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Abstract 

The sustainable management of savannahs for their 

contribution to the reduction of greenhouse effects 

inevitably requires knowledge of their carbon stock. Thus, a 

study on the establishment of multi-species allometric 

equations for estimating woody biomass from 3 standard 

physical variables used in forestry (DBH, wood height and 

density) was conducted in the Sudano-guinea savannahs of 

Ngaoundere Cameroon. A sample of one hundred and fifty 

(150) individuals belonging to 16 species was carried out in 

the savannahs and distributed over all the classes of 

diameter, ranged from 10 to 60 cm. The diameter at breast 

height of these individuals and their height were measured. 

After felling, the woody plant was divided into branches, 

stems, and leaves including the twigs, and their biomass was 

determined after drying and weighing. Different allometric 

equations between biomass and these three tree parameters 

were tested. The analysis of the selection criteria of the best 

models (Adjusted determination coefficients (R²aj), the 

residual standard error (RSE) and the Akaike information 

criterion (AIC)) made possible to select the best following 

equations: Ln(B) = -1.61+0.32Ln(D)+0.36Ln (DH*p), with 

R²aj = -0.477 and AIC = 275.22 for leaves; Ln(B)= -

1.78+1.07in(D) + 0.35Ln(DH*p), with R²aj = 0.688 and 

AIC = 280.79 for the branches, Ln(B) -1.54 +0 .64Ln(D) 

+0.38Ln(D'H*p), with R²aj = 0.640 and AIC= -184.78 for 

the stems and Ln(B)= -0.10 + 0.72Ln(D) + 0.33Ln(D'H*p), 

with R²aj = 0.736 and AIC=180.24 for the total biomass. 

These equations provide a contribution to the reliable and 

rapid estimation of the carbon stock of the Ngaoundere 

savannah in the context of evaluating the contribution of the 

Sudano-guinea savannahs to climate change mitigation. 
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1. Introduction 

The upsurge in pollution, deforestation and environmental degradation has prompted international communities to interfere in 

government practices relating to the environment. Thus, polluting countries are called upon to subsidize developing countries 

for initiatives to reduce CO2 emissions aimed at deforestation and degradation, but also at conservation, sustainable 

management of forests and strengthening of forestry equipment (IUCN, 2009) [33]. 

This initiative aims to make the conservation and protection of forests more profitable through a financial incentive. Indeed, 

REDD+ covers REDD mechanisms. The latter proposes to offer compensation in the form of "carbon credits" to countries that 

reduce their emissions from the destruction and degradation of their forests and, therefore, the associated carbon emissions 

(Gibbs et al., 2007) [25]. However, for this mechanism to be implemented, researchers working in the forestry field must 

provide precise estimates of the carbon stocks of different ecosystems, which, under the pressure of felling and burning release 

CO2, in the atmosphere. Indeed, plant formations have a biomass made up of approximately 50% carbon (Nair, 2012) [48] and 

their felling and burning lead to its release into the atmosphere. 

The Adamawa region, like the rest of Cameroon, is not spared from the degradation of natural resources. Qualitative 

observations that prove that the plant formations of Adamawa Highlands are various and now change now (Rippstein, 1930). 

The facts are evident in peri-urban areas where natural vegetation cover has virtually disappeared. It is now represented only 

by a few thin plants of Daniellia oliveri, Albizia zygia, Vitex doniana and Sterculia sp (Tchotsoua et al., 2009) [68]. The plateau 
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being therefore covered at more than 90% by shrub or tree 

savannahs is maintained by man through the use of space as 

a field of culture and paints and in particular by the use of 

bush fires in dry season (Risppstein 1977) [55]. Without these 

anthropic activities, it has been demonstrated by Piot (1969) 

[53] and by Rippstein and Baudet (1977) [55], that the 

vegetation of the Adamawa would evolve towards open 

forest. The Ministry of the Environment, Protection of 

Nature and Sustainable Development (Menepded, 2014 and 

2015) carried out in 2014 and 2015 an inventory of land 

degradation data in order to delimiting reforestation areas in 

the 3 northern regions Cameroon. This study showed that 

the northern regions of Cameroon are considered to be 

among the most affected by land degradation (Atlantis 

group, 2015, 2014) [4]. Therefore, knowledge of vegetation 

biomass seems essential for the study and the understanding 

of carbon stocks and the contribution of their flux to the 

atmosphere (Robert et al., 2003) [57]. 

Biomass estimation is done using various methods 

(Bognounou et al., 2008) [6]. Destructive methods are 

tedious, very costly in time, financial and human resources 

despite their precision (Cissé et al., 1980; Zabek et al., 

2006) [15, 72]. It is for these reasons that more and more non-

destructive methods, less costly in time, in human, and 

financial resources, and contributing to the conservation of 

forest, are used (Andrew et al., 1979; Savadogo et al., 2007) 

[3, 61]. Allometric equations for estimation of biomass from 

the physical parameters of the tree such as the diameter, the 

height, or the density of the tree were developed (Tchindebe 

et al., 2019, Tchindebe et al., 2020; Mamadou et al, 2020) 

[65, 66, 40], without reaching the physics integrity of it, and 

from a representative sample of the population of trees 

without leading to significant destruction of ecosystems. 

However, the biomass estimation equations known as 

allometric equations vary systematically according to the 

type of ecosystem, the study site, the age and the species 

considered (Saint-André et al., 2005; Henry et al., 2010: 

Fatemi et al., 2011) [60, 28, 22]. Despite their importance, few 

allometric equations exist in tropical countries and even 

fewer in Central Africa where phytomass measurements 

have been relatively recent (Deans et al., 1996: Djomo et 

al., 2010; Henry et al., 2010, 2011, Vielledent et al., 2012; 

Fayolle et al., 2013, Mamadou, 2014, Ahmadou, 2014, 

Tchindebe et al., 2019, Tchindebe et al., 2020; Mamadou et 

al, 2020) [16, 17, 28, 27, 71, 23, 39, 1, 65, 66, 40]. The objective of this 

study is to develop multi-specific allometric equations in the 

Sudano-guinea savannahs of Ngaoundere Cameroon 

according to the standard measurement methods used in 

forestry. 

