
CLIMATE CHANGE 
ADAPTATION PROGRAM

Options to Expand Availability of Weather Station 
Data & Decision-Support Tools

Project Report

D E L I V E R E D  B Y F U N D I N G  P R O V I D E D  B Y

Opinions expressed in this document are those of the author and not necessarily those of the Governments 
of Canada and British Columbia or the Investment Agriculture Foundation of BC. The Governments of Canada 
and British Columbia, and the Investment Agriculture Foundation of BC, and their directors, agents, employees, 
or contractors will not be liable for any claims, damages, or losses of any kind whatsoever arising out of the use 

of, or reliance upon, this information.

Funding for this project has been provided by the Governments of Canada and British Columbia through the 
Canadian Agricultural Partnership, a federal-provincial-territorial initiative. The program is delivered by the 

Investment Agriculture Foundation of BC.



Options to Expand Availability 
of Weather Station Data & 
Decision-Support Tools

Project Report

Kootenay & Boundary, British Columbia, 2020

Regional  
Adaptation Program

BC Agriculture & Food 
Climate Action  

Initiative



Kootenay & Boundary — Options to Expand Availability of Weather 
Station Data & Decision-Support Tools: Project Report

Prepared by Peak HydroMet Solutions,  
under project kb01 of the Regional Adaptation Program,  
a program delivered by the BC Agriculture & Food Climate Action Initiative. 

Published by BC Agriculture & Food Climate Action Initiative, 2020.

Learn more at  
www.bcagclimateaction.ca/project/kb01 
www.bcagclimateaction.ca/regional/overview/

Copyright

Copyright © 2020 BC Agriculture & 
Food Climate Action Initiative. 

Available to print and/or distribute 
under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 
International License.  
creativecommons.org/licenses/
by-nc-nd/4.0/

Citation Format 

In-text:  
Peak HydroMet Solutions 2020 

Reference List:  
Peak HydroMet Solutions. 2020. 
Kootenay & Boundary — Options 
to Expand Availability of Weather 
Station Data & Decision-Support 
Tools: Project Report. BC Agriculture 
& Food Climate Action Initiative. 
www.bcagclimateaction.ca

Disclaimer

Agriculture and Agri-Food Canada 
and the BC Ministry of Agriculture are 
committed to working with industry 
partners. Opinions expressed in this 
document are those of the author and 
not necessarily those of Agriculture and 
Agri-Food Canada, or the BC Ministry 
of Agriculture. The Government of 
Canada, the BC Ministry of Agriculture, 
and their directors, agents, employees, 
or contractors will not be liable for any 
claims, damages, or losses of any kind 
whatsoever arising out of the use of, or 
reliance upon, this information.



Acknowledgments
This report was prepared by Andrew Nadler (Agricultural 
Meteorologist at Peak HydroMet Solutions), in 
collaboration with Frank Poulsen (Hydrologist and 
Software Engineer at Ashlu Environmental Consulting) 
and Duane Holder (Horticultural Consultant at 
FarmQuest Consulting Ltd), in partnership with the BC 
Agriculture & Food Climate Action Initiative.

The Project Oversight Committee included:
→ Kristina Anderson & Elizabeth Moore,

Regional District of Kootenay Boundary
→ Brad Braun, Hummingbird Farm
→ Kevin Murphy & Stephanie Tam,

BC Ministry of Agriculture
→ Rachael Roussin, Kootenay & Boundary

Farm Advisors
→ Ken Shukin, Shukin Orchards
→ Harmony Bjarnason, BC Agriculture & Food

Climate Action Initiative

The author also thanks the following individuals for 
their valuable input: Faron Anslow (Pacific Climate 
Impacts Consortium); Kris Belanger & Fiona Dercole 
(Regional District of East Kootenay); Dave Brown & 
Vincent Jones (Washington State University); Rishi 
Burlakoti, Aston Chipanshi, Gary Judd & Nathaniel 
Newlands (Agriculture and Agri-Food Canada); Brad 
Illston (Oklahoma Mesonet); Shauna MacKinnon 
(BC Agricultural Climate Adaptation Research 
Network); Mike Malmberg (retired agrologist); Neil 
Magrath (ROM Communications); Chris Marsh & 

Mark Stephens (Regional District of Kootenay Boundary); 
Jody Murdoch (Kootenay Livestock Association); Rachael 
Roussin (Kootenay & Boundary Farm Advisors); Paul 
Schwinghamer (Growers Supply); Melissa Tesche & Molly 
Thurston (Okanagan Sterile Insect Release Program); Ted 
van der Gulik (Partnership for Water Sustainability); and 
Ted Weick (BC Ministry of Environment). 

Kootenay & Boundary Agricultural Adaptation Working 
Group included representatives representation from:

→ Kettle River Stockmen’s Association
→ Kootenay & Boundary Farm Advisors
→ Kootenay Livestock Association
→ Kootenay Milk Producers’ Association
→ Kootenay Organic Growers’ Society
→ Regional District of East Kootenay
→ Regional District of Central Kootenay
→ Regional District of Kootenay Boundary
→ Windermere District Farmer’s Institute
→ BC Ministry of Agriculture
→ BC Agriculture & Food Climate Action Initiative

Funding for this project has been provided in part by 
Regional District of Kootenay Boundary and in part 
by the governments of Canada and British Columbia 
under the Canadian Agricultural Partnership, a federal-
provincial-territorial initiative. Funding is administered by 
the Investment Agriculture Foundation of BC and the BC 
Agricultural Research & Development Corporation.



 ii                                                         WEATHER DATA AND TOOLS – KOOTENAY & BOUNDARY   
 
 

 

Executive Summary 
This report provides an assessment of weather monitoring and decision support tools that are available 
to agricultural producers in the Kootenay & Boundary region, along with recommending some strategies 
to expand and improve the current situation. The project addresses elements of the Kootenay & 
Boundary Adaptation Strategies1. Specifically, Actions 3.1, that include “Expand weather station 
coverage and improve producer access to station data” and “Develop decision support tools and 
resources linked to weather data”.  

A gap assessment reveals that there are large areas of farmland that lack any regional station coverage. 
Twelve locations are identified and ranked in order of additional agricultural land that would be 
represented by new stations. Further local monitoring is recommended for the Creston Valley to address 
the on-farm needs of the tree fruit industry. Equipment that would be suitable for regional and local 
monitoring is recommended.  

As the region enhances its weather monitoring capabilities by establishing new stations, data should be 
configured to flow to Farmwest, which would immediately provide some basic visualization and 
agronomic tools. Farmwest would benefit from secure funding that would help to implement 
improvements in functionality and features. As a longer-term strategy, the region should explore 
partnering with other regions to develop its own agricultural platform. Tree fruit growers are advised to 
collaborate with the Sterile Insect Release program about expanding the BC Decision Aid System (BC 
DAS) to the Creston and Grand Forks areas.   

Some of the challenges related to weather forecasts are addressed in this report. Specifically, the 
limitations of regional forecasts. Growers are encouraged to consult some of the publicly available local 
forecasts, as well as some of the tools that can provide insight into forecast accuracy. To provide 
improved spatial resolution, a more site-specific forecast should be implemented in favour of the 
existing regional forecast.   

As the region’s weather program progresses, partnerships between stakeholders will be critical. Groups 
like the BC Agriculture & Food Climate Action Initiative, BC Agricultural Climate Adaptation Research 
Network, Pacific Climate Impacts Consortium, Climate Related Monitoring Program, and the Ministry of 
Agriculture will play key roles. Collaboration with these groups needs to continue.  
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Introduction 
This study was prioritized as an outcome of consultations with agricultural producers throughout the 
Kootenay & Boundary region. An overwhelming theme that emerged was the need for improved 
weather monitoring and access to decision support tools. In times of unpredictable weather and 
numerous production challenges, such tools can help farmers to better manage their crops and become 
more sustainable. 

No sector relies on the weather more than agriculture. Accurate weather data, relevant decision aids, 
and reliable forecasts provide advantages to producers in risk mitigation, pest management, irrigation 
planning and application, soil fertility, and timing of field operations. Alternatively, inaccurate weather 
information can contribute to management mistakes and inaccurate assessments of flooding, drought, 
or other impactful perils, thus hindering resilience and response. Unreliable forecasts can lead to 
product application or farm operations that are wasteful, costly, or damaging with little or no benefit.  

Accurate and consistent long-term weather data helps to quantify the occurrence of climate change and 
enables monitoring and detection of extreme events, serving as a basis for adaptation and risk 
mitigation. Being able to determine which areas are at risk of hazards such as extreme heat, drought, 
wildfire, or flooding, can assist producers in being prepared and ensure that assistance gets allocated 
where it is most needed. Yet the rural agricultural landscapes are often the least monitored of all areas. 
Producers are forced to rely on weather information that is measured at faraway locations and must 
depend on forecasts that have little or no on-farm value.  

The Kootenay & Boundary region is a vast area of topographically complex character and diverse 
climatic conditions that vary over small distances. A small number of regional climate stations cannot 
adequately represent this variability. Accurate weather information is critical for planning, design, and 
for day-to-day operations.  

This report has three main objectives. First is to assess the weather monitoring networks in the 
Kootenay & Boundary region to identify gaps that are relevant to agriculture. Second is to identify 
options and strategies to address the identified gaps. And the third is to recommend tools that would 
help users acquire the most benefit from improved weather data. Considerations include the 
accessibility and usability of weather data and options for decision support tools and improved local 
forecasts.  

The project has involved reviewing previous work, analysis of existing monitoring networks, and many 
conversations with informed stakeholders from within as well as from outside of the region. These 
conversations have been extremely helpful in formulating a path forward for the region – both in 
identifying the needs of the sector and in devising strategies to address them.  
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The Region 
Kootenay & Boundary region covers 57,721 km2 of BC’s southeast - just over 6% of the province’s total 
area. It includes the Regional Districts of Kootenay Boundary (RDKB), Central Kootenay (RDCK) and East 
Kootenay (RDEK).  

Most of the region’s landmass is non-agricultural and not at all suited to agriculture due to elevation, 
slope, and poor soils. Across the three regional districts, the farmland makes up 127,129 ha or 2.2% of 
the total area.2  Of the farmland, natural and tame pasture make up the largest component, at 81,300 
ha or 64% while crop land occupies 23,411 ha or 18% (Figure 1). Pasture occupies 73% of farmland in 
RDEK, 69% in RDKB, and 24% in RDCK.3,4,5 

Approximately 9,641 ha of the cropland is irrigated, including nearly all tree fruits, vegetables, and 
nurseries. However, water can be limited due to unstable water supplies, expansion of irrigation, and 
development of urban centers. 

Agricultural activities vary considerably across the region, with very different values associated with 
each production-type in relation to area. Some sectors, such as the tree fruits, have low acreage, but 
very high productivity and returns per unit of land. The degree of management required per hectare of 
orchard compared to pastureland is completely different. Orchards may require thousands of dollars in 
inputs to manage certain pests while pastureland may require little or none. The purpose of this 
comparison is not to rank the importance of one production type to another – but to acknowledge that 
some very small areas represent very high value and often, a higher degree of production risk.    

Within the Kootenay & Boundary region, nearly all commercial tree fruit production, approximately 338 
ha, is in the Creston valley.6 Approximately 231 ha of this is cherries. Such factors are considered when 
determining appropriate weather station density across the region. Crops that require a high degree of 
management will benefit from more site-specific data, thus weather station density in these areas 
should be higher.  

