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Disaggregated Agricultural Output and Economic Growth in Nigeria: Evidence from Distributional Regression Models

Abstract
The role of agriculture in spurring economic growth is often treated as a homogenous industry and modeled under limiting Gaussian conditions. These strategies blur heterogeneity in sub sectors of agriculture and do not reflect the asymmetric and volatile character of growth in resource-dependent economies such as Nigeria. This paper analyzes the impacts of disaggregated agricultural subsector output on the economic growth of Nigeria, and evaluates the ability of both the flexible distributional regression and the traditional normal multiple regression to make better inferences. The study models the real GDP using 60 quarterly data between 2010 and 2024 to determine its relationship between crop, livestock, forestry, and fisheries output. A Generalized Additive Model of Location, Scale and Shape (GAMLSS) is utilized to enable agricultural subsectors to not only influence the conditional mean of the growth, but the variance of the growth and the distributional shape. The performance of the models is compared to a reference Gaussian regression with the information criteria and diagnostic tests. The findings indicate that production of crops is an important driver of growth followed by forestry with a minor contribution. There are weak relationships between livestock and fisheries and aggregate output. The heterogeneous models that use heavy-tailed and asymmetric distributions perform better in comparison to the Gaussian specification, which indicates that the growth process in Nigeria is volatile and asymmetric. The study recommends renewed policy efforts targeted at agricultural modernization, infrastructural development, and sectoral stabilization to enhance agriculture’s contribution to economic growth.
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Introduction
The issue of agriculture remains a major economic growth determinant especially in the low- and middle-income economies, which feature a significant portion of the working population, source of revenue, and food provision. Globally, over  of the world’s labor force engage in agriculture which contributes around  of the global GDP, and the proportion is increasing drastically in developing countries (World Bank, 2024). In addition to its direct role in output, agriculture has the effect of affecting macroeconomic stability in terms of food prices, agricultural incomes, and the intersectoral relationships. Agriculture in sub-Saharan Africa is still structurally central although the economic diversification is still taking place. The industry has over half of the total number of employed people and provides 15-35 percent of the GDP in various countries based on resource endowment and structural transformation agendas (FAO, 2025). Empirical studies are becoming prolific in proving that agricultural performance influences not just the long-run growth but in addition growth volatility particularly in the economies that are vulnerable to climate shocks and commodity price changes (Barrios et al., 2010). Nigeria is an illustration of such dynamics. In the first quarter of 2025, agriculture occupies about one-third of the labor force and is 23.33% contribution to the aggregate GDP in real terms, a declined of the previous 64% in the 1960s, less than the contribution of agriculture in the first quarter of 2024 which is 24.04% and 28.68% of the same, respectively (NBS, 2024). Over 85 percent of the agricultural value added consists of crop production, with livestock, forestry, and fisheries still being relatively undeveloped and poorly integrated into the value chain (NBS, 2024). Such structural characteristics imply that aggregate agricultural indicators can hide significant sub-sectoral variations in growth transmission.
There is an increasing amount of literature that underlines the necessity to divide agriculture into subsectors. Research in both Africa and Asia has repeatedly determined that crop production has the largest growth impacts because of its magnitude, level of employment, and price connections (Diao et al., 2010). In comparison, the growth effects of livestock and fisheries are usually weak because they are not highly commercialized and integrated into the value-chain (Tiffin and Irz, 2006). In Nigeria, other patterns can be seen in the empirical evidence. The disaggregated results indicate that crop output Granger-causes economic growth, whereas livestock and fisheries impacts are statistically poor or unstable (Gabriel et al., 2022; Ehighebolo, 2023; Onunwo & Amadi-Robert, 2022; Chukwu, 2023; Bodam et al., 2025). Yet, such studies are primarily based on linear ARDL or VAR models, which can only allow making inferences about average effects and ignore distributional dynamics. The use of econometrics is increasingly being questioned in approach by methodological advances that question the sufficiency of Gaussian growth models. Growth distributions that are empirical often have skewness, excess kurtosis and time dependent volatility especially in shock prone economies (Cuaresma et al., 2014). The higher moments of outcome distribution can be influenced by covariates with the use of nonlinear and distributional models, including smooth transition regressions and GAMLSS (Rigby and Stasinopoulos, 2005). 
However, the distributional regression methods have not been exploited in agricultural macroeconomics particularly in Africa even though they have its benefits. There is a growing body of topical empirical research on the use of nonlinear and distribution sensitive modeling of agricultural growth processes. Aminu et al. (2024) demonstrated that asymmetric macroeconomic impacts of agricultural productivity shocks are evident in the developing economies. The macroeconomic growth stability and poverty reduction has been associated with agricultural structural transformation and productivity growth (Jayne et al., 2014; McArthur and McCord, 2023). All these studies emphasize the need to embrace econometric frameworks that have the potential of capturing nonlinear and distributional features of agriculture-growth relationship. Non-Gaussian outcomes and heteroskedastic processes are common features of macroeconomic and agricultural data, which have been increasingly appreciated in applied economics through flexible regression models like GAMLSS that can be used to model them (Rigby and Stasinopoulos, 2005). 
The recent development in applied econometrics focuses on the fact that the growth processes of developing economies tend to be asymmetric and heavy-tailed, meaning that the mean-based models present incomplete inference (Fagiolo et al., 2008). Distributional regression models enable explanatory factors to affect both the mean growth and its volatility and tail behavior through which they provide deeper understanding of macroeconomic vulnerability and resilience. The macroeconomic variation in commodity-dependent economies can be transmitted via agricultural output variations, and therefore distribution-sensitive econometric models are of specific interest (McArthur and McCord, 2023). This research fills these gaps by estimating the effects of the disaggregated agricultural subsector production outputs- crop production, livestock, forestry, and fisheries- on the economic growth of Nigeria using GAMLSS. Based on the quarterly data of 2010 to 2024, the paper tests the hypothesis of whether flexible distributional regressions (Generalized Gamma, Weibull and Student-t) are more effective than the traditional normal multiple regression.
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2. Methods
2.1 Sources of Data and Construction of Variables
The research employs quarterly time-series data on Nigeria () which represents the post-GDP rebasing improvement of measurements and significant areas of agricultural and macroeconomic policy changes. Quarterly frequency is used to reflect short-run variations and distributional changes in the growth dynamics that are hidden in annual data. The real GDP (proxy of the economic growth) was obtained by the Central Bank of Nigeria (CBN) Statistical Bulletin and Disaggregated agricultural products (Crop production (), Livestock (), Forestry (), Fisheries ()). The research uses deterministic sampling model with the complete population of available macroeconomic data (quarterly). The effective sample size is T = 60 quarters, representing a sufficient sample size in using distributional regression under GAMLSS that is made to assume moderate sample sizes with complicated parameter structure. The GAMLSS framework enables agricultural subsectors to moderate both location and magnitude of economic development that can accept heteroskedasticity, skewness, as well as heavy tails. The empirical strategy has two steps. A traditional normal multiple regression is run as the benchmark. Second, GAMLSS are fitted when using other conditional distributions (Normal, Student-t, Weibull, Generalized Gamma). The criteria of information and diagnostic tools are used to assess model performance.

