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ABSTRACT  

Wood density is among the key variables in biomass and carbon stock estimation models. 

Hence, better understanding of wood density variations within and between species is 

critical for enhancement of forest biomass and carbon flux estimating models. This study 

examine the inter and intra species wood density (ρ) variations to reduce sources of 

uncertainty in biomass estimations of Combretum-Terminalia woodlands of Northwest 

Ethiopia. For the determination of stem and branch densities, destructive sampling of 101 

trees of the selected nine dominant tree species were taken. Three diameters at breast height 

and branch diameter classes (5–10, 11–15, and > 16 cm) represented tree population 

between 5 and 65 cm. The mean ρ of the studied tree species ranges from 0.308 to 0.612g 

cm-3 . While the branch and stem wood density of mixed‒species was estimated at 0.498 

and 0.509g cm-3, respectively. Despite the absence of general trends within a tree, ρ 

decreased with stem height and branch thickness. Statistically significant variation in ρ was 

observed among the selected tree species signifying the need for applying species specific 

ρ in biomass models. The stem had higher ρ than the branch suggesting ρ derived from the 

branch with a diameter of 11‒15 cm explained 92.3% variability of stem ρ. Some wood 

densities adopted to our dataset overestimated the biomass of mixed‒species, by 27.5 to 

33.6%. However, the best ρ based on averaging technique can be reliable to assess biomass 

and carbon stock dynamics Combretum-Terminalia woodlands and comparable vegetation 

formation with considering validation. Yet applying species specific ρ is recommended for 

accurate biomass estimation models given the significant inter-species variation.   

Keywords: Combretum-Terminalia woodland, wood density, biomass, destructive 

sampling, Allometric models 

 

INTRODUCTION 

Globally, Forest ecosystems are recognized for their significant roles in the terrestrial carbon 

cycle (Hurteau, 2021). Forests uptake about 296 Giga tone (Gt)  of atmospheric carbon dioxide and 

store in their structures (FAO, 2015). Thus, forests secuster about one fourth of 

anthropogenic carbondioxide emissions (Hurteau, 2021) making these ecosystems significant 

contributor for climate change mitigation (Canadell and Raupach, 2008; Keenan and Williams, 
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2018). Hence, a reliable estimate of carbon stocks is essential for monitoring carbon accounting in 

environmental initiatives involving forest management and  result-based payment for 

environmental services ( Prisley and Mortimer, 2004; FAO, 2017;). Forest biomass estimation 

models often used allometric variables such as diameter and height which requires additional 

parameters such as tree densities for better accuracy (Sebrala, 2022). 

Wood density is utilized as a correction factor for converting stem volume estimated by 

diameter and heaight (Feamside, 1997; Chave et al. 2014; Sebrala, 2022). Thus, this variable is a key 

component in biomass models explaining part of variation in mixed species models (Chave  et al. 

2014; Abich  et al. 2021). As a key functional trait of forest tree species, density  have a strong 

correlation with biomass and hence carbon stock (Swenson & Enquist, 2007; Stegen et al., 2009). 

Given this importance of wood density as a principal measure for wood physical properties has led 

to global wood density (GWD) database establishment for tropical tree species (Reyes et al., 1992; 

Chave et al. 2006). However, such databases are more generic that do not reflect the specific climatic 

and growing conditions that affect wood density.  Consequently, investigation on species and site 

specific wood density of tree species and communities as well as their variations become imperative 

in biomass and carbon stock modelling of forest ecosystems (Flores and Coomes, 2011). 

Despite their critical importance, information on the wood density of most tropical forest trees 

remains scanty (Clark and Kellner, 2012). This has led to the use of an alternative approach of 

applying averaging wood densities of other species belonging to the genus and family, or a 

community-wide average (Slik, 2006). Recent experiences commonly apply the average wood 

density of closely related species for unknown densities of tree species (Flores and Coomes, 2011). 

This is explained by the strong phylogenetic conservatism states that closely related species can have 

more similar wood density than distantly related species (Chave et al., 2006). However, biomass 

estimate using this approach may introduce uncertainty (Přemyslovská et al., 2007; Swenson and 

Enquist, 2007). Moreover, variability of environmental conditions across sites can result in 

significant wood density differences within a given species (Muller-landau, 2004; Patiño et al., 2009; 

Henry et al., 2010; Ubuy et al., 2018) and hence contributing to uncertainity in biomass estimate 

(Baker et al., 2004).  

