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Overview

PINEMAP

How are productivity, carbon storage, and water cycling
going to change over the 21 century?

e Uses multiple stand biomass ~ Widely-used, scales leaf Implication of
Uses individual tree .
pools, experiments, flux ~ processes to large-scales; change on
measurements for . . .
towers, prior knowledge, coarse resolution with water cycle
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patameterization PINEMAP collected data  global parameterizations
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Model

e GenLob (Gyawali and
Burkhart, 2015) is a
stand-level growth and
yield model

Inputs

 Site Index (SI)
e Initial Stocking
e Stand Age

Outputs
e Basal Area

— Converted into
Green Weight,
Volume, and
Carbon

e Survival

e Dominant Height
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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 incorporate commeon sitvicultural practices are essential for practicing intensive
forest management. We present models for growth response to a wide range of silvicultural treatments in loblolly pine (Pinus
tacda L) plantations. Bascline models for basal area. dominant height, and survival were fitted using data from across the
southeastern United States. Growth models for treated stands were developed by multiplying bmlme models with modifier
mmmrwmdmgmhmwmldm tion. Response to carly
control of ‘was ing mtnbm:mmwmmfmmnmﬂkuhltﬂﬁm
gmhdﬂmmsbﬂwmlrﬂlndandmmmdmmm;hmnmgwwﬁlmmdndddnnmnmdnlcpam
etersand d age at the....... mme ity of thinni response
fi were bacd.on the Weiball distrib the de of varies with time since applicalim of fertilizers,
type of fertilizer. and rate of application. A difference function. derived from a differential equation with age. initial stand
density, mdnlemd:xasprﬁkmn served as the baseline survival model. The survival model was adjusted for thinning

treatment by including an i variable that thinning intensity. The resulting models were able
to predict growth response when single, as well as multiple, treatments were applied.
Koy words: modeling, growth and yicld, thinning. i Pins taeda.

Résumé : Des modeles de croissance et de production forestiére qui tiennent compte des pratiques sylvicoles courantes sont
mmhmnhcrmmnwmmmm;mmmdamh¢mmdmmmde

des sur la crok dans des ions de pins 3 encens (Pinus taeda L) Nous avons ajusté des modéles de
base por ot iere, 1a hauteur domi la survie a Taide de données couvrant be sud-cst des Etats-Unis. Les modéles
drcruimmp:qplmmsmuumﬂemnuupumlcnnmhrplumlnmdendemmrdnlunuhmdeﬂpmr
md:ﬂcm'mqmnmmncmm:dﬂcﬂ‘rudcndﬂuedehftmhsamnﬂtthmdhmd:hvtyuhmmmmlcu

réaction 4 la maitrise précoce de la i afei uansl:l de base par des facteurs multpli-
catifs calculés a partr de di de croi entre les traités et non traités. La fonction de réaction a

inchaait des p ‘-dumﬂdcuu.ummbhﬂmdumkmaummdcttd&me au temps
emn!ed:pun“"*:" de T'éclairce. Les PSR o
de Weibull al dics réacti i hmndnlmwtcwledcpm;rapphanondﬁ&mhnnb.ktypedc
htﬂ.tsm:ﬂl:umd‘lpphﬂnuuﬂmsmmhxmmu&k&bupmthbnﬂmnmfmmd:dﬂm
derivée di ayant prédicteurs Tige, la densité initiale du peuplement et Tindice de qualité de
station. Le modéle de survie a éie ajusté pour le trai d'echaircie en i une variable i

taire représentant Nintensité de I'éclaircie. Les modéles obtenus powvalent prévoir la réaction de [Er—— lorsque des traite-
‘ments simples ou multiples éaient appliqués. [Traduit par la Rédaction|

Motsdés isation, croi et don. éclaircie, maftrise de la ion © isation, Pinus taeda.

