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FOREWORD 
 

 
In Alberta, an acid deposition management framework has been developed to manage acidifying 
emissions and resulting acid deposition levels and effects. Described in Alberta Acid Deposition 
Management Framework (Alberta Environment, 2008), the framework has four defined levels of 
acid deposition and three management zones.  The assessments are conducted on a 5-year cycle 
to answer the following questions. 
 

• What is the current provincial situation regarding acid deposition? 
• Are large areas of the province at risk due to deposition of acidifying substances? 
• Are there changes in acid deposition patterns over the long term that indicate that harmful 

effects may occur in some areas of the province in the foreseeable future? 
• Are activities in Alberta negatively impacting the environment in the neighbouring 

jurisdictions? 
 
Each assessment must include: 

• Model estimation of Potential Acid Input in each 1º latitude by 1º longitude grid cell; 
• Validation check of the model predictions; 
• Review and revision (if needed) of the receptor sensitivity database; 
• Comparison of deposition to receptor sensitivity; 
• Review of science gaps and recommendations; 
• Public and stakeholder input; and 
• Generation of a report summarizing the results of the assessment. 

 
The Acid Deposition Assessment Group (ADAG) was appointed by Alberta Environment and 
Sustainable Resource Development to guide the assessment.   ADAG consists of representatives 
from government, industry, and environmental organizations.  This document is the acid 
deposition assessment report that summarizes the results of the 2011 assessment. 
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SUMMARY 
 
 
An evaluation of provincial acidifying emissions and resulting acid deposition levels and effects 
in Alberta is required every five years under the Alberta Acid Deposition Management 
Framework.  This report presents the current state of knowledge on provincial acidifying 
emissions and interpretations of resulting acid deposition levels and effects in the province of 
Alberta. 
 
The REgional Lagrangian Acid Deposition (RELAD) model was used to model annual Potential 
Acid Input (PAI) in Alberta using 2006 and 2020 (projected) acidifying emissions.   
Meteorology of 1980 was used as representative meteorological conditions covering the period 
1971 to 2000.  Comparison of RELAD predicted deposition values with inferred deposition 
using monitoring data indicates that RELAD modelling provides a representative estimate of 
regional deposition patterns of acid forming pollutants.  RELAD modelled PAI results and the 
provincial receptor sensitivity map were used to estimate the amount of annual acid deposition as 
a percentage of Critical, Target and Monitoring Loads in Alberta.   
 
Critical Loads have been established to protect ecosystems from the effects of acid deposition.  
Model-predicted PAI values were below the Monitoring Load as outlined in the Alberta Acid 
Deposition Management Framework.  The current assessment was conducted in accordance with 
the Alberta Acid Deposition Management Framework and did not identify areas within Alberta 
that exceeded deposition criteria for acidifying substances.  Relative to predicted PAI for 2006, a 
general decrease is observed in predicted PAI when using the projected 2020 emissions.  The 
current assessment using projected emissions for 2020 did not identify acid deposition patterns 
over the long term that exceeded deposition criteria.  It should be noted, however, that at regional 
or local levels, site-specific modelling and/or deposition assessment criteria may identify areas 
that require acidifying emissions management. 
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1.0 INTRODUCTION 
 
 
Management of acidifying emissions and associated acid deposition requires an integrated 
approach that includes effective emissions management and minimization, measurement and/or 
estimation of current and possible future emissions and deposition, and evaluation of the effects 
of this deposition on recipient ecosystems.  In Alberta, an acid deposition management 
framework has been developed that is based on the properties of soils. The deposition of 
acidifying species is determined from the modelled potential acid deposition (PAI), which 
represents the sum of the deposited acidifying and neutralizing species (Section 3 provides the 
relevant equations). The management framework is based on three levels of PAI: Monitoring 
Load, Target Load, and Critical Load (Figure 1).  Each level of deposition has an associated 
management action: increased monitoring (Monitoring Load), emissions management (Target 
Load), or emissions reduction (Critical Load).   
 
When PAI modelling predictions exceed the Monitoring Load (the upper emission management 
subzone in Figure 1) in a grid cell(s), additional activities related to the appropriate monitoring 
and examination of receptor sensitivity are to be conducted in the affected grill cell(s).   
 
The Target Load represents a transition between the Monitoring Load and Critical Load and is 
deemed to be both an economically and politically attainable load.  If model predicted PAI in a 
grid cell(s) exceeds the Target Load, implementation of restrictive emission management 
processes will be initiated.   
 
The Critical Load is the highest level of deposition, as measured by PAI, which will not lead to 
long term harmful changes to a receptor. If the modelled PAI exceeds the Critical Load, more 
restrictive emission management would be required.  
 
In addition, even if current emission levels are below the Monitoring Load, continuous 
improvements aimed at reducing emissions are to be pursued.  This requirement is a key 
component of the Alberta Acid Deposition Management Framework. 
 
Alberta Environment and Sustainable Resource Development (ESRD) formed an Acid 
Deposition Assessment Group (ADAG) to provide input into an evaluation of current (2011) 
provincial acidifying emissions and resulting acid deposition levels and effects in Alberta.  This 
evaluation is required every five years under the 2004 Alberta Acid Deposition Management 
Framework This report forms part of the 2011 acid deposition assessment and its purpose is to 
compile the current state of knowledge on provincial acidifying emissions, resulting acid 
deposition levels and effects in the province of Alberta. 
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Figure 1 Alberta's Acid Deposition Management Framework. 
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2.0 MODELLED POTENTIAL ACID INPUT IN ALBERTA 

 
 
Regional acid deposition models combine the emission of acidifying pollutants into the 
atmosphere with meteorology to predict atmospheric concentrations and deposition of these 
pollutants and their products (Environment Canada, 2005).  One such model is the REgional 
Lagrangian Acid Deposition (RELAD) model.  RELAD is identified as the acid deposition 
assessment model for the implementation of the Alberta Acid Deposition Management 
Framework (Alberta Environment, 2008).  Detailed information on the model and its use can be 
found in Cheng, L., Angle, R., E., P., & Sandhu, H. (1995).  RELAD was run for Western 
Canada and the North Western United States using 2006 emissions and projected 2020 emissions 
for SO2 and NOx (in terms of NO2). Both scenarios were run with 1980 meteorology, which has 
been identified as the typical meteorology for the region (Section 2.2).   

