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EXECUTIVE SUMMARY

Climate variability or change is increasingly being recognized as an important social, economic and environmental

concern in BC.  Adequate climate and hydrometric information is critical to proper engineering design of infrastructure,

effective natural resource management and informed land use planning.  Climate change is making it both more

difficu lt and more critical to collect adequate observational information.  Federal and provincia l fiscal restraint is,

however, leading to a reduction in the availability of the climate-related data which are necessary to detect future

changes in the climate of BC or to adapt to these changes.  The present report was therefore requested to document

the present status of the major data collection networks in BC and to assess the adequacy of these programs.  This

work was undertaken for each of the 29 hydrologic zones which have been identified in the province.

The results of this analys is indicate that the climate and stream gauging (hydrometric) networks are substantially

smaller than even the most lenient criteria developed by the World Meteorological Organization.  The number of

climate and sediment discharge stations are #10% of these criteria.  Including the seasonal climate networks

operated by the MOF and MOT still results in a network which is <20% of the WMO recommendation.  Evaporation

and hydrometric networks are comparably closer to the WMO standard (37% and 14 to 48%, respectively) while snow

course densities are the closest to being in compliance (48 to 72%).  On a regional basis, 25 of 29 hydrologic zones

have climate station densities which are less than 25% of the WMO’s minimum criterion and 17 zones have less than

25% of the WMO’s most lenient station density criterion for at least three climate-related parameters.  Deficiencies

are particularly common in remote or high elevation sites or in small watersheds.

Verification of global or regional climate models to assess local impacts of climate change will require determining

average temperature and precipitation values in areas as small as 2,000 km², as well as downscaling model results

to site-specific locations.  Interviews with model developers indicate this will require climate station densities of

approximately 1 station per 200 km².  This criterion is not met in any of the 29 hydrologic zones and 19 zones have

station densities which are #10% of this criterion.

Measures to improve the availability of climate-related data w ill require immediate action to mitigate the impact of

recent and proposed downsizing of both the climate and hydrometric networks.  Various methods are proposed to

increase the utility of the present networks and take advantage of on-going developments in technology.  Specific

recommendations include:

i) Upgrading the present climate-related data collection network in 11 representative areas of the

province to allow the calibration or verification of regional climate models;

ii) Preserving or upgrading climate and hydrometric monitoring stations with >30 to 50 years of

data as these site are required to detect future regional changes in climate;

iii) Undertaking environmental effects or multi-parameter monitoring in representative pristine and

experimental watersheds to determine how climate variability affects watershed level processes.

This will provide information necessary to understand or adapt to the effects of future climate

variability or change as well as meet Canada’s commitments to the United Nations Framework

Convention on Climate Change;  and

iv) Expanding the ava ilability of climate-related data for engineering design and natura l resource

management or allocation as funding becomes available.

Measures to facilitate the use of satellite or remote sensing technology and to ensure that data from all climate-

related networks are collected to recognized standards and permanently stored in an accessible manner are also

recommended.

Substantial efforts have recently been made to improve the availability of climate-related data and this information

is being used for an increasing variety of operational, engineering, research and management activities.  It is there-

fore important that the value of the existing network be recognized, that measures be taken to adequately fund the

existing networks and that modernization or expansion of the networks be undertaken whenever possible.
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STATEMENT OF LIMITATIONS OF REPORT

This document has been prepared by M. Miles and Associates Ltd. [MMA] for the exclusive use and benefit
of the Water Air and Climate Change Branch of the BC Ministry of Water, Land and Air Protection.  No
other party is entitled to rely on any of the conclusions, data, opinions, or any other information contained
in this document.

This document represents MMA’s best professional judgement based on the information available at the
time of its completion and as appropriate for the project scope of work.  Services performed in developing
the content of this document have been conducted in a manner consistent with that level and skill
ordinarily exercised by geoscientists currently practising under similar conditions.  No warranty, expressed
or implied, is made.
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BRITISH COLUMBIA’S CLIMATE-RELATED

OBSERVATION NETWORKS:  AN ADEQUACY REVIEW

1: INTRODUCTION AND OBJECTIVES

The present report has been commissioned by the Water, Air and Climate Change Branch of the BC
Ministry of Water, Land and Air Protection.  The objective is to review the major climate-related networks
in BC and to determine how these observing stations are regionally distributed.  This information is used
to assess the adequacy of data from these sites to detect future regional climate change or variability,
calibrate climate models and provide a reliable basis for engineering design calculations or resource
management decisions.  On the basis of this review, recommendations are presented on how to ensure
that the data needed to meet these objectives will be available in the future.  

Climate variability or change is increasingly being recognized as an important social, economic and environ-
mental concern in British Columbia.  For example, unusually warm winter temperatures have predisposed
the interior of BC to a massive Mountain Pine beetle infestation and resulted in low snow packs leading
to extremely low lake and river levels during the summer of 2003.  The summary report recently produced
by the BC Ministry of Water, Land and Air Protection (2002) presents numerous other examples of how
climate variability is affecting BC.  The Intergovernmental Panel on Climate Change (IPCC, 2001a, b, c,
d) provides a comprehensive world wide perspective.

A number of global climate model simulations of the twenty-first century provide a basis for exploring
future climatic conditions in BC.  The results indicate that there is the potential for significant social,
economic and environment impacts.  Some of these climate predictions have dramatic implications.  For
example, studies of the distribution of salmon in the North Pacific suggest that the predicted warming of
ocean temperatures by a few degrees could greatly reduce the ability of sockeye to successfully over
winter (see Welch et al., 1998).  The Canadian Climate Impacts and Adaptation Research Network [C-
CIARN] (URL in Refs.) and the Climate Impacts Group at the University of Washington (URL in Refs.)
provide extensive documentation on the implications of future climate change in western North America.

Concerns relating to both observed and predicted climate variability highlight the need for information to
document how the “climate” is changing and for data to calibrate, verify or ‘downscale’ the results of global
climate models for BC.  However, concurrent fiscal restraints are reducing the availability of this infor-
mation.  For example, the  Meteorological Service of Canada is currently evaluating the possibility of
reducing the volunteer BC climate station network by approximately 150 sites.  This is estimated to save
roughly $150,000 per year in site inspection, equipment maintenance and data processing costs.  The
stream gauging or ‘hydrometric’ network, jointly funded by the federal and provincial governments, is also
trying to avert a 14% reduction in the number of stations due to the potential loss of $600,000 per year
in funding.  These proposed network reductions are part of an ongoing trend and are consequently viewed
with great concern by many members of the technical, professional and academic community who
routinely use climate and hydrometric data for a variety of management or engineering purposes.

Within the context of this project, the term ‘climate-related data’ includes temperature, precipitation or
related data collected at traditional climate stations, as well as other relevant parameters such as
streamflow, ground temperature and water levels in wells, marine climate-related observations and glacier
mass balance studies.  Water and air quality parameters are not included in the scope of the present
review.
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2: REGIONALISATION AND SCALE EFFECTS

2.1 REGIONALISATION

BC has a total area of 960,000 km².  Elevations range from sea level to 4,663 m asl.  Within this area there
are 18 Physiographic Regions (Demarchi, 1995), 14 Biogeoclimatic Zones (MOF, 1992) and 18 Ecoregions
(Campbell et al., 1990).  Each of these areas can be further subdivided into smaller, more homogeneous,
units based on elevation, geology, soils, aspect, etc.  BC’s large area and topographically complex
character results in a diversity of climatological conditions.  This implies a need for numerous climate-
related stations to document this variability.  There is also a need to identify comparatively broad homo-
geneous regions which can be used to design observational networks.

A wide variety of studies have been undertaken to identify the regional climatic characteristics of BC.
These have included estimates based on mapped bio-geoclimatic characteristics (e.g., Beil et al., 1976),
regional data compilations (e.g., Chilton, 1981), manually plotting isolines data (e.g., Hare and Thomas,
1979; Farley, 1979; Chilton, 1981 and Phillips, 1990) and statistical analyses based on digital elevation
data models (such as ‘PRISM’, URL in refs.).  All these approaches are approximations due to the number
of factors which affect ‘climate’ and, as will be discussed in SECTION 3, the limited availability of climate
data in many areas of the province.

Given the complexities discussed above, the spatial analysis of climate-related data for this study has been
undertaken based on the 29 hydrologic zones recently proposed by Mr. Bill Obedkoff, P.Eng. of the BC
Ministry of Sustainable Resource Management.  Hydrologic zones were defined using the results of an
extensive series of regional stream flow analyses (Obedkoff, 1998, 1999, 2000a & b, 2001 and 2002), as
well as a variety of previous analyses (e.g.,  T. Ingledow and Associates Ltd., 1969a & b;  Leith, 1975,
1976, 1977, 1978;  Church, 1997; Sellars et al., 1998 and Chapman, 1999).  These hydrologic zones
therefore provide a suitable basis for examining the regional distribution of climate-related data.

