Mixed Regional Shifts In Conifer Productivity Under
215-Century Climate Projections In Canada’s Northeastern
Boreal Forest

Tyler Searls, James Steenberg, Xinbiao Zhu, Charles P.-A. Bourque, & Fan-Rui Meng

Supplementary Materials

Contents

1. Plot “scaling’ in preparation for input into JABOWA-3 ........c.cccovenn. 1

2. Adjustment of JABOWA'’s species DDwmax and DDwin parameter values.... 1

3. JABOWA-3 parameter settings used in this study........c.cccooovrrrrrnnn. 4
4. Summary of historical climate dataset..........c.coceceeevvieinnniiinnicie, 5
5. Summaries of climate projection datasets............c.cccoeveeveieeieecciccccne, 7
6. Additional supplementary tables..........c.cccoccoviiniiiniiniini 16

RELEICIICES .eveveeeeeeeeeeeeeeeeee ettt ettt ettt e e et e e s s st e e s ssatessssaneessssaseesssnnneas 17



1. Plot “scaling’ in preparation for input into JABOWA-3

As noted in the accompanying manuscript, permanent sample plots (PSPs) range in
size from 0.002 to 0.1 ha in the province of Newfoundland and Labrador (NL), including
an array of intermediate sizes. PSP size is not fixed in NL, and commonly increases as a
plot matures over remeasurement intervals, and stem density naturally declines. Increases
to PSP area are at the discretion of the field crew measuring the plot. Differing plot areas
would impact JABOWA'’s density and light-level subroutines, which assume a 0.01 ha plot
area. Through the data formatting process, all PSP measurements were scaled to 0.01 ha.

The scaling process was applied to each PSP measurement that was not from a 0.01
ha plot and involved one of two approaches: (i) ‘down sampling’, where the plot area was
> 0.01 ha a series of randomly selected trees from the plot proportionate to the difference
between the 0.01 ha and the plot area were deleted from the plot; and (ii) ‘up sampling’,
where the plot area was < 0.01 ha a series of randomly selected trees from the plot
proportionate to the difference between the 0.01 ha and the plot area were duplicated
within the plot record. When up sampling, if the difference between the plot area and 0.01
ha exceeded 200%, the entire population of tree observations within the plot would be
duplicated before additional random selection and duplication was employed to
accommodate the remaining proportional difference. Further, the entire plot would first
be duplicated twice for plot area differences exceeding 300%, three times for differences
exceeding 400%, and so forth.

The random nature of tree selection through scaling does not guarantee the
composition, age, or size structure of the original plot record is reflected in the scaled plot
record; this is a limitation of this work. Still, in applying a truly randomized scaling
technique to individual PSPs within a large provincial dataset would generally ensure
that the composition of the PSP program is maintained through the scaling process. Being
as this study yields a provincial and ecoregion analysis, the integrity of the scaled datasets
at the provincial and ecoregion levels are of most significant. That is, erroneous
composition introduced through random sampling at a plot level is less of a concern.

2. Adjustment of JABOWA'’s species DDmax and DDwmin parameter values

In JABOWA'’s default parameterizations, coarse temperature isotherms and realized
niche are used to generalize species upper and lower degree-day tolerance (DDmax and
DDuwmin, respectively). These parameters are utilized in JABOWA-3 through unimodal
temperature response functions [1] where optimal temperature response is precisely
midway between DDwmax and DDwin. When climate inputs lend to a simulation year where
the value for degree-days (DEGD) is outside that range defined by the corresponding
DDwmax and DDwin values, JABOWA determines that the tree experiences no growth,
regardless of the status of any other model inputs. Multiple years of no growth result in
an exponential increase in a tree’s probability of dying [1].

Through JABOWA'’s default parameterization, DDmax and DDwmin were derived from
coarse-scale isotherm information which approximates northerly and southerly realized
niche. This derivation of the DDwmax and DDwmin can prove problematic where climatic
inputs passed into JABOWA often entail local growing conditions outside the generalized
isotherm range informing the DDwmax and DDwin parameters. As noted, sequential years of
zero growth lend to increased rate of tree mortality. This can result in the unintended
simulation of mass die-off events.

To resolve this, JABOWA’s DDwmax and DDwin parameters were updated for each of
the nine species included in this study using a common method (Table S1). A cumulative
annual degree-day raster surface was first calculated with coverage of North America.
The raster was based on normal mean daily minimum and mean daily maximum
temperature surfaces obtained from WorldClim [2] and used in the annual DEGD
estimation function employed in the JABOWA family of models [1]:
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where DEGD is the estimated cumulative annual GDD, Tjuy is the mean monthly
temperature in July, and Tj is the mean monthly temperature in January, and 4.4°C is the
base temperature below which growth is assumed to be negligible. The species ranges
identified through Little’s [3] species growing extents, as digitized by Prasad and Iverson
[4], was then used to determine a new DDwmax and DDwin parameter for each of the nine
species in this study (Figure S1, Table S1).

The WorldClim monthly normal climate datasets are derived from a network of
between 9,000 and 60,000 weather stations. Datasets are interpolated using thin-plate
splines with covariates which include elevation, distance to the coast as well as satellite-
derived covariates obtained from the MODIS satellite platform. WorldClim's freely
available raster datasets, and those used in this study for the determination of DDwmax and
DDwin, have a spatial resolution is 2.5 arc-minutes (~21 km?). Global cross-validation
correlations were > 0.99 for temperature and humidity and 0.86 for precipitation [2].
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Figure S1. Species North American growing extent using Little’s [3] mapping as digitized by Prasad
and Iverson [4] and corresponding GDD envelope estimated using WorldClim climate normals [2]
and JABOWA's sinusoidal annual GDD functions [1].
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6. Additional supplementary tables

Two additional tables have been provided as supplementary data in .xlsx format
rather than as part of this document due to their size. These two tables contain of the
following supporting information:

Table S6. A summary of simulated BA by year, scenario, ecoregion, and species at an
annual timestep.

Data Dictionary:

ECRG: Ecoregion code, see Table 1.

SCEN: Modelling scenario.

YEAR: Simulation year.

SPEC: Species code, see Table 2.

BAsm: Simulated BA (m? ha')

BAmx: Maximum BA in an individual plot (m? ha)
DBmx: Maximum individual tree DBH (cm)

DBav: Average individual tree DBH (cm)

DBsd: Standard deviation of individual tree DBH (cm)

Table S7. Climate modifiers by scenario, ecoregion, and species. Climate modifiers at
20-year intervals.

Data Dictionary:

ECRG: Ecoregion code, see Table 1.

SCEN: Modelling scenario.

YRMN: First year of modifier applicability.

YRMX: Final year of modifier applicability.

SPEC: Species code, see Table 2.

MODEF: Growth modifier value (Ck.; ;; see Egs. 4 & 5).
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