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Regression models for estimating volume of standing Acacia auriculiformis trees in South Gujarat, India
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ABSTRACT 
	Bangali babool, Acacia auriculiformis (Family-Leguminosae & Sub-family-Mimosoideae) is an evergreen fast growing exotic tree species and it grows in different parts of India. This species is mainly used for making furniture, fuel wood and as minor timber. The present study aims at determination of volumetric equation for A. auriculiformis in South Gujarat. The study was carried out in different land-use systems like plantation, road side and canal side plantation, etc. in Navsari and Valsad districts of Gujarat during 2022-24. In this study, a total of 120 A. auriculiformis trees belonging to different diameter classes viz., D1: 10-15 cm, D2: 15-20 cm, D3: 20-25 cm, D4: 25-30 cm, D5: 30-35 cm, D6: 35-40 cm, D7: 40-45 cm, D8: 45-50 cm, D9: 50-55 cm, D10: 55-60 cm, D11: 60-65 cm and D12: 65-70 cm were considered. A total of four different regression models such as Linear [V1 = a + b D], Power (V2 = a Db), Logarithmic [V3 = a + b ln(D)] and Quadratic polynomial [V4 = a + b D + c D2] models were tested using DBH as an independent variable. Among them, based on higher R2 and lower RMSE values, the quadratic polynomial model [V4 = a + b D + c D2], followed by linear model [V1 = a + b D] were found to be the best fitted regression equations. Further, based on cross verification of actual values with predicted values of volume 11 trees tested with four equations, Quadratic polynomial model recorded higher RMSE value than others; thus, it is suggested to use volumetric equation:  for estimating volume of standing trees of A. auriculiformis with DBH which falls between 10 and 70 cm.
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1. INTRODUCTION 

Among several exotic species, Acacia auriculiformis (Family-Leguminosae & Sub-family-Mimosoideae), commonly known as Bengali babul, is one of the commercial tree species that grows better in the social forestry plantations as well as reforestation of degraded forest areas in different parts of India. Species are grown in conventional plantations, and also planted along the road-side, canal, railway lines, urban forestry plantations, as well as in farm fields. The wood of A. auriculiformis is used as fuelwood and making furniture (Mayavel et al., 2022). In fact, wood of this species is more similar with teak wood; hence, there is a more demand in the local market (Sharma and Rakesh Kumar, 2024). For the benefit of farmers and other stakeholders, different institutions have taken initiation to screen the high yielding germplasm with desirable stem form and wood properties for short rotation timber production of A. auriculiformis (ICFRE, 2017; Anon., 2021, Mayavel et al., 2022). 
On the other hand, this species is considered as a prominent species for the carbon project programme due to its fast growth. Understanding the growth potential of tropical plantation tree species is essential to determine its biomass and carbon sequestration potential grown at different land-use systems like natural forest, plantations, urban forestry and agroforestry systems.
Urban forestry plantations support to provide clean and cool air, offer shade, reduce pollution, and sequester atmospheric CO2. Successful urban forestry programme can store more carbon and deliver ecosystem services than monoculture plantation. Tree plants with the highest CO2 offset are therefore to be recommended for urban areas (Ragula et al., 2021, Khant, 2024). Site specific planting of trees plays a vital role in accumulation of more biomass and carbon by the urban forestry species that help in sequestering more carbon. Moreover, agroforestry also plays an essential role in reducing atmospheric GHG build-up in both the above-ground and below-ground atmospheres [IPCC, 2000, Pandey 2002, Nair et al., 2009]. Moreover, the rate of carbon sequestration is highly encouraging in agroforestry systems such as border planting, hedgerow intercropping, and home gardens. Chavan et al. (2023) overviewed the carbon storage potential of different tree species in agroforestry systems. Among different agroforestry systems overviewed, agri-silviculture systems including Leucaena-based, Leucaena based alley cropping, teak-based, poplar-based, Karanj-based, Acacia nilotica-based systems are widely practiced and reported to store carbon ranging from 0.87 to 8.92 Mg ha-1 yr-1.
In fact, variations in the carbon sequestration rate could be due to the nature of the plant species, age of the stand/tree, prevailing climatic condition, physical and chemical properties of soil, planting geometry/density, irrigation and fertilizer management, tree management practices like pruning, thinning and lopping, tree-crop interaction, and other anthropogenic factors; moreover, physiology and genetic potential of species (Newaj and Dhyani, 2008, Nair et al., 2009; Hangarge et al., 2012, Murthy et al., 2013, Dhanush and Murthy, 2020, Thakur et al., 2021, Samal and Singh, 2021, Behera et al., 2019, Chavan et al., 2023, Gunaga et al., 2023, Dash et al., 2025, Chaudhari et al., 2025). Documentation of such variability can help in better understanding of the structural and functional role of trees in climate change mitigation programmes so that proper strategies can be worked out. Furthermore, development of volumetric equation and local volume table help the wood merchant, forester, and farmer for quick estimation of standing trees volume. Hence, the present study was undertaken to estimate the volume of A. auriculiformis trees of different age groups, and to develop a regression model for estimating volume of standing trees using tree diameter in South Gujarat condition.