Mr. Obedkoff’s 29 hydrologic zones are illustrated on Figure 2.1.1  in relationship to both topography and
the ‘PRISM’ estimate of average annual precipitation in BC. *1  Inspection of Figure 2.1.1  indicates that
individual hydrologic zones, which range in size from 6,739 to 112,548 km², encompass a variety of
physiographic areas and ranges in annual precipitation.  Mr. Obedkoff has therefore proposed a series of
sub-zones to reflect this complexity.  This additional discrimination is, however, not warranted for the
present study, given the limited number of climate-related stations presently operating in the province.

Recent analyses of historical data (e.g. Whitfield, 1997; Whitfield and Taylor, 1998; Laprise et al., 1998;
Whitfield and Cannon, 2000; Ferguson, 2001; Whitfield et al., 2002; and BC Ministry of Water, Land and
Air Protection 2002) indicate that British Columbia’s climate has changed over the period of instrumented
record.  For example the Helm and Illecillewaet Glaciers have both receded more than 1 km since 1895;
ice on lakes and rivers is melting 2-6 days earlier each decade;  freshet flows on Fraser River are occurring
earlier and sea surface temperature has increased 0.9 to 1.8°C.  These analyses also indicate that the
magnitude and, in some cases the direction, of climate variability over the period of instrumented record
vary regionally within BC.

Global circulations models (such as the British HadCM3, URL in Refs., and the Canadian Coupled General
Circulation Model 2 [CGCM2], URL in Refs.) and regional models (such as the Canadian Regional Climate
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Model [CRCM], URL in Refs.), have been recently developed to help understand the present climatic
conditions and to investigate the effects of anthropogenic or other changes in altering future climate.
Example predictions from climate maps produced by Environment Canada (URL in Refs.)  for the Georgia
and Okanagan Basins are available online.  These analyses suggest that the future climate of BC is likely
to be significantly different from that which occurs at present and that substantial differences can be
expected in the magnitude of change across BC.  Winter temperatures are expected to increase approxi-
mately 2 to 4.5°C by 2080 in the Georgia Basin, while in north-east BC the expected increase doubles to
4 to 7°C

2.2 CLIMATE MODEL VERIFICATION AND DOWNSCALING

As indicated above, there are two classes of climate models presently being employed.  Both the global
and regional circulation models have divided the globe into uniform grids.  In the case of the CGCM2, each
grid is 3.75° Longitude by 3.75° Latitude (250 to 300 km).  As illustrated in Figure 2.2.1, approximately
22 cells, each having an area of 60,000 to 90,000 km² are used to model all of BC. *1   Regional climate
models provide additional spatial resolution as, for example, the CRCM uses grids or cells which are
approximately 45 km on a side.  This results in a modelled area of approximately 2,000 km² and approxi-
mately 480 cells are needed to cover the province (Figure 2.2.2).

Comparing Figures 2.2.1 or 2.2.2 with Figure 2.1.1 indicates that the gridded cells employed by the global
and regional circulation models do not correspond well to regional topographic boundaries or estimated
regional variations in annual precipitation.  As a consequence, the verification of climate model results
requires determining the average values of parameters such as temperature or precipitation within non
homogeneous areas.  

Predicting future site-specific climate changes is presently undertaken by ‘downscaling’ the model results
from an individual cell to a local area.  The optimum method of doing this requires the use of local
historical data which can be correlated with model predictions.  As a consequence, there is a need for
enough observed data within any one grid cell to reliably determine average conditions or to downscale
regional model results.  A complicating factor is that the Pacific Decadal Oscillation appears to result in
climatic cycles in BC with two general periodicities, one from 15 to 25 years and the other from 50 to 70
years (Mantua and Hare, 2002).  Ideally, data records should be longer than these cycles to establish
reliable average values (and even 70 years of data would be insufficient if climate change is occurring).
The number of required measurement sites will also depend on the parameter of interest.  For example,
precipitation is strongly influenced by orographic effects.  More precipitation data may therefore be
required to define the spatial variation in comparison to temperature.

Calibrating or downscaling global and regional circulation models will require sufficient climate data within
each of the global or regional model’s ‘cells’ to adequately define average conditions.  Given the diverse
range of conditions within many gridded areas, this represents a substantive data collection program.
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3: BASELINE DATA AVAILABILITY

3.1 PREVIOUS STUDIES

The BC Government Resource Inventory Committee [RIC] commissioned two studies which are relevant
to this project.  A compilation of water and watershed related data bases was prepared by Ronneseth,
1992, and a comprehensive inventory of the meteorological networks in BC was prepared by Pacific
Meteorology Inc., 1996.  The Meteorological Service of Canada [MSC] also undertook a systematic review
of their national climate  network in 1996 (National Weather Services Directorate, 1996).  This document
lists the operating stations in BC and provides recommendations on optimum station densities.  Nichols
(1999) also prepared a report which  summarizes the existing climate-related monitoring network in
Canada and made recommendations for the designation of reference stations which could be used to
characterize the present climate and detect future changes.  [This network forms Canada’s contribution
to the Global Climate Observation System or GCOS.]  These four recent documents provide important
background material to the present investigation.  In particular, Pacific Meteorological Inc.’s (1996) study
(URL in Refs.) provides a thorough inventory of local, or small scale,  climate data collection networks and
the reader is referred to this document for information on these programs.

3.2 REVIEW OF MAJOR PROGRAMS

3.2.1 Meteorological Service of Canada [MSC]

The MSC is the single largest provider of climate data in the province.  The locations of the 389 presently
active climate stations are illustrated on Figure 3.2.1.  This group can be subdivided into three additional
classes:

P ninety-eight sites which report surface weather (Figure 3.2.2);

P forty high quality comparatively long term sites suitable for use as ‘Reference
Climatology Stations’ [RCS] (Figure 3.2.3);  and

 
P ninety-seven sites identified for use in the preparation of climate normals (the so-called

‘Temperature and Precipitation Scenario Sites’ [TPSS]) (Figure 3.2.4).

The distribution of these stations in relationship to the BC hydrologic zones is summarized on Table 3.2.1.

A variety of parameters in addition to temperature and precipitation are routinely measured at some sites.
The following list summarizes the number of stations undertaking various observational programs in the
spring of 2003.

P synoptic observations 72 stations
P hourly observations 107 stations
P rate of precipitation 74 stations
P wind 54 stations
P soil temperature 3 stations
P evaporation 7 stations
P sunshine 47 stations
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P ozone 1 stations
P radiation 3 stations
P upper air 4 stations
P snow survey 3 stations

The distribution of these measurements by hydrologic zone is shown on Table 3.2.2.

One of the limitations of the MSC data is that the preponderance of climate stations are located at low
elevation sites (Figure 3.2.5) in or near settled areas. 

The future of the MSC observation program in BC is uncertain as there is pressure to reduce the cost of
the climate observation network.  Approximately 150 stations which are operated by volunteer observers
may therefore be terminated to reduce site inspection, equipment maintenance and data compilation costs.
MSC’s cost to operate a volunteer climate station is typically on the order of $1,000 to $1,200/year.  The
contemplated network reduction would therefore save approximately $150,000 to $180,000 per year.  The
number and location of stations which may be closed is not yet finalized.  However, approximately 110
climate stations (out of 389) have bee identified for protection as they are part of either the RCS network
or are needed for forecasting purposes.  Geographic location and the topographic setting (elevation, or
elevation gradient) and the availability of rate of rainfall data have also been used as protection criteria.
At the time of writing, this network downsizing was still in review and the final outcome is therefore
uncertain. 

The MSC undertakes a comprehensive quality assurance program, data are regularly compiled and most
parameters of interest are readily available.  However, a number of obsolete VAX-based software programs
have not yet been updated and this presently limits the MSC’s ability to extract some previously available
climatological parameters.

3.2.2 BC Ministry of Transportation [MOT] Climate Stations

The MOT operates 136 climate stations to support road maintenance work and help assess avalanche
hazards.  Approximately 100 of these sites are automated stations with the remainder being manually read
twice a day during the period between November 1 and March 31.  The distribution of MOT climate
stations by elevation is indicted on Figure 3.2.5.  This compilation indicates that roughly half of the stations
are at an elevation of $1,100 m.  Most sites were historically only operated in the winter period.  However,
within the last two or three years, an increasing number of stations have been operated year round.  (This
was principally undertaken as a measure to reduce the cost of removing and reinstalling the stations).
Summer lightning strikes have been found to be a significant hazard at high elevation sites and for this
reason many of these stations continue to be seasonally removed.  Exceptions occur in areas of low
lightning strike hazard or at sites which provide radio links to lower elevation sites.  The MOT data is not
routinely compiled for distribution although data can be obtained by special request.  Recently collected
data is likely to be more reliable than historic data which has not been subject to a rigorous quality control
and quality assurance process (Arthur McClean, pers. comm.)

