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1.0 Introduction

B.A. Blackwell & Associates Ltd. (BAB), was retained to help in the development of a field sampling plan to support Quality & Assurance (QA) and to provide field data to assist in interpretation of wetland classes to support the predictive wetland mapping program in the FWCP-Peace Region for the Ministry of Environment 

2.0 Objectives

The objectives of the field sampling program are to assess the accuracy of the existing wetland classification points and to provide data to assist in interpretation of wetland classification using imagery.
3.0 Sampling Approach
As wetlands comprise only around around three to six percent of the land base and the large size of the study area for the FWCP-Peace Region mapping program (624 - 1:20,000 mapsheets), a targeted opportunistic sampling approach is recommended to optimize sampling efficiency. Two phases are proposed:

Phase 1 – Sampling of mapsheets with previously attributed training points for the FWCP-Peace Region mapping program. Phase 1 will provide data for QA of the previously attributed points and for future photo-interpretation of wetland attributes. 

Phase 2 – Sampling of additional areas to provide ground control to support future photo-interpretation of wetland attributes and to provide data to conduct QA.
Sampling for Phase 1 and 2 will use the same approach with regards to field sampling density and data collection as described below. Phase 1 sampling will use the existing attributed wetland points as potential sampling locations. 
To identify Phase 2 sampling areas within the study area, Freshwater Atlas (FWA) wetland polygons were used to characterize wetland area by mapsheet. Jenks natural breaks were used to assign each mapsheet to very low, low, moderate, high, or very high classes based on total wetland area (Table 1). The classes will be used to prioritize sampling in areas where wetland area is greatest and exclude areas with Very Low wetland abundance. It is recommended that some of the wetland classification field data should also be reserved for accuracy assessment of future mapping.
Table 1. Classes indicating sampling priority based on the area of wetlands on a mapsheet.
	Class
	Mapsheet Wetland Area (ha)

	Very Low
	0 - 108 

	Low
	108 - 300

	Moderate
	300 - 652

	High
	652 - 1454

	Very High
	> 1454 


To ensure representative sampling across the study area, the proportion of FWA wetlands by Biogeoclimatic Zones (BGC) was calculated for the prioritized 1:20,000 mapsheets. Wetland field plots will be located to ensure representative sampling by BGC zone across the study area in targeted mapsheets. 
Each mapsheet has an estimated target sampling density for visual plots and ground plots based on FWA wetland area. Rather than using pre-established plots, field sampling will occur opportunistically using the areas of greatest FWA wetland area and BGC zone to focus sampling. Plots will be established in all wetland types with a preference for wetland classes that have been identified as being more difficult to identify as outlined in the Predictive Wetland Classification – Training Point Quality Assessment.

The approach presented allows for a multi-year program that can be tailored to available funding while providing an optimized approach to sampling throughout the study area. The number of mapsheets to be sampled can be selected based on the available budget.
Freshwater Atlas data was used instead of Terrain Resource Information Management (TRIM) mapping as FWA data is more easily accessible and provides a reasonable representation of relative wetlands area. TRIM data does provide more accurate wetland extent data; however, as the objective was to prioritize mapsheets using wetland area, the increase in mapping detail was not required.
3.1 Survey Intensity Level

An equivalent of Survey Intensity Level (SIL) 4 will be used for sampling in Phase 1, and 15 to 25% of training points will be sampled. For Phase 2 sampling, SIL 2 will be used and an inspection density of 20 to 29 ha/inspection will be used based on the area of FWA wetlands in a mapsheet. For. As sampling will be opportunistic, the mapped FWA wetlands are just used as a preliminary guide and may or may not be selected for sampling. The planned number of inspection by mapsheet is shown in Appendix B. Mapsheet Inspection Density and Prioritization. 
3.2 Mapsheet Selection 

 Phase 1. 
Table 2 lists the 15 mapsheets and wetland points completed for the Project. Phase 1 sampling will assess 15-25%. The inspection rate and methods are based on SIL 4 and methods developed for assessing R-Level TEM. Sampling should focus upon wetland types identified as difficult to classify. As wetland types are known, sampling effort should be relatively well distributed across all wetland types identified in the training points. Table 1 shows the number of plots by wetland class. This was calculated based on the wetland training points identified within each class. Lakes, gravel bars, streams, and rivers were excluded. The distribution of sampling inspections is a guideline and actual inspections by wetland class may vary from this depending on field observations.
Table 2. Summary of mapsheets, wetland points, and proposed sampling density by mapsheet and wetland class.

