Integrating research, education and extension for enhancing southern pine climate change
mitigation and adaptation

Martin-reverse site visit questions

Question 1. Some additional details of the experimental design are needed. How many Tier
2 sites will there be? 20? And there appears that there will be 4 Tier 3 sites where factorial
experiments will be established that will include rain reduction experiments. Will 4 sites
give enough geographic coverage? What about the power? A recap of the different
monitoring networks and the questions being addressed at each is needed.

The RFP required proposals to capitalize on existing monitoring networks in the region, and to
develop and implement standard measurement methodologies on the network to monitor stores
and fluxes of C, N and H,O. Our network of existing southern conifer trials in the SE region is
geographically and temporally very extensive, and our proposed monitoring network capitalizes
on this breadth and depth. We have divided the network of existing trials into tiers to allow
increasingly intensive measurements on subsets of the trials. Table 1 summarizes the
characteristics of the three tiered monitoring network, including number of sites to be measured
in each tier, treatments, measurements to be taken, and questions addressed in each tier.

Tier 1 will use the existing network of several thousand growth and yield cooperative (e.g.,
Shiver & Martin 2002, Russell et al. 2010) and U.S. Forest Service Forest Inventory and
Analysis (FIA) permanent plots which blanket the region to provide extensive, spatially-explicit
information on regional variability in productivity. A wide range of growth and yield trial series
are available, some of which include management treatments such as planting density, thinning,
fertilization, and weed control. Most of these plots have repeated tree inventory measurements
over time and thus provide excellent information on spatial and temporal variability in tree
productivity across the soil and climate factors in the region. It is unlikely that resources will
permit the project to analyze the entire existing set of data from all trials, but we should be able
to analyze hundreds of sites. While these sites will not provide direct information on all C and N
pools, tree biomass dynamics (which will be derived from the inventory data and allometric
relationships) dominate C and N flux relationships in most forest systems and so Tier | will be
very informative given the number and distribution of sites. This Tier will have great utility for
the development of improved growth and yield models (the standard for prediction of tree
productivity under varying management regimes) and for verification and validation of
simulation output from the biological models.

Tier 11 sites will be chosen from existing cooperative field studies and planted forest AmeriFlux
installations (Noormets et al. 2010, Gonzalez-Benecke et al. 2010) which cover the full range of
climate and soils in the region, and most of which include replicated silvicultural treatments. All
of these trials have multiple historical tree inventory (typically survival, trees/acre, tree height



and diameter) measurements; some have additional C and N budget measurements, as well. Tier
Il sites will be chosen to optimize variation in geography, soils, climate, stand age, and treatment
(focusing on nutritional, competition control, and thinning or planting density treatments), as
well as the strength of existing data for each trial. New, more intensive measurements on Tier Il
sites will enable standardized quantification of C and N pools and fluxes, including soil
heterotrophic respiration, the key link between net primary production (NPP) and net ecosystem
production (NEP). Included in the Tier Il sites will be installations of a study currently being
established by the Forest Nutrition Cooperative with support of the NSF Center for Advanced
Forestry Systems that will use 15N to investigate the uptake efficiency and ecosystem fate of
applied N fertilizer in loblolly pine plantations. A minimum of 20 loblolly pine stands across the
South will be included in this study which will compare 15N labeled urea and three types of
controlled release N fertilizers.

The number of Tier 1l sites was chosen after balancing budget constraints with the need for
geographic, soils, age and treatment coverage. The region will be divided into four geographic
“teams” to carry out Tier II (and Tier III) measurements: (1) TX A&M and Oklahoma State, (2)
Auburn and Georgia, (3) Virginia Tech and NC State, and (4) Florida. While the actual number
of sites measured within each group will depend on variations in distance to sites, age of studies,
and other factors, we calculated that on average each team would be able to complete
measurements on approximately 35 Tier Il sites within their region over the five year period, for
a total of 140 sites measured. Tier Il is the heart of the monitoring network, representing a very
ambitious and geographically diverse set of coordinated C and N pool and flux measurements.
Carefully chosen ecophysiological parameters measured on a large fraction of the Tier 1 sites
(maximum intercepted photosynthetically active radiation, estimates of “fertility rating,” soil
autotrophic and heterotrophic respiration) will enable us to parameterize key model inputs and
characterize regional variation in important biological functions related to C and N cycling.

Data from the Tier I and Tier |1 sites will provide substantial information on climatic influences
on productivity due to the wide geographic range and time span covered by the studies.
However, climate change may produce combinations of conditions that have no analog in past
climates. For this reason, we chose to situate the four Tier I11 sites across the full temperature
and precipitation range of the species, and then to reduce precipitation by approximately 30%,
which is at the extreme end of predictions for precipitation and/or soil moisture variation
associated with climate change for the region. Because most planted pine forests are nutrient
limited and nutrient management is widespread, it is important to examine the interaction of the
precipitation treatment with an imposed nutritional gradient on this tier. While additional sites
are often desirable, we think the proposed Tier I11 network represents the best balance of climatic
variability with personnel and budget constraints. Intensive measurements of nutrient and



carbon pool and flux and ecophysiological parameters will be undertaken on Tier 11 sites,
enabling us to parameterize ecophysiological models for conditions likely outside the historical
range of climatic variability encountered in the loblolly pine range, and therefore broadening the
inference space for the models parameterized from these measurements.

Table 1. Overview of the three-tiered monitoring network.

Network Number

Level of Sites
Tier | ~500
Tier 1l ~ 140
Tier 111 4

Treatments

Combinations of
fertilization,
competition control,
planting density,
thinning, stand age

Combinations of
fertilization,
competition control,
planting density,
thinning, stand age

Factorial
combination of
fertilization (control
and “optimum”) and
precipitation (rainfed
and ~ 30%
reduction)

Measurements

Existing inventory data

Inventory, C& N
pools, soil GHG fluxes
and key
ecophysiological
model parameters on
subset

Same as tier Il, plus
intensive C, N and
H,O ecophysiology

Questions to be Addressed

How does tree productivity vary
with climate, soils, stand
development, and management
factors? Verification and
validation of growth and yield and
carbon models.

How do above- and below-ground
C and N pools and fluxes, as well
as key ecophysiological modeling
parameters, vary with climate,
soils, stand development, and
management factors?
Parameterization, verification and
validation of growth and yield and
carbon models.

Same as tier Il, plus extension of
parameter space to climatic
conditions likely not experienced
within the historic loblolly pine
range, and verification and
validation of growth and yield,
carbon, and water models.



Question 2: What about the lack of any N,O measurements at any of the sites? There was
concern among panel members that N,O fluxes may not be simulated or otherwise
accounted for. Why?

Several of the reviewers commented on the omission of N,O measurements from our proposed
work and felt that we would have a stronger proposal if N,O were included in our analyses. We
agree with the reviewers and now propose to measure both N,O and CH, fluxes in the Tier Il and
Tier 111 installations along with the NH3; and CO, emissions we originally proposed. This will
enable us to conduct a more comprehensive evaluation of greenhouse gas fluxes from southern
conifer ecosystems that is critically needed as part of a comprehensive lifecycle analysis
(Cherubini et al. 2009; EPA 2009). One of the co-Pls (Dr. Strahm) recently obtained funding that
will enable Virginia Tech to upgrade an existing gas chromatograph and optimize it for
greenhouse gas analysis including N,O and CH,.

The omission of N,O in the original proposal was a consequence of our focus on quantifying N
fertilizer efficiency in southern conifer forest ecosystems, which is a key research question
highlighted in the original RFP. Since the major loss mechanism following fertilization with urea
in forest ecosystems is NH3 volatilization, and relatively small quantities of N,O are lost, N,O
loss will likely have little impact on N uptake efficiency of southern conifer plantations
following fertilization. We thought it was important to address this priority as completely as
possible, hence our focus on NH3. However, even though N,O accounts for only about 6% of
anthropogenic greenhouse gas emissions, N,O is a potent greenhouse gas. It is nearly 300 times
more powerful in its greenhouse effect than is CO, (IPCC 2007). In addition, N,O plays a role in
ozone destruction. Therefore, we were remiss in failing to include NO in the original proposal
and thank the reviewers for pointing out this deficiency.