 

2. Materiel and Method 

2.1 Study site 

Our research is carried out in the savannahs of Ngaoundere 

which themselves belong to the Adamawa plateau located 

between the 6th and the 5th degree of North latitude, the 

10th and the 16th degree of East longitude. Its extends over 

about 72.000 km, with an average altitude of about 1.200 m, 

in the center of Cameroon. The climate of this region is a 

Sudano-guinea altitude type, at humid tendency (Suchel, 

1987) [63], with a long rainy season (April-October) and a 

short dry season (November-March). The average annual 

precipitation is of 1500 mm, with peaks of rainfall in July 

and September. The annual average temperature between 

the periods 1989 and 2020, for the city of Ngaoundéré is 

23°C and the relative humidity is 65% (Carrière, 1989) [12]. 

The dominant soils are weakly ferralitic (Boutrais, 1974) [7], 

red in color developed on old basalts (Humbel, 1971) [30], 

rich and clay (40 to 60%), low in organic matter (less than 

1%), with a low capacity for cation exchange (15-20 

meq/100g) and a pH between 4.7 and 5.6 (Brabant and 

Humbel, 1974) [9]. The Adamawa vegetation is a humid 

savannah with Daniellia oliveri and Lophira lanceolata 

(Letouzey, 1968) [37], which, nowadays, are in a regressive 

dynamic under the effects of anthropisation 

(Mapongmetsem, 2006 [42] and Sufa Kankes, 2017). This 

savannah is differentiated into grassy savannahs at Imperata 

generally from agriculture; and shrubby savannahs with 

Annona senegalensis, Bridellia ferruginea Terminalia 

glaucescens with ashy foliage, Hymenocardia acida, 

Piliostigma thonningii with the notable presence of 

Aframomum latifolium and carpet of Andropogone more 

diversified; finally, in tree savannahs with Daniellia oliveri, 

Combretum molle, Parkia biglobosa, Syzygiun guineensis 

var. guineense, Syzygiun guineensis var. macrocarpum and 

Vitellaria paradoxa. The appearance of this vegetation is 

influenced by zoo-anthropic actions (Ibrahima & Abib 

Fanta, 2008) [31]. Multifaceted cropping practices and the 

breeding of local populations undermining this vegetation 

which is regressing more and more. 

Three study sites were chosen at Dang, Tchabbal and 

Falaise. These sites are located along the Ngaoundere - 

Garoua road axis following an altitudinal gradient varying 

from 1030 to 1500 m. The other characteristics of these 

sites, their geographical location and their dominant 

vegetation formation are given in Table 1. 

 
Table 1: Characteristics of study sites 

 

Variables Dang Tchabbal Falaise 

Geographical reference N:7°25’6’’ and E:13°33’130’’ N:7°35’5’’ and E:13°33’54’’ N:7°37’6’’ and E:13°33’12’’ 

Altitudes (m) 1056 1265 1440 

Distance from Ngaoundere town (km) 13 25 35 

Dominant vegetal formation shrubby savannahs Tree savannahs 

Soil Ferralitic soils on granite 

Texture Clayey 

 

2.2 Plant Species choice 

Sixteen (16) plant species characteristic of the Ngaoundere 

savannah and of socio-economic interest for the local 

populations were chosen (Table 2). These plant species are 

from a hand, food sources for men and livestock, source of 

income for farmers, indicators of soil fertility, etc... and play 

a role in the traditional pharmacopoiea and on the other 

hand and threatened by human activities, particularly by 

logging (Mapongmetsem et al., 1998; Tchotsoua, 2009, 

Rodrigue et al., 2017, Massai et al., 2019) [44, 68, 58, 45]. They 

are also part of the species studied in the research program 

on the domestication of local plant species interest and the 
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functioning of savannah ecosystems (Ibrahima et al., 2006; 

Mapongmetsem et al., 2008) [32, 43]. These species are mostly 

medium-sized shrubs between 3 and 4 m (Annona 

senegalensis, Entada africana, Maytenus senegalensis, 

Piliostigma thonningii, Psorospermum febrifugum, 

Securidaca longepedunculata, Vitex madiensis, Ximenia 

americana), and trees taller than 6 m (Lannea schimperi, 

Lophira lanceolata, Syzygium guineense var. guineense et 

Syzygium guineense var. macrocarpum, Terminalia 

glaucescens et Terminalia macroptera, Vitellaria paradoxa 

and Vitex doniana). These are mostly deciduous species, 

which lose their leaves in the dry season, except S. 

guineense var. guineense and V. doniana which are 

evergreen. 

 
Table 2: Plant species sample and their habitat 

 

Family Species Growing form Leaves habit Habitat 

Annonaceae Annona senegalensis shurb Deciduous Savannah 

Mimosaceae Entada africana shurb Deciduous Savannah 

Anacardiaceae Lannea schimperi tree Deciduous Savannah 

Ochnaceae Lophira lanceolata tree Deciduous Savannah 

Celastraceae Maytenus senegalensis shurb Deciduous Savannah 

Fabaceae Piliostigma thonningii shurb Deciduous Savannah 

Hypericaceae Psorospermum febrifugum shurb Deciduous Savannah 

Polygalaceae Securidaca longepedunculata shurb Deciduous Savannah 

Myrtaceae Syzygium guineense var. guineense tree Evergreen Forest gallery 

Myrtaceae Syzygium guineense var. macrocarpum shurb Deciduous Savannah 

Combretaceae Terminalia glaucescens tree Deciduous Savannah 

Combretaceae Terminalia macroptera tree Deciduous Savannah 

Sapotaceae Vitellaria paradoxa tree Deciduous Savannah 

Lamiaceae Vitex doniana tree Ever green Forest gallery 

Lamiaceae Vitex madiensis shurb Deciduous Savannah 

Olacaceae Ximenia americana shurb Deciduous Savannah 

 

2.3 Sampling and data collection  

After authorization from environmental officials, one 

hundred and fifty 150 individuals belonging to 16 plant 

species were sampled in the three sites at a rate of 50 

individuals per site. So as to minimize the interdependence 

of the observations, that is to say that characteristics of a 

tree do not influence those of another. The main choices 

criteria for individuals are their availability and the absence 

of human exploitation (trace pruning or lopping), disease or 

physical abnormality. These sampled individuals were 

divided into three diameter classes ([5-15 cm[, [15-25 

cm[ and [25-40 cm[) defined by Mamadou (2014) [39] and 

Ahmadou (2014) [1], at a rate of fifty (50) individuals for 

each. After measuring their diameter at breast height (DBH) 

on bark using a tape measure and their height using a 

clinometer, these individuals were cut at 20 cm from the 

ground using a chainsaw and divided into compartments of 

leaves, branches and trunks following the method of Picard 

et al. (2012) [52]. The remaining part of the stem (2 cm) was 

cut using a machete. Their total wet masses were determined 

using a scale in the field. A sample of each category for each 

individual was taken and brought back to the laboratory to 

determine their total dry mass, after drying at oven, 

Memmert for 48 hours at a temperature of 75°C for the leaf 

samples and 105°C for the branch and stem samples. The 

water content of the leaf, branch and stem samples were 

calculated using the following formula: TE (%) (MH-

MS/MS)*100, where TE is the water content of the samples 

in percentage, MH and MS respectively the fresh and dry 

masses (Kg) of the sample. From the water content of the 

samples, the total dry masses of the fractions were 

calculated as follows: MST = 100*MHT/ (100+TE), where 

MST is the total dry mass and MHT is the total fresh mass 

(Kg). The specific density was obtained in the studies of 

Halilou (2015) [26]. 

