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PREFACE

In June 1997, the Conference of the New England Governors and Eastern Canadian Premiers
(NEG/ECP) recognized that acidic depogition is “a joint concern for which a regional approach on
research and strategic action is required” and that "state and provincial monitoring efforts and
analysis remain a high priority within their respective programs'. The Conference charged its
Committee on the Environment to present specific policy recommendations at their next meeting, June
1998. A draft framework for the Acid Rain Action Plan was subsequently devel oped by representatives
of the New England states and Eastern Canadian provinces. This draft was refined following the
NEG/ECP Workshop on Acid Rain and Mercury in February, 1997 in Portland, Maine, and the find
work plan was approved in October, 1999.

The New England/Eastern Canadian Acid Rain Action Plan identifies steps to address those aspects of
the acid rain problem in northeastern North Americathat are within the region's control. Specificaly, the
action plan includes.

acomprehensive and coordinated plan for further reducing emissions of sulphur dioxide and oxides
of nitrogen which contribute to the problem of long-range transport of air pollutants, acidic
deposition, and nutrient enrichment of marine watersin the region

aresearch and monitoring agenda targeted at both improving the state- of-the-science for this
environmental problem, and increasing regiona cooperation in sharing research and datain order to
better understand the impact of acidic deposition on the region and andyze the effectiveness of
current control programs on sendtive ecosystems

a public education and outreach agenda to ensure that the public continues to be educated and
mobilized towards the overal god of protecting the natura environment.

The action plan contains 22 recommendations for specific actions that the provinces and states can
undertake to ensure that significant progressis redized in reducing the effects of acidic depodtion on
ecosystems.

The NEG/ECP Committee on the Environment has appointed a steering committee to coordinate and
prioritize the implementation of the action items, and a forest mapping group to carry out Action Item 4
on the forest mapping research project. Action Item 4 concerns the mapping of forest sengitivity to
acidifying sulphur (S) and nitrogen (N) pollutants for upland forests in northeastern North America.
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1. PROJECT GOALS

1.1. Problem statement

Asaresult of SO, abatement legidation, sulphur emissions have decreased across North America.
However, current emissions of both sulphur (S) and nitrogen (N) compounds are expected to have
continuing negetive impacts on forest soils, and forest health and productivity (Driscoll et d. 2001).
Upland forests, as opposed to marshy wetlands, are expected to be impacted most: acid buffering
capacities of upland soils are generdly low compared to down-dope locations, and such soilstypically
do not receive acid- buffering seepage water from higher ground or from upwelling subsurface flows.
Over time, the ability or the potentia of the upland forest soil/vegetation complex to buffer acidic
deposition is expected to decrease, and soil nutrient supplies for sustainable tree growth are expected to
become depleted and/or imbalanced. The most sengitive forest ecosystems are likely to bein
mountainous regons where glacid till and soils are thinnest, and where aimospheric depostion rates are
highest (Miller et a. 1993).

In general, assessing forest sengtivity to acidic deposition is a complex task, and doing so in areliable,
yet practical manner requires a scientificaly acceptable protocol to:

Identify, quantify and map those parameters that best capture the ability or potentid of each mgor
upland soil-vegetation combination to buffer againg increasing soil acidification

Deveop acriterion for determining the level of acidic deposition above which upland forest soils are
no longer protected against increasing soil acidification and consequent base cation depletion
(sustainable acidic deposition)

Determine whether current and projected atmospheric S and N deposition rates exceed
sustainable acidic deposition.

1.2. Objectives

The overall goa of this project isto generate maps of eastern Canada and the northeastern United
States that identify those forest areas that are most sengtive to acidic deposition. Senditive areas are
those where current or projected acidic deposition potentially exceeds sustainable acidic deposition
rates. Sustainable acidic deposition rates are those that would maintain forest ecosystem health and
related productivity indefinitely based on S and N deposition inputs. Sustainable acidic deposition rates
can be determined from andyzing existing information on geology, soils, vegetation, and land-use
history. Therefore, the specific objectives of this project are to:



1. Ediimate sustainable acidic deposition rates and exceedances for upland forests representative of the
New England States and of the Eastern Canadian Provinces, using Ste-specific data, and ecozone
subdivisons

2. Produce maps of sustainable acidic deposition rates and associated exceedances

3. Rdate potential exceedance of sustainable acidic deposition to forest productivity and hedlth, based
on exiding information.

The purpose of this document is to outline the procedures and methodol ogies that will be used to

caculate sustainable acidic deposition rates and the related exceedances. Specificaly:

Section 2 (Methods for estimating sustainable acidic deposition rate) defines equations and
assumptions used to estimate sustainable acidic deposition using a steady- state mass balance
approach.

Section 3 (Data requirements for model application and validation) lists data required to make
Ste-specific caculations and to compare the site-specific to the ecologica unit gpproach.

Section 4 (Mapping Methodol ogies) outlines database development for the ecologica unit
gpproach and the related mapping methodol ogies.