2.2 Flexible Regression using GAMLSS.
The multiple regression model is based on the assumption of normally distributed errors that have constant variance and respond in a symmetric manner. Nevertheless, the distribution of quarterly GDP growth in Nigeria is asymmetric, heavy-tailed, and time-varying volatile, especially when oil prices collapse and when there is a climate shock. These characteristics do not hold the Gaussian assumptions and are the reasons that prompt a distributional regression model in which not only the mean, but also the variance and shapes parameters are dependent on explanatory variables.
[bookmark: gamlss_framework]GAMLSS Framework
Let . In the GAMLSS framework:

where D() denotes a parametric distribution characterized by:
· location parameter (),
· scale parameter (),
· shape parameters () and () (skewness and kurtosis).
Each parameter is linked to covariates through link functions:






where  refers to the macroeconomic controls, and  can include either lagged growth or proxies of volatility. Appropriate use of log and identity links is used to make sure that there are parameter constraints. It is a formulation that allows agricultural subsectors to not only affect the anticipated amount of economic expansion, but also its volatility and distributional asymmetry, a key aspect to economies vulnerable to frequent shocks. To this end, four distributions that are usually successful in modelling macroeconomic growth are approximated. Normal (NO) as standard symmetric, Student-t (TF) - heavy-tailed, Weibull (WEI) - flexible to model asymmetric growth, and Generalized Gamma (GG) - model asymmetric growth. A full GAMLSS regression is fitted using the same covariate structures in every distribution.
The Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), Global deviance and  are used to select the best fitted model. The estimation is done on all models in R version 4.3 with Package gamlss and gamlss.dist. 
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	Variable
	Min
	