2.1 Model Domain 
 
The boundaries selected for RELAD modelling were from 47°N to 65°N latitude and from 90°W 
to 130°W longitude, with a resolution of 1° latitude by 1° longitude for modelling results.  These 
1° x 1° grid cells measure approximately 111 km by 60 km.  The assessment focus area is shown 
in Figure 2, where small sections of the modelling domain are truncated in this illustration.  The 
model domain includes Alberta, Saskatchewan and portions of British Columbia, Manitoba and 
Ontario, the Northwest Territories, the Yukon and the north-western United States.  In addition 
to evaluating PAI in Alberta, such a domain allows the evaluation of the potential impact of 
acidifying emissions within Alberta on PAI levels in neighbouring jurisdictions. 
 

 
Figure 2 The RELAD 1° x 1° grid cells used in the assessment.   

Small sections of the modelling domain are truncated in this illustration. 
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2.2 Meteorology 
 
The focus of the provincial acid deposition framework is to manage anthropogenic emissions 
that contribute to PAI.  In addition to the emission levels, model predictions are also affected by 
meteorology. In order to minimize variability in predicted PAI caused by variability in 
meteorology, a representative meteorology is selected to conduct the modelling exercises.  
Representative meteorology should produce a representative long term average deposition for the 
given emission.   A suitable representative meteorological year was identified as part of the 2004 
acid deposition assessment, where RELAD was run using 30 years of meteorological data (1971-
2000) and 1995 emissions.  Statistical measures for individual years were compared to the 30-
year mean for SO2, NO2, nitrogen and sulphur concentration and deposition.  The comparison 
between the individual years and 30-year mean model predictions identified 1980 meteorology 
as the best suited meteorological year to use for subsequent RELAD runs.  A full description of 
the method used and results is found in the 2004 Acid Deposition Assessment for Alberta 
(Alberta Environment, 2006).    
 

2.3 Emission Input Files 

2.3.1 2006 Emissions  
 
An inventory representing 2006 emissions was used to model an assumed current level of 
deposition.  The 2006 emission data set is a product of a number of recent modelling exercises 
including work associated with the provincial Land Use Framework regions.  The 2006 
acidifying emissions dataset has undergone various refinements making it the most robust 
current emission dataset available.  Total annual emissions of SO2 and NOx (expressed as NO2) 
for Alberta, Saskatchewan and the whole modelling domain are shown in Table 1. 
 

The relative contributions of emissions in Alberta by source type are presented in Table 2.  Point 
source refers to all stack emissions.  Examples of area source emissions include emissions from 
space heating, two stroke engines, mine faces and mine fleets, and storage tanks.  Mobile source 
emissions include diesel and gasoline vehicles restricted to roadways, airplanes and trains.  
Biogenic NOx emissions only accounts for NO emissions from soils.  The spatial distribution of 
these emissions is illustrated in Figure 3.   
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Table 1 Annual Emissions of SO2 and NOx for 2006 used for RELAD modelling. 
 

Model Area SO2 (ktonnes yr-1) NOx (ktonnes yr-1) 

Alberta 635 1034 
Saskatchewan 140 225 
Model Domain1 1497 2147 

 
Table 2 Percent contribution of emission source type to 2006 emissions of SO2 and 

NOx within Alberta. 
 

Source SO2 (%) NOx (%) 
Biogenic 0 6 
Area 3 21 
Point 97 66 
Mobile  <1 7 

 

2.3.2 2020 Projected Emissions  
 
Emission input files for the 2020 predictions were built using two projections: 
 

• Emission inventory developed for an air quality modelling exercise using  Community 
Multiscale Air Quality model for North Saskatchewan Regional Plan  Forecast of 
pollutants emissions in Alberta 2006 to 2050 (Alberta Environment and Sustainable 
Resource Development, 2011); and 

 
• Lower Athabasca Region Source and Emission Inventory [Cumulative Environmental 

Management Association (CEMA), (2012)]. 
 
The 2020 projections used in this study were based on the ESRD (2011) projection with 
refinements incorporated from the CEMA (2012) emission inventory.  The emission inventory 
developed for the North Saskatchewan Regional Plan study forecast emissions for the Province 
and Canada, with a focus on the North Saskatchewan Region.   
 
ESRD (2011) uses Canada’s 2009 National Energy Board forecasts to 2020 to forecast emissions 
for most sources in the province, except for electricity power generation and mobile sources.  For 
the Electric Power Generation facility-specific bottom-up information and top-down power 
generation approaches were combined to develop the forecasts.  Emissions for the power 
generation sector are dependent on load and generation capacity, which were obtained from the  

1 Model Domain includes Alberta, Saskatchewan and portions of British Columbia, Manitoba, Ontario, the 
Northwest Territories, the Yukon and the north-western U.S. states. 
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Future Demand and Energy Outlook (2009 – 2029) and Canadian Energy Demand and Supply to 
2020, An Energy Market Assessment (July 2009) (Alberta Environment and Sustainable 
Resource Development, 2011). Forecasts for emissions from mobile sources were estimated by 
extrapolating from historical vehicle kilometres travelled (VKT), projected population growth, 
changes in emission rates as predicted using MOBILE6.2C model and emission reductions due 
to the introduction of alternative technology.  
 
All point and area projected emissions for the United States are assumed to be the same as the 
projected 2015 emissions available from the US EPA.  2020 mobile emissions forecast for the 
United States are based on 2005 US NEI MOBILE6 emissions projected using a methodology 
similar to that used for the Canadian mobile emissions forecast. 
 