Introduction
Gmhindylcldmodﬂsmalqumufyfomﬂshnddymm
‘have been widely used in forest asan
effective tool in decision n-.uhng, Sn\ucnlmnl prms mch as
i conlml. i and ly ap-

stance. Wagner et al. (2006) reviewed results from 60 long-term
studies on vegetation management in Canada, the United States
{US), Brazil, South Africa, New Zealand, and Australia. In a more
mu'_nln!vl!w McCarthy et al (2011) summarized the state of for-
est ices in Europe. Past studies on
:br;llr pdne (Pinus taeda L) plantations have documented that

plied to improve the establish ﬂwlh.mhry. P
and productivity of forest stands. To make management ded-
mns. forest managers need growth models that are designed to
these silvi ices and that can also accy-

rately project growth.

Competing vegetation control is one of several sibvicultural
practices used lncnhincz productivity m{nnsrslznds The im-
of is well for in-

longer term woody vegetation control can
enhance (Marks and Haywood 1986; Glover and Zutter
1993; Miller et al 2003) by decreasing competition for space,
\\r:(er nutrients, and light,

is another practice g Iy
applied in plantation ﬁm-my to improve stand structure. Several
studies have shown that thinning produces significant changes in
the growth of loblolly pine plantations (Short and Burkhare 1992;
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Model

e To obtain SI, we used a
biophysical SI prediction
model (Sabatia and
Burkhart, 2014)

Inputs
e Edaphic
Available Soil Water
— Percent Sand
e Climactic

— Total Annual
Precipitation

[Temperature]

— Summer Dryness

Precipitation]

Outputs
o SI

- Growing Season Days

Farest Ecology and Management 126 (2014) 142-156

Contents lists available at SclenceDirect

Forest Ecology and Management e

journal homepage: www.elsevier.com/locate/fareco

Predicting site index of plantation loblolly pine from biophysical @wm_*
variables

Charles 0. Sabatia *, Harold E. Burkhart
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ARTICLE INFO ABSTRACT
Arscle fuzory: Concerns of the effect of climate change on forest productivity have impelled the need to accurately pre-
Rerived 20 Jammary 2014 dict forest praductivity from climate, physiographic and edaphic variables( biophysical variables ). We fit-

Received in revised form 17 April 2014 ted and evaluated random forest models and nonlinear least squares regresion madeks for predicting
::?; ;‘M:':‘:"“; nail plantation lablolly pine (P taeda L) site index Fom biophysical varables. Tree and stand lecation data

were provided by the Virginia Tech Forest Modeling Research Cooperative. Clmate data for each stand
location were computed using the Oakridge National Laboratories dally surface weather prediction mod-

:-m #ls, while solls data were extracted from the USDA Natural Resource Conservation Service SSURCO GIS
R Feiat databate using GIS data extraction techniques. Separate models were fitted for non- intensively managed
Facir amalys (Non-IMP) and intensively managed (IMP) loblolly pine plantations. Vanable selection methods in both
Clmate change madeling approaches showed that the number of biophysical varbles that were impartant in predicting
site index of IMP loblolly pine was smaller than the number for Non-IMP stands. The non-parametric ran-
dom forest models had better it and prediction statistics than the lest squares parametric models but
exhibited the potent ial to give (logical predictions under extrapol stion. Site index predictions from bath

modeling approaches exhibited a regretsion towarnds the mean.
2014 Elsevier BV, All rights reserved.
1. Introducton lodgepole pine site index under dimate change in Alberta, Canada
(Monserud et al, 2008} Other linear regression models that pre-
Qimate, edaphic, and physi hic factors ( bi fac- dict site index from biophysical factors have also been developed

tors) are important drivers of forest productivity. Adverse changes {eg Fries et al, 2000; Hamel et al. 2004; Sharma et al, 2012}

Index [Temperature &

in some of these factors may cause a dedine in forest productivity
witha possibiliy of significant impacts on ecological and economic
roles of forests. Currently. there are concerns of climate change
with projections of warmer temperatures, increased carbon diox-
ide concentrations, and longer growing seasons (Menzel and
Fabian, 1999; Hansen et al, 2012; Peters et al, 2013} The need
to accurately predict the effeas of dimate change on forest pro-
ductivity has led to the development of different kinds of empirical
mod:ls that predic l'um( producivity dimdy l'rom blophyﬁra!