Weather Monitoring 
Weather information has traditionally been considered a public good, operated within the public 
domain, and funded though public dollars. Official meteorological observations began when the 

Figure 1: Farmland use within the Regional Districts 
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Meteorological Service of Canada (MSC) was first being organized as a dominion-wide weather-survey 
around 1870. For the first 100 years, MSC a division of Environment and Climate Change Canada (ECCC) 
(formerly Environment Canada) was the sole organization monitoring weather across the country. This 
resulted in a basic or regional level of weather monitoring that left certain geographic areas and sectors 
under-represented. 

The monitoring network has seen many changes over the years. From the early 1970’s through to the 
mid-1990’s, there were a total of over 500 manual and automated ECCC stations in BC. This number has 
since diminished to less than 200 stations today. Figure 2 shows the total number of weather stations in 
BC and Kootenay & Boundary region along with the proportion of ECCC stations. Within the Kootenay & 
Boundary region, the ECCC network went from its peak of 59 stations in 1975 to a very gradual decline 
over the subsequent 45 years to only 12 stations remaining today.  

Certain organizations have recognized the gaps in monitoring, particularly in the locations where they 
need accurate and reliable weather information for specific applications. This has led to a 
transformation in the proportion of the network that is being operated by ECCC. Until the mid-1960’s, 
ECCC operated almost every weather station across the province and within the Kootenay & Boundary 
region. In 1950, there were 246 weather stations in BC. All but 5 were operated by ECCC. By 1980, 38% 
of the weather stations in BC were operated by other agencies. In 2000, non-ECCC stations made up 
56% of the overall station networks. Today, ECCC stations only make up 27% of the monitoring network 
while 73% of stations are operated by other agencies. BC Wildfire Service stations comprise the largest 
segment at 30% with 209 stations (Figure 3).  

Figure 3: Evolution of weather station network operators in BC since 1950 

Figure 2: Number of weather stations in all of BC and in the Kootenay & Boundary region from 1950 through 2019 
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This gradual shift from an almost fully ECCC-operated network to multiple network operators has been 
fueled mainly by the various organizations’ need for spatially relevant weather data. For example, many 
of the early ECCC weather stations were operated by volunteer observers, who were generally located 
in somewhat populated areas. This provided little representation of remote forested regions, those of 
concern for determining the extent by which weather conditions impact wildfire risk. Likewise, 
transportation requires accurate weather data along roadways, including high mountain passes. 
Agencies responsible for flood forecasting rely on accurate snowpack and temperature data to predict 
peak runoff and river flow. These types of needs have motivated governments, agencies, producer 
groups, private companies, and individuals to invest in their own purpose-specific monitoring networks.    

Agriculture is highly reliant on the weather and benefits from accurate weather information. In BC, there 
has been a relatively modest investment of resources into monitoring networks while other provinces 
and states have built impressive systems at considerable cost. Alberta Agriculture has established over 
150 climate stations to address under-represented agricultural areas, providing access to over 350 
stations on their Alberta Climate Information Service (ACIS).7 Quebec has over 200 agricultural weather 
stations as part of their Réseau Météorologique Coopératif du Québec.8 Manitoba has 109 agricultural 
weather stations in their Ag-Weather Program.9 Washington State has established 168 weather stations 
since 1988 to support their AgWeatherNet (AWN) program.10 

Weather Network Assessment 
It is impossible to adequately represent the true variability of weather across a landscape based on a 
single monitoring point. Factors like temperature, humidity, rainfall, and wind, can vary tremendously 
over distance and elevation. While a weather station can provide highly accurate measurements for a 
specific location, these measurements are unlikely to adequately represent the surrounding region. 
Continuous phenomena that are only measured at certain locations inevitably leave uncertainty across 
the unsampled area.  

The further apart the weather stations, the more the uncertainty across the landscape, exacerbated by 
changes in elevation, slope, and land cover. For those closer to a weather station, the measurements 
taken at that station are reasonably representative. However, as distance from that station increases, so 
do the differences in weather. Thus, the conditions experienced at one location may have little 
resemblance to what the regional station is measuring a few kilometres away. 

Inadequate meteorological monitoring networks is a common issue, particularly among industries that 
are vulnerable to the weather and in areas where the weather is highly variable. Other reports have 
looked at the adequacy of monitoring networks for various applications.  In 2018, a BC-wide gap analysis 
reviewed the representativeness of monthly precipitation within 30% of the nearest weather station’s 
value.11 The study concluded that for monthly accumulations, the observational coverage is sufficient in 
agricultural regions. However, for shorter time periods – such as daily or hourly, major gaps exist. Daily 
and sub-daily weather information is of most use for a producer making management decisions. 

The study also assessed distances from agricultural regions to the nearest and second nearest weather 
stations. In the Kootenay & Boundary region, the median distance to the nearest and second nearest 
stations were found to be reasonable distances of 7 and 14 km, respectively. However, the maximum 
distances to stations were much further at 49 and 50 km, respectively. The study concluded that BC 
requires improved weather monitoring to support agricultural production and to help ensure food 
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security within the province, noting that values of crops grown in various regions needs to be 
considered. A series of maps were produced that represent the areas with and without coverage.  

Existing Networks 
In BC, weather data is generally shared amongst the various network operators. This has many 
advantages for individual organizations as they may be able to leverage existing stations for their 
purposes instead of having to establish and maintain more stations themselves. If a station already 
exists in a key area, and if the data is available and is of suitable standard, then it reduces investment in 
a redundant monitoring site.   

The sharing of weather data in BC has been facilitated and formalized though the Climate Related 
Monitoring Program (CRMP), an agreement between various provincial government agencies, private 
organizations, Pacific Climate Impacts Consortium (PCIC), and ECCC. The Program’s objective is to 
integrate all federal, provincial, municipal and private weather station networks into a single network 
for BC, including a standardized data quality control protocol, a centralized data processing system, and 
a data-sharing web portal publicly available. The program has worked to establish guidelines and 
operational standards for monitoring and offers a publicly available data-sharing portal that is 
maintained and hosted by PCIC.  

ECCC has also been working towards a tiered or “network of networks” (NoN) approach, which 
acknowledges the valuable contribution of weather stations that are operated by non-ECCC 
organizations. This collaborative and multi-participant approach was introduced in 2010 to encourage 
participants to share and improve the quality of data. ECCC has recognized that their network cannot 
adequately meet all monitoring requirements. They have also recognized that there are other networks 
collecting valuable data that can supplement their own by addressing the many coverage gaps. ECCC has 
begun to incorporate various networks into their data stream.  Many CRMP member stations are also 
now accessible through the Meteorological Service of Canada (MSC) public Datamart portal.12 

The CRMP plays a critical role in coordinating the various networks throughout BC. The following section 
briefly describes the networks that operate within the Kootenay & Boundary region. For the purpose of 
this report, only actively operating stations are considered. Historically, there are hundreds of additional 
monitoring points that have existed for certain durations. While useful for past studies, these stations 
are unusable for any types of in-season applications. Only electronic automated stations that report 
more than once per day are being considered. While certain manual stations still exist and are valuable 
to the climate record, integrating them into near-real-time tools presents challenges. Likewise, stations 
that only report daily are less useful for timely decision support tools. Hourly reporting is considered 
necessary.  

Environment and Climate Change Canada 
ECCC stations are well equipped with the highest quality instruments, maintaining a rigorous standard 
set by the World Meteorological Organization (WMO). Most of these sites measure temperature, 
relative humidity, barometric pressure, wind speed, wind direction, rainfall, and often snowfall by 
means of a weighing gauge and snow depth using an ultrasonic snow depth sensor. Weather parameters 
are transmitted and made available on an hourly basis, shortly after the top of each hour.  

The current automated ECCC network provides the most general overview of climatic conditions across 
the region, focusing on the larger population centres (Figure 4). Despite having only six locations, most 
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of these sites are relatively close to a great deal of agricultural land. Nearly 10,000 ha of farmland is 
within 5 km of an ECCC station. As these stations are generally sited in reasonably representative areas 
such as airports (Cranbrook, Nakusp, Nelson) or other well-exposed areas, they often provide a superb 
regional representation so long as regional conditions are not extremely spatially variable. The ECCC 
station at Sparwood (Figure 5) is a good example of a well-sited regional monitoring station.  

The climate of the Creston Valley is exceptionally spatially variable, with several distinct growing areas. 
The existing ECCC station is located within one of these distinct microclimates in south Creston on a 
southwest-facing slope (Figure 6). This provides excellent data for that specific location but is of limited 
value at any distance beyond the site itself - even orchards less than one kilometre away would have 
very different microclimates. Given the sensitivity of certain pests and diseases to differences in 
temperature and moisture, this station fails to provide acceptable regional representation.  

 

Figure 4: Environment and Climate Change Canada stations 
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Figure 5: Sparwood ECCC weather station. An example of a well sited weather station 

 

Figure 6: Creston ECCC station looking west. Notice the cloud/fog cover in the Kootenay River valley in the background. 

 
BC Wildfire Service Station Network 
The BC Wildfire Service (BCWS) operates the largest monitoring network in the province with 
approximately 260 automated weather stations (Figure 7) that record temperature, relative humidity, 
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wind speed, wind direction, and rainfall. Select stations also measure snowfall. The primary purpose of 
these stations is to support fire weather forecasting, including input for the Canadian Forest Fire Danger 
Rating System (CFFDRS), a federally based decision support tool that assesses the potential for fire 
ignition, spread, and burning intensity.  

Within the Kootenay & Boundary region, there are 34 actively reporting BCWS stations, providing a 
uniform coverage across the entire region, including several areas adjacent to farmland. BCWS stations 
with the highest concentration of nearby agricultural lands include Rock Creek, Grand Forks, Cranbrook 
FS, Johnson Lake, and Elko. These stations are of value for agricultural applications. Alternatively, some 
BCWS stations are located very far from agricultural lands and at higher elevations (Palliser, White River, 
Dewar Creek, Octopus Creek). Certain of these stations have little to no applicability to agriculture.  

 

Figure 7: Wildfire Service stations 

 

Transportation and Infrastructure 
The BC Ministry of Transportation and Infrastructure (MTI) operates a network of stations to monitor 
avalanche risk and highway conditions. These stations are primarily intended for winter monitoring, 
collecting air temperature, relative humidity, precipitation, and wind speed/direction. There are 18 MTI 
stations in the Kootenay & Boundary region (Figure 8), most located far from agricultural land, often 
located on mountain passes and areas prone to avalanches (Figure 9). Certain exceptions that have 
pockets of nearby farmland include Morrissey, Moyie, Vermillion Pit, and Lardeau.  
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Figure 8: Transportation and Infrastructure (Road Weather) Stations 

 

 

 

Figure 9: Transportation and Infrastructure weather station 



 

 10 | P a g e                                                                 WEATHER DATA AND TOOLS – KOOTENAY & BOUNDARY   
 
 

Air Quality Network 
The BC Air Quality Network (AQN) stations are mainly operated by the Ministry of Environment and 
Climate Change Strategy and are used to measure the presence of certain air contaminants for 
emissions inventories and used to calculate the Air Quality Health Index13. There are approximately 100 
real-time, automated continuous air quality monitoring stations throughout BC, including several 
reporting in the Kootenay & Boundary region. Figure 10 shows the AQN station inventory as acquired 
from the provincial weather data portal. The Ministry’s website shows some additional stations that 
were not included in the portal. This is attributed to certain datasets that do not get sent to the portal in 
near real-time.  

In addition to air quality parameters, stations also collect meteorological readings, including air 
temperature, relative humidity, and wind speed/direction. Precipitation is only collected at some sites as 
many of these air quality stations are co-located with regular meteorological stations. Within the 
Kootenay & Boundary region, the station located at Grand Forks Airport has an all-weather precipitation 
gauge.      