The ESRD (2011) emission forecasts reflects a declining conventional crude oil and natural gas 
production with a commensurate increase in the production of bitumen.  However, these 
forecasted emissions did not contain sufficient nor current information for the oil sands region.  
For this reason an emission forecasts for the oilsands region (Cumulative Environmental 
Management Association, 2012) were used to augment the ESRD emission forecasts.  Emission 
forecasts within the oilsands are based on recent oil sands project Environmental Impact 
Assessments (EIAs).  Replacement or adjustment of emission projections are made as follows:  
 

• Point source projected emissions within the Lower Athabasca Region were replaced by 
CEMA (2012) projection, and 

 
• Mine fleet and mine face emissions from within the Lower Athabasca Region were 

modified using information found in CEMA (2012). 
 
Total SO2 and NOx projected emissions for 2020 were lower than emissions accounted for in 
2006.  The spatial distribution of projected SO2 and NOx emissions are illustrated in Figure 3.  
Within Alberta, projected NOx and SO2 emissions are forecast to decrease in the Wabamun area 
and Edmonton-Calgary corridor and populated centres.  Emission decreases in the Wabamun 
area are linked to a reduction in the emissions from the coal-fired power generation sector.  
Reductions in the Edmonton-Calgary corridor and populated centres are due to a combination of 
emission reductions in transportation and industrial activities.  NOx and SO2 emissions are 
projected to increase in the Wood Buffalo and Cold Lake areas.  This increase is linked to 
increased activity in the oilsands sector.  
 
Relative to 2006 emissions, a reduction in the 2020 forecast emission in Alberta was observed 
for non-point sources (34% for NOx and 52% for SO2).  Reduced projected emissions from point 
sources were 32% for NOx and 72% for SO2.     The difference between the total 2006 emissions 
and projected 2020 emissions for NOx and SO2 are illustrated in Figure A 1.  For both SO2 and 
NOx a reduction is observed throughout the province, with the exception on the eastern oilsands 
area (Fort McMurray and Cold Lake).   
 
Outside of Alberta, small yet widespread increases in SO2 emissions are forecast for parts of 
northern British Columbia and southern Saskatchewan, which is associated with changes in the 

Jul 17, 2014 2011 Acid Deposition Assessment for Alberta Page 14 of 43 
 © 2014 Government of Alberta 



ESRD/2011 Acid Deposition Assessment for Alberta 

oil and gas activities in these areas.  Projected decreases in NOx emissions in northeast British 
Columbia are due to projected reduction in emissions from natural gas production. 
 
Table 3 Projected (2020) annual emissions of SO2 and NOx used for RELAD 

modelling. 
 

Model Area SO2 (kt yr-1) NOx (kt yr-1) 

Alberta 319 648 
Saskatchewan 112 175 
Model Domain2 700 1411 

 
Table 4 Percent contribution by emission source type for projected (2020) SO2 and 

NOx  emissions within Alberta. 
 

Source SO2 (%) NOx (%) 
Biogenic 0 7 
Area 2 17 
Point 98 72 
Mobile  <1 4 

 

2.3.3 RELAD Model Predicted Ambient Concentrations and Deposition 
 
RELAD was run using 1980 meteorology in conjunction with emissions from 2006 and 
projected emissions for 2020 to determine the deposition of acidifying species3 in each 1° by 1° 
grid cell.  The ambient SO2 and NOx ground level concentrations predicted by RELAD are 
shown in Figure 4.  Higher SO2 ground level concentrations were predicted for areas southwest 
of Edmonton and east of Calgary and the Wood Buffalo area when using 2006 emissions.  The 
predicted results agree with the geographical distribution of SO2 emitters.  A comparison of 
predicted model concentrations with monitored ambient concentrations is provided in Section 5.   
 
A decrease of SO2 ground level concentrations is predicted throughout the modelling domain 
when using the projected 2020 emissions.  The predicted emission increase for some grid cells in 
the Wood Buffalo area (discussed in Section 2.3) did not translate into ambient concentration 
increases.  The observed ambient concentrations for this area are likely due to a combination of 
factors including decrease in emission from stacks in the minable area (north of Fort McMurray) 
and an increase in emissions from in situ oil sands activities.   Within RELAD, in situ activities 

2 Model Domain includes Alberta, Saskatchewan and portions of British Columbia, Manitoba, Ontario, Northwest 
Territories and Yukon and the north-western U.S. states. 
 
3 Acidifying species modelled include HNO3 H2SO4, SO4

2-, NO3
-, SO2 and NOx 
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are treated as area sources and differently from stack emissions.  These differences in the source 
type and distribution most likely contributed to the observed ambient concentrations.  
 
The NOx the ambient ground level concentrations predicted using projected 2020 emission were 
typically lower than the prediction using 2006 emissions.  The notable exceptions are predicted 
ground level concentrations for the area of Wood Buffalo and Cold Lake in Alberta.  Predicted 
sulphur and nitrogen deposition for the model domain are illustrated in Figure 5. 

2.3.4 Estimation of Potential Acid Input 
 
The RELAD model normally estimates PAI without consideration of mitigating base cation 
deposition, however, the co-deposition of base cations (Na+, K+, Mg2+, and Ca2+) needs to be 
considered when determining the net amount of acidity deposited.  Hence, PAI estimated by 
RELAD is corrected for base cations in the following ways: 
 

• Wet deposition of base cations is estimated from  precipitation quality monitoring data; 
 

• Dry deposition of base cations is estimated from monitoring data using scavenging ratios 
to infer surface-level concentrations and deposition velocities (Alberta Environment, 
2001); and  

 
• PAI was estimated by subtracting base cation deposition from total (wet and dry) sulphur 

and nitrogen deposition. 
 
