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EXECUTIVE SUMMARY

Periodic timber inventories in the

cutheastern United States indicate tha
mt annual growth of softwood timber
here has peaked and turmned downward
after a long upward trend. The most
pronounced declines have been measured
in the growth of vellow pines on non-
industrial ivate forest land, which
accounts for about 69 percent of the
timberland in this five-State region
(Florida, Georgia, North Carolina, South
Carolina, and Virginia). These declines
are important because trends in net vol-
ume growth strongly influence amounts

of timber available for future harvest,
This report documents some early in-
vestigations into the pattern of the
growth reduction conducted by the Fore
Inventory and Analysis (FIA) Research
Work Unit at the Southeastern Forest
Experiment Station.

Net growth of softwood volume in Lhe
region is affected by (1) changes in the
area of timberland, (2) ingrowth rates
of sapling-size trees across Che minimum
threshold for volume computation, (3)
volume lost to mortality, and (4) the
volume increment on survivor trees.

Area of timberland in the Scutheast
neaked at 91 million acres in 1963 and
has since declined to 85 million acres.
Since the early 1970's rowth of

Llow pine saplings has decreased and
the effects are now showing up as de-

: and volumes

ines in numbers
in the 6- to 10-inch dhdm@iwr clagses. In
198%, FIA resocurce analysts discovered
that the &vo;&g@ dmnwmi radial growth of
surviving vellow pines in the Piedmont
and Mountains of bso%gia was 20 to 30
sercent less between 1972 and 1982 than
between 1961 and 1972.

hecause

s investigation was expanded
of the importance of the finding and
because the FIA data set is uniquely
suited for such utudy F1A surveys ar
the only ones designed to measure the
entire timber population of the South-
east, and @h@ réaur,iwg

pu;mvt reli
should be

ta are not ideally ed for de
mination of the causes of the growth
reductions that were discovered.

Further study of existing and newly
collected FIA timber inventory data
revealed that the annual radial
growth rate of most thlﬁm pines under
16 inches in diameter has declined by 30
to 50 p@rwwnf throughout the Piedmont
and Mountain areas of the Southeast
since the permanent FIA inventory sample
locations were measured during the thi
survey cycle (1957-1966). Remeasurement
data taken during the fourth (1966~1977}
and fifth (1977-1985) survey cycles show
that the r@ducti&n@ in the Piedmont and
Mountains were gradual. About half of
the reduction occurred before and half
after the fourth survey growth period.

rage

"

Comparison of radial growth rates

over the same three time periods for

the Coastal Plain of Cw@rﬂiay South
Carolina, and Noxiﬁ Carolina revealed
reduction of similar magnitude, A di

ference in th@ Coastal Plain, however,
was that 80 to 90 pe
tions occurred between the thir
fourth survevy cycles. e reduction
between the fourth and fifth growth
pericds was much less dramatic., While
the actual reduction in average annual
radial growth varies substantially
diameter classes, species, and subre-
gional areas, the majority of the dif-
rences are statistically significant
at one standard ervor, 67 percent prot
bility., Most differences are statisti-
cally significant at higher levels of
probability for comparisons of third
survey growth with that from the latest

reent of the reduc—
d and

T,

E8 8

among

1od .

survey growth pe

The measured declines in the averags
radial growth rates of pines in diameter
classes below 16 inches are worrisome,
but their meaning is difficult to inter—
pret because they were possibly caused

1 part by inc in stand age and
stand density that are known to have
oceurred., The FIA data, ti
were reanalyzed to determine wl the
reductions in radial growth could be ex-
plained by changes 1in stand age or den-
sity over time. When softwood growth was

@
-

arefore,




of basal area incre-

tions of similar v

expressed in terms
nitude

ment, redu
to those 1n average
ment were discovered
were stratified by initial stand basal
That is, ba rowth of sur-
Vivor trees was LL“S in the f£if
data than in third survey data even for
stands of the same initial densities in
each pm;jaﬂ Just as in the radial growth
comparisons, the basal area growth dif-
ferences varied by initial ;
lasses, species, and subre nal areas,
but the ma;urzly of the differences were
statistic significant at one stand-
ard error.

annual radial incre-

even when the data

th survey

ared

& further stratification of the basal
‘ gzmwth d&t for the fourth and

fth survey cycles, by both stand age
and initial stand basal area, was ham-
pered by small sample size.
there was a geneval trend of reductions
in the basal area growth of survivor
trees between the fourth and fifth sur-
1, the differences were often not
atistically significant at one stand-
ard error.

Even though

o

Reductions in the growth of yellow
25 in the Southeast are apparent
there 1s not suf-
ficient evidence to determine what might
be causing the growth reductions. A
number of hypotheses about the causes of
the growth reduction are forwarded to
guide further analyses, including (1)
atmospheric deposition, (2) increased
stand density, (3) incres stand a
(4} increa competition from hard-
{6) reductions in
(7) loss of old field
and (8) increased impacts of
most cely hypothesis is
that a combination o auses 1s
‘fecting growth rates to varying
degrees &md perhaps interacting dif

pine tre

in these findings, but

woods, (5) drought,
the water table
conditious,

rent
points in time. Because of the unique
population character of the FIA data
set, FIA data, especially wh@
by special data-collection efforts, pro-
vide an opportunity to contribute to

te of these hypothese

ferent 7y on different sites at dif

auvgmented

INTRODUCTION

nt Forest Surveys in the South-
east~~Florida, Georgia, Morth Carolina,
South Carclina, and Vfrgiminmwh&vw
measured ﬂ@ducti@mﬁ in rates of pine
timber growth across much of the 2@ 10T,
The reductic e appar@mt in several
measures of growth rates: (1) Actual
volume of net annuval growith has declined
over large areas, (2) averes
diameter growth of individua

Jns ax

trees by

2y class, have slowe d? and (3)
growth, expressed in basal area

acre, appears to be down more than
might expect from changes in stand

and stand density.

The Forest Inventory and Analvsis
(FIA) Research Work Unit of the
Sourheastern Forest E riment Station
ege conclusions on Comparisons
st recent statewide inwemEOTy
ith those from earlier survevs,
inventories the forests of each
that have v
ars., Lt has com

pL@:~' hﬁw Mffgﬁ such cycle through the
Southeast and started the sixth. it

special problems have been identified,
P14 has also conducted interim surveys
of the timber resource in some 5States.

Thie Bulletin describes FIA's
knowledge about the growth reductions.
The primary purpose is to describe the
situation in sufficient detail to aid
future analysis. The causes for these
reductions are not yet known, but
several possible causes arve discussed,
Key inventory procedures and definitions
must be understood to inter the
and are pre

sented where d.

FIA divides the five Southeastern
States into 21 Su v Units for its in-
ventories and analyses, but for the pur-
poses of this report it was desirable to

is
i

e

combine Survey Units, Thus, many of the
trend data are prese nted by State and

is Bulletin.
groupings of Survey

are used here

phyw,f};fmlphw wwgmu in t
In addition, special
Unii study a
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The complete story of reductions in
pine growth inm the Southeast involves
assive quantities of data, which are
best presented in tables. In this
report, tables essential to an under-
standing of the general descriptions in
the text are presented with the text and
assigned Roman numerals. Detailled
tables that can be used in future analy-
ses are presented in the appendix and
assigned Arabic numerals.

The first major section of this
Bulletin examines trends in volumes of
pine measured in the most recent surveys
of the region. This section provides

strong evidence that growth of pine
timber volume has slowed over extensive
areas of the Southeast. The major fac-
tors known to have contributed to the

slowdown volume growth are described
in the next section. A slowdown in
growth of individual pine trees is oune
of these factors., Special analyses,
described in the next section, document
a decline in radial growth of all but
the largest pines over lar 18,
Next, changes in stand basal ar are
examined to determine whether increasing
stand density and age are the primary
causes for the reduction in radial
growth, Although this work is not
complete, early results indicate that
stand growth expressed 1n basal area per
acre has slowed, The closing sections
of the text briefly outline hypothetical
causes for the growth reductions,
Finally, detailed tables are presented
in the appendi

22
¥

Much of the information in this
Bulletin is presented in the orc
which 1t was discovered, The objective
is to fully describe a situation that
FIA is still analyzing. Readers are
invited to share their interpretations
of the situation and to suggest
approaches to future analysis of this
important situation.

REGIONAL TRENDS IN PINE VOLUME

Recent Forest Surveys have measure
nt reductions in the net annual

significa

growth of yellow pine timber in the
Southeast. Thes sductions reverse a
long, upward trend in the growth of pine
in this important softwood region. This
change has occurved some 20 vears
earlier than projected in the 1980
Resources Planning Act (RPA) Assessment
(USDA Forest Service 1979, 1982). The
largest reductions have been measured on
nonindustrial private forest (NIPF) land
in the Piedmont and Mountain regions,
where the net annual growth of vellow
pine growing stock is down 26 percent.

TRENDS IN PINE V

ME GROWTH

Volume growth is the net annual ir
ment of merchantable timber volume in
the absence of man-caused removals. Net
growth of timber volume should not be
confused with the annual change in
inventory volume. Annual change is net

growth minus removals.
of net annual growth of timber volume
are (1) survivor growth, the incre
in merchantable volume in €
inches d.b.h. and larger which survive
from the beginning of the year through
the end of the vear, (2) ingrowth, the
merchantable wvolume in trees that reach
5.0 incheg d.b.h. during the year at the
time they reach 5.0 inches d.b.h., (3)
growth on ingrowth, the volume increment
of these ingrowth trees for the remaip
der of the year, (4) growth on removals,
the annual volume incre of trees 5.0
inches d.b.h. and lar priocr to their
removal, and (5) growth on mortality,
the annual volume increment of trees 5.0
inches d.b.h. and larger prior to their
death.

components

> &

The fifth inventory cycle through the
Southeast was begun in South Carolina in
April 1977, The surveys continued to
sure increases in net annual growth
of pine through Florida and the Coastal
Plain of Georgia. Reductions in pine
growth began to show up in the Piedmont
and Mountains of Georgia over the re
measurement period between 1972 and 1982
(appendix A, table 1)}. TForest Survey
has continued to meagsure re LOTLE
throughout South Carolina, the
and Mountains of North Carolina, and

tedmont

oy



Coastal Plain of Virginia. Ewven in the
Coastal Plain of North Caroclina, where

net increase was measured, growth
of pine on NIPF land declined, In fact,

Forest Survey has measured declines in
net annual growth of yellow Qlﬁ on NIPT
land across 11 consecutive Survey Units
extending from Central Georgia through
the Coastal Plain of Virginia.

The most recent statistics for South
Carolina were developed from an interim
survey of the pine
1983 {(Tamsey 1984). The interim survey
measured a 24-percent increase in annual
removals of pine over the 5- to H-year
wasurement period. More important,
the interim survey measured a 28-percent
decrease in net annual growth of pine,

Although most of the growth reduction
has occurred on NIPF land in the Pied-
mont and Mountains of the Southeast,
growth was also down on public land in
the same regions (appendix A, table 2).
Growth of pine on industry holdings in
these regions did little better than
hold its own. Large increases in pine
growth were
the Coast
sive acreages of pine plantations are
reaching merchantable size.

where btrees on ext

(S8 e

Generally, reductions in the Piedmont
and Mountains have occurrved in all pine
ﬁp@ci@s {appendix A, table 3). Reduc~
tions in gr@wth of %h&rtiwdf pine have
X3S severe, Timber man-
ment ha favored loblelly pine, and
the imvamtori&s of shortleaf pine are
declining rapidly. A large part of the
increase in pine growth in the Coastal
Plain can be attributed to maturing
slash pine plantations in Florida and
southern Georgia. Longleaf pine and
pond pine are the other wmajor yellow
pines in the Coastal Plain. Virginia
pine is the other major vyvellow pine in
the Piedmont and Mountains.

TRENDS IN PINE REMOVALS

In contrast to the decline in net
annual growth, annual removals of pine
continue to increas bringing about a
very tight grmwthwramuvaL situation

resource conducted in

measured on industry land in

throughout most of the Southeast. In
the fourth inventory cycle, net annual
growth exceeded annual removals of pine
by 39 percent. In the latest surveys,
growth exceeded removals by only 10 per—
cent for the region as a whole, and many
areas showed deficits, Extrapolatious
of these trends suggest that pine growth
and removals are probably very close to
a balance at this Cime,

The most recent surveys have measured
sharp increases in annual vemovals in
Florida, @a@fgzay and South Carolina but
very little change in North Carolina and
Virginia (appendix A, table 4). B;
ownership, the largest percentage
increases in pine removals have been on
industry land in the Piedwmont and on
NIPF land in the Coastal Plain (appendix
A, table 5). By species, the largest
increase has been in slash pine
(appendix A, table 6).

Natural stands of slash pine are
rapldly being harvested in the Coastal
Plain, and much of the harvest of plan-
tation wood is of this species. Many of
the older pine plantations where trees
are reaching merchantable size are slash
pine, In the 1950's and 1960's, slash
pine accounted for a large share of the
planting throughout the region's
southern Coastal Plain and up into the
Piedmont of Georgia and South Carolina.

TRENDE IN PINE INVENTORIES

\ 5 growth=-removal situation for
pine tightened, the inventory volume

has lawﬁigd off, Over fh@ most recent
remegsurement png@dg? the inventory
volume of yellow pine increased only 6
percent in the Southeast as a whole, and
even less in the Pledmont and Mountains.
Most of the increase shows up in
Flerida, the Coastal Plain of Ceorgia,
and the Piedmont and Mountains of
Virginia (appendix &7 table 7}, the
areas with the oldest ta. By ow
5, most of the recent increase 1
volume has occurred on public and
25t industry land in the Coastal
Plain (appendix A, table 8). The inven-
tory wvolume on NIPF land appears to have




rked txrduyhoL the m’giom By spe-
cies, slash pipe and loblolly pine vol-
umes in the Coastal Plain are still
increasing. The inventory of shortleaf

pine is declining rapidly throughout the
Southeast. Longleaf pine accounts for
most of a decline in volume of other
vellow pines in the Coastal Plain, and
Virginia pine accounts for most of an

increase in volume in this class in the
Piedmont and Mountains (appendix A,

rable 93},

FACTORS QAUSENG REDUCTIONS
IN WET GROWTH

At least four major factors are
causing the reductions of net annual
growth of pine in the Southeast: {1)
continuing decline in area of timber—
land, (2} inadequate regeneration on
WIPF land after harvesting, (3) a sharp
increase in the annual mortality of
pines, and (4) a slowdown in the rates
of individual-tree diameter growth in
parts of the region.

B

DECLINE IN AREA OF TIMBERLAND

Past land-use changes 1in the Southeast
have significantly affected timb@r vol-
ume growth in the region (Boyce and
Knight 1980}, Major shifts im land use
since 1945 are parﬁ}gm larly relevant to
the recent reduction in pine timber
growth. Between 1945 and 1969, area of
cropland harvested in the Southeast
declined by more than 10 million acres
according to statistics from the U.S.
Censug of Agriculture, Much of the
former cropland seeded to trees, and
area of timberland im the regior
increased by 4.4 million acr

During this peried, planting and
natural seeding of pine trees on old
fields more than compensated for the
lure to regenerate pine stands after
harvests, The age distribution of pine
and mixed pine-hardwood stands on NIPF
land in the Southeast today reflects the
high rate of pipe establishment between
1945 and 1965, M@r@ than 40 perc of
all pine and oak-pine stands on NIP¥
land are between 20 and 40 years old

;

(appendix A, table 10).

