
ESRM 368 – Forest Resources Assessment: Trees, Stands, Habitat & Products 

6.4 Stand Density Measures 
STOCKING 
1. A loose term for the amount of anything on a given area, particularly in relation 

to what is considered to be optimum. 
2. In a forest, a more or less subjective indication of the number of trees as 

compared to the desirable number for "best" results.   
3. More precisely, a measure of the proportion of an area actually occupied by 

trees, expressed e.g., in terms of stocked quadrats or percent crown closure, as 
distinct from their stand density.   

4. Adequacy of a given amount of material to meet some management objective.  
Accordingly, stands can be referred to as "understocked," "fully stocked," or 
"overstocked."  A particular stand that is overstocked for one management 
objective could be "understocked" for another objective.   

STAND DENSITY          
1. A quantitative measure of tree stocking expressed either relatively as a 

coefficient, taking normal numbers, basal area or volume as unity, or absolutely, 
in terms of number of trees per acre, total basal area, or volume, per unit area.   

2. More precisely, a measure of the degree of crowding of trees within stocked 
areas, -- of crown length to tree height; crown diameter to DBH, or crown 
diameter to tree height; or of stem spacing to tree height.   

 
Simple indicators of stand density: 

– number per unit area (equivalent to "density" in ecological usage)  
– basal area per unit area 
– crown closure  usually expressed as % crown cover (can be obtained easily 

from aerial photos) 

Density indices 
– combine a simple density indicator with some measure of avg. tree size 
– can be “relative” in nature if an actual stand is compared to a “standard” stand 

o Percent Normality, N% (McArdle, et al. 1930) 
o Stand Density Index, SDI (Reineke 1933) 
o Relative Density Index, RDI (Flewelling 1979) 
o Relative Density, RD (Curtis 1982) 

– can be “relative” if a tree dimension is compared to a standard spatial unit 
o Relative Spacing, RS (Wilson 1946) 
o Crown Competition Factor, CCF (Krajicek, et al. 1961 ) 
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Percent Normality (N%) 
– Based on Normal Yield, i.e., the yield that results when the trees are fully 

occupying the site 
– Knowing the age and site index for a particular stand, its basal area can be 

expressed as a percentage of normal BA for same age and site: 

  
N% = BAO

BAN
100( )  

Stand Density Index (SDI)  
– Combines number per acre with average tree size, QMD 
– Based on a pre-determined limiting relationship between log(QMD)and log(N) 
– Expresses density of a stand in terms of an equivalent number of 10-inch trees 

 

  ln(N ) = ln(a)!1.605" ln(QMD)  

 

– Shortcut formula:  
  
SDI = N QMD
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– The exponent 1.605 may vary by species  
– SDI increases with either an increase in number of stems per acre or an 

increase in QMD, or both 
– The higher the SDI, the more crowded the stand  
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Percent Normality (continued)  
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Stand Density Index (SDI) – continued 
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Relative Density Index (RDI)  
– Combines number per acre with average tree size, volume (cu.ft) 
– Based on the – 3/2 power “law” given by: 

  v = aN !3/2   or    ln(v) = ln(a)! 3/ 2 " ln(N )  
 

 
– Relative Density Index, 

  
!r =

Nobs
Nmax

  

–   Nmax = e
12.644! ln(v)
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Figure.  Density Manamgement Diagram (Flewelling 1979) 
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Relative Density (RD) 
– Combines stand basal area and average tree size, ie., QMD 

 
RD = BA

QMD
, where BA is measured in sq.ft/acre, QMD in inches 

RD will increase with an increase in BA (with constant QMD) 
RD will increase with a decrease in QMD for constant BA 
Thus, higher values of RD imply a greater degree of competition 

 
Approximate Relationship Between Selected Stand Density Measures: 

Standard %Normality (BA) RD (Curtis) RDI 

(Flewelling) 

Maximum 150 100 1.0 

Normal 100 70 0.67 

Upper thinning limit 75-80 50 0.5 

Lower thinning limit 50 - 60 35 0.3 

Crown closure 30 20 0.15 

 

Relative Spacing (RS), or Spacing percent (S%) 

Wilson proposed Relative Spacing as a method to assess and control the density of 

immature conifer stands in the Lake States.   

Assuming the trees are either arranged in “regular” or “uniform” fashion or planted 

using square spacing, the average spacing, S, between trees is then given by  

   
  
S = 43,560

N  

Now, express this as a percentage of average dominant height (H40, say) 

   
  
S% = S

H40 100( )  
and we have a measure of “crowdedness” of the stand.  The more crowded it is, the 

smaller this number.   
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Crown Competition Factor (CCF)  
– Based on a relationship between open-grown tree crown width, CW (measured 

in feet) and DBH, 
 
    CW = a+ b!DBH   (for open grown trees) 
 
Then, assuming tree crowns are circular in cross-section 
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CA= k a2 +2ab(DBH + b2 (DBH 2( )

 

 
If there are N trees in the stand, the sum of all the crown areas in that stand (if they 
had been open grown) is then 
 

   
  

CA! = k N "a2 +2ab DBH! + b2 DBH! 2#
$%

&
'(

.   

 
We divide this by the area of one acre to put it on a scale such that the sum of CAs = 
100 for the hypothetical situation where all crowns are just touching (and thus 
completely “covering” all ground), giving 

   
   
CCF =

CA!
43,560i 100( )  

So, CCF = 100 indicates crown closure; greater numbers indicate competition. 
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Uses of Relative Density Measures: 

1. They are useful descriptors of stand conditions (though not a complete 

description) 

2. They are useful predictors of growth (in combination with other variables) 

3. They serve as guides to thinning and stand treatment, by using easily 

measured stand variables (e.g., RD, or RDI) to define the following– 

a. Upper thinning limit, above which one expects substantial mortality 

and/or unacceptable diameter growth 

b. Lower thinning limit, below which one expects unacceptable volume 

growth 

c. Point of crown closure in young stands 

4. They can also be used to estimate desirable planting numbers and desirable 

number of residual trees in pre-commercial thinning (e.g., RD).   

  
RD = BA

QMD
=

0.005454 !N !QMD2

QMD
= 0.005454 !N !QMD3/2  

So, if we specify that RD should not exceed 50 at first commercial thinning 

(reasonable for Douglas-fir, to avoid suppression mortality and restriction of 

crown development), then: 

  

50 = 0.005454 !N !QMD3/2

50
0.005454 !QMD3/2 = N = 9167

QMD3/2
 

For a desired QMD at first commercial thinning, the number to be planted or 

left after precommercial thinning is N, plus a small mortality allowance 

E.g., if we desire a 10” QMD at 1st commercial thinning: 

 
  
N = 9167

103/2 = 290  

If we expect, say 3% mortality initially, we might then plant 300 trees per 

acre. 
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