2. methodology 
This study was carried out in the College of Forestry, Navsari Agricultural University, Navsari, Gujarat. Trees belonging to different diameter classes were selected from different land-use systems such as road side, railway lines, canal lines and tree plantations located across different places of Navsari and Valsad districts of South Gujarat (Gunaga et al., 2025).
A total of 12 different diameter classes viz., D1: 10-15 cm, D2: 15-20 cm, D3: 20-25 cm, D4: 25-30 cm, D5: 30-35 cm, D6: 35-40 cm, D7: 40-45 cm, D8: 45-50 cm, D9: 50-55 cm, D10: 55-60 cm, D11: 60-65 cm and D12: 65-70 cm were considered for tree biometric measurements. In each category, 10 randomly selected trees were considered for estimation of volume. Measurement of trees using proper formulae and methodology help in reducing the error and expected precision data for estimation of volume of standing crops (Chaturvedi and Khanna, 1982). Accordingly, measurements of tree height, diameter at breast height and mid diameter were recorded using sophisticated equipment/instruments- Haglof Electronic Clinometer, Tree caliper, Criterion RD Dendrometer, respectively. Further, the form quotient was determined using the following formula and it was used making trees more cylindrical form for volume estimation purposes. Later, the volume of these 120 trees were estimated using the standard formula as given below (Chaturvedi and Khanna, 1982, Gunaga et al., 2023).





Where =3.14, D= DBH in cm, H = Height of the tree (m), FQ= Form Quotient
In the study, regression equations based on four models such as linear and non-linear models viz., power, logarithmic and quadratic polynomial were developed using 120 sampled trees, where volume was used as the dependent variable and DBH as an independent variable. For statistical analysis, the Statistical laboratory of Department of Agricultural Statistics, NM College of Agriculture, Navsari Agricultural University, Navsari, Gujarat was used and SPSS software was used for developing regression models. These four models were tested for choosing the best fitted regression equation to determine the volume of the standing tree. The regression equations were finally established based on the coefficient of determination (R2) and root mean square error (RMSE) values. All the data were analyzed using Microsoft Excel software. The estimated volume ) was then correlated with DBH using above said equations and four different allometric regression equations were fitted. Actual and predicted tree volume of 120 sampled trees with all the four equations were used for estimating RMSE as per standard formula in the MS Excel.

3. results and discussion

In the present study, a total of twelve different diameter classes were considered for biometric measurements of trees and summary of growth attributes and yield parameters such as Basal area and volume of 120 measured trees are given in tables 1. The overall mean values of height, DBH, Mid diameter, commercial bole height, form quotient, basal area and volume of sampled trees were 21.97 m, 40.15 cm, 19.80 cm, 10.44 m, 0.54, 0.15 m2 and 1.54 m3, respectively (Table 1). 
Variation in mean girth measured at breast height (GBH) was found to be significant from the lower girth classes to the higher girth classes (Fig. 1). Initial mean girth was 41 cm in 10-15 cm DBH class and it was increased to 213 cm girth at the DBH class of 65-70 cm. This data shows that there was a tremendous increment of about 5-fold when a tree reaches the DBH class of 65-70 cm from its DBH of 10-15 cm.
Using these 120 trees, volumetric equations were developed with DBH (cm) as an independent variable and volume (m3) as a dependent variable. The relationship between height and DBH with volume was positive, where DBH showed a strong positive correlation with volume (r=0.986). Similarly, height was positively correlated with volume (r=0.299). The relationship between the height and the DBH was also significant and positively correlated with each other (r= 0.279) (Table 2).
Volumetric equations were developed using DBH with different models such as Linear [V1 = a + b D], Power (V2 = a Db), Logarithmic [V3 = a + b ln(D)] and Quadratic Polynomial [V4 = a + b D + c D2], which recorded the higher R2 values from 0.911 to 0.973 (Table 3). Details of these equations are provided below and depicted in figure 2.




