of-fit test shows that there is a significant difference in Capital Formation data of Nigeria between the World Bank values and the Solow’s model values.
 

Fig.3: Capital Formation of Nigeria from 2005 to 202

6.4	 The Production (GDP) of the Nigerian Economy
· Nigeria's production (GDP in constant 2002 US$) has increased steadily from 2005 to 2022, with an average annual growth rate of 4.55% according to observed data.
· The rate of change of production has fluctuated over time, but has generally been positive. The highest rate of change was observed in 2006, at 35.74%. The lowest rate of change was observed in 2015, at -16.46%.
· The result of the Chi-Squared goodness-of-fit test shows that there is a significant difference in the Production (GDP) data between the World Bank values and the Solow’s model values. 


Fig.4: Production (GDP-Constant 2002 US$) of Nigeria from 2005 from 2002

6.5	 The Growth Rate of Nigeria
The real GDP per capita of Nigeria, based on observed values, increased from $3,689.52 in 2005 to $6,515.23 in 2022, while the calculated values from the model exhibited a steeper rise, ranging from $14,773.36 in 2005 to $20,190.50 in 2022.
Observed GDP growth rates in Nigeria fluctuated widely (6.04% average), ranging from 35.74% in 2006 to -21.84% in 2011. Calculated rates (4.54% average) were more stable over 18 years (2005-2022), indicating a consistent growth pattern per the model

fig 5: GDP Growth Rate of Nigeria

6.6	 GDP per capita, PPP (current international $) – Nigeria
This indicator provides per capita values for gross domestic product (GDP) expressed in current international dollars converted by purchasing power parity (PPP) conversion factor.


fig 6: GDP per capita, PPP (current international $) - Nigeria

7. Conclusion:
Economic growth refers to the increase in the market value of all goods and services produced by an economy over a fiscal year, with adjustments made for inflation. Statisticians conventionally measure such growth using real gross domestic product (real GDP). Solow's growth theory contains the theoretical background for understanding long-term economic growth. Long-term economic growth is explained by this model using labor, capital accumulation, and productivity fueled by technological advancement or total factor productivity (TFP). This research on "Long-Run Prediction of Economic Growth in Nigeria: A Comparative Study of The Solow's Model with World Bank Data" analyzes the Solow's model with data from the World Bank Group, in order to offer a mathematical framework for modeling these factors. The study's findings demonstrated that, with a comparatively steady growth rate of about 2.63% annually, Solow's model could track the trends in Nigeria's labor force data and total factor productivity. With an average growth rate of 4.53%, the Solow's model predicts a different growth trend for Nigeria than the World Bank statistics. The model's ability to forecast long-term economic growth is demonstrated by its estimation of real GDP per capita at $20,190.50, which has important ramifications for researchers and policymakers. This study therefore emphasizes the need for improved models that accurately captures the Nigerian economic growth and educates decision-makers on the importance of specific policies towards capital investment, technological advancement and increase labor force participation for long-term economic growth.
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GDP




World Bank 	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0	0	35.74	16.690000000000001	22	-15.07	24.4	12.94	11.94	12.1	10.39	-16.46	-21.84	-7.69	12.24	12.51	-9.7899999999999991	2	8.2899999999999991	Solow's Model	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	4.45	4.46	4.47	4.47	4.4800000000000004	4.5	4.51	4.5199999999999996	4.53	4.54	4.55	4.5599999999999996	4.57	4.58	4.59	4.5999999999999996	4.6100000000000003	4.62	
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Total Factor Productivity
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