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Chapter 2  

 

Field measurements and methodology to select a growth 

equation for three indigenous street tree species 

 

Introduction 

The field measurements that consist of the variables that were investigated during 

field work and the methodology of statistical analysis conducted to select a growth 

equation for three indigenous street tree species are discussed below. More 

detailed field data collection methodology is presented in the various related 

chapters (Chapters 3, 4 and 6). This chapter’s focus is, however, on the 

methodology of the selection of an appropriate growth equation. Six growth 

equations were investigated to determine which one is the most appropriate in 

predicting stem circumference growth for three street tree species. The equations 

were subjectively chosen based on biological and statistical characteristics. In this 

section some of the attributes of the equations are evaluated and the rationale for 

the selection of the most suitable equation is discussed. The selected appropriate 

growth equation will be used for further data analysis and generation of results in 

the chapters to follow (Chapters 3 to 6). 
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Methodology 

Field Data Collection 

The street trees were measured in the winter and early spring (April - September) 

of 2002 in the Pretoria area in the City of Tshwane, in the province of Gauteng. 

The measurements were made between Ovenbush Street (25˚ 39' 08.7'' S - 28˚ 

15' 21.7'' E) in the suburb Doornpoort in the north and Piering Street (25˚ 50' 04.7'' 

S - 28˚ 14' 58.3'' E) in the suburb Erasmuskloof in the south, as well as between 

Pretoria East Cemetery (25˚ 49' 36.2'' S - 28˚ 19' 20.8'' E) in Pretorius Park suburb 

in the east and Brits Street (25˚ 40' 40.8'' S - 28˚ 09' 05.4'' E) in the suburb of 

Pretoria North to the west of the city.  

 

Three species, Combretum erythrophyllum (Burch.) Sond. (river bushwillow), Rhus 

lancea L.f. (karee) and Rhus pendulina Jacq. (white karee) were investigated. All 

the species are indigenous to South Africa and when fully grown are 

approximately 7 m to 12 m tall (Joffe, 1993; van Wyk & van Wyk, 1998). In total 

282 trees were measured of which 105 were Combretum erythrophyllum, 107 

Rhus lancea and 70 Rhus pendulina. Stem diameters ranged from 26 mm to 685 

mm, 26 mm to 507 mm and 36 mm to 352 mm for Combretum erythrophyllum, 

Rhus lancea and Rhus pendulina respectively. Measurements were also taken of 

95 trees of a fourth species namely Olea europea subspecies africana. However, 

when the obtained planting dates were applied to the data it proved that the results 

were less accurate and the data for this species were thus omitted. 
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Each data set consisted of the data of the trees measured in a street. With some 

exceptions, ten trees were measured per street. Where applicable, a total of 50 

variables were measured or noted for 377 trees (18 850 data values). Some 

aspects of the importance and influences of the below mentioned factors to the 

urban forest have been addressed in Chapter 8. Variables that were measured or 

noted consisted of the following: 

• Dataset identification value, 

• Date of measurement with the view of further additions to the data at a later 

stage than that gathered for this thesis, 

• Suburb and street in which trees were measured, 

• Closest cross street perpendicular to the street in which the measurements 

were taken at the first and last tree measured, 

• Road reserve width, 

• Tree curb distance, 

• Between tree distance, 

• Direction in which tree sequence was measured, 

• Planting date, 

• Sequence, 

• Species, 

• Tree height, 

• Height of maximum crown diameter, 

• Height of first leaves measured from ground level, 

• Crown diameters measured in two perpendicular directions taken at the 

height of maximum crown diameter, 
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• Crown diameters of the first leaves measured in two perpendicular 

directions taken at the height of first leaves, 

• Stem diameter (two perpendicular measurements) for up to five stems or 

circumference at breast height was measured. Trees with more than five 

diameter measurements were not measured, 

• Stem diameter or circumference at 200 mm above ground level,  

• Stem diameter or circumference at 50 mm above ground level or just above 

the basal swelling,  

• Latitude and longitude of each tree was noted in degrees, minutes and 

seconds with the aim of future re-measurements,  

• Global Positioning System accuracy level, 

• Tree shape,  

• The ground surface type surrounding the measured tree, 

• The landuse in which the trees where located, 

• The position of the tree in relation to the adjacent street,  

• Perpendicular streets that were crossed during measurements 

• Notes that could influence data analysis, 

 