In addition, ammonium (NH4

+) deposition which can contribute to the increase of PAI is 
estimated by assuming modelled sulphate and nitrate deposition are fully neutralized (i.e., are 
deposited as ammonium sulphate and ammonium nitrate).  RELAD results for annual PAI for the 
years 2006 and 2020 are presented in Figure 6.  The data used to generate these figures is 
tabulated in Table A 1 and Table A 2.  PAI calculations are presented in equations in Section 3.0. 
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(a) SO2 in 2006

 

(b) SO2 projected to 2020

 
(c) NOx as NO2 in 2006

 

(d) NOx as NO2 projected to 2020

 
 
Figure 3 Annual emissions (ktonnes yr-1) for the RELAD model domain for SO2 and NOx as NO2. 
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(a) SO2 in 2006

 

(b) SO2 projected 2020

 
(c) NOx as NO2 in 2006 

 

(d) NOx as NO2 projected 2020

 
Figure 4 RELAD results for annual average ground level concentrations (µg m-3) for SO2 and NOx as NO2.   
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(a) sulphur in 2006

 

(b) sulphur projected to 2020

 

(c) nitrogen in 2006

 

(d) nitrogen projected to 2020

 

 
Figure 5 RELAD results for annual deposition (kg ha-1 yr-1) of Sulphur and Nitrogen.    
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Figure 6 RELAD results for annual PAI for the years 2006 and projected 2020 (keq H+ ha-1 yr-1) for Alberta and 

Saskatchewan. 
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3.0 WET AND DRY DEPOSITION MEASUREMENT IN ALBERTA 
 
 
Wet deposition refers to the removal of pollutants from air by a precipitation event such as rain, 
snow or fog.  Wet deposition of dissolved sulphur and nitrogen species is directly quantified 
from the analysis of measured precipitation.  Dry deposition, however, is difficult to measure 
directly and its measurement is an active area of research.  Dry deposition is commonly inferred 
using a combination of meteorological parameters and atmospheric concentrations of acidifying 
pollutants to determine the rate of transfer of the pollutants from the atmosphere to a surface 
using a deposition model.  
 

3.1 Potential Acid Input from Wet Deposition 
 
A network of wet deposition monitoring stations is operated throughout Alberta (Figure 7).  At 
these sites precipitation samples are collected weekly.  Data collected at these stations include 
values for precipitation amount and concentrations of selected ions.  Potential Acid Input 
considers both acidifying and buffering species associated with wet and dry deposition.  Potential 
Acid Input from wet deposition (PAIwet) is calculated using the following equation (Cheng, 
Bates, & Myrick, 2001): 
 

 PAIwet = 2
[ ]

96

2
4
−SO

 + 
[ ]

62
3
−NO

+ 
[ ]

18
4
+NH

 

 

  – 
[ ]




 +

39
K

+ 
[ ]

23

+Na
 + 2

[ ]
40

2+Ca
+ 2

[ ]



+

24

2Mg
 [keq H+ ha-1 yr-1] (1) 

 
where [X] represents deposition rate of ion X (e.g., NH4

+ and K+) in units of kg ha-1 yr-1,  
determined using ion concentration in the precipitation sample and precipitation amount.  The 
contribution of each species to PAIwet is obtained by dividing the deposition rate of each species 
by its molecular weight (grams/mole) and multiplying by the maximum number of possible 
hydrogen (H+) ions that can be associated with the species.  Results are presented in Table 5.  
PAI calculated using data sets that did not meet a data completeness criteria (>75%) have been 
flagged. 
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Figure 7 Deposition monitoring stations operated in Alberta.   

All deposition stations monitor wet deposition. Parameters needed4 to infer dry 
deposition are monitored at Violet Grove and Genesee.  At Anzac dry deposition 
measurements commenced December of 2011. 

 
  

4 These include acidifying gases (SO2, NO2, HNO2 and HNO3), ion concentrations in particulate matter (SO4
2-, 

NH4
+, NO3

-, Na+, K+, Ca2+ and Mg2+) and meteorological information as illustrated in Equation 3. 
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Table 5 Annual Potential Acid Input from wet deposition (PAIwet) at monitoring 
stations in Alberta (keq H+ ha-1yr 1). 

 
Station 2011 2010 2009 2008 2007 2006 2005 2004 

Beaverlodge 0.053 0.014 0.002 DC 0.008 DC 0.087 0.044 0.061 0.045 

Calgary 0.122 0.045 -0.014 0.120 0.087 0.068 0.103 0.130 DC 

Cold Lake 0.058DC 0.063DC 0.012 DC 0.003 DC 0.096 0.083 0.079 0.090 

Dickson Dam 0.137 0.013DC n/a n/a n/a n/a n/a n/a 

Elk Island 0.113 0.001DC n/a n/a n/a n/a n/a n/a 

Fort Chipewyan 0.001DC n/a 0.004 DC 0.000 0.036 DC 0.015 DC 0.003 DC 0.009 DC 

Fort McKay -0.011 -0.006 -0.002 0.019 DC 0.056 DC 0.012 DC n/a n/a 

Fort McMurray 0.023 -0.036 0.043 0.017 DC 0.005 DC -0.003 DC 0.019 DC 0.035 

Kananaskis 0.067 0.038 0.024 0.158 0.101 0.014 0.104 0.112 

Red Deer n/a 0.086DC -0.023 0.117 DC 0.026 DC 0.196 0.167 0.166 DC 

Suffield 0.073 0.064 0.041 0.079 0.86 DC 0.084 DC 0.014 DC 0.040 DC 

Fort Vermillion n/a n/a n/a n/a n/a 0.018 DC 0.009 DC 0.019 DC 

High Prairie n/a n/a n/a n/a n/a n/a n/a 0.000 DC 

Genesee 0.11a 0.14b 
0.140 0.140 0.100 0.190 0.100 n/a 

Violet Grove 0.03a 0.08b 
0.028 0.080 0.090 0.110 0 n/a 

n/a = not measured for year. 
DC = Data completeness criteria not met (>75%) 
a TransAlta(2011) 
b TransAlta(2010) 

 

3.2 Potential Acid Input from Dry Deposition 
 
Dry deposition data in Alberta are reported for a number of locations shown in Figure 7.  Annual 
Potential Acid Input from dry depositing species (PAIdry) is calculated for each of these sites 
using the following relationship (Cheng, Bates, & Myrick, 2001): 
 

 PAIdry = 2
[ ]
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where [X] represents the deposition rate of species X (e.g., SO2 and Ca2+) in units of kg ha-1yr-1, 
inferred from measured gas and particle phase concentrations.  The contribution of each species 
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to PAIdry is obtained by dividing the deposition rate of each species by its molecular weight 
(grams/mole) and multiplying by the maximum number of possible hydrogen (H+) ions that can 
be associated with the species. Results are presented in Table 6. 
 