Density of tree species derived from averaging technique are less  useful predictor in the 

biomass model (Lima et al. 2012) due to the potential uncertainty (Sileshi, 2014). Such technique of 

averaging wood densities can  also be critical factor for landscape biomass estimation (Abich et al., 

2022). Enhancing the accuracy of biomass and carbon stocks thus require determination of  species‒

specific wood density (Abich et al., 2022).This has a lso contribution to enrich the Global Wood 

Density (GWD) database (Flores and Coomes, 2011).  

Combretum-Terminalia woodland (CTW) distributed in vast areas of the Ethiopian dryland 

ecosystems play significant role in climate change mitigation and preventing the encrochment of the 

Saharan desert (Tesfaye and Negash, 2018; Amsalu et al., 2018; Abich et al., 2022). It harbors diverse 

tree species of ecologically and socioeconomically valuable (Eshete et al., 2005; Lemenih et al., 

2007), including highly hunted timber species and Non-timber forest product yielding species 

(Abich et al., 2018). Nevertheless, knowledge on the woody species physical properties including 

wood density is scanty contributing to inconsistencies in biomass and carbon estimations in CTW 

(eg. Sisay et al., 2017; Tesfaye and Negash, 2018). The use of community-averaged wood density in 

biomass assessment is also cited as one of the challenge in national forest carbon accounting 

(MEFCC, 2017).  

In Ethiopia, few studies examined the range of variations of wood density across species and 

sites but concentrated in  the dry Afromontane biomes context (Ubuy et al., 2018; Asrat et al., 2020) 

which are not applicable for CTW due to their unique environmental conditions. Althought the 
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relationship between components of trees and their corresponding wood density is determined, 

evident descripancies among studies are observed (Okai et al., 2003; Swenson and Enquist; 2008). 

This need for clarification to generate unbiased biomass estimates and improvement in the method 

of wood density determination. Moreover, uncertainty in Above-ground Biomass (AGB) estimates 

associated with choice of wood density is rarely assessed in most forests of Ethiopia. Thus, species-

specific wood density are highly demanded and investigation of their effects in biomass estimations 

as compared with a commonly used generic values from data bases and average values of similar 

species and genus. Hence, this study examine wood density variations among and within the 

dominant tree species. Further it aims to investigate the effects of using species and site specific 

density and generic values on CTW biomass estimation.  

MATERIALS AND METHODS 

Study Area Description 

The study was conducted in the dryforests of Metema district of West Gondar administrative 

zone in Northwest Ethiopia. Geographically, the area is situated between 12o10'30''‒13o26''45'' N 

latitude and 35o32'0''‒36o48'15'' E longitude (Figure 1). The terrain is characterized by undulating 

terrain and plane areas with an altitude range of 481 to 1667 masl (Eshete et al., 2011). The annual 

rainfall reachs to 1128 mm and the area is characterized by higher temperature with mean monthly 

minimum and maximum temperature recorded at 19.310C and 35.650C (Wale et al.,2012). Vertisols 

and Luvisols are dominant soil types in the study area (Haile & Moog, 2016) . Empirical studies 

revealed that the soil of study site is characterized by deeper and more clay soil with good fertility 

in terms of nutrients (Eshete et al., 2011). 

 

Figure 1: Map of the study area in Northwest Ethiopia. 

Vegetation of the study area is classified as biome of Combretum-Terminalia woodland (Friis et 

al., 2010). It is characterized by small to moderate size woody plants with fairly large deciduous 

leaves. The woodlands are dominated by Combretaceae, Fabaceae, and Burseraceae families (Friis et 

al., 2010, Eshete et al., 2011, Wale et al., 2012).  
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Species selection  

Different vegetation assessments indicated that the woodland in the specific stdy area 

comprised of 36-39 tree species (Eshete et al., 2011; Wale et al., 2012). Study by Eshete et al. (2011) 

reported that the mean abundance of the woodlands in the area ranges from 329 to 646 ha-1 and 

basal area of trees at a range of 7.6 to 16.4 m2 ha-1. Based on the previous vegeitation assessment  

and Importance Value Index (IVI) analysis (Eshete et al., 2011; Wale et al., 2012), the tree species 

were ranked in descending order as Sterculea setigera, Boswellia papyrifera, Pterocarpus lucens, 

Lannea fruticosa, Anogeissus leiocarrpa, Terminalia laxiflora, Lanchocarpus laxifiora, Combretum 

molle, Combretum collinum and Combretum hartmannianum. In addition, a rapid vegetation 

assessment was conducted in 9 plotes of 20 m x 30 m to verify the aforementioned IVI based ranking 

of the species. After the rapid verification, the top ranked nine tree species were considered for this 

particular wood density determinantion study.  