Section 5 (Data Management Protocol) describes the gpproach for standardizing data for the
ensuing mapping effort.

Appendices addressing: sustainable acidic depostion, soil base saturation, soil westhering, soil N
accumulation, nutrient uptake, atmospheric deposition, impacts of exceedance of sustainable
deposition on forest hedlth, and project adminigration.

2.METHODSFOR ESTIMATING THE SUSTAINABLE ACIDIC DEPOSITION RATE

2.1. Background on sustainable deposition and critical loads

The procedures to be used generdly follow the steady-state mass ba ance approach (SMB), as
documented by Posch et d. (1995), the Mapping Manua (UBA, 1996), and Posch et a. (1999) for
the cd culations and mapping of critica soil acidification loads in Europe. In that context, acritica load
was defined as "a quantitative estimate of an exposure to one or more pollutants below which
significant harmful effects on specified sensitive elements of the environment do not occur
according to present knowledge" (Nilsson and Grennfelt 1988). As noted by Posch et d. 1999:



“Thefirst critical loads to be calculated were for acidity, and - in the negotiations for the 1994
Sulphur Protocol - a* sulphur fraction” was used to derive a critical deposition of sulphur from
the acid critical load (Downing et al., 1993; Hettelingh et al., 1995). In preparations for the
negotiations for a *“ multi-pollutant, multi-effect” protocol, nitrogen became the focus, and thus
critical loads of N had to be defined aswell. Thisled to a revision of the Mapping Manual (UBA,
1996)”.

The approach described in this protocol, however, differs from the European Critical Load concept by
defining a sustainable acidic deposition rate that maintains or enhances the current level of soil base
saturation such that soil reserves of plant nutrients can be maintained under given forest management
practices and/or natural disturbance regimes, for the foreseeable future (e.g., severa forest rotations).
In contrast, the European critica load concept includes severa chemica threshold concentrations above
or below which damage to the functioning of organisms and ecosystems is thought to occur. One
chemicd criterion is the concentration of soil duminum (Al), which is solubolized by acid, with threshold
values for water-soluble Al in the soil solution ranging from 6 to 25 mg L™ (or 0.1 to 0.4 meg L™; de
Vries 1991, Posch et d. 1995). Another soil acidification criterion isthe molar ratio of base cationsto
aduminum (BC: Al) in the soil solution. This criterion was selected because excessive amounts of Al ions
in soil solution interfere with plant uptake of Ca, Mg and/or K ions (Shortle and Smith 1988). For the
BC:Al criterion, amolar retio of 1 is generdly used, because that is at or near the threshold for inducing
nutritiona Ca, Mg or K deficienciesin tree seedlings (Warfvinge and Sverdrup 1995). These
specifications, however, become problematic in terms of scaling up from observed tree seedling
responses under controlled laboratory or greenhouse conditions (from which the physiologica
thresholds vaues have been derived) to the complexity of conditionsin the forest. Soilsrardly provide a
uniform rooting medium and span a continuum of soil properties varying both laterdly and verticdly a
the scale of asingle tree. Often, the standard deviation of any soil property is aslarge as the mean vaue
of that property (Arp 1984, Arp and Krause 1984). Therefore, afactor of 10 has been suggested as a
safety factor to ensure that the soil conditions do not deteriorate under varying conditions and episodic
acidification events (Arp et d. 1996). Many questions arise when scaling greenhouse results to the fied,
including: Isthe critica concentration threshold for soluble Al that causes physiologica damageto tree
roots in the field the same as that in the greenhouse or hydroponic solution? Given the subgtantia
verticd variaion in solution Al, to which part of the rooting space should the threshold be assigned? Do
tree roots Smply adapt by avoiding soil pockets or individud soil layers with high soluble Al? To what
extent do soil organic matter and dissolved organic matter render water soluble Al non-toxic via
complexation?



Adopting the concept of a sustainable acidic deposition rate to protect againgt soil acidification and
subsequent base cation depletion diminates the difficulties of setting and accepting physiologica
thresholds and the related uncertainties as part of the forest sengitivity assessment. Moreover, focusing
on the base gatus of soilsis helpful in ensuring that the overdl viability of forests and forest soilsis
maintained via sustainable nutrient capitals. Such an analysis will demongrate whether nutrient pools
can be maintained by primary means (e.g. soil weathering, amospheric deposition), or by artificid
means (e.g. forest fertilization). This protocol aso addresses actuad and anticipated disturbance regimes
which can affect the sustainable acidic depodition rate. Uncertainties in the caculation of sustainable
acidic depostion are causd by difficultiesin quantifying:

? Inputs of primary nutrients into the soil (atmospheric deposition, soil weethering)

? Extent of nutrient refention within the soil and by the vegetation

? Effective depth of rooting zone

? Changesin individud nutrient pools within soil and vegetation, caused by changesin dimate,

forest management, or land use

The proposed methodology will alow for sengtivity assessments that specificaly ded with these
uncertainties.

