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General response functions to silvicultural treatments in
loblolly pine plantations
Nabin Gyawali and Harold E. Burkhart

Abstract: Forest growth and yield models that i practices are essential for practicing intensive
bmmuwl.w:pmaumodzh{orgwthruyomeloamdcnngolnlvxukwﬂmmnumw pine (Pinus
taeda L) plantations. Bascline models for basal arca, dominant height, and survival were fitted using data from across the
southcastern United States. Growth models for treated stands were developed by multiplying bascline models with modifier
mmmmrwmdmmfmhmmmlo{mwvm Response to carly
control of was inc into baseline models through multiplier factors that were calculated from
growth differences between treated and untreated stands, The thinning response function included duration and rate param-
amandwawnmewmmmulhcnmoﬂhmmmmntnmlhmnmandimenmdlhiumukmhm response
fanctions were based on the Weibull di the i of aries with time since application of fertilizers,
type of fertilizer, and rate of application. A difference function, derived from a differential equation with age, initial stand
density, andnl:mdcxupr«kmn served as the baseline survival model. The survival model was adjusted for thinning
by i variable that rep thinning intensity. The resulting models were able
to predict growth mpmue when single, as well as multiple, treatments were applied.
Key words: modeling, growth and yicld, thinning. ilization. Pinus tacda.
Reésumé : Des modeles de croi ct de qui tiennent compte des pratiques sylvicoles courantes sont
mwhmndwm:mmmw Nous présentons des modéles dimpact dune large gamme de
y i de pins 2 encens (Pinus taeda L) Nous avons ajusté des modeles de
hmponrhsuﬁxrlerﬁm,hhmlmdomlmlcnhmmalaﬂc&dmmmmtknﬁﬂda&xuﬂmumwh
de croissance des peuplements traités ont ét¢ mis au point en multipliant les modeles de base par des fonctions de réponsc
M&zmsqmmnlcmptedn:ﬂmdcledmm dch[ﬂuhumndﬁhmalmxdchvmmmlc la
réaction a la maitrise précoce de aeétei dans les modeles de base par des facteurs multiphi-
catifs calculés a partir de di de croi entre les traités et non traités. La fonction de réaction a
l«tnmcmﬁmﬂduparmdedumndeum.deﬂmbkaﬂgcdumlcwmwmxdtrmme.mlmm
¢écoulé depuis Féclaircic et aTintensite de l'éclairce. Les jon a la fertili fondées sur la distribution
&Wnbu.l.labrsqnclamplmdcdcsrmmvmemhmmndnlcmpsecwledcpmshwbmmdnmhnns.klyptdc
m&nldltmﬂawmn%nmmhﬁumh&b&mhmthn&mmlmnmdcm
dérivée dune ©t ayant comme i Tige. 1a densité initiale du peuplement et Findice de qualité de
mmumodekdcmvwa«u,uuepomk i d'éclaircic en une variable i
taire représentant Hintensité de Néclaircie. Les modeles obtenus pouvaient prévoir la nmkcumhwduumb
ments snnplnrmmlnpksazxm appliqués. [Traduit par la Rédaction]

Masdé : i i et eclaircie, maitrise de la i isation, Pinus taeda.

Introduction
Growth and yield models that quantify forest stand dynamics
have been widely used in forest operations and management as an
effective tool in dcason nuhng. SlMculmnl pnclices such as
control, i ly ap-
puedlnimpmcmcmzbﬂ:hmem growth, qmuly P

stance. Wagner et al. (2006) reviewed results from 60 longterm
studies on vegetation management in Canada, the United States
(US). Brazil, South Africa, New Zealand, and Australia. In a more
recent runew McCarthy et al (2011) summarized the state of for-
est ices in Europe. Past studies on

and productivity of forest stands. To make management ded-
nons. forest mmag:nnccdyumh models that are designed to
these silvi ices and that can also accu-

rately project growth.
Competing vegetation control is one of several silvicultural
practices used to mluncc productivity in forest nznds The im-
of is well for in-

lobolly pine (Pinus taeda L) plantations have documented that
carly and longer term woody vegetation control can
enhance growth (Tiarks and Haywood 1986; Glover and Zutter
1993; Miller et al. 2003) by decreasing competition for space,
water, nutrients, and light.