The location of MOT weather stations is shown on Figure 3.2.6  and their distribution by hydrologic zone
is summarized on Table 3.2.1.
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3.2.3 BC Ministry of Forests [MOF] Climate Stations

The MOF operates a fire weather network of 219 stations.  This consists of 213 of their own sites and six
sites operated for licensees.  As indicated on Figure 3.2.5, approximately 50% of the MOF sites are at
elevations above 900 m.  These sites are typically only operated during the summer.  The MOF routinely
reviews and compiles their data and historic information is available online.

www.for.gov.bc.ca/protect/weather

The MOF Research Branch also operates four experimental watersheds at which more extensive data
collection is undertaken.  These include Penticton Creek (near Penticton), Redfish Creek (near Nelson),
Sycamous Creek (near Sycamous) and Carnation Creek (west of Port Alberni) (Eric Meyer, pers. comm.).

The distribution of MOF climate stations is shown on Figure 3.2.6 and the distribution by hydrologic zone
is summarized on Table 3.2.1.  

3.2.4 BC Ministry of Water, Land and Air Protection [WLAP] Snow Survey Data

The Ministry of Water, Land and Air Protection presently operates 229 snow accumulation monitoring sites.
These data are used principally for water supply and flood forecasting purposes.  Fifty-six of the stations
have snow pillows and data collection platforms (DCP’s) which provide real time information over the snow
cover period.  The remaining 173 sites (or 76% of all stations) are read manually once or sometimes twice
a month in the period between approximately January 1 and June 15.  All snow cover data are routinely
compiled and this information is readily available at:

http://srmwww.gov.bc.ca/aib/wat/rfc/

The locations of active and inactive sites are shown on Figures 3.2.7 and 3.2.8, respectively.  The
distribution of stations by hydrologic zone is summarized on Table 3.2.1.

3.2.5 Water Survey Division [WSD] Stream Discharge and Lake Level Data

The WSD (formerly the Water Survey of Canada), currently reports water levels (on lakes) and discharge
(on streams) at approximately 458 sites in BC (Figure 3.2.9).  In addition to these active sites, there are
approximately 2,276 inactive or discontinued stations (Figure 3.2.10).  Figure 3.2.11 shows the location
of gauging stations on natural and regulated steams.  Approximately 70% (or 318) of the gauging stations
are located on ‘natural’ or unregulated streams.  The remaining 140 stations (30%) are located on
regulated watersheds.  Many regulated stations occur on the east side of Vancouver Island and in the
Columbia, Peace, Okanagan and Nechako River watersheds.  The distribution of active, inactive, regulated
and unregulated hydrometric stations is summarized on Table 3.2.3.

The WSD has identified a number of gauging stations in BC which are located in comparatively un-
impacted watersheds.  These sites, which form the Reference Hydrometric Basin Network (RHBN)  in BC,
are to be used to detect, monitor and assess climatic change or variability.  As discussed in Harvey, et al.
(1999) and Brimley, et al. (1999), the stations were selected on the basis of geographical location, basin
development, lack of regulation or diversions, length of record, likely station longevity and the accuracy
of the records.  A network of 75 stations (72 streamflow and three water level sites) was originally
proposed in 1999.  By 2000, the network had been reduced to 56 stations, consisting of 55 streamflow

http://www.for.gov.bc.ca/protect).
http://srmwww.gov.bc.ca/aib/wat/rfc/
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and 1 water level site (Bruno Tassone, pers. comm.).  The distribution of these stations by hydrologic zone
is also summarized on Table 3.2.3. 

The regional distribution of gauged watersheds of various basin size is compiled on Tables 3.2.4 and 3.2.5.
The provincial distribution is illustrated on Figure 3.2.12 and summarized below: 

AREA (km²) % OF STATIONS

<5 3

5 to 10 6

>10 to 100 22

>100 to 500 26

>500 to 5,000 30

>5,000 to 50,000 13

>50,000 to 200,000 3

>200,000 1

The majority of hydrometric stations are located on watersheds of 100 to 5,000 km² in area.  This implies
that the large number of small streams flowing in watersheds of less than 10 km² are under-represented
and basins of up to 100 km² are comparatively sparsely gauged.  This is particularly relevant in the more
remote part of the province where there are very few gauges on smaller watersheds.

The spatial distribution of stream discharge data as a function of years of record is summarized on
Tables 3.2.6 and 3.2.7.  This analysis indicates that the WSD has been able to preferentially retain many
of the longer term gauging sites.  For example, over 72% of the active stations have over 21 years of
record and 34% have over 40 years.

The hydrometric program is jointly funded by the federal and provincial governments, the Forest
Investment Account (FIA, formerly Forest Renewal BC), BC Hydro and a variety of industrial or municipal
clients.  The present division of the annual budget between these sources is tabulated below:

SOURCE
FUNDING

% $ MILLION

Federal 34 1.5

Provincial 29 1.3

BC Hydro 16 0.7

FIA 14 0.6

Third Parties 7 0.3

TOTAL 100 4.4

In addition to monitoring water level and compiling stream discharge values, the WSD periodically
measures water temperatures, water velocities and channel geometry as part of their stream gauging
program.  A variety of climate and water temperature data are also collected at sites funded by both BC
Hydro and the FIA, but these data are not routinely archived by the WSD. (Bruno Tassone, pers. comm).
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The number of stream gauging or water level station in BC has been subject to considerable attrition (aka
‘rationalization’) since the network peaked at 640 stations in 1982.  As indicated below, recent station
deletions has commonly exceeded additions. *1

As a consequence, the general increase in BC hydrometric stations has not kept pace with that which has
occurred in other parts of Canada. 

With the recent demise of Forest Renewal BC, there is no assurance that the FIA will be able to continue
funding 14% of the WSD’s annual budget.  As a consequence, there is the potential that approximately
60 stations may need to be terminated unless alternative funding can be located.  [A business review to
better assess this issue has been recently completed by Azar et al., 2003.]

The hydrometric data collected by the WSD is regularly compiled and undergoes quality control and quality
assurance analysis.  Data are published annually on CDR and are also available online at:

http://scitech.pyr.ec.gc.ca/waterweb/formnav.asp?lang=0

Some less frequently requested data, such as stage discharge rating curves and 15-minute water level or
discharge values, are however, less easily obtained and are consequently expensive to purchase.

http://scitech.pyr.ec.gc.ca/waterweb/formnav.asp?lang=0
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3.2.6 WSD Sediment Transport Data

The WSD routinely monitors sediment transport at seven sites in BC and undertakes ‘targeted’ or
miscellaneous measurements at five additional locations.  This national program was recently reviewed
by M. Miles and Associates Ltd. (MMA, 2001).

The locations of active sediment monitoring stations are illustrated on Figure 3.2.13.  The distribution of
these sites by hydrologic zone is summarized on Table 3.2.3. 

Figure 3.2.14  shows how the BC sediment network, along with the number of stations operated at other
areas in Canada, has decreased significantly since the mid-1970's.  This summary was prepared in 2001.
Three miscellaneous or ‘targeted’ stations in BC have recently ceased operation as the ferry services which
were used as a sampling platform have or will be terminated (B. Tassone, pers. comm.).  

The WSD routinely publishes sediment data on their HYDAT CDR, although some recent data from BC is
not yet compiled.

3.2.7 WLAP Ground Water Level Data

The BC Ministry of Water, Land and Air Protection operates a network of 162 active and approximately 190
inactive ground water observation wells.  The available information is routinely compiled and is readily
available at:

http://wlapwww.gov.bc.ca/wat/gws/obswell/

The location of active and inactive wells are indicated on Figures 3.2.15 and 3.2.16.  The distribution of
these data by hydrologic zone is summarized on Table 3.2.8.

3.2.8 Natural Resources Canada [NRC], Geological Survey of Canada [GSC] Ground Tem-
perature Data

The GSC has amalgamated permafrost data collected over the last 30 years in the National Permafrost
Database.  This archive includes the type of observation (shallow or deep), status (active or inactive),
active layer depth, permafrost temperature and thickness data, other site or material characteristics,
responsible agency and published references.  Data for the 2 active and 11 inactive stations for BC can be
found using the following link:

http://sts.gsc.nrcan.gc.ca/tsdweb/geoserv_permafrost.asp

The location of the permafrost stations is shown on Figure 3.2.17  and their distribution by hydrologic zone
is summarized on Table 3.2.8.