 

Figure 10: Air Quality Network Stations 

 
Automated Snow Weather Station Network 
The automated snow weather stations (ASWS) are deployed at subalpine to treeline elevations to 
capture parameters such as snow water equivalent, snow depth, cumulative precipitation, and air 
temperature. The main applications for this data are river and flood forecasting, forecasting 
hydroelectric power generation, dam and dike management, and determining avalanche risk.  
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There are only two ASWS’s within the Kootenay & Boundary region - one at Moyie Mountain and one at 
Redfish Creek (Figure 11). Both stations are far from any substantial amount of agricultural land and are 
at much higher elevations. Moyie Mountain is at 1930 MASL while the nearest parcels of agriculture are 
between 927 and 1041 MASL. Redfish Creek is at 2104 MASL while the nearest agricultural land is 
between 530 and 677 MASL. At elevation differences from 889 m to as much as 1574 m, the 
representativeness of these weather stations for agricultural purposes is minimal.  

 

Figure 11: Automated Snow Pillow Network Stations 

 
BC Hydro 
BC Hydro's regional monitoring networks collect near real-time hydrometeorological data at various 
automated data collection stations in or near reservoir systems to support reservoir operations. Most 
stations collect precipitation, air temperature, lake levels, stream levels/flows and snow water 
equivalents. Wind, solar radiation and barometric pressure are also measured at a few locations. Within 
the Kootenay & Boundary region, there is only one BC Hydro station that reports hourly, located at 
Fernie (Figure 12). This station records temperature and precipitation.  
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Figure 12: BC Hydro Weather Station 

Farmwest 
Farmwest is BC’s only province-wide agriculture-specific weather program that provides weather- 
related information to BC farmers.  Farmwest was launched in 2001, originally established for 
agricultural water management. The program is administered by the Pacific Field Corn Association 
(PFCA) with most of the operational support coming from the BC Ministry of Agriculture.   

The Farmwest monitoring network includes approximately 22 stations across BC, including one in the 
RDKB - the recently installed station at Grand Forks (Figure 13). Farmwest mainly relies on weather data 
from existing networks operated by the various organizations, including ECCC, but is gradually expanding 
to fill agricultural monitoring gaps. 

The Farmwest weather stations are the Davis Instruments VantagePro2 supplied and retrofitted with 
telemetry by ROM Communications (Figure 15). ROM Communications also provides data transfer and 
station installation and upkeep. Currently, these stations transmit once per day, which is adequate for 
the daily models that are provided through the website, but not ideal for most operational decision 
support tools. Transmitting more frequently would increase costs.  

The entire program operates on a very modest budget annual of roughly $50,000. This funding is not 
permanent and currently extends to February 2023. This amount covers station maintenance and 
upkeep, data transmission costs, website operation, and data analysis. Any remaining funds are 
allocated to network expansion, which normally involves one or two new stations per year. Personnel 
time is generally supplied in-kind, which can limit the amount of attention devoted to the program.  
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Figure 13: Farmwest Weather Station 

 

Figure 14: Farmwest weather station located at Grand Forks 
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Private Weather Stations 
In addition to the established monitoring networks described above, there are other weather stations in 
the region. These stations belong to farmers, businesses, hobbyists, and various resource-related 
organizations. Most have been established based on a specific local need or interest.  

In some cases, these stations feed their data into a larger network. For example, Weather 
Underground14 began in 1993 as a network of personal weather stations (PWS) scattered across the 
United States. Station owners can opt to share their station data with Weather Underground, allowing 
them to benefit from the platform through data visualization, local forecasts, and ability to access 
historical data. Today, Weather Underground is owned by IBM and consists of over 250,000 PWS’s, 
including many in Canada and some within the Kootenay & Boundary region.  

While Weather Underground provides some equipment recommendations and installation guidelines, 
there is little control or oversight into whether the contributed data is of acceptable quality. For 
example, these weather stations can be installed in unsuitable locations, such as rooftops or in sheltered 
yards and the extent of maintenance is unknown. Consumers of this data are generally not aware of 
these data quality issues. 

 

Figure 15: Weather Underground Personal Weather Stations 

Outside of Weather Underground, there are other private monitoring stations. For example, Bayer 
Canada requires detailed weather data for their seed production facilities throughout the RDEK. They 
have taken it upon themselves to install and operate 20-25 monitoring sites (Figure 16Figure 16: Select 
Bayer Canada weather stations in East Kootenay). These stations are not tied into a larger network, but 
if a suitable data platform were to exist, this could provide incentive to such organizations share their 
weather data. Bayer has expressed willingness to participate. Such arrangements could be key to 
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growing a network throughout the region. This strategy may also tie into provincial and federal 
initiatives.  

 

Figure 16: Select Bayer Canada weather stations in East Kootenay 

 
Gap Analysis 
When identifying gaps in coverage, we first define areas that are not gaps – locations that are 
adequately covered by one or more of the existing monitoring stations. When it comes to adequacy of 
coverage, there are no rigid pass/fail specifications; rather it depends on many factors like spatial 
variability of each measured parameter across the specific landscape, the accuracy requirements of the 
intended purpose, and the needs of each user. As an example, a parameter like temperature across a 
large, flat, uniform terrain will have much less spatial variability than it would across a topographically 
undulating terrain with prominent features that affect local conditions – terrain much like what occurs 
throughout much of the Kootenay & Boundary region.  

Within the region, various users will have different accuracy requirements. A rancher near Cranbrook 
may be adequately served by a regional station that provides a reasonable approximation of average 
temperature and seasonal rainfall to help estimate carrying capacity of a certain pasture. A regional 
district may be able to assess regional drought severity based on just a few weather stations. 
Alternatively, a cherry grower who is concerned about pest risk or frost damage would be ill-advised to 
rely solely on a regional weather station that is several kilometers away and at a different elevation.  A 
gap analysis considers the density and distribution of weather stations as they relate to agricultural land 
as well as the representativeness of each station.   
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The World Meteorological Organization (WMO), the global authority on meteorological monitoring, 
publishes guidelines on recommended station densities.15 For precipitation, the minimum network 
density is a station per 100 to 250 km2. From a coverage standpoint, this equates to a weather station 
representing a surrounding distance of roughly 5.5 to 9 km. Whereas for snow monitoring, the 
recommended minimum density drops to 2,000 to 3,000 km2, representing roughly 25 to 30 km.  

Another WMO initiative that defines monitoring requirements, the Observing Systems Capability 
Analysis Review (OSCAR), recommends a horizontal resolution of 0.25 to 50 km for accumulated daily 
precipitation as it applies to agricultural meteorology. 16 Precipitation intensity (amount of rain over 
time) is reduced to a resolution of a maximum of 10 km.  

To represent the conditions across a large area with extremely varied terrain, more monitoring points 
will provide a clearer picture of the variability that exists. In contrast, a limited number of 
measurements leaves a high degree of uncertainty, particularly further away from stations. Obviously, 
more weather stations are better, but stakeholders must look at what is realistic from a budget and 
resource perspective. Growing the network to a density of a weather station every 10 km would provide 
excellent coverage, but the cost would outweigh the benefits. However, incrementally adding stations 
based on an established priority will provide a great deal of value, particularly the first few stations that 
will address some major gaps. At a certain point, the incremental benefits level off and additional 
stations will only provide a modest increase in coverage.  

This analysis presents a priority ranking system based on the relative increase in agricultural land 
coverage achieved by each new station. This method helps to address expected resource challenges in 
that so far, there is no actual budget secured to establish a network. Therefore, as any amount of 
funding gets allocated to weather stations, there will be a clear priority as to which areas will receive the 
most immediate benefit.  

The first pass considers all agriculture land equally, without applying higher weighting to certain crop 
types, despite distinct differences in productivity and crop values. The rationale is that although certain 
production areas may be considered marginal today, perhaps incapable of producing higher-valued 
commodities, this may not always be the case. A changing climate is likely to enable shifts in cropping 
types and areas. Without a minimum level of weather monitoring in these locations, there will be no 
quantitative evidence to support such opportunities. Furthermore, this analysis focuses on regional 
coverage, meant to benefit all farming areas.  

The investigation focuses on identifying and incrementally adding monitoring locations that would 
minimize the agricultural land without coverage and provide the maximum increase in represented 
farmland. Agricultural land was classified into various distances from the nearest monitoring station. The 
agricultural land characterization is based on the National Annual Crop Inventory as well as AGRI’s 
Agricultural Land Use Inventory (ALUI). Presently, 66,200 ha or roughly 50% of total farmland is further 
than 10km for a weather station. Of that, 33,400 ha or 26% of farmland is further than 15 km from the 
nearest weather station (Figure 17).   

The analysis revealed that 99% of the farmland in the entire region could be adequately covered with 13 
new weather stations. All farmland could be completely covered with 29 new stations. However, 
recognizing that 16 of those stations (stations 14 through 29) would provide a combined additional 
coverage of one percent of the farmland provides a much-diminished return, making such a large 
network not worthwhile. 



 

 17 | P a g e                                                                 WEATHER DATA AND TOOLS – KOOTENAY & BOUNDARY   
 
 

The following is a list of the top 12 locations (13 stations) that rank from highest to lowest priority based 
on the increased coverage of farmland per station. These locations are shown in Figure 18: Proposed 
locations for additional weather stations ranked from 1 though 12. Table 1 shows the additional 
agricultural land that would be represented by each additional station.  

 

 

Figure 17: Agricultural land shown within 5km, 10km, 15km, and more than 15km from active weather stations 

 
1. Lake Koocanusa: The most striking gap in coverage is in RDEK surrounding Lake Kookanusa from 

Kragmont, extending south to the Canada-US Border. This area is comprised of approximately 
7,700 ha of rangeland that is further than 15 km from any weather station. The southernmost 
portions of this area are as much as 35 km from the nearest weather station, the BC Wildfire 
station at Elko. Given its size, this area would benefit from two stations, one near Newgate and 
one to the north, south of Elk River. 

2. Sidley Mountain Road: West of Bridesville, extending west to the southwest corner of RDKB. 
Includes approximately 4,660 ha of general agriculture and range lands that are far from any 
weather station.  

3. Fairmont: 3,250 ha of mainly rangeland with some smaller pockets of general agriculture. A new 
weather station should be installed near the airport or along Westside Road, northwest of 
Fairmont Hot Springs. 

4. Greenwood: A mix of rangeland and general agriculture extending from the northern Boundary 
Creek Valley through to the Canada-US Border. The farmland far from any weather station is 
approximately 2,950 ha. A new station should be situated near Greenwood or Anaconda.  



 

 18 | P a g e                                                                 WEATHER DATA AND TOOLS – KOOTENAY & BOUNDARY   
 
 

5. Wardner: This area of RDEK includes Wardner but extends mainly to the east from rangeland 
north of Tie Lake to general agriculture and rangeland north of the Bull River. Within this area, 
there is about 2,850 ha of farmland that lacks adequate coverage. 

6. South and West Kettle River: This area extends north from the junction of the Kettle River and 
the West Kettle River, mainly along south Christian Valley Road, but also along Highway 33 
towards Beaverdell. This area is comprised of approximately 2,000 ha of unrepresented 
agricultural land.   

7. Fauquier: To the west of Upper Arrow Lake along Inonoaklin Valley (Edgewood) Road, south of 
Highway 6. There is also some farmland to the east of Upper Arrow Lake. This region includes 
1,800 ha of unrepresented agricultural and mixed agricultural land.  

8. North Christian Valley along the Kettle River: A large strip of approximately 1,400 ha of 
agriculture and rangelands.   

9. Winlaw: The area around Winlaw contains a mix of agriculture. Adding a station to this area 
would provide good coverage to approximately 1,400 ha.  