	Mean
	Median
	
	Max
	Skewness
	Kurtosis

	GDP
	12583.5
	20391.0
	32721.2
	28803.8
	40902.0
	68908.3
	0.80
	-0.40

	Crop Production
	2262.18
	3128.00
	3773.56
	3627.80
	4514.00
	5332.95
	0.25
	-1.12

	Livestock
	169.62
	258.10
	282.95
	283.97
	302.00
	349.86
	-0.34
	0.04

	Forestry
	30.16
	38.77
	43.52
	43.44
	49.15
	54.85
	-0.15
	-0.91

	Fishing
	58.21
	74.29
	86.65
	83.94
	98.72
	125.46
	0.54
	-0.47



Table 1 displays the descriptive statistics of GDP and the agricultural sub-sectors (Crop Production, Livestock, Forestry, and Fishing) in the study period. The findings indicate that there is a tremendous fluctuation in the GDP with the lowest and highest values of 12,583.48 and 68,908.26 respectively and a mean of 32,721.17. The average is greater than the median (28,803.83). The positive skewness value (0.80) indicates the presence of a right skewed distribution. The value of kurtosis (-0.40) is a slight negative value indicating that the distribution is slightly platykurtic meaning that the peak is flatter than the normal distribution. The Crop Production has a mean of 3, 773.56 and a median of 3, 627.80 with fairly mild positive skewness (0.25). The kurtosis (-1.12) however indicates a relatively flat distribution meaning. The livestock production has a mean of 282.95, median of 283.97 and skewness is slightly negative (-0.34), which means it has a weak left-tail behavior. It has a kurtosis (0.04) that is approximately mesokurtic implying that it is nearly normally distributed. Forestry and Fishing have moderate variation as compared to GDP and Crop Production. Forestry is indicated to be almost symmetrical (skewness = -0.15) as well as platykurtic (-0.91) whereas Fishing has moderately positive skewness (0.54), as there are occasional positive high output values. A flatter than normal distribution can also be seen by the kurtosis of Fishing (-0.47).
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Figure 1: Boxplot of Real GDP (2010 Constant Basic Prices)

Figure 1 illustrates the distributional characteristics of Real GDP over the study period. The median GDP is positioned slightly below the center of the box, indicating a mild positive (right) skewness in the distribution. This observation is consistent with the earlier descriptive statistics, where the mean exceeded the median and the skewness coefficient was positive.
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[bookmark: correlation_analysis_of_gdp_and_a_b1a02e]Figure 2: Correlation Analysis of GDP and Agricultural Sub-Sectors

Figure 2 shows the Pearson correlation of the GDP with the agricultural sub-sectors. The findings show that each of the agricultural sub-sector are positively correlated with the GDP implying that a rise in agricultural sub-sector outputs leads to a rise in the GDP in the period of study. Forestry has the closest relationship with GDP  and Crop Production is also positively correlated with GDP (r = 0.62). These means that the forestry and production of crop have significant contribution to the aggregate economic growth. Fishing (r = 0.45) and Livestock (r = 0.39) have moderate, positive correlation with GDP, indicating that these sectors do not really affect the economic performance, but the association is relatively low compared to Forestry and Crop Production. Correlations among the sectors are also remarkable. Crop Production is strongly related with Forestry (r = 0.64) and Livestock (r = 0.60), while Livestock and Forestry exhibit a relatively strong relationship (r = 0.66). Fishing has moderate correlations with the other sub-sectors (0.36 to 0.44), as it is likely to be affected by factors that are slightly different yet related. Econometrically, the statistically significant correlations of the explanatory variables especially between Forestry, Livestock and Crop Production indicate that there may exist multicollinearity in the regression model. 
The increased dispersion and the positive skewness of the GDP and the somewhat high correlations of the explanatory variables especially among Forestry, Livestock and Crop Production which may indicate the possibility of multicollinearity in regression model, justify the implementation of the flexible distributional regressions.
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	GG Model
	WEI Model
	NO Model
	TF Model