Approximately one-third of the N,O in the atmosphere originates in the soil. N,O is a byproduct
of two microbial driven N transformations in the soil. Nitrification is carried out by a group of
soil nitrifying bacteria and is an aerobic process. Soil nitrifiers obtain energy from the conversion
of ammonia into nitrate. During this process, a small amount of the ammonia is also converted to
N>O which is lost to the atmosphere (Castro et al. 1994, 1995; Basiliko et al. 2009). Fertilization
of loblolly pine in the South with urea adds significant amounts of ammonia to forest soils which
may stimulate the nitrification process and increase the potential for N,O losses. The second
pathway in soils that can result in N2O losses is denitrification (Davidson et al. 1998). In
anaerobic soils, denitrifiers utilize NOs as the terminal electron acceptor during the
decomposition of soil organic matter. The majority of the NOj is converted to N, gas in this
process, but small amounts of N,O are also produced by denitrifiers. Nitrogen fertilization can
increase production of N,O in many sites. Recently, it has been questioned whether N,O
emissions are large enough in highly fertilized agricultural systems to offset C benefits of
increased crop productivity (Crutzen et al. 2008). Unfortunately, much less is known about N,O



in fertilized forest systems. Given these responses and uncertainties, we agree with the reviewers
that it is critical that we measure the fluxes of N,O.

Across the southern pine region, we expect the wide range of soil conditions to result in a variety
of greenhouse gas emissions. In the anaerobic, low redox soils of the low lying regions, other
greenhouse gases such as CH4 may also be released to the atmosphere. Changes in CH, can also
be important given high greenhouse warming potentials (GWP) of these gases. Relative to COy,
CH,4 has a GWP of 62 over 20 years (about the length of a pine plantation rotation) and N,O has
a GWP of 275. Several of our Tier Il sites and two of the Tier 11 sites will be located on poorly
drained soils in the Coastal Plain. Similar to N,O, CH, fluxes also tend to increase with soil
moisture and following N fertilization (Megonigal 2004). In contrast, the well drained, upland
forest soils such as those prevalent in many of our proposed Tier Il and two of the Tier Il sites
are typically sinks for atmospheric CH,4 (Schlesinger, 1997, Price et al. 2003). Because the Tier
I1 and 111 sites will be established on industrial field trials, most of which include N fertilization
treatments, our monitoring network is uniquely suited to address these questions.

Proposed Approach

Three primary approaches are traditionally employed to quantify gas fluxes at the soil-
atmosphere interface (Hutchinson and Livingston 2002): 1) estimates from diffusion theory
combining measures of a diffusion coefficient of a gas with estimates of its concentration
gradient based on Fick’s law of diffusion, 2) micrometeorological techniques, like eddy-flux
towers, which can integrate over larger spatial scales but can be prohibitively expensive to
replicate across multiple sites, and 3) chamber methods where changes in gas concentrations can
be measured by restricting the volume of air available for gas exchange. Chamber methods are
ideal where discrete temporal and spatial observations are desired, and are adaptable to a wide
variety of studies and sampling environments (Hutchinson and Livingston 2002). Further, they
are relatively inexpensive, mechanically simple, yet powerful options to address the physical,
chemical, and biological controls over soil-atmosphere gas flux (Holland et al. 1999). Chambers
can be divided into two categories: static, or non-steady-state; and flow-through, or steady-state.
Where the increased measurement sensitivity of very small fluxes is desired (e.g., CO,, N,O, and
CH,), static chambers are optimal because they prevent gas diffusion into the atmosphere
(Hutchinson and Livingston 2002). Where larger fluxes are to be measured at the same location
for an extended period of time (e.g., NH3 volatilization following urea fertilization), flow-
through chambers are ideal. Thus, for the measurement of soil-atmosphere GHG fluxes, we will
deploy static chambers (Hutchinson and Livingston 2002) to evaluate N,O and CH, fluxes at the
Tier Il and Tier Il installations.

Static chambers will be manufactured in two parts: a permanent soil collar and a removable lid
(Figs. 1 and 2). Both will be constructed to the specifications illustrated below and discussed in
Hutchinson and Livingston (2002) and Holland et al. (1999). Soil collars will be installed at



least one week prior to initial sampling to minimize disturbance effects from installation. On the
day of sampling, the removable lid with silicone-filled rubber septa and vents to prevent pressure
build up will be fitted onto collars. Samples of the headspace gases will be collected at 0, 15, 30,
45, and 60, and 120 min intervals using a gas-tight syringe and evacuated glass vial. Gas samples
will be transported to Virginia Tech for analysis on a Shimadzu GC-2010 equipped with an
electron capture detector (ECD), thermal conductivity detector (TCD) and flame ionization
detector (FID). (Shimadzu Scientific Instruments, Columbia, MD).

We propose a two-phased sampling design for N,O and CH,4. We will measure N,O and CH,4
fluxes quarterly at a subset of Tier Il sites chosen to represent contrasting soil drainage, and
containing contrasting N fertilization treatments. If site and treatment differences are not
detected after a year of sampling, the Tier 1l sampling will be stopped. If differences are
detected, we may increase temporal sampling intensity at the Tier 11 sites to better develop flux
budgets for the two gases. At the four Tier Il sites, samples will be collected bimonthly over
three years within all treatment combinations at each site. We believe this intensity of temporal
sampling will be sufficient to assess treatment differences and to approximate annual fluxes.
Regression of time by concentration will be used to estimate flux. Gas flux mass will be
determined through the application of the Ideal Gas Law,

Cn=(CyxMxP)/(RxT)

where:Cp, = mass (ug) per unit volume of chamber (m®), C, = concentration of the trace gas
(ppm), M = molecular weight of the species (ug/pumol), P = barometric pressure (atm), T = air
temperature (K), R = universal gas constant. From there, the trace gas flux (f) will be calculated

by:
f=VXCrae/ A

where V = internal volume of the chamber, A = cross sectional area of soil covered by the
chamber, and C,4 = change in Cy, over the period in which the static chamber was closed,
including only data recorded when trace gas fluxes appear linear, and not affected by differential
pressure gradients.
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Figure 10.1. The d encl design including the vent, sampling port, ther-
mometer, and maat for sealing the chamber o its p collar. Enclosure, p <ol
Tar, and all fitings should be fi d with inert ials: PVC, stainbess steel, or alo.
minum, For measurement of reactive trace species, the enclosare can be lined with Teflon,
but all materials should be tested to ensure that they do not adsarb, desorb, or otherwise re-
act with the gas of interest. The moat of the permanent collar should be partially (and care-
Fully) filled with water before placement of the enclosure. The water serves as a gas diffusion
barrier, thus providing an effective seal, Vent dimensions and sampling port design are de-
taided in the text. Gastight fittings for the sample port are 1/4 inch Swagedock or Parker fit-
tings. The enclosure can be tested in the lsboratory by placing the enclosure in a shallow tray
Of water and testing for stable gas concentrations over time.

Figure 1 (Left). Schematic of a static chamber from Holland et al. (1999). Figure 2 (Right). A
static chamber deployed in the field.



Question 3: There was much discussion among the panel about the LCA of regional forest
management systems relative to various policy, climate and forest management scenarios.
Some panel members felt the LCA should include the fate of wood and paper products.
Also, the spatial resolution of the LCA was not clear, nor how the LCA would be
parameterized. Please explain.

Life Cycle Assessment is a key component of our project and we agree with reviewers that
clearer delineation of the boundaries is critical. In Aims 4 and 5, we will complete a
comprehensive cradle to grave LCA accounting for carbon, nitrogen, water and energy footprints
for producing forest products from planted loblolly and slash pine forests. In Aims 2 and 4, we
will use this LCA together with biophysical and economic models for quantifying the impact of
climate change and for comparing typical and alternative management scenarios on carbon
sequestration and the effect on wood markets. In Aim 4, the results of the LCA will provide the
basis for development of a bioeconomic model. In Aim 5, LCA will provide basic information
for educators to use as they help youth compare products. Existing analyses may be used. The
goal of this component is to help learners ask appropriate questions about products and
understand the consequences of their purchases for carbon sequestration and climate.

LCA procedures are formalized in the 1ISO 14040 and 14044 environmental management
standards and involve four phases: 1) goal and scope definition, 2) life cycle inventory (LCI)
typically created in dedicated software such as GaBi or SimaPro that includes well accepted
conversion factors, 3) life cycle impact assessment, and 4) interpretation that includes sensitivity
and uncertainty analyses.
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We will focus on the main products produced from planted loblolly and slash pine forests. These
include dimensional solidwood, plywood, oriented strand, medium density and particle board, as



well as kraft linerboard used to make container board and fluff pulp. We are aware of the current
interest in the potential of southern pine for bioenergy production, and will continue to monitor
this area. If this appears to become a more important market, we will try to incorporate this into
our research through collaboration.