Based on the R2 and RMSE values, the Quadratic Polynomial [V4 = a + b D + c D2] was found to be the best fitted regression model, which had higher R2 value (0.973) and lower RMSE value (0.152), which is followed by Linear model [V1 = a + b D] with R2= 0.972 and RMSE value of 0.154. Thus, both of these models are most suitable for estimating the volume of standing trees of A. auriculiformis.
Further, all these equations were tested on eleven standing trees by estimating actual volume using tree growth attributes (Table 4), while predicated volume was established using four different regression equations developed in the study (Table 3). Thereafter, actual volume was cross checked with predicted volume, and also calculated RMSE and correlation coefficient for interpretation. Table 5 shows that based on the eleven trees of A. auriculiformis tested, the RMSE value varied from 0.371 for Quadratic model to 0.540 for Logarithmic model. Furthermore, correlations assessed between actual volume and predicted volume measured through different regression models were found to be significant and it varied from 0.858 (Logarithmic model) to 0.971 (Power model). Among four models tested, quadratic model recorded the lowest RMSE value of 0.371 with correlation coefficient (r) of 0.946. Similarly, the linear model also recorded comparatively lower RMSE and higher correlation coefficient than other two models. The relationship between actual volume and predicted volume of eleven A. auriculiformis trees is depicted in figure 3.
During the investigation, similar kinds of studies on Acacia auriculiformis and A. mangium have been overviewed and they are presented in Table 6. Jayaraman (2003) developed local volume tables for A. mangium and A. auriculiformis in Kerala, while Rugmini and Sunanda (2012) also predicted volumetric equations based on DBH using 52 Acacia auriculiformis trees of 7- to 18-years age having diameter of 5 to 58 cm in the Southern Forest Divisions of Kerala, India. In Philippines, Banaticla et al. (2007) developed an equation for estimation of above-ground biomass of trees of A. auriculiformis and A. mangium based on DBH using nonlinear estimation by power function and found that this regression equations appear to estimate adequately tree biomass with a correlation coefficient of more than 0.90 in these two species. Siarudin and Indrajaya (2019) developed the best model,  (where, B is biomass and D is stem diameter at height of 20 cm above ground level) for estimating biomass from small diameter A. auriculiformis tree in West Nusa Tenggara Province and they mentioned that this local model is better in predicting the biomass than generic model. This model is valid for the small diameter of A. auriculiformis in West Nusa Tenggara Province, Indonesia. Further, Farhana et al. (2023) also developed a stem volume allometric equation for Acacia auriculiformis using digital photography with image analysis as a destructive approach. Gunaga et al. (2025) documented biomass and carbon content of trees of Acacia auriculiformis of various age groups. Such a local volume table or site-specific volumetric equation helpful in estimating standing tree volume based on height and/or diameter data. 
Thus, the volumetric equation developed under the study  (Quadratic model) is suggested for estimating tree volume based on DBH (Table 5). This study was made using 120 trees; hence, there is scope for development of other models using both height and DBH with larger sample sizes to get more accurate estimation; in fact, volumetric equations developed from height and DBH data may support in development of local volume tables.  
Table 1: Growth attributes of Acacia auriculiformis trees of different diameter classes
	Parameters
	Tree Height (m)
	DBH (cm)
	Mid diameter (cm)
	Form Quotient
	Basal area (m2)
	Volume (m3)

	Minimum
	13.10
	10.75
	7.40
	0.33
	0.01
	0.09

	Maximum
	32.50
	69.95
	33.20
	0.86
	0.38
	3.47

	Mean
	21.97
	40.15
	19.80
	0.54
	0.15
	1.54



	

	Fig. 1: Mean girth of trees belonging to different DBH classes in Acacia auriculiformis




Table 2: Correlation between tree height and DBH with volume in A. auriculiformis

	Parameters 
	Tree Height
	DBH
	Volume

	Tree Height (m)
	1
	
	

	DBH (cm)
	0.279**
	1
	

	Volume (m3)
	0.299***
	0.986***
	1

	***Correlation is significant at 0.001 level, **Correlation is significant at 0.01 level



Table 3: Regression models for Volume (V) based on DBH (D)
	
