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Abstract: This study modelled the stand diameter distribution of a Guinea savanna woodland located in North-

Central Nigeria. Diameter at breast height (DBH) data were obtained from a sample of 119 live trees in the 

woodland. Tree diameters ranged from 4.6 cm to 41.1 cm with a mean of 10.3 cm (SD = 5.4 cm) and exhibited a 

positively skewed distribution (skewness = 2.3; kurtosis = 10.0), indicating dominance of small-sized stems. Some 

probability density functions, including Weibull, Gamma, Lognormal, Normal, Cauchy, Exponential, and Logistic, 

were fitted to the diameter data to evaluate their suitability for describing stand structure. Model performance was 

evaluated using Kolmogorov–Smirnov, Cramér–von Mises, and Anderson–Darling goodness-of-fit tests. The 

Lognormal distribution provided the best overall fit, followed by the Gamma and Logistic distributions. The results 

indicate a structurally heterogeneous woodland dominated by smaller diameter classes with few large individuals 

influencing overall stand structure. This study demonstrates the suitability of probabilistic diameter distribution 

models for describing woodland stand structure and provides baseline information to support sustainable 

management of the woodland.  
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1. Introduction 

Guinea savanna woodlands constitute an important ecological and socio-economic component of tropical landscapes 

in sub-Saharan Africa. These woodlands provide ecosystem services such as fuelwood, non-timber forest products, 

carbon storage, and biodiversity conservation, while also supporting local livelihoods. Despite their importance, 

quantitative information on stand structure, particularly tree diameter distribution, is limited for many Guinea 

savanna woodlands in Nigeria. 

Diameter distribution modelling is a fundamental tool for understanding forest stand structure, growth dynamics, 

and management potential. Tree diameter distributions provide insights into regeneration status, productivity, 

biomass accumulation, and yield potential, and they are widely applied in forest management planning, including 

harvesting regulation, silvicultural decision-making, and sustainability assessments. The shape of diameter 

distributions reflects underlying ecological processes such as recruitment, growth, and mortality. 

Early observations by De Liocourt (1898) identified the characteristic reverse J-shaped diameter distribution of 

uneven-aged forests, often described using negative exponential functions. Subsequent studies have shown that 

different probability distributions—including Weibull, Gamma, Lognormal, Normal, Logistic, and related 

functions—can adequately describe tree diameter structures depending on stand condition, age structure, and 

disturbance history. While the Weibull distribution is widely applied due to its flexibility, other distributions have 

been found to outperform it in heterogeneous or disturbed tropical woodland systems 

The idea of tree distribution of modelling tree-diameter can be traced back to the observation made by DeLiocourt 

(1898) of a reverse J-shaped shape of uneven-aged forests. The negative exponential model was proven useful in 

further research (Lorimer, 1980; Leak, 1996). Subsequent studies have shown that different probability distributions, 

including Weibull, Gamma, Lognormal, Normal, Logistic, and related functions, can adequately describe tree 

diameter structures depending on stand condition, age structure, and disturbance history (Bailey & Dell, 1973; 

Husch et al., 2003; Ogana & Itam, 2016). While the Weibull distribution is widely applied due to its flexibility, 

other distributions have been found to outperform it in heterogeneous or disturbed tropical forests (Lykke & 

Svensson, 2002; Liu et al., 2002; Adekunle et al., 2013) 

Given the limited structural information available for Guinea savanna woodlands in North-Central Nigeria, there is a 

need to evaluate probability distribution models to accurately describe their diameter. This study, therefore, aims to 
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characterize the stand diameter structure of a Guinea savanna woodland in North Central Nigeria and identify the 

probability distribution function that best fits the observed tree diameter distribution.  

2. Materials and Methods  

Location of the Study 

This study was conducted in the Saint Thomas Aquinas Seminary woodland located in Makurdi, Nigeria, within the 

Guinea Savanna ecological zone. The study area lies between latitudes 7°13′00″ N and 7°13′20″ N, and longitudes 

8°32′00″ E and 8°32′20″ E, covering an area of approximately 25.88 ha. The climate of the area is characterized by 

a distinct wet and dry season. The rainy season typically extends from April to November, while the dry season 

occurs between December and March. Mean annual temperature ranges from 28.2 to 32.0 °C, and relative humidity 

varies between 40% and 85%, with lower values during the early dry season.  