In developing the LCA we will emphasize planted pine management. Members of our team have
led the way in quantifying the carbon footprint for plantation grown loblolly (Markewitz 2006;
Hubbard and Bowe 2008) and slash pine (Dwivedi et al. 2009; Gonzalez-Benecke et al. 2010)
and we will expand on these efforts and build appropriate models in standard LCA software to
link with available gate to gate conversion facility LCI. For comparison, LCA for other
fiber/timber species in the United States (Harmon et al. 1996; White et al. 2001; Harmond and
Marks 2002; Oneil et al. 2010; Puettmann et al. 2010) and other countries (Gundimeda 2001;
Liski et al. 2001; Raimer et al. 2009; Linder et al. 2010; Palosou et al. 2010; Pingoud et al.
2001, 2010) are available from the literature. Well accepted models will be used to predict
yields of roundwood for loblolly (Harrison and Borders 1996; Bailey and Fang. 2000) and slash
(Pienaar et al., 1996; Yin et al., 1998; Logan 2005) pines. Harvested stems (from thinnings or
clear-cuts) are categorized into three main product classes. Southern pine logs are merchandized
based on stem diameter at 1.3 m height (DBH); sawtimber (> 10 in. DBH logs are sawn into
lumber), chip-and-saw (> 6 and <10 in. logs are used to make small dimension sawn lumber and
chips for use in papermaking) and pulpwood (<6 in. DBH logs used to make up pulp and paper).
Merchantable volume, obtained from growth and yield modeling, will be transformed to biomass
by multiplying by average specific gravity at a given age (Larson et al., 2001; Peter et al. 2007;
Gonzalez-Benecke et al. 2010).

The comprehensive LCA envisioned here is complex; fortunately, substantial progress in the
field has already been made and many groups continue to make progress. Since 1996, the
Consortium for Research on Renewable Industrial Materials (CORRIM) has completed many
gate to gate, cradle to gate, and cradle to grave LCI for wood based materials
(http://lwww.corrim.org/). For example in 2005 and 2010, CORRIM published special issues of
Wood and Fiber Science that described the results of life cycle impacts of forest resource
activities in the southeast (e.g., Pueltmann et al., 2010) and life cycle inventories for gate to gate
production of dimensional lumber (Milota et al, 2005), plywood, and oriented strand-board as
well as cradle to gate LCI for medium density fiber and particle board, the major products
manufactured from southern pine (CORRIM, Wood & Fiber Science volume 42 Sp. Issue and 37
Issue 3). In addition, CORRIM has reported life cycle assessments of the importance of stored
carbon in residential buildings (Lippke et al., 2010). CORRIM was recently funded from the
USFS and DOE to conduct LCI and LCA for woody biomass conversion to biofuel
(http://www.corrim.org/pubs/reports/annual/CORRIM_Annual_2010.pdf). In addition, AFRI is
currently evaluating proposals for regional bioenergy centers. A requirement of all proposals is
to complete LCA analyses for the feedstock and conversion processes being considered. If one
of the proposals funded by this program includes southern pine, then we will work with this team
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related to biofuels. A LCA for the use of forest biomass in electrical production via co-firing
with coal has been completed (Mann & Spath, 2001).

We propose to collaborate with CORRIM to leverage their existing gate to gate and gate to
cradle models and LCI results for the southeastern US whenever possible. Members of
CORRIM are also industrial members of the University-Industry Cooperatives and land grant
universities collaborating on this proposal. CORRIM has used SimaPro for construction of their
life cycle inventories and UF has a site license for SimaPro already. Where LCI are not available
for specific products we will create our own using available industrial conversion efficiencies
reported in peer-reviewed literature e.g., Peter et al. (2007).

All the product-types will be divided into different life span categories according to the
classification proposed by Liski et al. (2001) and Gundimeda (2001) and adapted to loblolly and
slash pine utilization patterns in the SE United States (Birdsey, 1996; Harmon et al., 1996; Row
and Phelps, 1991, 1996; Gonzalez-Benecke et al. 2010).

LCA interpretation requires an assessment of the LCI on specific parameters and quality of the
data underlying them. Sensitivity analyses are done to assess the impact of varying inputs on
output environmental values such as greenhouse gas emissions. Our sensitivity analyses will
emphasize alternative forest management scenarios, harvesting and transportation and those
processing parameters that are affected by the quality of the incoming pine biomass. Uncertainty
analyses are done to assess the confidence of the LCI inventory results which are affected by
errors in the data and variation in the efficiencies of processes. SimaPro facilitates uncertainty
analyses by allowing users to set uncertainty for each parameters and performing Monte Carlo
analysis.



Question 4: There was lack of clarity about how C sequestration in forestry plantation
systems is defined, e.g. only below ground increases in carbon stocks or does it include
above ground increases in wood stocks?

This project will consider two broad classes of forest system carbon pools: in situ and ex situ. In
situ carbon includes all ecosystem carbon pools, including above- and belowground tree and
understory plant biomass, above- and belowground detritus, and carbon in the mineral soil. The
Aim 1 protocols described in the proposal are designed to quantify all of these in situ pools via
direct measurement and allometry, following the international protocol for C accounting
described by Law et al. (2008), modified for the relatively homogeneous structure of planted
southern pine stands (Vogel et al. 2010). This protocol is in wide use by investigators in
network-based research programs such as the AmeriFlux network and North American Carbon
Program. Sampling will occur on previously-established inventory measurement plots for each
site, which typically range from 0.01 to 0.10 ha, and will include replicate plots at each site.
This protocol includes measurements of standing live and dead trees, understory vegetation,
coarse and fine woody detritus, forest floor, and soil organic matter, roots, and chemical and
physical properties collected at 0-5, 5-10, and 10-20 cm depths, then additional 20 cm depth
intervals to 1 m, or as deep as possible.

EX situ pools refer to carbon stored in forest products derived from harvested biomass. The
biophysical modeling of Aim 2 is concerned primarily with sequestration of C in situ, while the
Life Cycle Assessment of Aim 4 will include both in situ and ex situ pools, and will also account
for C emissions associated with forest management and manufacturing processes (Markewitz
2006, Gonzalez-Benecke et al. 2010).

The standard measurement of C sequestration in situ is Net Ecosystem Production (NEP,
Randerson et al. 2002), which is defined (disregarding typically small fluxes such as leaching of
dissolved organic carbon and lateral transfers of C — Lovett et al. 2006) as:

NEP=GPP-R, - R,

where GPP is gross primary production, the total carbon fixed by plant photosynthesis, and R,
and Ry, are autotrophic and heterotrophic respiration, respectively. This reduces to:

NEP =NPP-R,

since net primary production (NPP) is defined as GPP less autotrophic respiration. Net Primary
Production will be quantified by the inventory measurements and allometry in the Tier 1l and
Tier 111 networks, while heterotrophic respiration in the soil (the primary source of heterotrophic
respiration in plantation systems, Maier and Kress 2000) will be quantified with the gas
exchange / root exclusion approach described in the proposal. As described in Aim 3, carbon
data collected in the Tier Il and Tier 111 sites will be used to parameterize the stand-scale model



3-PG (which simulates, among other parameters, NPP), and the stand-to-regional scale model
CASA Express (which simulates, among other parameters, NEP).



Question 5: It was not clear whether changes in pests and pest ranges would be considered,
an obvious gap for a single species forest system. Please respond.

In the proposed research, changes in pests and pest ranges are being considered in three ways.

Aim 2 proposes to conduct regional scaling modeling with changes in southern pine beetle (SPB)
distribution (see response to Question 7 for more details).

Aim 4 proposes to conduct landowner level and regional scale modeling of SPB and fire to
compare risks of status quo and altered management on timber value and C mitigation. This
research will reveal the impact of climate change on the risk of disturbance due to fire and SPB
outbreaks and the contribution of adapting management to improve C mitigation on wood

supply.

At the regional scale, variations in forest and climate conditions, disturbance occurrence and
severity, and human interventions along the climate gradient in the South provide rich
information for modeling climate change impacts and adaptations. We will employ panel data
modeling to establish the relationships between the risk of forest fire or SPB infestations and
explanatory variables including mean and extreme temperatures, precipitation, forest stand
structure and conditions, site quality, forest management practices, and other factors. Historical
data on forest fires, SPB infestations, and climate along with forest stand information drawn
from the Forestry Inventory and Analysis database (US Forest Service Southern Research
Station, 2010 FIA Data Center, Forest Inventory and Analysis, Knoxville, TN) will be used in
modeling. The regression models will be estimated with and without the inclusion of adaptation
activities including stand density control, tree species mix and improvements, and salvage
harvest. The models will reveal (a) the impact of climate change on the risk of disturbances and
(b) the contributions of adaptations to mitigating the risk under climate change. The risk
estimates will further be converted into economic losses in terms of timber and carbon values
based on timber and carbon prices and projected future forest areas in the South under climate
change. The findings will provide insights into the impact and costs (damage) of the disturbances
under climate change and the role of adaptations in mitigating the impact, guiding the
development and deployment of forestry adaptation strategies.