 

2.4 Development of equations 

The allometric equations were established between the 

physical parameters of woody plants (DBH (D), height (H) 

and density (p)) and the Biomass of leaves, stems, branches 

and total (Lotfi, 2005). The mathematical model commonly 

used to develop allometric equations has been adopted 

(Picard et al., 2012 [52], Nelson et al., 1992, Heney et al., 

2012): 

 

 Y = a*Xb 

 

Y is the response variable and X the explanatory variable, a 

and b being the adjustment coefficients. Thus, in the case of 

adjusting biomass tariffs or volume, simple linear regression 

using biomass as the response variable (Y) will generally be 

of little use. The logarithm transformation (i.e., In (Y) ) 

solves this problem, since the linear regressions used in the 

context of the tariff adjustment will almost always be 

regressions on log-transformed data according to the 

formula:  

 

 Ln(Y)= Ln(a)+b *Ln(X) 

 

After the logarithmic transformation of the data collected, 

the allometric equations were established between the leaf, 

branch, stem and total biomasses, and the physical 

parameters of the tree (diameters, height and density). These 

mathematics equations are: 

• A model using a single parameter which is the DBH (D) 

 

 Ln(B) = a + bLn(D) (1) 

 

• Two models taking into account in addition to the 

diameter, the height of the ligneous as additional 

explanatory parameter. 

 

 Ln(B) = a + bLn(D²H) (2) 

 

 Ln(B) = a + bLn(D) - cLn(H) (3) 

 

• Two models taking into account in addition to the 

diameter and the height, the density (p) of the ligneous 
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as additional explanatory parameter 

 

 Ln(B) = a + bLn(D2H) + cLn(ρ) (4) 

 Ln(B) = a + bLn(D) + cLn(D²Hρ) (5)  

 

Where B is the biomass (Kg), D the diameter (cm), H the 

total height (m), ρ the density (cm), a is the regression slope, 

b and c are the regression coefficients. 

The logarithmic transformation of the data generally leads to 

a bias in the estimate of the biomass (Duan, 1983, Chace et 

al., 2005) [21, 13]. A correction is necessary and consists of 

multiplying the estimated biomass by a correction factor 

(CF), which is calculated as: CF= exp{RSE²/2} (Djomo et 

al., 2016, Djomo and Chimi, 2017) [19, 20]; the CF is a 

number always greater than 1. To evaluate and compare the 

quality of adjustment of a model, several criteria are used 

(Schlaegel, 1987; Parreial, 1999 and Tedeschi, 2006 [69]). 

The adjusted coefficient of determination (R²aj), the residual 

standard error (FSE) and an information criterion of Akaike 

(AIC) have been used (Bozdogan 1982; Burnham and 

Anderson, 2002 [10], 2004 [11]). Akaik's information criterion 

is calculated as follows: AIC= -2Ln (L) + 2p; with p the 

number of model parameters and L the maximized 

likelihood. These criteria make possible to select the best 

models. The weaker of AIC and RSE and the higher the 

R²aj, the better the model will be (Chave et al., 2005) [13]. 

All these statistical analyzes were carried out with the Excel 

software and the allometric equations developed in the R i38 

3.3.3 software. 

 

3. Results 

3.1 Distribution of dendrometric and biomass 

parameters 

The distribution of dendrometric parameters and biomass is 

presented in Table 3. The diameter varies between 3.50 and 

35.00 cm with an average of 12.72 cm. Plant height varies 

from 1.46 to 11.00 m, with an average of 4.21 m. For the 

biomass, that of the leaves ranges from 0.30 to 24.58 kg, for 

branches from 0.93 to 177.37 kg, and that of the stem from 

2.50 to 66.70 kg, with respective averages of 4.39 kg, 28.42 

kg and 16.29 kg. The branches accumulate more biomass 

than the other compartments, with a rate of 66.02% of the 

total biomass, followed by the stem (24.83%). 

 
Table 3: Limits and average values of dendrometric and biomass of plant compartments 

 

Parameter DBH (cm) Hight (m) Density (g.mm-3) 
Compartments 

Bfol (Kg) Bbran (kg) Btr (kg) Btot (kg) 

Average 12.72 4.21 0.53 4.39 28.42 16.29 49.10 

Sd 5.88 1.69 0.08 3.71 34.34 13.01 48.88 

Min 3.50 1.46 0.33 0.30 0.93 2.50 5.30 

Max 35.00 11.00 0.87 24.58 177.37 66.70 268.65 

Bfol: leaves biomass; Bbran: branch biomass; Btr: stem biomass; Btot: total biomass. sd: standard deviation, Max: maximum and Min: 

minimum. 
 

3.2 Development of allometric models 

The first model (1) using the DBH as the only measurement 

parameter, is tested across the compartments. It presents an 

adjusted determination coefficient (R2aj) varying from 0.458 

for the leaves to 0.719 for the total biomass, with an AIC 

ranging from 193.30 for the total biomass to 284.81 for the 

biomass of branches and RSE from 0.443 to 0.617 (Table 4). 

By integrating the height in the model (1), we obtain two 

models (model 2 and 3) which improve the model 1 for all 

compartments, except model 2 not improving model 1 for 

the branch compartment (Table 4). The adjusted R² of 

models 2 and 3 are higher than those of model 1 for all 

compartments, except the branch compartment for model 2. 

These adjusted R² pass for model 1 to model 2, from 0.458 

to 0.474 for the leaves, from 0.599 to 0.627 for the stem, 

from 0.719 to 0.727 for the total biomass. 

