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Appendix 6

Appendix 6 LPJ-GUESS Simulations Technical Description

The LPJ-GUESS model was used in cohort mode for all simulations. The cohort mode simulates
each grid cell as a collection of replicate ‘patches’ to average out the effects of the stochastic
disturbance and mortality parameterizations. The three suites of simulations all used 30 patches per grid
cell with an assumed patch size of 1 km?” Thirty patches were found to be an acceptable compromise
between simulation time, which increases linearly with the number of patches, and reduction of the
amount of stochastic variation around the simulated mean of model variables. Upon start-up of the
model, the soil, vegetation, and litter pools are all empty, i.e. a barren landscape. As the model moves
through time, trees and grass colonize the model land surface eventually forming forested, meadow, or
grassland landscapes. The plants add carbon to the vegetation, litter and soil pools as part of their life
cycles. To allow the model time to reach a realistic modern soil C pool, which is the slowest pool to fill,
the model was ‘spun-up’ for 1000 model years. During the spin up the model was repeatedly forced with
the detrended climate of 1906 — 1935 and the year 1906 annual global [CO,]. After the 1000-year spinup
period, the model was forced with the historical climate of 1906 — 2006 and then one of the three future
climate scenarios from 2007 — 2080 (see Appendix 6.2.2)

Net primary productivity (NPP) and soil respiration were calculated on a daily time step with
carbon allocation, mortality, application of bioclimatic limits, and plant tissue turnover occurring
annually. Water uptake by plants was considered to be species specific. Establishment and mortality
were both treated as stochastic processes with establishment further influenced by drought conditions.
Sapling establishment was limited to every five years. In the harvesting suites of simulations, all
harvesting amounts were thus aggregated to every five years. When it was a harvest year, the
aggregated five years of harvest was allowed to occur. The harvested grid cells were then replanted,
along with any natural establishment, in that same year.

Fire was allowed in all simulations as a disturbance agent. Fire return intervals and amount
burned were calculated within the model based upon stochastic ignition with fire success determined by
the fuel load and moisture conditions. Patch destroying disturbances (large fires) were allowed and
given an average return interval of 750 years in line with literature estimates for B.C. coastal regions
(Daniels et al., 2006). The remaining non-species specific parameters are unchanged from Smith et al.
(2001) and Hickler et al. (2008) and full details of the LPJ-GUESS model can be found therein.

6.1.LPJ-GUESS Model Adaptations
6.1.1. Snow Depth Influence on Growing Degree Days

LPJ-GUESS uses growing degree days above 5°C (GDD5) as a bioclimatic limit. GDDS is calculated
as the annual sum of the daily mean temperature above 5°C:

(A1) GDD5=§ max(0, T,

hean - 50C)

Using the original GDD5 formulation in LPJ-GUESS for the study region resulted in tree colonization of
the alpine tundra regions to a large extent. This appears to be due to the relatively warm conditions in
these alpine regions, with the high snowpack being the actual constraint against tree establishment. To
approximate the influence of the high snowpack conditions on tree establishment, the GDD5
formulation was adapted such that GDD5 values can increment only on days with no snowpack. This
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adaptation resulted in an improved tree distribution especially in the higher elevations of the study
area.

6.1.2. Soil heterotrophic respiration

The original formulation of soil heterotrophic respiration for LPJ-GUESS relates organic matter
decomposition to soil temperature and moisture conditions. The temperature dependence follows an
Arrhenius relationship with above-ground litter decomposition dependent upon air temperature and
below-ground decomposition dependent upon soil temperature. The decomposition rate for each
carbon pool, k, as a function of temperature, g(T), and moisture, f(W;), are given by (Sitch et al., 2003 ):