Data Collection 

A systematic sampling design was employed for data collection. Ten square sample plots measuring 50 m × 50 m 

(0.25 ha) were established within the woodland. Plot locations were determined by overlaying a systematic grid at 

100 m intervals on the woodland map using GIS software. The geographic coordinates of each plot were extracted 

and uploaded into a handheld GPS receiver to facilitate field navigation. In the field, each plot was located using the 

GPS, and the plot center coordinates were re-recorded to verify positional accuracy. Within each plot, all live trees 

with a diameter at breast height (DBH) ≥ 10 cm were identified and measured. The DBH of trees was measured at 

1.3 m above ground level following standard forest inventory procedures using a DBH tape. 

Data Analysis  

Diameter at breast height (DBH) data were first examined using descriptive statistics and a frequency histogram to 

assess the general shape, skewness, and variability of the distribution. Several candidate probability distribution 

models were then fitted to the pooled DBH dataset, as no single distribution is universally suitable for all stand 

structures. Seven commonly used models, the Weibull, Gamma, Lognormal, Normal, Cauchy, Exponential, and 

Logistic distributions, were selected and their parameters estimated using maximum likelihood estimation. The 

functional forms and references for these models are presented in Table 1. The fitting of the statistical distribution 

models was done at the stand level, where the models were fitted to the pooled sampled data. 

 Table 1: Diameter Distribution Fitted for the Study Area 

Distribution Equation Parameter Reference 

Weibull 

 

b = scale, c = shape Bailey & Dell (1973) 

Gamma 

 

a = shape, b = scale Krishnamoorthy (2006) 

Lognormal 

 

 = location,  = scale Limpert et al. (2001) 

Normal 

 

 mean,  standard 

deviation 

Krishnamoorthy (2006) 

Cauchy 

 

a = location, b = scale Krishnamoorthy (2006) 

Exponential 

 

b = scale Krishnamoorthy (2006) 

Logistics 

 

a = location, b = scale Johnson et al. (1994) 
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The distribution models were evaluated using Kolmogorov-Smirnov (KS), Anderson-Darling (AD) and Cramer-von 

Mises (CVM) goodness of fit and were ranked accordingly. These metrics compare the empirical and theoretical 

cumulative distribution functions and quantify the degree of agreement between them. Smaller values of these 

statistics indicate a closer fit and therefore a more suitable model. 

3. Results  

Summary Statistics of Tree Diameter and Species Composition in the Woodland Area 

The summary statistics result (Table 2) describes the characteristics of tree stem diameters, measured at breast 

height (DBH), within the woodland. The average DBH (10.3 cm) indicates that trees in the area have an average size 

in structure. The variation in stem diameters, having a standard deviation of 5.4 cm, implies a heterogeneous tree 

population consisting of individual trees at different stages of growth. The observed minimum and maximum DBH 

of 4.6 cm and 41.1 cm, respectively, show a wide range of tree sizes, consisting of smaller trees and more mature 

individuals. The kurtosis of 10 shows a sharply peaked distribution with extended tails, implying that most of the 

individual trees are clustered around the mean diameter, and a few trees with larger diameters exert a 

disproportionate influence on the distribution. The skewness value (2.3) points to a right-skewed distribution, 

indicating a greater frequency of smaller-diameter trees and a few trees with larger diameters. Thus, these statistics 

(Table 2) show a population dominated by smaller trees, with a few larger individuals contributing to a positively 

skewed and peaked diameter distribution. 