	Mapsheet
	Wetland Points
	Proposed inspection count
	Approximate distribution of proposed inspections by wetland class

	
	
	Total Inspections1
	Visual Inspections2
	Ground Inspections
	Floodplain
	Open Water3
	Bog
	Fen
	Swamp
	Marsh

	093J070
	117
	29
	23
	6
	2
	3
	9
	10
	5
	1

	093N047
	206
	52
	42
	10
	3
	5
	16
	18
	8
	1

	093N070
	146
	37
	30
	7
	2
	4
	12
	13
	6
	1

	093O061
	210
	53
	42
	11
	3
	6
	17
	18
	8
	1

	093O062
	538
	135
	108
	27
	8
	14
	42
	46
	22
	3

	093O096
	67
	17
	14
	3
	1
	2
	5
	6
	3
	0

	093O099
	56
	14
	11
	3
	1
	1
	4
	5
	2
	0

	094C083
	103
	26
	21
	5
	2
	3
	8
	9
	4
	1

	094C084
	105
	26
	21
	5
	2
	3
	8
	9
	4
	1

	094C085
	375
	94
	75
	19
	6
	10
	30
	32
	15
	2

	094D019
	80
	20
	16
	4
	1
	2
	6
	7
	3
	0

	094E004
	172
	43
	34
	9
	3
	4
	14
	15
	7
	1

	094F024
	218
	55
	44
	11
	3
	6
	17
	19
	9
	1

	094F037
	104
	26
	21
	5
	2
	3
	8
	9
	4
	1

	094F058
	47
	12
	10
	2
	1
	1
	4
	4
	2
	0

	Total
	2544
	639
	511
	128
	39
	67
	201
	217
	102
	14


 1Inspection rate is 25% based on SIL 4 (15 to 25% polygons inspected)
2Inspection type is based on plot ratio of 20:80 (ground:visual)
3Open water includes ponds and shallow water wetlands with emergent vegetation.

Phase 2 

As described in Section 3.0, Mapsheets have been prioritized based on FWA wetland density (Figure 1). Appendix B. Mapsheet Inspection Density and Prioritization identifies the preliminary mapsheets selected to consider for sampling. For each mapsheet, the proportion of FWA wetlands according the BGC Zone is also provided, in addition to planned inspection density. Again, the FWA wetlands serve as a guide for sampling. 
Targeted mapsheets will be selected for sampling from the above based on several criteria. This selection process will be a manual exercise given the complexity of issues to consider:

· Available budget: The sampling program can be scaled to the available budget based on the number of inspections planned for targeted mapsheets. A running count of inspections will be maintained as mapsheets are selected for sampling

· Sampling logistics and efficiency: Mapsheets should be selected considering logistic constraints based on ‘service centres’ from which a helicopter and field crew can be based. A maximum distance to a mapsheet for sampling from a service centre is approximately 80 km based on a 3-hour range of a Bell 206. Clusters of targeted mapsheets should be selected rather than spatially independent sheets to increase travel time efficiency.
· Balanced distribution of BGC Zones represented across wetlands in targeted mapsheets: This will be based on the distribution across the entire set of prioritized mapsheets and will be tracked as targeted mapsheets are selected using the mapsheet data from Appendix B. Mapsheets can be added or dropped based on their wetland BGC unit proportions as required to maintain an overall balance.
· Spatially balanced across the project area: Targeted mapsheets should be spread out across the study area, within the above constraints. Avoid concentrating mapsheets in the south or north portions of the study area.

· Representative balance of wetland types: During field work, sampling points should be selected based on the observed wetland types in the field to ensure good representation of all wetland types present
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Figure 1. Mapsheet prioritization based on wetland area.
3.3 Data Collection

Data collection will be comprised of aircall visual inspections and ground inspections. All field work should be conducted by helicopter due to the size of the study area and access limitations. An inspection rate of 80% visuals and 20% ground inspections, is recommended. This approach maximises the area covered during sampling while providing data that can be used to improve wetland interpretation that RandomForest model outputs are dependant on. Coordinates for each inspection will be recorded using a GPS. Data for visual inspections will be collected using a voice recorder and transcribed into a personal geodatabase. Ground inspections will be recorded in digital forms to reduce user and transcription errors as well as reducing transcription costs.