(A2) k=QIt,)g(T)f (W)

where 15 is a turnover time of 2.86, 33.3 and 1000 years for the litter, fast and slow soil pools,
respectively. The decomposition rate, as formulated, results in the largest soil pools in cold, dry areas,
which does not correspond to observations (Post et al., 1982). In our new parameterization, we
distinguish between fast and slow litter decomposition with turnover times of 2.0 and 20.0 years (at
10°C), respectively. Leaf, fine root and reproductive tissues are assumed to enter the fast litter pool with
wood tissue entering the slow litter pool. The fast soil pools turnover time was also adjusted to 20.0
years, with the slow soils pool’s turnover time remaining unchanged. The slow soil pool was assumed to
have g(T) and f(W,) values of 0, i.e. the slow soil pool is insensitive to temperature and moisture. The
fraction of litter decomposition entering the atmosphere was also decreased from the LPJ-GUESS
original value of 0.70 to 0.65. We developed a new formulation for the fraction of litter decomposition
entering the fast soil pool, fast,., based upon the relationship between soil organic matter and clay
content (Jobbagy et al., 2000). The original LPJ-GUESS parameterization for fast,. is a constant value of
0.985. In the new scheme, the total soil column fractional clay content, clay,., is used to determine the
partitioning between the fast and slow soil carbon pools, fasts.:

(A3) Jast,,. =1-T *clay,,

where T, = 0.15. For clay;, values between 0 and 1, fast,. will vary between 1.0 and 0.85, respectively.
Application of this new formulation results in more realistic size and distribution of the soil carbon pools.

6.1.3. Species Specific Parameters

Nineteen tree species endemic to the Skeena region and surrounding area were parameterized
for the LPJ-GUESS model. Bioclimatic limits (minimum mean temperature of the coldest month for tree
survival, minimum mean temperature of the coldest month to permit establishment, maximum mean
temperature of the coldest month to permit establishment, and minimum mean temperature of the
warmest month to permit establishment) were derived from the literature (Burns et al., 1990) and
adjusted to reproduce modern spatial extents for each species (Yole et al., 1989; Banner et al., 1993;
Klinka, et al., 2000).

LPJ-GUESS distinguishes between boreal and temperate tree species giving enhanced low-
temperature photosynthesis to boreal tree species. The distinction between temperate and boreal for
each species was assigned following descriptions, climatic tolerances, and maps of areal extent in Burns
et al. (1990). There are also four classifications for shade tolerance in LPJ-GUESS: shade very tolerant,
shade tolerant, shade intolerant, and shade very intolerant. The shade tolerance classes influence the
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species sapling establishment rate, ability to endure low-light conditions, and sapwood to heartwood
turnover rates. Species were assigned a shade tolerance as well as an average lifespan, vertical root
distribution, and drought tolerance based upon descriptions in Burns et al. (1990) and Klinka et al.
(2000). Wood density, fire resistance, and the ratio of crown area to stem diameter were derived from
the FVS/FFE model (Crookston et al., 2005; Reinhardt et al., 2007).

The specific leaf area, which relates the leaf surface area per gram of carbon in the leaf, was
derived from reported literature values (Table A6.1). The ratio between leaf area to sapwood area was
also derived from reported literature values (Table A6.2).

6.2 Climate scenarios and datasets
6.2.1. Historical climate

Historical monthly weather station data was downloaded from the Environment Canada website
(Environment Canada 2011). Seasonal climate indices were created from the data by excluding seasons
with incomplete records (missing data or missing months). The Terrace meteorological record was
created from the meteorological stations: Terrace A (1953 — 2010) and Terrace PCC (1968 — 2007). The
Prince Rupert record is from three stations: Prince Rupert (1908 — 1962), Prince Rupert A (1962 — 2006)
and Prince Rupert AWOS (2005 — 2007). The assembled record is an average between the stations for
years with overlapping coverage, allowing for a more complete record. Small geographic differences
between the neighbouring stations were assumed to be insignificant to the climate record (maximum
horizontal distance between stations is approximately six kilometers with a vertical distance of 160 m).

6.2.2. Gridded climate for model runs

The LPJ-GUESS model required climate inputs are mean monthly temperature, precipitation and
cloud cover. Climate scenarios were selected following Spittlehouse and Murdock (2010). The three
models/emissions scenarios are listed in Table 5.1 of Chapter 5. These model/emission scenarios
effectively cover the climate space of the models of the Fourth Assessment of the Inter-governmental
Panel on Climate Change (IPCC) (Meehl, et al., 2007) for B.C.

