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This presentation describes 
how suggested stocking 
levels were developed for 
upland sites in the Blue 
Mountains of northeastern 
Oregon and southeastern 
Washington.
The suggested stocking 
levels were published as a 
research note by the PNW 
station in April 1994, and 
as a follow-up implemen-
tation guide in April 1999.



Diagram of self-thinning 
concepts (from Jack and 
Long 1996). Stocking or 
relative density systems 
often use the upper boun-
dary as a reference level: 
existing density is compar-
ed with the reference level 
to calculate a stocking or 
relative density percentage. 
The self-thinning trajectory 
shows an even-aged stand 
that eventually enters the 
self-thinning zone, when its 
trajectory bends left and 
stays below the boundary. 
Stands will not breach 
the upper boundary layer. 



Lester Henry Reineke first proposed a new stand density metric called “stand 
density index” when he published this article in the Journal of Agricultural 
Research on April 1, 1933. Reineke examined size-density data for 14 forest 
types from across the U.S. and discovered that a fully-stocked, even-aged 
stand of a given average stand diameter had about the same number of trees 
per acre as other fully-stocked stands for the same species and diameter. And, 
this relationship occurred regardless of stand age or site quality:



When Reineke plotted data 
for well-stocked stands, the 
result was a scatterplot 
where each dot represents 
a stand’s QMD and trees 
per acre. Reineke drew a 
line skimming the outermost 
data points – this line repre-
sents maximum density. He 
proposed that the maximum 
density lines for redwood 
and red fir (SDI = 1,000) be 
used as a Reference Curve 
for the stand density index 
system.



Selected values of maximum density



Hierarchy of maximum density values for ponderosa pine



An average line fitted to the 
same scatterplot data used 
by Reineke to determine 
maximum density is called 
normal density. Normal 
density is sometimes called 
average-maximum density 
because it represents an 
average of the same data 
used to determine maximum 
density. Normal density 
information was published 
in normal yield tables for 
many different forest types 
in the United States. In 
Cochran et al. 1994, 
normal density is the 
same as full stocking.

Full stocking



Walter Meyer developed normal yield 
tables for ponderosa pine (Meyer 1961). 
I’m glad that Cochran et al. 1994 referred 
to normal density as full stocking 
because this data is really not from “nor-
mal” stands – it came from well-stocked 
plots only. “Meyer (1961) excluded all 
sample plots having a stand density 
index of 250 or less during development 
of normal yield tables for ponderosa 
pine” (Cochran et al. 1994, pg. 2). Why 
was this done? I believe Meyer assumed 
that plots with low SDIs were under-
stocked, rather than recognizing that 
some of them came from fully-stocked 
stands on sites with low stockability 
(PIPO/AGSP, PIPO/FEID, etc.).



As a tree stand develops, it passes through 
successive stand density thresholds. This chart 
illustrates the thresholds using a format similar 
to Reineke’s graph (the sloping line at the top 
of the gray zone is Reineke’s maximum 
density; the dashed line in the middle of the 
gray zone is normal density). At first, a young 
stand (plantation, etc.) has little or no tree 
competition – this is “free growth” because it is 
free of competition. Competition occurs after 
crowns or roots interact – this is partial and 
then full competition. As competition intensifies, 
a stand enters the self-thinning zone, when 
stand density is high enough for overstory trees 
to kill understory trees by suppressing them.FREE
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Long (1985) described 3 stand development thresholds:
• crown closure/onset of intertree competition (25% of maximum)
• lower limit of full site occupancy (35% of maximum)
• lower limit of self-thinning zone (60% of maximum)



This chart has the same diagram 
from two slides ago, but now every 
threshold is named and its percent-
age of maximum density is shown. 
Just as before, the solid line at the 
top of the gray zone is maximum 
density. The bottom 3 thresholds 
came from Long 1985 as describ-
ed in the previous slide. Also, note 
that the zones between thresholds 
now show growth and mortality 
relationships (instead of competi-
tion and self thinning as shown 
before).
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This slide shows the thresholds and relates them not only to maxi-
mum density but to full stocking. Reineke 1933 used maximum 
density as a reference level; Cochran et al. 1994 used full stocking 
(normal density) as a reference level. Two thresholds (35% and 
60% of maximum) were used by the Cochran group as upper and 
lower limits of a management zone (the red boxes).

Reference
level



Upper limit of management 
zone (75% of full stocking)
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In Cochran et al. 1994, a goal 
was to avoid self-thinning 
mortality. A management zone 
was defined, and its upper limit 
(ULMZ) was set at the lower 
limit of the self-thinning zone: 
any stand maintained below the 
ULMZ would avoid self-thinning 
mortality. For all species except 
ponderosa and lodgepole pines, 
the ULMZ is 75% of full stock-
ing. The ULMZ for ponderosa 
and lodgepole pines was 
adjusted for bark-beetle risk. 
The lower limit of the manage-
ment zone or LLMZ is 67% of 
the ULMZ for all 7 species. 



The Cochran note provides province-wide, full-stocking data 
for the Blue Mountains (all of eastern OR for some species). 
Full-stocking data is crucial for applying the stocking levels.

This table shows the 7 conifers included in Cochran et al. 1994. Intercept shows 
where the size-density line hits the vertical axis. Slope refers to the steepness of 
the size-density line. Full-stocking is for the whole province (not specific to any 
particular plant association). Reineke 1933 is included for comparison purposes.

Reineke 1933                   10.00           1.605               320-800



After the Cochran research note 
was published in 1994, Umatilla 
NF silviculturists began asking for 
additional stocking information to 
help apply the Cochran results:
• SDI values for the ULMZ
• SDI values for the LLMZ
• Basal area for all levels
• Data for irregular stands
• Data for uneven-aged stands
• Data for range of QMDs
• Data by canopy cover
• Data by intertree spacing
So in 1999, I put out an imple-
mentation guide to provide this 
information and help users apply 
the Cochran stocking results.



The Blue Mountain national 
forests spent many years (more 
than a decade) working with our 
area ecologists to develop a 
system for assigning the 507 
potential vegetation types (plant 
associations, plant community 
types, and plant communities) to 
plant association groups (PAG) 
and potential vegetation groups 
(PVG). This GTR provides 
tables showing how all 507 
ecoclass codes for the Blues 
were assigned to PAGs and 
PVGs.



Mixed-species data 
by PVG (basal area)



Mixed-species data 
by PVG (trees/acre)



Handouts

Questions?
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