In Appendix 1, the term sustainable acidic deposition - heresfter referred to as Sustainable
Deposition or SD - isdefined in terms of a smple mass baance caculation, for (i) the soil done, (ii) the
s0il-vegetation complex (the forest), and (i) the soil-vegetation-atmosphere complex (the ecosystem).

It isimportant to note that the SD is cal culated based on inputs of Sand N deposition and does not
include deposition of other pollutants such as ozone, or the effects of other factors detrimenta to forest
hedlth, such as pests. Therefore the SD should reflect the level of Sand N deposition an upland forest
can tolerate in the absence of other impacts. The SD must be considered the potentially sustainable
level of Sand N deposition when other pollutants or forest health impacts are Sgnificant. The overal
intent of this protocol isto provide a conservative estimate of the SD — the highest value of SD that will
maintain the overall soil base status within the context of current or expected acidic deposition loads and
related exceedance.

An important objective of this project isto relate the exceedance of SD to forest production and hedlth.
In an assessment of critica acidification loads in the Turkey Lake Watershed of northeastern Ontario,
preiminary evauations of data have reveded that many permanent sample plots that were located in
regions with high acid exceedances showed symptoms of decline: trees have reduced growth, visble



sgns of damage, and increased canopy transparencies (Moayeri et d. in press). Declines of red spruce
at high devations have been linked to imbaances in soil nutrients and high concentration of acid-
mohilized duminum in the soil (Environment Canada 1997, Schaberg et a. 2000). Another study has
shown strong correlations between forest decline symptoms and loca acidification exceedances
(Ouimet et d. 2000). Thereisincreasing evidence that essentia nutrients, such as cacium and
magnesium, are being lost from soils exposed to acidic deposition (Environment Canada 1997, Alewdl
et a. 2000, Driscoll et d. 2001). In addition, air pollution damage to trees influences ecologica
processes such that the trees become more susceptible to other stressors such as insects and diseases,
both directly and indirectly (Hall et d. 1998).

2.2. The steady-state mass balance (SMB)
The steady- state mass- bal ance approach uses a smplified, steedy-sate input/output description of the
most important biogeochemica processes that affect soil acidification.

Ecosystem inputs include:
1. Atmospheric deposition of S, N, Ca, Mg, K
2. Soil base cation weathering rate (Ca. Mg, K, Na, P)
3. N fixation, where Sgnificant.

Ecosystem retention and output processes lead to:
Net nutrient accumulation inthe sail (N, S, Ca, Mg, K, P)
Net nutrient storage in above-ground biomass by uptake (N, S, Ca, Mg, K, P)
Net remova of nutrients by forest harvesting or other disturbance (N, S, Ca, Mg, K, P)
Nutrient loss through soil leaching (N, S, Ca, Mg, K)
5. Denitrification (N).
Based on the above ecosystem processes, a mass-baance framework is used to caculate sustainable
rates of acidifying sulphur and nitrogen deposition for upland forest soils, in order to maintain or enhance

Eal R

the current level of soil base saturation. The background and computationa framework dealing with
maintaining soil base saturation of ecosystems receiving acidic deposition is presented in Appendix 2.

2.3. Maximum sustainable deposition of acidifying sulphur
The maximum sugtainable sulphur deposition rate to maintain the current soil base cation gatusis given

by:

Drrex(9 = BCap + BCy — BC, — ANC,(SD) )



where:

BCuep - sum of Ca+ Mg + Na+ K deposition rate (eq ha™ yr™)

BC,, - soil weethering rate of Ca+ Mg + K + Na (eq ha™ yr)

BC, - net Ca+ Mg + K uptake rate (eg ha™ yr™) ultimately removed by harvest or
disturbance

ANC (D) - sustainable acid neutrdizing capacity (ANC) leaching rate (eq ha™ yr™).

Atmosphericaly deposited base cations are acid-neutraizing. The soil weethering process whereby Ca,
Mg, K, and Naions are released into the soil solution is aso acid neutralizing. In contrast, base cation
uptake is considered acidifying (because plants release H' ions during base cation uptake to maintain
charge neutrdity on either side of the soil-root interface). In these calculations, Na can be neglected
except for the Na component of soil weathering. Mogt of the incoming Nais lost from the ecosystem by
leaching, because of low Na retention.

The relationship between soil acidity and base cation satus is based on the ion exchange equilibrium by
way of the BC:Al ratios of ion exchange Stes and in soil solution (Appendix 2). In particular, the
maintenance of the soil base saturation is closdy linked with what congtitutes a sustainable base cation
leaching rate. This rate can be caculated from

,1/3
ANC (SD) = - 15 BCup + BC, - BC, - BCq, +BC, - BC, 0

2/3%
(BC/Al)g, Q §1~ (BC/ Ay K

2

gibb 5
where:
(BC:Al)sp - ratio of base cationsto Al (eg/eq) in the soil percolate which would be consstent with
maintaining a particular base saturetion level
Kgibb - gibbsite dissolution constant that controls Al solubility (P eq®) the multiplication
factor 1.5 arises from the converson from moles to equivaents
Q - rate of s0il percolation (combined laterad and downward), which can be assumed
equal to sreamwater flux (myr™).

