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Upper Canopy module – Fixed Area Plot Summary – and beyond!  
 
Eight steps to process standard upper canopy inventory data: 

1. Calculate mean DBH and Height: DBH ratio, R, for each plot 
2. Calculate basal area for every tree on each plot.   
3. Estimate basal area (BA) and trees per acre that each plot represents 
4. Estimate stand mean DBH, stand height, BA, and trees per acre (TPA) 
5. Estimate 70% Confidence Intervals for TPA and BA 
6. Estimate tree species composition using basal area as basis 
7. Estimate Site Index (measure of site quality) 
8. Estimate Sample Size for a survey with specified reliability  

 
Example: 
We would like to summarize data collected from a recent upper canopy survey 
in a 30-acre, second-growth, Douglas-fir stand growing in the Pacific 
Northwest to obtain stand attributes, such as mean DBH and mean basal area 
per acre (in sq. ft.) including confidence interval.  Plot size used was 1/20 = 
0.05 acre.   
 
Partial listing of the data (n = 3 plots): 
Plot 1     Plot 2    Plot 3   
DBH  Ht   DBH  Ht   DBH  Ht  
15.1     15.0  77.7   18.9  94.8 
14.5     13.7  79.3   15.3  83.8 
12.8     12.7     15.2  
12.7  70.4   12.6  82.4   15.2  
12.6  75.8   11.1     13.8   
12.3     11.4     13.5  
11.3  72.2        10.4  
9.6          8.8  64.0 
9.1            
(9 trees)    (6 trees)    (8 trees)   
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Step 1. Compute mean DBH for each plot.   
Plot 1:   DBH = 15.1+14.5+12.8++ 9.1( ) 9=    12.2 in.  

Plot 2:  12.8 in. 

Plot 3:  13.9 in.    

Compute Mean Height:DBH Ratio for each plot.  Since we did not measure 
height on every tree, we need to use a ratio estimator for mean height.  

First, add up all the heights, then add up all the DBHs corresponding to those 
heights, then form the ratio of summed heights to summed DBHs, calling it R.  

(In Step 4 mean stand height will be calculated from the mean of the R’s.)     
Sum of plot 1 Heights: (70.4 + 75.8 + 72.2)  = 218.4 ft. 

Sum of plot 1 DBHs: (12.7 + 12.6 + 11.3) = 37.1 in. 
Ratio of summed Heights to DBHs, R = 218.4 / 37.1 = 5.887 ft. / in.   

(Extra Credit) Compute mean Crown Ratio for each plot.  Compute crown 
length for height trees as CL = HTot – Hc.  Mean Crown Ratio is just the ratio 

of summed Crown Lengths to summed total Heights; CR   = 
 

CL∑
HTot∑ .  

 
Step 2. Calculate basal area for trees on the plot.  Begin by calculating basal 
area (ba) for each tree, given by  ba=   0.005454 iDBH 2    
For the first tree on plot 1,  

 ba=   0.005454 i15.12 =   1.24 sq. ft.  
… repeat for all other trees on plot …  

Repeat for all plots.   
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Step 3. Estimate Basal area / ac. and Trees / ac. for ea. plot.   

First, compute a Tree Factor (TF) for each tree, which is the number per acre 
each tree represents.  For fixed area plots,  

TF = 1a , where a = plot size in decimal fraction of an acre.  For the example,  

TF = 1a =
1
0.05 = 20 , which is the same for every tree.   

Next, Compute number of trees per acre for each plot.  On plot 1 in this 

example, there are 9 trees total, and each tree represents 20 per acre, so 
9× 20 =180 trees per acre (TPA).  
 

For Basal Area, multiply the sum of tree basal areas on the plot by TF to 
expand the plot to an acre basis.   