Table 6 Annual Potential Acid Input from dry deposition (PAIdry) at monitoring 

stations in Alberta (2004 to 2011) (keq H+ ha-1 yr-1). 
 
Station 2011 2010 2009 2008 2007 2006 2005 2004 

Fort Chipewyan n/a n/a n/a 0.029 n/a n/a n/a n/a 
Genesee 0.14a 0.20b 0.210 0.230 0.216 0.210 0.305 n/a 
Violet Grove 0.09a 0.08b 0.080 0.030 0.096 0.120 0.210 n/a 

n/a = not measured for year. 
a TransAlta(2011) 
b TransAlta(2010) 

 

3.2.1 Potential Acid Input from Wet and Dry Deposition Data 
 
Total PAI for wet and dry deposition is reported for three sites:  Fort Chipewyan, Genesee, and 
Violet Grove stations.  Total PAI is the sum of the wet and dry components: 
 
 PAITotal =  PAIwet + PAIdry [keq H+ ha-1 yr-1] (3) 
 
Results are presented in Table 7.   
 
Table 7 Total Potential Acid Input (PAIwet + PAIdry) at selected air monitoring 

stations in Alberta (keq H+ ha-1 yr-1). 
 
Station 2011 2010 2009 2008 2007 2006 2005 2004 

Fort Chipewyan n/a n/a n/a 0.029 n/a n/a n/a n/a 
Genesee 0.25 0.34 0.350 0.370 0.316 0.400 0.405 n/a 
Violet Grove 0.12 0.16 0.108 0.120 0.186 0.230 0.210 n/a 

n/a = not measured for year. 
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4.0 COMPARISON OF MODELLED DEPOSITION TO RECEPTOR 
SENSITIVITY 

 
 
Comparison of RELAD modelled PAI to receptor sensitivity for each grid cell is accomplished 
by estimation of the amount of acid deposition as a percentage of Critical, Target and Monitoring 
Loads.   
 
Figure 8 represents Alberta’s soil sensitivity as defined under the Acid Deposition Management 
Framework, with its graduated load of monitoring, target and Critical Loads.  Critical Loads for 
Alberta are set at 0.25, 0.50, and 1.0 keq H+ ha-1yr-1 for sensitive, moderately sensitive, and low 
sensitivity soils, respectively (Alberta Environment, 1999).   
 
Target loads for Alberta are set at 0.22, 0.45, and 0.9 keq H+ ha-1yr-1 for sensitive, moderately 
sensitive and low sensitivity soils, respectively (Alberta Environment, 1999).  These Target 
Loads are established at approximately 90% of Critical Loads.  When used as prescribed by the  
2004 Alberta Acid Deposition Management Framework, the Target Load becomes the 
environmental objective, a regulatory instrument, as defined in Section 14 of Environmental 
Protection and Enhancement Act (EPEA). 
 
Monitoring Loads for Alberta are set at 0.17, 0.35, and 0.7 keq H+  ha-1 yr-1 for sensitive, 
moderately sensitive and low sensitivity soils, respectively (Alberta Environment, 2008).  The 
intent of the Monitoring Load is to allow time for collection of data on emissions, deposition and 
the sensitivity of receptor prior to the need to take emission management actions.  
 
Acid deposition loadings as fractions (Load %) of Critical, Target and Monitoring Loads 
(Figures 9 to 11) for each grid cell were calculated using the RELAD modelled PAI for 2006, 
and 2020 and the receptor sensitivity map for Alberta (Figure 8).  The method for determining 
the Load % is shown in Equation 4, where PAIpredicted  is the model predicted PAI, and Rs is the 
receptor sensitivity for a particular grid cell,   
 

 100% ×=
S

predicted

R
PAI

Load  (4) 

 
The highest modelled PAI for 2006 emissions for any grid cell was 60% of the Critical Load, 
67% of the Target Load and 86% of the Monitoring Load.  This modelled PAI for 2006 
emissions was predicted for a grid cell in the Killam-Hardisty area east of the Edmonton-Calgary 
corridor. PAI between 60 to 80% of the Monitoring Load was predicted for the Wabamun area, 
east of the Capital Region, north-east of Calgary and the Fort McMurray area.  In general, 
predicted PAI using projected 2020 emissions were notably lower than 2006.   
 
The highest modelled PAI for 2020 projected emissions was 49% of the Critical Load, 54% of 
the Target Load and 70% of the Monitoring Load. The highest modelled PAI for 2020 projected 
emissions was predicted for a grid cell in Fort McMurray area.   Increased PAI were predicted 
when using 2020 projected emissions for grid cells to the north, east and northeast of the Fort 
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McMurray grid cell.  Projected 2020 SO2 emissions largely remain the same while projected 
2020 NO2 emissions were generally predicted to increase for the same area.  Table 8 summarizes 
the highest modelled PAI as a load percent. 
 
Table 8 Highest modelled PAI as Load% for 2006 and 2020 emissions. 
 

 2006 2020 
Critical Load 60% 49% 
Target Load 67% 54% 
Monitoring Load 86% 70% 

 
 

 
 
Figure 8 Receptor sensitivity map of Alberta indicating high, medium and low 

sensitivity. 
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Figure 9 Acid deposition loading as a percent (%) of the Critical Load for the years 

2006 and 2020 (projected). 
 