For background on setting (BC: Al)sp, See Appendix 2. For background on determining soil weethering
rates, see Appendix 3.



2.4. Minimum sustainable deposition of acidifying nitrogen
Aslong as the deposition of N stays below the minimum sustainable acidic depogtion rate of nitrogen,
i.e,

Ndep£ Na+Nu+Nde:S:)min(N) (3)

where:
Ndep
N. - net N accumulation rate in the soil (eq ha™ yr™)

a

- amospheric N deposition rate (eq ha™ yr?)

N, - net N uptakerate (i.e., increment of nutrient in biomass; eq ha* yr)

u

Nee - soil denitrification rate (e ha* yr™?)

then al deposited N is consumed by N sinks within the ecosystem (N accumulation in soil, N uptake by
the vegetation) or logt via denitrification. In this case, SDmx (S) done determines the maximum
sustainable acidic deposition rate.

All of the above fluxes of N are expressed as net annud quantities, but net soil accumulation of N may
vary dgnificantly from location to location, because it is affected by long-term site history (old growth,
intensvely managed, fire, and other natura disturbances). Current estimates for net N accumulation vary
from0to 5 kg ha™ yr* (0 to 350 eq ha* yr™). For further background, see Appendix 4.

Equation 3 accounts not only for N,and N, but also for denitrification. However, for upland forest
s0ils, denitrification rates are smdl to negligible (Binkley et d. 1995; Appendix 1), hence Nge is set to 0.
Assuming denitrification to be negligible gives a consarvative esimate of SD (i.e,, SD would be higher if
denitrification were assumed to be greater than 0).

2.5. Maximum sustainable deposition of acidifying nitrogen
The maximum dlowable sustainable acidic deposition rate of N (for the case of no S deposition) isgiven

by:

Dy (N) = Dy (N) + D, (S) (4)

min

In this equation the SDy,a for N is the sum of the anks for N in the ecosystem and the maximum
deposition rate.



2.6. Sustainable deposition of nutrient nitrogen

In addition to the acidifying effect of nitrogen deposition, excess N deposition can cause water quality
problems including eutrophication of surface water (the prolific growth of unwanted nitrophilic speciesin
otherwise N-limited ecosystems), and deterioration of drinking water supplies and subsequent human
hedlth problems (Fisher et d. 1988, Nilsson and Grennfelt 1988, Skeffington and Wilson 1988). More
sgnificantly, excess N deposition can lead to plant nutrient imbaances and forest health decline (Agren
and Bosatta 1988, Aber et al. 1998, Dehayes et d. 1999, Schaberg et d. 2000). Upland forestsinitialy
respond pogtively to the fertilizing effect of additional N deposition until they reach N saturation (Aber
et al. 1989). Once aforest reaches N saturation, acidification from N deposition incresses, nitrate
leaching increases, and plant nutrient imbaances may occur. When there is excess available nitrogen,
other nutrient elements such as Ca, Mg, K and P become growth limiting (Schulze 1989). The nitrogen
leaching rate, N, isthe eutrophication limit for surface waters or the maximum acceptable leaching rate
(the maximum leaching rate for an ecosystem that isnot at N saturation). This leaching rate is given by

N gacg = QINJeut 5)

where:
N\ qaeq - @CCEPtable leaching of N
[N]e - that N concentration in the soil solution above which it would be considered
detrimentad to ecosystem or soil

The sugtainable deposition rate for nitrogen with repect to ecosystem eutrophication can then be
expressed as

SDnut(N) = Na + Nu + Nde + Nle (6)

In view of both the acidification and eutrophication issues, the maximum alowable N deposition can
then be obtained from min |SD,.., (N), SD,.(N)].

2.7. Sustainable acidic deposition (SD)

Since both Sand N deposition contribute to acidity, they are both included in the caculation for the
sugtainable acidic depogtion rate. For agiven forest, it is therefore possible to determine those
combinations of Sand N deposition that will not exceed the sustainable acidic deposition rate. The



various combinations of Sand N deposition that do add up to the maximum sustainable acidic
deposition rate therefore delineste the sustainable acidic deposition region within the Sie - Naep
deposition continuum (i.e, the shaded areain Figure 1).
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Figure 1. Relationship between atmospheric Sand N deposition and the sustainable acidic
deposition rate SD(S) + SD(N) for upland forest soils. For each point lying in the shaded area
(e.g., Point 1), there is no exceedance of the sustainable acidic deposition rate. Points lying outside the
shaded area exceed the sustainable deposition rate. For Point 2, S deposition is larger than the
maximum acceptable rate for S deposition, and N deposition is less than the amount that the forest
ecosystem can retain [ Nges< SDmin(N)]. This means that the system would not be saturated with
respect to N, and, in this case, there would be an exceedance of sustainable S acidification but no
exceedance of N acidification. For Points 3 and 4, there would be sustainable acidification
exceedances due to the combined effects of S and N depostion. For Point 4, there would be a soil
acidification exceedance aswdl asaN nutrient exceedance (the associated vertical line can be moved
to the right or the left depending on one's choice about [N]ey). Notes: seetext for SDma(S),
SDmax(N), and SDyin(N). The dope of the shaded areaiis -1 for the case of upland forests, when
denitrification is consdered negligible.
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2.8. Forest biomass production and N uptake