	Model 
	Intercept
	Coefficient
	R2
	RMSE

	
	
	a
	B
	c
	
	

	Linear 
	V = a+bD
	- 0.583
	0.053
	-
	0.972
	0.154

	Power
	V= a Db
	0.003
	1.698
	-
	0.969
	0.378

	Logarithmic
	V= a + b ln (D)
	-4.706
	1.745
	-
	0.911
	0.277

	Quadratic Polynomial (degree 2)
	V= a+bD+cD2
	-0.468
	0.046
	0.000087
	0.973
	0.152





Table 4: Growth observation of 11 sampled trees of A. auriculiformis used in cross verification between actual volume and predicted volume measured through regression equation with power model
	Tree No.
	Tree Height (m)
	DBH (cm)
	Mid diameter (cm)
	FQ
	Volume (m3)

	1
	14.10
	12.15
	9.30
	0.77
	0.125

	2
	13.90
	15.35
	9.80
	0.64
	0.164

	3
	17.60
	21.30
	16.50
	0.77
	0.486

	4
	14.30
	26.90
	11.50
	0.43
	0.347

	5
	17.70
	34.85
	18.90
	0.54
	0.915

	6
	15.80
	39.05
	21.60
	0.55
	1.046

	7
	19.20
	41.05
	15.30
	0.37
	0.947

	8
	20.00
	46.20
	17.20
	0.37
	1.248

	9
	22.20
	50.75
	23.30
	0.46
	2.061

	10
	23.20
	59.50
	28.30
	0.48
	3.067

	11
	23.50
	61.00
	24.50
	0.40
	2.757




Table 5: Testing regression models using randomly selected trees (as mentioned in table 4) for tree volume (Actual vs predicted models)
	Regression type
	Model 
	Correlation coefficient (r)
	RMSE

	Linear 
	V = a+bD
	0.939
	0.385

	Power
	V= a Db
	0.971
	0.421

	Logarithmic
	V= a + b ln (D)
	0.858
	0.540

	Quadratic Polynomial 
	V= a+bD+cD2
	0.946
	0.371





Table 6: An overview of growth and yield attributes assessed in Acacia auriculiformis in different geographic areas 

	Sr. No.
	Work done 
	Location & Country
	References

	1
	Yield performance of A. auriculiformis plantations 
	Kerala, India 
	Jayaraman and Rajan (1991)

	2
	Developed volume tables for multi-stemmed Acacia plantations
	Zaïre
	Lejeune and Rondeux (1994)

	3
	Volume tables for natural hybrid trees of A. mangium x A. auriculiformis in plantations
	Bangladesh
	Rahman and Kamaluddin (1996)

	4
	Developed local volume tables for A. mangium and A. auriculiformis.
	Kerala, India 
	Jayaraman (2003)

	5
	Predicted yield models using simultaneous equation method for plantation grown hybrid Acacia (A. auriculiformis x A. mangium) at the age 4-7 years (using destructive method).
	Tangail forest Division, Bangladesh
	Newaz et al. (2005)

	6
	Developed nonlinear estimation model using power function for determining the total above-ground biomass of tree using DBH in A. auriculiformis and A. mangium. 
	Leyte, Philippines
	Banaticla et al. (2007)

	7
	Assessed the growth and estimated volume of A. auriculiformis grown in Coastal Zone, Low Ghats, Up Ghats and Eastern Plain regions. 
	Uttar Kannada district of Karnataka
	Kittur et al. (2012)

	8
	Estimated biomass using stem diameter by local and generic models for small diameter od A. auriculiformis (samples measured using destructive method).
	Labuan Badas, West Nusa Tenggara, Indonesia.
	Siarudin and Indrajaya (2019)

	9
	Assessed clonal variation in growth and volume among 20 clones of A. auriculiformis at the age of 4 years of planting
	Cuddalore, Tamil Nadu, India
	Mayavel et al. (2022)

	10
	Developed stem volume allometric equation for A. auriculiformis using digital photography with image analysis (samples measured using destructive method).
	Bangladesh 
	Farhana et al. (2023)

	11
	Estimated biomass and carbon accumulation pattern in different diameter classes of A. auriculiformis
	South Gujarat, India
	Gunaga et al. (2025)





	

	

	

	

	Fig. 2: Relationship between volume and DBH estimated through regression equation with four different models



	