The integration of the density in models 2 and 3 gives 

models 4 and 5. The latter models improve, except model 5, 

all others for all compartments, with higher adjusted R² than 

all other models (Table 4). These adjusted R² vary from 

0.477 to 0.736 respectively for the leaves and total biomass 

compartments. Values RSE and AIC have also undergone 

improvements with model 5 and vary from 180.24 to 280.79 

for AIC and from 0.434 to 0.607 for RSE, respectively for 

total biomass and branch compartment. 

 
Table 4: Parameter of adjustment between biomass (kg) and plant parameters (DBH, H, and ρ) of individuals of 16 plant species of the 

Ngaoundere savannah 
 

N0 Models a(se) b(se) C(se) RSE R²aj AIC CF P 

 Leaves biomass         

1 ln(B)= a + bln(D) -1.79(0.27) 1.21(0.11) / 0.607 0.458 279.84 1.20 <0.001 

2 ln(B)= a + bln(D2H) -1.83(0.26) 0.48(0.04) / 0.598 0.474 275.30 1.20 <0.001 

3 ln(B)= a + bln(D) + cln(H) -1.86(0.27) 1.04(0.13) 0.36(0.16) 0.598 0.472 276.64 1.20 <0.001 

4 ln(B)= a + bln(D²H) +cln(ρ) -1.56(0.35) 0.48(0.04) 0.38(0.32) 0.597 0.475 275.89 1.20 <0.001 

5 ln(B)= a +bln(D)+cln(D²Hρ) -1.61(0,27) 0.32(0.36) 0.36(0.14) 0.596 0.477 275.22 1.19 <0.001 

 Branch biomass         

1 ln(B)= a + bln(D) -1.96(0.27) 1.94(0.11) / 0.617 0.677 284.81 1.21 <0.001 

2 ln(B)= a + bln(D2H) -1.92(0.27) -1.92(0.04) / 0.622 0.672 287.11 1.21 <0.001 

3 ln(B)= a + bln(D) + cln(H) -2.03(0.27) 1.78(0.13) 0.35(0.16) 0.610 0.685 282.15 1.20 <0.001 

4 ln(B)= a + bln(D²H) +cln(ρ) -1.66(0.36) 0.75(0.24) 0.38(0.34) 0.621 0.673 287.84 1.21 <0.001 

5 ln(B)= a +bln(D)+cln(D²Hρ) -1.78(0.28) 1.07(0.37) 0.35(0.14) 0.607 0.688 280.79 1.20 <0.001 

 Stem biomass         

1 ln(B)= a + bln(D) -0.50(0.21) 1.24(0.08) / 0.465 0.599 200.03 1.11 <0.001 

2 ln(B)= a + bln(D2H) -0.56(0.20) 0.49(0.03) / 0.449 0.627 189.22 1.11 <0.001 
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3 ln(B)= a + bln(D) + cln(H) -0.58(0.20) 1.05(0.10) 0.40(0.12) 0.449 0.626 190.59 1.11 <0.001 

4 ln(B)= a + bln(D²H) +cln(ρ) -1.47(0.31) 0.61(0.04) 0.19(0.24) 0.444 0.635 186.88 1.10 <0.001 

5 ln(B)= a +bln(D)+cln(D²Hρ) -1.54(0.30) 0.64(0.29) 0.38(0.10) 0.441 0.640 184.78 1.10 <0.001 

 Total biomass         

1 ln(B)= a + bln(D) -0.27(0.20) 1.56(0.08) / 0.448 0.719 188.80 1.11 <0.001 

2 ln(B)= a + bln(D2H) -0.28(0.19) 0.61(0.03) / 0.442 0.727 184.51 1.10 <0.001 

3 ln(B)= a + bln(D) + cln(H) -0.34(0.19) 1.39(0.09) 0.36(0.11) 0.435 0.734 181.25 1.10 <0.001 

4 ln(B)= a + bln(D²H) +cln(ρ) -0.10(0.26) 0.61(0.03) 0.25(0.24) 0.442 0.727 185.42 1.10 <0.001 

5 ln(B)= a +bln(D)+cln(D²Hρ) -0.10(0.20) 0.72(0.27) 0.33(0.10) 0.434 0.736 180.24 1.10 <0.001 

Parameters a, b and c are coefficients of adjustment of models. (se): standard deviation, R²aj: adjusted determination coefficient, CF: 

Correction Factor, RSE: Residual Standard Error and AIC: Akaike’s information criterion. 
 

3.3 Selection of the best models  

The selection of the best models tested is made by analyzing 

the criteria taking into account of R²aj, RSE and AIC. The 

models that exhibit the lowest AIC and RSE and the highest 

R²aj are the best models. Thus, the best model for each of 

the compartments, leaves, branches, stems and total biomass 

is model 5, which is in the form of Ln(B) = a 

+bLn(D)+cLn(D²H*p). The adjusted coefficients of 

determination (R²aj) of the five best models selected for 

each of the three compartments and the total biomass are 

higher, their RSE and their AIC are lower than the values of 

the other models. These best equations are shown in Table 5 

and Figure 1. 

 
Table 5: Best models for all of plant compartments 

 

Compartiments Model R²aj RSE AIC 

Leaf biomass Ln(B) = -1.61 + 0.32Ln(D) + 0.36Ln(D²Hρ)*1.19 0.477 0.596 275.22 

Branch biomass Ln(B) = -1.78 + 1.70Ln(D) + 0.35Ln(D²Hρ)*1.20 0.688 0.607 280.79 

Stem biomass Ln(B) = -1.54 + 0.64Ln(D) + 0.38Ln(D²Hρ)*1.10 0.640 0.441 184.78 

Total biomass Ln(B) = -0.10 + 0.72Ln(D) + 0.33Ln(D²Hρ)*1.10 0.736 0.434 180.24 

A, b and c are coefficients of adjustment of models. (se): Standard Deviation, R²aj: Adjusted Determination Coefficient, CF: Correction 

Factor, RSE: Residual Standard Error and AIC: Akaike’s Information Criterion. 

 

 
 

Fig 1: Relationships between parameters (DBH, H, ρ) and biomass of leaves (a), branches (b), stem (c) and total (d) 
 

4. Discussion 

Allometric equations for estimating the biomass of woody 

species in the Sudano-guinea savannahs of Ngaoundere 

were established in the intervals of diameter and height 

ranging from 3.5 to 35 cm, and from 1.46 to 11.00 m 

respectively. These ranges of plant parameters (DBH and 

height) showed that the sampling integrates a wide range of 

diameter individuals from the savannahs, often of low height 

as reported by Kaïré (1999) in the Senegalese savannahs. 