Plot BA (sq. ft. / ac.) TPA 
1:  150.1 180  

2:  107.5 120  
3:  175.8 160 

 
 
Step 4. Estimate mean DBH, stand height, basal area / ac. and trees / ac.     
For mean DBH:   

 DBH =    12.2+12.8+13.9( ) =    13.0   

For mean Height:   

 R=    5.877+5.797+5.630( ) / 3=     5.768   

 H  =    R  (DBH  ) =    5.768 (13.0) =    75.0 ft. 
 
Avg. BA per acre = (150.1 + 107.5 + 175.8) / 3 = 144.5 sq. ft. / acre 

Mean TPA calculated same way as mean DBH and BA.   
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Step 5. Estimate 70% C.I. for TPA and BA / ac.  
For basal area:  

Avg. BA per acre = 144.5 sq. ft. / acre 
Variance (s2) = 1,190.0 (ft2 / acre)2 
Std. Dev. = 34.50 ft2 / acre 

Std. Err. = 19.92 ft2 / acre 

Desiring an 70% CI, let’s say, t 0.30, 2 = 1.3862 (see Table 2, APPENDIX), then 

an 70%CI is given by  

 144.5 ±  1.3862 (19.92);  

The “plus” is for the upper confidence limit (UCL), “minus” for the lower 
confidence limit (LCL).   
The population mean BA per acre for the sampled forest stand lies somewhere 

in the interval (116.9, 172.1) ft2 / acre, unless a 30% chance occurred.   
 

Step 6. Estimate tree species composition.  Using the basal area calculations 
from Step 3, compute the proportion of plot basal area that each species 
represents.  Let’s say that on plot 1, the first tree was a hemlock, and the rest 

were Douglas-fir.  The sum of tree basal areas for plot 1 is 7.50 sq. ft.   
Proportion of hemlock = 1.24 / 7.50 = 0.205; therefore,  

Plot 1 is ~ 21% hemlock, and ~ 79% Douglas-fir.   

Perform similar calculations for each plot then average the resulting 

proportions for each species.   
 
Step 7. Estimate Site Index.  (See Figure 1 below.)  Calculate a Site Index for 
each “site” tree, then average.   



ESRM 304 (E. Turnblom): Fixed-area plot summary …  p. 5 of 7 

 
Figure 1.  Site Index Curves for Douglas-fir.  From King, J.E.  1966.  Site Index Curves for Douglas-
fir in the Pacific Northwest.  Weyerhaeuser Forestry Paper No. 8. 

 
 

  

S50 = 4.5+
274.3925+19.8059 A( )+0.494233 A2( )

0.954038−0.0558178 A( )+0.000733819 A2( )+ A2

HD −4.5
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Step 8. Estimate Sample Size for a survey with specified reliability 
 
Use of statistical formulas preferred 

§  For SRS infinite populations (or sampling with replacement) 

( )22

2
z CV

n k
E

= + ,  where 

n =  number of sample units required for desired precision E, with 
confidence level implied by z, k  

k  = correction term to avoid iterating between t-values 
Confidence level z-value k   
 80% 1.282 1.31 
 90% 1.645 1.87 
 95% 1.960 2.44 
 99% 2.576 3.79 

z =  standard normal deviate 
CV =  coefficient of variation, standard deviation divided by mean (in 

percent), for forest to be sampled 
E =  allowable error or desired precision (in percent) for average 

volume (or basal area, etc.).   
§  For SRS finite populations (or sampling without replacement) 

( )
( )

22

22 2

Nz CV
n k

NE z CV
= +

+
 ,  where 

N =  Total number of sampling units in population,  
and all other symbols are as before 

 
Rules of thumb: 

For ~ 1/10 acre plots in highly variable (i.e., CV > 45% populations: 
Area (in acres) number of samples  

Up to 10 10 
11 – 40 1 per acre 
41 – 80 20 + 0.5 (area in acres) 
81 – 200 40 + 0.25(area in acres) 

 200 + Use sample size formulas 
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APPENDIX.   
 
Table 2.  Student’s t table (two-sided).   

 