Aim 3 proposes to identify alleles in genes that control resistance to fusiform rust, pitch canker
and southern pine beetle. Identification of genes and/or tightly linked markers for resistance can
then be used to accelerate breeding as well as screen the current generation of germplasm that is
being deployed for the presence of resistance genes. Loblolly pine trees with higher rates of
oleoresin flow are more resistant to southern pine beetle (SPB) (Knebel et al. 2008). The
diterpenes present in oleoresin are effective antifungal compounds. Mono and diterpene contents
in oleoresin are under genetic control (Squillace et al. 1980). Recently we have shown in clonal
loblolly pine studies that oleoresin flow is also under genetic control (Westbrook, Zhang, Peter,
Davis unpublished). Thus, mapping genes for oleoresin flow and composition will provide



insight into the mechanisms of SPB resistance, one of the most important insect pests on
southern pine.

We did not propose to directly assess changes in pests and pest ranges in the CAP, in part
because the standard grant competition solicited proposals for this kind of research.
Consequently, a subset of co-PIs submitted a proposal “Rapid Breeding and Disease
Management for Climate Adaptation in Southern Pines.” In this standard grant proposal,
Objective 3 proposed to develop spatially explicit models to forecast shifts in pathogen and
insect distributions as functions of climate change scenarios by conducting comprehensive risk
modeling leading to updated range maps for fusiform rust and southern pine beetle, the two most
important diseases for loblolly and slash pine. If this complementary standard grant is funded
then these data would become available for use by the whole CAP research team. If this
proposal is not funded then we will work with existing functions and models relating pathogen
and insect dynamics to climate factors (see response to Question 7 for more details).



Question 6: The focus is exclusively on loblolly pine. Is there potential for other cropping
systems in case climate change results in severe disease or insect pressure that reduces the
viability of this single species system? This gets to the sustainability issue.

The RFA was for southern conifer production forests. In the proposal loblolly pine (Pinus taeda)
was emphasized due to the widespread planting of this species across the region, occupying ~
80% of the pine estate. The majority of the rest of the pine estate is planted slash pine (Pinus
elliottii var. elliottii). Thus, loblolly and slash pine account for >98% of the planted pine forests
in the region. More recently, interest in planting longleaf pine (Pinus palustris) has grown, but
much of this is for restoration and not for wood production. Shortleaf (Pinus echinata) is the
other main southern pine with a broad natural range similar to loblolly (Figure 4). Shortleaf is
not planted for commercial production due to its slow early growth. In addition to these major
species, some minor species are also planted, notably sand pine (Pinus clausa) in FL, Virginia
pine (Pinus virginiana) in the northern most part of the southeast region.

Although Aims 1, 2 and 4 emphasized loblolly pine, similar work will also be completed with
slash pine. Slash pine accounts for about 20% of the pine estate and our knowledge of its
biology is close to that of loblolly pine with the exception of DNA sequence information, where
virtually none is available for slash pine. In Aim 3 we will develop seed deployment models for
loblolly and slash pine based on provenance and performance data from the advanced
generations in the tree improvement cooperatives. We will also develop seed deployment
models for longleaf and shortleaf with data from the Southern Pine Seed Source Study
(Schmidtling, 2001). To the extent possible selections of longleaf pine tested in the tree
improvement cooperatives will also be used.

Slash pine can grow on wet sites because of its ability to make aerenchyma tissue in its roots,
whereas loblolly pine does not survive on sites with long periods of standing water.
Consequently, slash pine is planted on flatwood sites in LA, FL, and GA that are too wet for
loblolly pine. Slash pine is also planted on nutrient poor sites where it will often grow better
under low fertilizer input systems than other southern pine species. Compared with loblolly,
slash pine growth is not as responsive to fertilization and the timing of thinning is more critical
due to the slower rate at which crowns grow and respond to release in this species. In general,
slash pine is considered less susceptible to tip moth and southern pine beetle than loblolly, but
even healthy trees are colonized during outbreaks (Table 2).

The Western Gulf Tree Improvement Cooperative and Cooperative Forest Genetics Research
Program are genetically improving slash pine. Slash pine genetic improvement is the main
activity of the CFGRP and they are in its 4™ cycle of breeding and selection, the same as loblolly
pine in the NCSU Tree Improvement Program and WGTIC. Compared with unimproved
loblolly pine, unimproved slash pine is more susceptible to fusiform rust and pitch canker.
Consequently, improving rust resistance has been a major focus for the breeding effort and 3"



generation slash pine selections are now highly resistant to fusiform rust. Slash pine is planted
outside of its natural range on wet sites in LA. With increasing temperatures, the possibility
exists to plant more slash pine on sites where loblolly would typically be planted; however, the
native range of slash pine is significantly more restricted than loblolly pine (Figure 3). The yield
of slash pine tends to be lower than loblolly pine, particularly with more intensive fertilizer
regimes. Thus, slash pine is an excellent alternative to loblolly in the southern part of its range.
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Figure 4. The natural ranges for the four main southern pine species
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Longleaf pine accounts for <2% of the pine estate. Longleaf pine has a broad range more similar
to loblolly pine. Longleaf typically grows on drier sandhill sites than loblolly or slash pine.
However, our knowledge of planted longleaf pine is significantly more limited due in part to its
having a prolonged grass stage, an important adaptation to fire dominated ecosystems. Recently,
silvicultural techniques to accelerate release of longleaf seedlings from the grass stage have been
successful and more acres are being planted with containerized longleaf seedlings. These
plantings are typically for ecological restoration rather than wood production. Nurseries are
selling seedlings with wild selections of longleaf tested by the Tree Improvement Cooperatives.
Thus, tree improvement cooperatives have experience with longleaf pine reproduction.

However, contrary to “common” knowledge, planted longleaf pine grown with fertilization to
speed progression through the grass stage and to promote growth are susceptible to fusiform rust,
in fact more so than the latest generations of loblolly and slash pine. Longleaf pine resistance to
southern pine beetle is fairly good due to the relatively high oleoresin flow typical of this
species. Longleaf has potential for wider planting, especially now that silvicultural treatments
can accelerate early growth past the grass stage. There is a small base of first generation tested
material but further genetic improvement will need to overcome the episodic flowering
characteristic of this species.

A small subset of CAP co-Pls (L. Samuelson, K. Johnsen, T. Martin) have recently been
awarded five years of funding from the Department of Defense to measure carbon pools in
longleaf pine forests and develop models for carbon sequestration
(http://www.clpe.org/NEWCLPE/researchnew.html). This information will be available to the
CAP for comparison with loblolly and slash pine, and to use in regional simulations to examine
tradeoffs associated with species deployment alternatives.



Table 2. Comparison of the Biology and Management and Genetic Improvement Status of the
Four Main Commercial Southern Conifer Species

Species % of Growth Status of Status of Disease & Drought &
Planted Rate Genetic Silviculture  Pest Fire
Forestland Improve- Tolerance Resistance
in SE ment

Loblolly 80 Highest rate 3" cycle Advanced —  Strong rust Moderate to
of early nearing regionwide resistance, high drought
growth, production; trials for moderate SPB  tolerance,
most 4" cycle of nutrition, resistance especially
responsive  breeding & stand density, western
to testing competition provenances
fertilization  underway control...

Slash 18 Early 3" cycle Advanced —  Moderate to Moderate
growth rate  nearing rangewide strong rust drought
second to production; trials for resistance, tolerance,
loblolly, not 4™ cycle of nutrition, better SPB
as breeding & stand density, resistance
responsive  testing competition  relative to
to fertilizer  underway control... loblolly &

shortleaf,

Longleaf <2 Early 1% cycle in Early stage — Weak to High
growth production; competition ~ moderate rust  drought and
significantl  no active control to resistance, fire
y lessthan  breeding rapidly pass  good SPB tolerance
loblolly & through grass  resistance
slash, stage, most compared
responsive intolerantto  with loblolly
to competition & shortleaf
fertilization

Shortleaf  negligible Slowest none Minimal Strong rust High
early resistance, drought
growth rate Weakest tolerance,
of all 4 spp resistance to Better fire

SPB of all 4 resistance
spp. than loblolly
& slash

In conclusion, the extensive range, substantial plasticity, widespread planting and responsiveness
to changes in silviculture, advanced generations of germplasm and genomic resources make
loblolly pine the best model tree species to contribute substantial short-term gains in adaptability
and mitigation emphasized in the RFA.



Reviewers are concerned about the apparent paucity of discussion regarding the role of
management practices in controlling climate change related changes in risk to fire and pests.

We fully agree with the reviewers that management practices are crucial to minimizing risk to
fire and pests. Common widespread practices that forest managers currently use to protect pine
plantations against pests and fungal diseases include : 1) promoting tree vigor through
herbaceous and woody competition control, nutrient management and stand density control, 2)
planting stock with improved genetic resistance, 3) delayed planting after site preparation, for
pales weevil, 4) spraying approved insecticides and fungicides in very limited situations and 5)
rapid removal of infected trees. In addition, prescribed fire is another alternative, but the large
forest plantation owners typically don’t practice this because of liability exposure.