	Fig. 3: Relationship between actual volume (m3) estimated using 11 trees height, DBH and FQ) and predicted volume (m3) estimated through Quadratic polynomial Model



4. Conclusion
Acacia auriculiformis is one of the important commercial plantation species grown in different parts of Gujarat. Based on 120 trees belonging to 12 diameter classes, different volumetric equations were developed. Among them, the regression equation (Quadratic model)  is found to be the best fitted model, which show the lower RMSE value and higher R2 value. Hence, in south Gujarat condition, farmers, foresters and timber merchants can use this equation for quick estimation of standing tree volume in A. auriculiformis.
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10.75	12.149999999999999	11.9	13.05	13.1	12.8	13.8	14.15	14.7	14.8	15.100000000000001	15.2	16	16.55	17.149999999999999	17.649999999999999	18.5	18.75	19.700000000000003	19.55	20.65	20.25	21.049999999999997	21.8	22.700000000000003	22.9	23.8	23.75	24.9	24.700000000000003	26.55	25.15	29.6	27.6	26.75	25.65	25.4	27.4	26.15	28.65	30.6	32.4	34.5	34.650000000000006	31.9	30.65	31.950000000000003	34.1	30.4	34.200000000000003	35.549999999999997	36.700000000000003	37.950000000000003	37.35	37.200000000000003	38	39.049999999999997	38.9	38.950000000000003	39.65	41.25	41.85	43.6	43.1	44.75	44.55	45	42.95	43.3	43.6	46.05	47.15	47	48.650000000000006	49.25	49	47.2	48.599999999999994	47.95	49.5	50.75	50.75	53.8	52.25	53.650000000000006	54.85	50.7	51.95	52.5	53.900000000000006	59.8	56	57	56.25	57	56.1	55.5	57.7	59.1	59.15	60.7	64.300000000000011	62.3	60.9	60.35	60.75	64.8	62.75	61	62.3	68.95	65.150000000000006	65.95	66.949999999999989	69.099999999999994	68.599999999999994	69.95	67.349999999999994	68	69.400000000000006	8.7425449999999988E-2	0.12506851575	0.130911781	0.13285767825	0.14310518600000002	0.14921280000000001	0.21127599900000002	0.22115530250000009	0.23928307199999999	0.24397800000000008	0.27520270950000003	0.28851576000000001	0.3300768	0.33230298149999998	0.35339718749999993	0.371265279	0.387256985	0.39131268749999998	0.43745977600000019	0.46558970150000001	0.47204247999999988	0.47669674500000009	0.49506652999999995	0.50764003200000007	0.55618223400000011	0.59063588399999989	0.60695462099999997	0.60786082499999994	0.66086716499999998	0.69522991200000028	0.74129936400000007	0.8327886805000001	0.88013320800000028	0.88969262400000004	0.91285766000000002	0.91840902300000005	0.96807832800000004	0.97364790299999981	0.98139067200000007	1.0108467764999998	1.0057592700000002	1.0076187780000001	1.0154854199999999	1.0487328390000001	1.055148644	1.0637758332499998	1.0704464099999997	1.1054319760000002	1.240593904	1.3155030000000001	1.0126801439999999	1.0224491550000003	1.08244690125	1.1209820017500001	1.1269635840000005	1.1301692100000003	1.333827726	1.3576527900000004	1.3951714725	1.4786983769999997	1.4471180624999997	1.4938575120000004	1.6041726199999999	1.6593301739999997	1.7435101199999998	1.7819855212499995	1.8193788	1.8217631197499999	1.9162484280000003	1.9466037500000002	1.8218499015	1.8323532014999999	1.9006828200000001	1.9295623812500002	1.9533596562499997	1.98964059	2.016073424	2.1290547059999998	2.2209548130000005	2.2350445424999998	2.0606991824999996	2.0899408249999993	2.1360606739999994	2.1857149462499992	2.221832129	2.3140257867500003	2.3306587200000002	2.3747446340000007	2.3975784000000004	2.4114170079999995	2.2489452440000006	2.2738749600000006	2.2895121600000001	2.3487592500000001	2.4565005000000002	2.5675326270000007	2.6469870300000005	2.7076146210000007	2.8454061419999994	2.8842166990000004	2.4369383784999994	2.4652234200000005	2.5041572220000003	2.6069362514999996	2.6712726535000004	2.6856396450000002	2.7205223759999999	2.7486382499999995	2.7569788749999997	2.7808645410000001	2.5979277485000001	2.7552645135000002	2.8670641349999997	2.8859413439999995	2.9924511644999998	2.9968081499999997	3.1345801637499999	3.2303417249999997	3.3581358000000012	3.4715108380000004	DBH (cm)