3.2.9 Natural Resources Canada [NRC] Glacier Mass Balance Studies

Mass balance studies have been undertaken on 20 glaciers in BC and this data has been compiled by NRC.
One station was operated following the International Geophysical Year (IGY) program and six for the
International Hydrologic Decade (IHD).  The geographic distribution of the 2 active and 18 inactive mass

http://wlapwww.gov.bc.ca/wat/gws/obswell/
http://www.for.gov.bc.ca/protect).
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balance studies is summarized on Table 3.2.8  and shown on Figure 3.2.18.  The data for these sites is
published in the Data Base and Geographical Perspective for Monitoring Glaciers of Alaska.  This is avail-
able on line at the following URL.

http://pubs.usgs.gov/of/of98-031/monglacak.htm

3.2.10 Department of Fisheries and Oceans Canada [DFO] Marine Data

DFO has compiled the sea surface temperature and salinity data for the 14 active and 22 inactive
lighthouse stations in BC.  Many of the inactive stations have a sparse data record but have been included
in the above summary.  Information for all the stations is available online at:

http://www.pac.dfo-mpo.gc.ca/sci/osap/data/SearchTools/Searchlighthouse_e.htm#

The location of the lighthouse stations is shown on Figure 3.2.19  and their distribution by hydrologic zone
is summarized on Table 3.2.8.

Buoy weather data consisting of  air pressure, air temperature, sea surface temperature, wind observations
and wave height are also available online at :

http://www.pac.dfo-mpo.gc.ca/sci/osap/data/newbuoy/buoydatadefault_e.htm

There are 17 buoys currently operating along the BC coast.  The location of these offshore buoys are
shown on Figure 3.2.20  and their geographic location is summarized on Table 3.2.8  by their proximity
to Mr. Obedkoff’s hydrologic zones.  Some of these buoys are a great distance offshore and thus cannot
be reliably classified in these zones.

The Marine Environmental Data Service, a branch of FOC, has archived the tidal data for approximately
13 active and 199 inactive BC stations on their website located at:

http://www.meds-sdmm.dfo-mpo.gc.ca/meds/About_MEDS/AboutUS_e.htm

The location of these sites is shown on Figure 3.2.21  and summarized by hydrologic zone on Table 3.2.8.

3.3 DISCUSSION

The preceding data compilation indicates that a number of government organizations presently collect
climate-related data in BC.  As discussed in Pacific Meteorology Inc. (1996), there are also a variety of
small data collection programs being undertaken by local government, industry and special interest groups.

Much of the climate-related data for BC is becoming increasingly available with internet based technology.
This includes both archival and near ‘real time’ information.  The MSC/WSD deserves special  recognition
for the progress they have made to increase the availability of their data.

http://www.pyr.ec.gc.ca/EN/Climate/climate_maps.shtml
http://www.for.gov.bc.ca/protect).
http://www.for.gov.bc.ca/protect).
http://www.for.gov.bc.ca/protect).
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4: DATA REQUIREMENTS

The amount of climate-related data which is routinely collected reflects population density, data collection
objectives and the spatial variability of the parameters of interest.  The financial or social implications of
not having enough data, regulatory requirements and the ability of the user to pay for desired information
are also factors which influence the scope of monitoring programs.

Given these complexities, it is difficult to determine arbitrary data standards by which the adequacy of the
existing network can be assessed.  This problem is not new (for example see Powell, 1978)  and unfor-
tunately there is no readily identifiable ‘correct’ answer.  The following discussion compares the presently
available BC climate-related data summarized in SECTION 3 with a variety of criteria which might be used
to define BC’s network requirements.

4.1 WORLD METEOROLOGICAL ORGANIZATION [WMO] CRITERIA FOR HYDROLOGICAL
PRACTICES

The WMO (1981) has published guidelines for determining the number of climate-related stations which
are required to provide a minimum network under varying conditions.  These criteria, which are sum-
marized below, indicate that station densities will vary with the parameter of interest.

PARAMETER

RANGE OF NORMS FOR
MINIMUM NETWORK

RANGE OF PROVISIONAL NORMS
TOLERATED IN DIFFICULT CONDITIONS *1 

AREA (km2) PER STATION AREA (km2) PER STATION

Precipitation 100 to 250 250 to 1,000

Snow Survey 2,000 to 3,000

Evaporation 50,000

Hydrometric (streamflow) 300 to 1000 1,000 to 5,000

Sediment Discharge 15% of minimum stream gauging network

   *1 WMO (1981)  indicates that the upper end of the range should be tolerated only under exceptionally difficult conditions.

WMO (1981) does not provide a recommendation for the minimum density of temperature recording
stations.  It is possible that less data are needed than for precipitation but, given that the two measure-
ments are typically undertaken concurrently, we have employed the same criteria.  As indicated in the
above table, WMO (1981) proposes that it would be permissible to reduce the density of stations by a
factor of 4 to 5 in extremely difficult conditions where access is problematic.  This is likely only applicable
in some of the remote mountainous areas in BC.  The norms applicable for a minimum network are more
appropriate for the remainder of the province.  We have therefore used the ‘norm’ criteria as a basis for
assessing the existing climate network throughout the province.

Present station densities for the parameters shown on the table above are compared to the WMO range
in criteria on the following figures and tables.
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PARAMETER FIGURE NO: TABLE

Climate Stations 4.1.1 4.1.1

Snow Courses 4.1.2 4.1.2

Snow Pillows 4.1.2 4.1.3

Evaporation Stations 4.1.3 4.1.4

Hydrometric Stations 4.1.4 4.1.5

Sediment Discharge Stations 4.1.5 4.1.6

MSC, BCFS and MOT Climate Stations 4.1.6 4.1.7

The results are compiled on Table 4.1.8  and summarized below for the entire province.

PARAMETER
PRESENT STATION DENSITY AS A % OF WMO (1981) CRITERIA

High Density Criteria Low Density Criteria

Climate Station 4 10

Snow Course 48 72

Snow Pillows *1 12 18

Evaporation 37 na

Hydrometric 14 48

Sediment Discharge 3 8

MSC, MOT & BCFS 8 19

This province wide analysis indicates that the number of climate and sediment discharge stations are
#10% of even the most lenient end of the WMO’s ‘norm’ range.  Including the seasonal climate networks
operated by the MOF and MOT still results in a provincial climate network which is <20% of the WMO’s
most lenient criterion.  The density of Evaporation and Hydrometric networks are comparably closer to the
WMO’s standard (37% and 14 to 48%, respectively) while snow course sites are the closest to being in
compliance (48 to 72%). 

The data on Table 4.1.8  have been summarized on Figures 4.1.7 and 4.1.8 to highlight those areas of the
province which have climate-related stations densities which are substantially smaller than WMO (1981)
recommendations.  This analysis indicates that there are significant regional variations in compliance with
the WMO network density criteria.  On the basis of the more lenient WMO 1981 criteria, 25 of 29 zones
have less than 25% of the recommended density for climate stations and five zones have #25% of the
WMO station criterion for snow courses.  Twenty-three zones have <25% of the recommended number
of evaporation sites and 26 zones have less than 10% of the recommended number of sediment
monitoring stations.  Five zones have less than the recommended number of hydrometric stations.  Areas
which are particularly under-represented (defined as having less than 25% compliance in at least three
of the above categories) are as follows: 
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HYDROLOGIC ZONE # NAME

1 Northern Coast Mountains

2 Stikine Plateau

3 Northern Rocky Mountains

4 Northern Interior Plains

5 Northern Central Uplands

6 Southern Interior Plains

10 Central Coast Mountains

11 Queen Charlotte Islands

13 Upper Fraser Basin

16 Southern Quesnel Highland

17 Northern Thompson Plateau

18 Upper Columbia Basin

19 Upper Kootenay Basin

21 Lower Kootenay Basin

22 Lower Columbia Basin

23 Okanagan Highland

25 Eastern South Coast Mountains

Seventeen of twenty-nine zones have a significantly deficient data collection network on the basis of this
criterion.