The proportions of biomass between the compartments and 

particularly the predominance of branches over the other 

compartments showed that independently of the intrinsic 

mode of growth of the individuals, the plant species of the 

shrubby savannahs have developed more branches than 

those having grown in wooded savannahs or dense forests. 

This confirmed the results of Tchindebe et al. (2019 and 

2020) [65, 66] and Mamadou et al. (2020) [40], carried out in the 

shrubby Sudanian savannahs. They reported that the 

biomasses of the branches are higher than those of the leaf 

and stem compartments. On the other hand, Henry et al. 

(2010) [28] showed that the proportions of stem biomass are 

higher than those of branches in tropical rainforests. The 
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work of Vahedi et al. (2014) [70] also reported similar results 

in the closed vegetation of Iranian forests. 

The R³aj values of the Ln(B) = a + bLn(D) model for the 

branch compartment (R²aj=0.677) are closed to those 

obtained by Vahedi et al. (2014) [70] (R²aj=0.605) and also 

by Mamadou (2014) [39] and Ahmadou (2014) [1] (R²aj 

=0.67), despite differences in sample sizes. For the other 

compartments, the R²aj obtained in their studies were higher 

than ours. This is explained by the fact that the work of 

Vabedi et al. (2014) was carried out on forest plant species 

whose growth is governed by forest conditions much more 

favorable than those of the Savannahs and those of 

Mamadou (2014) [39] and Amadou (2014) were carried out in 

the same savannahs as ours, but on individuals smaller in 

diameter than those used in our study 

The two models (2 and 3) experience decrease in the values 

of their adjusted coefficients of determination (R²aj) and 

their residual standard errors (RSE) compared to those of 

Mamadou (2014) [39] and Ahmadou (2014) [1] (R²aj = 

0.66~0.87 and RSE=0.54-0.98). The reasons for the size of 

the samples can be cited to justify this discrepancy, but also 

the height factor introduced into the models can also 

influence these results since the previous samples were 

poorly filled with individuals of large diameter and great 

height. Moreover, the diameter used here is the DBH 

contrary to the basal diameter used in their equations. The 

values expressed for our branch compartments (R'aj=0.672 

and 0.685) are also approximates those obtained by Vahedi 

et al. (2014) [70] (R'aj=0.621 and 0.614) for the two types of 

models. The same models developed by Djomo et al. (2010) 

[17] on data from (Ketterings et al., 2001; Chave et al., 2005; 

Basuki et al., 2009; Navar, 2009; Djomo et al., 2010; 

Rebeiro et al., 2011) [35, 13, 5, -, 17] showed R² aj (R² = 0.97) 

higher than ours and as we said earlier the plant species are 

forest trees whose height plays a lot on the improvement of 

the models. 

Unlike the two models (model 2 and 3), the three models 

(model 4 and 5) (equation 4.5; 9.10; 14.15 and 19.20) do not 

experience significant variations in the values of their 

coefficients of adjusted determinations (R²aj) and residual 

standard errors (RSE) compared to those of Mamadou 

(2014) [39] and Ahmadou (2014) [1] (R²aj=0.66~ 0.87 and 

RSE=0.54-0.98). Their results also presented the three-

models as non-improving in the prediction of stem biomass 

and total biomass. Adding the density reveals a result almost 

similar to the two models. 

Selections of the best allometric equation models are based 

on one or more criteria (Djomo et al., 2010: Kuyah et al., 

2012; Mbow et al., 2013) [17, 36, 46]. Indeed, Kuyah et al. 

(2012) [36] and Mbow et al. (2013) [46] used only one 

criterion. Akaike's criterion was used by Kuyah et al. (2012) 

[36] to estimate tree biomass in Mali, while Mbow et al. 

(2013) [46] developed allometric equations in RSE to select 

the best models. On the other hand, Fayolle et al. (2013) [23] 

selected the best volume pricing models by combining RSE 

and AIC. In our study, all these criteria were taken into 

account to select the best models and that whatever the 

criterion retained, its values are better than those of the other 

models tested. 

Among the 5 models tested, model 5 (In(B) = a + 

bLn(D)+cLn(D²Hp)) taking into account the 3 plant 

parameters (DBH, height and density) was better at 

predicting the biomasses of all compartments, as in the 

studies of Mamadou et al. (2020) [40], which showed this 

model was well suited to predict the biomass of the leaf and 

aerial compartments. On the other hand, Ahmadou (2014) [1] 

and Mamadou (2014) [39] carried out in the same savannahs 

as ours, but on individuals with basal diameters generally 

lower than ours. They reported that model 1 (Ln(B)= a + 

bLn(D)) taking into account only the basal diameter 

performed well for leaves and branches, and model 2 

(Ln(B)= a + bLn(D²H)) was well suited for stems and total 

biomass. These differences would be justified by the fact 

that the diameter and the height of the individuals are 

generally lower than ours, and in their studies, the equations 

were developed using the basal diameter instead of the 

diameter at breast height (DBH) as ours. 

Other studies have shown that model 1 takes into account 

the diameter is suited for the biomasses of all compartments 

for Daniellia oliveri, except leaves (Tchindebe et al., 2019) 

[65] and model 2 taking into account the square diameter 

multiplied by the height (D²H) of plant was suitable for the 

leaf biomass of Daniellia oliveri (Tchindebe et al., 2019) [65] 

and of all compartments in Acacia albida (Tchindebe et al., 

2020) [66] in the Sudanese savannahs of Cameroon. 

 

5. Conclusion 

In short, it was a question of developing allometric 

equations to better estimate the biomass of woody species in 

the savannahs of Ngaoundere based on standard parameters 

of trees used in forestry. The data of 150 trees belonging to 

16 plant species allowed us to build allometric models from 

3 variables (diameter, height and density of the wood). 

Thus, the best equation for the prediction of biomass of all 

the woody compartments is the model 5 (Ln(B) = a + 

bLn(D) + cLn(D²Hp)), with for leaves, Ln(B) = -1.61 + 0.32 

Ln(D) + 0.36 Ln (D²Hp) and R²aj = 0.477, for the branches 

Ln(B) = -1.78 + 1.07Ln(D) + 0.35Ln(D²Hp) and R²aj = 

0.688, for the stem Ln(B) = -1.54 + 0.64Ln(D) + 

0.38Ln(D²Hp) and R²aj=0.640, and for the total biomass 

Ln(B) = 0.10 + 0.72Ln(D) + 0.33Ln(D²Hp) and R²aj= 0.736. 