10. Horseshoe Lake: There is a large, tract of unrepresented agricultural land, roughly 900 ha, 
extending from Norbury Lakes Provincial Park to Fort Steele. This area is inadequately covered 
by the existing weather stations at Baker 2 Hub (BCWS) and Cranbrook Airport (ECCC).  

11. Salmo: The area surrounding Salmo, including some agricultural land to the west along Highway 
3. The region includes approximately 900 ha of agricultural land that is quite far and 
inadequately represented by the closest weather stations at Pendoreille (BCWS), Stagleap (MTI), 
or Hall Creek (MTI).  

12. Elk Valley Highway: The area between Sparwood and Elkford along Highway 43 and Elk River 
consists of about 900 ha of agriculture and rangeland that is under-represented.   
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Figure 18: Proposed locations for additional weather stations ranked from 1 though 12. 

 

 

Table 1: List of proposed locations for additional weather stations with additional agricultural land that would be covered 

# LOCATION APPROX. COVERAGE OF AGRICULTURAL LAND (HA) 
1 Lake Koocanusa* 7699 
2 West of Bridesville 4663 
3 Fairmont 3262 
4 Greenwood 2961 
5 Wardner 2851 
6 South and West Kettle River 2036 
7 Fauquier 1830 
8 North Kettle River 1394 
9 Winlaw 1388 
10 Horseshoe Lake 895 
11 Salmo 895 
12 Elk Valley Highway 893 
*Two stations recommended for this area  
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Tiered Approach 
Where and how a station is placed has a tremendous influence on the degree to which it represents its 
surrounding area. The goal to establishing a regional monitoring network is to situate weather stations 
so that they represent as large an area as possible by maximizing exposure of individual sensors relative 
to surrounding obstructions. Sensors that are very well exposed, with no nearby obstructions, are 
considered to be representative of the larger area. For any sort of regional climate monitoring, a station 
needs to be representative. However, if the station is poorly sited, say on a hill, in a depression, or near 
a large physical feature or water body that may create a unique microclimate, regional relevance will be 
limited. This is particularly important in data-sparse regions where a single station is expected to 
represent a large area. In a denser network, this is less of an issue as more stations will better represent 
the true variability across the landscape.  

Washington State University’s AgWeatherNet (AWN) operates a high-quality automated weather 
network that is distributed across the state. Recently, AWN adopted a tiered system of weather 
monitoring. A tier 1 station is an AWN-managed professional weather station with a high-end data 
logger and a complement of professional grade sensors. These would be somewhat analogous to an 
ECCC station that is sited to a rigid standard, having minimal influences from local obstructions. A Tier 2 
station consists of a more economical all-in-one weather sensor suite with similar siting to the Tier 1. 
Both Tier 1 and Tier 2 stations are meant to represent regional conditions. A Tier 3 is an all-in-one 
station that is owned, installed, and maintained by a third-party. These stations may not necessarily be 
sited according to the same standards as Tier 1 and 2 sites and may not necessarily reflect the 
surrounding region. For example, a Tier 3 station may be located within a field or orchard or in a 
sheltered yard site, potentially influenced by local factors or exposed to irrigation. Depending on the 
intended application, a user may decide to use only Tier 1 and Tier 2 stations or perhaps all three Tiers. 

Information from Tier 3 stations is still valuable but must be used with caution. A weather station that is 
intended to monitor the conditions that are occurring within an orchard will likely and appropriately be 
located within the orchard itself to best represent the temperature and moisture characteristics that will 
influence the various biotic processes. Measurements will be affected by canopy height, structure, and 
health as well as factors like irrigation, ground cover, and nearby features. In such a case, even a 
neighboring field may experience conditions that are different than those of the nearby station.   

The Creston Valley is a unique production area within the Kootenay & Boundary region. The area has a 
high concentration of fruit orchards that are highly productive, and which contribute significantly to the 
region’s economy. In terms of weather monitoring, Creston has an ECCC station, thus technically 
providing adequate regional coverage. Based on the criteria of this gap analysis, this area is excluded 
from being designated as a gap. However, given the value of production and the potential benefits to 
the area’s producers, there would be a great deal of advantage to additional monitoring in the Creston 
Valley. This area should be considered a priority for enhanced local monitoring. Based on local expertise 
and input, the three locations – Wynndel, Erickson, and Canyon have unique microclimates that need to 
be addressed (Figure 19).  
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Figure 19: Recommended enhanced monitoring areas in the Creston Valley 

Given the distinct use cases – regional and local, a multi-tiered/hierarchical approach to station siting 
should be considered for the Kootenay & Boundary region. Regional monitoring contributes to the 
greater public good, assisting with general farm management and helping decision-makers monitor and 
manage conditions for drought, wildfire, flood, and other hazards. Local monitoring enables site-specific 
management for producers to base their day-to-day operational decisions. Producers that grow high-
value crops recognize that they stand to profit from an on-farm weather station by perhaps saving a 
spray, activating frost mitigation, or prompting them to perform some other action that may save them 
money. These producers appear to be willing to pay for this benefit. A collaboration amongst Creston 
Valley growers would help advance such an initiative.      

Hardware 
There are numerous factors that influence the selection of monitoring equipment that gets deployed in 
a network. Each of these factors vary by application and requirements, so there is no single station or 
sensor-type that works in all situations. The following section identifies some key considerations and 
provides a recommendation on two station-types that best fit the monitoring requirements of the 
Kootenay & Boundary region.  

Sensors 
Standard meteorological measurement include temperature, relative humidity, rainfall, wind speed, and 
wind direction. These parameters meet most user-requirements and allow for calculation of many 
agriculture-related derivatives like dew point, heat units, apparent temperature, chilling units, insect 
models, certain disease models, and spray indices. Almost all basic weather stations include these 
sensors. 
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For water budgeting and irrigation management, an accurate calculation of reference 
evapotranspiration is necessary. The sun provides the largest source of energy for converting liquid 
water into vapour; therefore, a measurement of solar radiation is a useful input. While solar radiation 
tends to be less variable over large areas, it will differ by latitude, time of year, cloud cover, shading, and 
composition of the atmosphere. This parameter is measured using a pyranometer, which can be added 
to most weather stations. 

On a regional basis, soil moisture sensors can be effective for monitoring subsoil moisture reserves, 
which can be used for drought assessment, flood forecasting, or yield prediction. Provincial agriculture 
networks like Alberta’s and Manitoba’s include multiple depth soil moisture sensors at every weather 
station. The one drawback to using soil moisture sensors for any sort of regional indicators is that soil 
properties, drainage, and water-use, and thus moisture content, can vary extensively. Therefore, one 
must use caution when attempting to extrapolate soil moisture from a single monitoring point. 

Soil moisture sensors are also widely used for managing irrigation. Essentially having a “gauge” to show 
an irrigator how full or empty the soil profile is can greatly improve how they manage water. This 
includes ensuring that crop roots have adequate moisture at key stages and confirming that water is not 
being overapplied. Too much water can percolate beyond the root zone, transporting valuable nutrients 
and causing environmental contamination. Moisture sensors can generally be added to most weather 
stations.  

Some pathogens that cause plant diseases require “free water” to propagate and infect the plant. This 
water can be in the form of rain, irrigation, fog, or dew and is collectively termed leaf wetness. Different 
pathogens have different minimum leaf wetness requirements, and when these thresholds are met, the 
temperature within these periods can be used to predict risk of spread or infection. For example, cherry 
blossom infection from brown rot is favoured by warm, wet weather and can be directly related to 
temperature during periods of wetness. There are methods of estimating leaf wetness using proxies like 
relative humidity or dew point. A high relative humidity suggests the presence of free water and 
provides a conducive environment for the spread of most fungi. Dew formation is triggered when the 
dew point temperature drops below the ambient air temperature. Adding a leaf wetness sensor to a 
weather station is the most direct method to quantify leaf wetness periods.  

For cherry production, leaf wetness can also be used to detect moisture on fruit, which can make 
cherries susceptible to cracking or splitting if allowed to persist. Managers may use leaf wetness 
measurements after a rain or heavy dew to advise whether rain removal methods, such as mechanical 
drying by use of a helicopter, is necessary.  

Stations being deployed in the Kootenay & Boundary region should have a minimum of temperature, 
relative humidity, wind speed, and wind direction. Solar radiation is strongly advised, particularly for 
areas that are irrigated. Leaf wetness is recommended for areas that would rely on pest models (Creston 
Valley, Grand Forks). Soil moisture is not necessary but may be a worthwhile opt-in for certain station 
operators who would benefit from improved irrigation management.  

Accuracy 
There are different approaches when it comes to establishing weather monitoring networks. One is to 
spend a great deal of money on one or more expensive high-end stations that will provide precise data 
at a certain location. Ideally, the stations will be set up somewhere that will be as representative of the 
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surrounding area as possible. Unfortunately, an individual station cannot account for the spatial 
variability of the area. Alternatively, one could spend a similar amount on several more affordable 
stations or sensors and distribute them across the area of interest to provide a more detailed 
representation of how these conditions vary spatially. Despite perhaps a slight decrease in accuracy in 
the sensors themselves, the improved coverage resulting from multiple monitoring points far surpasses 
that of a single station. Furthermore, the redundancy of having many sensors provides a basis for 
comparison and quality control and a means of gap-filling in the case of missing data. When there is only 
one station in a region, estimating missing parameters is difficult.  

Weather monitoring instruments have advanced over the years as manufacturers produce higher quality 
equipment at more reasonable prices. Communications have also improved, having become more 
reliable and affordable. In addition to being cheaper to buy, instruments have become easier and more 
economical to operate and maintain. These technological advances have enabled weather data 
collection to become accessible to various organizations and farms, empowering them to operate their 
own stations so that they may make more informed decisions based on site-specific data.  

There are many options when it comes to weather monitoring hardware, catering to almost any 
requirement or budget. The cost of a monitoring station can vary hugely from the higher-end climate 
station that costs well over $10,000 to the very low-cost backyard consumer-grade weather stations for 
a few hundred dollars. Both types of equipment monitor similar parameters, but the expensive one is 
often more accurate, may offer more features, and is likely to be more durable.  

However, a $10,000 station is unlikely to be four times more accurate than a $2,500 station. In fact, 
accuracy will likely only increase by a very narrow margin. For example, a Davis Instruments Rain 
Collector rain gauge can be purchased online for about $130 CAD.17 This plastic sensor is considered 
consumer-grade but does have a published accuracy of a respectable ±3%. This means that on a 25mm 
rainfall, the degree of error is plus or minus 0.75 mm. In contrast, one could pay $1500 for a world 
standard Hydrological Services TB3 rain gauge.18 While it is more durable, constructed of powder-coated 
aluminum, and has redundant sensors and a syphoning mechanism to withstand high-intensity rain 
events, the TB3 boasts an accuracy of ±2%. On that same 25mm rainfall, the degree of error is ±0.5 mm, 
a mere 0.25 mm improvement over the Davis gauge that is one tenth the cost.   

Given the ±2-3% error that is attributed to rain gauge accuracy, one must also consider other potential 
sources of inaccuracy. Errors in weather monitoring can generally be characterized as instrumental or 

Figure 20: Davis Rain Collector and the Hydrological 
Services TB3 with roughly a 10X price difference 
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environmental. Wind is considered the most significant environmental factor affecting rain gauge 
accuracy. As wind blows around and across the top of the gauge, its velocity will increase over the top 
and around the sides, causing small eddies to form within the orifice, preventing some rain drops from 
landing within the gauge. For rain gauges, under-catch occurs when rain collected by a gauge is less than 
what would have fallen on the ground if the gauge was not there. Wind can account for as much as 23% 
under-catch during periods of high winds.19  Since wind speed increases with height, an elevated rain 
gauge will generally have more error than one closer to the ground. 