The three model/emission scenarios have been downscaled from their native general circulation
model grids to a resolution of 30 arc seconds using the ClimateWNA software (Wang et al., 2011).
Monthly climate data for the historical period (1906 — 2006) was downscaled similarly from the 0.5°
resolution CRU-TS 3.0 dataset (CRU 2008). The future scenarios were available as an average year of
monthly mean climate covering thirty years for the 2020s (2010-2039), 2050s (2040-69) and 2080s
(2070-2099). A continuous monthly climatology was created by linear interpolation between these years
for each month. Inter-annual variability was added to the future climate by addition of the historic
variability from 1906 — 1980. The historical variability is calculated from each month’s deviation in
climate relative to the mean (absolute for temperature, relative for precipitation and cloud cover) over
the detrended historical period and adding that on to the future climate linear interpolation.

As the ClimateWNA program does not downscale cloud cover, we used the CRU-TS 3.1 cloud
cover fields (CRU 2008) with linear interpolation to 30 arc seconds. We did not attempt in our
downscaling of the cloud cover data to further account for topography due to lack of adequate data for
evaluation. The two areas within the study region with extensive cloud cover records (Terrace and
Prince Rupert) are both located in valley bottoms. We are not aware of any other stations at higher
elevations.
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Table A6.1 caption: Specific leaf area (SLA) values for the nineteen parameterized tree species. SLA
values are listed along with the literature source. When multiple sources existed the value was tuned

to be within the range given and to give the best present day distribution.

Common Name Latin Name Specific Leaf | Sources
Area (cm’ g
Y

Western hemlock Tsuga heterophylla 21.0 (Kershaw et al., 1995;
White et al, 2000;
Mitchell, 2001; Duursma et
al., 2005)

Amabilis fir Abies amabilis 13.5 (Mitchell, 2001)

Western red cedar | Thuja plicata 10.6 (Duursma, et al., 2005)

Sitka spruce Picea sitchensis 15.0 (Gower et al.,, 1990;
Townend, 1995)

Engelmann spruce | Picea engelmannii 7.7 (Chen, 1997)

Black cottonwood | Populus trichocarpa 24.5 (Sigurdsson et al., 2001)
and for hybrids of P.
trichocarpa and P.
deltoides (Heilman et al.,
1994)

Red alder Alnus rubra 23.0 (Chan et al., 2003)

Mountain hemlock | Tsuga mertensiana 9.2 (White, et al., 2000)

Subalpine fir Abies lasciocarpa 7.6 (Klinka et al., 1992; Klinka,
et al., 2000; Duursma, et
al., 2005; Bansal et al,,
2010)

Yellow cedar Chamaecyparis 10.0

nootkatensis

Pacific yew Taxus brevifolia 17.0 (Mitchell, 2001) —average
of sunlight and shaded
values

Douglas fir Pseudotsuga menziesii | 9.0 (Kershaw, et al., 1995;
White, et al, 2000;
Weiskittel et al., 2008)

Whitebark pine Pinus alibcaulis 8.9 (White, et al., 2000)

White spruce Picea glauca 7.0 (Klinka, et al., 1992; White,
et al., 2000)

Tremblin aspen Populus tremuloides 24.2 (White, et al., 2000)

Paper birch Betula papyrifera 10.9 (Ashton et al., 1998)

Bitter cherry Prunus emarginata 33,5 Average of P. pensylvania
and P. serotina in (White,
et al., 2000)

Mountain alder Alnus tenuifolia 37.2 (Anderson et al., 2004)
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Table A6.2: Values used for species-specific ratios of leaf area to sapwood area. Species with no
literature values were assigned either an average broadleaf value (4000) or an average needleleaf

value (3000) (Benjamin Smith, 2011 Personal Communication).