In the 1960's the acreage of cropland
harvested bottomed out, and since 1969
the region has experienced an increase

in cropland caused by a sharp rise in
the production of soybeans. Area of
cropland harvested has
million acres. Many a of timberland
have been cleared for agriculture. In

addition, urban development continues to

increased by 3.6

onsume timberland at
170,000 acres annually The net result
as been a 5.9-million-acre decrease in
the area of timberland since 1963,

Because of this turnabout in cropland
acreage, a major source of new pine
stands on NIPF land has dried up. Since
many NIPF cwners in the region fail to
regenerate their pine stands after har-
vest, many of the acres retained in tim-
bexlaﬁd have reverted to hardwoods. In
the absence of any large-scale establish-
ment of pine on nonforest, the area of
young pine stands on NIPF land plummeted,
As a result, there are 30 percent fewer
pine and oak-pine stands 20 vyears old
and vyounger than similar stands between
20 and 40 years old.

Based on 1982 statistics from the
Census of Agriculture, the increase
in area of Qropl&md harvested in the

Southeagt has almost halted. Timberland
is still being rapidly diverted to urban
and related uses, however. The pine and
oak-pine forest types have experienced a
3.2-million-acre net decrease between
the fourth and fifth Forest Surveys.

The fastest rate of decrease in these
types was measured in the Piedmont and
Mountain Units of Georgia (appendix A,
table 11).

Small increases were measured in these
fyp@ﬁ on both public and industry hold-
ings, but the recent declines on NIPF
land total 3.7 million acres (appendix
A, table 12). Of the major %mftwgod
types, shortleaf pine mxd longleaf
have experienced the largest loss
(appendiz A, table 13).

INADEQUATE REGENERATION
ON NIPF LANDS
Another factor causing the reduction

in pine net growth is adequate regen-
eration on NIPF land after harvesting.,



Although recent Forest Surveys show some
‘ : in the regeneration of pine
onn such land, the record during
19607s and 1970's was not good,
IPY owners accept whatever regener-
ation wnature provides after timber har-
In many cases, hardwoods or
stands of pine and hardwood
pldca pine without some intervention
on the part of the 'Iemg
on WL”“ land 1ly important
because the owners account for more
than LWwwrhzrd of the timberland in
the Southeast.

i} \j

@

owner. Chang

=)

Over the past 10 years, the area of
) land harvested and kept in timber
has &vwrdbpd about 950,000 acres each
vear. This figure includes both final
harvesting and highmwraéinw but excludes
thinning and other intermediate cutting.
Of these 950,000 acres
610,000 acres supported pine or ocak-pine
ands prior to harvest. On NIPF land,
the total area successfully regenerat
o pine or ocak-pine averaged about

harvested,

o

330,000 acres, or 54 percent of the pine

and ocak-pine harvested, The area art
ficially regenerated to pine averaged
less than 20 percent of the acreage of
pine and oak-pine ham ed. USDA

st Service s indicate that
annual rate of p?uwtkn? on NIPF land
in the Southeast has increased signifi-
cantly in recent vears, exceeding
280,000 acres in both 1982 and 1983,

The latest rate of planting i1s still
well below the rate of harvest, however.

About 1970, the consequences of inade—
cuate TOVLHGﬁdtj”L on NIPF land and the
absence of pine seeding onto old fields
began to show up in the Forest Survey
statietics as reductions in the numbers
of pine saplings (Boyce and Knight 1979)
The latest cyele of surveys shows AOW to
S0~percent declines in the numbers of
pine saplings on NIPF land., HMore Lmpor-
tant, these d@cl%neﬁ in tree numbers
?wQVQ now progressed up intoe the 6- and
ch diameter classes, where they are
ﬁimg ingrowth and inventory volu-
mes. Since some of the sharp decrease
in numbers of pines can be attributed to
the “hiﬁt from dense natural stands to
plantations, prospective declines in the

6

larger diameter classes are somewhat
smaller than those crienced 1
saplings.

In the latest Forest Burveys of
Florida, Georgia, Nmrth Carolina, Bouth
Carolina, and coastal Virg
number of 6-inch pine tree
was down 27 percent Ifrom the fourth
vey. A 6H0-percent increase in the num

v of 6-inch pines on forest industry
nly partially compensated for the

NIPF land. Overall, there was a
:nt decrease (appendix A, table

inia, the

p

s on NIPF land

INCHEASE IN PINE MORTALITY

A third factor affecting the reduction
in net growth is a sharp incr in :
mortality of pine. The statistics indi
cate 15 percent of the gross annual
growth of yellow pine is now lost
mortality, compared with 9 percent 10
vears ago. Overall, statistics in this
report show a 77-percent incy in the

~tality of pine growing stock.
increases have occurre
la, Georgia, and parts of VLN
- increases have o0 d
South Carolina, and coastal
: : For Scuth Carolina, wheve the
interim survey figures compared with
those from ¢ fifth surve
are for a 5- to 6-year reme
period (appendiz A, table

Lo

AN

, the changes

jrement

By ownership, the larg
increases in pine wortality have b
on puwliu land, where stands ave
erally carried over longer rotations
(appendixz A, table 16). Witl
OWI hip class, the larg incr
in mortality have oc >d in the
Piedmont and Mountains. ©Of the maior

. oeach

pine species, slash pine has experi-
enced the largest percentage increase

{appendix A, table 17). 8lash pine
planted off site and north of its
natural range has been particularly
susceptible to a number of damaging
agents.

Much of the increase in muxﬁaliﬁy can

be attributed to p@riodic oubbr of
pine bark beetles over fairly sive




areas. Forest Survey statistics suggest
that insects account for 35 to 40 per-
cent of the softwood mortality in the
Southeast each year. Suppression is the
second leading identifiable cause of
death, followed closely by disease.
Fusiform rust, littleleaf dim@q);y and
root rot are the three leading diseases
affecting pines in the region.

SLOWDOWN IN INDIVIDUAL~TREE
GROWTH

0f all the factors known to causing
reductions in pine growth, measured
declines in rates of individual~tree
diameter growth in much of the region
have attracted the most attention. The
remainder of this report will deal with
these findings. Tt is :Empuri:;mt £o
remember, %mw&vwrﬁ that reductions in
net gr&th of yellow pine would have
red because of the area reductions,
"ﬂ%@m@ratlwﬂ reductions, and mortality
increases even if dzamef@y growth rates
had remained stable. Although it is
difficult to quantify how much of the
overall reduction im net growth of pine

volume is caused by e :
results ym the interim survey of pine
timber in Secuth Carol
crude measure of the rels
attributable to diam
tion., In imf@ri

] prmvjd@ one
amount

the most rec@nt c@mpl, re surement
p@rlad usually are used to process the

rim data. In the case of South
Carolina, evidence of a slowdown in tree
growth had already been turned up in
parts of Georgia. Th ore, a decision
was made to remeasure the Jm@m@t@rg in
South Carolina in the interim survey.
thm the interim survey data we proc-
sults using the old diameter
gxownh rates were ﬁompared with those

= pew diameter growth rates.
With the old rates, the decline in net
growth avevraged 18 percent; with the new
‘ates, the decline dveLage& 28 pevrcent.
Thus, about two~thirds o he measured
lecline in volume growth across the
State would have occurred even if no
reduction in individual-tree diameter
growth had surfaced,

eHse I

using tl

SETTING THE STAGE

The Y@main&wd of this report deals
2if 1’1y with the reduction in indi-
~pine~tree diameter growth, its
on stand-le
of the de
igation tha
phenomenon,
quantitative

crowth, potential
= ¥ £

and areas of
shed more light
Before presenting

; ce we shall (1)
et the basic geographic unit used
nalysis and reporting, (2) describe
past and present FLA sampling proce-

(3) discuss the limitations
inherent hin the Survey data, and (4)
show how the FIA data are representative
of the population of trees and stands by
using examples of common changes in tree

ally at sampling points.

o

STUDY AREAS

For analvtical and reporting purposes,
12 study arveas were identified (fig. 1).
We pooled separate Survey Units to form

reas with similar phy
cies, and general forest
The study areas do not overlap States,
Remeasurement vyears, and thus the
periods over which growth 1s measured,
in adjacent States.

are different

FI& SAMPLING PROCEDURES

‘e FIA inventory dwfsyn 1s based on a
WW}lwd?”T?fBufﬁd, syste nple with
1 orest

Samp

5, and own

mypemw §1.

about 25,000 permanent plo are
talled in the Southeast; ;cbh plot

e

presents an average of 3,400 acres.
Forest Survey has now comp I)’“d the
fifth periodic inventory mf the forest
sources of the region. A number of

inventory methods and designs have been

used over the years,

In 1933,

forest

SOV

(table Crews compas
spaced iles apart and ins ‘led
pLQtS at i tiruajﬁ of 660

tally tr
iameter growth

d the

sse lines.
1 to d@f0137ﬂ
second survey covere
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Figure l.--Forest Survey delineations of growth-loas study aveas in the Southeast.



Table I.-~Forest Survey field completion dates (month/year) in the Southeast, by
State, study area, and survey cycle
State )
and S _— -
study area First Second Fifch
South Carolina:
Coastal Plain 6/36~12/36  11/46-11/467 11/57= 8/58 2767 Tind B/ 77~ B8/78
Pledmont G/ 36-12/%6 ;J/w 348 7/57-11/57 Blet~ 2/67 o/77- 8/77
State 6/ 34 36 IL/QDW 3/ 48 7/57- B/58 &/ a6 7/685 4/77~ 8/78
Floridas
North Florida 11/33-11/35 6/4B~ 3/449 B/ 58~ 1/ 7/68-11/69 G/76-12;74
south Florida Y2735~ 4/36 349~ B/49 1/ 59 3/7# 1769~ 6/70 12/7%~ 5/480
State 11/ 3%~ 4/%6 /Ll B)49 B/58~ 8/59 T/ 68~ bH/70 w78~ 5/8B0
tal Plain 12/33~ 6/34 B/59- 9/60 6/70“ &/71 5/80-10/81
Ledmont & Mt 9/35- /36 G/60- 8/61 7711000 LO/BL- 1/B3
State 12/33~ 3/36 B/59- 8/61 6/70~11/72 5/40- 1/83
Novibh Carveling:
Coastal Plain 2/37=12/37 B/l b/od L1722~ 5/ 74 212/ 83
Piedmont 4/37- 6/37 /63 9/64 5/ e 1775 B/ 84
Mountains /38~ 8/38 7/63-11/64 S/74- 9/ 74 G/ 8h- G/ 84
Strate 2/57- B/538 B/6L~11/64 11/72- 1/75 1Y/BZ- 9/B4
o 340 T/ A 6/56-10/56  11/65~ 5/wv6 2511775 G/ 84— DiHS
e dmont 7/40~ G480 LO/56- 2/57 L/ 64— /65 Y H/ 76 385 8/85
Mountains G/L0~11/40 2/57~ 6/57 7/65- B/66 4/76- 3/77 5/85-10/85
State F/L0-11/40 6/ 56- 6757 11/64- B/66  2/75~ 3/71  G/BA-10/G5
Southeast LL/33-10/ 40 11/46- 6/57 TiET- B/66 B/66~ 3777 G/77-10/85
period from 1946 to 1957; a 1/5~acre obtain diameter growth information while

These
e

circle was the basic sample plot.
plots were randomly sel red and sys
matically distributed by using grids
printed on aerial ph@?myvaphu~ Again,
trees were bored to determine growth
rates. The second survey marked the
initial use of permanent sample plots in
the Southeast as plot locations were
documented so they could be remeasured.

Point sampling was introduced into
Forest Survey plot design during the

third inventory cycle between 1957 and
1966. Two versions of the new sampling
technique were used during the third
survey. A single BA-10 variable plot
was superimposed on the old 1/5~acre
sample plots in South Carolina, Florida,
Georgia, and the Coastal Plain of North
Carolina. In the remainder of North

Carolina and in Virginia, a 10-point
cluster of BA-37.5 plots was established

at each sample location. This plot

design is still in

5

During the third survey cyele, methods

growth determination were in tran-
sition. Trees were still bored to

diameter rasurement s
ested and gradually implemented,.

iﬂﬁfﬁmﬁﬂﬁ core o

the switch to
was

The changeover from

ren

remeasurements on permanent plots was
complete by the time the fourth survey

1 in 1966, Fourth survey methodol=-
ogy consisted of relocatring the BA-10
or BA-37.5 plot, remeasuring surviving
trees, and establishing a new inventory
suitable for future The
and was

fifth survey cycle began

begar

remegsurement .

in 1977

completed in late 1985, Procedures were
much the same as those of the fourth
inventory cycle. Three of the 10 sample

4
points at each location are currently

remeasured,

Detailed descriptions of PLA plot
inventory and remeasureme re
‘e provided in field manualg fu each

State and survey cycl@wl Recent

Resource Bulletins also provide defini-
rions of all terms commonly wused in the
inventories (Sheffield and ¥night 1984).

lavailable from rhe Southesstern Forest Exper—

Station, Forest Iuventory and Analysis.

Iment



DATA LIMITATIONS

Because of the changes in Lnven-

tory design over the years, it is dif-
ficult to develop comparable estimates

of individual-tree growth rates over
time. Tree growth data from the earlier

No published
11~tree growth rates

surveys are limi

records of in

exist for the , riod, and
field forms from that survey were
destroyed years ago. Similar problems
exist for ¢ S@@wld survey, but the
field forms containing measurements of
tree core incr wm@wt have been salvaged
for Virginia. data will even-—
tually @mﬁdwkiﬁh tree growth rates in
this 1947 to 1957 period,

survey

rhe oldest information extractable from
the FIA data base., Data available from

the third survey period are mostly in
the form of increment core measurements
recorded on tf field forms. Some of
that third vy dat ave been coded
for computer analysis. Eventually all
of it will be converted into a form
suitable for computer storvage and analy-
sis, Tree growth-rate data for the
fmurth d fifth survey periods are
based entirely on diameter remeasurement
data. The initial discovery of diameter
growth veduction came from comparisons
of average growth rates from these
In South
Carolina, the interim survey diameter
remeasurement in 1983 provided anot

diameter remeasurements.

period for comparison beyond the fifth
inventory.

Analyses of avallable data and inves-
tigations into possible causes of tree
growth reduction are more difficult and
limited than would be the case if the

FIA inventories were designed for such
uses. Certain key tree, stand, and

site parameters elther have not been
collecred or have been collected in a

variable manner over time., T
design and data limitationm prob
it dﬁii/&@“ of possible causes of the

wse survey

lems

ocrowkh 16

UNDERSTANDING THE NATURE
OF THE FILA DATA

unlque in
he entlire
4nd stands across

F1A remeasurement
that they are d
population of

10

the Southeast. § @ s are designed
to accurately gampia the pﬁpuiatian at
ch point in time and to measure basic
chan in the population from inventory
to inventory. The broad-based and dy-
namic nature of the population of trees
i 1t to fully compre

(S

nds 1s

and st

hend, even for someone with experience
in forest inventery. For this reason,
three examples of changes in stands and
associated tally of trees over time in

hypothetical point samples (variabl
radius plots) are provided to put into
focus the source and nature of the de

2d in subsequent sections.

t > (fig. 2}, four
ees cluded in the inventory at
the hypothetical sampling point in the
hird survey. Remember that other Crees
so in the vicinity of those shown,
but they are not large enough to be
included in the for this inventory

w

Tn the firs
in

are ed

are &l

period., When remeasured in the fourth
survey, LT died. Trees 2, 3,
and 4 have survived and are remeasured.

oy

Ihese Lhry ses would be included in
rerage diameter
are usually

diameter class

the con
growlbh;
assign > b
the third survey, the beginning of this
growth period. The same three remes:

>d trees ave expanded Lo per acre
diameter growth is converted

els and the
to stand basal area growth (survivor

growth) by methods and concepts docu-

mented by Beers and Miller (19647,

A new inventory is now establis
the same plot center (PCY to measure the
current inventory and set a new base for
the next remeasurement. Reme 1T €
t 3, and 4 become part of L}:
inventory, but an additional tree (#5)
is also included because it is now large
enough to be within the limi
digtance deteymined by th
factor of the point sampl
wext plot yemaasuremwm# (fm
this new tree a¥
trees 2 and 4, ET“- 3 haﬂ b@em cut in
this example. Diameter growth rates for
individual trees would be based on trees
2, 4, and 5 and assigned to the diameter
class of the respective trees the
fourth inventory. Survivor growth for
the stand would be calculated using the
same trees,

e
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Figure Z.--Tree tally and remeasurement trees ab a bypothetical sampling point
in three successive inventories--some cuttimg, mortality, and new trees.
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FPigure 3.--Tree tally and remeassurement trees at a hypothetical sampling point
in three guccessive inventories—-—timber harvest and regeneration,

It is important to note that 1f onl:
undisturbed plots were included in the
computation of average growth, this
hypothetical plot would be included for
the third-fourth growth period. Because

2

timber cutting occurred between the
fourth and fifth surveys, this plot

would be excluded from the computation
of average growth for this period.