Even when sensors are extremely accurate, this accuracy only applies to the immediate vicinity of where 
the parameter is measured. As one gets further from the station, the measurements become less 
representative. This phenomenon is referred to as spatial correlation, which tends to be very high at 
close proximities and drops off with distance to the point at which two locations are no longer 
correlated. Several researchers have looked at correlation distances within dense monitoring networks. 
Tokay et al. studied a rain gauge network in Eastern Unites States with gauges spaced from 1 to 150 km 
apart. They found that for hourly rainfall, there was a 0.6 correlation at 10km – meaning that the margin 
of error at that distance was 40%.20 Some other studies have found correlation distances to be less than 
10 km21,22. While these studies are not specific to the Kootenay & Boundary region, they highlight how 
spatial variability can be a much more significant source of error than any monitoring device. For this 
reason, improved monitoring accuracy must be achieved through enhanced spatial representation – 
which translates into more weather stations.  

Sensor accuracy is important, but perhaps over-emphasized for general monitoring. There are many 
good quality, reasonably priced weather stations that are of adequate accuracy for agricultural 
applications. For a set budget, a network operator must decide what is more important – highly 
accurate data at one or a few specific points, or reasonably accurate information at many points across 
the landscape. More operators are choosing the latter as spatial variability is so important.  

Washington State University AWN’s main tier 1 weather station costs approximately $10,000 USD to 
install and a further $1,500 USD per year to maintain. Replacement parts can also be costly where a new 
temperature/relative humidity sensor is around $900. For their Tier 2 and Tier 3 stations, WSU has 
started using the METER ATMOS41 all-in-one sensor that is one third the price of a Tier 1 station and 
much simpler and cheaper to install and maintain. On this new unit, the cost of replacing a 
temperature/relative humidity sensor is less than $40. Given the benefits, AWN is gradually shifting 
towards this technology.  

Communications 
One of the key considerations in selecting weather stations for a region is the ability to easily, 
automatically, and affordably transmit the data at a frequency that suits the needs of the user. More 
frequent data transfer is almost always desirable, enabling users to benefit from near-real-time decision 
support tools such as spray advisories, frost alerts, and rainfall notifications. Hourly data transmission is 
a minimum requirement and sub-hourly data transmission would be desirable, but would need to be 
weighed against cost and power consumption.  

Cellular has emerged as the most common method of data transmission given the reasonably 
widespread coverage of the network, low data costs, and overall reliability. With certain data pooling 
plans, cellular subscriptions can be as low as a few dollars per device per month, depending on the 
carrier, data volumes, and upload frequency.  
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Wi-Fi data transmission can take advantage of connectivity through existing residential or business 
internet service. This can allow very frequent uploads (every few seconds), often at no additional cost. 
However, Wi-Fi stations can have the limitation of having to be located near buildings to access an 
adequate signal. This can restrict where a station gets installed and may compromise siting.  

Satellite communications have traditionally only been used when no other communication options were 
available (e.g. in remote areas far from any cellular or landlines). Over the past few years, the costs 
associated with satellite communications have gone down as new constellations of micro-satellites have 
been launched and made available.  

Various types of radio networks are sometimes used when several stations are clustered in an area. 
Each station has a radio transceiver that wirelessly transmits data to a central gathering point or 
gateway, which then transmits the data either by cellular or internet to a server. One of the main 
advantages to radio networks is that there is normally no communication cost associated with each 
remote device. These networks are dependant upon the size and layout of the area, most notably any 
topographical features that may restrict the transmission of signals. This type of network can function 
quite well if the gateway can be installed in a central elevated location.  

A technology that is becoming increasingly common in environmental monitoring is low power wide 
area network (LPWAN) communications, developed to connect devices and sensors for mass 
deployment. Such networks allow long-range communications at low bit rates while consuming very 
little power. A single battery can often last 10 years without requiring charge. While this technology is 
not suited for stations that are far apart, it can be a good option in a region that has several stations or 
sensors concentrated within a few kilometres. As one gateway can handle thousands of devices, the 
cost-per-device ends up being only a few dollars per year. The cost of stations and sensors is also 
generally much lower than traditional devices. This option is worth investigating for the Creston Valley.  

Complexity 
At one time, automated electronic weather stations were complex, requiring specialized wiring, 
peripherals, and programming. Field technicians were required to have a high level of training and 
expertise. Some manufactures have remained this way, while others have made great strides towards 
simplicity and ease-of-use. Generally, the higher-end stations are more complex, which enables a high 
degree of customization. However, complexity does not necessarily mean the station is better.  For 
example, special software and expertise are required to program and configure Campbell Scientific 
dataloggers, enabling technicians to entirely customize what gets measured, at what interval, and to 
perform on-board calculations. Most general users do not require nor desire this level of sophistication.  

There are many advantages to having a very simple and straightforward system. The main benefit, 
particularly when a network is widely distributed geographically, is that servicing does not necessarily 
require advanced skills and training. For example, most all-in-one devices consist of a single unit that is 
clamped to a pole. In contrast, a more complex station may require a trained technician to travel to the 
site with specialized tools and parts. This can be very expensive with the cost of time and travel rapidly 
surpassing the cost of the equipment itself.  
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Hardware Selection 
There are many types of monitoring equipment on the market. While a thorough review of all 
equipment types is well beyond the scope of this report, several options have been considered based on 
the following necessary criteria: 

• Economical: Must be cost effective to purchase and to maintain 
• Accurate: Must have minimum accuracy specifications 
• Sensors: Must have the appropriate sensors to run required models 
• Durability and longevity: Equipment must last for several years without needing replacement 
• Not overly technical: Installation, maintenance, and repair should require minimal staff training 
• Ease of setup: Ability to rapidly install a station without special equipment or supplies 
• Near real-time data: Station should transmit at least hourly to benefit from current observations 
• Integration: Must be able to integrate into existing networks like Farmwest or BC DAS 
• Small footprint: A compact station allows flexibility in siting and less risk of physical damage 

Davis Instruments Vantage Pro2/ROM Communications  
Based on the criteria considered and what has already been deployed and tested in the region, two 
types of equipment are recommended for new station deployments. These include the existing Davis 
Instruments Vantage Pro2/ROM Communications station and the newer METER ATMOS41/ZL6 all-in-
one device.  

The Davis/ROM station has been the preferred station of Farmwest, having been in operation for several 
years. Data from the Davis/ROM stations is already flowing into Farmwest, which makes integration 
seamless. The Vantage Pro2 station is extremely economical and includes reasonably accurate sensors. 
The longevity of these stations is proven to be surprisingly good, based on strong anecdotal evidence. 
The Vantage Pro2 has been in production since 2004, with some minor revisions over the years. Its 
predecessor, the VantagePro1 was first introduced in 1999. As Davis Instruments is a high-volume 
manufacturer, replacement parts are cheap and easily accessible through Davis Instruments or through 
any Davis reseller. The basic Davis Vantage Pro2 station does not come with a solar radiation sensor. 
This can be added to an existing station for approximately $249.  

There are some limitations to the Davis/ROM station. One is that the data costs are slightly higher than 
most other providers. Currently Farmwest pays $336 per year ($28/month) for data transfer that only 
occurs once per day. More frequent uploads would result in a higher cost. One of the advantages of the 
ROM Communications system is that in areas with marginal cellular coverage both satellite and internet 
options are available. Satellite connectivity comes at a higher price than cellular while internet is less.  

METER ATMOS41/ZL6  
The METER ATMOS41/ZL6 station is an all-in-one device that, within a single unit, monitors 12 weather 
variables, including air temperature, relative humidity, vapour pressure, barometric pressure, wind 
speed, gust, and direction, solar radiation, rainfall, and lightning strike distance. This innovative product 
leverages advances in monitoring technology, including an innovative rain collector, an ultrasonic wind 
sensor, and an integrated tilt sensor. These stations have the benefit of having no moving parts, which is 
expected to increase the unit’s longevity since there are theoretically no components that can physically 
“wear out”. Being extremely compact, any malfunctioning sensor or datalogger could potentially be 
addressed by sending a replacement unit to the landowner, who could replace the entire unit 
themselves, thus reducing travel time and related expenses.  
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The ATMOS41 has an integrated solar radiation sensor, which combined with other measured 
parameters, enables automatic calculation of reference evapotranspiration. The built-in tilt sensor can 
advise the network operator if the station has moved or is crooked. The METER ZL6 integrated 
datalogger and telemetry unit communicates via cellular modem and operate at extremely low power, 
using a small (9 cm x 4 cm) integrated solar panel and six replaceable rechargeable AA batteries.  

This device is being integrated into several prominent monitoring networks, including WSU’s AWN, 
WSU’s Decision Aid System (DAS), the Montana Mesonet, the Trans-African Hydro-Meteorological 
Observatory (TAHMO), and by Campbell Scientific Canada, rebranded as the ClimaVUE50. Extraction of 
measurements from the ZL6 is not complex, therefore integration of this system/data into various 
networks and platforms, including Farmwest, would likely be quite simple. 

One of the disadvantages of the METER ZL6 datalogger is that it currently only has cellular 
communications capabilities. While there would be no issue in areas with adequate cellular coverage, 
alternative communications options such as internet or satellite are not currently available. METER is 
working on a ZL6 radio data logger that will communicate through an ethernet gateway. This device is 
expected to be released sometime in 2020. Given that the ATMOS41 uses the standard SDI-12 sensor 
protocol, the sensor itself can be integrated with most other dataloggers/modems.  

The Davis/ROM and the METER solutions are comparable in price and reasonably affordable for a 
regional government, a commodity group, an agribusiness, or even a larger farm that could directly 
benefit from sight-specific weather information.  

 

       

 

Figure 21: Examples of the Davis/ROM station (left) and the METER ATMOS41/ZL6 (right) stations 
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Table 2:Comparison between Davis Instruments/ROM Communications and METER ATMOS41/ZL6 stations 

  
Davis Vantage Pro2/ 

ROM Communications 
METER ATMOS41/ 

ZL6 All-In-One 

Temperature a a 
Relative Humidity a a 
Vapour Pressure r a 
Wind Speed a a 
Wind Gust a a 
Wind Direction a a 
Rainfall a a 
Solar Radiation Additional Cost of $249* a 
Barometric Pressure a a 
Lightning Strikes r a 
Tilt r a 
Communication Options Cellular/Satellite/Internet Cellular 

Hardware Cost 
$2700  

($2950 w/solar radiation) 
 
 

($2950 w/solar radiation) 

$3240 

Annual Communication Cost (Cell) $336 $243 
*Prices converted from USD to CAD at 1.35 

 

  
 

Data Management Platform 
Weather stations alone do not provide enough value to meet most stakeholders’ requirements. 
Weather stations measure atmospheric variables and generate data – a great deal of data that takes 
time and effort to parse through and analyze. In many cases, users do not have the time, resources, or 
expertise to produce derivative products that will provide the necessary insight. A weather network 
without a proper platform to summarize, display, and communicate information would be of little use to 
stakeholders and would certainly fall short of its potential. 

An intuitive user interface is equally as important - one that presents the necessary information in a 
clear and succinct manner and that optimizes user-experience. If a given derivative is deemed time 
sensitive and requires a certain action, a prompt will ideally come as a well-timed push-type alert 
through SMS or email or as a notification on a mobile application.  