Wood samples selection and measurement procedure 

Age of the trees which can be measured by their diameters as a proxi indicator is one of the 

factors determining  wood density (Ubuy et al., 2018).  Diameter (D) of dominant tree species were 

grouped into seven classes based on Abich et al. (2021) as 5‒10, 11‒20, 21‒30, 31‒40, 41‒50, 51‒

60, and 61‒70 cm. The diameter class distribution was considered during the destructive sampling 

for proportional representation of the population (Roxburgh et al.,. 2015; Abich et al., 2021). Then, 

eight to thirteen trees were sampled from the selected tree species  for harvesting by systematically 

distributing in each diameter class (Salis et al., 2006; Ngomanda et al., 2014). Accordingly, 101 

individual trees were sampled and harvested for the wood density measurement of the tree 

components. 

The sampled trees were harvested at a heights of 30 cm from the ground with a Chainsaw. 

Diameter at breast height (DBH), total height of standing trees before failing and total length of felled 

trees were measured. Felled trees were cross-cut and partitioned into stem and branch components. 

Further, the stem was partitioned into three parts following log diameter for latter examination of 

wood density variation alone tree heights. The first section of the stem (S1) was started from 

diameter at stump height (30 cm) to DBH. The second and third partitions of the stem were made 

based on personal judgment using log thickness variation towards stem height (Aosaar et al., 2011). 

Hence, the second section (S2) was started from D to a uniform shape was observed, whereas the 

third section (S3) was extended from the end (top) of the second section to top of the stem with a 

diameter of ≥ 5 cm. Then, following Basuki et al.(2009) and Aosaar et al. (2011)  sample discs with 

bark were taken in the middle of each stem section. Branche samples were first grouped into three 

classes as >16 cm (C1), 11‒15 cm (C2), and 5‒10 cm (C3). In each class, a representative samples 

were considered where disc s were taken in the middle of each section.  

The sampled discs were carefully transported to the laboratory of University of Gondar where 

their green volume and weight measured by weighing and measurement of the displaced water 

(cm3). Then, the fresh weight of the discs measured in the field was converted to the corresponding 

green volume. All discs were labelled accordingly and dried under shed for six months. Subsequently, 

discs were oven-dried at 105oC for 24 hours until constant dry mass was observed. Finally, wood 

density (g/cm3) of individual samples was calculated as the quotient of oven-dried mass of disc in 

gram and its corresponding green volume. 

 

Data analyses 
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Two-ways Analysis of Variance (ANOVA) and mean comparisons (Tukey’s method) were used for 

comparison of wood density differences within tree components (stem sections and branch classes). 

Difference in wood density among species was also analysed with ANOVA. Besides, a paired sample 

t-test was employed to compare the main stem and branch wood density. Then, regression analysis 

was used to estimate stem wood density from branch sections. Frequency distribution was also used 

to identify the most frequent wood density classes as an indication for average values for mixed 

species of the specific biome (Reyes et al., 1992). Then, the effect of the using the computed wood 

density in the accuracy of wood biomass and carbon estimation was validated comparing with the 

commonly used wood density values. 

MAPE% =
100

n
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|Xio − Xip|

Xio

n

i=1

)                                                                                                     Eq. (1) 
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)

  
 
∗ 100                                                                                                 Eq. (3) 

Where, MAPE, RMSE, MPE, Xio, Xip, and n are absolute mean prediction error, root mean square 

error, mean prediction error, observed biomass, predicted biomass, and number of sample trees, 

respectively 

Validation of biomass estimated by the Wood density determined  

Stem and branch volume of the sampled individual trees with diameter ≥ 5 cm was multiplied 

by its wood density to estimate biomass of each species. Then, the estimated biomass of the species 

was summed to calculate biomass of the mixed‒species and considered as observed biomass. The 

applicability of wood density (ρ) derived from global database was then tested to measure its 

reliability in biomass estimates of Combretum-Terminalia woodlands. We adopted wood density of 

0.5 g cm-3 (Reyes et al., 1992), 0.645 g cm-3 (Chave et al., 2006), and 0.612 g cm-3 (MEFCC, 2017). 