Volume (m3)



Volume	Power Model

10.75	12.149999999999999	11.9	13.05	13.1	12.8	13.8	14.15	14.7	14.8	15.100000000000001	15.2	16	16.55	17.149999999999999	17.649999999999999	18.5	18.75	19.700000000000003	19.55	20.65	20.25	21.049999999999997	21.8	22.700000000000003	22.9	23.8	23.75	24.9	24.700000000000003	26.55	25.15	29.6	27.6	26.75	25.65	25.4	27.4	26.15	28.65	30.6	32.4	34.5	34.650000000000006	31.9	30.65	31.950000000000003	34.1	30.4	34.200000000000003	35.549999999999997	36.700000000000003	37.950000000000003	37.35	37.200000000000003	38	39.049999999999997	38.9	38.950000000000003	39.65	41.25	41.85	43.6	43.1	44.75	44.55	45	42.95	43.3	43.6	46.05	47.15	47	48.650000000000006	49.25	49	47.2	48.599999999999994	47.95	49.5	50.75	50.75	53.8	52.25	53.650000000000006	54.85	50.7	51.95	52.5	53.900000000000006	59.8	56	57	56.25	57	56.1	55.5	57.7	59.1	59.15	60.7	64.300000000000011	62.3	60.9	60.35	60.75	64.8	62.75	61	62.3	68.95	65.150000000000006	65.95	66.949999999999989	69.099999999999994	68.599999999999994	69.95	67.349999999999994	68	69.400000000000006	8.7425449999999988E-2	0.12506851575	0.130911781	0.13285767825	0.14310518600000002	0.14921280000000001	0.21127599900000002	0.22115530250000009	0.23928307199999999	0.24397800000000008	0.27520270950000003	0.28851576000000001	0.3300768	0.33230298149999998	0.35339718749999993	0.371265279	0.387256985	0.39131268749999998	0.43745977600000019	0.46558970150000001	0.47204247999999988	0.47669674500000009	0.49506652999999995	0.50764003200000007	0.55618223400000011	0.59063588399999989	0.60695462099999997	0.60786082499999994	0.66086716499999998	0.69522991200000028	0.74129936400000007	0.8327886805000001	0.88013320800000028	0.88969262400000004	0.91285766000000002	0.91840902300000005	0.96807832800000004	0.97364790299999981	0.98139067200000007	1.0108467764999998	1.0057592700000002	1.0076187780000001	1.0154854199999999	1.0487328390000001	1.055148644	1.0637758332499998	1.0704464099999997	1.1054319760000002	1.240593904	1.3155030000000001	1.0126801439999999	1.0224491550000003	1.08244690125	1.1209820017500001	1.1269635840000005	1.1301692100000003	1.333827726	1.3576527900000004	1.3951714725	1.4786983769999997	1.4471180624999997	1.4938575120000004	1.6041726199999999	1.6593301739999997	1.7435101199999998	1.7819855212499995	1.8193788	1.8217631197499999	1.9162484280000003	1.9466037500000002	1.8218499015	1.8323532014999999	1.9006828200000001	1.9295623812500002	1.9533596562499997	1.98964059	2.016073424	2.1290547059999998	2.2209548130000005	2.2350445424999998	2.0606991824999996	2.0899408249999993	2.1360606739999994	2.1857149462499992	2.221832129	2.3140257867500003	2.3306587200000002	2.3747446340000007	2.3975784000000004	2.4114170079999995	2.2489452440000006	2.2738749600000006	2.2895121600000001	2.3487592500000001	2.4565005000000002	2.5675326270000007	2.6469870300000005	2.7076146210000007	2.8454061419999994	2.8842166990000004	2.4369383784999994	2.4652234200000005	2.5041572220000003	2.6069362514999996	2.6712726535000004	2.6856396450000002	2.7205223759999999	2.7486382499999995	2.7569788749999997	2.7808645410000001	2.5979277485000001	2.7552645135000002	2.8670641349999997	2.8859413439999995	2.9924511644999998	2.9968081499999997	3.1345801637499999	3.2303417249999997	3.3581358000000012	3.4715108380000004	DBH (cm)


Volume (m3)



