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Preface 

The Alberta Environment and Parks (AEP) document entitled ‘Handbook for Assessing Regional Acid Deposition 

Exceedances’ was developed as a technical handbook to ensure consistency in the interpretation of the use of the 2022 

Alberta Acid Deposition Management Framework (ADMF) and as an updated critical load method for industrial regulatory 

applications within Alberta’s Air Management System. 

The guidelines set out in this document are subject to the Environmental Protection and Enhancement Act (EPEA) approval 

terms and conditions. Where these guidelines do not align with approval requirements, the approval is paramount and the 

approval holder must comply with the approval requirements. 
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1.0 Introduction 

The first Acid Deposition Management Framework (ADMF) was developed through the Clean Air Strategic Alliance multi-

stakeholder process and adopted in 1999. The Acid Deposition Assessment Group (ADAG) is a multi-stakeholder committee 

that provides advice to the Alberta Government on the revisions to, and the implementation of, Alberta’s ADMF. The ADAG 

reviewed the ADMF in 2007 and 2014 and identified a number of possible enhancements to modelling and critical load 

determination. 

One of the suggested enhancements was to adopt the critical loads approach using methods consistent with the internationally 

recognized United Nations Economic Commission for Europe Convention on Long-Range Transboundary Air Pollution 

(CLRTAP, 2017). During the review and update of the 2008 ADMF, the ADAG supported the use of the critical load function 

(CLF) and Steady-State Mass Balance (SSMB) approaches for the revised ADMF. As a result, Alberta’s new critical load maps 

and data have been developed to provide a provincial picture of the relative sensitivity of soils and broad ecosystem types to 

acidification in order to define long-term critical loads for systems at steady-state conditions (AEP, 2022b). Critical loads are 

subject to revisions in the future as knowledge improves and methods are modified, where the amount of deposition above the 

critical load is called an "exceedance". Otherwise, the general approach and principles are the same as in the 2008 ADMF, 

while the modelling and critical load determination methods were improved.  

It needs to be noted that the only official use of the ADMF is to direct the 5-year provincial acid deposition assessments 

conducted by AEP using the methods outlined therein. The assessments will be used to determine the critical load status of 36 

km by 36 km grid cells which are the acid deposition management units used in the revised ADMF. The status of a grid cell 

relative to the critical load for that cell will be used to determine future actions as outlined in the ADMF (Section 4). 

The revised ADMF incorporates conservatism through the long-term nature of the SSMB approach. Accordingly, when an acid 

deposition management zone (ADMZ) is triggered by an assessment, the ADMF allows a degree of flexibility in taking 

measures to prevent long-term impacts from acid deposition. In light of these reasons, the revised ADMF has attempted to 

address it as: 

 Following the first acid deposition assessment using the revised ADMF, an ADMZ for a grid cell or grid cells will only be 

established when the acid deposition assessment indicates that deposition in one or more grid cells exceeds Level 3 criteria 

with the Level 3 action level being 150% of the critical load. 

 For the exceedance of Level 2, which is between 100% and 150% of the critical load, an ADMZ for a grid cell or grid cells 

will only be established when two sequential acid deposition assessments indicate that deposition in one or more grid cells 

exceeds Level 2 criteria. 

 
2.0 Regulatory Application Project and its ADMF Linkages 

The following provides a guide to assist industry and other stakeholders in understanding and using the new approach, CLF 

and SSMB, in the context of acid deposition assessment related to Environmental Impact Assessments (EIAs) or upon request 

by the Director (see AQMG (2021) Section 8.1 and ADMF (2022) Section 4.5). 

If an ADMZ is not designated, or if an ADMZ is designated but proposed projects do not fall within it, the "Guide to preparing 

environmental impact assessment reports in Alberta" (2013 or as amended) will continue to outline the criteria and approach 

for EIAs. 