In order to determine the sustainable deposition rate, mean annual forest biomass production rate or
mean annud increment (MAI) is caculated. The MAI that can be sustained is afunction of: (1)
atmospheric depostion, (2) soil weethering, (3) the maintenance of current soil base datus, (4) existing
or anticipated nutrient availabilities, and (5) forest disturbance regimes, including harvesting and fire. The
sugtainable MAI can be derived once sustainable N concentrations in the above-ground forest biomass
(leaves, branches, bark, semwood) are specified using steady- state conditions for N accumulation and
biomass.

Since
[ N]biomass = N content (kg N) / Biomass (tonne) = N, / MAI (8

one obtains the MAI using N uptake (defined below) and N concentration in biomass

MAI = Ny / [N]biomass ©)
where:
Biomass - above-ground forest biomass
N content - accumulation of N in biomass
MAI - mean annua increment, is equivaent to above-ground biomass divided by rotation
length (years), or average period of recurring disturbance regime
[N]siomess - Wheighted/whole-tree concentrations of N (in kg N /tonne).

The MAI-based cdculations are used to estimate the sink for nutrients in vegetation over aforest
rotation. Coarse and fine roots usudly remain on Ste. Thus, mean annud increment caculations and
related N, estimates can be restricted to the increment in above-ground vegetative components which
will be removed by harvesting.
N uptake for mean annud leaf, branch, bark, and stemwood production is computed from

N, = season_length_factor * min { X supply [Nlbiomass / [X]biomass » N @vailability}  (10)
where:

season length factor - the fraction of the year during which nutrients are absorbed by the soil-
vegetation complex (i.e., the growing season)
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Xsupply - the long-term mean annua supply rate of Ca, Mg, K, and P. Square
brackets denote weighted, whole-tree concentrations of X for each mgjor
tree type.

Navailabitity 1S the net sum of inputs from deposition and N fixation and losses to soil N accumuletion

Navailavility = Ndep T Niix — Na, (11)

and Xgppiy 1S the sum of inputs from deposition and minerd westhering

xsupply = Xdep + XW (12)

Note that equation 10 makes use the limitation of X and N availability to caculate biomass growth and
therefore uptake. Long-term N uptake is consdered Ca, Mg, K, or P limited if

Navailavility (IN€4) > Xeupply = [N]biomass / [X]biomass (13)

Otherwise, N uptake is only limited by N availability. Ecosystems for which biomass growth is X-limited
areat N saturation. In contrast, ecosystems for which biomass growth is N-limited have not reached N
saturation (Aber et a. 1998). Note that because [N]piomass / [X]biomass IS fixed, sustainable deposition
rates are calculated for conditions under which nutrient imbalances are not expected to occur.

In the above equations, S uptake does not contribute to the cal culated sustainable acidic deposition
rate, because SN ratios in vegetative tissues are gpproximately 0.1. If S uptake wereincluded in the
cdculaion, then SD would increaese very dightly.

The overdl accuracy of this approach is afunction of the accuracy of the N and X uptake estimates,
and on the presumed constancy of the N:X ratios. While the nutrient ratios are considered congtant,
they are plagtic in nature, thereby requiring ratio-specific sengtivity anadysis of the modd-caculated SD
and related exceedance values. For details regarding X, and N, and related species-specific
concentration values and nutrient ratios in foliage, branches, bark, and semwood, see Appendix 5.
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2.9. Exceedances of sustainable acidic deposition

Sustainable acidic deposition rates, once defined and cal culated, can be compared with current or
expected rates of acidic deposition (wet + dry). An exceedance of sustainable deposition can then be
defined as follows (Appendix 2):

Exceedance = Syey + MaX {Ngep —SDmin(N), O} - SDmax(S) 14

For background and details regarding the estimation of loca S, N, Ca, Mg, and K deposition rates, see
Appendix 6. For background on observed or expected effects of exceedance on forest growth, see
Appendix 7.

3. DATA REQUIREMENTSFOR MODEL APPLICATION AND VALIDATION

The god of this project isto calculate and map SD based on detailed, site-specific data from locations
throughout eastern Canada and the northeastern U.S. An approach smilar to the one proposed here
has aready been used in a preiminary assessment of exceedance of critica loads in parts of Eastern
Canada (Arp et a. 1996, Ouimet et a. 2000, Moayeri et d. in press), but that approach has not yet
been applied to large regions. The overdl intent of that assessment was to calibrate and validate the
SMB model by comparing field observations of forest biomass increment, nutrient upteke, and soil ion
leaching with corresponding modd caculations. The data can dso be used to evaduate underlying model
assumptions. For example, it will be important to evauate the senstivity of the sustainable acidic
deposition rate to uncertainty and variahility related to tree nutrient uptake, soil N accumulation, N
fixation, soil base weethering, etc., as affected by species composition, site conditions, harvest regimes,
natural Ste disturbances (including fire), sand age, and biomass.