In the context of this report, “platform” refers to one or more of the systems that handles all aspects of 
data management from ingestion of raw data from weather stations (or a feed from external partners), 
data quality control (QC), storage, computation of models and decision support tools through to a 
web/mobile portal that enables users to view and query the weather data and derived products. The 
weather data and the decision support tools should be on the same platform so that when a grower 
goes to the portal to view their weather data, they can also access any crop-related tools. Having to 
navigate to more than one place for weather-related information is not an ideal user-experience.  
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The following section describes some of the necessary elements of a weather data and decision support 
platform. This description does not delve into system architecture, database structures, or software 
development, but rather, is intended to make a case for including these vital components. 

Quality Control 
Weather stations will inevitably experience certain types of malfunctions at some point. These could 
include battery discharge, telemetry interruptions, sensor failure, or physical damage. As measurements 
move from where they are being collected at the weather station into the hands of the user, the raw 
data must get checked for timeliness, completeness, and correctness. Data errors are unavoidable. How 
these errors are handled will have great impact on model accuracy, user confidence, and overall user-
experience.  

A network operator must monitor the stations to detect such issues. An effective quality control (QC) 
will identify missing, erroneous, and suspect data and in most cases, depending on the application, will 
replace incorrect/missing values with a reasonable approximation and provide an audit trail to track 
such occurrences. Perhaps the most important aspect of a QC system is to alert the network operator of 
potential errors. The sooner an error is detected and addressed; the sooner accurate data can be 
restored.  

A data QC system is a crucial component of any weather data management platform that should not be 
overlooked. A network that does not have a QC system risks disseminating incorrect data and inaccurate 
model output, causing an erosion of trust in the network itself. Even a slight sensor bias can have effects 
that get compounded if not detected and corrected. A minor bias in temperature may not be significant 
from day to day, but over the course of several weeks or a full growing season, can result in significant 
differences in total growing degree days. This can result in recommendations for a certain management 
activity being issued several days early or several days late. Whether the sensor is reporting too warm or 
too cold, too wet or too dry, these incorrect values will artificially influence the model output, 
potentially resulting in false recommendations to the end-user. Any such errors erode confidence in the 
system and could presumably cost the producer money if they act on these recommendations.   

When a station goes offline, meaning that it ceases to communicate due to network failure, low battery, 
or physical damage, a data gap will often result. A brief data gap, say of one hour, may not have a 
significant effect on daily maximum and minimum temperatures and daily rainfall. Most indices will 
continue to calculate relatively unaffected. However, a data gap of several hours or days can have many 
adverse effects depending on how it gets handled by the system. A platform with minimum or no error 
handling capacity may continue to calculate the various indices even with certain data missing. This can 
result in a curtailment in the accumulation of growing degree days or rainfall, or it may cause decision 
support tools to stop functioning. A user is either provided with inaccurate model output or no model 
output altogether.  

Identifying suspect data is not always straightforward but depends on the nature of the error. Very 
inaccurate data is the easiest to catch – a summer temperature value of -40°C or a one-day rainfall 
amount of 500 mm. Generally, simple coarse filters can be applied that ensure values are within the 
realistic range. These values should get flagged and prevented from being used in any output or analysis. 

After removing values that are not possible, the next level of QC generally searches for values that are 
implausible – physically possible, but unlikely given the location or time of year. For example, a 
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temperature value of +25°C is likely to occur in July, but implausible in January. Such values would get 
flagged. Depending on the severity of the flag and the nature of the QC system, these readings may get 
held-back or released accompanied by a certain caveat. 

There are countless other checks that may be performed. Step changes detect sudden changes in a 
parameter from one record to the next. For example, if air temperature rises or falls by more than 10°C 
in one hour then a flag is raised. Spatial checks and various types of buddy checks are used to compare 
nearby stations to one another. If one station exhibits behaviour that is quite different from 
neighbouring stations, a flag is raised. Background checks may compare station values to those that are 
expected from modelled output. And more recently, machine learning techniques are being used to 
detect subtle anomalies that are the most difficult to detect. These generally include sensors that have 
“drifted” and are only slightly inaccurate. While such errors can often be averted with proper field 
maintenance, they still occur.   

Building such a system is not an insignificant task. It requires proper system architecture, programming 
expertise, and an iterative approach that must strike a balance between being sensitive enough to 
detect minor issues, but not so sensitive as to be overrun with false positives. Managing such a system 
takes time and resources. This system must be monitored daily, particularly during key periods and 
adequate resources need to be allocated. 

Pacific Climate Impacts Consortium (PCIC) is in the process of building a data QC system that will be 
applied to historical CRMP datasets. While not in real-time, this system assesses the weather data for 
quality and identifies any readings that are suspect. A benefit of this work is that all datasets will be 
subjected to the same filters and checks. Ideally, PCIC’s system could operate somewhat more real-time; 
however, their existing systems are not set up to provide fully operational tools. There is also a question 
of whether near-real-time QC falls within the mandate of PCIC. 

Decision Support 
Tools and indices that are derived from quality weather data will help users to more effectively manage 
their operations. Some of the common weather derivatives include heat unit accumulations to predict 
crop and insect growth stages, chill units to track winter dormancy, insect and disease risk models, spray 
advisories, irrigation support, and frost alerts. For forage producers, recommendations on harvest 
timing, relative feed value, and hay dry-down can be helpful. For various levels of government, flood 
forecasts, drought severity, and monitoring of severe weather can assist to allocate resources.  

Incorporating forecasts provides an element of prediction whereby models can run into the future to 
simulate conditions that are probable to occur. Knowing that the risk of a certain pest is likely to 
increase within the coming days can help a producer be more proactive in managing their operations. 
Climate information - weather data that has been collected over an extended period, can help with 
planning throughout the growing season. For example, knowledge of average frost dates, heat unit 
accumulation, and expected rainfall can help estimate stages and yield. Climate data can also help 
determine whether a crop is likely to survive and succeed in a new area.  

For tree fruit growers, decision support tools are extremely valuable, enabling them to target a certain 
pest at the right stage. For cherry growers, the main pests of concern include cherry fruit fly, 
obliquebanded leafroller, and cherry mildew. In apples, codling moth, scab and fireblight are issues that 
are of concern. Models to help manage these pests are offered through the BC Decision Aid System (BC 
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DAS), which is currently not available in the Kootenay & Boundary region. This system is discussed in 
more detail later in this document.  

Decision support tools are based on models that require a certain amount of data management and 
manipulation. These tools are often specific to a geographic area as they must represent the appropriate 
crops, varieties, pests, and management practices. Certain pests may behave differently based on 
climate and host. Models are often based on specific research and data that has been collected from a 
given area over a certain period. Over time, several factors can lead to a model becoming less accurate 
or obsolete. For example, new crop varieties with varying susceptibility or resistance to pests might have 
never been tested. Variability in weather may cause crops or organisms to behave differently than was 
observed under original conditions. Climate change may have enabled survival or migration of pests, 
pathogens, or beneficial parasites that may not have previously been present. All these factors can 
degrade model accuracy, thus the usefulness and reliability of the recommendations that are based on 
the model output. For these reasons, models need to be regionally calibrated and must undergo regular 
validation. 

User Interface 
Even the most accurate data and models are of little value unless they have an intuitive user-interface. 
Visualizations, including maps, graphs, and charts can help to communicate complex information to the 
user. Overly complex output can be confusing and fails to convey the necessary information. A poor or 
“clunky” user interface can imply that the data is of questionable quality.  

Full weather platforms require significant resources to build and maintain. Resources that are often 
beyond what may be feasible for a single commodity group or region. How a weather platform gets 
implemented generally comes down to one main decision – to build or buy. Some factors to consider 
include budgets, available resources, timelines, and whether something already exists. Certain 
components of weather platforms are somewhat universal and generally not specific to a certain area. 
Some of these components include the following: 

• Must be user friendly so that users of varying technical aptitudes can use these tools 
• Must be mobile enabled – either a mobile application or responsive web design 
• Must have a dashboard that contains most relevant information at-a-glance 
• Must have historical data lookup for users to query past weather 
• Should have near-real-time data to view current conditions (at least hourly) 
• Must have decision support tools 

o General tools (frost, rain, GDD, alerts…) 
o Specific (insect models, disease risk, irrigation…) 

• Must have data quality control. Ideally have gap filling and replacement of bad values.   
• Must include station metadata (information about the stations) 
• Must be cost effective to build, maintain, and manage 
• Capacity for individuals/groups to purchase their own stations and contribute data  

A good data management platform is vital for any weather network. In addition to providing value to 
existing stakeholders, it is an effective mechanism to attract and engage new partners – local 
governments, commodity groups, agribusiness, and individual producers who may themselves be willing 
to invest in weather monitoring but may not have the expertise or resources to build and operate their 
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own platform. Being able to view and extract value from their weather information through a common 
user-friendly platform can provide incentive to share data, thus building the network.  

Existing Platforms 
Within BC, there are some platforms that have been developed and are being used to various extents. 
The following section describes some of these platforms: 

Farmwest 
Farmwest provides a set of tools that are publicly available on farmwest.com, including degree day and 
pest degree day calculators, corn heat units, evapotranspiration estimates, a T-Sum calculator for 
nitrogen management, and a manure application tool. These tools are based on past data, updated once 
per day. Forecast values are provided for each weather station location by ECCC’s regional forecasts. 
Since many of the stations are owned by other agencies and private companies, the actual numerical 
weather data cannot be viewed or downloaded. The platform does not provide any sort of near-real-
current conditions or tools that can be used operationally (e.g.: current temperature, wind speed…). 

Farmwest does not have an automated QC process. Thus, certain incorrect measurements can make 
their way into the dataset if not manually detected. Any missing weather values that do not get filled 
can introduce errors, particularly within certain cumulative indices like growing degree days.  

Some feedback across the region and other parts of BC has suggested that Farmwest is not widely used 
among agricultural producers. While it offers an assortment of tools, comments about relevance and 
user-friendliness have been expressed. Farmwest is in the process of being updated to a WordPress 
platform, which is expected to improve the functionality and overall user-experience of the site.  

Despite known limitations that need to be addressed, Farmwest is an excellent and worthwhile concept 
that the industry should embrace and support. Having a single provincial platform that caters to all 
agricultural users is the most efficient use of scarce resources. Providing a system to which agricultural 
stakeholders can contribute and share and gain value from their data, would offer great benefit to the 
industry as whole. Pooling resources, including expertise and some of the data-handling infrastructure 
would assist regions and groups that would otherwise be unable to establish their own weather 
platforms.  

A commitment and dedication from Farmwest to fill this role would be necessary. Tools and 
functionality of the site will need to be improved based on stakeholder input. Adequate and long-term 
funding commitments from the provincial and federal governments, combined with buy-in from regional 
groups, would enable Farmwest to become a valuable and essential tool for agricultural producers in BC.   
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Figure 22: Farmwest weather station map 
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Figure 23: An example of the Growing Degree Day calculator on Farmwest.com 
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BC Decision Aid System (BC DAS) 
The BC Decision Aid System (BC DAS) assists the tree fruit industry in the Okanagan Valley with pest 
management by providing weather-based decision support tools. The BC system was adapted from the 
Washington State University (WSU) Decision Aid System (DAS) and is operated by WSU.  

To run the DAS, WSU imports weather data from ECCC and Growers Supply weather stations in the 
Okanagan Valley. The system provides insect and disease predictions along with management and 
pesticide recommendations that are integrated with the BC Tree Fruit Production Guide.23 

The weather data undergoes comprehensive QC that identifies suspect readings, alerts network 
operators, and fills gaps and replaces bad values with values that are estimated from nearby stations. 
Any invalid data is corrected prior to calculating model results. The system uses custom algorithms that 
detect excessive temperature changes between successive readings, sensor errors, and temperatures 
that are unseasonable. The system also compares values to those of Daymet Daily Surface Weather and 
Climatological Summaries 24 and the DarkSky25 forecast. If temperature values are found to be beyond a 
certain threshold, they get replaced with the average of two backup stations. 

