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Executive Summary
Watershed management issues are among the many challenges facing natural resource managers in British Columbia. The BC Ministry of Forests, Lands and Natural Resource Operations (FLNRO) has conducted a research and information needs assessment to support sustainable water resource management in the Thompson-Okanagan Natural Resource Region of BC. To help identify specific knowledge gaps and develop strategic priorities for research, an information needs assessment was conducted by surveying key people involved in water research and management in the Thompson-Okanagan Region of BC.  In total 152 individuals completed all or portions of the survey and identified priority topics for research, monitoring, data and policy. The survey was carried out from October 15th to December 31st, 2015. This report is the second in a series of regional assessments carried out across BC. The first regional assessment was completed in northeastern BC (Lapp et al. 2015). 

Priority research and management needs consistently identified by respondents included the following: 

· surface water quantity research related to peak flow magnitude and timing, snow accumulation and melt rates and low flow magnitude and timing;

· groundwater quantity research related to surface-groundwater interactions, aquifer identification and characterization to quantify the availability and extent of groundwater resources;
· management and understanding of cumulative effects and land use effects on all aspects of surface water, groundwater, aquatic ecosystems and natural resource development hazards;
· climate change effects on all aspects of water resources and aquatic ecology; 
· water budgets to improve understanding of water availability/withdrawals to ensure sustainable allocation of both surface and groundwater;
· environmental flow needs for fish bearing streams, temperature sensitive streams and land use activities in riparian areas;
· forest management, natural disturbance and other land use effects on riparian areas, stream flows and water quality.
A large majority of respondents identified the need for increased monitoring of streamflow (hydrometric monitoring), groundwater (observation wells) and climate data to better characterize, and identify the availability of surface and groundwater quantity and quality and support sustainable allocation decisions. Priority data needs included online access to data that includes hydrometric monitoring data, analysis results/products, snow survey data and online analysis tools. 

Key policy and regulatory needs included groundwater regulation and groundwater resource inventory to determine resource availability, quality and threats to sustainability. Allocation and usage of surface and groundwater to support sustainable water supply and new models for governance and decision making in water allocation were also identified as policy/regulatory priorities.
Government capacity and funding for resource management, monitoring, licensing/regulation, compliance and water stewardship along with climate change effects were all seen as emerging pressures and issues. Other emerging issues not identified in past needs assessments included threats from the introduction of Zebra and Quagga mussels to BC.
The results of the survey considered herein identify many of the same themes and topics identified by previous assessments (e.g. Alexander et al. 2007, Hollstedt 2000, Redding et al. 2008, Redding 2011, Lapp et.al. 2015)  In addition to the report, a database has been compiled of data sources, information sources and relevant research from BC and adjoining jurisdictions. The database is intended to provide a first-stop for researchers and managers in locating key water resource information of regional relevance.  The database is available at http://www.bcwatertool.ca/info-sources/.
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Introduction
Project Purpose

Watershed management issues are among the many challenges facing natural resource managers in British Columbia. The B.C. Ministry of Forests, Lands and Natural Resource Operations (MFLNR) has conducted a research and information needs assessment to support sustainable water resource management in the Thompson-Okanagan Natural Resource Region (Figure 1) of BC. This report is the second in a series of regional assessments carried out across BC. The first regional assessment was completed in northeastern BC in 2014 (Lapp et al. 2015). 
This assessment combined with a compilation of relevant research and data/information sources for the Thompson-Okanagan Region will form the basis for the development of an applied research strategy to support sustainable water resource management in this region.  Key people involved in water and natural resource management were asked to participate in a survey to help identify these research and information needs.

The survey was divided into 5 main topical themes: surface water (quantity and quality), groundwater (quantity and quality), groundwater-surface water interactions, aquatic ecosystems, and resource development hazards. The key people were asked to identify:
· key research and information needs/questions required to support sustainable water management in the Thompson-Okanagan Region;
· knowledge gaps and data requirements; 
· policy and regulatory needs; 

· emerging pressure/issues that are expected to require new information to support sustainable water resource management; and,

· current and planned water-related research activities that are being carried out within the region that is directly relevant to water resource management in Thompson-Okanagan Region.
The identification of these information needs will aid in the development of applied water research, monitoring and tools to support sustainable water resource management.
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Figure 1. Map showing the extent of the survey within the Thompson-Okanagan Natural Resource Region (boundary shown in red line) within south-central British Columbia. The general area of major regional watersheds are also shown.

Report Format
This report presents the data collection methods used in the survey, a profile of the respondents, the ranking (High, Medium, Low) of key research and information needs by topic area within each theme, and a summary of the written comments for each of the five main topical themes.

Appendix 1 presents the covering letter and survey questions sent to the respondents. Appendix 2 presents a list of current and planned water-related research that were identified by the respondents. 
A separate database of data, information sources and relevant research has also been compiled and is available at <link to be added>. This database spreadsheet includes historic and current water projects and publications, data bases and monitoring activities carried out within the Thompson-Okanagan Region of BC that is directly relevant to water resource management in this region.

Methods
Study Design
A list of potential key respondents was compiled and prioritized in conjunction with staff from FLNRO.  Selection was based on the respondents’ profession, and their experience within their organizations. All respondents were familiar with water issues in the Thompson-Okanagan Region of British Columbia. 
Study Delivery

An introduction to the project and link to the survey questions was sent by email to the majority of respondents (Appendix 1).  A small proportion of respondents (~7-9) were interviewed by telephone or in-person. The survey was carried out from October 15th to December 31st, 2015.
Study Limitations

This needs assessment is a qualitative, non-random survey of respondents identified as interested or involved in water related issues within the Thompson-Okanagan Region. It should be noted that this summary report does not offer any interpretation of the respondents’ input but merely presents the results collected in the survey. 
Results
Profile of Respondents

Identifying a respondent’s affiliation or sector helped determine where research is being conducted (or not), what research or monitoring needs exist, and what opportunities for future collaboration are possible. In total 282 individuals were contacted with 152 individuals (a survey response rate of 54%) completing all or portions of the survey. Some respondents received the survey link through their own networks. Table 1 lists the number individuals contacted at each affiliation and the number of responses. The majority of respondents were employed by the provincial government, followed by consulting, industry and academia (Table 1).
Included in many of the following tables is an ‘Other’ category, where respondents provided an alternative category to those provided in the Survey. Where provided by a respondent, they are listed below the respective tables.  When more than one respondent provides the same new category, the number of times provided is noted in parenthesis (e.g., (2)).

Table 1. The number and affiliation of individuals contacted, the number of respondents and the response rate by affiliation. 
	Sector/Employment Affiliation
	Response Count
	Number Contacted
	Response Rate (%)

	Provincial government
	
	
	

	FLNRO
	29
	74
	

	BC Environment
	16
	40
	

	Forest Practices Board
	2
	2
	

	BC Ministry Energy and Mines
	1
	1
	

	Ministry of Agriculture
	2
	3
	

	Interior Health
	0
	5
	

	BC Hydro
	0
	2
	

	Other (e.g. retired, other province)
	1
	1
	

	  Total
	51
	128
	40%

	Consulting
	
	
	

	Consulting - GW/SW Hydrology
	21
	21
	

	Consulting – Environmental (e.g.. forestry, terrain stability)
	13
	22
	

	  Total
	34
	43
	56%

	Industry
	
	
	

	Forest Industry
	6
	8
	

	Range
	8
	6
	

	Mining Industry
	1
	2
	

	BC Groundwater Association
	1
	1
	

	  Total
	16
	17
	94%

	Academic
	14
	28
	50%

	Local/regional government (incl. OBWB)
	11
	20
	55%

	First Nations
	7
	13
	54%

	Community/Stewardship/NGO
	10
	14
	71%

	Federal Government
	
	
	

	Environment Canada
	2
	2
	

	Fisheries and Oceans Canada
	2
	8
	

	Agriculture Canada
	1
	2
	

	  Total
	5
	12
	42%

	Water purveyor
	4
	4
	100%

	Agriculture Industry/Producer
	0
	3
	0

	Total of All Respondents
	152
	282
	54%


Respondents were asked to select their primary areas of practice from a list of 20 categories (Table 2). Given the targeted nature of the survey and dominance of provincial government employees most respondents’ areas of practice were: surface water hydrology, research, geoscience and engineering, forest management and fisheries and aquatic ecology. The least frequent areas of practice were: waste water management, mining and minerals extraction, hydropower production, and energy (e.g., oil & gas, hydro, geothermal).
Table 2. Respondents’ field/area of primary practice (Note: Respondents were able to select a maximum of 3 responses).
	Field/Area of Primary Practice
	Response Percent
	Response Count