Controlling damage from pest and fungal attack in southern pine plantations is challenging due
to the large size of trees, decades long rotation length and the modest per acre value of the crop
at harvest. Together these factors limit approaches that may typically be used in agriculture such
as rotating crops and applications of agrichemicals. For example, in forestry operations the
spraying of fungicides is limited to the nursery and insecticides principally to seed orchards.
During the rotation the primary management practices are thinning and fertilization to maintain
tree vigor. In general stands are managed proactively to promote growth of the stand throughout
the rotation because of the economic incentive, thinning helps control SPB infestation and
damage. The regional simulations in Aim 2 and Aim 4 will include assessment of management
scenarios intended to reduce the risk of damage from fire and pests. Additional detail about
disturbance scenario modeling can be found in the response to Question 7.



Question 7: Ostensibly, the experimental manipulations may help with decisions to
improve economic efficiency but don’t mimic conditions such as extreme temperature or
precipitation patterns. The model simulations claim to analyze disturbance scenarios, but
no examples of the scenarios are provided. Please provide detail.

While alterations in timing and duration of droughts or extreme temperatures are predicted to be
an element of changing climate, simulating these factors in forestry field experiments is
extremely difficult and beyond the scope of this project. While a number of studies (most or all
carried out by co-Pls on this proposal) have examined the effects of increased precipitation
(irrigation) on planted pine (Albaugh et al. 2004, Allen et al. 2005, Samuelson et al. 2008,
Gonzalez-Benecke and Martin 2010), no large field studies, to our knowledge, have applied
throughfall exclusion treatments to planted pine in the SE U.S. While they will not provide
direct data on the effects of altered timing or duration of droughts, the reduced precipitation
treatments in the Tier 111 sites will provide unprecedented information about the response of
loblolly pine to reduced soil moisture under a range of silvicultural and geographic conditions.

Disturbance from insects, wildfire, and hurricanes cause significant damage to forest resources
each year in the U.S. Climate change may impact the frequency and severity of some natural
disturbances. Simulations predict that the frequency of severe hurricanes will increase, while the
frequency of less severe storms will decline. Decreased rainfall regimes, if coupled with
increased temperature, would likely result in increased frequency and possibly intensity of
wildfires (Twilley et al. 2001; Sugimura et al. 2008; Bowman et al. 2009). The research we
proposed primarily dealt with climate change effects on disturbances through the model
simulations in Aim 2 and 4, and through genetic research in Aim 3.

Fire is the most important disturbance shaping southeastern forests. In many cases, the frequency
and intensity of fire is the primary determinant of ecosystem composition and structure (Myers
and Ewel 1990). Changes in wildfire frequency would likely impact the distribution of
ecosystem types on the landscape. Carbon sequestration would be affected by altered wildfire
frequency or intensity in two ways. First, increased wildfire frequency, regardless of intensity,
almost invariably decreases rates of carbon sequestration through direct combustion of biomass
carbon (Tilman et al. 2000; Fellows and Goulden 2008). Second, more frequent stand-replacing
wildfires will skew the age distribution of forests on the landscape downward, which will alter
carbon sequestration since very young stands in the region tend to be carbon sources (Clark et al.
2004; Binford et al. 2006).

Hurricanes can create massive forest disturbance, with resulting dramatic reductions in carbon
sequestration (Xiao et al. 2008) due to decreased leaf area and structural damage (Powell et al.
2006). Similar to fire disturbance, the “resetting” of forest succession by hurricane disturbance
can also have significant impact rates of carbon sequestration.



Insect population and outbreak patterns are affected by climate. Interactions of insects with
climate can be quite complex, since climate will affect, sometimes independently, three different
factors that influence outbreak dynamics: (1) the population dynamics of the pest; (2) the
physiological resistance of the host species; and (3) the population dynamics of antagonistic
organisms like mites and fungi (Ayres and Lombardero 2000, Hofstetter et al. 2007). For the
purposes of this project, existing information on climate effects on pest populations and
outbreaks (such as Ungerer et al. 1999) will be used, in combination with climate projections, to
simulate altered pest outbreak dynamics.

Aim 2: The altered precipitation and temperature regimes predicted for the region may increase
the frequency and/or intensity of forest wildfires. We will assess the effects of these changes on
forest carbon dynamics in the region, and will evaluate mitigation approaches under altered
climate scenarios. Climate forecasts will be used to drive the Florida State University Center for
Ocean-Atmospheric Prediction Studies wildland fire model and other appropriate wildland fire
risk models to generate fire probabilities under the altered climate scenarios. A probabilistic
approach will be used to assess the changes in forest age class distribution in the region caused
by altered frequency of stand-replacing fires. The age class distribution data will be used to
model forest carbon sequestration using both existing (Binford et al. 2006, Gonzalez-Benecke et
al. 2010) and new carbon models developed over the course of the project. Management
approaches such as prescribed fire, thinning, and fuels reduction treatments will be assessed
using spatially explicit tools such as the Southern Fire Risk Assessment System
(http://www.southernwildfirerisk.com/), which will generate altered wildfire probabilities, which
will in turn be used to generate additional age class distribution maps. Forest carbon
sequestration will again be estimated for the alternative management scenarios, but with new
carbon model runs which account for the effects of prescribed fire on understory and forest floor
carbon pools.

The population dynamics of the most important native southern pine insect pest, the southern
pine beetle (Dendroctonus frontalis), are affected in part by temperature regimes, with minimum
winter temperature serving as a good predictor of population dynamics and outbreak potential
(Ungerer et al. 1999, Figure 5).
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Figure 5. Annual probability of reaching the lower lethal temperature for Dendroctonus
frontalis. Maximum reported D. frontalis distribution is shaded. (Ungerer et al. 1999).

We will use relationships such as those reported in Ungerer et al. (1999), in combination with
future climate scenarios, to simulate potential changes in southern pine beetle population
dynamics and outbreak potential. The carbon balance effects of these changes can then be
simulated using carbon models given simulated tree mortality rates from outbreaks. Similar
approaches will be taken to simulate the effects of altered hurricane frequency or severity.

Aim 3: We will develop new seed deployment guidelines by relating provenance and progeny
trial growth data with climatic variables. These analyses may also be valuable in predicting the
susceptibility of germplasm to biotic stress associated with altered temperatures and
precipitation. In general, trees that are not growing are more susceptible to SPB attack.

Aim 4: At the regional scale, variations in forest and climate conditions, disturbance occurrence
and severity, and human interventions along the climate gradient in the South provide rich
information for modeling climate change impacts and adaptations. We will employ panel data
modeling to establish the relationships between the risk of forest fire or SPB infestations and
explanatory variables including mean and extreme temperatures, precipitation, forest stand
structure and conditions, site quality, forest management practices, and other factors. Historical
data on forest fires, SPB infestations, and climate along with forest stand information drawn
from the Forestry Inventory and Analysis database (Southern Research Station, 2010 FIA Data
Center, Forest Inventory and Analysis, Knoxville, TN) changes in pest and pest ranges coming
from climate modeling results from Aim 2 described above. The regression models will be
estimated with and without the inclusion of adaptation activities including stand density control,
tree species mix and improvements, and salvage harvest. The models will reveal (a) the impact



of climate change on the risk of disturbances and (b) the contributions of adaptations to
mitigating the risk under climate change. The risk estimates will further be converted into
economic losses in terms of timber and carbon values based on timber and carbon prices and
projected future forest areas in the South under climate change. The findings will provide
insights into the impact and costs (damage) of the disturbances under climate change and the role
of adaptations in mitigating the impact, guiding the development and deployment of forestry
adaptation strategies.



Question 8: There is a major emphasis on analyzing the genetics of breeding and natural
populations to discover alleles in genes that control important adaptation and mitigation
traits to climate change. Can much progress be made on this front in a 5-year period?

In the next 5 years, we are well positioned to discover many alleles in genes controlling
productivity, growth response to nitrogen fertilization and adaptive traits using association and
linkage mapping approaches. Through previously funded NSF Plant Genome ADEPT?2 and the
AFRI CTGN projects, we have used association genetics to test for significant associations
between ~4800 SNPs in 4400 genes and traits in multiple loblolly pine breeding populations,
including ADEPT2 and CCLONES -two of the three populations proposed to be studied in this
proposal. This research has demonstrated the feasibility of this approach and identified
significant SNPs associated with growth, fusiform rust and pitch canker resistance, water
relations, anatomical, chemical, and mechanical wood property phenotypes in loblolly pine. In
Aim 3, we proposed to work with 3 populations all of which already have been established in
field trials. Two of these populations are 9 years of age and we have excellent phenotype data
from these trials (Table 3). To complement existing phenotype data, we propose to collect
oleoresin flow and chemical composition, cold tolerance, additional growth and water relations
phenotype data to conduct association mapping with our existing SNP genotype information as
well as add new genotype data to be collected. The ADEPT2 population was established in the
field this past year and growth and adaptation phenotypes will be measured throughout the
project time period.