 

Table 2: Summary statistics of measured growth variables 

Descriptive Statistics Diameter at Breast Height (cm) 

Mean 10.3 

Standard Deviation 5.4 

Kurtosis 10 

Skewness 2.3 

Minimum 4.6 

Maximum 41.1 

Sample Size 119 

The tree species composition and abundance within the woodland area (Table 3) comprises of thirty (30) tree species 

distributed across fourteen (14) families with varying density (number of individuals per hectare, N/ha) and relative 

frequency (R.F.). Based on the fourteen families, Fabaceae (Leguminosae) is the most dominant family with many 

species. The family contains several taxa, such as Daniella oliverii, Detarium microcarpum, and Albizia zygia, 

among others. Daniella oliverii recorded the highest number of individual trees among all species, with 22 trees 

counted per hectare. It also showed the highest relative frequency, accounting for 18.5% of the total tree population 

in the woodland. Gmelina arborea contributed 17.6% to the total composition, while Azadirachta indica, from the 

Meliaceae family, had 12.6%. Gmelina arborea had 21 individuals per hectare, while Azadirachta indica had 15. 

Fewer species, such as Detarium microcarpum and Hannoa undulata, each had a presence of seven trees per 

hectare. Lophira lanceolata was slightly less represented, with six individuals per hectare. Vitellaria paradoxa, 

Parinari curatellifolia, Quassia undulata, and Terminalia mentalis each had a density of two trees per hectare. 

Fourteen (14) tree species (Terminalia avicennioides, Terminalia schimperiana, Trichilia emetica, Ficus sycomorus, 

Khaya senegalensis, Lannea schimperi, Maranthes polyandra, Parkia biglobosa, Pterocarpus erinaceus, Terminalia 

djalonensis, Combretum nigricans, Elaeis guineensis, Pterocarpus erinaceus, and Strychnos spinosa) had lower 

abundance values, each of which had one tree per hectare. Daniella oliverii had the highest relative frequency values 

of 18.5%, indicating variance in density. The percentages for Azadirachta indica and Gmelina arborea were 12.6% 

and 17.6%, respectively. In the mid-range, species such as Hannoa undulata and Detarium microcarpum 

contributed 5.9% each, while Syzygium guineense contributed 3.4% and Lophira lanceolata contributed 5.0%. 

 

 

Table 3: Tree Species Composition and Abundance in the Woodland Area 

S/No. Species Family N/ha R.F 

1 Albizia zygia Fabaceae (Leguminosae) 4 3.4 
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2 Anacadium occidentale Anacardiaceae 3 2.5 

3 Anthocleista djalonensis Loganiaceae 1 0.8 

4 Azadirachta indica Meliaceae 15 12.6 

5 Burkea Africana Fabaceae 3 2.5 

6 Combretum nigricans Combretaceae 1 0.8 

7 Crossopteryx febrifuga Rubiaceae 2 1.7 

8 Daniella oliveri Fabaceae 22 18.5 

9 Detarium microcarpum Fabaceae 7 5.9 

10 Elaeis guineensis Arecaceae 1 0.8 

11 Ficus sycomorus Moraceae 1 0.8 

12 Gmelina arborea Verbenaceae 21 17.6 

13 Hannoa undulate Simaroubaceae 7 5.9 

14 Khaya senegalensis Meliaceae 1 0.8 

15 Lannea schimperi Anacardiaceae 1 0.8 

16 Lophira lanceolata Ochnaceae 6 5.0 

17 Mangifera indica Anacardiaceae 3 2.5 

18 Maranthes polyandra Chrysobalanaceae 1 0.8 

19 Parinari curatellifolia Chrysobalanaceae 2 1.7 

20 Parkia biglobosa Fabaceae 1 0.8 

21 Pericopsis laxiflora Fabaceae 1 0.8 

22 Pterocarpus erinaceus Fabaceae 1 0.8 

23 Quassia undulate Simaroubaceae 2 1.7 

24 Strychnos spinosa Loganiaceae 1 0.8 

25 Syzygium guineenses Myrtaceae 4 3.4 

26 Terminalia avicennioides Combretaceae 1 0.8 

27 Terminalia mentalis Combretaceae 2 1.7 

28 Terminalia schimperiana Combretaceae 1 0.8 

29 Trichilia emetic Meliaceae 1 0.8 

30 Vitellaria paradoxa Sapotaceae 2 1.7 

 

Stand Diameter Distribution Models 

The parameter estimates (Table 4) for the different statistical models fitted to the growth data collected within the 

woodland area show that the shape and the scale parameters were estimated at 2.032 (±0.08) and 11.685 (±0.354), 

respectively, for the Weibull distribution. These values indicate a moderately skewed distribution commonly used to 

model tree size structure, particularly in forest stands where recruitment and mortality rates vary with size. The 

Gamma distribution was defined by a shape parameter of 5.14 (±0.41) and a rate parameter of 0.499 (±0.042). The 

estimates show that the model is flexible and well-fitted for data with a positive skew, like tree diameter 

measurements. This flexibility enables the model to effectively represent the underlying patterns and variability in 

tree diameter measurements. 