These equations developed on the basis of standard 

measurements (DBH, height) estimate the biomass of 

savannah species with good precision. These measures can 

therefore be applied to savannah species in general and 

those of Ngaoundere Cameroon in particular. However, it is 

obvious that all savannah species still do not obey the 

standard measurements and especially for the DBH 

measurement because of their small size. For a better 

understanding of the most indicated measurement for 

savannah plant species, we need to compare these results 

obtained with models developed on specific measurements 

of savannah species. 

 

6. References 

1. Ahmadou I. Equation de prédiction de la biomasse de 

quelques espèces ligneuses des savanes de Ngaoundéré, 

Cameroun. Mémoire de Master en Biologie des 

organismes Végétaux. Université de Ngaoundéré, 2014, 

47p. 

2. Alemdag IS. Equations de biomasse d'arbre entier et de 

la tige marchande pour les feuillus de l'Ontario » I 

nstitut forestier national de Petawawa, Rapport 

d'information PI-X-46 F, 1985, 55p. 

3. Andrew MH, Noble IR, Lange RT. A non-destructive 

method for estimating the weight of forage on shrubs. 

Aust Rangel J. 1979; 1:225-231.  

4. Atlantis group. Etat des lieux des données de la 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

645 

dégradation des terres dans les régions septentrionales 

du Cameroun, 2014, 2015. 

5. Basuki TM, Van laake PE, Skidmore AK, Hussin YA. 

Allometric equations for estimating the above-ground 

biomass in tropical lowland Dipterocarp forests. Forest 

ecology and management. 2009; 257:1684-1694. 

6. Bognounou F, moumini S, Issaka JB, Sita G. Equations 

d’estimation de la biomase foliaire de cinq espèces 

ligneuses soudaniennes du Burkina Faso. Sécheresse. 

2008; 19(3):201-205.  

7. Boutrais J. Les conditions naturelles de l’élevage sur le 

plateau de l’Adamaoua. In: Cahiers ORSTOM, série 

Sciences Humaines. Paris: ORSTOM. 1974; 11(2):145-

198. 

8. Bozdogan H. Model selection and Akaike’s information 

(AIC). The general theory and its analytical extention. 

Psy-chometrika. 1987; 52(3):345-370.  

9. Brabant P, Humbel FX. Notice explicative de la carte 

pédologique de Poli, n° 51, Carte au 1/50000e, 

Yaoundé, 1974.  

10. Burnham KP, Anderson DR. Model selection and 

multimodel interence. Springer, USA, 2002. 

11. Burnham KP, Anderson DR. Model selection and 

multimodel interence: A practical information - theoric 

approach, 2004. 10.1007/978-0-387-22456-5_5.  

12. Carrière M. Les communautés végétales sahéliennes en 

Mauritanie (Région de Kaédi), analyse de la 

reconstitution annuelle du couvert herbacé. Thèse de 

Doctorat, Université de Paris Sud Orsay, IE. M. V. T. 

Maisons-Alfort, CENERV., Nouakchott, 1989. 

13. Chave J, Andalo C, Brown S, Cairns MA, Chambers 

JQ, Eamus D, et al. Tree allometry and improved 

estimation of carbon stocks and balance in tropical 

forests. Oecologia. 2005; 145:87-99.  

14. Chave J, Condit R, Aguilar S, Hernandez A, Lao S, 

Perez R. Error propagation and scaling for tropical 

forest biomass estimates. Philosophical Transactions of 

the Royal Society of London Series B: Biological 

Sciences. 2004; 359:409-420. 

15. Cissé MI. The browse production for some trees of the 

Sahel: Relationships between maximum foliage 

biomass and various physical parameters. In: Le 

Houerou HN, ed. Browse in Africa. Addis Ababa: 

International Livestock Center for Africa, 1980. 

16. Deans JD, Moran J, Grace J. Biomass relationships for 

tree species in regenerating semi-deciduous tropical 

moist forest in Cameroon. Forest Ecology and 

Management. 1996; 88:215-225.  

17. Djomo AN, Ibrahima A, Gode Gravenhorst. Allometric 

equations for biomass estimations in Cameroon and pan 

moist tropical equations including biomass data from 

Africa. Forest Ecology and Management. 2010; 

260:1873-1885. 

18. Djomo AN, Ibrahima A, Gode Gravenhorst. Allometric 

equations for biomass estimations in Cameroon and pan 

moist tropical equations including biomass data from 

Africa. Forest Ecology and Management. 2010; 

260:1873-1885.  

19. Djomo AN, Picard N, Fayolle A, Henry M, Ngomanda 

A, Ploton P, et al. Tree Allometry for Estimation of 

Carbon Stocks in African Tropical Forests. Forestry. 

2016; 89:446-455. 

20. Djomo NA, Chimi DC. Tree Allometric Equations for 

Estimation of Above, Below and Total Biomass in a 

Tropical Moist Forest: Case Study with Application to 

Remote Sensing. Forest Ecology and Management. 

2017; 391:184193.  

21. Duan N. Smearing estimate: A nonparametric 

retransformation method. J Am Stat Assoc. 1983; 

78(383):605-610. 

22. Fatemi FR, Yanai RD, Hamburg SP, Vadeboncoeur 

MA, Arthur MA, Briggs RD, et al. Allometric 

equations for young northern hardwoods: The 

importance of age-specific equations for estimating 

above-ground biomass. Can. J. For. Res. 2011; 41:881-

891. 

23. Fayolle A, Doucet JL, Bourland N, Lejeune P. Tree 

allometry in Central Africa: Testing the validity of 

pantropical multi-species allometric equations for 

estimating biomass and carbon stocks. Forest Ecology 

and Management. 2013; 305:29-37.  

24. Gasparini P, Nocetti M, Tabacchi G, Tosi V. Biomass 

equations and data for forest stands and shrublands of 

the Eastern Alps (Trentino, Italy) Forest and Range 

Management Research Institute, I.S.A.F.A. - C.R.A.-, 

Villazzano, Trento, Italy, 2006, 15p. 

25. Gibbs HK, Brown S, Niles JO, Foley JA. Monitoring 

and estimating tropical forest carbon stocks: Making 

REDD a reality. Environmental Research Letters. 2007; 

2:13p.  