The measured trees were planted between 1955 and 2001 and their ages were 

derived from the planting dates obtained from the Municipality. The planting dates 

refer to the date at which the trees were physically planted in the streets. The 

minimum and maximum ages are 1.2 years to 47.6 years, 1.3 years to 32.6 years 

and 3.4 years to 15.6 years for Combretum erythrophyllum, Rhus lancea and Rhus 

pendulina respectively. Planting dates for trees planted prior to 1995 were 

obtained from aerial photographs and personal communication with botanical and 
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horticultural staff since the Municipality kept planting date records only from 1995. 

In the past the policy was to plant mostly exotic street trees. This rendered it 

difficult to find old individuals of which the age was known of the species 

investigated. Therefore, two sets of trees from parking lots were incorporated into 

this study. They are tree sets measured for Rhus lancea and Rhus pendulina with 

planting dates of 1970 and 1987 respectively. 

 

Not all of the measured data gathered during field work warranted further in depth 

statistical analysis and were thus not presented in this thesis. Crown diameters at 

height of first leaves was, for example, a function of cultural pruning practices and 

proved to be inappropriate to be considered for statistical analysis and hence, 

were not included in this thesis.  

 

Selection of growth equation 

The selection of an appropriate growth equation was done by using the data 

gathered for stem circumference. The stem circumference of the larger street trees 

(larger than approximately 90 mm diameter) was determined with a tape measure 

at 50 mm above ground level or just above the basal swelling. Although initially 

measured, diameter at breast height (DBH) (measured at a height of 1.37 m) was 

not an appropriate measurement since the biomass regression equation used 

(Shackleton, 1997) requires stem diameter measurements at ground level. Also 

the City of Tshwane Metropolitan Municipality (hereafter Municipality) often 

planted trees that still have branches below 1.37 m. Furthermore, the African 

savanna species investigated tend to branch at a level lower than this height. 
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The diameters of small trees (smaller than approximately 90 mm diameter) were 

measured with callipers in two directions, one parallel and the other perpendicular 

to the centre line of the road. The mean of the two measurements was used to 

calculate the diameter and circumference. Diameters of these smaller trees were 

also measured at 50 mm above ground level or just above the basal swelling 

 

Selection of the best individual street trees during data gathering for statistical 

analysis could result in biased data. As is the case with allometry (Clark & Clark, 

2000) a biased selection of trees could artificially inflate predictive regression 

estimates. The problem was avoided by stratified random sampling. Stratification 

of the city was by tree age and the streets were selected at random within age 

group; and the selection of trees in the streets was performed at random. 
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Growth equations were applied to the data in order to select the most appropriate 

equation for further use in this study. The data was processed in SAS® (SAS® 

version 8.2, SAS Institute, SAS Campus Drive, Cary, NC 27513) together with the 

S T Kromme (du Toit, 1979) statistical procedure. The following equations were 

applied to the data: 

 

Exponential (Zhang, 1997): 
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First degree logistic (Brewer et al., 1985): 

 

     1))exp(1( −+= ctbaCirc  

 

Gompertz (du Toit, 1979): 
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Logarithmic (Peper et al., 2001): 
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Lundqvist (Brewer et al., 1985): 

 

     )exp( cbtaCirc −−=  

 

Richards family (du Toit, 1979): 

 

     α))(1( tcbaCirc −=  

 

where 

 Circ  = stem circumference (mm) 

 cba ,,  = parameters to be estimated from the data 

 t  = time (tree age in years) 

 α  = transformation constant which can be used to transform the 

Richards family equation into the different members of the family. 

 

Various initial values were tested in the process of determining the most 

appropriate constants. A requirement in this process was that the selected initial 

values should result in no less than three iterations (personal communication, M.J. 

van der Linde, November 2002, Department of Statistics, University of Pretoria.). 