In another typical example of changes
onn a plot (fig. 3), the initial inven-

tory comsists primarily of sawtimber
trees, The trees are cut before the

fourth survey remeasurement; noc trees
remain on which to compute average tree
diameter growth or survivor growth for
the stand. However, a number of small
saplings have become established and are

51

11
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Figure 4.,~Tree tally and remeasurement trees at a hypothetical sampling point
in three successive inventories--no major disturbance.
part of the new inventory on this plot exists in the population of trees and

in the fourth survey (trees 6, 7, &, 9).
Those surviving until the fifth survey
remeasurement (trees 6, 7, 9) are
remeasured and constitute the source of
growth information for this plot during
the latest growth period.

The third survey inventory in a third
example (fig. 4) consists of saplings
{trees 1-6}. The undisturbed
between the third and fourth and again
between the fourth and fifth surveys.
number of the trees grow larger and are
remeasured, while others die., Again,
new trees are added in subsequent inven-
tories their size increases, pro-
viding new remeasurement opportunities
in the next remeasurement. FHven though
the trees this example are obviously

&

tand is

in

older in the last inventory and may be
growing slower as a result, it is impor-

tant to realize that growth that occurs
on the same trees in consecutive periods
is assigned to a different diameter
class for each period. Similarly, stand
growth is assigned to higher stand age

and/or density classes for each period.

Many more examples would be needed to
exhaust all possible combinations of

stand and tree history for the different
growth periods. Two points should be
remembered: (1) Tremendous diversity

12

stands over large geographic areas, and
(2) sampling procedures employed by FIA
are designed to capture and measure the
changes in the population from one
inventory to the next. Changes in tree
and stand growth presented here are not
based on a single sample of tre N
selected during the third survey and
tracked over succeeding remeasurement
periods. The population of trees and
stands 1s resampled at each inventory
to establish & new base for the next
remeasurement,

es

@

[=3

INDIVIDUAL-TREE GROWIH REDUCTION

Reductions in survivor growth of pines
were first observed at the individual-
tree level. The measure of tree growth
used in the individual~tree analysis was
average annual radial increment (AARL).
Tree volume growth would have been more
able, but tree heights were not
measured with the same precision as tree
d.h.h. In some cases, heights of indi-
vidual remeasured trees were not avail-
able for use. Because AARI's (and tree
volume growth) do not adequately describe
stand productivity, more detailed analy-
sis of the data was deemed necessary. In
the meantime, AARI's could be computed




rather
117

ment data to provide

uickly from the latest remeas-—
an initial exam-

ination of growth trends,

AART COMPUTATION

Decl

of loblolly pine
and Mountains

radlal

for the
periods
particular example range from 11 g
for the

percen

LG

this

in AARI's in natural atamdﬁ
in the cmmmd Pi
are shown in plottings of
growth by initial diameter class

two most recent remeasurement

(fig. 5). Reductions in this
crcent
ld=~inch diameter class to 37
2-inch class.

LTES

t for the

TG61-1972

v 1972-10852

w1 STANDARD ERROR

4 & & 1p 17 14 8 18 20+
INFTIAL. 2-INCH DISMETER CLASS

Figure ﬁm-"w,{wgr&ga anowal radial increment
(A4R1), by diameter clase, for loblolly
pine growing in natural stands during the
two latest remeasurement periods, Georgia
Piedmont snd Hountains.

and subsequent presentaltions

RL, mean growth values are shown
for each diameter class. Pine trees
nbmt were measuved at the beginning of

period

computation, For

period,
follow

L.

ent period and survived
at the end of the

for the growth
surement

basis
ch rem
involved w

form t©

o
&5

the

steps

@ e
P

Surviving pine trees were
assigned to a diameter ¢

a8s

based on the diameter of the
tree at the beginning the
growth period.

edmont

diameter growth for each
surviving tree was computed by
dividing the change in d.b.h.
by the number of years be
remeasurements,

P Ammm 1

tween

3. AART for each tree was
by dividing annual diameter
growth by 2.

4. Mean AART's for each diameter
class amd spec: were calculated
by summing individual-tr AARL' s
and dividing by the number of
individuals,

Since the AARI's computed inde-
pendently for each period, the means do
not reflect declining growth for
same LI tracked across both
urement periods, but simply ref
trees of the diameter class are
growing in time periods., The
dynamics of population ensure a4
continuous turnover of individuals
within a si clagss., During any one
growth period many trees are cub, others
die, new tre grow large enough Lo be

ees

s ame
successive
the tr

included in the inventory, and most sur-
vivor trees grow into a larger diamete

>lass. Th
naturally o
rest structure

the averages
curring changes in overall
over

ated around

indic

Standard
the means

errors are
in the example plotting of
AART (fig. 5) but are omitted from
sequent illustrations of AARI. Means,
sample sizes (ﬁum 0ﬁ £r '}; and
standard errors
,flabla Lm Ld?]
i ficance
me a1s , ﬂample size, and st
are omitted. Readers may wich to mak@

s

bevond providing
ndard errors

cance
interpretation 401
cance 1s provided in the

Cexwt.,

The shapes of the growth curves do not

resemble those in traditional growth and
vield studies of managed stands. Most

of the natural stands in the FILA reme
urements are not managed, and ©r
all crown classes are included in the
averages. latively high proportions
of intermediate and overtopped trees in
smal diameter classes suppress
the growth values

13



AART COMPARISONS

AART data for the latest inventories
(those with diameter remeasurements)
were assembled for each of the study
areas for which ere were Lwo Or more
available remes rements. The data are
presented in appendiz A for the major
pine species growing in natural stands
within ea study area and for planted
stands where the sample is large enough
(table 11; appendixz A, tables 18-47}.
Since AART trends in the Coastal Plain
differ from those in the Piedmont and
Mountains, the important findings are
summarized for each region.

Piedmont and Mountains

A pattern of reduced AARI 18 evident
for all major pine species growing in

4

Table IL.--A summary of appendix & tables showing AARL comparis

natural stands through
of the Soutk twe Lwo
most recenk reme went periods. For
most study areas, the growth slowdown
n the fourth

the upland

apparently occurred betw
and fifth surveys—-—some
1970's or early 1980's. In Bouth
Carolina, pine ' growth changed
little between fourth and fifth sur
veys but did decline ther ter based on
AMRI's determined for the interim survey
remeasurement perviod. Reductions during
this 5-year period (1978 to 1983) were
as severe as for 10~year periods in
adjacent States.

rime in the

Reductions in diameter growth of pi
in natural stands are evident for all
but the la trees in the

Piedmont and Mountain regions. The

& for growth-loss

i : Stand
Grudy area Survey period ' . Tabi
) type BpecLes
Georgia Piedment and Mountains 1961-1972, 1972~1982 - Natural Loblolly 18
Natural Shortleaf 19
Georgla Coastal Flain 1961~1972, 1982 - Natural Blash 20

South Carolina Piedmc 1958~1968
South Carolina Piedmont 958-1968,

Sourh Carcolinag Coastal Plain 1958~19648,

Morth Carolina 1964~1974,

1964~1974,

North Carolina Coastal Plain

Narth 5 Mountains 19641974,

Yirginia Piedmont 1966~1976,
Virginia Coastal Plain 1966-1976,
Vivginia Mountains

North Florida 19591970,

Gouth Florida

19741984 o

(Mot available

1959~1970, 1970-1980 B Hatural Slash

Matural
Natural
Planted

1968~1978, 1978~198) Natural Loblolly T
Hatural shortleaf 25
Planted Loblolly 26
1968~1978, 1978-1983 Natural Loblolly 27
Natural Poiied 2
Natural Longleaf P
1968-1978, 1978-1943 Planted Lobloliy 30
Planted Slash 31
V97419846 e Natural Loblolly 32
Hatural 5 33
Batural Virginia 34
19741984 - Matural Loblolly 35
Natural Pond 36
Natural Longleaf 37

38
39

1976-1985 - Natural Virginia 40
Natural Shortieaf 41
19761985 - - Hatural Loblolly 42
Matural Virginia 43

present time)

19701980 - Natural Slaah 4t
Hatural Longleaf W5
Planted Slash 45

~

14



magnitude of the reduction varies by
species and diameter class but averages
20 to 30 percenty the majority of dif-
ferences in AARI's ave statistically
significant at one standard error or
higher probability. These changes are
based on & relatively large number of
remegsured trees, wmth several hundred
samples in many f@mbxrﬁfnmw& of specie
and diameter class.

A comparison of pine diameter growth
trends for plantations in the Piedmont
and Mountains was possible only im South
Carolina (appendix A, table 26), azny
reductions show up for loblolly pine in
the interim survey data (1983), compared
with data from the two pw&vi&75 T eme g

urements. Differences between diameter
classes often were not statistically
rpificant at one standard error. The
sample size for plantation loblolly pine
in this study area is not particularly
large, espe in the fifth survey
where most diameter classes have fewer
than 30 samples.

Coastal Plain

The AARI wvalue
in the Coastal

s for the rest survevs
lain show little ewvi-

P
dence of general growth reductions in
natural

stands. Trende in diameter

by study area, species, and
Loblolly pine, the most
species in the Coastal Plain,
in the fifth survey period
as in the fourth in Coastal Plain study
areas in Virginia and North Carclina.
Some reduction in diameter growth of
natural loblolly is evident in the
Georgia and South Carolina C@&Wﬁal Plain
areas, primarily in the smallest
drameter classes. The r@ducﬁi@n,iﬂ
South Carolina apparently occurred be-
tween the fifth and interim survevys.

For other pine species in natural
stands, th are similar inconsisten-—
cies in diameter growth trends. In the
Coastal Plain regions of Georgia and
North Carolina, radial growth rates for
longleaf pine wevre down for the smaller
diameter classes (generally the 2~
through the 10-inch class} between the
fourth and fifth surveys. In North
Florida and South Carolina, the most

oy

recent diameter remeasurement data indi-
cate relatively stable growth for long-
leaf pine. Slash pine diameter growth
for natural stands in the Georgia
Coastal Plain is relatively stable in
all but the smallest diameter classes,
Natural slash in North Florida has
slowed somewhat more in diameter growth,
while no general trend is evident in
South Fleorida,

Comparisons of diasmeter growth rates
were possible for planted slash pine and
loblolly pine in certain study areas

where the sample size was large for two
or more remeasurement peviods., Growth

trends for these types also vary
geographically., Diameter growth of
planted slash pine is relatively stable
in the Georgia Coastal Plain, generally
up in North Florvida, and generally down
for the smaller trees in South Carolina.
The reduction in South Carolina may be
attributable to the decrease in planting
of this species this far north in the
last 10 to 15 years. Without recent
plantings, average growth rates in small
diameter classes are expected to decline
because they represent increasing pro-
portions of suppressed trees as the
stands age. Growth of loblolly pine in
plantations is compared only in the
South Carolina Coastal Plain, where
relatively stable growth rates arve
indicated. Management factors such as

changes in tree spacing over time,
drainage, bedding, use of gepetically

improved stock, etc., complicate the
evaluation of diameter growth trends in
plantations more than for natural
stands.

THIED SURVEY IRCREMENT CORE
MEASUREMENTS

A logical conclusion based on data
available from the fourth, fifth, and
interim surveys was that any diamet
growth decline was probably re&t:rutei
in the Piedmont and
Southeast. The

growth informa-

to yellow pir
Mountain areas of
FIA staff decided that
tion from the third survey should be
examined. The effort to code third

survey data for computer storage and
analysis began with the Piedmont and




Mountai of Georgia, continued with the growth rates were upknown were assigned
South Carclina Piedmont, and was even- an average radial growth value by spe-

tually extended inte the Coastal Plain. cies and diameter class within each

These efforts are coutinuing. study area. Sample trees assigned an
e not used in making

average grow th wes

Few diameter remeasurement data are AART comparisons but were d in esti-
available for the third survey., Tree mating initial basal area per acre and
growth data gsthered during that survey basal area growth per acre.

came from tree cores extracted from

inventory trees. In order to compare D.b.h. 5 years prior to the third sur-
growth rates for this period with more vey was calculated for each tree from
ent omes, tree core measurements had the computed AARI, Trees were then
to AART's. sorted and averages developed by the
same procedures as for the fourth and
fifth surveys.

e

to be converted

Conversion to Fouivalent AARI's

During the third survey of South Limitations Of

Carolina, all sample trees 3.0 inches
d.b.b. and larger were bored on the plot During the recovery and analysis of
center side of the tree and the last third survey dats for Geovgia and South
full 5 vears of radial growth was Carolina, several limiting factors were
measured and recorded to the nearest identified. The first and perhaps most
1/20 inch. In Georgia, the minimum size serious limitation of the third survey
of tree bored for radial growth was 4.0 data was that 1t was impossible to
any size with account for all the major components of
at breast change during the 5-vear growth period.
Third survey inventory trees were pro-
cessed backward, so only surviving trees
Bark measurements at breast height on and ingrowth trees could be accounted
more than 40,000 tre provided the d¢ for during tl
necessary to develop equations to pre— record of trees that died or were cut
diet bark thickness, by species and during the growth period. This limita-
d.b.h. The procedure developed to com- tion prevents the complete reconstruc~—
owth (including bark) from tion of stand conditions at the
third-survey tree core measurements beginning of the growth period., Anocther
(excluding bark) required computing limitation of the third survey data was
ients for bark the lack of stand history information
thickness prediction equations for each for the S-year period. Past distur-
species. Separate sets of equatbtion bance and cubting history coding only
coefficlents were golved for saplings recognized the 3 vears preceding the
(trees under 5.0 inches d.b.h.) and time of the inventory, leaving 2 years
larg trees. Three different calcu~ of possible unaccounted disturbances
lating procedures were tested, and their during the growth period and no record
results were compared over a wide range of stand history prior to the period.
of diameters and radial growth -
The three mathematical procedures we The date and nature of stand origin
further tested using the actual third (planted or natural) would have been
survey sample treeg for both study areas useful for this study. During the 20
in Georgia. All three methods produced years prior to the third survey, many
essentially the same estimates of AART pine stands in the Piedmont of Georgia
on a tree-by-tree basis and at the sum- and South Carolina originated on aban-
mary level. The procedure selected for doned agricultural land either by
use in this study produced the lowest plar or by natural regeneration. A
estimate of AARI's. The prediction distinction between planted and natural
equations and a more detailed explana— stands was made in the Piedmont and
sion of the procedure are presented in Mountains of gia but not in the
appendiz B. All trees whose radial Coagtal Plain of Georgia or in South

‘hird Survey Dat

inches d.b.h.
abnormal iti

height were not bored

e period., There was no

pute radial gr

regression coeff

-
2E
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iginating on old-
dentified in
tand age was not

Stands ori
not
50, 8

Cr
&
i

Piedmont and Mountains

] lmeoLIy and short
I Eznwd over a longer
?Lzut Lh@uﬂht (fig. 6). For &Jimihy
pine, reductions averaging 30 to 40 per-
cent over most diameter classes are
apparent in wawpai.'g the latest growth
rates (1972 to 1982) with those of the
carliest pericd (1956 to 961)&
decline for loblolly is great
the third and fourth survey fh@n b@twwwm
the fourth and fifth. Shortleaf pine

: ' ' *d more dramatically over
the entire 40~ to 50-percent
drops in b rates have occurred for
this species. About half of the loss
tool place before the fourth survey and
half in the latest yzwwth neriod, For
both loblolly 2of pine in this
study area, re g in mean AARL be-

n the third fifth surveys are
statistically ificant at least at
one standard err means within
diameter class . at much
levels of significance. The sample size
ie large for these two cies; well
over 100 samples were present 1m most
diameter classes in all three surveys
(appendix A, tables 48-49).