The scale and location parameters for the Lognormal model had 0.422 (±0.017) and 2.232 (±0.024), respectively. 

The parameters’ values align with the modelling of log-transformed variables with right-skewed distributions, which 

is common for tree diameters. Normal distribution, often used for symmetrical data, had a standard deviation (scale) 

of 5.413 (±0.221) and a mean (location) of 10.301 (±0.313); these values closely fit the previous descriptive figures 

for breast height and diameter. 

http://www.lifesciencesite.com/


Life Science Journal 2025;22(12)                                                          http://www.lifesciencesite.com 

 

 

19 

 

The Cauchy distribution shows the scale and location parameters at 1.881 (±0.153) and 8.000 (±0.169), respectively. 

The distribution has heavy tails and is less commonly used in ecological modelling; however, it can describe data 

with extreme outliers. The Exponential distribution was defined solely by a rate parameter, estimated at 0.097 

(±0.006). This model assumes a constant hazard rate and is often used for modelling the time between events or 

decay processes. The Logistic distribution had a scale parameter of 2.583 (±0.129) and a location parameter of 9.387 

(±0.253).  

Table 4: Parameter estimates of models developed in this Study Area 

Models Parameter Estimates (Standard error in brackets) 

 Shape Scale Location Rate 

Weibull 2.032 (0.08) 11.685 (0.354) - - 

Gamma 5.14 (0.41) - - 0.499 (0.042) 

Lognormal - 0.422 (0.017) 2.232 (0.024) - 

Normal - 5.413 (0.221) 10.301 (0.313) - 

Cauchy - 1.881 (0.153) 8 (0.169) - 

Exponential - - - 0.097 (0.006) 

Logistics - 2.583 (0.129) 9.387 (0.253) - 

 

Table 5 presents the results of goodness-of-fit assessments for various statistical distribution models applied to tree 

diameter data from the woodland area. The adequacy of each model was evaluated using three non-parametric 

statistical tests: Kolmogorov–Smirnov, Cramér–von Mises, and Anderson–Darling. Model performance was 

assessed using test statistics, with smaller values denoting greater concordance between model predictions and 

observed data. The models were then ranked based on their relative performance. 

The lognormal distribution demonstrated the strongest performance across all three goodness-of-fit tests, with 

respective values of 0.112 for the Kolmogorov–Smirnov test, 0.814 for the Cramér–von Mises test, and 4.866 for the 

Anderson–Darling test, placing it consistently as the best-fitting model. This result suggests that the lognormal 

model most accurately represents the underlying distribution of stem diameters in the study area. The gamma 

distribution was the second-best overall fit with K-S, Cramér–von Mises, and Anderson–Darling values of 0.132, 

1.444, and 8.425, respectively. The logistic distribution also performed well, ranking third overall. 

The Weibull distribution, though widely used in forest stand modelling, exhibited only a moderate level of 

alignment with the observed data, ranking fourth across all three goodness-of-fit assessments. In contrast, the normal 

and Cauchy distributions showed relatively weak performance, while the exponential distribution performed the 

poorest overall. The exponential model yielded the highest values across the Kolmogorov–Smirnov (0.369), 

Cramér–von Mises (9.826), and Anderson–Darling (48.905) tests, indicating the least suitability for describing the 

diameter distribution of trees in the study area. 