Then, the volume of both stem and branch of individual trees was multiplied by those wood densities 

to estimate biomass of each species and the mixed-species. Then, the effects of wood density choice 

on biomass estimate of the species and mixed-species were measured against the observed biomass. 

Variation of biomass estimated based on the measured wood density and global data bases was 

validated based on mean absolute prediction error (MAPE%), root mean square error (RMSE, in kg) 

(Chave et al., 2005; Basuki et al., 2009), and mean prediction error (MPE%).  

RESULT  

Wood densities of tree components   

The measured stem and branch wood densities (ρ) of the nine dominant tree species in the 

Combretum-Terminalia woodland is presented in Table 1 and Appendix A.  Wood density of the 

studied tree species of ranges from 0.308-0.612 g cm-3.  Generally, wood density decreased along the 

tree height associated with the proportion of juvenile woods. Wood density of stem section 3 (S3) 

significantly differed from S1 and S2 (p < 0.001) for Pterocarpus lucens. Despite these, the variation 
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in ρ between stem sections (along the height of tree) were insignificant for the remaining studied 

tree species.  

Branch wood density of the studied tree species also decreased with branch thickness (Table 

1, Anex A). For Pterocarpus lucens, the ρ of branch class 1 (C1) significantly differed from C2 and C3 ( 

P<001). However, ρ of branch did not reveal significant variations with diameter thickness for rest 

of the species. With the exception of Boswellia papyrifera and Sterculia setigera, where the ρ of stem 

was numerically higher than that of the branch but still statistically non-significant. Despite the 

absence of general trends, ρ significantly differed between stem sections and branch classes among 

all tree species. The ρ of stem S1 was significantly higher than that of branch C3 for Pterocarpus lucens, 

Lanchocarpus laxifiora, and Combretum hartmannianum (p < 0.05).  

Table 1. Wood density (g cm-3) of tree components, statistical parameters.  

 

 

Species and family 

Wood density of tree components  

Stem Branch 

n Average Std.dev Average Std. dev 

Anogeissus leiocarpa (Combretaceae) 10 0.580 0.058 0.578 0.040 

Boswellia papyrifera (Burseraceae) 10 0.366 0.039 0.372 0.030 

Combretum harotomannianum (Combretaceae) 13 0.538 0.049 0.521 0.029 

Combretum molle (Combretaceae) 13 0.612 0.037 0.589 0.054 

Lanchocarpus laxifiora (Fabaceae) 12 0.520 0.026 0.495 0.023 

Lannea fruticosa (Anacardiaceae)  12 0.445 0.030 0.426 0.073 

Pterocarpus lucens (Fabaceae) 11 0.587 0.019 0.565 0.020 

Sterculia setigera (Sterculiaceae) 8 0.308 0.048 0.319 0.044 

Terminalia laxiflora (Combretaceae) 12 0.539 0.063 0.551 0.063 

Mixed species  101 0.509 0.101 0.498 0.095 

  

Variation of wood density among tree species   
The detailed account of wood density measurement results of tree components is presented in 

Appendix B. Statistically significant variation was observed between tree species, with the mean ρ 

ranging from 0.308 for Sterculea setigera to 0.612 g cm-3 for Combretum molle (Table 1). The wood 

densities of Boswellia papyrifera, Lannea fruticose, and Sterculea setigera significantly (p < 0.0001) 

differed from the rest of the tree species. Then, the tree species were clustered into five groups based 

on their proximate values of wood density. The first, second, and third clusteres contained single 

species with wood density of 0.308, 0.366, and 0.445 g cm-3, respectively. Three tree species 

constitute the fourth and fifth groups with wood density of 0.520 to 0.539 g cm-3 and 0.579 to 0.612 

g cm-3, respectively. The measured wooddensity shows statistically significant difference between 

the cluseters (Figure 2). The groups are ordered with increasing wood density. Group 1, 2, and 3 

represent Sterculea setigera, Boswellia papyrifera, and Lannea fruticosa, respectively. Group 3 

consisting of Combretum harotomannianum, Lanchocarpus laxifiora, and Terminalia laxiflora, 

whereas group 5 containing Anogeissus leiocarpa, Combretum molle, and Pterocarpus lucens.  
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Figure 2. Comparison of average wood density (g cm-3) between grouped species (95% confidence interval of the 

mean, the centre line is median; and the 75% (the upper box line) and 25% (lower box line) of the value of the data set 

is below line, whereas different letters indicate difference between the group (p < 0.0001).) 