2

third

AART's for the ! rvey are not
presented for the Z-inch diameter class,

Trees of this size were not bored.
Averages were computed for this diameter
class buf were based on larger trees
thet were growing fast enough to have
been in the 2-inch class at the begin-
ning of the growth period {5 vears
earlier}). Thus, AARI's for this
diameter class are biased, comparved with
later diameter remeasurements of all
trees.

In the South Carolina Piedmont, major
reductions in dl&m@t@r growth for
natural loblolly and shortleaf pines
occurred between the third and interim
survey periods., For most diameter
classes the declines are statistically

significant at the 95-per
y given

and standard
tables 53-5/
data span 3

growth decli

ity leve

appear
Ly throughout t
occurred beltween the
d and fou surveys and between the
fifth and interim surveys., The fourth
and fifth survey AARI's are essentiall
the same,

aoour

ed cont

¥

Coagstal Plain

The completed analyses of third survey

data for Coastal Plain arveas have been

quite surprisi ~~current diameter

growth rates for yellow pines are con-

siderably lower than those of 2 to 3
decades ago, For instapce, natural
slash pine growth rates ned by
approximately 40 percent in the
Coastal Plain (fig. 7). Almost
this drop occure i the third
fourth survey periods, and the di
s in AARL's are statistically s
cant at one standard error or more
Declines of somewhat small
apparent for loblelly

region, The same trends exist in the
Coastal Plain are of North and South
Garolina (figs. 7 and ﬁ} In each ar
and for each major pi ] an
rall diameter

have decl

2y omagnitu

e in th

- ia
the loss took
and fourth sur—
the

Ve

veys. The reductions
and latesl surveys are
the 95-percent proba
most combinations of spec
diameter class (appendix
50-52, 55-60).

STAND GROWTH REDUCTIONS

Over the past 3 South~
east, the aver
pine stands have chang

The average pine stand today iw gener-

of
dramatically.

ally oldaw and more densely stocked than
stand of 30 ve ago. Of

ors cont Hbutimg to overall net

sductions at the regional level

the
the fe
growth
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s lowdowr
dual tree increased mortality, and
d@climimg xmgrmwth are the most disturb-
ing. This section focuses on these fac
torg to investigate growth at the stand
level and wypiarmu the possibility that
regional changes in stand structure may
be responsible for the observed growth
juctions.

te

The analysis was accomplished by com-
paring rates of average annual basal
area growth per acre for three separate
growth pericds in two study areas of
Georgia. Natural loblolly and short-
leaf pine stands in the Piedmont and
Momﬂam“ and natural slash pine stands
; Coastal Plain were chosen for
.””ygisw These combinations afforded
the largest and mest current data base
available at the time this study was
begun. Similar analyses involving other
forest types and study areas are
incomplete,

STAND LEVEL DATA

Special summary records were ge
from the third, fourth, and £ifth
tories of G@mryxa to examine stand basal

rated

Lrnven—

20

in the growth rates of indivi-

stands, by growth period, Horth Carelinas

area growth trends. To be included in
the data set for a given survey per xwd
samples were required to have at least 1
square foot of basal area per acre in
trees 1.0 inch d.b.h. and larger at both
the initial and terminal imnventories,
Any plots showing evidence of planting
or timber cutting during the remeasure-
ment period were excluded., Other treat-
ments and disturbances, or cutting prior
to 4 given remeasurement pwm}@ﬂ were
not taken into account. Key stand vari-
ables retained on the summary records
include forest type, stand age, initial
inventory, survivor growth, ingrowth,
and mortality. Because of changes in
collection procedures, many of these
variables were computed qmi” ently for
egach survey. Variable ns and
computational methods are 0u$!1m&d below.

est Type

Forest type was assigned on the basis
of the initial inventory of each sample.
In order to qualify as one of the three
forest types used in this analysis,
Sampiéh were required to have at least
50 percent of all-live basal area in




e species, and a plurality of
basal area in the par-
appearing in the

type name.

vellow p
ﬁhe vellow pine
ti ufdr

species
forest

Planting ‘ not collected in
the 1961 survey of the Georgia Coastal
Plain. The slash pine data presented
here for the period between 1956 and
1961 include only a small number of
planted stands. Most of these were
rejected because the trees on them had
not yet x 0 inch d.b.h, by 1956,
Plantation management was just becoming
a common forestry practice at that time.

ached 1.

Stand

gtand eld crews

The

age assigned by £1

ia the average age of all trees repre-
senting the mﬁﬂag&ablﬁ stand. In the
absence of a wmanageable stand, the

ssigned age is the average age of all
trees in the primary overstory. S
age was available only for the fifth
rvey terminal inventory. Stand ages
used in this analysis apply to the ini-
tial inventory of each period. L it

&

survey initial stand age was dHfClmiHWd
by subtracting the remeasurement period
from the terminal stand age, Fourth

survey initial stand age was computed by
subtracting the fourth survey remeasure-
ment pericd from the £ifth survey ini-
tial age on all plots common to both
surveys., Age was nokb ragre“%md to any
third survey samples or any fourth or
fifth survey samples that experienced a
major man-caused disturbance during the
remeasurement period.

Initial Inventory

For the fourth and f£ifth surveys, ini-
-ial inventory is defined as the total
basal area per acre of all live trees at
least 1.0 inch d.b.h. at the beginning
of the remeasurement period. In the
case of the fifth survey, initial inven-
rory was calculated from trees tallied
on the BA-37.5 3-point subsample estab-
lished during the fourth survey in 1972,

The fourth survey initial iwvemrary was
obtained from the BA-10 sample installed
during the third survey inm 1961.

Because no second survey plots were
directly remeasured, it was not possible

to gmﬂp,e cely reconstruct the third sur-—

vey initial inventory. However, the
S-year growth measureme collected
from tally trees during the third

made it possible to estimate the d.b.h,
of those frees in 1956, The estimates
of old d.b.bh., were subsequently used to

approximate the stand basal area exist-
ing in 1956, The
do not include trees that died between

1956 and 1961, so the 1956 initial in-

ventory estimate is actually the survi-
vor~tree initial inventory, and there-

fore underestimates the actual 1956

hasal area.

Survivor Growth, Ingrowth

and Mortality

timber inven-—
three
growlth,
Survivor

Net growth bet T LwWo
tories can be divided into
separate components: survivor
ingrowth, and mortality.
growth 18 the basal area
accrued on all live trees 1.0
d.b.h. and larger at the time of
inventory that survived teo the end of

4}

inch

the remeasurement period. Ingrowth is
the termingl iwvew?mry basal area per
acre assigned to all live trees which

1.0-inch diameter
the

8 the
during remeasurement
Mortality is the initial basal
trees 1.0 dinch d.b.h.
initial inventory that died
natural causes during the vemeasurement
period, Fifth survey survivor growth,
ingrowth, and mortality were determined
from the 1982 remeasurement of tally
originally recorded on the 1972

grew acros
threshold
period,
area of

at the from

Crees

3-point subsample. The fourth survey
copponents of growth were obtained from

the 1972 remeas
recorded on the

surement of tally trees
1961 BA~10 plots.

The absence of a third su
urement sample made reconstruction of
ingrowth and mortality estimates
1956 and 1961 impractical. Survivor
growth for this perioed was calculated
from the S-year increment core measure-
ments.

rvey remeas-

The
each
period was
methods outlined by

basal area growth occurring on
sample during each remeasuren
calculated according to

and Miller

Beers

21

1956 basal area values

sUTVey

growth per acre

initial

and larger

between



(1964) for wvariable-plot samples. In
order to maintain a valid estimate of
population growth for all three periods,
"nongrowth" (variable-plot onprowth)
trees were counted as part of the new
initial inventory following remeasure-
ment of the old inventory at each
sample. Nongrowth trees are used only
to establish a pew inventory base for
future remeasurement and do not figure
wnto growth calculations until the next
growth period,

METHODS

In order to determine 1f regional
changes in the average density or age

of pine stands in these two study areas

are responsible for changes in overall
growth rates, stands were stratified by
the conditions existing at the initial
inventory of each remeasurement period.
5 5 were grouped into 10-vear ini-
“ial age classes and 20-square-foot ini-
tial basal area classes. The subsequent
growth occurring in these stands,
grouped by initial age and basal ares
classes, was then compared for the three
growth periods to determine if changes
in stand growth rates were still evident
when these factors were held constant,

it must be emphasized that the samples
d for any one of the three growth
periods constitute a random draw of the

LLE

population of undisturbed natural stands
present during that period. In other
words, the same seb of samples has not
been tracked over three periods in time.
Plots at met the qualifications to he
counted for one period may not have been
used for another period for several
reasons, Foremost among these reasons

ares

1. Changes in the forest land base.
Some gamples were cleared to a
nonforest condition, whereas
others reverted to forest from
nonforest,

N
3

Cutting history.
experienced some type of timber
cutting during one remeasurement
period but not during another.
es falling in this category

Some samples

Samp

were used only for the periods

during which they were
&
undisturbed.

3. ] x forest type. Based on
for determining
forest type, a given sample may

b
have qualified as a loblolly,
shortleaf, or slash pine type
during one period but not during
another,

Some sample locations v have been
used for more than one of the three
growth periods. Reuse 18 not perceived
as having any serious implications.
Although exactly the same Lrees were
remegsured at each sample within each
growth period, differences in sample
design resulted in the weasurement of
different trees between the periods, To
alaborate, stand growth between 1961-1972
was derived from the remeasurement of
the single~point BA-10 plots., Stand
growth between 1972~1987 was estimated
from the remeasurement of three BA-37.5
points installed at each plot location.
Even though some of the same trees may
have been included in growth estimates
used for both periods, they carried dif-
ferent per-acre expansion factors.

Also, the stands they occurred in would

most likely have been assigned to dif-
ferent combinations of initial age and
density.

FOURTH AND FIFTH SURVEY
COMPARTSONS

Changes involving net growth, survivor
growth, ingrowth, and mortality of matu-
ral loblolly pine stands in the Pledmont
and Mountains of Georgia between
1961-1972 and 1972~1982 are depicted 1in
figure 9., Initial stand densities, net
annual growth, and the components of net
growth include all species present in
the stand. Data used to produce these
graphs are provided in appendix A, table
61. The effect of initial stand density
is held constant along the x-axis of
each graph.

Het growth declined substantially over
the entire range of initial stand den—
sities, as compared with the former
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remeasurement period. It is evident
that declining survivor growth across
the range of initial densities is the
major cause of the overall reduction in
net growth., Increased mortality is a
contributing factor. Ingrowth has

ained fairly stable but is down in
ly stocked stands.

e

the most spar

5

Figure 10 shows differences in growth
between the two periods when initial
stand age is used as the control vari-
Data used to draft these figures
pendix A, table 62

able.
are provided in ap
F
stand age analyses because of restric-
tions imposed on the methods used to
ress stand age from the fifth survey,
Although net growth has declined across
the range of initial ages, older loblolly
stands do not seem to have been affected
‘ ely. Survivor growth has fallen
g than 35 years old but
gained slightly 1in older stands. Mortal-
ity has risen in all age classes T
creased mortality in stands 35 years and
older has coffset increased survivor
growth in these stands. Ingrowth i1s
down in the youngest stands, where it
counts the most.

B

I

in stands 1

Table TIT is a matrix designed to iso-
late the combined effects of initial
nd age and density on net annual
growth for each period. Unfortunately,
the samples are too small in individual
cells of the matrix to draw any definite
conclusions. Sample sizes range from a
low of 0 to a high of 19. As a result,
ndard errors of each cell are
1y high. About half the cells
show a significant growth loss at one
standard error when both initial stand
Jensity and age are held constant. More
than half indicate a growth dec
during the latter period, but the dif-
ferences are not all significant.

Table IV highlights the relationships
among the compone of growth and ini-
tial stand conditions for the 1961-1972
growth period. Table V shows these same
relationships for the 1972-~1982 data.
Two points apparent from a comparison
of these tables are worth mentioning.

t, no real changes have taken place

&)

in the relatiouships among these vari-

a between the two periods. Second,

mortality is not significantly corre
lated with surviver growth.

This last relationship may be evidence
that the agent(s) causing increases in
mortality is not necessarily responsible
for reductions in survivor growth, If
the same 1 - vesponsible for both
phenomena, one might expect mortality
to be negatively corrvelated with sur-
vivor growth, This interpretation is by
no means conclusive because the le o f
correlation could also mean that pos-
sible declines in survivor growth on
samples with high mortality are simply
masked by increases in survivor growth
due to more favorable conditions caused
by the mortality. Whatever the case,
there does not seem to be any evidence
that one single agent or combination of
agents is causing widespread mortality
and declines in survivor growth on the
If such agents are at
ts are subtle,

age we:

same samples.

work, their ef

Vivrtually the same scenario portrayed

for loblolly pine stands in the Pied
and Mountains of Georgia also holds
natural shortleaf pine stauds in the

same region. Since only about half as

many samples were avallable for short-

leaf as for loblolly, the shortleaf data
are more erratic, These data are pre-
sented in appendix A, tables 63-67. As
with loblolly, net amnual growth of
shortleaf pine stands dur:
period has declined even wl '
stand density and age are held constant.
Again, older stands do not seem to have
been affected as severely. The only
notable difference between the two
forest types is that shortleaf stand
survivor growth seems to have remained
relatively steady over the entire range
of initial ages when stand age is held
constant (appendix A, table 64). Thus,
declines in the net annual growth of
shortleaf stands over the latest
remeasurement periocd have been more
heavily influenced by increases in mor-
tality and declines of ingrowth.

fferent situation exists

A somewhat di
lash pine stands in the

for natural s
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Table II1.--Sample sizes (M), me
for

stand density, and survey cycle

natural loblolly pine stands the Georgia Piedmont and Mount

(%), and standard ervors (8%) of net annual basal area (BA) growth
ains, by initial stand age, initial

Initial Initial stand-~age class (years)
stand-
density Survey 19 10~19 2029 30-39 40+
class cyele
BA acre g 7 o W e e N 5% « H 3 e - -
(re?) I d By t & . B3 { Sy N 5 8.
B Z 2
£ B e
1-19 4 16 6.96 7oo4.22 Q.78 I 065 - 1 0.74 e -
5 7 2.83 > 303 .99 3 L7600 0.1 T R - - -
20-39 4 & 5.69 1.79 11 5.21 .72 3 03.57 1.32 3 910,26 11.62 e
5 b 6.07 .21 14 5.21 1.01 & 2.24 66 2 .87 .99 4 .58 0.90
40~59 4 & 9.33 1.24 18 5,85 L84 4 4.83 1.08 2 2.08 .10 - e
5 5 5.70 1.05 18 3.45 5 5 1.45 1.0l 2 1.0 .55 7 L.54 .59
60-79 4 2 4.59  1.25 13 3.76 .71 2 3.83 .28 3 3.30 .58 3 1.58 66
5 3 2.24 .33 19 3.00 .72 26 2.413 .33 4 3,360 1.10 2 1.97 2.07
80-99 4 e - 2 5.09 <G 5 6.25 66 2 .19 1,06 e
5 3 ~1.81 1.66 12 4,20 A5 14 2.37 1 8 1.05 2 T 243
100~119 4 7 5.8l .21 4 5.37 1.06 2 1.50 1.67 2 3.72 s -
5 2 4,060 5.94 1z 2.70 .46 18 2,17 b2 o 471,88 8 2.67 64
120+ 4 3.81 4 3015 2.97 5 2. L.81 1 -.54 — 14,09 -
5 2 -.38 17 1.36 .97 26 .44 X 16 1.88 .68 7 38 1.34
Table IV,--Correlation coefficiente {upper) and associated probability values® (lower) for imitial
inventory and stand ag net anoual growth, avd components of net annual growth, natural loblolly pine
stands in the Georgia Piedmont and Mountains, fourth survey
=148 “inlt?a%v N@t‘anmuak Survxvor Ingrowth Mortallty Imi%i&l
inventory growth growih 4 ’ srand age
Initial
inventory
Wet annual -0.2203
growth L0071
Survivor L2293 0.7847
growth L0051 L0001
Ingrowth -, &089 L3381 ~0. 1680
L0001 L0001 L0612
Mortality L6310 - B052 L0831 ~0.1822
L0001 L0001 L3154 L0267
Initial L3199 - 5382 -. 3309 -.3261 0.0238
stand age L0001 L0001 L0001 L0001 L7737

fprobability > | B | under HoiRHo=0.