 
 
Figure 10 Acid deposition loading as a percent (%) of the Target Load for the years 

2006 and 2020 (projected). 
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Figure 11 Acid deposition loading as a percent (%) of the Monitoring Load for the 

years 2006 and 2020 (projected). 
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5.0 EVALUATION OF MODEL PREDICTIONS 
 
 
RELAD was not run on a spatial or temporal scale that allows for an absolute comparison or 
evaluation of the model predictions to monitoring results.   The purpose of comparing RELAD 
predicted results to monitored data is to evaluate how well RELAD predicts spatial variability 
and general concentration and deposition magnitudes of acidifying compounds for representative 
Alberta meteorology.  
 
RELAD modelled SO2 and NOx ground level concentrations were compared to three year 
averaged (2009-2011) passive monitoring data collected throughout the province5.  Passive 
monitoring concentrations of SO2 and NO2 were divided into 1° by 1° grid cell as specified for 
the RELAD model domain.  Spatial and temporal averaging was conducted for each grid cell that 
contained at least two passive monitoring sites with greater than 50% data availability for the 
time frame of interest.   Figure 12 (a) and (c) illustrate the modelled and monitored spatial annual 
average ground level concentration of SO2, respectively.   Figure 12 (b) and (d) present the 
modelled and monitored spatial annual average ground level concentration of NO2, respectively.   
 
Both model prediction and measurement data illustrate that regional SO2 concentrations do not 
vary notably from site to site with concentrations less than 2 ppb.  The general pattern of 
dispersion for both SO2 and NO2 modelled by RELAD is in agreement with the monitored data. 
In the case of SO2, RELAD tends to over predict the ground level concentration, relative to the 
monitored data for the Edmonton-Calgary corridor as well as for the southeast portion of the 
province. However, this difference is likely within the uncertainty of the data.  In the case of 
NO2, the situation was reversed with RELAD tending to under predict in the above mentioned 
regions, again relative to the monitored data selected.  
 
Higher annual average SO2 concentrations (0.7-1.8 ppb) were observed in the areas of Wood 
Buffalo, Cold Lake and the Capital Region for both modelled and monitored values.  Higher 
annual average NO2 concentrations (2.0-4.6 ppb) were observed for Edmonton-Calgary corridor 
and East of this area in both the measured and modelled concentrations. 
 
RELAD predicted wet deposition results were compared to 10 year averaged (2002-2011) wet 
deposition monitoring data from sites throughout Alberta.  Figure 13 compares modelled 
predicted and time averaged data for annual wet sulphur and nitrogen deposition.    
Figure 14 presents the ranked order (Spearman’s) correlation coefficient for modelled and 
measured wet deposition at sites in Alberta.  This correlation allows testing for the degree of 
similarity between the two ranked variables.  For both sulphur and nitrogen deposition, RELAD 
deposition prediction correlated (α=0.01) with time averaged monitoring data.  Thus, RELAD 
modelling  provides a representative estimate of regional deposition patterns of acid forming 
pollutants corresponding to estimated current (and future) emissions. 
 

5 There are over 200 passive monitoring sites throughout the province providing a wide geographical coverage.  
These sites typically monitoring SO2 and NO2. 
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(a) monitored SO2

 

(b) Modelled SO2

 
(c) Monitored NO2 

 

(d) Modelled NO2

 

Figure 12 Comparison of RELAD modelled and passive monitored annual average 
concentrations.   
The colour scale indicates concentration in ppb.   
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(a) Sulphur deposition 

 
(b) Nitrogen deposition  

 
Figure 13 Comparison of monitored and RELAD modelled annual sulphur and nitrogen deposition at selected sites in 

Alberta.  
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(a) Sulphur depositon 

(b)   Nitrogen deposition 

 
Figure 14 Spearman’s correlation coefficient for ranked model predicted and measured 

sulphur and nitrogen deposition.   
The lines indicate linear fits. 
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6.0 SCIENCE GAPS 

 
 
As part of the acid deposition assessment, the status of the science gaps identified in the previous 
assessment is reviewed.  A summary of recent ecological impact studies on acid deposition in 
Alberta are found in Potential Acid Input and Acid Deposition Activities in Alberta from 2004 to 
2010 (Alberta Environment, 2010). In addition, the assessment identified new recommendations 
described below; these recommendations include science gaps and improvements for future 
assessments.   
 

6.1 Status of Previously Identified Scientific Gaps 

6.1.1 Acid Deposition Field Measurement 
 
Recommendation:  More wet and dry deposition monitoring needs to be undertaken in regions 
of Alberta where acidifying emissions are anticipated to increase in association with 
development activity (e.g., oil sands).    
 
Status:  There needs to be further investigation to assess the best method to monitor dry 
deposition.  Wood Buffalo Environmental Association deployed a Conditional Time Average 
Gradient (CoTAG) to monitor dry deposition; however, this was not co-located with denuder-
filter assembly typically used elsewhere in the province.  The deposition monitoring in the oil 
sands region is being reviewed under the Joint Canada-Alberta Implementation Plan for Oil 
Sands Monitoring.  In addition, a denuder-filter assembly has been added to the monitoring 
network in the oil sands area and there are plans to co-locate this sampler with a wet deposition 
sampler in 2014.  Data collected using the denuder-filter sampler is used to infer dry deposition. 
 

6.1.2 Aquatic Sensitivity 
 
Recommendation:  Additional work needs to be done to better understand the relevance of pH 
6.0 as the cut off for aquatic organisms applicable to Alberta. 
 
Status:  A number of aquatic studies were carried out (Alberta Environment, 2010), but none 
specifically examined the relevance of pH 6.0 as the cut off for aquatic organisms in Alberta.  
There are however a number of historical studies that examined the effects of pH level on aquatic 
life (Bernard, Neill, and Rowe, 1990, Courtney and Clements, 1998) which could be used to 
inform further work in Alberta.   
 

6.1.3 Criteria for Assessing Acidification in Soils 
 
Recommendation:  Additional work needs to be done in the development and use of criteria for 
assessing acidification in soils, particularly organic soils. 
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Status: A protocol for derivation of Critical Load for Alberta grassland soils was developed by 
the Alberta Research Council, now known as Alberta Innovates and Technology Futures 
(Alberta Environment, 2001).  Critical Load derivation has been completed with this protocol at 
the Esther and Edmonton grid cells.  Its use can be expanded to other grid cells. 
 