Figure 3 presents the summarized wood density result of the studied mixed tree species 

classified by frequency of occurrence of density classes. Most frequent wood densities in the samples 

ranged from 0.4 to 0.6 g cm-3 class, whereas 0.51 to 0.55 and 0.56 to 0.6 g cm-3 classes took the most 

dominant values in the data (Figure 3). 

 
Figure 3. Frequency distribution of Combretum-Terminalia woodland species by wood density (g cm-3) class in 

Northwest Ethiopia 

For mixed species average wood density (mρ), a significant difference was not observed within stem 

sections and branch classes. The wood densities of stem sections S1, S2, and S3 were 0.528, 0.512 and 0.487 

g cm-3, respectively. The ρ of branch sections C1, C2, and C3 were 0.518, 0.509, and 0.483 g cm-3, 

respectively (Table 1). The mean ρ of stem (0.509 g cm-3) was significantly higher than that of branch 

(0.498g cm-3).  Then, the ρ of branch C2 (ŷ), diameter class ranged from 10 to 15 cm, accurately explained 
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92.3% variability of mρ of the stem (Figure 4). Thus, the regression model was msρ = 0.960*ŷ + 0.026 

(Adj. R2 = 0.923). 

 

 
Figure 4. Linear regression of wood density (g cm-3) of stems and branches (diameter ranged from 10 to 15 

cm) of mixed‒species in Combretum-Terminalia woodlands. 

The effects of wood density choice on biomass estimation  

In this study, the wood density was also grouped into family‒based average wood density (Fρ). 

For mixed species, there was difference between observed and estimated biomass using Chave’s 

(Chave et al., 2006) and Eth’s ρ (MEFCC, 2017). However, the observed biomass did not significantly 

differ from biomass estimate based on Reyes’s (Reyes et al., 1992) ρ, Gρ, and Fρ. Moreover, Gρ 

introduced lower values of MAPE (6.9%) and RMSE (31.3 kg) compared to others (Table 2). 

Table 2: Comparison results of biomass estimates (kg/tree) based on wood density derived from this study 

and collated from literature.  

 

Wood 

density 

 

Average 

biomass 

Statistical parameters 

Std. dev. 

Std. 

Error 

95% CI for Mean 

MAPE RMSE MPE 

Lower 

Bound 

Upper 

Bound 

Oρ 214.8 304.8 30.3 154.7 275.0    

Fρ 224.3 344.8 34.3 156.3 292.4 13.8 98.5 -4.4 

Gρ 205.8 286.3 28.5 149.3 262.3 6.9 31.3 4.2 

Reyes's ρ 218.8 325.7 32.4 154.5 283.1 19.1 91.3 -1.8 

Observed wood density (Oρ), family-based wood density (Fρ), grouped species wood density (Gρ), 

confidence interval (CI), Mean absolute prediction error (MAPE%), Root mean square error (RMSE, 

kg) and Mean prediction error (MPE%) 
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DISCUSSION  

In the carbon flux assessments, wood density is one of the most important variable for 

converting forest volume to biomass (Feamside, 1997; Nogueira et al., 2007). In this study, the 

mixed‒species wood density in CTW was estimated 0.509 g cm-3 which is lower than that of the 

generic values in global dat bases. Our estimate was consistent with the previous studies reported 

for the mixed-species of African vegetation (Reyes et al., 1992). In contrast, our estimate was lower 

than wood density of mixed‒species reported for Amazonian forest (Feamside, 1997, Nogueira et 

al., 2007), Neotropical tree species (Chave et al., 2006), and Ethiopia (MEFCC, 2017). Similarly, the 

wood density of this study was lower than wood density reported for Ethiopian dry Afromontane 

forest (Ubuy et al., 2018). This may be explained by a difference in growing conditions between CTW 

and those forests as evident in previous studies (Yang et al., 2024). The result signifies the 

importance of using site and specific wood density values for landscape biomass estimations with 

better accuracy.  

The significant variation in wood density observed between tree species of CTW indicate the 

presence of variation in anatomical features such as the proportions of vessel composition (Hacke 

et al., 2001; Worbes and Fichtler, 2010) between species. Similar to this study, variation in wood 

density between species was reported among tree species of tropical rain forest (Henry et al., 2010), 

Amazonian forest (Feamside, 1997), and African Savanna woodlands (Colgan et al., 2014). The 

difference in wood density may be associated with evolutional history including sapling and growth 

rate (Muller-landau, 2004) and tree size (Nogueira et al., 2007). It might also be attributed to 

anatomical wood features and genetic difference between species. It indicated that recognizing 

variations and utilization of species-specific wood density is crucial to enhance biomass estimation 

accuracy as compared with using genus level and global data base wood density values (Reyes et al., 

1992; Feamside, 1997; Baker et al., 2004; Slik, 2006). 