	Surface water hydrology
	27
	39

	Research
	22
	32

	Geoscience and engineering
	19
	28

	Forest management
	16
	24

	Fisheries and aquatic ecology
	15
	22

	Surface water management (allocation, licensing)
	14
	20

	Policy development
	14
	20

	Groundwater hydrology
	13
	19

	Natural resource hazards (e.g., mass movements, floods)
	13
	19

	Land use planning
	12
	18

	Agriculture
	10
	14

	Community/Stewardship/NGO
	8
	12

	Groundwater management (allocation, licensing)
	5
	8

	Water purveyor
	4
	6

	Waste water management
	3
	5

	Mining and minerals extraction
	2
	3

	Hydropower production
	2
	3

	Energy (e.g., oil & gas, hydro, geothermal)
	1
	2

	Oil and gas production
	0
	0

	*Other?
	18
	27

	Total respondents that answered the question
	147


*Other comments included: aggregate/water supply, all matters pertaining to lands on and off-reserve, ecohydrology, economics, education (2), environmental benchmarks for water quality, environmental monitoring (groundwater), First Nations consultation, groundwater water supply and quality assessments, inventory, irrigation efficiency, just interested in my environment, modeling water supply and demand, professional development, range management (2), river engineering, stock assessment and fisheries management, water conservation, water quality (5), wetland protection and enhancement. 
Respondents were asked to select their primary water related focus of professional practices from a list of 11 categories (Table 3). The respondents could select a maximum of three responses.  The five most prominent responses were: management, monitoring, planning, research and data collection. The least frequent were: policy and regulation, remediation, allocation/licensing and compliance and enforcement.

Table 3. Respondent primary water related focus of professional practice (Note: Respondents were asked to select a maximum of 3 responses). 
	Field/Area of Primary Practice
	Response Percent
	Response Count

	Management
	45
	64

	Monitoring (e.g., trend, baseline, compliance etc.)
	38
	54

	Planning
	32
	45

	Research
	27
	38

	Data collection (e.g., well log data, consultant reports etc.)
	25
	36

	Operations
	22
	31

	Policy and regulation
	19
	27

	Remediation
	12
	17

	Allocation/licensing
	11
	15

	Compliance and enforcement
	6
	9

	*Other?
	19
	27

	Total respondents that answered the question
	142


*Other comments included: all matters related to surface and groundwater, community interests in watershed management, conservation, consulting to industry and government, education (2), emergency management (drought, floods), engineering design, fish habitat protection, forest development planning and coordination of assessments, impacts on water resources from wetland, riparian and upland sources, irrigation, just interested in my environment, knowledge transfer, mapping and quantifying, policy related to environmental benchmarks, preserving/protection/enhancement of the Penticton Oxbows (2), research related to allocation, licensing and policy regulation, soil mapping and data provision, soil moisture studies  and irrigation efficiency study, water levels recorded during salmon enumeration projects (summer to winter) and tracking discharge/temperature with respect to salmon migration on upstream, water purveyor, water source protection for water utility, water supply watershed assessment.
Respondents were asked to rank seven water related themes with regard to their primary areas of practice.  Surface water quantity and quality were the most relevant theme to the primary areas of practice (Table 4). The natural resource hazards and aquatic ecosystems themes followed next in rank with groundwater quality and quantity themes ranking the lowest. 
Table 4. Respondent ranking of seven water related themes in terms of the themes relevance to their primary areas of practice. 
	Theme
	Respondent Rank
	Response Count

	
	High
	Medium
	Low
	Not Applicable
	

	Surface water quantity
	Percent
	66
	24
	6
	3
	143

	
	(Count)
	(95)
	(34)
	(9)
	(5)
	

	Surface water quality
	Percent
	51
	26
	17
	6
	145

	
	(Count)
	(74)
	(38)
	(25)
	(8)
	

	Natural resource hazards
	Percent
	43
	25
	24
	8
	138

	
	(Count)
	(60)
	(34)
	(33)
	(11)
	

	Aquatic ecosystems
	Percent
	40
	32
	23
	5
	140

	
	(Count)
	(56)
	(45)
	(32)
	(7)
	

	Groundwater quantity
	Percent
	38
	26
	27
	9
	137

	
	(Count)
	(52)
	(35)
	(37)
	(13)
	

	Groundwater-surface water interactions
	Percent
	32
	43
	20
	5
	133

	
	(Count)
	(43)
	(57)
	(27)
	(6)
	

	Groundwater quality
	Percent
	30
	29
	29
	13
	135

	
	(Count)
	(40)
	(39)
	(39)
	(17)
	


Respondents were asked to identify all the regional watersheds or the watersheds which contain the aquifers within which they practice.  Within the seven regional watersheds used for this survey (Figure 1) the majority of respondents practice in the Okanagan and Shuswap (Table 5).  
Table 5. Respondents’ regional watershed(s) within which they practice 
	Regional Watershed
	Response Percent
	Response Count

	Okanagan
	73
	98

	Shuswap
	59
	80

	South Thompson
	53
	72

	North Thompson
	46
	62

	Similkameen
	44
	60

	Nicola
	44
	59

	Middle Fraser (Lillooet, Cache Creek, Spences Bridge)
	38
	51

	Province Wide
	10
	13

	*Other?
	16
	22


*Other comments included: Canada, Cariboo, Kootenays (5) (Columbia, Kettle etc.), formerly working in Ontario, Kamloops Lake/Thompson River, Lower Mainland, Lower Thompson, none at present, Saskatchewan, South Fraser, Thompson/Okanagan (2), Thompson/Bonaparte, Upper Fraser (Quesnel south and Chilcotin River), Vancouver Island and previous practice not currently active. 
Survey Response Summaries
Respondents were asked to rank their priority information needs as high, medium, or low with respect to improving their ability to do their job.
Respondents selected the ‘not applicable’ category if an answer option provided was not currently applicable to their job.

Categories in Tables 6 through 20 are ranked by the number of ‘High’ responses in descending order.

Included in many of the following tables is an ‘Other’ category, where respondents provided an alternative category to those provided in the Survey?  Where provided by a respondent, they are listed below the respective tables.  When more than one respondent provides the same new category, the number of times provided is noted in parenthesis (e.g., (2)).

Surface Water Quantity Hydrologic Processes
The highest-priority surface water quantity hydrologic process topics selected by respondents focused on peak flow magnitude, peak flow timing, snow accumulation and melt rates, low flow magnitude and low flow timing (Table 6). 
Table 6. Frequency of respondents’ priority rankings of key information needs for selected topics related to surface water quantity hydrologic process.

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Peak flow magnitude
	Percent
	56
	28
	9
	7
	130

	
	(Count)
	(73)
	(36)
	(12)
	(9)
	

	Peak flow timing
	Percent
	55
	30
	7
	8
	130

	
	(Count)
	(72)
	(39)
	(9)
	(10)
	

	Snow accumulation and melt rates
	Percent
	53
	33
	10
	5
	129

	
	(Count)
	(68)
	(42)
	(13)
	(6)
	

	Low flow magnitude
	Percent
	50
	27
	15
	8
	130

	
	(Count)
	(65)
	(35)
	(19)
	(11)
	

	Low flow timing
	Percent
	47
	28
	17
	8
	130

	
	(Count)
	(61)
	(36)
	(22)
	(11)
	

	Surface-groundwater interactions
	Percent
	36
	38
	21
	4
	135

	
	(Count)
	(49)
	(51)
	(29)
	(6)
	

	Rainfall timing and rates
	Percent
	36
	46
	12
	5
	130

	
	(Count)
	(47)
	(60)
	(16)
	(7)
	

	Annual water yield
	Percent
	34
	36
	24
	6
	128

	
	(Count)
	(43)
	(46)
	(31)
	(8)
	

	Groundwater recharge
	Percent
	27
	38
	29
	6
	128

	
	(Count)
	(34)
	(49)
	(37)
	(8)
	

	Evaporation rates
	Percent
	21
	40
	27
	13
	128

	
	(Count)
	(27)
	(51)
	(34)
	(16)
	

	Infiltration and soil moisture storage
	Percent
	21
	48
	21
	10
	128

	
	(Count)
	(27)
	(61)
	(27)
	(13)
	


*Other comments included: shape of annual hydrograph (e.g. not just peaks); effective clear cut area; daily hydrometric data; any information is useful for research, but I don't make management decisions; transpiration rates for mature and regenerating stands; and,  all apply equally at my level, but not in detail/depth for any specifically.
Management of Surface Water Quantity 
The highest-priority surface water quantity management topics selected by respondents focussed on cumulative hydrologic effects, water availability/storage, climate change effects on water supply, environmental flow needs and forest management effects (Table 7). 