26. Halilou A. Equations de prédiction de la Biomasse de 

quelques espèces ligneuses de savanes de Ngaoundéré, 

Cameroun. Mémoire de Master en Biologie des 

Organismes Végétaux, Faculté des Sciences, Université 

de Ngaoundéré, 2015. 

27. Henry M, Picard N, Trotta C, Manlay R, Valentini R, 

Bernoux M, Saint-André L. Estimating tree biomass of 

sub-Saharan African forests: A review of available 

allometric equations. Silva Fennica. 2011; 45(3B):477-

569. 40, 105, 191. 

28. Henry M, Besnard A, Asante WA, Eshun J, Adu-Bredu 

S, Valentini R, et al. Wood density, phytomass 

variations within and among trees, and allometric 

equations in a tropical rainforest of Africa, For. Ecol. 

Manage. 2010; 260:1375-1388. 

Doi:10.1016/j.foreco.2010.07.040, 2010. 

29. Henry M, Picard N, Trotta C, Manlay R, Valentini R, 

Bernoux M, Saint-André L. Estimating tree biomass of 

sub-Saharan African forests: A review of available 

allometric equations. Silva Fennica. 2012; 45(3B):477-

569.  

30. Humbel FH. Carte pédologique de Ngaoundéré 10 à 

1/50000.Centre de Yaoundé, Caméroun, O.R.S.T.O.M. 

Note explicative, 1971, 118p. 

31. Ibrahima A, Abib Fanta C. Estimation du stock de 

carbone dans les faciès arborés et arbustifs des savanes 

soudano-guinéennes de Ngaoundéré, Cameroun. 

Cameroon Journal of Experimental Biology. 2008; 

4(1):1-11.  

32. Ibrahima A, Mapongmetsem PM, Mamat, Hassan. 

Influence de quelques facteurs zoo-anthropiques sur la 

phytodiversité ligneuse des savanes soudano-

guinéennes de l’Adamaoua, Cameroun. Annales De la 

Faculté des Sciences Université De Yaoundé I série Sci. 

De la Nat. et de la Vie. 2006; 36(3):65-85.  

33. IUCN. REDD-plus, Champ d’application et des options 

pour le rôle des forêts dans les stratégies d’atténuation 

des changements climatiques. Programme de 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

646 

conservation des forêts, 2009, 8p. 

34. Kaire M. La production ligneuse des jachères et son 

utilisation par l’homme au Sénégal. Thèse de doctorat 

en bioscience de l’environnement. Université de 

Provence, 1999, 116p.  

35. Ketterings, Quirine M, Richard Coe, Meine varr 

Noordwijk, Yakub Ambagau, Cheryl Palm A. Reducing 

uncertainty in the use of allometric biomass equations 

for predicting above-ground tree biomass in mixed 

secondary forests. Forest Ecology and Management. 

2001; 146:199209.  

36. Kuyah S, Dietz J, Muthuri C, Jamnadass R, Mwangi P, 

Coe R, Neufeldt H. Allometric equations for estimating 

biomass in agricultural landscapes: I. Aboveground 

biomass. Agric Ecosyst Environ. 2012; 158:216-224. 

Doi: 10. 1016j.agee.2012.05.011 

37. Letouzey R. Etude phytogéographie du Cameroun. Ed. 

Paul Le Chevalier. Paris France, 1968, 551p.  

38. Lotfi Ali. Durabilité écologique des paysages 

écologiques et production de bois, bocage et néo 

bocage, 2008, 203p. 

39. Mamadou LMA. Equations de prédiction de la 

biomasse de quelques espèces ligneuses des savanes de 

Ngaoundéré, Cameroun. Mémoire de master en 

Biologie des organismes végétaux. Université de 

Ngaoundéré, 2014, 51p. 

40. Mamadou LMA, Halilou A, Ahmadou I, Tchindebe A, 

Massai TJ, Ibrahima A. Use Basal Diameter to 

Establish Mixed Species Allometric Equations 

Predicting Woody Stand Biomass in the Sudano-guinea 

Savannahs of Ngaoundere, Cameroon. JAERI. 2020; 

21(4):1-12. 

41. Maniatis D, Malhi Y, Saint André L, Mollicone D, 

Barbier N, Saatchi S, et al. Evaluating the Potential of 

Commercial Forest Inventory Data to Report on Forest 

Carbon Stock and Forest Carbon Stock Changes for 

REDD+ under the UNFCCC. International Journal of 

Forestry Research. 2011; art-134526. 

42. Mapongmetsem PM. Domestication of Vitex madiensis 

Oliv. (Verbenaceae): phenology and propagation. 

Akdeniz Üniversitesi Ziraat Fakűltesi Dergisi, 2006, 

269-278. 

43. Mapongmetsem PM, Hamawa Y, Djeumene P, 

Maissele D, Kossebe CF, Ndoum JF, et al. Valorisation 

des plantes alimentaires sauvages dans les savanes 

soudanoguinéennes du Cameroun. In Kapseu C., 

Mbofung C.M. et Amvam Zollo P. H. (eds.). 

Développement de l’Agro-Industrie et création des 

richesses. Actes Conférence Internationale. 

Ngaoundéré, Cameroun, 2008, 50-61.  

44. Mapongmetsem PM, Motalindja M, Nyomo H. Eyes on 

the enemies identifying parasite plants of wild fruits 

trees in Cameroon. Agroforestry Today. 1998; 

10(3):10-11.  

45. Massai TJ, Ibrahima A, Ngakou A, Babe NG, Maigari 

Pale, Mamadou LMA. Woody Species Indicator of Soil 

Fertility and Their Socio-economic Value in the 

Sudano-guinea Savannahs of Ngaoundere, Adamawa 

Cameroon. International Journal of Natural Resource 

Ecology and Management. 2019; 4(6):216-223.  

Doi: 10.11648/j.ijnrem.20190406.18. 

46. Mbow C, Michel M, Verstraete Bienvenu S, Amadou 

TD, Henry N. Allometric models for aboveground 

biomass in dry savanna trees of the Sudan and Sudan-

guinean ecosystems of Southern Senegal. J. For. Res. 

2013; 19:340-347. Doi: 10.1007/s10310-013-0414-1 

47. Minepded. Etat des lieux des données de la dégradation 

des terres en vue de la délimitation des espaces de 

reboisement dans les régions du Grand Nord 

(Adamaoua, Nord et Extrême-Nord), 2014, 2015. 