The ADMF will not directly impose approval requirements, such as emissions limits, as a result of regional and local acid 

deposition impact assessments until an ADMZ is designated based on a provincial acid deposition assessment (see ADMF 

Section 3.7). Approval decisions related to acid deposition assessment results will continue to be made through the industrial 

air management system. However, regulators may use the ADMF along with applicable performance standards and modelling 

guidelines to identify appropriate mitigation and define allowable releases of regulated substances from each facility (see 

ADMF Sections 4.4 and 4.5). 
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If an ADMZ is designated, the Regulator will notify proponents or operators of industrial facilities that contribute acidifying 

emissions to the ADMZ. They will be required to participate in the development and implementation of the ADMZ management 

plan (ADZMP; see ADMF Section 3.7.1). In developing the ADZMP, all options are open for consideration by stakeholders, 

and resolution by stakeholders will be the preferred solution. 

Exceedance calculations for regulatory applications must be performed when required, using Alberta’s new critical load maps 

(2022b) with a 2.5 km by 2.5 km grid scale (‘2.5 km scale’). AEP provides a comprehensive worksheet-based tool (Acid 

Deposition Exceedance Calculation Tool; ADECT) for calculating exceedances, which can be found at 

https://open.alberta.ca/publications/handbook-for-assessing-regional-acid-deposition-exceedances.  

After the revised ADMF effective date, the ADECT must be used to calculate critical load exceedances. The use of this tool by 

all proponents is important to ensure consistent application and determination of critical load exceedances across Alberta. If 

there is a critical load exceedance (i.e., any exceedances above 1.5 times the critical load or Level 3), proponents must 

provide the exceedance map as a part of the final product of acid deposition assessment for regulatory applications. 

In Section 3.0, there are detailed instructions and examples for determining when a critical load has been exceeded. Appendix 

A contains an example of how to prepare modelled nitrogen (N) and sulphur (S) deposition data. 

 
3.0 How-to Guide for Calculating Acid Deposition Exceedances 

The key procedures to calculate and generate an exceedance map are summarized in Figure 1. Critical loads will be spatially 

represented in a format that can be used in geographic information systems (GIS) so that the exceedance calculations can be 

made for each grid cell. Each critical load quantity (i.e., CLmaxS (mineral and organic), CLminN, CLmaxN; AEP, 2022b) 

dataset at a 2.5 km scale is in the ADECT.  

 

 
 

Figure 1 The key procedures for calculating exceedance and generating an exceedance map.  

 
 

3.1 Calculation of Critical Load Exceedances: Step-by-Step Instructions 

STEP 1: Prepare modelled N and S deposition data   

The total deposition includes both wet and dry components. The gridded deposition must be prepared as follows when 

assessing impacts across the landscape. To prepare deposition data from the model output: 

1. Use total deposition values (wet + dry) from the modelling output. To generate modelled N and S species, follow 

the Air Quality Model Guideline ((AQMG); AEP, 2021) and see Appendix A as an example. 

https://open.alberta.ca/publications/handbook-for-assessing-regional-acid-deposition-exceedances
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2. Both the critical load and the deposition rate must be in the same unit of measurement prior to calculating critical 

load exceedances. 

 If the model deposition estimate is in kg/ha/yr, convert total S and total N individually from kg/ha/yr to eq/ha/yr before 

adding them together. Conversions ensure that units match prior to exceedance calculation. For unit conversion, see the 

text box below. 

 After conversion, prepare a table for S and N species that is the same as the template in Tables 1 and 2, and that should 

be extracted with each modelling grid of a coordinate system (i.e., latitude and longitude). Save each S and N species file 

as an MS Excel spreadsheet for use in STEP 2. 

3. After preparing the modelled N and S species (e.g., TotalSeq, TotalNeq), the modelling grid of coordinate systems 

must be properly converted to match the 2.5 km scale critical load coordinate system included in the ADECT.  

 
 
 

TABLE 1 AN EXAMPLE OF S SPECIES INPUT TEMPLATE 

 
                 Coordinate (Decimal Degrees)                                     Name of Nitrogen Species (eq/ha/yr) 

Longitude 

(X Coordinate of Centroid) 

Latitude 

(Y Coordinate of Centroid) 
D_SO2   W_SO4

2-  D_SO4
2- TotalSeq   

Note: D and W denote Dry and Wet deposition respectively. TotalSeq is a sum of dry and wet sulphur species that were listed in Table 1. The TotalSeq 

value will be used for exceedance calculation as ‘Sdep’. A coordinate system is a decimal degree.  