The MSC undertook an analysis similar to that described above in 1996 (National Weather Service
Directorate, 1996).  They came to the same conclusion that the number of climate stations in BC was
substantially smaller than that required to meet the WMO 1981 criteria.  The MSC therefore developed an
additional evaluation procedure based on Ecozones.  As indicated on Figure 4.1.9, BC encompasses four
of MSC’s Ecozones.  ‘Socio-economic intensity’ (or the level of economic development) was also used by
the MSC to modify the required density of climate stations.  [This affected 20% of their Pacific Mainline
Ecozone and 5% of the Montaine Cordillera Ecozone.]  The results of this review are summarized below:

ECO ZONE
REQUIRED STATION

DENSITY
(#per 10,000 km²)

REQUIRED NUMBER
OF CLIMATE
STATIONS

ACTIVE
STATIONS
IN 1996

% OF
REQUIRED
NUMBER

Boreal Cordillera 10.0 467 43 9

Pacific Maritime 16.2 322 251 78

Montaine Cordillera 11.6 559 247 44

Boreal Plains *1 3.0 211 271 128

The MSC re-analysis again indicates that the number of active climate stations is much smaller than is
required to meet the modified WMO criteria, except in the Boreal Plains Ecozone where station density
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requirements are substantially reduced due to comparatively homogeneous topography.  In fact, the large
size of the MSC Ecozones masks the severe data deficiencies which occur in many areas of BC.  Inspection
of Figure 3.2.1  indicates that the majority of the climate stations in the Pacific Maritime and Montaine
Cordillera Ecozones occur in a few heavily populated areas.  Much of the remainder of the province has
station densities which are substantially smaller than the target values proposed by the MSC.

4.2 WMO CRITERIA FOR THE SELECTION OF REFERENCE CLIMATOLOGICAL STATIONS

The WMO (1986) published a set of criteria for selecting reference climatological stations *1 from the
existing climatological station networks.  On the basis of their analysis, a density of 2 to 10 stations per
250,000 km2 is proposed for both temperature and precipitation.  These criteria are compared to the
densities of the MSC Reference Climate Station network on Table 4.2.1 and the results are illustrated on
Figure 4.2.1.  This analysis indicates that the WMO criteria are:

i) exceeded for the province as a whole;  but
ii) are below the WMO criteria in 11 of the 29 hydrologic regions

Hydrologic regions which are presently under-represented are as follows:

HYDROLOGIC ZONE # NAME

1 Northern Coast Mountains

5 Northern Central Uplands

7 Southern Rocky Mountain Foothills

9 Southern Hazelton Mountains

11 Queen Charlotte Islands

12 McGregor Basin

13 Upper Fraser Basin

16 Southern Quesnel Highland

17 Northern Thompson Plateau

19 Upper Kootenay Basin

25 Eastern South Coast Mountains

4.3 GLOBAL AND REGIONAL CLIMATE MODEL VERIFICATION

Dr. Francis Zwiers, of the Canadian Centre for Climate Modelling and Analysis [CCCMA] in Victoria, BC was
contacted to determine how many climate-related stations might be needed in BC to reliably verify global
climate model results by comparing model predictions with observed data.  His response was captured by
the comment that “you can never be too rich in data ”.  He suggested that a criterion of 10 precipitation
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and temperature stations in each of the regional CRCM climate cells (approximately 45 km on a side or
2,025 km²) would likely be needed to provide a useable value of average conditions.  This corresponds
to an average density of one station per 200 km².  This is comparable to the WMO 1981 guideline of 1
station per 100 to 250 km².

Dr. Daniel Caya, one of the principal developers of the Canadian Regional Climate Model [CRCM] and now
working with the consortium Ouranos in Montreal, was also contacted.  He indicated that regional circula-
tion models need to accurately determine the average precipitation and temperature within the currently
employed 45 km  grids.  He felt that there was “never enough temperature and precipitation data to ade-
quately validate regional models”.  He emphasized the need for sufficient stations to provide reliable aver-
age values but was not able to recommend an optimum number of stations.  As this is similar to the ‘more
is better’ response give by Dr. Zwiers, we have adopted Dr. Zwiers’ ‘one station per 200 km²’ criterion. 

The ‘climate’ and ‘temperature and precipitation’ networks are compared to the above criterion on
Table 4.3.1 and the results are illustrated on Figures 4.3.1 and 4.3.2.  The results indicate that, on a
province wide basis, the ‘climate’ and ‘temperature and precipitation’ networks do not achieve the ‘one
station per 200 km²’ criterion in any of the 29 hydrologic zones.  The climate network (which has more
stations than the temperature and precipitation network) has a density which exceeds 25% of this criterion
in only 4 zones (S. Thompson Plateau, Western South Coast Mountains, Eastern Vancouver Island and
Western Vancouver Island).  Nineteen hydrologic zones have station densities which are #10% of this
criteria.  These include:

HYDROLOGIC ZONE # NAME

1 Northern Coast Mountains

2 Stikine Plateau

3 Northern Rocky Mountains

4 Northern Interior Plains

5 Northern Central Uplands

6 Southern Interior Plains

7 Southern Rocky Mountain Foothills

8 Nechako Plateau

9 Southern Hazelton Mountains

11 Queen Charlotte Islands

12 McGregor Basin

13 Upper Fraser Basin

14 Northern Columbia Mountains

15 Fraser Plateau

16 Southern Quesnel Highland

17 Northern Thompson Plateau

19 Upper Kootenay Basin

25 Eastern South Coast Mountains

26 Central South Coast Mountains
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On the basis of this 10% criterion, the above analysis suggests that the present climate network is
insufficient to verify climate model prediction in over 80% of the province.

4.4 STATISTICAL TESTS TO DETERMINE DATA REQUIREMENTS

Milewska and Hogg (2001) have recently evaluated how well the MSC records can be used to estimate
precipitation at ungauged sites in southern Canada.  Their analysis included monthly, seasonal and annual
total precipitation using point-to-point optimal interpolation (Kagan, 1966, 1972) and point-to-area inter-
polation (Gandin, 1965, 1970)  techniques.  Kagan’s method produced less demanding results (on the basis
of 10% relative error in the areal estimate) and suggested that the “southern half of the country is ade-
quately represented by the network except for some relatively small sections around Hudson Bay”.  How-
ever, Gandin’s analysis technique “revealed vast regions without adequate precipitation coverage,
especially in summer and winter.”   These results are illustrated on Figure 4.4.1.  The map indicates that
the present climatologic network provides a reasonable estimate of spring and fall conditions in southern
Canada.  In contrast, summer and winter conditions are poorly defined throughout the entire country.  The
inability of the model to assess elevational variations in precipitation (due to a lack of higher elevation
data) masks the large uncertainties in regional precipitation which undoubtedly occur in BC.  This analysis
also highlights the uncertainties in precipitation (or other climate-related) data in higher latitudes and in
the winter.  This is important as climate change is predicted to be greatest in the north and during the
winter.

It would be interesting to further examine the utility of Gandin and Kagan’s techniques within the various
hydrological zones adopted by this study.  However, the employed procedures may not be appropriate for
mountainous areas where there is little data available to define orographically driven precipitation
gradients.  A variety of other statistical tests are also available (for example see Husain, 1987  or the
discussion in Sanders et al., 2000). 

4.5 ENVIRONMENTAL AND CLIMATE CHANGE EFFECTS MONITORING

Many climate monitoring programs were initially developed for either short term weather forecasting or
engineering purposes.  As discussed in Whitfield (1997), there is an increasing need for more integrated
or ‘environmental effects’ monitoring.  This implies a need for a variety of attributes to be measured
concurrently such that changes in one attribute (such as precipitation) can be compared to other attributes
(such as stream flow, sediment transport, water temperature or fish production).  These integrated data
sets have traditionally only been available from experimental watersheds such as Carnation Creek
(e.g. Hartman and Scrivener, 1990).  However, due to the increasing interest in how land management
practices or climatic variability affect our resource base, there will be an increasing need for this kind of
integrated or ‘hierarchical’ data collection program.  This will likely require close cooperation between the
various narrowly focussed government organizations which are principally responsible for collecting
baseline climate-related data in BC.

Research watersheds, such as the four operated by the BC MOF (see SECTION 3.2.3), are intended to study
the effects of various forest harvesting or silviculture treatments.  From the perspective of monitoring
climate variability, a strong case could be made that similar projects are needed on representative
watersheds which will be maintained in pristine conditions.  This is a challenging task as it is difficult to
find watersheds that have not been affected by anthropogenic activities in many parts of the province. 
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The Water Survey Division’s Reference Climate and Hydrometric sites (discussed in SECTIONS 3.2.1 and
3.2.5) are designed to meet Canada’s commitment to the Global Climate Observation System [GCOS].  This
data collection program is a good example of an ‘environmental effects’ monitoring network.  Inspection
of GCOS criteria:

http://www.wmo.ch/web/gcos/gcoshome.html

indicate that they have proposed a variety of levels of detail or tiers at which data could be collected:

TIER LEVEL OF REPRESENTATION

1 Broad Spans major global environmental gradients

2
Broad. At least one centre in each major crop, terrestrial, biome,

freshwater system or cryosphere system

3
Detailed Station numbers to approach a statistically useful sample

with broad types

4 Unbiased sampling on either a systematic or statistical basis

5 Complete coverage providing a globally consistent basis for stratification

GCOS has prepared a list of climate-related variables (Table 4.5.1)  which would be measured as part of
a Global Hierarchical Observing Strategy [GHOST].  GCOS indicates that the variables have been selected
to be:

P “the minimum set needed to observe, understand and predict changes in critical life
supporting processes” ;

P “integrated internally consistent and mutually supporting and enhancing” ; 

P “globally applicable and standardisable as possible” ;  and

P “linked to related variables in higher and lower tiers via models, permitting interpo-
lation in space and time to cover gaps in the system”.