	Variable
	Estimate
	p-value
	Estimate
	p-value
	Estimate
	p-value
	Estimate
	p-value

	Intercept
	7.593e+00
	<2e-16
	7.615e+00
	<2e-16
	-44818.8
	1.08e-11
	-45201.1
	1.62e-07

	Crop
	2.296e-04
	4.33e-09
	2.337e-04
	4.00e-07
	7.780
	5.79e-06
	7.493
	1.43e-05

	Livestock
	-4.735e-03
	2.69e-09
	-3.892e-03
	0.000174
	-187.207
	3.77e-07
	-177.86
	2.23e-06

	Forestry
	4.966e-02
	1.75e-10
	5.032e-02
	5.87e-14
	1749.93
	4.31e-10
	1617.60
	1.89e-06

	Fishing
	1.084e-02
	9.24e-09
	9.004e-03
	2.16e-07
	288.51
	6.23e-05
	332.18
	0.00028



Table 2 shows the estimated Crop Production, Livestock, Forestry and Fishing coefficients considering four different distributional assumptions: Generalized Gamma (GG), Weibull (WEI), Normal (NO) and Student-t (TF). In all four models, the Crop Production, Forestry, and Fishing have a positive and significant impact on the GDP, but the coefficient of Livestock has a negative and significant impact. The test values of the 1 percent level of significance of the models show high and consistent correlations between agricultural sub-sectors and GDP, irrespective of the distribution assumed.
All the explanatory variables under GG model are significant. It is especially interesting that the coefficient of Forestry is positive, which means that the output of forestry has a significant contribution to the growth of the GDP. On the same note, Fishing and Crop Production have a positive effect on GDP, whereas Livestock has a significant negative effect. The coefficients of WEI model have similar signs and significance levels albeit the magnitude is a little lower than GG. This implies a lower level of statistical power in comparison to the GG specification. The directional relationships of NO and TF models are the same. They have however significantly large negative intercepts owing to variation in scale and distributional assumptions. The predictors are also statistically significant, but the standard errors are usually larger than in the GG model, which indicates that they are not as efficient in estimating the parameters. Generally, the similarity in the signs of the coefficients in all the models shows the strength of the structural association between the GDP and the agricultural sub-sectors. Nevertheless, variation in standard errors and test statistics indicates that model choice has an impact on the efficiency of estimation.
[bookmark: table_2_model_comparison_criteria]Table 3: Model Comparison Criteria
	Model
	Global Deviance
	AIC
	SBC
	R²

	GAMLSS-GG
	1172.545
	1193.545
	1201.206
	0.9039

	GAMLSS-WEI
	1193.450
	1211.450
	1218.016
	0.8803

	GAMLSS-NO
	1229.658
	1247.658
	1254.224
	0.8097

	GAMLSS-TF
	1229.446
	1250.446
	1258.106
	0.8103



Table 3 shows the performance of the four GAMLSS specifications. The GG model provides the best Global Deviance (1172.545), AIC (1193.545), and SBC (1201.206), which means that it is the distribution with the best goodness-of-fit compared to the competing ones. Also, the GG model has the largest coefficient of determination (), which indicates that about  of changes in GDP is accounted by the sub-sectors of agriculture. The Weibull analysis is averagely valid and it is obviously overtaken by the GG analysis in information requirements and explanatory strength. Normal model and Student-t model have greater deviance and information criteria values and lesser  values , which implies that they fit relatively poorly. The findings are highly indicative that the Generalized Gamma distribution is the best functional form to use in the modeling of GDP in the GAMLSS framework. This suggests the GDP distribution is asymmetric and tailed, and fits better with the flexible shape parameters of the Generalized Gamma as opposed to the symmetric and heavier-tailed t distributions.
[bookmark: table_summary_of_quantile_residua_404a10]Table 4: Summary of Quantile Residual Diagnostics
	Model
	Mean Residual
	Variance
	Skewness
	Kurtosis
	Filliben Correlation