Table 7. Frequency of respondents’ priority rankings of key information needs for selected topics related to management of surface water quantity. 
	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative hydrologic effects
	Percent
	51
	33
	9
	7
	125

	
	(Count)
	(64)
	(41)
	(11)
	(9)
	

	Water availability/storage
	Percent
	50
	32
	12
	6
	128

	
	(Count)
	(64)
	(41)
	(15)
	(8)
	

	Climate change effects on water supply
	Percent
	48
	39
	8
	5
	130

	
	(Count)
	(63)
	(51)
	(10)
	(6)
	

	Environmental flow needs
	Percent
	47
	36
	13
	5
	126

	
	(Count)
	(59)
	(45)
	(16)
	(6)
	

	Forest management effects
	Percent
	42
	31
	20
	7
	124

	
	(Count)
	(52)
	(38)
	(25)
	(9)
	

	Current allocation
	Percent
	41
	31
	18
	10
	123

	
	(Count)
	(51)
	(38)
	(22)
	(12)
	

	Agricultural/range effects
	Percent
	32
	35
	23
	10
	124

	
	(Count)
	(40)
	(43)
	(29)
	(12)
	

	Urban water management
	Percent
	21
	28
	37
	14
	126

	
	(Count)
	(27)
	(35)
	(46)
	(18)
	

	Recreational uses
	Percent
	15
	27
	47
	11
	123

	
	(Count)
	(18)
	(33)
	(58)
	(14)
	

	Mining effects
	Percent
	12
	26
	44
	18
	123

	
	(Count)
	(15)
	(32)
	(54)
	(22)
	

	Hydropower generation
	Percent
	10
	28
	38
	25
	120

	
	(Count)
	(12)
	(33)
	(45)
	(30)
	


*Other comments included: hydrogeomorphic effects, geographic overlap of competing demands for water, consumptive and non-consumptive, “recover curves” – are current assumptions used in the forest industry correct?.
Groundwater Quantity Hydrogeologic Processes
The highest-priority groundwater quantity hydrogeologic process topics selected  by respondents focused on surface-groundwater interactions, water levels, withdrawal amounts, aquifer mapping and aquifer yield potential (Table 8).
Table 8. Frequency of respondents’ priority rankings of key information needs for selected topics related to groundwater quantity hydrogeologic processes. 
	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Surface-groundwater interaction
	Percent
	42
	34
	15
	9
	130

	
	(Count)
	(55)
	(44)
	(19)
	(12)
	

	Water levels
	Percent
	40
	29
	19
	12
	129

	
	(Count)
	(51)
	(38)
	(24)
	(16)
	

	Withdrawal amounts
	Percent
	33
	29
	22
	16
	127

	
	(Count)
	(42)
	(37)
	(28)
	(20)
	

	Aquifer mapping
	Percent
	31
	25
	25
	20
	126

	
	(Count)
	(39)
	(31)
	(31)
	(25)
	

	Aquifer yield potential
	Percent
	28
	22
	31
	19
	124

	
	(Count)
	(35)
	(27)
	(38)
	(24)
	

	Recharge rates
	Percent
	28
	34
	25
	14
	125

	
	(Count)
	(35)
	(42)
	(31)
	(17)
	

	Flow direction
	Percent
	27
	29
	25
	19
	125

	
	(Count)
	(34)
	(36)
	(31)
	(24)
	

	Aquifer permeability and porosity
	Percent
	23
	27
	30
	20
	125

	
	(Count)
	(29)
	(34)
	(37)
	(25)
	

	Aquifer “typing”
	Percent
	22
	24
	32
	22
	123

	
	(Count)
	(27)
	(30)
	(39)
	(27)
	

	Storativity
	Percent
	21
	27
	33
	20
	126

	
	(Count)
	(26)
	(34)
	(41)
	(25)
	

	Flowing artesian conditions
	Percent
	20
	25
	32
	23
	125

	
	(Count)
	(25)
	(31)
	(40)
	(29)
	

	Geological model
	Percent
	18
	28
	32
	22
	124

	
	(Count)
	(22)
	(35)
	(40)
	(27)
	

	Lithology
	Percent
	18
	26
	34
	23
	124

	
	(Count)
	(22)
	(32)
	(42)
	(28)
	


*Other comments included: focus on groundwater with respect to salmon use (redds, rearing etc.); concerns about pipeline spill and effects on groundwater/surface water and salmon; aquifer water budgets, aquifer characterization/assessment, groundwater sustainability; all are equally important, but none directly, given the more strategic nature of my work
Management of Groundwater Quantity 

The highest-priority groundwater quantity management topics selected by respondents focused on cumulative hydrologic effects, water well locations, current groundwater availability, and climate change effects on water supply and current groundwater withdrawals (Table 9). 

Table 9. Frequency of respondents’ priority rankings of key information needs for selected topics related to management for groundwater quantity. 
	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative hydrologic effects
	Percent
	39
	37
	11
	13
	128

	
	(Count)
	(50)
	(47)
	(14)
	(17)
	

	Water well locations
	Percent
	39
	23
	21
	17
	126

	
	(Count)
	(49)
	(29)
	(26)
	(22)
	

	Current groundwater availability
	Percent
	36
	25
	21
	18
	130

	
	(Count)
	(47)
	(33)
	(27)
	(23)
	

	Climate change effects on water supply
	Percent
	36
	36
	14
	15
	129

	
	(Count)
	(46)
	(46)
	(18)
	(19)
	

	Current groundwater withdrawals
	Percent
	35
	24
	21
	20
	127

	
	(Count)
	(45)
	(30)
	(27)
	(25)
	

	Forest management effects
	Percent
	28
	31
	27
	13
	127

	
	(Count)
	(36)
	(40)
	(34)
	(17)
	

	Agricultural effects
	Percent
	26
	35
	21
	18
	128

	
	(Count)
	(33)
	(45)
	(27)
	(23)
	

	Urban water management
	Percent
	13
	29
	36
	21
	127

	
	(Count)
	(17)
	(37)
	(46)
	(27)
	

	Mining effects
	Percent
	10
	30
	35
	25
	127

	
	(Count)
	(13)
	(38)
	(44)
	(32)
	


*Other comments included: residential (septic systems) effects; development of numerical modelling in priority areas; aquifer database that holds all available hydrogeologic and source data; any information is useful for research, but I don’t make management decisions; groundwater availability number reliability.

Surface Water Quality
The highest-priority surface water quality topics selected by respondents focussed on sediment, turbidity, nutrients, temperature and biological water quality (Table 10). 
Table 10. Frequency of respondents’ priority rankings of key information needs for selected topics related to surface water quality.
	Surface Water Quality

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Sediment
	Percent 
	49
	25
	18
	9
	125

	
	(Count)
	(61)
	(31)
	(22)
	(11)
	

	Turbidity
	Percent 
	45
	25
	21
	10
	126

	
	(Count)
	(57)
	(31)
	(26)
	(12)
	

	Nutrients
	Percent 
	41
	23
	17
	18
	126

	
	(Count)
	(52)
	(29)
	(22)
	(23)
	

	Temperature
	Percent 
	38
	34
	14
	14
	125

	
	(Count)
	(47)
	(43)
	(18)
	(17)
	

	Biological water quality
	Percent 
	34
	23
	26
	17
	125

	
	(Count)
	(43)
	(29)
	(32)
	(21)
	

	Inorganic chemicals
	Percent 
	26
	29
	26
	19
	125

	
	(Count)
	(33)
	(36)
	(32)
	(24)
	

	Organic chemicals
	Percent 
	26
	26
	29
	19
	125

	
	(Count)
	(32)
	(33)
	(36)
	(24)
	

	Pharmaceuticals
	Percent 
	13
	10
	43
	34
	123

	
	(Count)
	(16)
	(12)
	(53)
	(42)
	

	Radiological agents
	Percent 
	7
	7
	43
	42
	122

	
	(Count)
	(9)
	(9)
	(53)
	(51)
	


*Other comments included: More data on invertebrate communities in CABIN; Benchmarks are developed for all these variables for multiple uses (e.g. drinking, aquatic ecosystems); endocrine disrupting compounds; hormones; personal care products; any information is useful for research, but I don't make management decisions; metals, TDS, ph, conductivity.
Management of Surface Water Quality

The highest-priority management of surface water quality topics selected by respondents focussed on cumulative effects, activities in riparian areas, forest management effects, activities in wetland areas and agriculture effects (Table 11). 
Table 11. Frequency of respondents’ priority rankings of key information needs for selected topics related to the management of surface water quality 

	Surface Water Quality

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative effects
	Percentt
	54
	26
	10
	10
	125

	
	(Count)
	(68)
	(32)
	(13)
	(12)
	

	Activities in riparian areas
	Percent
	54
	25
	12
	10
	125

	
	(Count)
	(67)
	(31)
	(15)
	(12)
	