i is another practice g 1y
applied in plantation fon:my to improve stand structure. Several
studies have shown that thinning produces significant changes in
the growth of loblolly pine plantations (Short and Burkhart 1992;
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Soil variables were treated as constant through time



e Non-Improved

- “non-intensively
managed, genetically
unimproved stands”

e Improved

- “intensively managed,
genetically improved
stands”

e Slightly different SI
models for each case
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Concerns of the effect of climate change on forest productivity have impelled the need to accurately pre-
dit forest y from climate, phy b ic and edaphic variables ( blophysical variables). We fit-
ted and evaluated random forest modeks and nonlinear Jeast squares regresion madels for predicting
plantation lablolly pine (Pnuws toeda L) site index fom blophysical variables. Tree and stand location data
were provided by the Virginka Tech Forest Modeling Research Cooperative. Climate data for each stand
location were computed using the Oakridge National Laboratories” daily swiface weather prediction mod-

erpenct els, while solls data were extracted from the USDA Natural Resource Canservation Service SSURGO GIS
Random forest database using GIS data extraction techniques. Separate models were fitted for non-intensively managed
Factor amalyss (Non-IMP) and intensively managed (IMP) lcblolly pine plantations. Varable selection methods in both
Chimate change madeling appraaches showed that the number of biophysical variables that were important in predicting
site index of IMP loblolly pine was smaller than the number for Non-dMP stands. The non-parametric ran-

dom forest models had better fit and prediction Statistics than the least squares parametric models but

exhibited the potential to give illogical predictions under extrapalation. Site index predictions from both

g h hibited 2 towards the mean
© 2014 Elsevier BV. All rights reserved.
1. Introduction lodgepole pine site index under dimate change in Aberta, Canada

Qimate, edaphic, and physiographic factors (biophysical fac-
tors) are important drivers of forest productivity. Adverse changes
in some of these factors may cause a dedine in forest productivity
witha possibility of significant impacts on ecological and economic
roles of forests. Currently, there are concerns of climate change
with proj of warmer i d carbon diox-
ide concentrations, and longer growing seasons (Merzel and
Fabian, 1999; Hansen et al, 2012; Peters et al, 2013) The nead
to accurately predict the effects of dimate change on forest pro-
ductivity has led to the development of different kinds of empirical

(Monserud et al, 2008). Other linear regression models that pre-
dict site index from biophysical factors have also been developed
(eg Fries et al, 2000; Hamel et al, 2004; Sharma et al, 2012)
Crookston et al. (2010) showed how the non-parametric mndom
forest model, that predicted site index as a function of dimate vari-
ables, can be used to incorporate dimate change effects in the US
Forest Service Forest Vegetation Smulator (FVS) modd. Ina similar
study, Weiskittel & al (2011) rdated site index and forest gross
primary productivity to cdimate variables in westem United States
using the non-parametric random forest model and used the
resulting models to predict the effect of dimate change on the pro-
ductivity of the forests in the study area. In our knowledge, similar

modeks that prediat forest productivity directly from biophysical
di ic and i i

have been applied Mornserud et al. (2006) developed a linear
regression model that predicted lodgepole pine (Pinus contorta
Dougl. ex Loud) site index as a function of growing degree days.
This model was liter used to predict the potential change in
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deling approaches have not been applied nor evaluated on plan-
tation loblolly pine (Pinus toeda L) in southem United States.