Visual Inspections 

Visual inspections will use codes and descriptions from Describing Terrestrial Ecosystems in the Field and will collect the following data:

· Plot number;
· Slope position;
· Surficial material;
· Surficial expression;
· Hydrogeomorphic unit;
· Soil Moisture Regime;
· Soil Nutrient Regime;
· Dominant plant species;
· Wetland class;
· Wetland structural stage;
· Wetland association; and
· Photo numbers.
Field Equipment

· GPS enabled field computers with Arpad, Collector, or similar GIS software to enable data collection and heads up navigation using aerial imagery, TRIM wetland mapping, and other relevant spatial information; 
· Digital audio recorder;
· Digital camera; and
· Field notes and reference guides.
Ground Inspections 

Ground inspections will use the draft wetland Site Visit
 Form (Appendix A). The Site Visit Form was selected over the Draft Wetland Complex Information Form for ground inspections, as it captures the information required to classify wetland sites to the provincial site associations and identify wetland structural stages (MacKenzie and Moran 2004
). Similar to the Ground Inspection Forms used during Terrestrial Ecosystem Field work, the wetland Site Visit Form is used to collect biophysical data that can describes the site conditions and vegetation community. These characteristics will improve the accuracy of photointerpretation of wetlands. The Site Visit Form will also be relatively rapid to complete, which will maximize the number of wetland points that field crews can establish inspections in. As it recommended that a helicopter be used due to the difficulty of accessing wetlands sites, field efficiency is a major consideration in ensuring the sampling program can sample as many areas possible under available budgets.
The Draft Wetland Complex Information Form provides information that is important for assessing wetland functions but does not assist in interpretation of wetland class or structural stage and much of the information on the form cannot be interpreted using orthophotos. To ensure field crew efficiency when sampling is being conducted using a helicopter, minimizing time spent at each plot is important. In the event that field testing of the complex form is Draft Wetland Complex Information Form is desired, it is recommended that this be conducted using trucks and focus on areas with mapsheets with large wetland area and good road access to these areas. 
Field Equipment

· Hand-held field computers with GPS Arpad or similar GIS software to enable heads up navigation and data collection using digital forms, aerial imagery, TRIM wetland data, and other relevant spatial information. 
· Digital camera;
· Soil auger / shovel;
· Field guides; and
· pH / conductivity metre.
Appendix A – Wetland Site Visit Form
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Appendix B – Phase 2 Mapsheet Inspection Density and Prioritization
Appendix B is a file geodatabase supplied in an electronic version to MOE. Table 1 is a data dictionary for fields in the file geodatabase.
Table 1. Database Dictionary for Appendix B - Phase 2 Mapsheet Inspection Density and Prioritization file geodatabase.
	Column Heading
	Description

	MAP_TILE
	1:20,000 mapsheet tile label

	MapTile_Area
	Mapsheet area (ha)

	Wetland_Count
	Count of the number of FWA mapped wetlands in a mapsheet 

	Wetland_Area
	Area (ha) of the number of FWA mapped wetlands in a mapsheet 

	BAFA_total_ha
	Total area (ha) in the BAFA Biogeoclimatic Zone

	BAFA_wet_ha
	Total area (ha) of FWA mapped wetlands in the BAFA Biogeoclimatic Zone

	BWBS_total_ha
	Total area (ha) in the BWBS Biogeoclimatic Zone

	BWBS_wet_ha
	Total area (ha) of FWA mapped wetlands in the BWBS Biogeoclimatic Zone

	ESSF_total_ha
	Total area (ha) in the ESSF Biogeoclimatic Zone

	ESSF_wet_ha
	Total area (ha) of FWA mapped wetlands in the ESSF Biogeoclimatic Zone

	SBS_total_ha
	Total area (ha) in the SBS Biogeoclimatic Zone

	SBS_wet_ha
	Total area (ha) of FWA mapped wetlands in the SBS Biogeoclimatic Zone

	SWB_total_ha
	Total area (ha) in the SWB Biogeoclimatic Zone

	SWB_wet_ha
	Total area (ha) of FWA mapped wetlands in the SWB Biogeoclimatic Zone

	Area_Class
	Very Low, Low, Moderate, High, and Very High Classes based on Jenk's natural breaks using Wetland_Area

	Jenks5Class
	Jenk's natural breaks using Wetland_Area and five classes


	SIL2_20_Inspections_ha
	Number of inspections / mapsheet based on SIL 2 and an inspection intensity of 20 ha / inspection and the area of wetlands on the mapsheet

	SIL2_29_Inspections_ha
	Number of inspections / mapsheet based on SIL 2 and an inspection intensity of 29 ha / inspection and the area of wetlands on the mapsheet


� MacKenzie, W.H. and J.R. Moran. 2004. Wetlands of British Columbia: a guide to identification. Res. Br., B.C. Min. For., Victoria, B.C. Land Manage. Handb. No. 52.





�Deepa - I recommend adding a summary table to this form that characterizes the type and relative abundance of secondary and tertiary deciles for wetlands class, structural stage, and association.
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