	Forest management effects
	Percent
	48
	25
	15
	11
	124

	
	(Count)
	(60)
	(31)
	(19)
	(14)
	

	Activities in wetland areas
	Percent
	44
	30
	17
	10
	126

	
	(Count)
	(55)
	(38)
	(21)
	(12)
	

	Agriculture effects
	Percent
	44
	26
	15
	15
	124

	
	(Count)
	(54)
	(32)
	(19)
	(19)
	

	Climate change effects
	Percent
	40
	38
	10
	12
	128

	
	(Count)
	(51)
	(49)
	(13)
	(15)
	

	Range effects
	Percent
	40
	24
	21
	15
	123

	
	(Count)
	(49)
	(30)
	(26)
	(18)
	

	Aquatic ecosystem management
	Percent
	34
	33
	22
	10
	126

	
	(Count)
	(43)
	(42)
	(28)
	(13)
	

	Urban development effects
	Percent
	26
	25
	34
	15
	125

	
	(Count)
	(33)
	(31)
	(42)
	(19)
	

	Mining effects
	Percent
	20
	20
	38
	22
	123

	
	(Count)
	(25)
	(24)
	(47)
	(27)
	

	Recreation
	Percent
	16
	25
	45
	14
	123

	
	(Count)
	(20)
	(31)
	(55)
	(17)
	


*Other comments included: pipeline spill and invasive species effects.

Groundwater Quality

The highest-priority groundwater quality topics selected by respondents focussed on nutrients, inorganic chemicals, organic chemicals, biological water quality and temperature (Table 12). 
Table 12. Frequency of respondents’ priority rankings of key information needs for selected topics related to groundwater quality.
	Groundwater Quality

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Nutrients
	Percent
	32
	18
	23
	27
	124

	
	(Count)
	(40)
	(22)
	(28)
	(34)
	

	Inorganic chemicals
	Percent
	23
	21
	28
	28
	123

	
	(Count)
	(28)
	(26)
	(34)
	(35)
	

	Organic chemicals
	Percent
	20
	21
	29
	30
	123

	
	(Count)
	(24)
	(26)
	(36)
	(37)
	

	Biological water quality
	Percent
	20
	13
	40
	27
	121

	
	(Count)
	(24)
	(16)
	(48)
	(33)
	

	Temperature
	Percent
	17
	23
	36
	24
	121

	
	(Count)
	(20)
	(28)
	(44)
	(29)
	

	Turbidity
	Percent
	14
	13
	41
	31
	121

	
	(Count)
	(17)
	(16)
	(50)
	(38)
	

	Sediment
	Percent
	12
	12
	42
	35
	120

	
	(Count)
	(14)
	(14)
	(50)
	(42)
	

	Radiological agents
	Percent
	9
	13
	37
	42
	120

	
	(Count)
	(11)
	(15)
	(44)
	(50)
	

	Pharmaceuticals
	Percent
	7
	12
	41
	40
	121

	
	(Count)
	(9)
	(14)
	(50)
	(48)
	


*Other comments included: More data on invertebrate communities in CABIN; Benchmarks are developed for all these variables for multiple uses (e.g. drinking, aquatic ecosystems); endocrine disrupting compounds; hormones; personal care products; any information is useful for research, but I don't make management decisions; metals, TDS, ph, conductivity.

Management of Groundwater Quality

The highest-priority management of groundwater quality topics included cumulative effects, climate change effects, agriculture effects, activities in wetland areas, and activities in riparian areas (Table 13)
Table 13. Frequency of respondents’ priority rankings of key information needs for selected topics related to the management of groundwater quality 

	Groundwater Quality

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative effects
	Percent
	37
	29
	13
	21
	122

	
	(Count)
	(45)
	(35)
	(16)
	(26)
	

	Climate change effects
	Percent
	25
	28
	24
	23
	123

	
	(Count)
	(31)
	(35)
	(29)
	(28)
	

	Agriculture effects
	Percent
	23
	31
	21
	26
	121

	
	(Count)
	(28)
	(37)
	(25)
	(31)
	

	Activities in wetland areas
	Percent
	22
	26
	30
	22
	121

	
	(Count)
	(27)
	(31)
	(36)
	(27)
	

	Activities in riparian areas
	Percent
	21
	26
	29
	24
	120

	
	(Count)
	(25)
	(31)
	(35)
	(29)
	

	Forest management effects
	Percent
	18
	31
	28
	22
	121

	
	(Count)
	(22)
	(38)
	(34)
	(27)
	

	Urban development effects
	Percent
	18
	21
	34
	28
	120

	
	(Count)
	(21)
	(25)
	(41)
	(33)
	

	Range effects
	Percent
	17
	21
	38
	25
	120

	
	(Count)
	(20)
	(25)
	(45)
	(30)
	

	Aquatic ecosystem management
	Percent
	17
	23
	34
	26
	119

	
	(Count)
	(20)
	(27)
	(41)
	(31)
	

	Mining effects
	Percent
	13
	21
	37
	29
	123

	
	(Count)
	(16)
	(26)
	(45)
	(36)
	

	Recreation
	Percent
	7
	15
	50
	28
	120

	
	(Count)
	(8)
	(18)
	(60)
	(34)
	


*Other comments included: pipeline spill.

Groundwater – Surface Water Interactions

The highest-priority groundwater – surface water interactions topics selected by respondents focussed on where do they occur, water quality and seasonal variations (Table 14).
Table 14. Frequency of respondents’ priority rankings of key information needs for selected topics related to groundwater – surface water interactions
	 Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Where do they occur
	Percent
	60
	27
	9
	4
	117

	
	(Count)
	(70)
	(32)
	(10)
	(5)
	

	Seasonal variations
	Percent
	41
	39
	12
	9
	116

	
	(Count)
	(47)
	(45)
	(14)
	(10)
	

	Water quality
	Percent
	40
	29
	22
	9
	118

	
	(Count)
	(47)
	(34)
	(26)
	(11)
	

	Flux magnitudes
	Percent
	39
	28
	17
	16
	116

	
	(Count)
	(45)
	(32)
	(20)
	(19)
	

	Flux directions
	Percent
	30
	36
	17
	17
	115

	
	(Count)
	(35)
	(41)
	(20)
	(19)
	

	Pumping data
	Percent
	22
	31
	29
	17
	116

	
	(Count)
	(26)
	(36)
	(34)
	(20)
	


* Other comments included: especially interested in areas with high agricultural use and high urban development with septic systems; any information is useful for research, but I don't make management decisions; didn't quite understand the question
Management of ground-water surface water interactions

The highest-priority topics in regards to the management of groundwater-surface water interactions included cumulative effects, water withdrawal, climate change, aquatic ecosystem management and forest management (Table 15).
Table 15. Frequency of respondents’ priority rankings of key information needs for selected topics related to the management of groundwater-surface water interactions 

	Groundwater - Surface water interactions

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative Effects
	Percent
	56
	31
	10
	3
	106

	
	(Count)
	(59)
	(33)
	(11)
	(3)
	

	Water withdrawal
	Percent
	50
	27
	15
	8
	106

	
	(Count)
	(53)
	(29)
	(16)
	(8)
	

	Climate change
	Percent
	42
	42
	14
	2
	106

	
	(Count)
	(45)
	(44)
	(15)
	(2)
	

	Forest management
	Percent
	34
	32
	29
	5
	106

	
	(Count)
	(36)
	(34)
	(31)
	(5)
	

	Agriculture
	Percent
	34
	38
	19
	9
	105

	
	(Count)
	(36)
	(40)
	(20)
	(9)
	

	Activities in riparian areas
	Percent
	31
	39
	21
	9
	104

	
	(Count)
	(32)
	(41)
	(22)
	(9)
	

	Activities in wetland areas
	Percent
	30
	40
	23
	7
	104

	
	(Count)
	(31)
	(42)
	(24)
	(7)
	

	Aquatic ecosystem management
	Percent
	26
	39
	25
	10
	104

	
	(Count)
	(27)
	(41)
	(26)
	(10)
	

	Range management
	Percent
	24
	24
	41
	11
	103

	
	(Count)
	(25)
	(25)
	(42)
	(11)
	

	Urban development
	Percent
	21
	27
	40
	12
	105

	
	(Count)
	(22)
	(28)
	(42)
	(13)
	

	Mining
	Percent
	20
	20
	43
	17
	105

	
	(Count)
	(21)
	(21)
	(45)
	(18)
	

	Hydropower generation
	Percent
	9
	28
	42
	21
	103

	
	(Count)
	(9)
	(29)
	(43)
	(22)
	