 

TABLE 2 AN EXAMPLE OF N SPECIES INPUT TEMPLATE 

 

                 Coordinate (Decimal Degrees)                                     Name of Nitrogen Species (eq/ha/yr) 

Longitude 

(X Coordinate of Centroid) 

Latitude 

(Y Coordinate of Centroid) 
D_NO2   D_HNO2  D_HNO3  W_NO3

- 

D_NO3
-  W_NH4

+     D_NH4
+ 

       TotalNeq   

Note: D and W denote Dry and Wet deposition respectively. TotalNeq is a sum of dry and wet nitrogen species that were listed in Table 2. The TotalNeq 

value will be used for exceedance calculation as ‘Ndep’. A coordinate system is a decimal degree.  

 

 

 

STEP 2: Match modelled deposition values to the grid coordination/resolution of 
existing critical load values  

STEP 2 is an optional approach with ArcGIS software. Proponents can use an alternative approach such as off-the-

shelf software and custom-written computer programs if the results provide a consistent outcome. 

1. Prepare a model output of total S and N data using the provided table template above (Tables 1 and 2). Ensure 

that one worksheet is saved in each Excel file.  

2. Start ArcMap, select ArcToolbox window  . Open the Excel/Excel to Table (Conversion) tool. 

 

 
Kg/ha/yr to Keq (kilo equivalent)/ha/yr 

The unit eq (a keq is 1000 eq) refers to molar equivalent of potential acidity resulting from e.g. sulphur, 
oxidized and reduced nitrogen, as well as base cations. The final unit should be eq/ha/yr.  

 

For example: 
Keq N ha/yr is equal to 14 kg N ha/yr (0.0714 is the conversion factor). 
Keq S ha/yr is equal to 16 kg S ha/yr (0.0625 is the conversion factor). 
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3. Click          beside “Input Excel File” and locate your Excel file in the interface which pops out. Also, set a directory 

to save your output table. Click Sheet (optional) if there is more than one worksheet included and then select your 

worksheet. Click OK. Note that once you provide the first input parameter (the Excel file), a path for the second 

parameter might have been automatically generated pointing to your default geodatabase. However, it is advised 

that the table be generated inside a specific geodatabase and note that the name of the table cannot start with a 

number. 

4. Save the AEP-provided ArcGIS ModelBuilder named “SandNdep”, which is an automated geoprocessing program 

for S and N deposition data extraction workflows in the user’s ArcMap Toolbox. directory before using it. Double-

click and open the tool and you should see a console as below. This ModelBuilder will be used to convert from a 

Table to a fishnet grid. The ModelBuilder tool and required input GIS files/package are available from Alberta’s Acid 

Deposition webpage. The ModelBuilder will require modifying further to fit into the user’s working environment 

settings and input files. If you are having trouble opening the ModelBuilder, please check your extensions (e.g., 

spatial analyst) to ensure they are turned on. 

   Specify the following parameters/properties for the ModelBuilder (SandNdep): 

 Input table: the output file from STEP 2 #3. The user has to use their data file from the modelled output file. 

 X Filed: Longitude (Table 1 as an example) 

 Y Filed: Latitude (Table 1 as an example) 

 WorkDir & WorkDir (2): set working directory (should be a geodatabase folder; *.gdb). 

 Z value field: select TotalSeq (see Table 1) 

 Z value filed (2): select TotalNeq (see Table 2) 

 SPJFishnet & SPJFishnet (2): this geospatial file will be provided. Use the same file for both parameters. Save it in your 

WorkDir (*.gdb) 

 Zone filed & Zone filed (2): OBJECTID. 

 ZonalStatiFC & ZonalStatiFC (2): this geospatial file will be provided. Use the same file for both parameters. Save it in 

your WorkDir (*.gdb). 

 

The output feature class is no longer an input parameter for this tool as the tool automatically contains the “Z value field” 

when naming the output fishnet feature class. After running the tool successfully, two final output feature files will be 

generated for each N and S as Final_FCN and Final_FCS, respectively. 
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4a. Find the Final_FCN and Final_FCS files from your working directory location (WorkDir) using the Catalog window  

      and drag the files into the “Layers”              panel then right-click the ‘Open Attribute Table’ option. 