Data requirements for Tiers 2 or higher are significant and represent greater information requirements than
are presently available in the Canadian GCOS program (see the following URL).

http://unfccc.int/resource/docs/gcos/cangcose.pdf 

While many of the parameters on Table 4.5.1 may be measured as part of site-specific projects in BC,
there is presently no systematic data management process which would allow this information to be
reliably stored and retrieved on a provincial basis.  This implies that BC and the federal government (or
some other consortium) would need to increase both data collection and management if we were to
participate in the GHOST component of GCOS.

It is important to define the key variables which need to be monitored from the perspective of various user
groups.  For example, weather forecasting, climate modelers or resource managers all have different data
requirements.  Given the need for historical data in any program to detect climate change, the existing
data networks are expected to remain the principal component of future monitoring programs.  Further

http://www.wmo.ch/web/gcos/gcoshome.html
Http://unfccc,unt/resource/docs/gcos/cangcase.pdf
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consultation with principal user groups will, however, still be necessary to ensure their needs are
recognized.

4.6 ENGINEERING DESIGN AND SUSTAINABLE RESOURCE MANAGEMENT

The discussion in SECTION 2 indicates that there are significant regional climatic variations in BC.  Climate-
related data in various forms are used as the basis for design for all infrastructure in the province.  This
includes roads, buildings, pipelines, docks, bridges, reservoirs, dykes, storm water systems, etc.  Climate
variability or change has the potential to significantly affect both future design standards and the ability
of completed projects to withstand potentially changed conditions in the future.  Climate-related data is
also employed in resource management activities such as fisheries management, environmental assess-
ment, waste management, water quality assessment, water allocations, drought response, flood hazard
management, river forecasting, etc.  The following discussion focusses on engineering design criteria, but
similar conclusions could be made for other resource management activities if numerical criteria were
available for determining data requirements.

Engineering design or evaluation requires a knowledge of both the potential magnitude of an event (such
as 1-day rainfall) and the frequency with which this event will occur.  This information, along with the
design life of a project, allows an appropriate design to be developed which meets an acceptable or
prescribed level of risk.  It is important to realize that a certain level of risk is unavoidable and that even
slight changes in the magnitude or frequency of a design event can significantly affect that risk.  This is
illustrated on Table 4.6.1.  

As an example, the recently introduced Forest and Range Practices Act indicates that all temporary culverts
or bridges should be designed for a 10-year return period flood.  If the culvert was in place for five years,
the likelihood of the project design criteria being exceeded is 41%.  However, if climate or land use
changes resulted in the 10-year return period flood occurring every 5 years, the risk of failure would be
increased from 41% to 67%.  Considering the thousands of culverts which are installed annually, this in-
creased frequency of potential failure would have large economic significance.  Determining the magnitude
of the design event is therefore an important engineering criterion which generally requires site-specific
data.  

Professionals involved in engineering design are continually searching for data which can help to quantify
risk and result in the most economical and safe design.  When this information is not available, safety
factors are frequently employed to reduce the risk of failure, but with a corresponding increase in cost.
For example, stream gauging data are frequently used to estimate the magnitude of potential flood or low
flow events.  The reliability of such estimates is, in large measure, dependent on the length of available
data record.  In an ideal situation, the data record length should be equivalent to the return period of
interest.  However, this is frequently impossible as, for example, hydrologic analyses are routinely
undertaken to estimate floods having an average return period of 200 years and only nine  active stream
gauging stations in the province have greater than 80 years of record (see Table 3.2.6).  The common ‘rule
of thumb’ that return period estimates should not exceed more than twice the length of record is also not
generally achievable using presently available discharge data.
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and 282 m³/s, depending on which frequency distribution is used.  The 95% confidence limits range
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The provincial water management agencies have long recognized this limitation (e.g. Reksten and Barr,
1988) and developed the following analytical criteria: *1

LENGTH OF RECORD (years) MAXIMUM RETURN PERIOD ESTIMATES (years)

5 - 7 mean only

8 - 14 25

15 - 20 25, 50

$21 25, 50, 100

On the basis of these lenient criteria, 82% of the stream gauging stations in the province can be used to
generate estimates of mean flow and 72% of the sites are suitable for estimating the 100-year flood flow
(See Table 3.2.7).  However, the confidence limits around long return period flood estimates can be very
large due to the short periods of record used in the analysis.  Predicting potential flood flows at ungauged
sites can therefore be a challenging task.*2  Climate variations associated with the Pacific Decadal
Oscillation (discussed in SECTION 2.2) suggest that a minimum of 60 years of data is likely warranted before
100 or 200 year return period estimates can be prepared reliably from either climate or stream gauging
data (and this assumes that the ‘climate’ is not changing).  Only 35 stream gauging stations (or 8% of the
total) meet this 60-year criterion.

There are no commonly accepted criteria for the density of climate-related data necessary for engineering
design.  The WMO standards discussed in SECTION 4.1 are likely the best available surrogate, but do not
cover many parameters of interest (such as rate of rainfall).  On the basis of the data summaries on
Table 4.1.8, the hydrometric network in only 13 of 29 hydrologic regions in BC is within 50% of the mini-
mum WMO (1981) criteria and in only two of these zones is the MSC climate network also within 50% of
the WMO criteria.  This implies that insufficient data is available to allow cost-efficient designs to be reliably
prepared.  It would be an interesting exercise to estimate the economic cost (either in terms of enginee-
ring over-design or structural failure) due to the lack of climate-related data in these areas of the province.
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4.7 COASTAL DATA

Future climate variability or change is expected to result in significant changes to the marine and coastal
environment of BC.  As discussed in Leatherman and Douglas (2003) rates of sea levels are “predicted to
rise at rates 2 to 3 times faster in the next 100 years than occurred in the 20th century” (page 16) and
increasing sea levels will result in extensive erosion along many coastal areas.  There is also the potential
for increased water levels due to storm surges.

There are approximately 27,000 km of coastline in BC (Thompson, 1981).  This corresponds to a linear
density of 1,900 km/lighthouse, 1,600 km/weather buoy and 2,100 km/active tidal gauge.  This network
may be able to provide calibration to some satellite based observations (discussed in SECTION 5.1.8) but,
in itself, is likely too sparse to reliably document future regional variations in coastal conditions.

A comprehensive assessment of coastal monitoring networks has not been done, but is warranted given
the potential economic, social and environmental implications climate change poses.  Tracking climate
change and informed adaptive response will depend on a good coastal network.
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5: RECOMMENDATIONS

5.1 PROTECT AND OPTIMIZE EXISTING NETWORKS

5.1.1 Stop the Decline in Climate-Related Networks

It is difficult to determine the optimum or minimum required number of climate-related sites in BC.
However, our analysis suggests that we presently have inadequate climate-related networks in at least 17
of the 29 hydrologic zones in the province (see SECTION 4.1).  This scarcity of information is particularly
severe in non-urban, northern and high elevation areas or in smaller watersheds.  Given this conclusion,
the impending downsizing of both climate and stream gauging networks, as discussed in SECTION 4, should
be put on hold until an integrated plan to meet these data requirements can be adopted.  The recent
business review (Azar et al., 2003) of the hydrometric program commissioned by the Ministry of Sustain-
able Resource Management provides an approach for improved funding.  Stations with long term records
or which form part of a hierarchical network *1 are particularly important to preserve.

5.1.2 Recognize the Socio-Economic Importance of Climate-Related Monitoring

The socio-economic importance of monitoring various climate-related parameters can be easily under
recognized, particularly when the full range of users may not be known by the agencies collecting the data.
The climate-related data requirements of provincial and federal governments, or corporations which pay
for data (such as BC Hydro), are easily identifiable.  Data requirements by non-funding users may,
however, be unknown or under appreciated.

The recent hydrometric business review undertaken by Azar et al., (2003), defines the needs of the
hydrometric user group and demonstrates the importance of the hydrometric network for engineering
design, flood warning or avoidance and sustainable resource management.  It may be beneficial to conduct
a similar program for other climate-related parameters.  This is particularly important for the ground water
and marine data which is summarized in SECTION 3.2.10, but is not reviewed in detail in SECTION 4. 