Table 5: Goodness of fit statistics of fitted statistical distribution models developed in the study area 

Models Kolmogorov-Smirnov Cramer-von Mises Anderson-Darling 

 Statistics Rank Statistics Rank Statistics Rank 

Weibull 0.148 4 2.238 4 13.503 4 

Gamma 0.132 2 1.444 3 8.425 2 

Lognormal 0.112 1 0.814 1 4.866 1 

Normal 0.172 6 3.218 6 18.169 6 

Cauchy 0.166 5 2.618 5 17.217 5 

Exponential 0.369 7 9.826 7 48.905 7 

Logistics 0.142 3 1.381 2 11.266 3 

The result shows (Figure 1) the graphical comparison of the fitted distribution models and how well different 

statistical models capture the distribution of tree diameters within the study area. This visual allows for a direct 

assessment of how closely each theoretical model aligns with the actual distribution of tree diameters. Models that 

accurately capture the shape and variability of the observed data provide a more realistic representation of the 

underlying forest structure. 

In Figure 2, the histograms are overlaid with the theoretical density curves of each fitted distribution. The histogram 

illustrates the observed frequency distribution of tree diameters across various size classes, whereas the 

superimposed curves represent the expected frequency distributions predicted by the mathematical models. A close 

alignment between the histogram bars and theoretical curves indicates a strong fit. This comparison shows the extent 

to which a model accurately captures the central tendency and the variability of tree diameter distributions. The 
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empirical cumulative distribution function (CDF) is plotted against the fitted CDFs from the selected models (Figure 

3). The empirical CDF is constructed from the observed DBH and serves as a benchmark. When a model is well-

fitted, its cumulative curve follows the empirical line across the entire range of diameters. This figure is useful when 

assessing how well models perform at the lower and upper ends of the diameter range. 

Figure 4 presents a probability-probability (P–P) plot, in which the fitted distribution probabilities are plotted against 

the corresponding empirical probabilities. An ideal model fit is indicated by points aligning closely along the 45-

degree reference line. Departures from this line indicate potential overestimation or underestimation of probabilities 

by the model in specific diameter classes. 

 
Figure 1: Graphical comparison of the fitted distribution model 

http://www.lifesciencesite.com/


Life Science Journal 2025;22(12)                                                          http://www.lifesciencesite.com 

 

 

21 

 

 

 

 
Figure 2: Histogram and theoretical densities of the fitted distribution models
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Figure 3: Plot of the empirical cumulative distribution against the fitted distribution functions. 

 
Figure 4: Plot of the probabilities of each fitted distribution against the empirical probabilities 
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4. Discussions  

Summary Statistics of Tree Diameter and Species Composition in the Woodland Area 

The study area has a species composition of thirty (30) tree species belonging to 14 families, with Fabaceae as the 

dominant family. Adaptation to woodland habitat is exhibited by the dominance of Fabaceae species (e.g., Daniella 

oliverii or Detarium microcarpum or Albizia zygia). This trend is consistent with the results of the Nigerian trees, 

where the family Fabaceae was frequently dominant (Salami and Lawal, 2018; Amonum et al., 2019; Chenge et al., 

2019; Seyni et al., 2021; Onyekwelu et al., 2022; Japheth and Meer, 2023). Each species at the species level had its 

highest relative frequency and density (22 individuals/ha -1), indicating its competitive edge and possible 

regeneration process. There were also other species (Gmelina arborea, Azadirachta indica) of considerable 

importance; they demonstrated a combination of native and non-native taxa, adapted to the local conditions of the 

soil and climate. The tree species with economic value to human beings have been exploited, and the depreciation of 

number of tree species in the woodland. This statement was justified by Komolafe et al. (2017), who reported that 

the use of tree species depends on the economic value of these species. 

Diameter Distribution Modelling and Growth 

Distribution modelling of diameter is a management tool that is critical in sustainable forest management as it gives 

information on the structure, regeneration, and yield potential of a forest stand with respect to tree diameter. A 

heterogeneous structure was observed in the study area of the analysis of the diameter of trees at breast height 

(DBH). A mean DBH of 10.3cm with a standard deviation of 5.4cm suggests that the woodland has trees with 

different growth stages, including both low-diameter and mature trees. Positive skewness (skewness = 2.3) and 

leptokurtic (kurtosis = 10) distributions are characteristics of a forest, with individual trees with smaller diameter 

sizes being predominant, which is characteristic of a regenerating forest in the tropical setting where a high rate of 

recruitment and low rate of death or harvesting pressure occur (Forestter, 2019). The result of positive skewness and 

kurtosis is consistent with the past research (Podlaski and Roesch, 2014; Robson et al., 2016; Ekpa et al., 2020; 

Adedoyin et al., 2021; and Oladoye et al., 2024).  