Despite the trends is inconsistent across the species that could be associated with the 

differences in the growth habits among species, wood density of stem gradually decreased as 

sampling height increases (along the height of tree) for all tree species. Higher wood density was 

measured at the lower part of the stem due to the highr composition of late and heart wood as 

confirmed by previous study (Wiemann and Williamson , 2014). This is due to the proportion of late 

and early woods in the lower section of the stems. The stem formation of juvenile and mature tree 

are altered to tipper form towards axial growth due to ageing process of cambial initials (Yang and 

Benson, 1997). This may be resulted from changes in the components of wood structure, including 

fine and short fibers, thin cell wall, and the occurrence of spiral grain, towards vertical position 

(Shmulsky and Jones, 2011). This inherent variability of anatomical features may contribute to 0.4‒

14.3% of relative differences in wood density along the height of trees. It was similar to study 

reporting that wood density at the base of the boles is 8‒10% higher than at the top of the boles due 

to the higher proportion of late wood in the lower sections (Nogueira et al., 2007). Recognition of 

wood density variation along the height of the tree is essential for consideration of appropriate 

sampling as it accounted for sources of uncertainty in biomass estimate.  

Associated with the differences in their wood structure, wood density was higher in stem than 

in branch. The presence of variation in wood structure between tree components is associated with 

the dominance of juvenile woods in the branches. It was consistent with previous study (Shmulsky 

and Jones, 2011). This difference in wood density may be associated with variation in vessels 

dimension, fibre contents, and porosity between stem and branches of trees (Wiedenhoeft, 2010; 

Worbes and Fichtler, 2010; Shmulsky and Jones, 2011). Result obtained here indicated that wood 

density of branch with a diameter thickness of 10 to 15 cm explained variation in stem ρ (Swenson 
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and Enquist 2008). This result suggests the possibility of stem wood density derived from its branch 

in a lower destructive sampling procedures.   

Wood density adopted in this study significantly overestimated biomass (p<0.05) of all 

species. This suggests that the use of community-wide wood density derived from the global 

database in biomass assessment produces bias estimate. Gρ and Fρ provided better biomass 

estimation but not consistent across the species. It appears that the technique of averaging wood 

density based on proximate wood density value or derived from family-wise averages is still critical. 

For mixed-species biomass estimate, Gρ and Fρ produced accurate estimate with a lower value 

of MAPE and MPE. Similarly, the wood density of Reyes et al. (1992) introduced a lower uncertainty 

with MAPE and MPE of 19.1 and -1.8%, respectively. Our results suggest that Gρ and Fρ, and Reyes’s 

ρ are important to predict landscape biomass of Combretum-Terminalia woodlands. However, wood 

densities of Chave et al. (2006) and MEFCC (2017) overestimated biomass of Combretum-

Terminalia woodland by 33.6 and 27.5%, respectively.  

CONCLUSION 

The study provides baseline information on the wood density of tree species in dominant in 

the woodlands of Northwestern lowlands of Ethiopia. Wood density varied within trees across the 

tree components. Generally, wood density decreased along the height of the trees and branch 

thickness although statistically inconsistent patterns. Similarly, stem had higher wood density than 

branch, suggesting that components of trees are accounted for sources of variation in wood density. 

Understanding wood density variation within trees is thus crucial for accurate estimation of tree 

biomass. Wood density significantly varied between tree species, depicting the distinct ecological 

role and function of tree species. Boswellia papyrifera, Lannea fruticose, and Sterculea setigera had 

lower wood densities estimated at 0.366, 0.445, and 0.308 g cm-3, respectively. For mixed-species, 

stem wood density also higher compared to branch density and therefore branch wood density, 

particularly diameter ranging from 10 to 15 cm, was the best predictor that explained greater than 

92.3% variability of stem wood density. Thus, allometric models can be used to estimate stem wood 

density from branchs with diameter ranged from 10‒15 cm thickness. The result showed that global 

wood density overestimated biomass of mixed‒species by more than 27.5%, accounting for sources 

of uncertainty in carbon stock estimate within forests. However, the selected best wood densities in 

this study can be used for assessing biomass of Combretum-Terminalia woodlands and comparable 

vegetation formation. 
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