Common Name Latin Name Ratio of leaf | Sources
area to
sapwood area

Western hemlock Tsuga heterophylla 4000 (Waring et al,
1982; Turner et al.,
2000)

Amabilis fir Abies amabilis 5500 (Waring, et al,
1982)

Western red cedar | Thuja plicata 5000 (Waring, et al,
1982; Turner, et
al., 2000)

Sitka spruce Picea sitchensis 4500 (Waring, et al,
1982)

Engelmann spruce | Picea engelmannii 3100 (Waring, et al,
1982)

Black cottonwood | Populus trichocarpa 4000

Red alder Alnus rubra 4000

Mountain hemlock | Tsuga mertensiana 1600 (Waring, et al,
1982)

Subalpine fir Abies lasciocarpa 5400 (Waring, et al,
1982; Martinez-
Vilalta et al., 2004)

Yellow cedar Chamaecyparis 3500 Tuned value

nootkatensis

Pacific yew Taxus brevifolia 3000

Douglas fir Pseudotsuga menziesii 4200 (Waring, et al,
1982; Turner, et
al., 2000;
McDowell et al,,
2002; Martinez-
Vilalta, et al., 2004)

Whitebark pine Pinus albicaulis 1500 (Martinez-Vilalta,
et al., 2004)

White spruce Picea glauca 3000

Tremblin aspen Populus tremuloides 4000

Paper birch Betula papyrifera 4000

Bitter cherry Prunus emarginata 4000

Mountain alder Alnus tenuifolia 4000
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6.3. Carbon dioxide datasets

The historical annual CO, concentration dataset from 1906 to 1958 is calculated from a spline fit
to Antarctic firn air samples as described in Krumhardt & Kaplan (2010). The annual CO, concentration
for years 1959 to 2010 are from the NOAA Mauna Loa flask observations (Conway et al., 2011). Small
differences in annual CO, concentration between either, Antarctica or Mauna Loa and the study site
were ignored. Future emission scenarios A1B, A2 and B1 were obtained for two carbon models (BernCC
and ISAM) used in the 4™ Assessment of the IPCC (Meehl, et al., 2007). The carbon model outputs for
each emissions scenario are decadal means (IPCC, 2001) and were linearly interpolated to produce an
annually resolved dataset suitable for input to LPJ-GUESS.

6.4. Soils textural datasets

The LPJ-GUESS model requires soil information in the form of a soil code following Prentice et al.
(1992)(Table A6.3). The Harmonized World Soils Database (HWSD) version 1.1. is available at a
resolution of 30 arc seconds (FAO/IIASA/ISRIC/ISSCAS/JRC, 2009). The variables of bulk density, clay
fraction, and the USDA code for two different soil depths corresponding to the upper (0 — 0.3 m) and
lower (0. 3 — 1.0 m) soil depths of LPJ-GUESS were extracted from the HWSD. The HWSD soil information
was transferred to the LPJ-GUESS soil codes following the scheme in Table A6.3. The soil bulk density
and clay fraction were used in the new soil heterotrophic parameterization (Appendix 6.1.2).

Table A3 caption: Scheme to translate USDA soil textural code into corresponding LPJ-GUESS soil code
(as defined in Prentice et al. (1992))