Volume	Logarithmic 

10.75	12.149999999999999	11.9	13.05	13.1	12.8	13.8	14.15	14.7	14.8	15.100000000000001	15.2	16	16.55	17.149999999999999	17.649999999999999	18.5	18.75	19.700000000000003	19.55	20.65	20.25	21.049999999999997	21.8	22.700000000000003	22.9	23.8	23.75	24.9	24.700000000000003	26.55	25.15	29.6	27.6	26.75	25.65	25.4	27.4	26.15	28.65	30.6	32.4	34.5	34.650000000000006	31.9	30.65	31.950000000000003	34.1	30.4	34.200000000000003	35.549999999999997	36.700000000000003	37.950000000000003	37.35	37.200000000000003	38	39.049999999999997	38.9	38.950000000000003	39.65	41.25	41.85	43.6	43.1	44.75	44.55	45	42.95	43.3	43.6	46.05	47.15	47	48.650000000000006	49.25	49	47.2	48.599999999999994	47.95	49.5	50.75	50.75	53.8	52.25	53.650000000000006	54.85	50.7	51.95	52.5	53.900000000000006	59.8	56	57	56.25	57	56.1	55.5	57.7	59.1	59.15	60.7	64.300000000000011	62.3	60.9	60.35	60.75	64.8	62.75	61	62.3	68.95	65.150000000000006	65.95	66.949999999999989	69.099999999999994	68.599999999999994	69.95	67.349999999999994	68	69.400000000000006	8.7425449999999988E-2	0.12506851575	0.130911781	0.13285767825	0.14310518600000002	0.14921280000000001	0.21127599900000002	0.22115530250000009	0.23928307199999999	0.24397800000000008	0.27520270950000003	0.28851576000000001	0.3300768	0.33230298149999998	0.35339718749999993	0.371265279	0.387256985	0.39131268749999998	0.43745977600000019	0.46558970150000001	0.47204247999999988	0.47669674500000009	0.49506652999999995	0.50764003200000007	0.55618223400000011	0.59063588399999989	0.60695462099999997	0.60786082499999994	0.66086716499999998	0.69522991200000028	0.74129936400000007	0.8327886805000001	0.88013320800000028	0.88969262400000004	0.91285766000000002	0.91840902300000005	0.96807832800000004	0.97364790299999981	0.98139067200000007	1.0108467764999998	1.0057592700000002	1.0076187780000001	1.0154854199999999	1.0487328390000001	1.055148644	1.0637758332499998	1.0704464099999997	1.1054319760000002	1.240593904	1.3155030000000001	1.0126801439999999	1.0224491550000003	1.08244690125	1.1209820017500001	1.1269635840000005	1.1301692100000003	1.333827726	1.3576527900000004	1.3951714725	1.4786983769999997	1.4471180624999997	1.4938575120000004	1.6041726199999999	1.6593301739999997	1.7435101199999998	1.7819855212499995	1.8193788	1.8217631197499999	1.9162484280000003	1.9466037500000002	1.8218499015	1.8323532014999999	1.9006828200000001	1.9295623812500002	1.9533596562499997	1.98964059	2.016073424	2.1290547059999998	2.2209548130000005	2.2350445424999998	2.0606991824999996	2.0899408249999993	2.1360606739999994	2.1857149462499992	2.221832129	2.3140257867500003	2.3306587200000002	2.3747446340000007	2.3975784000000004	2.4114170079999995	2.2489452440000006	2.2738749600000006	2.2895121600000001	2.3487592500000001	2.4565005000000002	2.5675326270000007	2.6469870300000005	2.7076146210000007	2.8454061419999994	2.8842166990000004	2.4369383784999994	2.4652234200000005	2.5041572220000003	2.6069362514999996	2.6712726535000004	2.6856396450000002	2.7205223759999999	2.7486382499999995	2.7569788749999997	2.7808645410000001	2.5979277485000001	2.7552645135000002	2.8670641349999997	2.8859413439999995	2.9924511644999998	2.9968081499999997	3.1345801637499999	3.2303417249999997	3.3581358000000012	3.4715108380000004	DBH (cm)


Volume (m3)