F and pproaches
haw been applied Monserud c: al, {2006) dm]upcd a linear
regression model that predicted lodgepole pine (Finus contorta
Dougl. ex Loud) site index as a function of growing degree days.
This model was hiter used to predict the potential change in
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Rotorus 346, New fralind Tel: +64 7 340 5899; G <64 7 348 0952
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MIT7E-11270 2014 Hsevier V. All rights reerved.

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 et al (2011) related 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 pmo-
ductivity of the forests in the study area. In our knowledge, similar
modeling appmaches have not been applied nor evaluated on plan-
tation loblolly pine (Pinus taeda L) in southem United States.
Loblolly pine plantations form a significant proportion of forest
land in the southern United States. In the cardy 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 timber with
the world's propontion projected to increase by about 30X by
2040 (Wear and Greis, 2002). Loblolly pine makes up about 80%



Model

e We treated CO, fertilization
as a lift to SI via Westfall
and Amateis (2003)

ASI = ACO,*°18%0 exp(—0.06020 SI)

— where IPCC concentration
trajectories were used as the
input data

e In practice, we obtained lifted
SI for a given year on an
annualized basis:

Sllifted, year — Sllifted, year—1 + ASlbaseline, year

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, Depariment of Forestry, Virginia Polvtechnic Institute
and State University, Blacksburg, VA 24061,

ABSTRACT: Iy increasing cong of pheric 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 vield profections. Data from 94 awhmrd plots across the Southeast were used to develop an
equation that utilizes change i bient COyconc finitial site quality to predici change in site index
(AS1). For a given change in CO, concentration, a greater increase in site index is afforded to lower quality
sites. The ASl equation was incorporated into a loblolly pine growth model. Simulations with and without site
index adj were perf d and plot volume estimates were compared lo observed values. Mean percent
residual dropped from 9.7% with so adjustment 1o -0.5% when ASI was emploved. Forest managers can use
this model to evaluate how possible COy-induced growth increases may affect long-lerm timber yields and
management strategies. South. J. Appl. For. 27{4):279-284_

Key Words: Climate change, growih and yield, Piaus faeda, carbon dioxide.

Envi 2 ey ST 1
phenomena and human activity. The effects of these changes
and the effects on the earth as a whole are topics for debate.
it beasafl i i

conditions in the future will nol be the same as those of today.
For instance, long-term data from Mauna Loa, Ha\rau shou
that ic carbon dioxide (CO4 ) le

aroughly linear rate of increase of 14 ppmyr since the late
19505 (Conway et al. 1994). If this trend continues, the

long- term projections of gmwth and yield are necessary to
C plans. Research
on loblolly pine has shown that photosynthetic rates increase
as OO, concentrations are increased (Tissue et al. 1993,
Ellsworth et al. 1995, Hennessey and Harinath 1998). While
inc inp do not equale (o faster
growth, srud) n-suhs indicate that increases in growth are
being realized under elevated CO, concentrations (Teskey
1997, Alemnyl'hu et al. 1998, Saxe et al. 1998). Increased

ambient CO, concentration will increase by app
40% over the next century. Houghton et al. (1995) sugsesz
€O, concentrations of 650-700 ppm by 2075, ially a

€O, ion would likely
aITm the planning of silvicultural regimes and harvest

doubling of current levels.