Table 3. Overview of Populations for Allele Discovery

Name Genetic Field Age Available Phenotypes Available
Structure Tests (Yr) Genotypes
ADEPT?2 435 unrelated 3 sites 1 2 yr nursery bed growth, 77 SSR;
parents from (GA, FL, foliar *C & N, mRNA levels 4800 SNPs
across south TX) with of ~200 transcripts, foliar
clonally metabolome, pitch canker
propagate resistance
d rooted
cuttings
CCLONES 62 full sib 6 sites 8 Annual growth, height 77 SSR,
families from 31 (GA, FL) growth phenology, crown 4200 SNPs
parents from the  with dimensions, foliar *C, wood
Lower Gulf rooted anatomical, chemical and
Elite Pop. cuttings & mechanical properties,
seedlings fusiform rust and pitch canker
resistance
PSSSS 140 unrelated 17 sites 14-16  Growthyears4 & 8 none
mother trees (AL, GA,

crossed with the  FL, NC,
same 40 father TN, SC,
pollen mix; 20 VA) with
mother trees seedlings
from each of 7

regions east of

MS river

Our main barrier for discovering more alleles in key genes is the availability of a genome
sequence and high throughput genotyping data from our populations. The 2011 AFRI Bioenergy
RFA requested proposals to sequence the loblolly pine genome. Successful completion of a draft
genome will greatly enable our goal to discover all of the key alleles in important genes
controlling productivity and adaptive traits. We expect a draft genome sequence to become
available during the second year of this project. Here we propose to dramatically improve the
SNP coverage in our 3 study populations by high throughput next generation sequencing.
Discovering alleles in genes associated with productivity and adaptive traits will enable rapid
screening of germplasm in breeding and deployment populations that will help guide deployment
and assist with applied breeding. As all three southern pine tree breeding programs and their
constituent member organizations are part of this CAP, useful tools in the form of genetic
markers, etc. will be rapidly adopted. Furthermore, since these programs supply 100 percent of
the improved planting stock for the southeast, any gains will be quickly deployed.



Question 9: Much of extension plan relies heavily on the concept that the extension
foresters partner with state climatologists; this is an interesting but needs to be assessed for
feasibility. Just how are climatologists involved in the project? How the SECC is
involved? Developing joint climatologist/extension partnerships appears to be a good tactic
but the objective and outcomes are not well explained. Please provide these. How will
these activities be integrated with the research components that address tree testing?

Response to concerns about the Climate/Forestry Extension Partnership:

The Southeast Climate Consortium (SECC) is a major partner in our extension approach
(http://www.seclimate.org/). The SECC was co-founded and is co-directed by Jim Jones, a UF
faculty member, who is also co-director of the Florida Climate Institute
(http://www.floridaclimateinstitute.org/). Dr. Jones will serve as conduit to the SECC and as a
senior advisor to our project. The SECC has a long and successful history of working with the
research and extension community for agricultural crops and desires to expand their efforts to the
forestry community. The SECC website is currently limited in the amount and type of forestry
information they can provide their clients, and this climate/forestry Extension effort will provide
extensive improvements to this critical area. The State Climatologists from NC, GA, FL, and AL
are all members of the SECC and state climatologists across the southern conifer region (Texas
through Virginia) have agreed to support this project and participate with outreach and extension
activities. Many (VA, NC, SC, GA, AL, FL, TX) have already established communication with
local forestry experts. The climate scientists are primarily located at participant Universities and
all have a common mission to support the advancement of climate information and science
application and education. These scientists serve as a truly local resource for stakeholders as
well as state forestry science and extension faculty. Moreover, these climatologists have active
communication and networking through the American Association of State Climatologists
(AASC).

State climatologists will formally support the proposed research, extension, and outreach
activities in four ways to meet the extension objectives:

1. Local Training: Each state climatologist will become a member of the state extension
project delivery team to help plan and execute local workshops and distance education
training programs that are developed at either the state or regional level. The
climatologist will review materials to ensure the climate science is effectively
communicated and serve as the state resource for questions and information. For planned
field training events, a climatologist will present information related to climate science in
general and the project specifically and be available to answer questions. Based on
experience developed with the Southeast Climate Consortium, the most effective training
will include both climate and forestry extension experts.

2. Climate Expertise Dedicated to Extension: A dedicated climatologist based at NC State
University will be an integral partner and climate leader on the regional extension team.




This scientist will have training and experience with extension work through the
Southeast Climate Consortium and will develop the climate science training materials in
coordination with the regional Extension forestry leaders and facilitate efforts with the
State Climatologists across the region. This climatologist will make presentations to
industry members at annual cooperative meetings.

3. Climate Expertise to Support Research: State climatologists have diverse academic
disciplinary training — many are also experts in climate modeling, use of remote sensing,
air chemistry, and applications of climate to production agriculture and forestry. These
scientists will be available as resources for the research team to help use climate science
effectively in experimental design, application models, and genetic studies. Climate
specialists, like forestry Extension specialists will also be invited to participate and
provide assistance to the research teams as formal members of their efforts. A full
understanding of the strengths and capacities of the various climatologists and Extension
foresters will be determined at the outset of the project. Teams will have this information
as they begin planning and implementation of the proposed research.

4. Integrating Climate and Forestry Research and Extension Expertise: The extension
products will require that researchers and climatologists provide the content and State
Extension Specialists provide guidance on the distribution system and strategies that will
increase understanding of climate change and its effects on production pine forests. As a
result, the development and implementation of the extension products are the essence of
integration. A central mechanism for this integration is the Decision Support System
(DSS) which requires contributions from forest and SECC climate researchers and
extension specialists so that it is accurate as well as useful. We will follow the successful
approach that the SECC used to develop a similar system for agricultural crops. The DSS
will be developed iteratively and interactively in four 4 phases across the project period,
involving large numbers of co-Pls (see response to Question 11 for more details). The
DSS will enable forest managers and landowners to understand their management options
to adapt forests to improve carbon mitigation even as climate changes. In addition to the
DSS, the seed source deployment models will need to engage geneticists and climate
specialists. A needs assessment with a stratified sample to elicit responses from
underserved landowners, those living in different climate zones, and those with varying
levels of education and financial resources will help shape both the extension products
and the research questions to be able to respond to each audience appropriately.

Regarding further interactions with the SECC:

Several members of the extension team are already involved with SECC, including the State
Climatologists in NC, GA, AL, FL and Dr. Jim Jones, a highly regarded agricultural systems
modeler. Moreover, key members of the project leadership, research, and education teams are
located at SECC member institutions and are well positioned to use the combined experiences of



the SECC. The SECC has a long history of working with the research and extension community
for agricultural crops and desires to expand their efforts to the forestry community. There are
several goals in the extension team that will specifically explore SECC resources, including:

1. Use of the open-sourced version of AgroClimate.org as a framework for building community
decision support systems

2. Use of SECC social scientists and their assessment experience and activities to help
determine local information needs and capacity

3. Use of SECC climate research, including regional climate modeling and model downscaling
experience and resources to drive both research applications and decision support systems.

As in other aspects of this trans-disciplinary, integrated project, effective working relationships
require more than periodic conference calls and an expectation of “working together.” Project
lead climatologists and project lead forestry Extension specialists will schedule a specific session
at the first project meeting (early 2011) to plan how best to utilize the combined skills and
capacity of their disciplines and networks to most effectively collaborate at the local, state and
regional levels. Considerable effort will be spent at this initial meeting discussing concepts and
issues of climate science-forest management interactions with both the extension and research
teams. Prior to the meeting surveys will assess existing knowledge among current Extension
forestry specialists on climate science and forest management knowledge among climate science
specialists, and of extension programs and strategies among researchers. In this manner, a strong
co-learning environment will be built between the climate outreach specialists, the Extension
foresters, and the research community. The proposed extension goals will serve as a template for
both a five-year action plan and five annual plans of work. A model state plan will be developed
and distributed to all state 1862 and 1890 Forestry Extension project leaders and contacts, even
in southern states not engaged in the research activity.

Reaching and Engaging Underserved Audiences:

Across the South, 1890 land-grant institutions have a responsibility to conduct extension
programs. Faculty who successfully reach underserved landowners with natural resources
programs will be part of the state climate/forestry extension teams to deliver programs and will
work closely with the two Project co-PI’s from 1890 universities. Landowners in other states will
be recruited with the same strategies that are effectively used by these institutions—through
community groups and churches, through peers and individuals, and through community events.
We anticipate that the successful strategies of the 1890’s will help other institutions develop and
implement better programs for reaching underserved landowners. Furthermore, entities such as
the Federation of Southern Cooperatives (a group representing the underserved farmers and
forest owners in the South) will be invited to participate at regional and state planning events.