 Aquatic Ecosystems

The highest-priority aquatic ecosystem topics selected by respondents focussed on environmental flow needs, temperature sensitive streams and activities in riparian areas (Table 16).
Table 16. Frequency of respondents’ priority rankings of key information needs for selected topics related to aquatic ecosystems
	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Environmental flow needs
	Percent
	54
	29
	10
	7
	118

	
	(Count)
	(64)
	(34)
	(12)
	(8)
	

	Temperature sensitive streams
	Percent
	47
	25
	21
	8
	118

	
	(Count)
	(55)
	(29)
	(25)
	(9)
	

	Activities in riparian areas
	Percent
	46
	31
	14
	9
	117

	
	(Count)
	(54)
	(36)
	(16)
	(11)
	

	Activities in wetland areas
	Percent
	36
	37
	19
	8
	118

	
	(Count)
	(42)
	(44)
	(22)
	(10)
	

	Fish populations
	Percent
	35
	28
	24
	13
	119

	
	(Count)
	(42)
	(33)
	(29)
	(15)
	

	Aquatic ecosystem health (e.g., biomonitoring)
	Percent
	30
	32
	26
	12
	118

	
	(Count)
	(35)
	(38)
	(31)
	(14)
	


Management of aquatic ecosystems

The highest-priority topics in regards to aquatic ecosystems included cumulative effects, activities in riparian areas, aquatic ecosystem management, activities in wetlands and climate change (Table 17). 
Table 17 Frequency of respondents’ priority rankings of key information needs for selected topics related to the management of aquatic ecosystems 

	Aquatic Ecosystems

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative Effects
	Percent
	45
	27
	18
	10
	103

	
	(Count)
	(46)
	(28)
	(19)
	(10)
	

	Activities in riparian areas
	Percent
	41
	22
	24
	13
	104

	
	(Count)
	(43)
	(23)
	(25)
	(13)
	

	Aquatic ecosystem management
	Percent
	39
	29
	18
	13
	104

	
	(Count)
	(41)
	(30)
	(19)
	(14)
	

	Activities in wetland areas
	Percent
	38
	26
	22
	14
	104

	
	(Count)
	(39)
	(27)
	(23)
	(15)
	

	Climate change
	Percent
	36
	38
	17
	10
	103

	
	(Count)
	(37)
	(39)
	(17)
	(10)
	

	Water withdrawal
	Percent
	35
	30
	21
	14
	102

	
	(Count)
	(36)
	(31)
	(21)
	(14)
	

	Forest management
	Percent
	26
	30
	30
	13
	102

	
	(Count)
	(27)
	(31)
	(31)
	(13)
	

	Agriculture
	Percent
	25
	34
	25
	17
	101

	
	(Count)
	(25)
	(34)
	(25)
	(17)
	

	Range management
	Percent
	25
	22
	38
	15
	100

	
	(Count)
	(25)
	(22)
	(38)
	(15)
	

	Urban development
	Percent
	23
	20
	40
	18
	101

	
	(Count)
	(23)
	(20)
	(40)
	(18)
	

	Mining
	Percent
	15
	19
	44
	23
	101

	
	(Count)
	(15)
	(19)
	(44)
	(23)
	

	Hydropower generation
	Percent
	12
	26
	38
	25
	101

	
	(Count)
	(12)
	(26)
	(38)
	(25)
	


Natural Resource Development Hazards

The highest-priority natural resource development hazards topics selected by respondents focussed on floods, drought, surface erosion, and slope mass movements (Table 18).
Table 18. Frequency of respondents’ priority rankings of key information needs for selected topics related to natural resource development hazards
	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Floods
	Percent
	54
	25
	14
	7
	119

	
	(Count)
	(64)
	(30)
	(17)
	(8)
	

	Drought
	Percent
	50
	35
	8
	6
	119

	
	(Count)
	(60)
	(42)
	(10)
	(7)
	

	Surface erosion
	Percent
	44
	29
	13
	14
	117

	
	(Count)
	(52)
	(34)
	(15)
	(16)
	

	Slope mass movements
	Percent
	38
	27
	19
	15
	117

	
	(Count)
	(45)
	(32)
	(22)
	(18)
	

	Snow avalanche
	Percent
	8
	26
	41
	26
	113

	
	(Count)
	(9)
	(29)
	(46)
	(29)

	


*Other comments included: not applicable to my job but effects can jeopardize fish and their habitat so then would be interested in all. Contaminant pollution (air, water, soil etc.); karst, tsunami, earthquake, permafrost, loss of permafrost ice/snow; and, climate change effects.
Management of natural resource development hazards
The highest-priority topics in regards to natural resource development hazards included cumulative effects, climate change, forest management, activities in riparian areas and aquatic ecosystem management (Table 19).
Table 19. Frequency of respondents’ priority rankings of key information needs for selected topics related to the management of natural resource development hazards 

	Natural Resource Development Hazards

	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Cumulative Effects
	Percent
	46
	24
	17
	14
	103

	
	(Count)
	(47)
	(25)
	(17)
	(14)
	

	Climate change
	Percent
	38
	33
	18
	12
	101

	
	(Count)
	(38)
	(33)
	(18)
	(12)
	

	Forest management
	Percent
	34
	29
	23
	14
	100

	
	(Count)
	(34)
	(29)
	(23)
	(14)
	

	Activities in riparian areas
	Percent
	31
	32
	21
	16
	100

	
	(Count)
	(31)
	(32)
	(21)
	(16)
	

	Aquatic ecosystem management
	Percent
	24
	24
	31
	21
	100

	
	(Count)
	(24)
	(24)
	(31)
	(21)
	

	Activities in wetland areas
	Percent
	22
	33
	28
	17
	100

	
	(Count)
	(22)
	(33)
	(28)
	(17)
	

	Urban development
	Percent
	20
	23
	35
	23
	97

	
	(Count)
	(19)
	(22)
	(34)
	(22)
	

	Water withdrawal
	Percent
	19
	23
	38
	21
	102

	
	(Count)
	(19)
	(23)
	(39)
	(21)
	

	Agriculture
	Percent
	16
	25
	38
	20
	99

	
	(Count)
	(16)
	(25)
	(38)
	(20)
	

	Mining
	Percent
	13
	22
	40
	24
	99

	
	(Count)
	(13)
	(22)
	(40)
	(24)
	

	Range management
	Percent
	10
	24
	44
	21
	98

	
	(Count)
	(10)
	(24)
	(43)
	(21)
	

	Hydropower generation
	Percent
	11
	21
	43
	24
	99

	
	(Count)
	(11)
	(21)
	(43)
	(24)
	


Data and Information System Needs

A wide range of data and information system needs were identified as high-priority by respondents. These needs included online access to data, hydrometric monitoring data, online access to analysis results/products (e.g. interpreted data), snow survey data and online analysis tools (e.g. statistical analysis, models etc.) (Table 20).
Table 20. Frequency of respondents’ priority rankings of general data and information systems needs 
	Answer Options
	High
	Medium
	Low
	Not Applicable
	Response Count

	Online access to data
	Percent
	79
	15
	4
	2
	117

	
	(Count)
	(93)
	(17)
	(5)
	(2)
	

	Hydrometric monitoring data
	Percent
	75
	18
	6
	1
	117

	
	(Count)
	(88)
	(21)
	(7)
	(1)
	

	Online access to analysis results/products (e.g., interpreted data)
	Percent
	68
	25
	5
	2
	117

	
	(Count)
	(80)
	(29)
	(6)
	(2)
	

	Snow survey data
	Percent
	62
	26
	9
	3
	117

	
	(Count)
	(72)
	(30)
	(11)
	(4)
	

	Online analysis tools (e.g., statistical analysis, models etc.)
	Percent
	61
	23
	14
	3
	117

	
	(Count)
	(71)
	(27)
	(16)
	(3)
	

	Online data repository (e.g., groups can upload data to share)
	Percent
	56
	28
	12
	3
	117

	
	(Count)
	(66)
	(33)
	(14)
	(4)
	

	Climate monitoring data
	Percent
	53
	40
	5
	3
	118

	
	(Count)
	(62)
	(47)
	(6)
	(3)
	

	High-elevation climate data
	Percent
	47
	33
	17
	3
	114

	
	(Count)
	(54)
	(38)
	(19)
	(3)
	

	Water consumption/usage data
	Percent
	45
	28
	21
	7
	116

	
	(Count)
	(52)
	(32)
	(24)
	(8)
	

	Groundwater level monitoring data
	Percent
	42
	32
	22
	4
	117

	
	(Count)
	(49)
	(37)
	(26)
	(5)
	

	Physical water quality monitoring data
	Percent
	38
	26
	29
	7
	119

	
	(Count)
	(45)
	(31)
	(35)
	(8)
	

	Chemical water quality monitoring data
	Percent
	31
	26
	33
	10
	119

	
	(Count)
	(37)
	(31)
	(39)
	(12)
	