	GAMLSS–GG
	-0.00183
	1.01260
	-0.03192
	2.23393
	0.99527

	GAMLSS–NO
	-1.49e-15
	1.01695
	0.84087
	2.90785
	0.96181

	GAMLSS–WEI
	0.01630
	0.87325
	1.01379
	3.35596
	0.95474

	GAMLSS–TF
	0.08378
	1.00659
	0.72195
	2.63680
	0.96859



Table 4 reveals the fitness of GAMLSS-GG model as the quantile residuals are nearest to the theoretical normal distribution with the mean and variance close to the expected value, skewness is negligible and the filliben correlation is highest (0.99527). Conversely, the Normal (NO) model has significant positive skewness and the Weibull (WEI) with the worst performance with significant skewness, variance distortion and excess kurtosis which signifies misspecification. Student-t (TF) model is more effective than normal model but has a significant asymmetry as well. Comprehensively, the findings validate that the Generalized Gamma specification best describes distributional characteristics of GDP, being superior to the other models.
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Figure 3: Generalized Gamma (GG) model Residual Diagnostic Plots.
The residual diagnostic plots give a visual confirmation of the sufficiency of the chosen GG model. The quantile residual verses fitted value plot indicates that the points are randomly distributed and no systematic distribution or funnel-like shape can be observed. This implies that heteroscedasticity is not present and that the dispersion of the residual values is not very different as the fitted values of GDP vary around. Equally, the plot of the residuals versus the index of observation does not show any obscured trend or cycle. The residuals are found to vary randomly about zero over the sample period, and this indicates that the serial dependence, structural misspecification is not very high. The quantile residual density curve is estimated to be a bell-shaped curve of a standard normal distribution. Its distribution looks like a symmetric distribution around zero with no eminent skewness or heavy tails. This graphical data is consistent with the previous numerical findings, in which the residual mean was close to zero and the skewness was close to zero in the GG model. Above all, the Normal QQ plot indicates the existence of a very small distance between the values of the residuals and the 45-degree reference line, with minor exceptions at the far tails. This high linear correlation attests to the fact that quantile residuals assiduously adhere to the theoretical standard normal distribution, which confirms the high Filliben correlation coefficient that was reported earlier (0.9953) in Table 4. In finite samples, it is normal to have minor deviation of tails and it does not imply severe misspecification.