6.1.4 Base cation to Aluminium Ratio Dose-response Relationships in Soils for Boreal 
Forest Species 
 
Recommendation:  Dose-response studies using Alberta boreal forest species are needed to 
validate the targets for the effects of acid emissions on forest soils and vegetation.   
 
Status: This has not been done to date and may be incorporated with updating Alberta soils 
sensitivity ratings (Section 6.1.6). 
 

6.1.5 Nitrogen Cycling  
 
Recommendation:  Additional work needs to be done in understanding nitrogen deficits across 
the range of provincial soils and the potential for enhanced nitrate leaching in soil systems. 
 
Status:  Ecosystem-level cycling was examined by Laxton et al., (as cited in Alberta 
Environment, 2010)) using data collected at Pinus banksiana plot in the Athabasca oil sands 
region.  Correlation between soil, fine root and foliar nitrogen and δ15N, and net mineralization/ 
nitrification rates were compared in order to evaluate nitrogen cycling processes at the site level.  
Laxton et al. found that potential net N mineralization was dominated by net ammonification and 
that net nitrification rates were extremely low. In addition Cumulative Environmental 
Management Association’s nitrogen Critical Load research project is also looking nitrogen 
cycling and possible eutrophication and acidification in both Boreal uplands and peatland 
systems. 
 

6.1.6 Updating Alberta Soil Sensitivity Ratings 

 
Recommendation:  Priority grid cells for future review include the area northeast of Edmonton 
and the area around Rocky Mountain House. 
 
Status:  Assessment of two grid cells east (Longitude 112-113, Latitude 53-54) and west 
(Longitude 113-114, Latitude 53-54) of Edmonton was completed.  Sensitive soils accounted for 
0.5% and moderately sensitive soil accounted for 1.3% of the East grid cell (Alberta 
Environment, 2009a).  Sensitive soils accounted for 0.65% and moderately sensitive soil 
accounted for 2.3% of the West grid cell (Alberta Environment, 2009b).  These results do not 
support the assignment of the Edmonton East and West grid cells to a sensitive or moderate 
sensitivity rating.  Assessment of grid cell encompassing Rocky Mountain House (Longitude 
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114-115, Latitude 52-53) was not initiated.  The current assessment highlights the grid cells in 
the Killam-Hardisty area and Cold Lake as priority grid cells. 

6.2 New Science Gaps and Suggested Future work 
 
The Alberta Acid Deposition Management Framework is built upon RELAD model derived PAI.  
Comparison of RELAD deposition results with deposition inferred from monitoring data 
illustrates that the model provides a representative estimate of regional deposition patterns of 
acid forming pollutants corresponding to estimated current (and future) emissions.  However, 
models are continuously being improved and other reliable and more comprehensive models are 
available.  As identified in the 2007 review of Acid Deposition Management Framework 
(Alberta Environment, 2007), there is a need to review other deposition models to determine the 
most suitable model for use in implementing the Alberta Acid Deposition Management 
Framework. 
 
Whichever model is selected for use, appropriate emissions and meteorology are essential for 
predicting meaningful deposition values.  The framework should provide additional guidance on 
the evaluation and use of input data into the model.  Acid deposition is a long term effect; as a 
result, assessments have used meteorology from a represented year (1980) to model deposition.  
There is a need for continued evaluation of this meteorology to ensure it remains representative 
for future assessments.  The framework should include a testing methodology to evaluate the 
representativeness of the meteorology used.   
 
As part of the framework implementation, predicted deposition is compared to receptor 
sensitivity.  It is essential that an update of the soil sensitivity map continue as done for Provost-
Easter, Edmonton East and Edmonton West grid cells.  In addition to evaluation of other models 
for PAI predictions, there is a need to also examine if assessments should continue to be 
conducted at 1° latitude by 1° longitude resolution. This evaluation of grid size should consider 
the appropriate management scale for a provincial level framework. 
 
As part of the 2011 acid deposition assessment for Alberta, the following questions and 
comments were raised: 
 

• The information on soil sensitivity from Hollowaychuk and Fessenden (1987) needs to be 
updated similarly to what has been done by Alberta Innovates and Technology Futures 
(Alberta Environment 2001, 2009a and b) and additional soil sensitivity work contracted 
for the Wood Buffalo Region. 

 
• The soils sensitivity information could be replaced by Critical Load(s) calculated using 

steady state model as done by Julian Aherne and associates (Aherne, 2008).  
 

• There needs to be a process for testing the representativeness 1980 meteorology for 
future assessment.   

 
• An alternative model to RELAD should be evaluated for future acid deposition 

assessments under the Alberta Acid Deposition Management Framework.   
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• Emission inventories used in future assessments need to be refined using more local 

information. The desire for better emission inventories needs to be tempered with the 
pragmatic need to at some point accept the available inventories in order to undertake the 
modelling in a timely manner.  

 
• The framework should provide guidance on the type of emission inventories used to 

assist in making assessment comparisons. 
 

• The framework should provide guidance on comparing monitoring data to predicted 
values. 