Institutions that have forestry/natural resources undergraduate programs will be invited to submit
applicants for our undergraduate research and education program (ForCCURE). Their work with
local schools can help build future generations of better informed landowners.

Regarding measurable extension impacts, effectiveness and outcomes:
Number of landowners and acres expected to be reached

Faculty who direct or participate in the SE University-Industry Cooperatives expect to reach
corporate and non-corporate forestland owners who manage over 20 million acres. In addition,
forestry consulting companies who are members of the cooperatives manage an additional 7
million acres of non-industrial private forestland (NIPF). Thus, through the cooperatives alone
we anticipate reaching forest professionals who manage over 25 million acres of planted
southern pine land.

Based on existing Forest extension programs, we project that at least 1,000 landowners in each
of ten states (> 10,000 landowners) will be reached in years 1-3 by extension programs and
products. We anticipate these landowners will manage an average of 100 acres of forest land
each. We also project to reach at least 3000 professional land managers through certified CEU
programs. Each is responsible for management practices affecting on average 10,000 acres. In
addition forestry consulting firms will be reached through annual University-Industry
Cooperatives.

Furthermore, we plan to involve at least 20 landowners across the south in the planning,
establishment, and detailed demonstration of key management strategies (stand establishment)
on the landowners’ property. This will provide the all important “hands-on” outcome results to
help determine what is truly important to the stakeholders, and a method to disseminate
information long after project funds end (since forest management is a long-term project and
may take longer than 5 years visualize results of activities).

Behavior Changes, Gain in Knowledge, and Adoption of Practices

While climate change may motivate our interest in mitigation and adaptation behaviors, it is not
necessary for landowners to share our conviction because other values can also motivate
appropriate change in behavior. The prospect of greater economic return from participation in
carbon markets, for example, only requires they understand the costs and benefits of
participation. Our initial data collection activities will help us determine which beliefs are
entrenched and where information is lacking in different types of audiences. For example, the
Climate and Energy Project in Kansas is an excellent example of successfully separating climate
change from attitudes about thrift, patriotism, economic prosperity, and spiritual conviction and
rallying residents to take meaningful steps to conserve energy (NYT, October 18, 2010).



Extension foresters work with social science specialists to design appropriate surveys and sample
frames that provide reliable and valid results. This is standard procedure in Extension and several
Extension forestry projects. Baseline data will be collected prior to educational efforts on beliefs,
knowledge, current practices, and behaviors regarding forest management and climate change.
Post educational surveys will collect info on 1) immediate knowledge gain, 2) new strategies,
tools, and/or practices planned for adoption, 3) potential economic impact (savings, value-
added), 4) potential acres impacted. In years 4-5, as outreach activities continue, program
participants will be surveyed again to measure 1) new strategies and/or practices implemented, 2)
planned practices (takes a long time for some to be implemented in forestry), 3) additional
income generated or dollars saved, 4) acres impacted, as well as 5) any heightened awareness,
reduction of misconceptions, motivations for behavior changes willingness to change behavior,
and behavior change as a result of their program participation.

Surveys of NIPF and industrial private landowners will assess numerous behavior changes by
which stakeholders incorporate practices and tools to improve growth and quality of forests,
reduce risk of loss from insects, disease, and fire, and mitigate stressors from climate.

Output Assessment

The product-based outcome assessment of this climate/forest extension partnership, by activity,
are described below.

Extension Training - Extension Forestry faculty and State Climatologists in all ten states will
participate in training programs coordinated by the Regional Extension Forestry and
Regional Climatologist. Upon completion, participants will be able to modify regionally
produced materials and conduct extension programs in their state. They will record the
number of landowners they interact with and the number of acres that are slated for revised
management, based on the climate and forestry recommendations from this program. A
regional evaluation plan will enable each state to measure similar variables so that data can
be combined to report on regional change in knowledge, beliefs, intention, and behavior.

Web site -Web site analytics will measure and track use. We aim to show increased use that
parallels in-person Extension programming in each state.

Web-based Decision Support System - Web site analytics will measure and track users, track
guestions, assess satisfaction and intent to change. We will also ask if users have received
similar information from other sources.

eXtension Community of Practice - The eXtension program tracks use; we will add a user
survey to assess questions, beliefs, satisfaction, and intent to change.

Regarding social science research: We agree with the reviewers that significant social science
research can be conducted within the project. The proposal calls for five graduate students and
post-docs to work directly on the education and extension portion of this program and an
additional four individuals to work in economics. We believe these are significant components of



social science research. These individuals will be advised by faculty with social science expertise
and will work together to explore interesting and relevant social science research opportunities
within the scope of the project. For example, the process of building trust and sharing mental
models across disciplines is social learning. Tracking its development and understanding what
planned and unexpected activities promote social learning may help the regional team share
expertise with state teams and pave the way for future interdisciplinary activities. Also, the
opportunity to evaluate extension needs and outcomes may enable graduate student/faculty teams
to better understand the needs of underserved landowners or strategies for delivering information
intended to change behaviors. Social scientists already engaged through the SECC have
demonstrated the value of these approaches for assessment of needs, design of DSS tools, and
critical analysis of engagement practices (see Breuer et al 2008, 2009, 2010). These activities
will be approached in a scholarly manner to enable us to capture lessons learned, to test
theoretical models, and to advance extension and education practices.



Question 10: There were a number of questions about the educational activities. The
advisory committee will only meet in person twice. Is that enough? While the panel liked
the idea of using the GLOBE program in their activities, the panel was not certain there
are any GLOBE student protocols that address carbon sequestration. Are there?
Similarly, the plan to work with Project Learning Tree is a good idea, but it is not clear if
anyone on the proposal team has the expertise in secondary education to develop a
secondary module on managed southern pine forests. Both GLOBE and PLT activities will
necessitate the involvement of K-12 teachers, but there is no mention of providing
professional development to the teachers or to provide any incentive for teachers to
participate in the proposal’s activities. Please explain. Finally, the graduate student and
postdoctoral education plan is simply too vague. How will they be encouraged to engage in
the educational or extension activities?

Advisory Committee Meetings: To begin the educational program development process and to
advise implementation and evaluation it is essential to meet in person to engage the educator
networks in the region. Our intent is to use the well established communication processes---
conference calls and list serves---to continually work with the Advisory Committee. Once
activity development is underway, a subset of advisors will be engaged to keep each activity on
track. If more than two meetings are needed, we can adjust the budget for additional meetings.

About GLOBE: GLOBE activities developed in the first generation included land use cover and
tree size measurements. These data can be readily converted to estimate forest carbon pools.
According to email conversations, GLOBE is currently developing a new unit on climate change
and expects to release these activities in September 2011. GLOBE staff are looking forward to
working with us on this project.

About curriculum expertise: Martha Monroe, the coordinator of the Project Learning Tree
activity has worked in curriculum development, teacher training, and program evaluation for
over 30 years. She is well-respected in environmental education circles and has the confidence of
the Project Learning Tree staff. For example, she and her students have recently developed an
18-activity unit for secondary teachers on woody biomass that incorporates environmental,
economic, and equity issues and enables youth to explore the question, “Should our community
use wood for energy?” The module proposed for this activity will be developed around questions
that teachers and students could ask, with answers that address state curriculum goals. We will
complement this module with climate, carbon mitigation and forest adaptation information.
Expertise on managed southern pine forests will come from extension and research colleagues in
this integrated team.

Involving K-12 Teachers: We agree that teachers should be trained through this activity and
engaged in program development as much as possible. Professional development for teachers
will be provided through the PLT network of state coordinators, the online training program for
educators, as well as regional and national conferences for educators. These systems are



commonly used for all new PLT materials. The pilot testing of the curriculum will be
orchestrated through the PLT subcontract and includes stipends for teachers who will use and
evaluate each activity. Funds for state PLT programs to organize workshops that feature climate
change and southern pine systems are also built in to the budget.

The ForCCURE coordinators in each state will contact local middle school teachers and inform
them of the opportunity to participate in the program. Teachers will be able to join a webinar
presentation to learn about the regional project, or access a web site of information about the
program and classroom activities. Teachers will be able to register for a classroom presentation
and evaluate the presenter and the activity.

About graduate student education: Three graduate students and two post docs will be
dedicated to extension and education program development. They will conduct the needs
assessment, design and test activities, develop program implementation and training resources,
and evaluate impacts. The remaining graduate students and post docs will be primarily assigned
to genetics, forest management, and economics projects but will be invited to work with the
extension and education activities. In addition:

1. Graduate students will be asked to mentor an undergraduate student through the ForCCURE
undergraduate research and teaching activity. These pairs of UG/G students will be able to
continue to work together as the undergraduate student develops activities and presents them in
middle school classrooms. If the graduate student is nearby, he or she can accompany the
undergraduate student to several schools.