The availability of a small number of bigger trees points to the retention of mature individuals, which are relevant to 

the biomass and carbon storage. The diameter of the tree has a substantial effect on productivity and is commonly 

used to characterize the structure of the stand (Weiskittel et al., 2011). The results on the trees with lower diameters 

is in line with the research by Bobo et al. (2006), Aigbe and Omokhua (2014) and Oladoye et al. (2024), who found 

similar results in Southwestern Cameroon and Forest reserves in Nigeria, respectively. 

The analysis of statistical distributions of DBH data gave information on the structural characteristics of the 

woodland. It is not just a mathematical puzzle to know the distribution of the diameter of the trees in a forest. It is an 

impressive method of explaining the condition, composition, and future of a forest. The moderate skewness structure 

was reflected effectively by the Lognormal distribution (scale 0.422, location 2.232), which was not consistent with 

the few studies in the natural forest of Nigeria that utilized Weibull models (Ogana and Gorgoso-Varela, 2015). 

Other suitable representations of the right-skewed DBH data were the Gamma and Logistic distributions; however, 

the lognormal model had the best overall goodness of fit (Kolmogorov-Smirnov, Cramer von Mises, Anderson-

Darling test). According to Lima et al. (2017) and Oladoye et al. (2024), the Burr distribution function was found to 

be highly flexible to characterize the diameter structure at the stand in both the Brazilian tropical dry forest and Omo 

Biosphere Reserve, Ogun State, Nigeria, respectively. Ige et al. (2013) described the beta distribution of trees of 

tropical natural forests in Onigambari Forest Reserve, Southwest Nigeria. Other distributions that were not ideal 

included exponential, normal, and Cauchy distributions, as they could not explain the high skew and heavy right tail 

of the data of tree diameters. This result is consistent with the report by Ezenwenyi et al. (2018), who mentioned that 

the 3-parameter lognormal distribution provided a better account of the stem diameter in the limited tropical 

rainforest in Nigeria. 

The strength of the chosen models was also supported with the help of graphical analyses (overlaid histograms, 

empirical cumulative distribution functions (CDFs), and P–P plots). The proximity between the empirical data and 

the fitted curve of lognormal and gamma distributions shows that both models can describe the central tendencies as 

well as the variation in the data of the tree diameter. The observed and predicted DBH classes had no significant 

difference (P > 0.05), meaning that there was a close match between the predicted and the observed distribution. 

This is in line with the conclusion reached by Adedoyin and Adeoti (2021), Egonmwan and Ogana (2020), and 

Oladoye et al. (2024). 

As is also demonstrated in Figures 1 and 2, the typical feature of the curves with long tails, the intermediate 

diameter classes and the peak in the small diameter classes, implies a structure of modes which is not vague. This 

kind of distributional behaviour is characteristic of tropical forests and is an indication of the dynamics behind the 
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forest. To manage forests effectively, accurately modelling such distributions is necessary, as it would be used to 

predict stand structure, estimate volume yield, and develop sustainable harvesting plans. 

5. Conclusion 

The study area has a species composition of thirty (30) tree species belonging to 14 families, with Fabaceae as the 

dominant family. The Fabaceae family is the most represented, and Daniella oliverii is the most abundant species 

(22 trees/ha; 18.5% relative frequency). Tree diameter analysis showed a mean DBH of 10.3 cm, with a wide size 

range (4.6–41.1 cm) and a positively skewed, peaked distribution (skewness = 2.3, kurtosis = 10.0), indicating a 

population dominated by smaller trees with fewer large individuals. Among the tested statistical models, the 

Lognormal distribution was adjudged as the best fit to the observed diameter data, followed by the Gamma and 

Logistic models. The woodland is taxonomically diverse and structurally heterogeneous, indicating a balanced tree 

community with implications for biodiversity conservation and sustainable woodland management. 
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