. . P \ i . . S , a . . C
Table V.--Correlation coefficients (upper) and associated probability values (lower) for initial
inventory snd stand age, mnet annual growth, and components of met annual growth, natural loblolly pine
stands in the Georgia Piedwont and Mountains, Fifth survey

- Initial Wet annual Gurvivor ) . Tnitis
N 287 . i N . ? Ingrowth Mortality Initial
invenLory growth growth sland age

Initisl

inventory
Het awnpual ~0. 2222
growth L0001
Survivor » 2646 0.6937

growth L0001 G001

Ingrowth o 2697 L3225 -0, 0637
L0001 L0001 L4608

Mortality 4964 - 6882 -, 2630 ~0.0505
L0001 - 0001 L2872 L2943

W 2B3] -.2093 -. 2531 ~e2167 (. 0452
L0001 0004 . L0001 L0002 Lbh 57

“., o ol .
Probability > | B under Ho:RHo=0,

Coastal Plain of Georgia. Figures 11 in figure 13 and approximate the perfor-
and 12 delineate changes in the net mance of survivor growth when initial
growth of slash pine stands between the stand density is used as the control
latest two remeasurement periods, The variable, The data used to produce these
data that accompany these figures are figures and their assoclated standard

ndix A, tables 68 and errors can be found in appendix A

provided in apps g ,
tables 73-75. The initial stand densgity

69, General declines of net stand

growth between the fourth and fifth sur- classes are underestimates because mor-
veys are still evident despite stratifi- tality trees were not taken into account.
cations by initial age and density. These figures ave voughly comparable to
However, these declines are not nearly the survivor-growth graphs in figures 9
as dramatic as those found in loblolly and 11. Equivalent comparisons by ini-
and shortleaf stands in the Piedmont and tial age are not available because age
Mountains., Additional data enabling was noft regressed to the third survey.
further comparison of slash pine stands
with loblolly and shortleaf stands are Survivor growth of loblolly stands in
included in appendix A, tables 70-72. the Georgia Piedmont and Mountains
dropped about the same amount between
the third and fourth remeasurement

THIRD, FOURTH, AND FLFTH pericds as between the fourth and fifth,
SURVEY COMPARISONS regardless of initial stand density.
Although the data are more erratic,

As mentioned above, the relatiomship natural shortleaf stands in the same
between surviver growth and the initial area have followed a similar pattern.
mventory ol survivor trees was recon- The survivor growth of Coastal Plain
structed from increment core measure- slash pine stands between 1956 and 1982
ments for the period between 1956 and plunged about the same total amount as
1961. Initial survivor-tree inventories loblolly and shortleaf stands in the
and survivor—-tree growth were also cal- Piedmont and Mountains. However, it 1sg

culated from the 1961-1972 and 1972-1982 obvious that most of the decline in the
remeasurement data to permit a standard Coastal Plain stands occcurred prior to
basis of comparison for three periods in 1972, Assuming the same factors are
time., These comparisons are presented responsible for survivor-growth declines

~a
(Y
—~
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in both regions, it appears that Coastal
Plain stands were impacted more suddenly
and earlier than pine stands in the
Piedmont and Mountains.

Although in some cases growth declines
by initial density class are not sta-
tistically significant between the third
and fourth and the fourth and fifth
periods, differences between the third

and fifth periods are significant at one
standard error or higher probability in

nearly all

classes,

DIBCUSSTON

General declines in the net annual

growth of the three forest types pr
sented here are apparent when the latest
remeasurement period is compared with
the 1961-1972 peried. During the last
decade, stands in the Georgia Piledmont
and Mountains have béen affected more
severely than stands in the Coastal
Plain. Although regional increases in
stand density and age can logically be
expected to have a detrimental impact on
net growth, they do not seem to explain
the magnitude of decline observed.
Regional changes in stand density, by

themselves, do not account for the dif-
ference in growth between the two
periods. Reductions are evident even
when stands with the same initial den-
sities are compared. Regional changes

in stand age, by themselves, do not
explain the declines in overall net
growth., In most cases, reductions per-
sist even when stands with the same ini~
tial ages are compared. The data sets
are too small to effectively test the
combined effectes of age and depnsity as
presented in this analysis.

With some noted exceptions, survivor
growth, ingrowth, and mortality have all
been adversely affected and are contrib-
uting to the overall decline

Survivor Growth

0f the three components, survivor
growth has the most influence on net

growth, Data indicate sUrvivor
growth in the two Piedmont and Mountain

forest types has been falling steadily
during the latest 2 decades. Survivoer
growth in the Georgia Coastal Plain has
dropped by a similar amount, but most of
the reduction in these stands occurred
sometime between 1961 and 1972. When
‘ied by initial stand density,
results are reasonably consistent,
Survivor growth declines are apparent
for nearly every initial density class

The picture becomes less distinct when
age 1s held constant. Survivor growth
in Coastal Plain slash pine stands is
only slighty down. However, age com-
parisons were available only for ,
latest two remeasur nt periods, and
most of the Coastal Plain decline took
place during the first of these periods.
Survivor growth reductions in the
Piedmont and Mountain loblolly stands
are_ significant only in the vounger age
classes. Survivor growth in upland
shortleaf stands does not seem to have
suffered when viewed by stand age.

Ingrowth is an important component of

net growth only in sparsely stocked and
voung stands., In all cases, ingrowth
has declined in the most sparsely

stocked stands. In Coastal Plain slash
pine stands, this decline also extends
into medium-stocked stands, Likewise,
ingrowth is down in all of the youngest
age classes. In shortleaf pine stands,
ingrowth reductions are apparent through
the 35-year age class.

Mortality dis highly correlated with
initial stand density., TIncreases have

consistently occurred across the mid-
range of initial density classes in all
three forest types.

Mortality in the

ly stocked stands

some cases has actually declined.

Mortality is not significantly corre-
lated with stand age. FIA data indicate
that annual mortality in basal area per



acre 1s relatively constant rega
of stand age., Nonetheless, levels of

mortality between the two periods, when
examined by stand age, have increased in
almost every age c¢lass for all three
forest types during the latest period.

Additional Comments

The magnitude and timing of stand
growth reductions in the two Georgla
study areas are comnsistent with
individual-tree growth slowdowns in the

same reglons. However, we caution that
stand level findings for loblolly,
shortleaf, and slash pine in the two
Georgia study areas apply only to these
forest types in these two study areas.
Future analyses of other species and
study areas may yield different results.

POSSIBLE CAUSES

What are the most likely causes for
the reductilons in pine tree and stand
growth over the past 2 to 3 decades?
Before the third survey results revealed
reductions in the Coastal Plain and

4 g ‘ rowth changes in
e Piedmont during the past decade.
The growth decline is now known to be
broader in scope and the identifi-
rents has been made

that might explain i

cation of causal a
more difficult.

The likelibood that any one agent
could cause most of the decline
throughout the entire region and across
the timespan involved is small., There
15, however, a set of agents that have
the potential of accounting for some

portion of the reductions.

ATMOSPHERIC DEPOSITION

One hypothesis is that atmospheric

deposition of pollutants in wvarious
forms 1s adversely affecti
of trees acrc large are: )
FEastern United States. While popular
articles have connected atmospheric

ot h
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poliution with slowing pine diameter
growth, there is currently no sc
evidence either confirming or refuting
this hypothesis for pine growth reduc-
tions in the Southeast. In Euror
visible symptoms such as def
unexplained mortality are indicators of
forest decline (Schutt and Cowling
1985). Forest conditions similar to
those in Europe have also been docu
mented in certain high-elevation forests
in the Fastern United States (Bruck and
Robarge 1984; Siccama and others 1982).
In both areas, there is evidence of a
link between forest decline and
atmospheric deposition. Althou
vigsible symptoms found in those az
are not apparent in pine forest
Southeastern United States, the
some evidence that radial growth reduc-—

and

35

the

2 18

tions occurred in Burope many vears
before visible svmptoms were apparent
(Bchutt and Cowling 1985). Therefore,
any possible link between atmospheric
deposition and growth changes should be
investigared. Atmospheric deposition,
for example, may predispose forests Lo
the eff of other factors that reduce

Tee

AGING OF STANDS

Since diam growth naturally de-
clines as stands mature (Kramer and
Kozlowski 1960), changes in age class
distribution from one period to another
could be a factor in explaining some
portion of the growth decline, The
current age structure of natural
stands throughout the Southeast s )
a higher proportion of r sured pines
are in older stands now than in previous
inventories, For example, nearly one-
half of natural pine stands are
currently between 20 and 40 years of
age., Stands older than 40 vears account
for 32 percent, but stands 20 years or
yvounger account for only 20 percent of
the total. The FIA data set is less
than ideal for quan ving the impact of
changes in age structure. In the third
survey, stand age was not measured.

When stand age was added as a data—
collection item, it was estimated in
broad classes and many stands were

e




2.  Thus, analvses of
rthe true impact of changing age struc~
ture have been limited. Even though
reductions in tree AARYI and stand basal
ea growth are still apparent after
accounting for shifts in age, changes in
age structure may still account for part
of the declines,

&1

INCREASED STAND DENSITY

Over the past 2 to 3 decades, density
of forest stands in the Southeast has
been increasing most rapidly in the
upland areas of the region., For
example, in the Georgia Piedmont and
Mountains, basal area of trees 1.0 inch
d.b.h. and larger in natural pine stands
increased by more than 50 percent be-
twaen 1961 and 1982. As stand density
increases, average growth of individual
trees normally declines because of
greater competition for moisture,
nutrientd, and light (Smith 1962).
remeasurement data from any survey
period show that individual-tree growth
rates decline with increasing stand
sity, but growth rates for trees or
stands within any stand density class
are lower in the wmore recent than in
earlier Surveys. TI > data suggest
increased stand density alone does not
account for most part of the observed
and stand growth reductions.

FLA

tree

INCREASED BARDWOOD COMPETITION

tion and the

Improved fire prote
infreguent use of pr ~ibed fire over
the past few ¢ des have favored the
survival and development of hardwoods
and shrubs in natural pine stands in the
Southeast, Although most of this vege-
tation is in the understory of these
nds, a significant amount is also
mulating in the midstory and over-
This vege or

and moi

ation
nutrients ures :
are limiting, the growth of pine trees
will suffer (Cain and Yaussy 1984;
Carter and others 1984; Clason 1984).
The hardwood component of pine stands is
increasing in both the Piedmont and
Coastal Plain of the Southeast. In the
a Piedmont and Mountains, hard-

accounted for one—fourth of the

story.

competes
when th

woods

basal area (1.0 inch d.b.h. and larger)
in natural pine stands in 1982, compared
with 17 percent in 1961, Number of
hardwood stems per acre increased from
240 to 390 over the same period.
percentage INCcrease was

The
even greater in

vy

the Georgia Coastal Plain. The contri-
bution of these changes in hardwood com-
petition to the observed pine growth

decline has been difficult to determine
from available FIA data. This possibil-
ity, however, is worthy of additional
study.

DROUGHT
rainfall and
that moisture str
probably higher in the late 1970's and
garly 1980's than in the 1960's and

~ly 1970's (Karl and others 1983).
Piedmont aveas were probably affected to
a greater degree than the Coastal Plain.
The recent growth declines in the
Piedmont can be more readily attributed
to drought than the declines indicated
by the third survey data. Availablse
data, however, do not permit a quan~
titative ass
do not know all
molsture stresses
we do not know what the
are at specific locations.
problem is
average rates

Trends in general drought

indices show > were

o o

We
ts of

growth, and

>gsment of the imp
the specific

on forest

Another
shaow

survey data
of growth over a period of
several vears rather than for individual
vears. Thus, it is difficult to corre
late 1l or monthly rainfall and

=4 ey values with periodic
growth rates for large areas. While
drought may account for a significant
portion of the most rec growth reduc-
tions in the Piedmont, the results indi-
cated by the third survey data in both

rhe Coastal Plain and Piedmont do not
ng droug)

correlate
periods.

(see next
tional light on the
the growth reduction.

shed addi~
of drought on

LOWER WATER TABLES

& potential causal agent on the
Coastal Plain is a drop in water tables.



Moilsture stress may well have increased
in many Coastal Plain areas as & result
rface drainage and increased
groundwater use, espec ially for idrriga
tion. The extent to which this factor
may has luenced tree growth, if at
L1, is not known. Tt is veasonable to
postulate, however, that extended
periods of drought combine f iaw&r
wat bles would ix
slbress

of s

i

i

oy

al

A

LOSS OF OLD-FIELD SITES

An important potential factor in pine
growth reduction, particularly in the
Piedmont, is the land use history of
many of the pine stands. A huge ar
cropland was abandoned between 1945
1965, This area was concenirated in the
Piedmont (Boyce and others 1975%). MNatu~
Té I pine stands davwlmywzh on these old

elds may have benefited from previous
cultivation and f&SLd&aL fertilizers and

' “ited from the lack of
v vegetation, Over the
past Z@ yﬂirwy relatively little farm-
land has be abandoned and the majority
of new natural stands have been estab-
lished on cutover forvest land. Pines in
these stands do not have the initial
growth advantage of trees in old fields.

On the other hand, many of the dh 37y
doned fields were dly evoded. Pine
tree growth was initially quLt@ good on
these areas but suffered as the com-
petition for water, nutrients, light,
and space intensified.

DISEASES

The impact of diseases such as fusi-—
form rust, littleleaf disease, and anno-
sus rool rot on tree diameter growth 1s
not precisely known. is known
about broader scale on the
cwth of a species over a large area.
We do know that the incidence of these
diseases is high in some areas (Anderson
and Mistretta 1982). ¥usiform-rust
infection of loblolly and slash pines is
especially high and has imcw ased over

the past 2 to 3 decades (Dinus and
Schmidt 1977}, The occurrence of

34

minary analyses to define the g

littleleaf disease on shortleaf ;1mu 18
well documented, but it isg al %uz,x
common on loblolly pine, especially on
poor, eroded sites (Campbell and
Copeland 19547,

Since some species exhibiting growth
reductions are not df Qaﬁ@d by all these
diseases, no one disease can account for
the observed growth declines. Together,
however, diseases could be causing some
portion of the growth decline of several
ce of

ecies, In some cases the presenc

a disease may indicate a stressed con-—
dition resulting from one or a com-
bination of other causal agents.