	Water temperature monitoring data
	Percent
	30
	39
	25
	6
	119

	
	(Count)
	(36)
	(46)
	(30)
	(7)
	

	Biological water quality monitoring data
	Percent
	30
	27
	35
	8
	118

	
	(Count)
	(35)
	(32)
	(41)
	(10)
	

	Geologic data
	Percent
	28
	30
	35
	7
	116

	
	(Count)
	(32)
	(35)
	(41)
	(8)
	


*Other comments included: In priority areas, completion of 1) aquifer water budgets 2) compilation of aquifer properties into an Aquifer Database 3) Characterize and Assess regional aquifers 4) Cumulative effects of water extractions 5) Climate change effects; Events, conferences and face to face opportunities to collaborate across the Southern Interior; Connection to BCWURC.ca database; Unless included in water quality an isotope database

Research and Information Needs/Questions 

Respondents were asked to complete open-ended questions to identify research and information needs/questions that are required to support sustainable water management in the Thompson-Okanagan region of BC. The responses were organized by theme (surface water quantity, surface water quality, groundwater quantity, groundwater quality, groundwater-surface water interactions, natural resource hazards and aquatic ecosystems) and were also classified into research, extension, or monitoring/data needs. The lists below provide summaries of the key needs identified by respondents. The lists are ordered by the frequency of responses. The number in square brackets denotes the number of responses that identified the same need.

Surface Water Quantity:

Research Needs

· Improved water budgets to determine water supply and ensure allocation is sustainable [11]

· Forest management (including ECA) and natural disturbance effects on changes in stream flow [10]

· Climate change effects on water quantity including changes in extreme events (floods, droughts) [7]

· Cumulative effects of land use on water quantity [5]

· Hydrologic recovery and regrowth of juvenile stand effects on stream flows, both peak flows and low flows [5]

· Quantification of evaporation from multiple sources including juvenile stands and lakes [3]

· Urban stormwater processes and management in dry climates [2]

· Mining effects on water quantity (both surface and groundwater) [1]

· Resource management tradeoffs between economic value of forest harvesting and water [1]

· Rain-on-snow [1]

Extension Needs

· Data availability and access for professionals and public [7]

· Public communication on watersheds and watershed management to increase awareness of issues and constraints on water supply [3]

· An inventory of current research and contacts [1]

Monitoring and Data Needs

· Expanded surface water hydrometric monitoring network [21]

· Weather and climate monitoring, especially at high elevations [8]

· Snow and glacier monitoring [5]

· Consumption/usage monitoring and reporting [5]

· Data archiving and access [1]

· Floodplain mapping and hazard analysis [1]

Surface Water Quality:

Research Needs

· Cumulative effects and land use effects on water quality including forest management and mining [5]

· Identification of point and non-point sources, especially excess nutrients, to lakes and wetlands [3]

· Effects of invasive species such as zebra and quagga mussels, carp and aquatic plants [2]

· Drinking water quality risk assessment [2]

· The prevalence and effects of emerging contaminants such as endocrine disruptors and pharmaceuticals [2]

· Climate change effects on water quality [1]

Extension Needs

· How to reduce risks to water quality [1]

· Mining effects on water quality [1]

Monitoring and Data Needs

· Increased water quality monitoring data for streams, rivers and lakes with focus on community water sources, identifying non-point sources. Parameters to consider include nutrients, temperature, pollutants. [8]

· Recreational use data to identify trends in watershed use by public [1]
Groundwater Quantity:

Research Needs

· Aquifer mapping, characterization and water budgets [15]

· Development of hydrogeological models, both conceptual and numerical [4]

· Measurement of GW usage [3]

· Geologic mapping [3]

· Cumulative effects assessments that include GW [2]

· Quantification of recharge rates [2]

· Mining effects on groundwater [1]

Extension Needs

· Strategies for groundwater protection [1]

· Impacts of forest harvesting on groundwater supply [1]

· Communication about the function of watersheds to increase awareness and knowledge of the general population [1]

Monitoring and Data Needs

· Increased observation well network [6]

· Location data for existing wells and corresponding well logs and geology [5]

· Measurement and reporting of GW extraction (usage) [4]

Groundwater Quality

Research Needs

· Cumulative effects [2]

· Impacts of large-scale mining [1]

· Agricultural impacts [1]

Extension Needs

· Aquifer vulnerability to pollution related to land use, low water levels and recharge [1]

Monitoring and Data Needs

· Increased groundwater quality monitoring [2]

Groundwater-Surface Water Interactions:

Research Needs

· Identification of where GW-SW interactions are occurring [3]

· Modelling GW-SW interactions [2]

· Effects of GW extraction on GW-SW interactions and the potential effects on environmental flow needs (EFNs) [1]

Natural Resource Development Hazards:

Research Needs

· Forest management effects on slope stability [5]

· Mapping floodplains for hazard assessment [3]

· Large-scale geohazard mapping [1]

· Upland reservoir effects on downstream channel capacity [1]

Extension Needs

· Training and awareness about hydrogeomorphic hazards on alluvial fans [1]

Monitoring and Data Needs

· Lidar data for mapping natural hazard assessment [1]

· Long-term stream morphology monitoring [1]

· High elevation climate monitoring to anticipate slope stability concerns [1]

Aquatic Ecosystems:

Research Needs

· Determination of environmental flow needs (EFNs) for fish-bearing streams, including how EFNs will affect allocation in water-scarce watersheds [9]

· Cumulative effects of land management on aquatic ecosystems [3]

Monitoring and Data Needs

· Riparian habitat change due to changes in provincial and federal legislation [1]

· Long-term surveys of reference reaches in major streams [1]

· Milfoil in lakes and effects on suppressing dissolved oxygen in water column [1]

Key Policy and Regulatory Needs
Respondents were asked to provide feedback on key policy and regulatory needs to support sustainable water management in the Thompson-Okanagan Region of BC. The responses were reviewed and summarized based on common issues raised. The responses ranked in order of frequency (the number in square brackets denotes the number of responses identifying the same Policy and Regulatory needs) were:

· Groundwater regulation and groundwater resource inventory to determine resource availability, quality and threats to sustainability, including GW-SW interactions [12] 

· Allocation and usage policy to support sustainable water supply. These comments include the development and use of tools such as the Water Use Reporting Tool or a regional version of Northeast Water Tool (NEWT). [10]

· Governance including new models for watershed governance, more community and local involvement in allocation decisions and improved planning and use of predictive models [10]

· Government capacity and funding for water resource monitoring and enforcement of policy and regulations [10]

· Source water protection including the effects of recreational activities [9]

· Water usage monitoring and reporting to confirm allocation, including agricultural water use and groundwater use [7]

· Riparian and wetland protection policy such as the Riparian Area Regulation (RAR) and how to deal with the loss of protections previously provided by the Fisheries Act (harmful alteration, disruption or destruction of fish habitat, HADD) [6]

· Greater compliance and enforcement efforts by the Provincial Government and movement away from the current professional reliance model [5]

· Implementation of the Water Sustainability Act [4] 

· Secure long-term funding to support research and monitoring programs [2]

· Regional or watershed-based water quality and quantity objectives [2]

· Updated floodplain development policies [1]

· Designation of environmental flow needs (EFNs) and water reserves to support aquatic organisms [1]

· Water quality objectives for streams, rivers and lakes

· Groundwater (GW) allocation and economic valuation of GW [2] 

· Standards for aquifer characterization [1]

· Groundwater regulations through WSA [1]

· Using the Fish-Water Management Tool (FWMT) from the Okanagan River to other dam operators to improve efficiency [1] 

Other policy and regulatory needs included: invasive species legislation (esp. related to invasive species such as Zebra and Quagga Mussel infestations), First Nations role in water and watershed management, clear environmental flow needs (EFN) methods and policy, floods and floodplain management, urban stormwater, water conservation and efficiency, agriculture and water quality, updated/standardized watershed assessment procedures, review of Interior Health guidelines for small water systems, dam safety, climate change and cumulative effects. 

Emerging Pressures/Issues
Respondents were asked to provide feedback on “Emerging pressures/issues not captured in the survey questions that require information to support sustainable water resource management in the Thompson-Okanagan Region”. The responses are summarized based on common issues raised. The emerging issues identified by respondents, ranked in order of frequency of response (the number in square brackets denotes the number of responses that identified the same emerging pressures/issues) were:

· Government capacity and funding for resource management (enforcement) and maintained/enhanced monitoring (hydrometric, weather/climate and water quality) [14]
· Climate change [9]

· Groundwater regulations, licensing and monitoring associated with the Water Stewardship Act [8]

· Forest management, specifically: uncertainty in hydrologic recovery rates, ongoing/long-term effects of mountain pine beetle infestation and potential over-harvesting, and the need for integrated planning strategies that explicitly examine trade-offs between water and timber [6]

· First Nations title and resource management [5]

· Water Stewardship Act implementation [5]

· Water licensing and allocation, including accurate monitoring and reporting of water usage by licensees [4]

· Environmental flow needs to support aquatic life [4]

Other emerging issues included: drought and water storage, threats of Zebra and Quagga Mussels introduction to BC, sediment and roads (esp. related to lack of funding to reclaim/maintain non-status roads), agricultural water use, wetland protection, wetland protection, range use and recreational effects on water quality.