USDA soil textural | LPJ-GUESS Soil | Soil Textural Description
code Code

1 1 Fine

2 5 Medium-coarse

3 1 Fine

4 5 Medium-coarse

5 7 Fine medium coarse
6 2 Medium

7 2 Medium

8 6 Fine-coarse

9 7 Fine medium coarse
10 6 Fine-coarse

11 5 Medium-coarse

12 3 Coarse

13 3 Coarse

6.5. Harvesting Scenarios

Coast Tsimshian Resources harvests in an area much smaller than that CCAP study area, we
limited our harvesting simulations to the same areal extent and in doing so were able to use the same
data used provided by Cortex Consultants for the SRWCP study area (See Chapter 10 an Appendix 10.1).
The Vegetation Resource Inventory (VRI) was used to determine the areal extent of historical harvesting
in the SRWCP region (Ministry of Forests, 2011). VRI is available as a GIS dataset with polygons
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corresponding to cutblocks or management units. Importantly, the publically available VRI dataset does
not include information for the lands under Tree Farm Licence 1 (TFL1), which makes up a significant
portion of the SRWCP study area (See Figure 7.3). As we were not able to obtain information on past
harvesting in TFL1, we have estimated harvesting using the following scheme. We used the history of
TFL1’s areal extent and allowable annual cut (AAC) (Sutherland, 2008) to determine an annual cut (cubic
meters of wood per year) normalized to TFL1’s present areal extent. The normalization accounts for
changes in TFL1’s areal extent, with corresponding changes in AAC, through its history. We determined
the areal extent that must be harvested each year, to fulfill the AAC, using yield tables (cubic meters of
wood per hectare) for the main BEC zones of TFL1 (Coastal Western Hemlock, Mountain Hemlock, and
Interior Cedar Hemlock). The available yield tables published for TFL1 are for stands of 30 -110 years of
age (Sterling Wood Group Inc. 2004). Several assumptions were made using this approach. First, the
timber harvested was only that allowed by the AAC with neither undercut nor overcut possible. Second,
that the volume of harvestable wood per hectare can be well represented by the vyield tables
referenced. Third, market conditions did not influence the harvest of timber from that prescribed by the
AAC. This final assumption is almost certainly incorrect in the last decade given the slowdown in
harvesting evident in the non-TFL1 areas of the SRWCP (see Fig 6.4). For non-TFL1 regions included in
the VRI database we used the original VRI values and simply aggregated the areal extent of polygons
harvested in each year.

Future harvesting for the entire SRWCP region, including TFL1, was prescribed by the scenarios
determined by Cortex model (See Chapter 10 and Appendix 10.1). As establishment in LPJ-GUESS was
constrained to occur only every five years, we used the harvest date within the VRI and Cortex outputs,
as well as our TFL1 estimates, to combine the annual harvesting into 5-year bins. Estimated harvesting
areal extents per five-year bin are shown in Figure 6.4.

During years of harvest, we randomly distributed the prescribed amount of harvesting within
the non-Alpine Tundra (AT) BEC units of the SRWCP area. Grid cells were harvested as clear cuts with no
trees allowed remain after harvest in the grid cell. All fine root mass and 30% of the total sapwood and
heartwood mass was passed to the soil carbon pools. The 30% represents coarse roots, tree limbs and
wastage during harvest. The leaf mass of the tree was transferred to the litter carbon pool. The
remaining 70% of the sapwood and heartwood is assumed to be transported off-site and to remain
without further decomposition (thus no further C emissions can come from these wood products). Grid
cells were not harvested twice within the same simulation, i.e. no harvesting of second growth timber
permitted. After harvest, each grid cell was replanted within the same year. The replanting excluded
species that were not explicitly planted for that establishment year. Following establishment years,
natural regeneration was permitted on the harvested grid cells from non-planted species. The planted
species were established at a stem density of 400 stems per hectare for three species: Western Red
Cedar (Thuja plicata), Amabilis Fir (Abies amabilis), and Western Hemlock (Tsuga heterophylla), giving a
total density of 1200 stems per hectare following practices in the region (Engelbertink, 2011 Personal
Communication). These three species were planted in both historical and future harvesting and across
all zones of the SRWCP region.
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6.6. Calibration of Projection Confidence Levels

Table A6.4: Calibration of confidence levels

Confidence Level | Description

High Good agreement between all three-climate models/scenarios simulations. Direction
and magnitude of change is reasonably consistent. For estimations based upon the
scientific literature, studies are peer-reviewed, specific to the general region, and
present convincing evidence supporting their claims.

Moderate Majority agreement of the climate models/scenarios simulations. Direction and
magnitude of change is generally consistent. For estimations based upon the
scientific literature, the studies are peer-reviewed, likely applicable to the study
region being, and present convincing evidence supporting their claims.

Low Deviation between the climate models/scenarios simulations. Direction of change is
generally consistent but magnitude of change is not consistent. For estimations
based upon the scientific literature, the studies are peer-reviewed but there is little
consensus in the literature. Trend estimation is based upon weight of evidence from
recent studies of regions similar or the same as the study region.

Very Low Large deviation between the climate models/scenarios simulations. Direction and
magnitude of change is generally inconsistent. For estimations based upon the
scientific literature, the studies are peer-reviewed or are technical reports. There is
no clear consensus in the literature or the studies are not easily applied to our study
region.

None Uncertainties in the projection are too high to allow an estimate. There does not
exist good agreement in studies in the scientific literature to draw from.
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