2. All graduate students will be able to review and comment on draft versions of all education
and extension products. Those who wish to play a greater role in the design and distribution will
be encouraged to join their state extension team or work directly on product development with
the Aim Leader.

3. Graduate students will attend all in-person meetings and conference calls with researchers.
They will be assigned to teams along with their advisors and invited to interact with other teams
to help bridge the project aims. They will be encouraged to develop their own parallel network
for communication and support that will be limited to graduate students. Although the
expectations for graduate students will be governed by their chair/supervisor, the project will
make resources available, i.e., travel funds for conference presentations, support to build student
interaction and support for explorations into trans-disciplinary research, education, and
extension. Moreover, graduate students and postdoctoral scientists will be encouraged to attend
and present their research results to industry and government members attending the annual
Cooperative meetings. This should help the students learn how to better communicate their
results to forest managers who are not necessarily trained within their discipline.

4. A distance education course will be developed for all graduate students. The course may
involve Webinar presentations by all the Aim Leaders and Project Managers, readings, and



opportunities to discuss the challenges and opportunities of working in multi-disciplinary teams
conducting trans-disciplinary work.

5. Through the course and conference, we will measure and track social learning as students gain
understanding and experience about their own area of research and the nature of interdisciplinary
and integrated research. We anticipate that a journal activity with periodic blogs within and
across Aims will be instructive and insightful as the full team moves toward greater
understanding of the opportunities presented in this project.



Question 11: With 39 senior / key people on the project, project management is critical.
Please provide details about how the management of the project will be conducted, how it
will facilitate integration of results, coordination of activities, etc. to meet yearly milestones,
and five-year outcomes.

Our project Management Plan lays out the project management structure, which was designed to
facilitate communication and collaboration among project scientists across the region, to foster
integration across disciplines, to establish accountability, to guarantee deliverables, and to
maintain two-way information flow with stakeholders. These structures are in place to meet
project goals and milestones in a timely fashion, assure that project direction remains relevant to
stakeholders, and allocate resources appropriately. The panel summary indicated reviewers were
pleased with the management structure, but wanted to have more detail about project
management. This response reiterates and expands on the “Management Plan” section of our
submitted proposal.

Background information: Importance of existing research, extension and education networks
One of the primary strengths of this proposal is that the research plan is built on existing research
networks. This includes existing field trial and germplasm of the University-Industry
Cooperatives, Project Learning Tree, and national and regional extension network
infrastructures, but more importantly, it includes several sets of existing social networks of
already-collaborating professionals who know each other, and have collaborated successfully
together long enough to develop strong professional relationships and trust. One example of the
pre-existing social networks in our project team is the co-authorship network that exists among
the biophysical scientists in the CAP (Figure 6). Similar social networks exist for the education
and extension professionals. These pre-existing connections and relationships serve to speed the
development and implementation of new projects, just as it did to put together this CAP proposal
in the short time available (March — July 2010). An additional benefit of pre-existing social
networks is that they are high in social capital. The networks contain social bonds that are
normative in a positive sense, e.g. participants are less likely to underperform if they believe they
are part of a functional group that depends on them, trust that others are working in their interest,
and sense a reciprocal nature of personal and group benefits (Pretty 2003; Putnam 2000; Wilson
1997). While existing social capital is strong and established within the research, education and
extension areas, connections exist but are not as well established between these networks. The
integration of research networks with education and extension networks is central to the success
and efficacy of our efforts. Our integrating activities, such as the first team meeting, should help
build these bridges.
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Figure 6. Network diagram showing co-authorship relationships among the biophysical CAP
investigators.

Integration of existing networks across three levels: within aims, across aims, and among
overarching objectives

The culture of University-Industry Cooperatives is already highly integrative emphasizing
research, graduate student training and outreach to industry. This forms a strong base with
which to build broader levels of integration. The project needs to integrate across at least three
scales: within aims, across aims, and among the three overarching project objectives (Mitigation,
Adaptation, and Education/Extension). The project management structure was designed to
enhance connections and communication within and among these three levels.

Within aims: The completion of aim goals and deliverables will be coordinated by aim
leaders. Each aim has at least two leaders from different universities, to enhance
communication and collaboration across the project network. As aim teams are composed of
researchers who already participate in one or more of the established networks,
communication between members should be strong. Moreover, because teams are
principally composed of similar disciplinary experts, communication about the technology
and approaches will occur without the need for learning new concepts and languages from



other vastly different disciplines. Because researchers are located across the region, however,
communication efforts will focus on keeping everyone informed across this spatial
dimension.

Among aims: The primary purpose of the Integration Leaders is to facilitate integration
among aims and to assure that the aims serve the three overarching objectives of the project
in each of their respective areas: Mitigation, Adaptation, and Education/Extension. The three
Integration leaders were selected because each has demonstrated their ability to lead multi-
disciplinary research teams and to integrate across scales within their own research, and
because they work in the same building, facilitating frequent communication. During the
preparation of this proposal, the Integration Leaders were involved in all e-mail and
conference call correspondence for aim groups involved with their respective areas- Tim
Martin Aims 1- 6; Martha Monroe Aims 5 and 6, and Gary Peter Aims 1, 3, 4 and 6. This
provided invaluable linkages among aim groups, because an Integration Leader was always
involved in the conversation to provide wider-scale context to the aim-specific discussions,
which served to better integrate and connect the disciplinary and aim-level efforts to the
broader project objectives. This same mechanism will continue in the execution of the
project. For example, Aim 2 needs to be tightly linked with Aims 1 and 3. Aim 2 team
members include Leaders of Aim 1 and 3 and the Mitigation Leader. Aim 4 needs to be
tightly linked with Aims 1 — 3, and includes a Leader of Aim 1 and the Adaptation Leader.
Aim 6 needs to be tightly linked to Aims 2-4, and includes Leaders and members of Aims 1-
4. One leader of Aim 5 is also on the team for Aim 1. In addition, the project manager will
have a primary responsibility for enhancing communication and linkage among aim teams.

Among Mitigation, Adaptation, and Education/Extension objectives: To promote integration
between these broad objectives, we will use a number of approaches and mechanisms. First,
it will be continually emphasized, starting with the first project meeting, that this is an
integrated project, so that the culture of integrating across research, extension and education
will be reinforced and participants will remember that they must contribute to all three
objectives for the project to be a success. Second, as Extension experts are developing their
program, they will seek information from researchers and via Aim Leaders, for input and
collaboration on particular topical areas. Third, educators will work with research experts on
developing and communicating life cycle analyses as a way to compare forest products with
the use of alternative products that involve non-renewable feedstocks or processes that
require more energy. Fourth, climate and forestry researchers, educators and extension
specialists will directly collaborate on the development of an Open Source Decision Support
System suitable for use by forest managers across the region. Fifth, the initial needs
assessment required for progress in the economic analysis and the extension program
development will be integrated. In all approaches graduate students and postdoctoral




researchers will be strongly encouraged to interact with faculty and students across all
disciplines and existing networks.

Development of an Open Source Decision Support System as a mechanism for integration

Traditionally, information flow in research and extension networks was one-way, from research,
through extension, to stakeholders. However, over the past two decades, as agricultural and
natural resource problems became more complex, it has become apparent that this model is no
longer adequate, and that mechanisms need to be incorporated to facilitate interaction with and
feedback from all players in the network. A central approach for establishing this environment
in our project is the development of an open source decision support system (DSS). Our
approach is modeled on work undertaken in the Southeast Climate Consortium (SECC,
http://seclimate.org/), a group that uses “advances in climate sciences, including improved
capabilities to forecast seasonal climate and long-term climate change, to provide scientifically
sound information and decision support tools,” primarily for agricultural systems. The SECC
crop DSS was developed in an iterative fashion through four stages, with continual feedback and
interaction between researchers, extension professionals, and stakeholders (Figure 7).

James Jones, senior advisor to our project, and Co-PIl Ryan Boyles is involved in the ongoing
development of the SECC DSS for crops at http://www.AgroClimate.org, as well as transition to
an open-source version. Boyles is taking the lead in the development of the conifer DSS, and
Jones will advise on process to maximize researcher / extension / stakeholder interactions during
DSS development.

'Decision Support System Development Process

Phase 1 Phase 2 Phase 3 Phase 4
Conceptual Prototype Operating Open Source
Prototype Testing Product
Data collection Prototype Transition to  User adoption
& analysis design houndary & boundary
agrganization organization
aperations deployment
User User User Science
engagement feedback & feedback community
& needs assessment & tmpact for research
assessment assessment & support

Figure 7. Schematic diagram of process for development of an agricultural decision support
system by the Southeast Climate Consortium (Ingram et al. 2010).
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