Summary
The intent of this needs assessment survey was to identify specific knowledge gaps and provide guidance in the development of strategic priorities for water research and management in the Thompson-Okanagan Natural Resource Region in south-central British Columbia. These results are meant to be informative not directive, and guide the process to prioritize future research and address knowledge gaps within the MFLNR. 
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Appendix 1:  Client Survey Questionnaire and Cover Letter
Cover Letter:

Watershed management issues are among the many challenges facing natural resource managers in British Columbia.  The BC Ministry of Forests, Lands and Natural Resource Operations (FLNRO) is conducting a needs assessment to identify specific information gaps in the Thompson-Okanagan region of BC.  This assessment will inform the development of an applied research strategy to support sustainable water resource management in the Thompson-Okanagan Natural Resource Region*.

We have compiled a list of key people to participate in a survey to help identify these information needs.  Participation in this survey will promote applied water research that is regionally focussed, resource efficient, strategic and provides opportunities for collaboration. We are requesting your help in this process by completing the survey (link below).
To complete the survey, please click on this link or paste the following URL into your browser: https://www.surveymonkey.com/s/RWGSRS9
The survey takes about 15 minutes to complete.  Fill in only those sections relevant to your area of experience and practice.  Your participation is greatly appreciated.
You can complete the survey online, or an in-person interview can be arranged by phone.
Please complete the survey by November 14, 2014.
If you have questions about this survey, please contact myself, Rob Scherer at rascherer@okanagan.bc.ca or Todd Redding at TRedding@okanagan.bc.ca. For more information about the development of the research strategy, please contact Dave Wilford (dave.wilford@gov.bc.ca) at the BC Ministry of Forests, Lands and Natural Resource Operations.
Thank you for your consideration.
* A similar assessment has been completed for North East British Columbia. The information needs report and accompanying database are available in the top right-hand corner of the webpage at: http://www.bcwatertool.ca/info-sources/
Survey:  <<Pdf is also available if it can be merged with final report>>
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8. Please rank the following themes in terms of their relevance to your primary areas of practice (as identified
in Question #6)?
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10. Please rank the information needs with respect to improving your ability to do your job relating to
surface water quantity hydrologic processes.
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to management of ground water quantity.
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14. Please rank the information needs with respect to improving your ability to do your job relating tesurface
water and ground water quality
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16. Please rank the information needs with respect to improving your ability to do your job relating
to ground water - surface water interactions
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Appendix 2: Current and planned water-related research

Respondents were asked to identify current and planned water-related research undertaken by either their organization, a partner organization or in their local area. Comments from different respondents are separated by a line.

	· Howie Wright of the Okanagan Nation Alliance for surface water information as it relates to salmon enhancement work. 



	· Potential effects of zebra and quagga mussels on Shuswap Lake (funding application submitted). Brian Heise (Thompson Rivers University), 

· Potential Declines in Aquatic Invertebrate and chara within Interior Lakes.  (funding application submitted). Brian Heise (Thompson Rivers University),

· Effects of cattle grazing on wetlands near Kamloops, BC. Brian Heise (Thompson Rivers University)



	· Okanagan Water Supply and Demand modeling.  Lead is Denise Neilsen, AAFC, Summerland.  



	· Fish Water Management Tool (FWMT)  modernization



	· In partnership with the Ministry of Ag, we are developing a new module for the BC Water Use Reporting Centre, to allow agricultural extractions to be reported through BC WURC.

· We have recently created an Aquarius system (accessed through BC WURC) to collect private (non-Water Survey) hydrometric data, integrating water survey information with the "non-integrated" system.

· In partnership with Ag Canada, we did a preliminary review of licenses and water use on Mission Creek, which pointed to some future problems associated with climate change. 

· We are working on a wetland protection and restoration strategy with a host of local partners.

· For any of the above projects you can contact me, Anna Warwick Sears (Okanagan Basin Water Board) or Nelson Jatel (Okanagan Basin Water Board).

· Ag Canada has taken over the lake evaporation project begun by Env Canada. The contact is: Denise Neilsen (Agriculture Canada).

· John Janmaat is the Water Research Chair at UBC Okanagan. There are a wide number of research projects at the university in a variety of departments, and he is the best contact to give you information on those.

· Also, Rehan Sadiq, a professor of engineering at UBCO is connected to many other research projects with water suppliers, related to flows and planning.



	· Significant work on the Sicamous watershed.  Contact Harold Waters (Tolko Industries Ltd.)



	· Snow accumulation and melt in harvested and unharvested forests

· Tracking of biological pathogens in community watersheds



	· Canadian Aquatic Biomonitoring Network (CABIN) data gathered by EC and analyzed by Canadian Rivers Institute members



	· Preparing terms of reference for a Regional Floodplain Management Framework for the Regional District of Central Okanagan, contact Margaret Bakelaar (CORD)



	· OBWB conducts numerous studies covering supply/demand on water quantity.

· We are currently attempting to develop a periphyton tool to identify non-point source nutrient loading from shoreline areas.  Measuring water quality usually fails to detect these impacts because of rapid mixing (Larratt Aquatic Consulting). 



	· Groundwater, climate, water conservation and wetland projects undertaken by the OBWB. Anna Warwick Sears (Okanagan Basin Water Board) - www.obwb.ca.



	· Dave Maloney is following up on recent FPBoard special report on community watersheds.



	· Riparian Assessment in Alberta - Suzan Lapp (Urban Systems Ltd.)



	· Currently undertaking a source water protection study for Skaha Lake by Larrett Aquatic Consulting.



	· We are providing soils information to the water demand modelling project in the Okanagan through a Growing Forward 2 partnership with the Ministry of Agriculture. http://www.obwb.ca/wsd/models/okanagan-water-demand-model Geof Hughs-Games Ministry of Agriculture and Denise Neilsen Agriculture and Agrifood Canada

· We are also improving soils information and access in the Thompson Okanagan related to Nutrient Management and other related Agriculture management needs. A pilot was completed in the Lower Fraser and we are expanding the work to the Thompson Okanagan this fiscal. http://www.env.gov.bc.ca/soils/sift.html, David Poon Ministry of Agriculture



	· Nina Sigloch is undertaking a water policy research paper as part of a thesis for the training she is currently taking.  She has had some communication with me to ask me my opinion on various water questions.  



	· Shuswap Lake Monitoring - MOE - Dennis Einarson 

· Thompson River Monitoring - MOE - Bob Grace 

· Stump Lake Elevation - MOE - Bob Grace 

· Pennask Creek ARD monitoring - MOE and MOTI - Bob Grace 

· Shuswap Lake Tributaries (White and Newsome Creeks) - MOE - Dennis Einarson 

· BCLSS Volunteer Lake Monitoring - MOE, BCLSS and Volunteers 



	· A Test of Selected Hydrologic Models For Operational Application in the Southern Interior Contact Russell Smith or Rita Winkler



	· WQ, turbidity, temperature, coliform, flow (and some microflora) data are monitored by Kaleden Irrigation District (KID) for pumped Skaha Lake water (contact KID Superintendent Mike Snair at k.i.d@shaw.ca ).  Monthly and annual water consumption data are also available.

· Interior Health Authority has requested that KID undertake a Source Water Assessment and Protection Plan. Larratt Aquatic Consulting Ltd has been contracted to produce this plan in accordance with provincial guidelines. Proposed research/sampling includes: sediment and coliform sampling; long-shore current study; monthly algae, cyanobacteria and microflora sampling; thermistor chain with multi-depth temp/light data logged for full year; sediment traps; evaluation of potential hazards to the Skaha Lake intake.  The study is to identify prioritized opportunities for improving drinking water protection, monitoring and research



	· Swan Lake water quality monitoring - Anna Page



	· RDNO, UBC and FLNRO sponsored water quality project to assess range use BMP's (Contact Rob Dinwoodie, MFLNRO). 

· Ongoing source water quality, hydrometric, and snow course monitoring/sampling (Contact Renee Clark, RDNO).



	· We are finishing a lake evaporation study of Lake Okanagan, and attempting to operationalize data collection to support continued estimation of evaporation from the lake to support water management in partnership with the Okanagan Basin Water Board.