Volume	Qudratic Polynomial

10.75	12.149999999999999	11.9	13.05	13.1	12.8	13.8	14.15	14.7	14.8	15.100000000000001	15.2	16	16.55	17.149999999999999	17.649999999999999	18.5	18.75	19.700000000000003	19.55	20.65	20.25	21.049999999999997	21.8	22.700000000000003	22.9	23.8	23.75	24.9	24.700000000000003	26.55	25.15	29.6	27.6	26.75	25.65	25.4	27.4	26.15	28.65	30.6	32.4	34.5	34.650000000000006	31.9	30.65	31.950000000000003	34.1	30.4	34.200000000000003	35.549999999999997	36.700000000000003	37.950000000000003	37.35	37.200000000000003	38	39.049999999999997	38.9	38.950000000000003	39.65	41.25	41.85	43.6	43.1	44.75	44.55	45	42.95	43.3	43.6	46.05	47.15	47	48.650000000000006	49.25	49	47.2	48.599999999999994	47.95	49.5	50.75	50.75	53.8	52.25	53.650000000000006	54.85	50.7	51.95	52.5	53.900000000000006	59.8	56	57	56.25	57	56.1	55.5	57.7	59.1	59.15	60.7	64.300000000000011	62.3	60.9	60.35	60.75	64.8	62.75	61	62.3	68.95	65.150000000000006	65.95	66.949999999999989	69.099999999999994	68.599999999999994	69.95	67.349999999999994	68	69.400000000000006	8.7425449999999988E-2	0.12506851575	0.130911781	0.13285767825	0.14310518600000002	0.14921280000000001	0.21127599900000002	0.22115530250000009	0.23928307199999999	0.24397800000000008	0.27520270950000003	0.28851576000000001	0.3300768	0.33230298149999998	0.35339718749999993	0.371265279	0.387256985	0.39131268749999998	0.43745977600000019	0.46558970150000001	0.47204247999999988	0.47669674500000009	0.49506652999999995	0.50764003200000007	0.55618223400000011	0.59063588399999989	0.60695462099999997	0.60786082499999994	0.66086716499999998	0.69522991200000028	0.74129936400000007	0.8327886805000001	0.88013320800000028	0.88969262400000004	0.91285766000000002	0.91840902300000005	0.96807832800000004	0.97364790299999981	0.98139067200000007	1.0108467764999998	1.0057592700000002	1.0076187780000001	1.0154854199999999	1.0487328390000001	1.055148644	1.0637758332499998	1.0704464099999997	1.1054319760000002	1.240593904	1.3155030000000001	1.0126801439999999	1.0224491550000003	1.08244690125	1.1209820017500001	1.1269635840000005	1.1301692100000003	1.333827726	1.3576527900000004	1.3951714725	1.4786983769999997	1.4471180624999997	1.4938575120000004	1.6041726199999999	1.6593301739999997	1.7435101199999998	1.7819855212499995	1.8193788	1.8217631197499999	1.9162484280000003	1.9466037500000002	1.8218499015	1.8323532014999999	1.9006828200000001	1.9295623812500002	1.9533596562499997	1.98964059	2.016073424	2.1290547059999998	2.2209548130000005	2.2350445424999998	2.0606991824999996	2.0899408249999993	2.1360606739999994	2.1857149462499992	2.221832129	2.3140257867500003	2.3306587200000002	2.3747446340000007	2.3975784000000004	2.4114170079999995	2.2489452440000006	2.2738749600000006	2.2895121600000001	2.3487592500000001	2.4565005000000002	2.5675326270000007	2.6469870300000005	2.7076146210000007	2.8454061419999994	2.8842166990000004	2.4369383784999994	2.4652234200000005	2.5041572220000003	2.6069362514999996	2.6712726535000004	2.6856396450000002	2.7205223759999999	2.7486382499999995	2.7569788749999997	2.7808645410000001	2.5979277485000001	2.7552645135000002	2.8670641349999997	2.8859413439999995	2.9924511644999998	2.9968081499999997	3.1345801637499999	3.2303417249999997	3.3581358000000012	3.4715108380000004	DBH (cm)


Volume (m3)



y = 87E-05x2 + 0.046x - 0.468	0.12506851575	0.16414169450000007	0.48556332000000008	0.34726084249999994	0.91518208425000003	1.0461682440000002	0.94661956800000013	1.2475848	2.0606991824999996	3.0666276199999998	2.7569788749999997	0.10374315749999991	0.25859915750000001	0.55127103000000011	0.83235406999999983	1.2407634574999999	1.4609665174999997	1.5669039174999999	1.8428962800000002	2.0905739374999999	2.57700175	2.661727	Predicted Volume 


Actual Volume