COMBINED EFFECTS

Given the scope of the reduction, it
seems improbable that any one agent is
the major driving force behind the
changes. Several of the ageéents listed,
and possibly others, have probably
contributed to the decline in pine
owth., Efforts to ascertain how much
of the reduction is attributable Lo any
one cause will be extremely difficult
because of the interrelationst
them.

ips among

Obviously a great deal remains to be
learned about the pine growth reductions
and causes. A p;aglhility to consider
in future research is ceuntered on the
nition of normal growth., Regional
tree growth rates may be cyclic. Since

g regional average has never been
eatablished, the argument that third
survey growth rates were abnormally high
ig just as valid as the argument that
‘ifth survey rates are low.

FURTHER STUDY AND ANALYSES

Considerable progress has been made in
recovering old ¥FIA data and in preli-
ecgraphic
scope and timing of AARI declines in
the Southeast. However, a great deal of
research must be done before any conclu-
sive statement can be made about the




of this phenomenon., FILA can con-
a better under-
and severity
decline.

causes
tinue to contribute to
gtanding of the extent
of the regional growth

During fiscal vear 1985 four new
efforts were initiated:

# Recovery of third survey data in all
regions of the Southeast.

@ Identification of permanent FIA plots
in the Southeast that have been con~
tinually remeasured since the third sur-
vey. Trees on undisturbed plots will be
remeasured and cores will be extracted
to provide an independent verification
of the periodic diameter measurements
and to help explain the pattern of
growth over the past 30 to 40 years.

® Development of a computerized drought
index more appropriate to forest con-
ditions than the Palmer drought index
developed for agricultural purposes. A
forest drought imdex, in combination
with tree cores from undisturbed plots,
will permit testing of molsture stress

ects,

® pcquisition of old aerial photographs
of sample locations to identify and
separate stands established on old
fields prior to the third survey.
Growth trends for old-field pine can
then be compared with those from other
conditions to measure the possible
influence of changes in the relative
abundance of these stands.

it

S

&

@ Reformat all FIA data to make them
more sulitable for use with standard sta-

tistical programs to ewhance statistical
testing and investigation into possible

causal agents,

® Conduct more elaborate analyses of
stand structure to obtain better
measures of the combined effects of age,
density, hardwood competition, and other
Such studies will include
lyses of variance and fitting of data
from different remeasurement periods to
growth and vield models.

CHUBQE, ana—

® Explore the possibility of combining
data sets, Screening by several com-
binations of variables rapidly dilutes
resulting data set, , rences in
timing of inventories limit the
sibility of combining data set
acress similar study areas.
trends should be evaluated for
study areas and the data
whenever possible.

seUs

8 Identify long-term data sets for the
Sputheast Coastal Plain that show

mine

average water table depths and d
if those data aid in explaining the
growth reductions in this reg

® Achieve and maintain a
remeasurement period to mont
growth trends and provide more timely
forest information for the
Southeast.

S-year
tor

future

resource

",
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APPENDIX Az

DETAILED TABLES

Table 1.~~Changes in net annual growth of yellow pine growing stock on timberland
in the Southeast, by State, by physiocgraphic region, and remeasurement periods

Physiographic

Remeasurement

Net annual growth

State region heriod
RO e Lo . . .,
- : From To Change
- Million cubic feet = -
Florida Coastal Plain 1970~1980 377 HiL +173

Georgla

South Carolina

North Carolina

Virginia

Southeast

Coastal Plain

Pledmont & Mts.

Total

Coastal Plain

Piedmont & Mis.

Total

Coastal Plain

Piedmont &

Total

Coastal Plain

Piedmont & Mts.

Total

Coastal Plain

Piedmont & Mts.

Total

Mbs.

19711981
19721982

1978-1983
1977-1983

19731983
1974-1984

19761985
19661977

1970-1985
19661984

590
565

+134
- 107

1,155

42

357
243

308
127

LOO

262
228

Hg0

459

102
76

100
119

178

219

1,548
1,219

1,852
960

+304
~2549

2,767

2,812

5

39



3

Table 2.--Changes in net annual growth of yellow pine growing stock on Cimber-
and in the Southeast, by owr f lass, by physicgraphic region, over the
most recent remeasurement periods”

1

n . , - Net annual growth
Ounership Physiographic aL B

class

From To Change

- = Million cubic feet = -

Public Coastal Plain 146 17T +3
Piedmont & Mountains 8G 70 -19

Total 235 247 &2

LA

toindustry aatal Plain ) 6E: +237
ludes leased) Piedmont & Mountalins 176 182 +6

Total bz 865 +2H43

Other private Coastal Plain 956 992 36
Piedmont & Mountains ga 4 708 w2 46

Total 1,910 1,700 -2 10

4

All owners Coastal Plain P, 548 1,852 +304
Piedmont & Mountains 1,219 960 =259

Total 2,767 2,812 +45

1 for remeasurement periods.
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Table 3.~-Changes in net annual growth of yvellow pine growing stock on timber-
land in the Southeast, by species, by physilographic region, over the most
recent remeasurement periods”

. e Net annual growth
. Physiographic ‘ &

Species o
' region

From To Change

w o Million cublice feet - =

Loblolly pine Coastal Plain 615 119 + 104
Piedmont & Mountains 684 567 =117

Total 1,299 1. 286 -13

v

Slash pine Coastal Plain 568 846 +278
Piedmont & Mountains 56 36 els

Total 624 882 +258

shortleaf pine Coastal Plain 19 16 -
Piedmont & Mountains 273 156 =11

Total 292 172 =120

Other yellow pines Coastal Plain 346 271 =75
Piedmont & Mountains 206 201 -5

Total hhe 472 =30

A1l species Coastal Plain 1,548 1,852
Piedmont & Mountains 1,219 560

Total 2,767 2,812 +45

See table 1 for remeasurement periods.



on bimber
the most recent

1low pine growing
graphic region, over

Table : annual removea
land in the 3Joutheast, by State, by phy
remeasurement periods”

5310

Annual removals

Physiographic

State

From To Change
>

wo o= Million cublce feef - -

Coastal Plain 260 iy + 167

+ 145

+156

Plain
& Mountains

Georgia Coastal
Fiedmont

Total 778 1,079 +301

4
]

South Carolina Coastal Plain
Piedmont & Mountains

Tetal 354 439 #85

North Carolina 267 265 -

147 138

5 Do

i
O

Total by oY =10

.
—~
O
—
4
4z

Virginia Coastal Plain 114
Piedmont & Mountains ‘

[
o
o0
o
.
+
[y

TE

Total 190 200 +10

Southeast Coastal Plain 1,263 1,621 +358
Piedmont & Mountains 733 928 +195

0O
s
o

Total 1,¢ 2,549

El e .
See table 1 for remeasurement periods.
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fable H.--Changes in annual removals of vellow pine
land in the Southeast, by ownership class, by phys
most recent remeasurement periods®

stock on timber-—
region, over the

L

Annual removals

Ownership Phs

@raphic
class v

2300

From To Change

- - Million cubic

Public Coastal Plain 19 93 + 14
Piedmont & Mountains 58 TH T

Total

i
L

Forest industry Coastal Plain
(includes leased) Piedmont & Mountains

rG L
ho s
)
O
+
3

L

Total 585 175 +190

Other private

Piedmont & Mountains

Total 1’27q 1?@Q6

Coas

ALl owne . 3 Jain :
Piedmont & Mountains 753

Total 1,996

See table 1 for remeasurement periods,

=
fo
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-

asurement periods”

Table b in amual removals of yellow pine growing stock on
st, by specles, by physiographic region, over the most

tLimber-

Physiograpi
region

o, .
Species

al remova

From

To

Change

Loblolly pine Coastal Plain
Piedmont & Mountains

Total
Slash pine Coastal Plain
Piedmont & Mountains

Total

shortl pine Coastal Plain

Piedmont & Mountains

Total

Other yellow pine Coastal Plain
Piedmont & Mountains

ALL species

- - Million cublic f

get = =

had

360

882

+250

UL

0

+279

+34

350

19

2bd

=
Yol
Lad

PO
Faa

-3
W
o

1,621
928

1,996

A L P . b e
see table 1 for remeasurement periods.



Table 7.--Changes in inventory volume of yellow pine growing stock on timberland

in the Scuthee

st, Dy %ﬁat@, by physiographic regicn, over the most recent
remeasurement periods”

State

Physiographic
region

Inventory volume

From To Change

Florida

Georglia

South Caroclina

North Carclina

Virginia

Southeast

Coastal Plain

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

- - o Million cublce feet = =

5,270 6,324

+1,054

5,962 6,538 +576
8,202 8,313 +111

14, 164 14,851 1687

-2

5,406
4,073

4352
+57

.

e
-
s ]
Lo oan
foal

Ao
-

L3
P
O ]

9,479 9,888 +409

2,341 2,275 -66

2,102 2,589 U8

4,443 4,864 +421

24,045
17,665

26,171 +2,126
18,089 w2l

41,710 B4, 260

Ps

See table 1 for remea

asurement periods.
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Table &.--Changes in inventory volume of yel

Southeast, by ownership class,
. - -l

surement periods

land in the
most rece

L remea

by physiographic

low pine growing stock on timber-

region, over the

Ownership

class

Physiographic

inventory volume

From To Char

Public

Forest industry

{includes leased)

Other private

ALl owners

Coastal Plain
Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Flain

Piedmont & Mountains

Total

ion cublic feel = =

&
-
<o
e
w
o
-
1O
LG
o
4
-
=
Lo

a3y

%)
%
-
—
[
PO
-
oo
—

8,004 9,367 +1,363

15,642 16,017
13,688 13,773

330 29790 +U60

O

2

24,045 26,171 +2,126
17,665 18,089 +424

41,710 44,260

1 for remeasurement periods.



Table 9.--Changes in inventory volume of yellow pine growing stock on timberland
by species, by physiographic regilon,
a

in the Southeast,
remeasuremnant periods”

over the most

rece

nt

Species Physicgraphic
e EE -

Inventory volume

region o . e
g From T'o Change
w o o Million cublc feet « - -
Loblolly pine Coastal Plain 10,569 11,031 +1,0062

Piedmont & Mountains

Total

slash pine Coastal Plain

Piedmont & Mountains

Total

Coastal Plain
Piedmont & Mountains

Shortieaf pine
Total

Other yellow pines Coastal Plain
i

C

Piedmont & Mountains
Total

All specles Coastal Plain

Piedmont & Mountains

Total

8,674

19,243

20,802

8,U76
320

8,796

— a0
ey

O

4,583

5,670
4,409

10,079

24, 0U5
17,665

41,710

4,260

a T P e g -
See table 1 for remeasurement periods.
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Stand-age distribution of pine”

ine stands in the Southeast, by broad gpwnership
P Al W vy o o e P S~ [P D

, as of the most receni Forest Surveys

and

Broad ownership ol

Stand-age
& Foreat

Publie .
ublic industry

Other
private

ownerships

Total
1

- = = = = = Thous

and acreg

U150 892 627

51+ 1,290 619

8,102
8,329
9,217
7,802
5,416

5,785

Total 4,415 11,581

k651

Includes all softwood types.
"

e bable 1.



Table 11.--Change

. - . . . . Y- N
in area of timberland in the Southeast with pine”™ and oak-

pine forest types, by State, by physiographic region, over the most recent

remeasurement periods

State

Physilographic
region

I

P

Area

ine and ocak-pine

type

From

To

Change

Florida

Georgia

South Carolina

North Carolina

Virginia

Southeast

Coastal Plain

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain
Piedmont & Mountains

Total

Coastal Plain
Piedmont & Mountains

Coastal Plain
Piedmont & Mountains

Total

- w = Thousand acres

9,568

9,194

6,945
9,185

6,328
8,070

16,130

14,398

4,360

2,929

4,280
2,895

T.289

LT

on

5y
E

9
9

-3
N

475
=291

5,388

~T66

2,024

% H 24 ()’] E%

h,hea

28,556

19,341

26,903
17,748

47,897

4,651

~3,246

O ‘ . 3 :
“Includes all softwood types.

D . , L
See table 1 for remeasurement periods.
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‘ . - . . o e . . e - R
Table 12.~~Changes in area of timberliand in the Southeast with pine” and
-l

oak-pine forest types, by own sh%p class, by physiographic region, over
b
most recent remeasurement per

LOOS

the

Area of
Ownership Fhysiographic pine and oak-pine

type

class

From To Change

Public Coastal Plain

2,907
Piedmont & Mountains 1

, b0 8

housand acres -

Total 4. 366 A

Forest dndustry Coastal Plain 9,059 9,047
(includes lease Piedmont & Mountains 2,519 2,934

Total 11,578 11,981

Other private Coastal Plain
Piedmont & Moun

Total 31,953 28,255 -

A1l owners Coastal FPlain 26,556 26,903 1,053

Piedmont & Mountains 19,341 17,748 -1

Total 47,897 L4, 651 -7

B 0
“Includes all softwood types.
Ly
D ; . .
see bable 1 for remeasurement periods.



region

From

Loblolly pine Coastal Plair
Piedmont & Mc

1
untains

Total

Slash pine Comstal Plain
Piedmont & Mountains

Total
Shortleafl pine Coastal FPlain
Piedmont & Mountains
Total
Jak-pine Coastal Plain
Piedmont & Mountains
Total
Uther Coastal Plain
Piedmont & Mountains
Total

ELL types Coastal Plain
Vi
iedmont & Mountains

Total

9,940
ngg

10,438

P =
i f
e o

5,921
5,316

11,237

26,903
17,748

47,897

4,651

B . . ,
Includes all softwood Lypes.

D.. . ; . .
See table 1 for remeasurement periods.