48. Nair PK. Carbon sequestration studies in agroforestry 

systems: A reality-check. Agroforest Syst. 2012; 

86:243-253.  

49. Návar J. Allometric equations for tree species and 

carbon stock for forests of north-western Mexico. 

Forest Ecology and Management. 2009; 257:427-434.  

50. Nelson BW, Mquita R, Jorge Pereira LG, Silas Garcia 

Aquino De Souza, Getulio Teixeira Batista, Luciana 

Bovino Couio. Al1ometric regressions for improved 

estimate of secondary forest biomass in the central 

Amazon. Forest Ecology and Management. 1999; 

117:149-167. 

51. Parresol BR. Assessing tree and stand biomass: A 

review with examples and critical comparisons. Forest 

Science. 1999; 45(4):573-593 

52. Picard N, Saint-André L, Henry M. Manuel de 

construction d’équations allométriques pour 

l’estimation du volume et la biomasse des arbres: De la 

mesure de terrain à la prédiction. Organisation des 

Nations Unies pour l’alimentation et l’agriculture, et 

Centre de Coopération Internationale en Recherche 

Agronomique pour le Développement, Rome, 

Montpellier, 2012, 222p. 

53. Piot jacquet. Végétaux ligneux et pâturages des Savanes 

de l’Adamaoua au Cameroun. Revu d’Elevage et 

médecine vétérinaire des pays Tropicaux. 1969; 

22(4):541, 559. 

54. Ribeiro CS, Fehrmann L, Boechat Soares CP, Gon-

çalves Jacovine LA, Kleinn C, De Oliveira Gaspar R. 

Above- and belowground biomass in a Brazilian 

Cerrado. Forest Ecology and Management. 2011; 

262:491-499. 

55. Rippstein G, Buodet G. Expérimentation sur parcours 

de Savanes tropicales humides. In: colloque recherche 

sur l’élevage bovin en zone tropicale humide, Bouaké, 

Côte d’ivoire, 18-22 avril1977. Paris, France, Institut en 

recherche pour les huiles oléagineux, 1977, 227-243. 

56. Rippstein G. Description du milieu. In: Etude sur la 

végétation de l’Adamaoua. Maisons-Alfort, 1986, 36-

127. (Etudes et synthèses de l’IEMVT, n° 14). 

57. Robert M, Saugier B. C. R. Géoscience. 2003; 335:577-

595. 

58. Rodrigue CSS, Mama N, Ibrahima A, Vroumsia T, 

Joachim E. Inducement of sustainable management 

planning of Mozogo-Gokoro National Park (Cameroon) 

by images processing J. Bio. Env. Sci. 2017; 11(5):74-

91.  

59. Rykiel EJJ. Testing ecological models: the meaning of 

validation. Ecological Modelling. 1996; 90:229-244. 

60. Saint-André L, M’ Bou AT, Mabiala A, Mouvondy W, 

Jourdan C, Rouspard O, et al. Age-related equation for 

above and below ground biomass of a Eucalyptus in 

Congo. Forest Ecology and Management. 2005; 205: 

199-214. 

61. Savadogo P, Elfving B. Prediction model for estimating 

available fodder of two savanna tree species (Acacia 

dudgeoni and Balanites aegyptiaca) based on field and 

image analysis measures. African Journal of Range & 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

647 

Forage Science. 2007; 24:63-71.  

62. Schlaegel BE. Testing, reporting, and using biomass 

estimation models. In C.A. Gresham (ed.), Proceedings 

of the 3rd Annual Southern Forest Biomass Workshop. 

Belle W. Baruch Forest Science Institute, Clemson 

University, Clemson, South Carolina, États-Unis, 1982, 

95-112.  

63. Suchel. Les climats du Cameroun. Thèse de Doctorat 

d’Etat, Université de Sainte Etienne, T.1, Paris, 1987. 

64. Sufo KR, Sonwa DJ. Utilisation des UAV pour le suivi 

de la déforestation et de la dégradation des forêts dans 

le bassin du Congo: état des lieux et analyse 

comparative avec les images satellite de haute 

résolution. Revue internationale de géomatique, 

aménagement et gestion des ressources, ACAGER, 

2017. halshs-02354208, 2017. 

65. Tchindebe A, Ibrahima A, Tchobsala, Mamadou 

Laminou MA. Allometric Equations for Predicting 

Biomass of Daniellia oliveri (Rolfe) Hutch. & Dalz. 

Stands in the Sudano-Guinea Savannahs of 

Ngaoundere, Cameroon. Ecology and Evolutionary 

Biology. 2019; 4(2):15-22. 

66. Tchindebe A, Tchobsala, Mamadou LM, Halilou A, 

Ahmadou I, Ibrahima A. Species- specific allometric 

equations for predicting Biomass of Faiderbia albida 

(Del.) A. Chev. In the Sudano-sahelian Savannah of 

Far-North, Cameroon. JAERI. 2020; 21(6):33-44. 

Article no: JAERI.57014. 

67. Tchobsala, Mbolo M, Souare K. Impact of wood 

logging on the phytomass and carbon sequestration in 

the guinea savanna of Ngaoundere Adamaoua Region, 

Cameroon. Global Advanced Research Journal of 

Environmental Science and Toxicology. 2014; 3(3):38-

48. ISSN: 2315-5140 

68. Tchotsoua Michel, Bernard Gonne. Des crises 

socioéconomiques aux crises environnementales sur les 

Hautes Terres de l’Adamaoua, Cameroun. Savanes 

africaines en développement: innover pour durer, 

Garoua, Cameroun. 9 p. cirad-00471335, 2009. 

69. Tedeschi LO. Assessment of the adequacy 

mathematical models, agricultural systems. 2006; 89(2-

3):225-247. ISSN 0308-521X 

70. Vahedi AA, Mataji A, Babayi-kafaki S, Eshaghi-rad J, 

Hodjati SM, Djomo A. Allometric equation for 

predicting aboveground biomass of beech-hornbeam 

stands in the Hyrcanian forests of Iran. Journal of Forest 

science. 2014; 60(6):236-246.  

71. Vieilledent G, Vaudry R. A universal approach to 

estimate biomass and carbon stock in tropical forests 

using generic allometric models. Ecological 

Applications. 2012; 22:572-583.  

72. Zabek LM, Prescott CE. Biomass equations and carbon 

content of aboveground leafless biomass of hybrid 

popular in Coastal BritH Columbia. Forest Ecology and 

Management. 2006; 223:291-302. 

http://www.multiresearchjournal.com/