 
 
4b. Then, click the “Table Options”              on the left top corner of the attribute table (red square), and click “Export”. 

Change the output table to the desired location. Choose “Text File” as a saving type and save it to a csv file (e.g., 

2p5Ndep.csv). You need to repeat it for N or S files each, Final_FCN and Final_FCS. Open the csv file and change 

the “grid_code” column name to ‘Ndep’ or ‘Sdep’ to prepare STEP 3. 

 
Before proceeding with STEP 3, the modelling grid of coordinate systems must be properly converted to match the 2.5 km 

scale critical load coordinate system included in the ADECT. 
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STEP 3: Calculating critical load exceedances  

STEP 3 is a mandatory approach that must be followed. Permission to use an alternate method/calculation must be obtained 

in writing from the Director before it is undertaken. 

1. Open the ADECT and insert your modelled Sdep and Ndep data that you generated from STEP 2 #4b into the 

‘Sdep’ column (column ‘I’) for S deposition data and ‘Ndep’ column (column ‘J’) for N deposition (see Table 3 as an 

example). Except for columns I and J, fields in the ADECT must not be changed or deleted (including formatting, 

formulas, columns, rows, cells, values, auto-codes, and so on). If you use an alternate method to extract modelled 

S and N deposition values for STEP 2, insert the values in columns I and J.  

2. Once you insert your Sdep and Ndep values into the ADECT, the exceedances will be calculated/updated 

automatically. 

3. The exceedance calculation results can be checked from the ‘Predict_EXD (column ‘Y’)’ in the ADECT and saved 

in the Excel file (e.g., “EX_2p5km*.xlsx”). 

 
   

TABLE 3  EXAMPLE OF AN EXCEEDANCE CALCULATION TEMPLATE 

 

 

STEP 4: Preparation of exceedance map 

STEP 4 is an optional approach with ArcGIS software. Proponents can use an alternative approach such as off-the-shelf 

software and custom-written computer programs if the results provide a consistent outcome.  

1. Start ArcMap, select ArcToolbox window  . Open the Excel/Excel to Table (Conversion) tool. 

2. “Input Excel File” should be selected as an exceedance result from your deposition data. The file name will be 

“EX_2.5km from Excel*” which was generated from STEP 3. Determine the output location where you want to save 

the output file. 



 

Handbook for Assessing Regional acid Deposition Exceedances 11  
Classification: Public 

 

 
 

3. Open the Catalog window from the right side of the page. Select the “JoinFC_ecoArea” file (included in the 

download package - zip file) and drag the file to the “Table of Contents/Layers”. Right-click the “JoinFC_ecoArea” 

file and select Joins and Relates and click “Join”. Click Use 2.5 km input file. 
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4. In the “Choose the field” dropdown box, select “OBJECTID”. 

5. In the “Choose the table join to this layer” dropdown box, select the Excel file that was generated from STEP 4 #2 

(e.g., “EX_2p5km_fromExcel3*”). 

6. In the “Choose the field in the table to base the join on”, select “OBJECTID” then set “Join Options” as “Keep all 

records” and then click “Validate Join”. Click OK. 

7. Open ArcToolbox , select the “Conversion Tools/To Raster” and then “Feature to Raster” tool to convert from 

feature format to raster format. 

 
 

8. In the “Input features” dropdown box, select the “JoinFC_ecoArea” file that was used in STEP 4 #3. 

9. In the “Field” dropdown box, select the exceedance calculation result for “Exceedance_Tier2” (above Red level). 

10. Provide a path to your output in the “Output raster” space. Set the “Output cell size” as “2500”. Click OK. 

 

STEP 5: Creating an exceedance map 

STEP 5 is an optional approach with ArcGIS software. Proponents can use an alternative approach such as off-the-shelf 

software and custom-written computer programs if the results provide a consistent outcome. If there is a critical load 

exceedance, proponents must present the exceedance map as a final product of acid deposition assessment for regulatory 

applications. 
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1. Open “Catalog” and drag the output raster output file that was generated from STEP 4 #10 (e.g., 

EX_Tier3_fromJoinedFish*”) to the “Table of Contents/Layers”. 

2. To set the symbology, double click on the raster name in the “Table of Contents,” select the “Symbology” tab, and 

select “Classified” from the “Show” menu. Select the appropriate number of classes from the drop-down menu. 