(Groninger et al. 1999).
Enhanced rates of growth for loblolly pine would be

The potential impact of i €0, conc
should be of interest lo commercial forest managers as

Nar Jamies A. Westfall can be reachod at (610) 557-3043; Fax: (610)
557-4250; E-mail: jameswestfallizfs fod us. Ralph | Amatets
can be reached t (540) 211-7263; E-mail: ralphiaviedu. The
atsthors gratefully acknowledpe the support of the Loblolly Pine
Growth and Yield Rescarch Cooperative at Virginia Tech.
Manuscript recefved July 23, 2002, accepted Janaary 22, 2003,
Thas article was written by a ULS. Govermnent employee and is
therefore in the public domain

ax panied by i ¢ site index values. Valentine etal.
{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 f'yr for loblolly pine plantations in the
Southeast. While these results are useful, they require model
simulation runs in order o be applicable o a given stand
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Management Cases x1 Climate Scenarios Future Time Slices x4

(RCPs) x2 = 2020-2039
= 2040-2059
= 2060-2079
= 2080-2099

Non-Improved
“non-intensively managed,

enetically unimproved stands” Ik (A b s
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--Sabatia and Burkhart, 2014
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CO, concentration was treated as uniform across the region
Soil variables were treated as constant through time



Data

 Soils (SSURGO)
feEme

Percent Sand

e Climate (MACA)
jEsee

Temperature Precipitation



Data

e Primary spatial unit is 12-digit hydrological unit code features
(HUCs) from the USGS

— Chosen to facilitate model intercomparison

— Balances spatial scope with tractability

- ~18000 HUCs across the PINEMAP region of interest

e Median size: ~22000 acres
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Regionalization Process

Soil Data
(SSURGO)

o —h

Hydrological Units
(HUCs)

Climate Data
(MACA/Idaho)

Aggregation to HUCs
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PINEMAP

Results

RCP 8.5

(business as usual)

Climate Only

CO, Only

RCP 4.5

Climate Only

CO, Only

Climate + CO,

Climate + CO,

(peak emissions ca. 2040)

2020-2039

3.5% * 3.6%
(30.9% significant)

7.2% £ 4.7%
(44.3% significant)

14.9% =+ 5.7%
(97.0% significant)

3.0% + 3.4%
(25.5% significant)

6.1% + 4.4%
(38.7% significant)

14.6% £ 5.5%
(96.3% significant)

2040-2059

7.1% + 6.3%
(49.8% significant)

19.7% + 8.3%
(94.4% significant)

30.9% =+ 10.4%
(98.4% significant)

6.5% + 5.6%
(44.2% significant)

13.2% + 6.5%
(81.5% significant)

30.6% £ 10.0%
(98.4% significant)

2060-2079

12.2% £ 9.6%
(66.3% significant)

39.7% * 13.8%
(98.9% significant)

55.2% £ 16.6%
(99.7% significant)

10.0% + 7.5%
(62.6% significant)

19.7% + 8.4%
(94.4% significant)

52.9% £ 15.6%
(99.6% significant)

2080-2099

17.9% £ 12.6%
(76.8% significant)

65.1% £ 20.1%
(100.0% significant)

84.2% + 24.2%
(100.0% significant)

12.7% + 9.4%
(69.0% significant)

22.7% + 9.2%
(95.7% significant)

78.9% =+ 22.0%
(100.0% significant)



Caveats

e GenLob runs on an annual time step

— Insensitive to disturbance conditions ’
» Drought, Insects, Fire, Disease (DIFD)

e Optimal CO, fertilization presented here require
sufficient complementary Nitrogen deposition

 Management practices (silviculture, site
preparation) and genetic improvements were
not considered here ‘

— Baseline runs
e Other sources of variability
— Accounted for: Climate, RCP, Age

— Not accounted for: Parameter, Process,
Measurement




Conclusion

e From the empirical, stand-level perspective, loblolly
productivity receives beneficial effects from warmer,
wetter climate and additional atmospheric CO,

e Further work includes...

— Publication (Paper currently in preparation)

— Intercomparison with other PINEMAP models
— Accounting for additional sources of variability
— Incorporation of results into the DSS
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