	· We currently have three water quality sampling programs underway with local stewardship groups on the Shuswap River to better understand the existing water quality conditions. 

· The Greater Vernon Water Utility has various water quality and quantity monitoring programs underway.  Renee Clark, Water Quality Manager would be the best person to contact for specifics on what the utility is doing 



	· Research on maintaining the integrity of the Salmon River and its delta, plus assessment of flood risk and hazard as climate change continues.



	· Groundwater -Surface water interaction by UBC Okanagan, contact Nicole Pyett,  the groundwater Protection Officer out of FLNRO Penticton office



	· I am conducting various terrain stability and hydrogeomorphic hazard assessments (watershed risk assessments etc) for several forestry clients.



	· Friends of the Penticton oxbows have initiated discussions with the South Okanagan Naturalist Club (Penticton) for naturalist volunteers to undertake seasonal surveys of birds in each oxbow over a period of years.



	· Fraser Basin Council, leading the Nicola Lake Steering Committee, Tracy Thomas P.Ag., Assistant Regional Manager, Thompson, Fraser Basin Council



	· The Shuswap Watershed Council (www.shuswapwater.ca) is developing a proposal for a Shuswap water quality program, to be implemented as early as 2015 and lasting for five years in the entire Shuswap watershed (rivers and lakes). The proposal is not yet finalized but there are components of additional water quality monitoring further to what's done by regulatory agencies, coordinated monitoring amongst all agencies/organizations, and researching little-understood water quality pollutants.



	· Cumulative impacts of naturally-induced disturbance events or regimes and human-induced disturbance events and regimes on production variations and the productive capacity of aquatic ecosystems to support sentinel species of aquatic biota (e.g. wild salmon, rocky mountain ridged mussel and other SARA species). Ongoing multi-decadal research program in a subset of watersheds in British Columbia and the Yukon. Watersheds supporting anadromous salmon throughout the Thompson-Okanagan region are of interest. Recent applied research has focused on sockeye and kokanee salmon in the south Okanagan and Columbia systems (e.g. projects involving development of fish-and-water management decision support systems, climate change impacts on salmon life-history events, collaborative work with Okanagan Nation Alliance and BC Hydro on hydrosystem impacts in Columbia River on salmon of Canadian origin). Current research also being conducted on retrospective and prospective analyses to determine impacts of climate variation and change on sustainability of wild salmon in interior river and lake networks. Dr. Kim Hyatt, Head, Salmon in Regional Ecosystems Program, Science Branch, Fisheries and Oceans Canada, Pacific Biological Station, 



	· stream channel stability assessments and watershed cumulative effects, Joe Alcock, Summit Environmental  


	· FLNRO West Coast region to develop protocols for licensing and allocation of groundwater to comply with new groundwater regulations by 2015.  Most materials developed would be applicable elsewhere in the Province.  Pat Lapcevic, Nanaimo, FLNRO 



	· Ongoing development of GW quality objectives for the Osoyoos Aquifer.



	· FRISP works to find common ground between stake holders so I sit on a number of committees and working groups representing the ranching sectors interests. Okanagan Ecological Services Initiative Working Group    Coordinator:  David Zehnder

· Cryptosporidium research being conducted by UBC Okanagan  

 

	· Fraser Basin Council provides support the Shuswap Watershed Council (see www.shuswapwater.com) and we are finalizing a 5 year water quality monitoring proposal for 2015-2020. There are no committed funds for this as of yet.  This is the continuation of the Shuswap Lake Integrated Planning Process (SLIPP) which ended in March 2014 (archive at www.slippbc.com) 

· A key finding from SLIPP was that phosphorus from agricultural land uses in the Shuswap River and Salmon River valleys are a significant threat to water quality in the Shuswap Lakes.  Ruth McDougall, P.Ag. was hired to do a lit review on Phosphorus in Shuswap Lake and devise management strategies - it is posted on www.shuswapwater.com and key recommendation (section 17.1) is to investigate how phosphorus is getting into the rivers and lakes, and specifically where.  We want to do this research, but have no funds or plan in place as of yet.  Contact Mike Simpson at FBC



	· Forest changes and cumulative hydrological effects in large watersheds, 

· Forest disturbance and changes of hydrological regimes

· Cumulative hydrological effects caused by forest disturbance: examining scaling properties, Adam Wei, UBC Okanagan



	· I am concerned about climate change. To this end one of my affiliated companies, Pacific Bentonite Limited is conducting research at UBCO in Kelowna into the use of montmorillonite clays for the production of supplementary cementitous materials. This will lead to reduced CO2 emissions associated with the manufacture of Ordinary Portland Cement. Dr Ahmad Rteil at UBCO or John Dormer at Pacific Bentonite in Kamloops



	· two studies that look at the valuation of ecological goods and services, one in the central Okanagan and another in the Similkameen.

· one study looking at issues being faced by communities with small water systems, with a particular focus on understanding why people in these communities are unable to find the resources to implement system improvements that will take them off boil water advisories.

· one study looking at land use change and impacts on water resources in the Deep Creek watershed of the North Okanagan.

· one study looking at the motivators behind land owners agreeing to stream rehabilitation projects, and the value of the ecological goods and services generated by such projects.

· one study looking at the relationship between community size and community context as factors influencing community choice of sustainability policies.



	· Rita Winkler - Mayson Lake, Penticton Creek

· Tim Giles et al. – Fishtrap

· This work needs to continue and be communicated better.  Extension to the forest industry is poor from this work.  Foresters need to be better educated around impacts.



	· Silvopasture - incorporation of growing trees and forage for livestock as well as attracting livestock away from tributary and mainstem creeks in a community watershed.  (Lisa Zabek, Min of Ag,)

· Use of debris barriers to restrict or minimize livestock movements in riparian areas.  An emerging practice and a timber/range best management practice.  (Clayton Bradley, FLNRO)



	· Developing a Framework for Licensing Existing Groundwater Users in West Coast Region, Pat Lapcevic, (BC Environment)
· Developing water budgets for mapped aquifer in BC, Klaus Rathfelder (BC Environment)


	· On-going now measurements, aquifer re-charge info via http://www.bcgroundwater.ca


	· We are generally not a research oriented organization but have done applied research and consulting on groundwater risk mapping and cumulative effects groundwater management in a number of areas, including Alberta and Australia, Jos Beckers (WorleyParsons, Burnaby)


	· We do our own in-house research to understand effect of (e.g., high capacity wells on aquifers).

· Recharge patterns, temperature trends, characteristic of an aquifer where we will be working in the future.



	· Waterline has created an in-house hydrogeology geodatabase for the entire province of BC and Alberta in order to deal with internal projects and workflows.  The same should be done by the Province of BC.



	· 1. Okanagan Basin Water Board (OBWB) - wants to do a groundwater licensing pilot project.  I am on their advisory council and we are preparing a strategy to move forward on this. Contact me or Nelson Jatel at the OBWB

· 2.  Spatial and temporal temperature monitoring at key locales where groundwater - surface water interaction occurs.  Some work already being done in Lake Okanagan by Dr. Craig Nichol at UBCO.  More should be done along Mission Creek and other large creek/rivers in the interior including Vaseux Creek, Kettle River (Grand Forks), etc.



	· Upper Penticton Creek Watershed Experiment: water quantity, water quality, aquatic ecology, climate, channel morphology, groundwater

· Mayson Lake - regrowth of stands following harvest and fire on snow accumulation and melt

· Development of tools for assessing the relative economic costs/benefits of natural resource extraction and water (Clay Allison and Rita Winkler)

· Synthesis of forest-snow interactions in the southern interior of BC (compilation of historic snow/tree data)

· Fishtrap Creek - post fire effects on hydrology & geomorph, see Phil Owens et al.

· Effects of forests on summer water balance - Dave Spittlehouse and Darryl Carlyle-Moses

· Climate Change effects on water supplies in small forest watersheds - CRHM model analysis done by Sarah Boon & Reed Davis (U Lethbridge MS Thesis)

· Effects of climate change on low elevation ponds (Lac Du Bois grasslands) - Tom Pypker, TRU

· Russell Smith & Georg Jost - application of modelling platform (RAVEN) for operational use to predict effects of changes in forest cover on discharge

· Adam Wei - project in Similkameen watershed?



	· monitoring temperature and water quality in urban streams in Penticton. -spatial and temporal monitoring of air temperature in the South Okanagan. This is a pair of transects with i-Button temperature sensors installed from the valley bottom at Okanagan College up to Nickel Plate to the west and the Carmi Rd - 201 Rd junction to the east.

· ongoing participation with the Upper Penticton Creek Watershed Experiment with Rita Winkler, FLNRO. My role is with stream temperature monitoring.
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