An exception was the Gompertz equation applied to the data of Combretum 

erythrophyllum, which iterated only twice. Initial values that were selected are 

those which resulted in a high coefficient of determination and from which 

constants of reasonable magnitudes could be derived. This selection procedure 

was applied to all the equations for all three the species. However, a coefficient of 
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determination and constants of reasonable magnitude could not be obtained for 

Lundqvist and Gompertz equations that were applied to the data of Combretum 

erythrophyllum (Table 2.1). 

 

The first criterion for selecting an equation is that of selecting the equation with the 

highest coefficient of determination. The second criterion is whether the slope of 

the curve beyond the data range suggests or reaches an imminent asymptote. The 

most appropriate curve should suggest continued growth due to the relatively 

young tree stands that were measured. The third criterion is the slope of the curve 

beyond the data range. It is anticipated that the steepest slope being the most 

appropriate fit to the data due to the relatively young ages of the trees that was 

measured.  

 

Results  

Coefficient of determination 

The coefficient of determination (Tables 2.1 - 2.3) derived for the equations 

applied to the Combretum erythrophyllum data ranged from -1.35 to 0.88 with the 

exponential, Richards and the logarithmic equations giving the best coefficients. 

For Rhus lancea and Rhus pendulina the coefficient of determination for all the 

equations applied to a species had a set value, being 0.91 and 0.84 respectively. 
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Visual assessment of the growth curves  

Growth projections for 5 years beyond the last data value were made for ease of 

visual analysis. Figure 2.1 to Figure 2.3 show the different growth curves as 

applied to Combretum erythrophyllum, Rhus lancea and Rhus pendulina data 

where stem circumference (mm) is regressed on tree age (years). 

 

When analysing the curves for Combretum erythrophyllum the results indicate that 

all the curves, except for the logarithmic curve, either have reached an asymptote 

or approach an asymptote at the last data value (Figure 2.1). The logarithmic 

equation suggests continued stem growth beyond the measured data range and 

has the steepest slope of all the curves in this range. The parameter (b ) for the 

Gompertz and Lundqvist equations for the data of Combretum erythrophyllum 

were inapplicable (Table 2.1) and these equations were discarded for this species.  
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Table 2.1. The constants for six different growth equations and their coefficient of 

determination for Combretum erythrophyllum 

Equation a b c α  Coefficient of 

determination 

Exponential 225.9 9.9561 0.85136  0.88 

First degree logistic 192.67 16.971 -0.31423  0.83 

Gompertz 44.521 0.72370E+76 1  -1.35 

Logarithmic 76.992 2.0618   0.84 

Lundqvist 44.415 0.21355E+06 -47.995  0.06 

Richards family 208.47 1 0.88872 1.8841 0.87 

 

 

Table 2.2. The constants for six different growth equations and their coefficient of 

determination for Rhus lancea 

Equation a b c α  Coefficient of 

determination 

Exponential 220.2 16.655 4.5164  0.91 

First degree logistic 140.79 11.116 -0.27437  0.91 

Gompertz 143.96 2.7885 0.86406  0.91 

Logarithmic 62.699 1.9031   0.91 

Lundqvist 1785.2 5.4558 -0.21933  0.91 

Richards family 149.94 0.74087 0.90385 2.3171 0.91 
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Table 2.3. The constants for six different growth equations and their coefficient of 

determination for Rhus pendulina 

Equation a b c α  Coefficient of 

determination 

Exponential 193.12 13.776 3.0324  0.84 

First degree logistic 95.840 11.111 -0.3634  0.84 

Gompertz 105.36 3.0485 0.81812  0.84 

Logarithmic 60.036 2.16   0.84 

Lundqvist 565.58 5.1111 -0.37702  0.84 

Richards family 106.67 0.20221 0.82701 13.851 0.84 
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Combretum erythrophyllum 
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Figure 2.1. Four different growth curves as applied to Combretum erythrophyllum data where stem circumference (cm) is 

regressed on tree age (years). Growth projections for five years beyond the last data value were made for ease of visual 

analysis.
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Rhus lancea
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Figure 2.2. Six different growth curves as applied to Rhus lancea data where stem circumference (cm) is regressed on tree age 

(years). Growth projections for five years beyond the last data value were made for ease of visual analysis. 
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Rhus pendulina  
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Figure 2.3. Six different growth curves as applied to Rhus pendulina data where stem circumference (cm) is regressed on tree 

age (years). Growth projections for five years beyond the last data value were made for ease of visual analysis. 