3.1. Site selection
Site sdection for modd cdibration and vaidation is based on the digtribution of stand types in the region
and the ability to meet the data requirements for the SD calculations. There are three categories of Sites:

Leved 1 dte dl necessary data are available

Level 2 Ste some data are unavailable, but missing data can be modeled or extrapolated with
confidence (e.g., @amaospheric deposition)

Levd 3 dte: many data are unavailable and must be modeled or extrapol ated.
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3.2. Basic information requirements
Basic information of reference Stes consds of:
Political jurisdiction
Number of the Site (running by jurisdiction)
Name of the site
Geographical coordinates (degrees, minutes, seconds)
Elevation
Size of the gte (ha)
Long-term average temperature (°C)
Average length of vegetation period (day yr™). This represents the mean air temperature > 5 °C for
5 consecutive days
Land-use history.

3.3. Atmospheric deposition

Atmospheric depostion is made up of dry deposition (gaseous and particulate compounds) and wet
deposition (snow and water deposition). The interception of mountain cloud water and coastd fog may
aso contribute to total deposition. In generd, information on the chemidgiry of wet depostion is
available from specialized meteorological networks. The precipitation rate is measured at alarge
number of locations. Dry depogtion is more difficult to evauate. Air concentrations of dry depositing
pecies are available from ardatively smal number of observing saions. Deposition velocity estimates
can be obtained from depogition modds (or from throughfal sampling for S only). Cloud and fog water
deposition estimates require fog collectors and deposition models.

Datafor the five most recent years should be reported for deposition chemistry. The mandatory
parameters for deposition chemidry are:
Specification of deposition origin (1-Wet deposition only, 2-Bulk deposition, 3-Wet + dry + fog
depogition)
Specification of deposition measurements (1- Samplers, 2-Models (or maps), 3- Samplers and
models).
Long term average precipitation amount (mm)
Long term runoff (mm)
Average percentage of precipitation as snow (%)
pH
Specific conductivity (m Snit)
SO,*-S (sulphate as sulphur mmol S L™ or mal ha?)
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NO;-N (nitrate as nitrogen mmol N L™ or mol N ha*)

NH,"-N (ammonium as nitrogen mmol N L™ or mol N ha'")

Cl (Chloridemmal CI L™ or mol Cl ha*)

Na (Sodium mmol L* or mol Naha')

K (potassum mmol L™ or mol K ha™)

Ca(cddummmol L™* or mol Caha™)

Mg (magnesium mmol L™ or mol Mg ha'?)

Dates for which the chemistry data are averaged (e.g. 1988-1993).

For Level 2 and 3 gites, the data can be estimated from spatial data coverages for acidic deposition
available from NATChem (National Atmospheric Chemistry Database and Andysis System,
Atmospheric Environment Service of Environment Canada) or the HRDM (High Resolution Deposition
Model, Ecosystems Research Group, Ltd.).

3.4. Soil characteristics
The soil parameters required provide information about soil qudity and acidification impactsof Sand N
deposition and the potentia nutrient imbal ance/eutrophication impact of N depogition. Soil information
should be reported to the bottom of the B horizon, which is considered to be the extent of the rooting
zone,
Soil type (according to the American (Soil Survey ref) or Canadian Soil Classfication System (Soil
Classfication Working Group, 1988))
Sail profile description (this information may be found using site soil sampling, pedological, or
ecologica surveys)
Humus form (Mor, Moder, Mull)
Forest floor thickness (cm)
Horizon designation and depth (cm)
Rooting depth (cm)
Parent materid type. Thisinformation can be found from soil sampling or from pedologicd,
geomorphologica or ecologica surveys.
Minerdogy and/or total eement content (% P20O5, K20, CaO, MgO, NapO, Al203, Fex03,
SO2) to the bottom of the B horizon, or for soil subgtrate. This information can be found from total
s0il andyss (HCIO ,-HNO; digestion), from pedologica surveys, or from geologica surveys. See
Appendix 3.
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Properties describing the acid and N status of the soil, e.g. pH, cation exchange capacity (CEC,;
cmol (+) kg"), percent base saturation (BS), N (%), and exchangesble base cation concentrations
(K, Ca and Mg in ppm). Thisinformation can be obtained from site soil sampling or pedological
surveys.

Background properties that determine soil acidity and nutrient status, i.e. organic matter content (%)
and particle size digtribution (texture: proportion of sand, silt, and clay in % of weight of combined
0il mingrds =2 mm in 9z€). Thisinformation can be found from site soil sampling or pedologica
surveys.

Parameters necessary for caculating soil chemigtry pooals, i.e. soil bulk dengity (<2 mm soil fraction,
g cm?®) and coarse fragment content (>2 mm soil fraction, %). Thisinformation can be found from
gte soil sampling or pedologica surveys.