Loblolly pine plantations form a significant proportion of forest
land in the southern United States. In the eady 2000s there were
over 12million ha of pine plantations in this region composed
mainly of loblolly pine, with projections that the area would
increase to 22 million ha by 2040. Forests in southem United States
produced 58% of United States and 15.8% of world’s imber with
the world's proportion projected to increase by about 30% by
2040 (Wear and Greis, 2002). Loblolly pine makes up about 80%



 [PCC CMIP5 CO,
emissions curves used as
the input data

 We treated CO, as a SI lift

— ASI = ACO," "™ exp(=0.06020S1,

) . B (3)
R* = 30.3% SE = 2,49

— Then applied the lifted
SIs to GENLOB models

A CO,-only run is
also planned

CO, Fertilization Model

A Model to Account for Potential
Correlations Between Growth of
Loblolly Pine and Changing Ambient
Carbon Dioxide Concentrations

James A. Westfall, USDA Forest Service Northeastern Research Station, Newtown Square,
PA 19703, and Ralph L. Amateis, Department of Forestry, Virginia Polytechnic Institute
and State University, Blacksburg, VA 24061,

ABSTRACT: Continuously increasing concentrations of atmospheric carbon dioxide (CO,) may be leading
to enhanced growth rates for loblolly pine. In order to plan effectively silvicultural regimes and harvesting
schedules, managers of loblolly pine plantations may wish to account for these potential changes when making
growth and yield projections. Data from 94 unthinned plots across the Southeast were used 1o develop an
equation that utilizes change in ambient CO; conc i dinitial site quality 1o predict change in site index
(AS1). For a given change in CO, concenlration, a greater increase in site index is afforded to lower quality
sites. The ASI equation was incorporated into a loblolly pine growth model. Simulations with and without site
index adjustments were performed and plot volume estimates were compared to observed values. Mean percent
residual dropped from 9.7% with no adjustment to -0.5% when AS| was employed. Forest managers can use
this model to evaluate how possible COy-induced growth increases may affect long-term timber yields and
management strategies. South. J. Appl. For. 27(4):279-284.

Key Words: Climate change, growth and yield, Pinus faeda, carbon dioxide.

E

alwaysc

phenomena and human activity. The effects of these changes lan:

long-term projections of growth and yield are necessary to
i i plans. R

and the effects on the earth as a whole are topics for debate.
R itseemstobeasafe jonth: i

conditions in the future will not be the same as those of today.
For instance, long-term data from Mauna Loa, Hawaii show
thatatmospheric carbon dioxide (CO,) levels have maintained
a roughly linear rate of increase of 1.4 ppm/yr since the late
1950s (Conway et al. 1994). If this trend continues, the

on loblolly pine has shown that photosynthetic rates increase
as CO, concentrations are increased (Tissue et al. 1993,
Ellsworth et al. 1995, Hennessey and Harinath 1998). While
increases in photosynthesis do not necessarily equate to faster
growth, study results indicate that increases in growth are
being realized under elevated CO, concentrations (Teskey
1997. Alemayehu et al. 1998, Saxe et al. 1998). Increased

ambient CO, concentration will increase by app
40% over the next century. Houghton et al. (1995) suggest

growth duet Cco, would likely
affect the planning of silvicultural regimes and harvest

CO, concentrations of 650-700 ppm by 2075, ially a heds (Gi et al. 1999).
doubling of current levels. Enhanced rates of growth for loblolly pine would be
The potential impact of i CO, ¢ jed by ing site index values. Valentine et al.

should be of interest to commercial forest managers as
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(1999) estimated that site index would increase approximately
9.4% over a 20 yr period using results from the carbon-balance
process model Pipestem. Baldwin et al. (2001) presented a
linked growth and yield/process model system that takes
environmental conditions into account when making growth
projections. Results from that study suggest a mean increase
in site index of 0.28 fVyr for loblolly pine plantations in the
Southeast. While these results are useful, they require model
simulation runs in order to be applicable to a given stand
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Results

e Results available in .csv or .shp formats, per...
- Stand age
- Management case
- RCP scenario
— Future time slice

- (and GCM)

e Qutputs for each GENLOB variable

— Absolute values

— Percent difference against the baseline
* 1980-2005

- Two-sample t test p-values
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Next Steps

* Troubleshoot missing data regions
- OQut west

e Incorporate CO,-only fertilization effects

» Find a way to concisely summarize the vast amounts of
data for communication!

- By HUC?

- Means/medians across the region?

— Other suggestions?