Select “Color Ramp” from the dropdown menu. 

 

3. To remove zero values (no exceedance), select “Classify” and open the “Classification” panel. In the “Data 

Exclusion” option, click “Exclusion” and “Value” -> Excluded value: “0” -> OK. 

4. To create a final map, turn the layer on by selecting it in the “Table of Contents.” Then select the “Layout View” 

icon. In the toolbar, click on “Insert/Legend”. Click on “File” and “Export Map'' to save the map as a jpg or pdf file. 

 
STEP 5-1: Creating an exceedance map to treat excessive base cation deposition values 

This sub-step will be only used if there is a significant crustal disturbance (refer to the AQMG (AEP, 2021; Section 8.1.1)).  
 
At the exceeded grid cells (i.e., above Level 3), the final exceedance (Final EX) can be calculated as: 
 
                                      Final EX (eq/ha/yr) = [EX (eq/ha/yr) – xBCdep (eq/ha/yr)] [EQ. 1] 

 
where, xBCdep is an excess base cation deposition value, which means a higher value than the value used in the critical load 

maps (AEP, 2022b; Figure 2).  

 

Refer to the AQMG guidelines to determine the best available base cation deposition data/value (AEP, 2021; Section 8.1.1). 
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Appendix  

Example procedures for preparing modelled deposition values for exceedance 

calculation 

If proponents or operators of industrial facilities are required to conduct acid deposition modelling according to the AQMG 

(AEP, 2021), here is an example of how to prepare modelled N and S deposition values for the calculations as described in 

the AQMG. 

 

Step 1: Calculate acid deposition values for each year using five-year meteorological datasets. The same method can 

be applied to each receptor. 

 
Step 2: Pick a median value from the Step 1 value at each receptor. The same method can be applied to each receptor. 
 

 

Step 3: Average all four receptor values (Note: the minimum number of receptors is four within one 2.5 km grid size. If there 

are more than 4 receptors, then average all of the available receptor values). 
 

 

Step 4: A 7.5 kg/ha value will be used to compare with the designated critical load value in a grid superimposed upon the 
combined location/grid cell (see Tables 1 and 2). 

 

 

 

 

 

 

Receptor #1 
5 values from each year's 
annual acid deposition 

Receptor #2 
5 values from each year's 
annual acid deposition 

Receptor #3 
5 values from each year's 
annual acid deposition 

Receptor #4 
5 values from each year's 
annual acid deposition 

 

Receptor #1 

A median value of the 5 
values 

Receptor #2 

A median value of the 5 
values 

 
Receptor #3 
A median value of the 5 
values 

 
Receptor #4 
A median value of the 5 
values 

 

 
Receptor #1 
One value from Step 2 

 
Receptor #2 
One value from Step 2 

 
Receptor #3 
One value from Step 2 

 
Receptor #4 
One value from Step 2 

 

For example, each year of modelled annual acid 

deposition value in Receptor #1 will be: 

2015 annual acid deposition value is 5 kg/ha 
2016 annual acid deposition value is 10 kg/ha 
2017 annual acid deposition value is 15 kg/ha 
2018 annual acid deposition value is 10 kg/ha 
2019 annual acid deposition value is 5 kg/ha 

As an example, for Receptor #1, the median 
value is 10kg/ha. 

If, 
Receptor #1 value is 10kg/ha 
Receptor #2 value is 5kg/ha 
Receptor #3 value is 10kg/ha 
Receptor #4 value is 5kg/ha 

 

Average value = (10+5+10+5)/4 = 7.5kg/ha 



 

Handbook for Assessing Regional acid Deposition Exceedances 15  
Classification: Public 

 

Glossary  
 
Regulator Means a decision maker who is vested with a power, duty or function under the 

Environmental Protection and Enhancement Act and includes, without limiting the 

generality of the foregoing: (i) a designated Director or other official, (ii) the 

responsible Government of Alberta department, as designated under the 

Environmental Protection and Enhancement Act, and (iii) the Alberta Energy 

Regulator, as designated under the Responsible Energy Development Act. 

     Note: additional terms and acronyms are defined in the ADMF (2022a). 
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