 
• Better information is needed to estimate Leaf Area Index as this is an indication of 

vegetation cover and directly affects dry deposition estimating. 
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7.0 ASSESSMENT CONCLUSIONS 
 
 
Model-predicted PAI, using 2006 emissions, indicate that all 1° latitude by 1° longitude cells 
within Alberta were below the Monitoring Load for their respective sensitivity rating as outlined 
in the Alberta Acid Deposition Assessment Framework.  The highest modelled PAI is for the 
grid cell in the Killam-Hardisty area (latitude 52, longitude 112), where deposition levels are 
86% of the Monitoring Load.  A number of factors likely contributed to this prediction, including 
receptor sensitivity and local and upwind emissions. The Killam-Hardisty grid cell is identified 
as being sensitive to acid deposition, with a Monitoring Load of 0.17 keq h-1y-1.  In addition, the 
grid cell is east (potentially downwind) of the Edmonton-Calgary corridor, an area with notable 
NO2 and to some extent SO2 sources.  Furthermore, there are local SO2 sources within the grid 
cell.  The 2004 assessment (Alberta Environment, 2006) predicted PAI values for the Killam-
Hardisty grid cell in the range of 70-80%, 60-70%, and 60-70% of the Monitoring Load for 
1995, 2000 and 2010 emission, respectively. The predicted values for 2000 and 2010 were lower 
than the results of the current 2011 assessment.  The observed difference is likely due to 
refinement of emissions inventories. This being said, the current assessment conducted in 
accordance to Alberta Acid Deposition Management Framework did not identify areas within 
Alberta being put at risk due to deposition of acidifying substances.   
 
Relative to 2006 predicted PAI values, a general decrease in predicted PAI is noted when using 
the projected 2020 emissions.  2020 model predicted PAI for most grid cells were at or below 
40% of the Monitoring Load.  The province wide decrease in predicted acid deposition levels is 
due to a decrease in both SO2 and NO2 emissions, as a result of reduced emissions from power 
generation, industrial and transportation sectors.  The exceptions to these decreases in PAI are 
grid cells within the Wood Buffalo area where predicted acid deposition levels were either 
comparable or higher when using 2020 emissions.  However, the predicted depositions for these 
grid cells in the Wood Buffalo area were all below 70% of the Monitoring Load.  Although the 
current 2011 assessment identified grid cells within Wood Buffalo that did not follow the 
projected province trend in deposition, it should be noted that the area has a regional framework 
and water and forest health monitoring is further examining acid deposition effects in the region.  
The current assessment using projected emissions for 2020 and conducted in accordance with 
Alberta Acid Deposition Management Framework did not identify acid deposition patterns over 
the long term that indicate that exceedences of Monitoring, Target or Critical Loads are likely to 
in the foreseeable future. It should be noted however that at regional or local levels site specific 
modelling and/or deposition assessment criteria may identify areas that require acidifying 
emissions management. 
 
Model predicted PAI values in most grid cells within neighbouring jurisdictions were below 
0.10 keq H+ ha-1yr-1, a value lower than Alberta’s Monitoring Load for sensitive soils.  The 
exceptions were grid cells in southwestern Saskatchewan, where PAI predicted for 2006 ranged 
from 0.11 to 0.20 keq H+ ha-1yr-1.  These values are below the Critical Load for sensitive 
receptors as identified in the Alberta Acid Deposition Management Framework.  A robust 
assessment on the impact of acid deposition on receptors in these grid cells cannot be done due 
to the absence of sufficiently detailed receptor sensitivity information for the area.  Higher 
nitrogen and sulphur deposition as well as lower base cation deposition resulted in the predicted 
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PAI for these grid cells.  The higher nitrogen and sulphur deposition may have been in part due 
to contributions from emissions within Alberta.  PAI predicted using projected 2010 emissions 
were notably lower for the same area, with predicted PAI values less than 0.10 keq H+ ha-1yr-1.   
 
The current assessment identified a number of science gaps and future work.  These included 
review of model used to predict PAI, representative meteorology, assessment resolution and 
updates to receptor sensitivity.  The Alberta Acid Deposition Management Framework review, 
which typically follows the completion of an assessment report, should take into consideration 
all recommended future work identified in this assessment. 
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APPENDIX A 
(a) SO2

 
(b) NOx as NO2

 
 

Figure A 1 Difference in annual emissions (kt yr-1) for the RELAD model domain for 
SO2 and NOx as NO2 
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 Table A 1 Model predicted PAI (Keq H+ha-1y-1) using 2006 projected emissions. 
 

 Longitude 
Latitude 120 119 118 117 116 115 114 113 112 111 

65 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
64 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
63 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
62 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
61 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 
60 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.012 
59 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.014 0.014 
58 0.000 0.001 0.000 0.005 0.024 0.023 0.005 0.007 0.014 0.026 
57 0.000 0.033 0.033 0.030 0.040 0.031 0.024 0.041 0.089 0.048 
56 0.007 0.044 0.056 0.047 0.027 0.006 0.020 0.051 0.112 0.097 
55 0.000 0.038 0.081 0.095 0.051 0.046 0.044 0.050 0.070 0.095 
54 0.000 0.000 0.043 0.129 0.139 0.120 0.067 0.053 0.094 0.117 
53 0.000 0.000 0.000 0.091 0.174 0.223 0.170 0.110 0.108 0.115 
52 0.000 0.000 0.000 0.000 0.130 0.192 0.173 0.174 0.151 0.145 
51 0.000 0.000 0.000 0.000 0.000 0.193 0.170 0.135 0.152 0.134 
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.020 
49 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
48 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 
47 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

  
Note:  The indicated Longitude and Latitude mark the lower left corner of the modelled grid cell. 
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 Table A 2 Model predicted PAI (Keq H+ha-1y-1) using 2020 projected emissions. 
 

 Longitude 
Latitude 120 119 118 117 116 115 114 113 112 111 

65 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
64 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
63 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
62 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
61 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
60 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.009 
59 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.010 0.013 
58 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.030 
57 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.032 0.112 0.070 
56 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.030 0.114 0.122 
55 0.000 0.000 0.013 0.005 0.000 0.000 0.000 0.016 0.050 0.099 
54 0.000 0.000 0.000 0.006 0.023 0.038 0.011 0.013 0.053 0.090 
53 0.000 0.000 0.000 0.004 0.053 0.114 0.081 0.041 0.050 0.062 
52 0.000 0.000 0.000 0.000 0.032 0.085 0.078 0.074 0.054 0.064 
51 0.000 0.000 0.000 0.000 0.000 0.070 0.057 0.030 0.036 0.030 
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
49 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
48 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
47 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 
Note:  The indicated Longitude and Latitude mark the lower left corner of the modelled grid cell. 
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