The adoption and development of the BC DAS was co-funded through the BC Agriculture & Food Climate 
Action Initiative’s (CAI) Regional Adaptation Program and is being administered and funded by the 
Okanagan Sterile Insect Release Program (OK SIR) in partnership with various industry groups and the 
provincial government. OK SIR’s mandate and funding model does not allow it to offer BC DAS outside of 
the Okanagan Valley.   

Tree fruit producers in Creston and Grand Forks have expressed interest in extending the BC DAS to 
their region. OK SIR’s original agreement with WSU expires after the 2020 growing season, at which 
point, it will need to be renegotiated. The tree fruit growers in the Kootenay & Boundary region are 
advised to work with OK SIR and the Okanagan growers as they make plans for 2021, specifically, to 
investigate what would be required to extend the coverage of BC DAS to include some locations in the 
Creston Valley and possibly Grand Forks.  

BC Peace Agri Weather Network 
In 2014, working with the CAI’s Regional Adaption Program, agricultural organizations in BC’s Peace 
region initiated a project to increase the availability of agriculturally relevant weather data.26 With 
support from several internal and external stakeholders, the region went on to expand its weather 
monitoring network to 20 stations and develop its own weather platform27. The Peace Agri Weather 
Network provides current weather conditions, an ECCC regional forecast for each weather station 
location, access to daily and hourly historical data, and some derivatives, including growing degree days, 
fusarium head blight risk for wheat, and a wheat midge emergence forecast.  

The Peace region has secured additional funding to invest further in this program through 2020 and 
2021. Enhancements will include network upgrades, improved forecasting, and adding more decision 
support tools. Given that this system is operational and continues to improve, a viable option may be for 
other regions to partner with the Peace region to leverage and expand on what has already been built. 
Potentially, the Peace Agri Network could be rebranded and adapted to meet the specific agricultural 
requirements of another region (ie: Kootenay & Boundary Agri Network).  
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Figure 24: BC Peace Agri Weather Network website showing current conditions 

Commercial Options 
Another option for implementing a data management platform would be to leverage off-the-shelf 
systems. For meteorological time series data, most organizations have built their own custom solutions, 
therefore, there are not many pre-built systems available. AQUARIUS Time-Series28 is a platform for 
managing water resources, including meteorological data. This platform allows administrators to quality 
control and correct data, derive statistics, and report results to users in real-time using the optional 
WebPortal. WISKI (Water Information Systems KISTERS)29 is a commercial data management platform 
that integrates application modules with statistical, data analysis, modeling and visualization features.  

Lightship30 is not so much off-the-shelf, but develops customized workflow and automation software 
that handles time-series data streams including capture, analysis, and visualization. The company 
developed a proof-of-concept to provide an interface that shows real-time information and trends from 
weather data that is being sent from Climate Related Monitoring Program (CRMP) partners to the ECCC 
Datamart.  Lightship products are currently used by several regional districts to assist with water 
management.  

AQUARIUS, WISKI, and Lightship include the tools necessary for managing large time-series datasets, 
maintaining metadata, and serving information to end-users. The main advantage to these systems is 
that they are very close to being ready for deployment. These platforms tend to be expensive, though in 
comparison to building, hosting, and maintaining a system internally, the costs may be comparable. If 
multiple stakeholders, such as regional districts or agricultural groups were willing to partner, such 
solutions could be viable and provide great functionality and value. This option should be considered in 
the future as some of the regional networks become more established and as collaborations are 
explored.  
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Platform Recommendations 
Agriculture in BC needs a Farmwest-like service – a consolidated weather platform that can serve most 
of its agricultural stakeholders. Like how some other provinces and states have official weather 
programs that cater to their agricultural users, it is the author’s opinion that Farmwest would be best 
suited to fill this role. Exploring the opportunities to build on and enhance Farmwest is the most logical 
initial option for producers in the Kootenay & Boundary region, as working with an established platform 
will allow for time and cost efficiencies. There are also no disadvantages to participating in Farmwest as 
the minimum commitment is to contribute data.   

However, Farmwest does need the resources necessary to address certain shortcomings. To promote 
uptake and to provide valuable services to producers, an agricultural weather platform should have 
near-real-time data, adequate QC, relevant decision support tools, localized forecasts, and an intuitive 
user-interface. Implementing these improvements combined with the costs associated with expanding 
and maintaining a physical monitoring network requires adequate and committed funding.  

A commitment to work with Farmwest, to contribute weather data to Farmwest, and to advocate for 
specific tools and functionality would contribute to the long-term success of this program. Active 
engagement with Farmwest, including promotion of regional representation would ensure that the 
Kootenay & Boundary region benefits from this system.  

Unfortunately, the long-term direction of Farmwest is beyond the control of Kootenay & Boundary 
region’s agricultural stakeholders, which presents uncertainty. Without increased and sustained support 
from governments and stakeholders, Farmwest would be unlikely to fulfill the needs of agricultural 
producers and will struggle to acquire the necessary uptake.  

As a next step – possibly in parallel, stakeholders within the Kootenay & Boundary region should 
investigate the approach taken by partners who are involved in the BC Peace Agri Weather Network - to 
establish and maintain a customized solution, possibly by leveraging work that has been done and work 
that continues. By partnering with other regions, resources can be pooled while still allowing region-
specific branding, content, and tools. This regional customization to meet the specific needs of the 
Kootenay & Boundary region’s producers is likely to be more difficult on a province-wide platform like 
Farmwest, particularly given that agriculture is more prominent in other regions. Those regions are likely 
to receive more focus. 

Initially, neither of these options will provide the specialized tools that are required by tree fruit 
growers. These growers in Creston Valley and possibly Grand Forks are advised to work with OK SIR to 
expand BC DAS coverage into these areas. BC DAS fills a specific role and offers tools that are specialized 
to the industry. This will require further investigation as the overall feasibility will need to be evaluated.  

Addressing the Gaps 
Moving forward, there are several initiatives that will enhance the weather-related capabilities in the 
Kootenay & Boundary region. The following section outlines some areas to address and opportunities 
that should be pursued to move this strategy forward. 

Funding 
Weather networks and data management platforms are expensive to establish and operate. Long-term 
funding commitments are essential to ensure that a network is adequately managed and maintained. An 
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agricultural weather program in BC needs to be supported as has been done in other provinces like 
Alberta, Manitoba, and Quebec.  

The BC Ministry of Agriculture has allocated some funding to establish new weather stations across the 
province, including the recently added Farmwest station in Grand Forks. The Ministry has suggested that 
additional stations may be installed in the Kootenay & Boundary region through this initiative, although 
funding is limited. 

Establishing and maintaining partnerships requires time and travel to meet with stakeholders and define 
requirements. The CAI has delivered some of this necessary funding and continues to be committed to 
building agricultural capacity and resiliency in BC.  

There are various other sources of funding available. At the farm-scale, the Canada-British Columbia 
Environmental Farm Plan (EFP) program provides Beneficial Management Practices (BMP) cost-share 
funding to eligible producers to establish weather stations on their farms. To qualify for this incentive, 
weather stations must be connected to Farmwest.com or a similar web network to share data openly 
with the agriculture sector. The station must be in an area of the farm that is not directly impacted by 
farm operations.  

Emergency Managers from the regional districts recognize the importance of enhanced weather 
monitoring, but are often unable to provide ongoing financial support for such initiatives. However, 
when a state of emergency is declared, various funding sources are made available. A recommendation 
is to collaborate with the regional districts’ emergency managers to devise a means of funding weather 
monitoring operations during times when budgets allow.  

Operation and Maintenance 
The Kootenay & Boundary region is large, with agricultural land that is highly dispersed. Should weather 
stations be established across the region, costs and logistics must be considered. Travel across the 
region can take as much as eight hours one-way, potentially resulting in a service visit requiring two 
days, which would incur significant cost. Centralized servicing and maintenance would not be feasible.  

Travel between stations needs to be minimized. Rather than having centrally located technicians, 
regional personnel or station-owners should be trained to have basic troubleshooting and repair skills. 
Field staff from the regional districts or students from local colleges could also be trained to maintain 
stations in their local areas. Simpler equipment would require minimal training and fewer specialized 
parts and tools. This would save money and enable more frequent station visits for preventative 
maintenance which can help catch any issues sooner.  

Training 
Although online tools should be designed and built to be intuitive and easy to use, training and 
extension remains necessary - particularly given the wide range the technical savviness that is typical 
amongst farmers. Necessary activities include promoting the program, helping those with technical 
difficulties, and assisting with interpreting the information that is supplied. The Kootenay and Boundary 
Farm Advisors (KBFA) have established themselves as a trusted source of agronomic knowledge, 
providing science-based farm management information to producers. The KBFA has expressed a keen 
interest in promoting and supporting a weather program and would be the most suitable group to fill 
this important role. 
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Collaborative Approach  
The Kootenay & Boundary region is not considered one of the major agricultural producing areas of the 
province. However, agriculture is an important economic driver, contributing to employment and food 
security, and sustainability. Most successful weather networks have had an organization that has led the 
way and has promoted good communications between partner organizations. Collaboration between 
internal stakeholders, such as producer groups and the regional districts will help advance agricultural 
weather-related activities in the region. Partnering with external stakeholders will help to leverage 
resources and expertise. The following groups should be actively engaged to continue to build capacity 
within the region.  

• BC Agriculture & Food Climate Action Initiative (CAI): CAI has been working closely with the 
regions’ producers and agricultural stakeholders to identify and initiate adaptation strategies 
that are providing a multitude of direct benefits to producers and the industry. CAI will continue 
to play a critical role in coordinating and implementing improvements to the region’s 
agricultural weather capabilities and in aligning regional and provincial strategies.  

• BC Agricultural Climate Adaptation Research Network (ACARN): ACARN provides coordination of 
researchers, industry, policymakers, and producers. This is accomplished by promoting research 
and interdisciplinary projects. Members have been actively engaged in promoting improved 
access to weather data and tools. ACARN will be a great asset in the expansion of weather-
related knowledge and activities in BC, providing leadership and guidance to the regions’ 
stakeholders.  

• Pacific Climate Impacts Consortium (PCIC): PCIC provides a wealth of climate-related expertise 
and resources within the Pacific and Yukon regions, including climate change projections, 
analyses of impacts, as well as a portal for sharing of climate data. PCIC can provide leadership, 
knowledge, and operational capacity towards establishing improved weather data QC and data 
dissemination. 

• Agricultural Groups: There are several regional and provincial agricultural groups that will be 
engaged in this initiative. These groups provide necessary communications to their membership 
and can help establish priorities by relaying the needs of their members.  

• BC Ministry of Agriculture (AGRI): AGRI has been at the forefront of agricultural weather 
monitoring initiatives in the province through Farmwest and as a member of the CRMP. The 
Kootenay & Boundary region is encouraged to continue close collaboration with the Province as 
the weather program develops.  

• Agriculture and Agri-Food Canada (AAFC): AAFC scientists are actively engaged in researching 
and developing models and tools that can benefit agricultural production. A weather platform 
can help AAFC evaluate and deliver these tools. The research priorities of AAFC should be closely 
aligned with the agricultural needs of the regions.  

• Climate Related Monitoring Program (CRMP): The CRMP is establishing monitoring guidelines 
and standards that will benefit all network operators in the province. Either directly or through a 
representative (such as the Ministry of Agriculture), the region should work closely with the 
CRMP as its monitoring capabilities develop.  