 

 
 
 



 2-16

When analysing the curves for Rhus lancea the Richards, Gompertz and first 

degree logistic curves suggest that asymptotes could occur soon after the last 

data value while the logarithmic, exponential and Lunqvist curves indicate 

continued stem growth beyond the last data value. The Lunqvist and thereafter the 

logarithmic and exponential equations produce the steepest slopes after the last 

data value. 

 

In the case of Rhus pendulina, the first degree logistic, Gompertz and Richards 

curves suggest impending asymptotes while the logarithmic, Lundqvist and 

exponential curves show a steeper slope beyond the data processed. However, 

the logarithmic equation has the steepest slope and the least indication of 

reaching an asymptote soon beyond the data range. 

 

Discussion 

The aim of the comparison between the equations was to determine which 

equation would provide the most realistic prediction for stem circumference. The 

assessment of the best growth predictor relies therefore, on an analysis of the 

curves and an evaluation of their coefficient of determination.  

 

The first criterion used was that of the coefficient of determination (Table 2.1 - 2.3). 

For Combretum erythrophyllum firstly exponential, thereafter Richards and thirdly 

the logarithmic equation gave the best coefficients. However, the differences 

between these values are small and in this instance the coefficient of 

determination is not as important as the slope of the curves (Figure 2.1).  
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All the equations for both Rhus lancea and Rhus pendulina gave the same 

coefficient of determination (of 0.91 and 0.84 respectively). Therefore, the 

coefficient of determination could not contribute in the selection of the most 

appropriate equation for these two species. 

 

A second criterion used for the analysis of the curves is whether the equation 

provides an asymptote. The equations that predict asymptotic values at or 

immediately after the last data recorded could be discarded. The rational being 

that the trees still increase in stem circumference beyond this point and any 

equation that suggest otherwise does not reflect the biological growth of these 

species appropriately.  

 

The third criterion used in the analysis is that of the slope of the curves beyond the 

range of the data. When a realistic age estimate (personal communication, A.E. 

van Wyk, November 2002, Botany Department, University of Pretoria) of an older 

and larger tree was included in the data, a steeper curve was obtained than that 

produced with the captured data. An example for Combretum erythrophyllum is 

shown in Figure 2.4. The dotted line is the logarithmic regression based on the 

captured data, while the line in bold is the logarithmic regression based on the 

addition of one extra data point of an older and larger tree. The circumference of 

the tree was 4710 mm and its age was 100 years. The additional data point 

suggest a faster growth rate than that predicted by the regression based on the 

captured data. It is therefore the author's opinion that the growth rates suggested 

by all the equations based on the initial captured data are conservative.  
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Figure 2.4. Growth curves for Combretum erythrophyllum showing the logarithmic 

regression based on the addition of one extra data point of an older and larger tree 

(line in bold) and the contrasting logarithmic regression based on the captured 

data (dotted line).  
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Therefore, the equation that predicts continued growth with the steepest slope 

beyond the range of the data is considered to be more appropriate. 

 

In applying these criteria the logarithmic equation is the most applicable for 

Combretum erythrophyllum. For Rhus lancea the Lundqvist equation meets the 

criteria the best, thereafter the logarithmic and the exponential equations. For 

Rhus pendulina the logarithmic equation meets the criteria better than the 

Lundqvist and exponential equations. 

 

If a single equation is to be selected for all three species, the logarithmic equation 

is the most appropriate since it meets the criteria the best for Combretum 

erythrophyllum and Rhus pendulina and on the basis of the slope is a close 

second best to the Lundqvist equation for Rhus lancea. 

 

Conclusion 

The aim of the analysis was to determine which equation predicts stem 

circumference growth the most realistically. The coefficient of determination, the 

asymptotes and the slope of the curves were used as criteria to select the most 

suitable equation. The logarithmic equation met the requirements best and was 

therefore chosen as the most appropriate equation for predicting stem 

circumference growth for all the species. In the following chapters the logarithmic 

equation will be used to determine the growth rates for Combretum 

erythrophyllum, Rhus lancea and Rhus pendulina street trees. 
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