5.1.3 Identify Key Variables by Consulting Users

The “Second Report on the Adequacy of the Global Observing System for Climate in Support of the United
Nations Framework Convention on Climate Change” was in the process of being finalized at the time this
report was written. *2   This document reviews the present GCOS monitoring program and makes a variety
of observations which are useful in the context of the present project.  The report also lists the

“essential climate variables that are required to support the work of the United Nations Framework

Convention on Climate Change (or UNFCCC) and that are technically and economically feasible for

systematic observation.” 

http://www.wmo.ch/web/gcos/adequacy/Draft_Adequacy_report.doc
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As indicated on Table 5.1.1, numerous variables which could be monitored are identified in addition to the
GCOS monitoring requirements which have been previously listed on Table 4.5.1.  This wealth of
information is far in excess of what is being considered in the present study.  Nevertheless, the philo-
sophical approach of the Second Adequacy Report is relevant as it indicates that:

“Climate monitoring requires an integrated strategy of land/ocean/atmosphere observations from

both ‘in situ’ and remote-sensing platforms.  No single technology can provide the needed infor-

mation.  An adequate global observing system for c limate will be made up of instruments on

ground stations and on ships, buoys, floats, ocean profilers, balloons, samplers, aircraft and

satellites.  Data are needed on all time scales, for all regions of the globe and throughout the

atmosphere.  Observations are needed at least daily, and for precipitation, hourly to characterize

variability and extremes.  Natura l variability masks trends, and hence creates uncertainty in

detecting and attributing the cause of climate changes.  Historical and palaeo records are needed

to establish baselines and setting the context for the interpretation of trends and variability.  Also

required are analysis and integration of these observations into useful products.  The key climate

variables required are summarized in Appendix 1 ” (see our Table 5.1.1).

The GCOS data requirements encompass many variables and extend over a variety of time scales.  Meeting
these objectives would require data collection which exceeds that routinely undertaken by federal and
provincial agencies.  The provision of spatially representative data which provides information on
elevational gradients in a topographically diverse province such as BC would also be a particularly
challenging task.  Nevertheless, the observation that climate monitoring should ideally include an increased
breadth of information provides an important perspective to the present discussion which is focussed on
traditional climate-related measurements.

5.1.4 Ensure Climate-Related Data is Collected and Stored to Recognized Standards

The provincial government’s Resource Information Standards Committee [RISC, formerly RIC] has
prepared numerous standards for data collection and archiving. *1  These standards (or possibly a range
in standards for data of varying quality) should be supported.  Metadata, describing the instruments used,
the operational program and other attributes needed to interpret the data record should be routinely
stored with all archived data.

5.1.5 Identify All Existing Data Sources

A wide range of climate-related data are collected by private companies and municipalities, as well as
provincial and federal government agencies.  The location of these data, along with procedures for
accessing this information, should be documented in a central registry by all climate-related collection
organizations.  The central registry should ideally be maintained by the federal or provincial government.

5.1.6 Resurrect Historically Collected Data

Historically collected climate-related data should be resurrected where possible.  The author is aware of
provincial government inventory programs (such as water quality, climate, aquatic biophysical inventory
data, etc.) where information collected at considerable expense is no longer readily available.  These

http://srmwww.gov.bc.ca/risc/
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historic data are valuable and a systematic program to identify the location of this information and
incorporate it into modern archives appears warranted.

A systematic review of obsolete or non-archived climate-related networks should be undertaken to deter-
mine the data’s status and their long term value.  Potentially useful information includes ‘SWARM’ climate
networks operated by the former BC Government Resource Analysis Branch and stream temperature data
collected by the WSD (for BC Hydro or as part of their routine stream discharge monitoring program).

5.1.7 Better Coordinate Existing Networks

There is an opportunity to better integrate existing data networks which are operated by a range of
government agencies.  For example, the MSC, MOT and MOF all operate climate stations.  Inspection of
Figures 3.2.1, 3.2.6 and 3.2.7  indicates that many of these sites are in close proximity.  However, the MOF
stations are frequently only operated in the summer and many of the MOT stations operate only in the
winter.  It would be desirable to identify suitable sites which meet the operational objectives of the various
organizations, coordinate these activities and operate these stations year round.

All climate-related data need to be collected to national or ‘RISC’ standards, the information made available
on the internet and, ideally, stored in a ‘permanent’ data base.  This task could be usefully facilitated if a
federal or provincial government staff member was given the responsibility to liaise with the ever
increasing number of non-government data collection networks.

5.1.8 Investigate Opportunities to Enhance Existing Networks

Closer integration between various existing programs has the potential to increase the availability of
climate-related data.  As discussed above, portions of the data networks operated by the MOF or MOT
might be used to provide long term data sets in areas of the province which are under represented by the
MSC climate stations.  In addition, small increases in funding for these programs to acquire additional
sensors could provide information on climatological gradients or other required parameters.

Another option is to promote and assist specific end users to collect data which meets their needs and
contributes to the provincial data base.  An interesting example is the climate station network and web
based data distribution system being operated by the Pacific Field Corn Association.

http://www.farmwest.com

Farmers are being encouraged to install automatic climate stations and send the data over the internet
to an archive operated by Farmwest.  These data, which includes 28 automated stations in the Okanagan,
are being used to calculate real time evapotranspiration estimates and corn heat units or degree days.
The program is funded by the farmers with support from agencies such as the BC Ministry of Agriculture,
Food and Fisheries, MWLAP, BC Hydro, the Western Canada Turfgrass Association and the Irrigation
Industry Association of BC.  The opportunity to expand this or similar programs to other regions of the
province, and to expand the program to include industrial organizations should be investigated.  [For
example, stations could be  installed on pumping or compressor stations on pipeline networks.] 

It is also important to consider low cost methods of data acquisition which can be used to supplement
existing networks.  For example, in the field of hydrology, it would be very desirable to take advantage
of unusual flood events or periods of low flow to obtain representative data on ungauged streams.

http://www.farmwest.com
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Specifically, it is possible to use “slope-area’ methods (e.g. see Smith, 1974) or techniques described in
West Consultants Inc, (1998)  to reconstruct peak flows from high water marks and to directly measure
minimum flows during periods of unusual drought (e.g. Cheng et al., 1982).  Such programs would also
allow the effects of drainage basin size or elevation to be assessed in a cost-effective manner.

5.1.9 Preserve National Data Archives

The preceding comments indicate that there are numerous opportunities for small scale  initiatives to
augment the availability of climate-related data in the province.  However, it is the author’s experience that
the most reliable sources of information are provided by national agencies who have the operational
experience required to collect data to defined standards, verify the information and permanently store the
data in secure archives.  For example, the amount of data ‘lost’ by either the WSD or the MSC over the
last century is relatively small in comparison to some of their provincial counterparts.  There is, therefore,
a need to support these national agencies and, wherever possible, give them the responsibility and
resources needed to permanently archive data collected by other, potentially ephemeral, organizations.

5.1.10 Routinely Analyse or Interpret the Collected Data

The analytical or interpretation abilities of national data acquisition agencies (e.g., MSC, WSD, etc.) have
been greatly reduced in recent years.  This trend needs to be reversed as the validity and significance of
data acquisition programs can only be determined during the process of data analysis.  It is therefore
imperative that interpretive reports be regularly prepared to verify the utility of existing or proposed data
acquisition networks and to identify program shortcomings or redundancies.

5.2 INNOVATION

5.2.1 Invest in Modern Technology

Investments in modern technology should be made to improve the efficiency of existing monitoring
programs.  As discussed in SECTION 3.2.1, the MSC is considering terminating up to 150 volunteer-operated
climate stations.  This is at least partially a means to reduce the cost of data entry and quality control.
In some areas of Canada, volunteer data is submitted to MSC on the internet which reduces costs and
increases the distribution speed.  It is our understanding that internet data transmission will be
implemented in BC once the fate of the volunteer network is finalized.  Similarly, replacing chart recorders
(in tipping bucket rain gauges for example) or replacing maximum and minimum thermometers with digital
thermistors would  reduce manpower costs and provide higher accuracy data.  It is , however, important
to ensure that there is a sufficient period of overlap between old and new technologies to ensure that the
differences in instrument characteristics can be documented.  [See GCOS climate modelling principles on
Table 5.1.2.]