Dates of sampling (yr).

3.5. Stand characteristics
Thisinformation is used for estimation of nutrient uptake or increment by the stand:
Stand type (e.g. deciduous, coniferous)
Species forming the stand and stand table:
For each tree species:
number of stlems (number ha™)
average diameter a breast height (cm)
total volume (n? ha* and/or — preferably — total biomass when dry (tonnes ha™)
wood density of dry wood (kg mi®)
stand age (years)
If available, N, K, Ca, and Mg concentrations in the wood, bark, branches, and leaves for each
major tree species (ppm).

3.6 Data for model verification and forest health impact assessment

In addition to the input parameters, some parameters will be used for mode verification including: ion
leaching loss, mean annua increment, denitrification rates, nitrogen fixation rates, and ion concentrations
in the soil solution. Additiond information may be used to evauate forest hedth including: foliage
trangparency, crown density, dieback, incidence of insects and disease, areas of forest decline, diversity
and abundance of understory vegetation and lichens.
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4. MAPPING METHODOL OGIES

4.1. Overview

At least two methodologies will be used for SD mapping (Arp et d. in press). For the first approach --
termed the site-specific approach -- as many Sites as possible will be consdered. However, not all
steswill have dl required information for the calculation. Sites that do have al required information are
designated Level 1 sites. There are presently about 20 Canadian sites and 15 American Level 1 Sites.
As dready dated, Steswith few missng variables are termed Leve 2 stes. The ARNEWS sites (108
gtes) are Leve 2 Stes. These Stes have the potentid to become Levd 1 steswith little effort, or have
enough data that can be used to generate the missing information. Sites that have some useful data but
fdl short of having sufficient deta are termed Level 3 sites. The NAMP sites (147 Sites), EMAN sites
(38 gtes) and FIA ditesfdl into this category. In dl, there are about 325 sites within the study region for
edtablishing a basic Ste-based mapping grid for the region of interest, i.e. dl eastern provinces (Ontario
east to Newfoundland) and the seven northeastern states. Level 3 Sites can aso be used to evaluate
how the missing data for these sites can best be determined, either through examining and andyzing
existing data bases for these Stes or, if necessary, by further data collection at the Stes.

The second approach--termed the ecol ogical unit approach--uses established terrestria ecozone
maps for the region of interest. In Canada, there are fifteen ecozones dtogether. These units are
subdivided into ecoregions and ecodigtricts. Each ecodigtrict has its own combination of physical
environmenta parameters (i.e. soils, water, and climate) and forest type. The ecological unit gpproach,
therefore, isameans for ecosystem-level SD mapping, at the ecodigtrict level (Wiken et d. 1996).

The two gpproaches will be compared in order to assess uncertainties associated with SD mapping.
Comparisons will be made between the vaues in the Site specific and ecological unit approaches for (1)
input parameters such as deposition, (2) SD estimates, and (3) indicator parameters, such as ANC of
Sreamwater nitrate, a sengtive Sites.

4.2. Building the required databases

For the site-specific approach, Level 1, 2, and 3 siteswill be consdered: The ecologica unit gpproach
will make use of the following geospatid databases:
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Canada
Acid deposition coverage — (from NATChem, MSC)
Climate data coverage (from CFS)
Actud Evapotranspiration (AET) - (caculated)
Nationa Forest Inventory - 1:20,000,000 (from CFS)
Provincid Forest Inventories— 1 km grid based on 1:12,000 (from Nfld)
Soil Landscape of Canada- 1:1,000,000 (from CANSIS, AAFC)
Geologica Map of Canada - 1:5,000,000 (from NRCan)
Nationa Topographic Database 1:250,000 (from NRCan)
Digitd Elevation Modd - 1 km grid (from NRCAN)
Ecodistricts 1:2,000,000 (from AAFC)
VMap Leve 0O (Digitd Chart of the World) — 1:1,000,000 (from NIMA)

United States
Acid deposition coverages- (from NATChem and HRDM, Ecosystems Research Group, Ltd.)
Climate data coverage - (from NE Regiond Climate Center, and UNH moddl)
Actua Evapotranspiration - (calculated from NE Regiond Climate Center and UNH climate modd,
and VT Reference Evapotranspiration model)
Forest Inventory and Assessment - (State level FIA) 1:250,000
Soil Landscape - (from STATSGO, NRI) 1:250,000
Geologicd map - (from VGS and VM C) 1:250,000; (regional map from USGS) 1:500,000
Source Till map - (caculated from geologic map information)
Topographic database - (from USGS digital eevation model) 1:250,000
Ecologicd Units- Subsection - (from USFS) 1:1,000,000