• Environment and Climate Change Canada (ECCC): ECCC has been actively developing its Network 
of Networks (NoN) initiative. While this strategy will align closely with the activities of the CRMP, 
the region should continue to be aware of any developments that may benefit network 
operators.  
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Weather Forecast 
One of the key actions identified in the Regional Adaptation Strategies31 was to provide improved 
(localized) weather forecasting information. For agricultural producers, accurate weather forecasts can 
translate into actionable information that can save time and money. For example, a detailed 
temperature and rainfall prediction can ensure efficacy of a spray treatment. Accurate wind forecasts 
will advise applicators of appropriate time windows for spraying to avoid potential off-target drift. 
Knowing that severe weather is imminent can advise managers to complete or delay harvest. An 
accurate frost forecast will help fruit and vegetable growers take the appropriate precautions. 
Conversely, an inaccurate weather forecast can cause undue stress, wasted resources, and could result 
in treatments that are ineffective and potentially harmful to the environment. 

Forecast Regions 
ECCC’s public forecasts are issued by forecast region. These regions have been delineated largely based 
on civic and municipal boundaries, population patterns, and natural features such as terrain, 
climatology, and land cover. These regions are large (Figure 25). For example, Arrow Lakes – Slocan 
Lakes, the largest forecast region is over 14,000 km2, spanning over 150 km from north to south. The 
second largest, Kootenay Lake, is over 10,500 km2, spanning from the international border to well north 
of Kootenay Lake - a distance of 195 km.  

Clearly, regional forecasts that cover such massive and heterogeneous areas do not provide any sort of 
spatial detail that can be used for local decision making. Thus, the ECCC forecast, while applicable on a 
very broad scale, provides little benefit to an agricultural producer who is looking for more granular 
information, such as forecast conditions near their farm.  

Despite ECCC’s forecast being very regional, the numerical weather prediction (NWP) models that 
inform these forecasts produce predictions at various resolutions, often much finer than what the 
forecast regions offer. All weather forecasts are generated from large scale general circulation models 
(GCM) that simulate the many complex interactions within the earth’s land, oceans, and atmosphere. 
These models run several times per day, incorporating the latest surface and upper air observations, 
radar, and satellite data.  

Figure 25: Environment and Climate Change Canada Forecast Regions in Southeastern BC 
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The output from a GCM is generally presented across a region as a series of evenly spaced grid-cells that 
each have specific values. The resolution of these grid cells varies depending on the model, its area of 
coverage, temporal resolution, and forecast range. For example, ECCC’s High-Resolution Deterministic 
Prediction System (HRDPS) produces a 48-hour forecast at a 2.5 km resolution across the northern part 
of North America. While ECCC’s Global Ensemble Prediction System (GEPS) produces a 16-day forecast 
at a 0.5° resolution (roughly 50 km) across the globe. Comparing the model resolution to the ECCC 
forecast regions, Arrow Lakes – Slocan Lakes would contain six or seven grid points from the GEPS 
Ensemble and over 2,200 grid points from the HRDPS.  

A regional forecast tends to sacrifice a great deal of resolution that is valuable for local applications. But 
resolution is certainly not an indicator of accuracy. A forecast can be just as wrong at a fine resolution as 
it can be at a regional or coarse resolution. However, a finer grid is expected to incorporate local 
features that influence the weather, thus providing a better representation of the true conditions.  

Forecast Providers 
At one time, issuing of forecasts was only done by government organizations. More recently, 
commercial entities have joined the weather forecast business, developing their own models and sector-
specific products, including applications for insurance, trading, shipping, aviation, energy, and 
agriculture. For example, IBM, who acquired The Weather Company in 2016, has recently unveiled the 
IBM Global High-Resolution Forecasting System (GRAF). This model updates hourly at a 3km resolution 
across the globe, producing up to 5-minute forecasts.  

An objective evaluation of the performance of each forecast is helpful as many forecasts claim to be the 
most accurate. In the United States, ForecastAdvisor by ForecastWatch compares many of the public 
forecasts and provides a skill rating on the accuracy of each forecast element, including high and low 
temperatures and precipitation. Forecast skill is a rating of how much better a forecast performs over 
pure chance or an “unskilled” forecast such as persistence. Persistence is a method that predicts the 
one- to three-day-out conditions to be exactly like those of the current day.  

The ForecastAdvisor tool is not readily accessible for Canadian cities, but given that the Kootenay & 
Boundary region borders the United States, three of the nearest US cities were evaluated. For Columbia 
Falls, MT, Spokane, WA, and Omak, WA, the one- to three-day out forecast accuracy for high 
temperature, low temperature, icon forecast precipitation, and text forecast precipitation for the past 
year is presented. The following is a breakdown of those rankings, showing the top seven contenders 
compared with the relative “skill” of persistence (Table 3): 

Table 3: Comparison of forecast accuracy among some of the main US providers (Source: ForecastAdvisor) 

Forecast Provider Columbia Falls, MT Spokane, WA Omak, WA Average Skill 
The Weather Channel* 70.5% 83.1% 79.8% 77.8% 
Weather Underground* 67.6% 80.0% 77.4% 75.0% 
AccuWeather 68.9% 79.5% 76.4% 74.9% 
Foreca 67.1% 78.3% 75.3% 73.6% 
MeteoGroup 64.8% 75.4% 77.1% 72.4% 
NWS Digital Forecast 65.4% 76.1% 71.8% 71.1% 
Dark Sky 64.7% 75.3% 72.6% 70.1% 
Persistence 43.9% 49.4% 53.0% 48.8% 
* The Weather Channel and Weather Underground are owned by IBM 
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Of the providers listed in Table 3, The Weather Channel, Weather Underground, AccuWeather, Foreca, 
and DarkSky offer free forecasts on their respective websites or mobile apps and they include coverage 
within Canada. Additional forecasts that were not included in the comparison, but are generally rated 
high, include MeteoBlue and Pelmorex (The Weather Network). National Weather Service (NWS) Digital 
Forecast is only available in the United States. Worth noting is that several commercial forecasts rank 
higher than the official US national forecast.  

While the forecasts mentioned above can be accessed directly through the various providers, one of 
these should ultimately be incorporated into the agricultural weather platform. This would bring the 
benefit of being able to access past, current, and predicted weather on a single website. More 
importantly, an accurate forecast enables agronomic models to calculate forward in time, thus providing 
more forewarning of field conditions that may require action.   

Nearly all forecast providers are equipped to provide their forecasts programmatically through an 
application programming interface (API). When an automated request is made to one of these 
providers’ API endpoints, the remote server will return a message that contains the desired forecast – 
likely in a JSON format that can easily be integrated into calculations or a website’s user-interface. These 
types of interactions occur seamlessly and are used for every web page on the internet. Of the forecast 
providers listed above, only Dark Sky is no longer accepting API subscriptions having been recently 
acquired by Apple.  

Currently, Farmwest incorporates the ECCC forecast which does not adequately represent local 
requirements, primarily due it being so regional in scale. For example, upon checking the forecasts for 
various weather stations on Farmwest.com, the five-day forecast for Grand Forks, Warfield, and Nelson 
were shown to be identical, despite having completely different weather patterns (Grand Forks and 
Nelson shown in Figure 26).   

It is strongly recommended that Farmwest, or any other weather platform that gets developed consider 
incorporating a gridded forecast, such as one of the forecasts that are listed above. This would greatly 

Figure 26: Daily weather forecasts for Grand Forks and Nelson on farmwest.com. 
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improve the spatial resolution at which any recommendations or advisories could be issued. Detailed 
requirements will need to be brought to the forecast providers to establish pricing.  

Multiple Opinions 
Those who rely heavily on the weather will often consult more than one forecast source by visiting 
several websites or mobile apps. This is an effective strategy for gauging the level of certainty in future 
conditions. Close agreement between several forecasts would suggest that the outcome is likely to 
occur – that the models agree. A wide range of forecast outcomes would suggest a high degree of 
uncertainty, resulting in higher risk that conditions will not be as expected. Such information can inform 
a user to use greater caution for certain weather-dependant activities and to check the forecast more 
frequently as it is more likely to change rapidly. 

There are tools that help users compare forecasts. Meteoblue32 provides a standard deterministic 
forecast that provides the most-probable conditions for the future. But for the analytical user, there is 
also a Multi-Model and Multi-Model Ensemble feature that compares output from several different 
NWP models, providing a level of certainty for predicted temperature, precipitation, cloud cover, and 
wind speed and direction (Figure 27).   

 

Figure 27: Meteoblue Multi-model ensemble output for Creston 

Another website called SpotWX33 offers a tool, free of charge (by donation), that downloads and parses 
ten common NWP model outputs along with some station and area forecasts. The user can visualize the 
various model grids and view individual forecasts from each model (Figure 28). The outputs from each 
forecast can then be compared for consistency and accuracy (Figure 29). 
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Figure 29: SpotWX chart showing the HRDPS Continental model output 

 
Weather Stations and Forecasts 
There is a common belief that more weather stations will improve the forecast - this is partly true. NWP 
models rely on surface observations to set their initial conditions, the starting point from which to 
simulate into the future. These observations come from a global network of weather stations, including 
many of the ECCC network stations. For some of the very data-sparse regions, adding weather stations 
could improve the forecast. Though observations from non-ECCC stations are unlikely to make their way 
into any of the forecast models. 

Measurements from weather stations also get used to validate forecasts. When the many different NWP 
outputs and forecasts are compared to actual measured values, the performance can be used to either 
improve the forecasts or to weight the more accurate outputs more heavily than those that tend to not 
perform as well. Like the inputs for the initial conditions of these models, observations from non-ECCC 
stations are unlikely be part of this assessment. 

  

Figure 28: SpotWX map showing output grids from the various numerical models 
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The Path Forward and Summary of Recommendations 
There are several actions that will help the Kootenay & Boundary region advance its goal of expanding 
availability of weather station data and decision support tools for agriculture. The following is a 
summary of the key recommendations that have been presented in this report: 

• BC has made tremendous progress in aligning its various weather purveyors through initiatives 
like the CRMP. The province also contains strong collaborations like CAI, ACARN, and PCIC, 
which continue to leverage available resources and align expertise. Continued engagement with 
these organizations will be critical. 

• The region should implement a tiered weather monitoring approach based on regional and local 
monitoring needs. Regional stations represent the larger area and provide general tools for 
producers and governments. Local stations are intended to monitor conditions on the farm or 
within the actual field, providing direct benefit to growers.  

• Twelve key locations have been identified and ranked in order of priority to improve the 
regional weather monitoring of agricultural land. A total of 13 new stations would provide 
adequate coverage for 99% of farmland in the Kootenay & Boundary region.  

• The Creston Valley would benefit from improved local monitoring to better serve its tree fruit 
growers. Three priority areas have been identified around Creston. Growers in this region 
should align with OK SIR and work to implement BC DAS for on-farm use. 

• A higher density of moderately priced weather stations, if adequately maintained, can provide 
greater value than a sparse network of high-end, high-cost stations. Two types of weather 
stations have been recommended, the Davis Vantage Pro2/ROM Communications station and 
the METER ATMOS41/ZL6 all-in-one station. Both are comparably priced and are well-suited for 
regional and local monitoring. Stations should measure temperature, relative humidity, wind 
speed, wind direction, and solar radiation. Leaf wetness sensors are recommended for areas 
that would rely on disease risk models. 

• As the Kootenay & Boundary region develops its weather monitoring capabilities, a near-term 
strategy for having a platform is to tie in with Farmwest for a basic set of tools. Depending on 
how Farmwest develops and its level of funding, the region should consider collaborating with 
other regions to build a more customized platform.  

• Growers are encouraged to consult some of the localized forecasts that are publicly available, 
including tools that can help compare forecasts. Farmwest and other weather platforms should 
consider integrating a forecast that is less regional to better represent users’ local conditions.  
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