-
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Table 14, -~Cha
] land
Caroli
fifth surveys

ey

in numbe

4
i, and coastal

of yellow pine trees .on
Georgia, Nerth Caroclina, South
Virginia between the fourth and

Ownership

Million trees Percent

Forest industry

Other private

; 8]
L1 cwners

10
IS

)

8
10
T2+

~536
+G2
+ 314
RV
+25
3

-1,031

~1409
-20
37

+7 2

-2, 758
~361
-5
+123
+06
+80

[
60
+59
+20

U7
~38
'l

g

+16

& ke :
“Changes for Scuth Caroclina
and the Interim Survey.

b ‘ . ]
Includes public lands.

are

between the

fourth Survey



Table '5.-~Changes in annual mortality of vellow pine growing stock on

timberland in the Scutheast, by 3tate, by physicgraphic region, over the
most recent remeasurement periods

State

Physiographic
reglion

Anmual mortality

From

To

Change

Florida

Georgla

South Carolina

North Carolina

Virginia

Southeast

Coastal Plain

Coastal FPlain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

Coastal Plain

Piedmont & Mountains

Total

w o M3idllion cubic feet w -

24 52 +2 8
30 62 38

142

204

39
29

o

+17

w10

+13

+& 1

25 30 +5
13 35 +2 7
38 65 +2 7
155 226 71

281

+150

507

E
See table

[t

1 for remeasurement periods,

lll



16, -=Changes in annual mortality of yellow pine growing stock on

{ rland in the Southeast, by ownership class, by physiographic region,
-1

over the most recent remeasurement periods”®

e

. . et Annual mortality
Ownership Physiographic
class region

From To Chay

- = Million cubic feelb =

Fublic Coastal Plain 16 25 +10
Fiedmont & Mountains 13 i +2 0

Total 28 58 30

Forest e Coastal Plain %3 La +15
(includes leased) Piedmont & Mountains 17 32 +15

[,
o

j -

&3]
o

g

3
[ORRS

Total 50 80 +30

Other private Coastal Plain 107 153 +46
Piedmont & Mountains 101 21 +115

Total 208 369 +1671

A1l owners Coastal Plain 155 226 +71
Piedmont & Mountains 131 281 + 150

Total 286 507 +22

See table 1 for remeasurement period.
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Table 18.-=Average annual radial increment of loblolly pine growing in
natural stands, by initial diameter class and survey period, Georgla
Piedmont and Mountains

Survey period

19611972 1972-1982

Initial
diameter
class Average One Average One
{inches) Sample  pagdial standard  Sample  pagial standard
trees growth error trees growth error

Number - =~ Inches - - Number - = Inches - =

T.0~2.9 895 0.079 0.0022 0495 0.050 0.0018
3.0-4.9 4G 094 L0029 hed 073 L0027
5.0-6.9 we7 LT 0031 Lo 089 L0028
7.0-8.9 462 220 L0032 470 .098 L0025
G.0-10.9 426 122 L0028 21 . 107 L0026
11.0-12.9 293 L6 L0033 344 101 L0028
13.0-14.9 172 114 R 237 102 L0035
15.0-16.9 103 100 L0050 134 096 LO0K3
17.0=18.9 56 L0948 L0089 65 091 0060

19,0 and
larger 45 L085 L0078 50 091 L0079




Table 19,.--Average annual radlal increment of szhortleafl pine growing in
natural stends, by initial ¢
ie

ftameter class and survey period,
Georgia Piedmont and Mountains

Survey period

19611972 1972-1982

Initial
iiameter
class Average One Average One
(inches) radial standard  S20Ple  pagia standard
growth error trees growth error

woe INCHEs - - Number -

1.0=2.9 677 0.061 0.0019 329 0,039 0.0018
3.0-4.,9 304 071 L0031 246 L045 L0027
5.0~6.9 363 L080 L0027 255 L058 L0028
7.0-8.9 295 082 L0030 248 053 L0023
9,0-10.9 233 086 L0029 196 059 L0026
11.0-12.9 131 LOTH L0034 123 L063 L0033
13.0-14,9 61 L086 L0049 oy .059 L0059

15.,0-16,9 25 L06T L0078 e L0587 L0072

17 .0-18.9 Y 076 L0123 7 L0654 LOUHD
19.0 and

larger i L0869 L0086 056 L0075

»

€31

~l



19724191

v

rror

Y,0=10,9 0G4 L0025 247 L0873 L Q030
11.0-12.9 218 .090 .0033 174 L081 L0037

13.0-14.9 125 089 L0046 87 079 L0052

LOT5 L0058 57

092 L0096 22 087 SO

102 L0172 9 L0483 L0206




ge annual radial increment of longleaf pine growing in
by initial diameter class and survey period,
Plain

survey period

1961-1972 1972-1982

One
standard
error

Average One
i e Samn e S Qo
(inches)  Sample  padial standard  =ample

4w s s o b oy e
trees growth error Lrees

Number = = Incheg -~ - Number - -

1.0-2.9 100 0,094 0.,0057 he 0,054 0.,0066
3.0-4.9 by 113 L0090 Wi 0G4 L0098
5.0=6.9 85 134 L0054 55 105 L0076
T.0=8.9 122 10 L O0HT 7 088 0045
9.0-10.9 139 L0899 .0038 109 L0685 L0038
11.0-12.9 79 LO79 L0048 85 LOTH L0040
13.0=14.9 49 L083 L0056 53 LOTT L0085
15.0-16.9 I 06U L0069 19 LOTH LOO55
17.0-18.9 7 LO87 L0336 4 L0971 L0134

19,0 and
larger 12 L 066 L0058 6 L0065 L0086

59



Table 22.--Average annual radiasl increment of loblolly pine growing ip
natural stands, by initial diametfer c¢lass and survey period,

Georgia Cecastal Plain

Survey pericd

1961-1972 1972-1982

Initial
diame

class bverage One Average One

[

(inches)  Sample  pag
trees

standard nple radial standard
o

growth error trees growth error

- - inches - - Number

1.0~2.9 124 0.103 0.0078 90 0.076 0.0066
3.0-4,9 76 135 L0107 81 .062 L0073
5,0-6.9 76 . 149 L0123 57 <133 L0106
7.0~8.9 67 . 134 L0089 78 . 133 L0089
9.0-10.9 69 <156 .0092 99 2131 L0068
11.0-12.9 72 .139 L0070 66 .132 .0095
13.0-14.9 40 27 L0106 58 L1217 L0086
15.0-16.9 39 132 L0102 38 133 L0112
17.0-18,9 22 100 L0103 25 128 L0094

19.0 and
larger 30 104 .0150 30 . 106 0093




Table 23,--Average annual radial increment of slash
planted stands, by initial diameter class and surv
Georgia Coastal Plain

pine growing in-
2y period,

¥
&
Fey

Survey period

JnLtldl

1961=1972 19721982

class kverage One Average One

4 g R " )

{inches) ?@mpi@ radial standard  Sample  pagial standard
TP had b
wrees growth error trees growth error

Wumber w = Inches - - Number - = Inchesg « =

1.0=2.9 76 0.156 0.0102 401 0,136 0.0037

3. 0-4.9 17 116 L0118 277 LT .

el
fee
je)

5,0-6.9 43 119 .0092 191 . 106 .0033
7.0-8.9 32 . 105 L0057 102 . 130 0059
9.0-10.9 15 117 L0145 33 110 L0097
11.0-12.9 12 .095 0137 14 116 .0210
13.0=14.9 - — - — - ——
15.0-16.9 - - - - - -
17.0=18.9 = — - e - -

19.0 and
larger o o o e o e
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Table 30,--Average annual radial increment of loblolly pine growing
in planted stands, by initlal diameter class and survey period,

o~

South Carcolina Coastal Pl

survey period

Initial

e o 1608-1978 1978~1983
diameter

class Average One

= 5 e % =3 . o . o T

(inches) Sample radial standard Sample
trees growth arror trees

astandard
error

Numbe

-~ = Incheg =~ = Number - = Inchesg - -

<

1.0-2.9 77 0,151 0,0115 228 0.165 0.00064d

3.0-4.9 o8 150 0099 160 .
5.0-6.9 51 ., THE LT 135 . 136 L0091
7.0-8.9 16 155 0200 T L1368 L0081
9,0-10,9 Y 167 L0248 1a0 » 151 LO0TH
T.0-12.9 7 1Y L0259 A5 53 L0088
13,0-14,9 e - —— 19 154 L0140
15.0-10.9 - - e 10 155 242
17.0-18.9 - —am —— e —

19.0 and
larger e o o e e e




ne growing

Table 31.--Average annual radial increment of slash pi
ey period,

in planted stands, by initial diameter cliss and surv
South Carolina Coastal Plaln

Survey period

Initial

. , 1968-1978 19781983
diameter

class kverage One Average One
. g 3 ? e " >
(inches)  w8NPL€  padial standard  S@BPLE  padial standard
trees growth arror Lrees growth error

1. 0-2.9 156 0. 12s 0.0049 75 0,083 0.0099

3.0-4.9 124 ST L0059 124 L0064 L0058

9.0-10.9 20 107 L0163 79 134 L0068
11.0-12.9 6 .132 .0061 25 121 L0093
13.0~14.9 -~ - - 10 .138 L0261
15.0-16.9 - - - 8 145 .0249

17.0-18.9 — - — . - -

19.0 and
larger - B o —— -

)

o

<



in natural stands, by initial diameter class and survey period,
North Carclina Piledmont

Survey period

Initial
diameter

1964-1974 19741984

als Average One Average Une
. \ 3y 1 .C [PPRP g .
(inches) SAMPLe  padigl standard  ~80PLe  padial standard
P £ £ o an B
trees growth error wrees growth error

- Number - o [nenes - -

1.0-2.9 53 0.079 0.0085 87 0.067 0.0072
3.0-4.9 49 .093 L0109 93 059 . 0057
5.0-6.9 82 099 L0064 90 LOT4 L0061
T.0=8.9 81 113 L0080 102 085 .0052
9.0-~10.9 64 L1 L0056 121 100 L0050
11.0-12.9 4a L1 L0073 93 097 L0046
15.0-14.9 28 L1117 L0118 69 .089 L0053
15.0-16.9 21 L1108 L0112 40 099 L0084
17.0-18.9 5 079 L0117 19 093 L0078

19.0 and
larger 14 LOT7H L0108 21 L T00 Ot




Table 34, --Average annual re
in natural stands, by initi
North Carolina Pledmont

al increment of shortleafl pine growing
diameter class and survey period,

Survey period

Initial

diameter 1964-1974 19741984

Une
standard
error

class Average One
. AP N ) [P
(inches)  »8BPL€  padial standard  ~ample
e g o \ [ R
Lrreen gr awth error Lrees

Number - = Inches - - Number

1.0-2.9 59 0.076 0.0091 78 0.052 0.0049
3,0-4,9 94 062 LO0HE 95 LOu3 LO0HY
5.,0-6.9 170 LUBE L0033 120 LOHE L0039
7.0-8,9 170 061 L0029 158 LOLG L0024
9.0-10.9 148 052 L0025 139 L0y L0025
11.0-12.9 73 L050 L0036 g1 L Q44 L0028
13,0-14,9 31 053 L0055 43 .033 L0039
15.0-16.9 16 050 L0069 11 039 L0075

17.0=18.9 4 L0059 L0139

LAl
B

L=
[
E—
N

[
S
nO
N

19.0 and
larger 3 LOHZ L0317 e e —
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Table 34,--Average annual radial increment of Virginia pine growing

in natural stands, by initial diameter class and

North Carolina Pledmont

survey period,

Survey period

1964=1974

19741984

Sample

brees

Average
radial
growth

Une

standard

error

sample
trees

Average
radial
growth

One
standard
error

1.0-2.,9
3.0-4,9
5,0-6.9

7.0=-8.9

19.0 and
larger

105

109

- ITICNES - -

0.0050
L0057
L0038
L004Y
L0050
. 0093
L0231

L0125

Mumber

159
143
149

56

38

-« Inch

G -

L0005
L0068

L059

0.0045
L0037
L0035
L0028
L0038
L0053

L0130




Table 35 .-=Aver

in natu

North Ca

ral
ap

L

~]
stands, by initial diame
na Coastal Plain

annual radial

ement of loblolly pine growing

class and survey period,

Initial
diameter
class

(inches

survey period

19641974

iw?gwﬁgﬁﬁ

Sample
trees

Average

One Average One
standard  Se8mple  pgdial standard
error trees growth error

1.0-2.9
3.0-4.9

5 00,9

9.0-10,9

11.0-12.9
13.0=14.9
15,0-16.9

17.0-16.9

Nux

0.084
080
L0886
L1006
100
L094
L0971
081

083

D69

- - Nun!

- - Ir

0.0032 409 0.071 U.0032

L0040 290 081 L0039
.0033 31¢ .084 .0036
<0026 346 106 L0031
.0023 364 .100
026 350 L097
L0031 227 L0094 L0033

L0043 138 .096

L0036 139 087

(O]
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Table 36,

North Carolina Coastal

fa

Plain

Average annual radial increment of pond pine growing
in natural stands, by initial diameter class and survey period,

Initial

diameter
class

(inches)

Survey period

1964-1974

19741984

Average
radial
growth

standard

One

error

Average One
iial standard
growtn error

Sample

tre

1.0-2.9
53,0-4.,9
50,9
7.0-8.9

9.0-10.9

15.0-10.9
17, 0-18,9

19.0 and
larger

- = Inches - =

0.050

0.0026

L0031

L0031

034

U227

L0025

L0040

LO0UE

L0083

o OHC

)L

}

Number - = tnche

292 0,040 0.0023

152 L0028
ThE L0023

222 . Q040
L0035
L0030
57 OB , 00
36 063 L0068

10 L0068 L0137

L0095

O
s

O
on
Lad




Table 37.--Average annual radial increment of longleaf pine growing

in natural stands, by initial diameter class and

Korth Caroclina Coastal Plain

survey period,

Survey period

Initial
diameter

196H4-1974

19741984

class i
(inches)  Sample
trees

Average
radial
growth

One
atandard
Grror

Sample
treas

Average One
radial standard
growth error

3.0=4.9 N7
5.0=6,9 T4
7,0-8.9 87
9.0~10.9 53
11.0-12.9 54
13,0-14,9 25
15.0-16.9 7
17 0=15.9 3

19.0 and
larger o

- e IT0CNES -

0,084
SOTT
085
L0950

.096

0.0068

LOOTH

LOOH2

LOOMT

L0050

LO0uT

47
30

ki

- = inches ~ -

0.036 0.0050
LOHZ L0075
072 L0064
L0660 L0042
LT3 L0036
070 L0041
06T L0035

008 L0052




Table 38,~-Average annual radial increment of Virginia pine growing

in patural stands, by initial diameter class and

North Carolina Mountains

survey period,

Survey period

Initial
diameter

1964-1974

197419864

class ) )
(inches)  ~ample

traes

Average Une
radial standard
growth error

Sampple

trees

Average One
radial stand
growth error

ard

7.0-8.9 25
5,0-10.9 16
11.0~12.9 6
13.0-14.9 4
15.0-16.9 -
17.0-18.9 ——

19.0 and

T .
larger o

- - Inches - -

Number

0.064 0.0164 25
L088 LO107 19
LT3 0095 35
070 L0087 28
L0892 L0107 23
L0604 L0001 12

L OH5 LOTaL 9

0.0095
.059 L0113
. 064 .0070
064 L0076
.051 .0058
.076 L0083

060 L0113




Table 39.~-Average annual radial inecrement of white pipne growing
in natural stands, by initial diameter class and survey period,
North Carolina Mountains

Survey period

Initial
diamete

19641974 197 4=1984

class - Average One Average One
. Sy T g R o I PR
(inches)  Sample  radial standard ~ ~8MmPle  pagial standard
vrees growth error trees growth error

Number - - loches - - Number -

T.0=2.9 10 0,054 0.0120 54 0.041 0.0047
3. 0m4,9 13 . 104 L0180 12 070 LO1TY
5 0-6.9 e L2 L0225 11 086 L0194
7. 0=8.9 TH B L0168 12 108 0259

9.,0-10.9 19 4] L0113

N
®
B
LAl
N
I
O
™o

11.0-12.9 13 . 169 L0184 T4 193 L0232
13.,0=14,9 13 A8 L0185 13 L1603 L0203
15,0-16,9 b LAT76 L0250 10 b2 LoR72

17.0-18.9 2 L 186 LOhed 17 151 L0116

19.0 and
larger 16 126 L0192 20 213 L0185

77



/8

Table H0,~-Average
in natural stands, by
Virginia Pledmont

annual radial increment of Virginia pine growing

vitial diameter class and survey period,

Jurvey period

Initial

- oy o 07~
diameter 1967-1976

1976-1985

61143 Average Une

Average One

inches)  Samplé  padial standard  ~amPie  padial standard
Lrees growth error trees growth error
Number - - - - Number - - Inches - -

1.0-2.9 433 0.064 0.0024 235
3.0-4,9 278 L0070 L0029 220
5.0mb.9 216 00T L0025 218
7.0-8.9 209 063 L0025 240
9.,0-10.9 105 L065 L0033 195
11.0-12.9 62 L0506 L0034 61
13.0-14.9 23 2051 L0064 30
15.0-16.9 6 2009 L0097 4
17.,0-18.9 - - - e