The ecologicd unit approach will examine al upland areas within each ecodidtrict to establish upland
polygon areas for the modd . Each upland polygon, which is to be based on existing soil drainage
mapping, will be given aunique identifier and associated ecodidtrict class. All input datawill be cross-
referenced to these polygon numbers. Tree species data, soil data, acidic deposition, and climate data
will be determined for each upland polygon area from the existing spatid data sets and by way of GIS
andysis techniques. Tree nutrient datawill be estimated based on data gathered from the ARNEWS
program and from intensive research sStesin the U.SA. The geo-referenced datawill be compiled asa
series of spreadsheets, which —inturn — will be accessed by the SVIB model, one eco-unit & atime
(each eco-unit is represented by one unit-referenced row of data).
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Thefollowing steps outline the mapping method:

1. Acquiredl spatiad data sets and prepare the data for andysis

2. Deveop upland forest polygons, by dominant tree type

3. Edtimate amospheric deposition and climate date, including actua evapotranspiration (AET), for
each upland polygon

4. Edimate soil weathering rates for each upland polygon

5. Input dataand run the SMB modd for likely forest disturbance scenarios (including old-growth
condition and repest harvesting)

6. Usemodd to estimate nutrient uptake

7. Usemodd to estimate tree biomass production (mean annud increments) and cross check with field
eslimates

8. Usemodd to estimate soil leaching rates and cross check with field estimates

9. Reparameterize modd if needed

10. Map forest sengtivity to acidic deposition on both a site and ecodidtrict basis

For Eastern Canada, ecologica and environmental characteristics of the landscape will be mapped at
the ecodidtrict scae, polygon by polygon. For the New England states, ecological and environmental
characteristics of the landscape will be mapped in araster GIS at scales of 90 to 30 meter ground
resolution. This mapping scheme is chosen to represent the conditions of the complex, mountainous
topography of the New England states in the most explicit manner. High-resolution mapping is
necessary to capture the full range of conditions (soils, forest type, atmospheric deposition), at the
resolution a which these conditions change. Sustainable deposition rates, as calculated for individua
grid cdlscan - inturn - be aggregated by ecological unit to provide map representations more directly
comparable with the results from the Canadian provinces.

4.3 Comparison of approaches

Both the site-specific and the ecologica unit gpproach have advantages and disadvantages. Since the
Ste-specific gpproach uses actud data, there are fewer assumptions associated with model input.
However, regiond interpretations are limited by the rdaively smal number of sites with the required
information in comparison to the Size of the study area. In addition, Ste data may not adequately
represent al mgor regiond and loca soil, climate, and forest combinations. In contrast, the ecologica
unit gpproach utilizes existing spatid data, thus basing the resulting sustainable deposition caculations on
known soil, climate, and forest digributions. Itsmain limitation is that the input data per mapping unit

19



are numericaly derived from other data, i.e., they are not measured per se. This gpproach aso differs
from the European approach since dl input data are keyed and mapped deterministicaly on an
ecodidtrict or high-resolution grid cell basis rather than Satigticadly on a coarse grid-cell basis (Posch et
al. 1999).

Idedlly, the combination of both gpproaches will facilitate a salf-correcting mapping approach, such that
the site-pecific mapping effort can be used to evaluate and re- parameterize the ecologically- based
mapping methodology. Alternatively, the ecologicdly-based mapping methodology can be used asa
means to infer the spatid representativeness of the site-specific anadyses. By using both approaches, the
work group will be able to compare results and will have independent qudity control aswell.

During the pilot phase of the project, Newfoundland, Nova Scotia, and Vermont will be used to
develop and test mapping methodology for the ecologica unit and Ste-specific approach. Part of the
pilot phase of this project isto compare the two approaches and determine why results differ. The
lessons learned will then be applied to the region-wide mapping effort to dlow policy and decison
makers to make informed decisons about the spatid extent of the acid rain problem in the northeastern
part of North America

5. DATA MANAGEMENT PROTOCOL

A serious hurdle in making sustainable depostion cdculaions for alarge region with many jurisdictions
is the compilation and standardization of the data for cross-boundary mapping purposes. The purpose
of the data standardization and management protocol is three-fold, to:

1. ensure that data compiled from each jurisdiction represent the same measuresin the same
way

2. minimize differences in data handling by different individuas by creeting a roadmap which will
guide the data- handler through the series of assumptions necessary to convert the datato
the form used to cdculate SD

3. ensure proper documentation of the data, data origin, and assumptions made at each step of
the data handling.
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While data relating to meteorology and atmaospheric deposition are easly standardized, the sameis not
true for extensive datasets of soil and forest cover type. In addition, for mode validation, soil leaching
data are relatively sparse, and may include considerable variability based on collection method.

Indl cases, decisons will be made about how exigting information from various organizations can be
transformed into common mode input. These decisons ultimately depend on what data will actudly be
available and on the modding objectives. For example, sustainable deposition rates can be mapped for
given areas by species (e.g., balsam fir, sugar maple, red spruce), by group of species (e.g. fir, maple,
spruce), or by forest cover type (e.g. softwood, mixed, hardwood).

While the data management protocol will necessarily be lengthy and the process of documenting
assumptions time-consuming, the documentation produced will be invauable both in evaluating the
methods (especidly in comparing the two gpproaches) and interpreting the results.
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