4. Discussion
The GDP is characterized by high dispersion and skewness. These distributional properties will be significant in econometric modeling especially in establishing the appropriateness of linear model specifications and measuring possible breaches of normality conditions. The departures from normality especially in GDP and Fishing implies that transformation or strong estimation methods can be employed to enhance model performance and inference. The boxplot proves that Real GDP shows moderate dispersion, moderate positive skewness, and no high or low anomalies. The correlation matrix shows that sub-sectors of agriculture are moving together and have positive correlation with GDP. Forestry output is the most correlated sector with the GDP. These results are initial indications that agricultural performance is an important factor in driving macroeconomic growth, and also points to the need for careful specification in multivariate modelling.
Table 2 indicates the estimate of the parameters and the p-values in comparison across the four GAMLSS specifications (Generalized Gamma, Weibull, Normal, and Student-t). The findings indicate that there is a striking consistency in the direction and statistical significance of the explanatory variables in all the models. At the 1 percent level, Crop Production, Forestry, and Fishing show positive and statistically significant effects on GDP in all specifications, which shows that an increase in these sub-sectors of agriculture is linked to an increase in economic growth. Livestock on the other hand, presents a negative and significant coefficient indicating an inverse relationship with GDP. The magnitude of the coefficients varies because of the scale and distributional assumptions. Although, the stability of the signs and levels of significance proves the stability of the underlying structural relationship.
Interestingly, the results of the model comparison indicate that the Generalized Gamma model with the lowest deviance, AIC and SBC values is the best-fitting model. The graphical diagnostics are very strong support of the quantitative analysis of residuals. The lack of systematic patterns, the approximate normality of residuals, and the high level of agreement on the Q-Q plot, all confirm the fact that GG model is well-specified. These results have strong empirical evidence that the model estimates and policies based on the model are reliable. The integrated table shows that the agricultural sub-sectors have systematic and statistically significant impacts on the GDP, and the inference does not change with other distributional frameworks.
The results obtained by this research are consistent with a considerable amount of empirical research on the importance of agriculture in economic development, especially in the developing economies. The good and significant impacts of crop production, forestry, and fishing on GDP that is seen in this paper are in line with the findings of Awokuse and Xie (2015), who in their cross-country analysis showed that agricultural productivity is a major contributor to economic growth in developing economies. In the same way, the findings are consistent with the results of Tiffifin and Irz (2006) who maintained that agriculture could be a source of engine of growth especially in the economy where the major role of farming is in job creation and distribution of resources. The results of positive contributions of crop production and forestry in the current research are also supported by the conclusions made by Diao et al. (2010) who emphasized on the significant multiplier impact of agricultural growth on the general economic growth in Africa. The results are also in agreement with the recent Nigerian studies. As an example, Ehighebolo (2023) stated that disaggregated agricultural outputs are a major factor in terms of economic performance in Nigeria especially crop production and forestry activities. Gabriel et al. (2022), Onunwo and Amadi-Robert, (2025) also made similar conclusions on the fact that the development of the agricultural sector results in the positive influence on the economic growth. All these studies point to the relevance of sectoral disaggregation in the interpretation of the heterogeneous effects of agricultural activities in the macroeconomic performance.
Nevertheless, the current research paper differs with certain past results in regard to livestock production. Although numerous research works record livestock as having a positive relation in economic growth, the outcomes stated here show that there is a statistically significant negative correlation between livestock production and GDP. The differences might indicate structural weaknesses, lack of productivity, poor infrastructure, or policy restrictions in the livestock sub-sector in the study area. The fact that not every agricultural sub-sector is equally contributing to economic performance is also implied, which supports the importance of sector-specific policy interventions.
Methodologically, the proposed study builds on the literature available since it uses a flexible distributional model grounded on Generalized Additive Models of Location, Scale and Shape (Rigby and Stasinopoulos, 2005). Recent research states the benefits of flexible regression models to model the complex agricultural growth dynamics (Wellington et al., 2023). Although most previous researches used conventional econometric methods like OLS, VAR or SVAR, the GAMLSS framework makes it possible to have more flexible modelling of non-normal and skewed macroeconomic data distributions. The excellent performance of the Generalized Gamma specification in this paper brings to the fore the need to accommodate the distributional asymmetry in the modeling of the economic growth processes. Besides this, the findings of this research support the current literature on the exploration of nonlinear connections between agricultural production and macroeconomic activity. Recent facts indicate the interaction of the agricultural production and macroeconomic variables is nonlinear in nature and differs according to the diverse economic conditions and distributional regimes (Onwe et al., 2024). These intricate dynamics cannot be best modeled through traditional linear models but through flexible modeling. Generally, the empirical findings mostly support the existing literature findings that agriculture is still one of the driving forces of economic growth in developing economies. Simultaneously, the research has fresh information in the sense that it has emphasized the heterogeneous impact of agricultural sub-sectors and also it has revealed the benefits of adaptable statistical modelling methodologies to study macroeconomic-agricultural interconnection.

5. Conclusion
This paper analyzed the correlation between the GDP and the agricultural sub-sectors in terms of alternative GAMLSS specifications and observed some consistent evidence that Crop Production, Forestry, and Fishing positively and significantly influence economic growth. Livestock has a significant negative relationship with the GDP thereby has no effect on the economic growth of the country. Comparing models (Generalized Gamma (GG), Weibull (WEI), Normal (NO) and Student-t (TF)) using Global Deviance, AIC, SBC,  and residual analysis, it is evident that model that fitted the best was the Generalized Gamma (GG) model and was able to explain the variation in GDP at around 90 percent. The nature of the diagnostic tests showed that the residuals of the GG model are close to be normally distributed, there are no systematic patterns or misspecification detected. All in all, the findings highlight the critical role of the main sub-sectors of agriculture in the overall economic performance besides the need to adapt to flexible distributional structures in the process of modeling macroeconomic output.
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