19.0 and
larger . - . e

0.051 0.0031

L050 L0028

.059 L0024
LOUL L0037
LOu5 L0051

L0484 L0069




- e

Table U1.-=Average annual radial increment of shortleaf pine growing
in natural stands, by initial diasmeter class and survey period,
inia Pledmont

Survey period

L 19671976 1976-1985
diameter

class Average
" S Yo .
(inches) wEMp & radial
b L G
trees growth

One . v Average One
andard  P80PL€ padial standard
error Lrees growth error

heg = - Number - - Incl

1.0-2.9 108 0.046 0,0041 he 0.068 0.0088
30wt 9 4z LOBY L0042 b5 .038 L0063
5.0mb .9 87 LOUT L OOLH 55 040 LO0UT
T7.0-8.9 105 LOLY L0034 76 LO36 L0038
QWPQIQWQ 93 053 L0032 72 P39 L0031

T1.0-12.9 4z L0486 L0040 L4 041 0046

2

13,0-14.0 20 LOHS L0049 26 LOUQ L0051
15.0-16.9 12 L0587 L0063 5 L0119 L0076
17.,0=-18.9 3 L0489 L0297 Y L020 L0095

19.0 and
larger e - - o o —




Table 42.-=Average annual radial increment of loblolly pine growing
in natural stands, by initial diasmeter class and survey period,
Virginia Ccastal Plain

Survey period

Initial

. ) 19661976 1976--1985
diameter

class Average One Average One
3y . . AR . 3
(inches)  Sample  padial standard  SamPle  ragial standard
growth error rees growth o
growtl ror trees tF er

trees

Number - - loches - - Number - - inches - -

1.0-2.9 268 0.082 0.,0042 112 0,084 0.0068
3.0-4.9 196 075 L00U5 111 071 L0056
5.0-6.9 181 079 L0043 T4 LOTY 008
7.0=8.9 225 LO80 L0036 202 LQ77 L0035
9.0-10.9 285 084 L0030 171 075 L0034
11,0=12.9 218 L084 L0035 209 079 L0032
13.0-14.9 139 LOTH L0032 137 073 L0033
15.0-16.9 82 L0817 L0040 89 LOT5 L0046
17.0-18.9 ' 56 .073 L0052 38 .079 L0062

19.0 and
larger He L0061 L0056 54 L0587 LO042




Table |

FammfAverage

ki oy ey g oy v d A i
in natural stands,

by initi

Virginia Coastal Plain

annual radial increment of Virginia pine growing
diameter class and survey per

“dod,

Survey period

19661976

1976=1485

Average One
radial standard
growth error

Sample
trees

Average One
radial standard
growth error

1e0-2.9 9z
3.0-4.9 o7

5.0=0.9 63

13,0=-14,9 5
\7.0-18.9 -

19.0 and
larger s

0.0066 32
083 L0059 ho
074 LOO0H 41

078 0053 48

)
o

LT L0059 Ble
LOT0 L0085 22
073 L0138 13

LOU5 L0260 i

w o INCHES = -

0.057 0.0087
LOHT L0070
053 L0040
056 LO05H
L0052 L0057
LOH49 L0071

L0869 L0106




Ha

Table Y4, e-p

in natural

North Florida

Te ANNUaL ral

dial increment of slash pine growing

by initial diameter class and survey period,

Initial
i
) 5

(inches)

Survey period

19591970

19701980

Samnple
trees

Average
radial
growth

One

standard

error

Sample

trees

One
standard
error

5.0=0.9

7. 0=8.9

9,0=-10.9
11.0-12.9
13,0=14,9
15,0-16,9
17.0-18.9

19,0 and
larger

Number

685

Leb

075
T2

L0606

060

Ilnches = -

L0062
L0069

L0109

L0134

Number

0,044
055
073
078
L0817
LU75
.069

L0065

0.0019
L0030
L0035
L0030
L0033
L0037
L0040
L0073

L0020

L0069




Table U5, -=fver

in natural
Morth Flor

ge annual radial increment of longleaf pine growing
stands, by initial diameter class and survey period,
da

lameter
class
(inches)

Survey period
¥ F

1959-1970 1970-1980

Sample
Lrees

Average One "HEE One
. [P SN 2 ) )
radial standard Sample radial standard

growth error trees growth error

13.0-14.9
15.0-16.9
AZT@Q"”""’I@?WE:}}

19.0 and
larger

Number

- = Inches - - Num;

0.082 0.0067 69 0.058 0.0079
066 L0066 97 063 L0054
L0817 L0045 115 LOTY L0057
L0817 L0030 153 076 L0033
072 L0026 215 .069 L0024
065 L0030 163 L0605 L0029
063 LOORT 73 .000 L0040
L068 0079 i 065 L0090

2053 .0083 L0700 L0124

0




Table U6, --Average
in planted stands,
North Florida

annual radial increment of slash pine growing
by initial diameter class and survey period,

Survey period

Initial
diameter

19591970

1970=1980

olass
inches sample
(inches) sample

trees

Average
radial
growth

One
standard
arror

Sample
trees

One
standard
error

Average
radial
growhth

Num

ToOm .G 197
3.0-4,9 77
5.0-6.9 48
7 0-8.9 16

9.0-10.9 14

17.0-18.9 ==

19.0 and
larger e

0.093
LTT
095
094
069

AN

- - Number

0.0053 595
L0055 451
.0082 216
L0148 49
L0140 15

LO1BS 6

(.102

p

o
o
B

<
o
~
157
o




Table U7.-wAverage
in natural stands,
South Florida

ke

annual radial increment of slas
by initial diameter class and

survey per

h p; ne grow i ng,
iod,

Survey period

Initial
diameter

19591970

1970-1980

class . ]
Sample
treas

hverage One
radial standard
growth arror

L=

Sample
trees

Average One
rad: standard
growth error

1,0=2,9 103
3,0-4.9 39
5. 06,9 4o

7.0-8.9 Lo

19.0 and
larger -

0,068
16 L0112 o
. 108 LOTOU 49
LOB7 L0097 57
085 LOOTH b7
L080 L0058 26
079 L0091 31
L0491 LOTON 13

058 L0103

-3

L B sYe) oYX

0.099 0.0092
103 0082
. 106 L0884
. 105 LA0TY
096 L0078
045 L0114
000 LU056

L0584 L0086

g
2
&

0
B
—
A
—
—3
[

070 L0275

N
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s of net

Lty and survey

Table 63.--Sample sizes, means (¥}, and standard errors (353) of inventory basal area (BA) and componer
growth for patural shortleaf pine stands in the Georgia Piedmont and Mountains, by Initial stand de
QyCie

e Components of net annual growth
Initial

gtand- s - L. o .
’ o ) P Initial . Terminal Het annual Survivor - ] .
/ sSurvey Sample ok pine PR e e Ingrowth Mortality
eyele sine inventory inventory growth growth
e o B2 bk A s B
k) o w w - o o k3 e = o ks o
X Sy X X 3% h4 Sy % Sy % Sx X By
. o .2 ' y W2
Humber oo ow o BA/gope (£67) - o~ - o e o e o= ow BA/gore/vear (££7) a o . . .

T-19 el 54 1042 0.68 93 55.79  4.19 4,09 0,38 2.07 018 2.19 0.37 o7 0,05
5 ! 13.50 0 1.79 B& 4233 6,13 2. 80 LTH 1.61 A3, 22 LHT .02 L0

20=39 H L3 3015 B4 79 75.5% 3.91  B.09 .36 3,66 L7 29 08
5 13 33.88 1.57 92 61.72 T.h2  R2.T0 T 2.02 > 33 7

kO-59 i 4o 51.00 .97 B0 93,68 4,

& 19 48,77 1.21 By 59,03 3. L2000 .39 L1000 1.08 0 L26
6079 4 39 TO.H LB6 86 104,71 3.95  3.12 0 .37 3.55 32 .32 .06 76 1
5 21 68,268 1,23 T 89,88 4,83 2,12 LW 2 84 .33 .27 07 99 14
80-99 4 19 B&.02  1.49 86 123.51 10.06  3.21 L84 #0169 18 06 97 51
5 20 92.38 1,36 §1  tzi.2h BLMY O 2,82 L8B3 1.99 .56 X 07 1.56 L9

100-119 4 12 108,45 1,73 Be 143,88 11,37 3.1 L0
5 19 110,26 1,46 T4 134,82 7.92 2.37 LT 3.9

1 204+ [ 12 149,38 6.94 B4 170,98 W93 W H 4.6 . LT 40
5 15 139,95  3.94 7% 154,39 1.43 LTH 3.78 . .06 50
AL1L i 219 52,06 2,57 85 92.31 2.92 3.63 .18 7001 L 1H .91 i 63
= 5 11 80.15  3.u47 81 101,65 4.36 2,09 L2600 3,053 19 LA 08 1,35
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5, MeAns inventory basal area (BA),

y of init antory in ! and annual survivor growth for
natural loblolly ol stands in the Georgla Piedmont and Mountains,

by the initial stand density of survivor trees and survey cycle

Tritial Percent Surviver
inventory® pine
Survey Sample
eycie gize o .
% bl 5

Fha i

—
H

—
AW

-

e
3D
L
faes
v
)
o

4 56 11,04 G 3,19 L34
o1 31 Y2 Th 86 1,88 .28

111 26.79 By 5.29
75 29 .44 7 4,51

=

5 40 31.47 B7
4059 3 103 48,45 & 32

i

79 50,66 88
49 50,54 87

i

6079 68,85 i3

69,11 85
5 65,69 81

100119 3 108,48
4 107,97
5 10%.92

120+ 3




Table of
percent in pine, and anpual surviver
natural short i g in the Georgla Pledmont and

of asurvivor

by the

and aurvey

Initial Percent vivor
) inventory® pine growth
density Survey Sample
3 cycle slze » B _
p! % X 3y

b

H
s
[vs

10,38

4 10,07 16

5 13.25 .31

20-39 3 28.90 as 4,10 .29
y 30,12 i 3,63 30

Y

32,40 89 2.07 W20

=

B0, 21 K

5 50,43 76 2.10 L3
50-T79 8y .64
4 B5 30
5 78 45
% B9 . L5 91 .58
4 B8 .74 Bg .87
5 B9 .67 78 b
3 7 108,43 g B
4 & ] T7 L HO
5 13 2 LB
120+ 7 133, 14 92 bz
il 136.85 B8 e
5 5 139,20 68 LBl
3 251 4g.52 a7 AL
i 213 45,70 a5 14
5 T 56,38 81 .19
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Fap

sizes, meanz of initial iLnventory basal are
L dnventory in pine, and annual survivor growih
¢ stands in the Georgia Coastal FPlain, by the initial

gurvivor trees and rvay oy

Percent Survivor
pine growth

119 3 9.95 57 2,40 0.
4 10.2% 97 2.12 25
5 11,26 40 1.51 .23

2039 3 93 29.30 93 .31
U 65 29.12 g0 .26
5 54 29.70 88 .32
3 67 92 «39
b 45 43 .2y
5 28 86 . 26

60-79 3 Hg i L8
4 LE 51 .36
5 32 47 i

BG-95 3 92,60 52 6,44 63
b 90,54 90 3.9 .37
5 88,98 8y 3.77 43

100-119 3 19 &5 7.00 .72
l i

120+
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PERDIX

4
on

species,
stamate AN
comparable Co
{1) was used
rion of d.b.h.

DBBH = b
(8]

iation (2)
ins

)

step

Step 4

3 - Use

Step

ART = l

AAR

afficients
southern

G
major

SPECIES

Loblolly pine
Slash pine
Shortleaf pine
Longleaf pine

Virginia pine

four-step procedure

ide
height.

Compute

By CONVERTING IHCRE T CORE MEASU ANTS TO AART

was used o an AART value each tree based
d.b.h., and radial g The computed AARIT was then used to

IRVEnTOory,

surement

g a doh“hm
Eqg ation

ial duJau¢ thue yieldin

at breast hei as a func-~
+ b, (1)
e
was used to predict the ratio of double bark thickness to
bark {d.i.b.) at breast height (BATIO) as a function of d.i.b.

b, (d.b.h.-DBBH) (2)
A

involved four steps after the appropriate coef-
gpecies being processed.

(1) to determine double bark thickness at breast height

from d.b.h. to obtain estimat

equation (2) to compute the ratio of DBBH to d.1.Db.

from radial

growth

(RG/100.0) = (2.00 + RATIO)

for equations (1) and (2), for saplings g , for the
pine species that are the focus of mbi& study are as follows:

eyt
]

EQUATION (1) DBBH = b_ + (d.b.h.)

SAPLINGS i

N b b, N b b
o 1 o 1

-0, 040144 }. 178064 5,955
0.157505 0.170501 4y671
~(, 040095 0.183498 2,162
0.045764 0.1525 ZJ 2,517
0.043788 0.0965 1,160

wmjf'
0.4950
0.206256 0. 06

Fd



EQUATION (2) RATIO = DBEBH/(d.b.h.~DBBH) = hg + hj (d.b.h.~DBBH)

SPECIES SAPLINGS LARGER TREES

M b b N b b,

o 1 o 1
Loblolly pine 458 0 0.199900  ~0.000215 5,955  0.234952 ~0.0069%41
Slash pine 790 0.438536 ~0.052724 4,671 0.283636 ~0.013036
Shortleaf pine 4l 0.244207 ~0.011044 2,162  0.253204 -0.010866
Longleaf pine 103 0.27629% -0.022886 2,517 0.220846 -0.008894
Virginia pine 136 0.092489 ~0.000444 1,160 0.140837 ~0.004764

Initial d.b.h. 5 yvears prior to the third survey was calculated for each tree
from the computed AARL.

Initial d.b.h. = present d.b.h. - (2.0 z AART x 5.0

Here is an example of how a typical tree was processed Lo obtain AARI and
initial dub.h.:

EXAMPLE: Species = Loblolly pine
deb.b. = 10.0 inches
Radial growth = 15
Equation (1): DBBH = 0.478397 + 0.093657(d.b.h.)
Equation (2): RATIO = DBBH/{d.b.h.-DBBH) = 0.234952~0.006941
{d.b.h.~DBEH)

Step 1 Using eguation (1), determine double bark thickness at breast height
DBBH = 0.478397 + 0.093657(d.b.h.)
DBBH = 0.478397 + 0.093657(10.0) = 1.414967

Step 2 Compute estimated diameter inside bark at breast height
d.i.be = dob.he ~ DBBH
doil.b. = 10.0 - 1.414967 = §,585033

Step 3 Using equation (2), determine the ratio of DBBH to d.i.b.

RATIO = DBBH/d.i.b. = 0.234952 ~ 0.006941(d.1.b.)
RATIO = DRBH/A,.i.b. = 0.2349572

Step 4 Compute AARI from radial growth
(RG/100.0) x (2.00 + RATIO)

/2.0
| (15/100.0) x (2.00 + 0.175363) / 2.0 = 0.163152

Initial d.b.h. = d.b.h, - (2.0 = 4ARI x 5.0)
Initial d.b.h. = 10.0 - (2.0 % 0.163152 =% 5.0) = &.368477
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The Forest Service, U.5. De-
partment  of Agriculture, is
dedicated to the principle of
roudtiple use management of
the Nation's forest resources
for sustained vyields of wood,
water, forage, wildlife, and
recreation. Through forestry
research, cooperation with the
States and private forest
owners, and management of
the MNational Forests and
Mational Grasslands, it strives
~as directed by Congress—to
provide increasingly greater
service to a growing Nation.

USDA policy does not permit discrimination because
of race, color, national origin, sex or religion. Any
person who believes he or she has been discrimi-
nated against in any USDA-related activity should
write immediately to the Secretary of Agriculture,
Washington, .G, 20250,