Recent advances in instrument design now permit a range of sensors to be readily deployed from a single
data logger.  As a consequence, previously narrowly focussed monitoring programs can now easily collect
data which will meet other user’s needs.  For example, it would be comparatively simple to record water
and air temperature or precipitation data at WSD stream gauging sites.   Similarly, it is possible to operate
climate stations at snow pillow sites.
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The internet also provides the opportunity to readily operate remote data logging systems.  For example,
the Pacific Geoscience Centre is in the process of deploying 200 digital accelerometers or earthquake
monitoring instruments.  These will be programmed, operated and downloaded via the internet.  There
is the potential to use similar technology wherever an internet connection is available.  The development
of digital satellite links means that all areas of the province are potentially accessible using this technology.

Micro-sensors (‘mica motes’) and wireless technology is presently being developed to monitor light,
barometric pressure, relative humidity and temperature conditions.  [See www.coa.edu/news/intel.html
or Makris, 2003.]  This kind of ‘self organizing’ technology is likely to revolutionize the way micro-
climatology studies are undertaken.

Sub-surface ground ice or permafrost temperature measurements can provide useful information on
climate variability.   This is particularly relevant in northern areas which commonly lack long term climate
records.  As discussed in Romanovsky et al., 2002:

“The permafrost temperature regime (at depths of 10 to 200 m) is a sensitive indicator of the

decade-to-century climatic variability and long-term changes in the surface energy balance.  This

is because the range of inter-annual temperature variations (“noise”) decreases significantly with

depth, while decadal and longer time-scale variations (the “signal”) penetrate to greater depths

into permafrost with less attenuation.  As a result, the “signal-to-noise” ratio increases rapidly with

depth, and the ground acts as a natura l low-pass filter of the climatic signal.  This makes

temperature-depth profiles in permafrost useful for studying past temperature changes at the

ground surface.”

Recent advances in ‘thermometry’ now allow sub-surface temperature to be reliably measured to one thou-
sandth of a degree (Narod, pers. comm.).  This advance in technology should permit much more accurate
paleoclimate reconstructions and monitoring of future climate change than has been previously possible.

5.2.2 Use Space or Remote Sensing Technology Where Appropriate

A wide variety of space-based technologies are presently available for monitoring climate-related para-
meters and many additional sensors are scheduled to be launched in the near future.  A comprehensive
review of this technology has recently been prepared by World Climate Research Program, 2002.  NASA’s
Earth Science Enterprise (see http://eospso.gsfc.nasa.gov/eos_homepace/) is observing “clouds, water
and energy cycles, oceans, chemistry of the atmosphere, land surface, water and ecosystem process,
glaciers and polar ice sheets and the solid earth” to determine their influence on climate and weather.
Efforts are being made to accelerate the transition of research results to operational practice (see
Committee on Earth Studies, 2000a & b; Committee on NASA–NOAA Transition from Research to
Operations, 2003; and Steering Committee on Space Applications and Commercialization, 2003a & b).
These space-based initiatives are also being supported by terrestrial analyses undertaken by NOAA at five
locations located between Barrow, Alaska and the South Pole (see http://www.cmdl.noaa.gov/). 

As discussed in Schmugge, et al., 2003, a variety of sensors are available which permit the determination
of:

P land surface temperatures from thermal infrared data;
P surface soil moisture from passive microwave data;
P snow cover using both visible and microwave data;
P water quality using visible and near-infrared data;  and
P landscape surface roughness using LIDAR.

http://www.coa.edu/news/intel.html
http://eospso.gsfc.nasa.gov/eos_homepace/
http://www.cmdl.noaa.gov/


BRITISH COLUMBIA’S CLIMATE-RELATED OBSERVATION NETWORKS:  AN ADEQUACY REVIEW

Page 26 of 37

1 This assumes that both “an accurate GPS referenced global tide gauge network and an accurate ter-
restrial reference frame derived from space geodetic observations”  are also available (Leatherman,
et a l., 2003).

M. MILES AND ASSOCIATES LTD. Project: 0220

Methods of estimating hydrometeorological fluxes, evapotranspiration and snowmelt runoff from these
data are presently being developed.  Terrestrial-based remote sensing information, such as radar observa-
tions of rainfall intensities, are also becoming increasingly common (e.g. Krajewski and Smith, 2003).

Space-based or remote sensing climate-related data are likely to fundamentally alter the way some
traditional data collection has been undertaken and allow spatial and temporal variations to be more
readily defined.  For example, the Geoscience Laser Altimeter System (GLAS) is used to measure ice sheet
topography and associated temporal changes.  GLAS is the first laser-ranging (LIDAR) instrument for
continuous global observations of earth and it is carried on the Ice, Cloud and land Elevation satellite
(ICEsat).  GLAS was launched from California on January 13, 2003.  The collected data will allow the
distribution of glacier ice to be mapped at a 70 m resolution to an accuracy of 10 cm.  Although this
satellite is primarily intended for use in Washington state and Alaska, it could be readily targeted to areas
in BC.  This would greatly facilitate mass balance studies on BC glaciers.  The existing glacier monitoring
network (see SECTION 3.2.9) could be used to verify the satellite results, however, it is likely that additional
ground-based research would be needed as there are only two presently active glacier mass balance
studies being undertaken in the province.  Data from ICEsat, along with similar LIDAR satellites such as
Topex/Poseidon, Jason and GRACE, will also provide information on future changes in sea level. *1

Another example is “Aqua”, a NASA-sponsored earth science satellite launched in May 2002.  Sensors have
the ability to track evaporation from the oceans, water vapor in the atmosphere, clouds, precipitation, soil
moisture, sea ice, land ice, and snow cover on the land and ice. Additional variables include radiative
energy fluxes, aerosols, vegetation cover on the land, phytoplankton and dissolved organic matter in the
oceans, and air, land, and water temperatures (see URL in refs.).   “Aqua” is expected to be sensitive to
the top few centimetres of the soil and the data will reflect average conditions in the topsoil layer.  Ground
measurements will be needed to verify soil moisture values obtained by “Aqua”.  

The major impediment to the widespread use of this new technology is likely to be the ability of the
government, academic or private institutions to obtain the information and the resources to develop
appropriate analytical or verification procedures.  Maintaining data consistency over the long term may also
be an issue in some circumstances.  However, this is a quickly evolving field and developments in instru-
ment capabilities have the potential to provide wide coverage of many climate-related parameters at
nominal cost.

5.3 IDENTIFY ADDITIONAL AND ALTERNATIVE FUNDING SOURCES

A combination of additional funding from existing agencies and alternative funding are needed to sustain
and restore both the climate and hydrometric networks. 

The Government of Canada has committed $2 billion new funding for the climate change plan implemen-
tation in its February 2003 budget.  The vast majority will be directed to initiatives aimed at reducing
greenhouse gas emissions.  Up to the end of 2004, approximately $15 million will be awarded through the
Climate Change Action Fund [CCAF] to support research on impacts and adaptation; none of this will
support ongoing monitoring needs. The Canadian Foundation for Climate and Atmospheric Sciences
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[CFCAS] will invest an additional $50 million to continue fundamental research in climate change science;
this funding source again does not include support for long term monitoring.  It is inconsistent that this
increase in federal funding related to climate change is occurring at the same time that federally funded
climate observation networks are being downsized. 

BC’s $4.5 million hydrometric monitoring network of 461 stations is implemented through a federal-
provincial partnership.  The network has been in steady decline since the mid 1970’s due to reduction in
funding from both partners.  The provincial contribution may be subject to further reduction in the near
term.  A business review of the hydrometric network conducted by Azar et al., (2003) demonstrated that
the existing program produced total benefits valued at $84 million with potential for increasing benefits
by another $82 million if deficiencies were addressed.  Public benefits are derived from flood protection,
drought assessment, resource management and water supply in addition to business sector benefits to
the forestry, hydropower generation, mining, agriculture and petroleum industries.  For example, hydro-
metric data are essential to the planning and construction of hundreds of proposed small hydroprojects,
routine dredging in the lower Fraser River, construction of thousands of kilometres of forestry and explora-
tion roads and numerous fishery enhancement projects.  Additional partners from the key user groups are
needed to stabilize funding and operate the hydrometric network.  Azar et al., (2003) outlined a number
of approaches to support the restoration of the network; the reader is encouraged to review these recom-
mendations in light of the additional hydrological uncertainty and adaptation challenges associated with
a changing climate.

5.4 NETWORK PRIORITIES

5.4.1 Objectives

The analyses in SECTION 4 indicate that the majority of hydrologic zones in BC do not have adequate
climate-related monitoring networks.  Determining priorities for improving the effectiveness of these
programs is difficult as:

i) fiscal restraint is presently threatening to ‘downsize’ the existing networks (see
SECTIONS 3.2.1 and 3.2.5);  and

ii) given the near ubiquitous need for an expanded monitoring program, it is difficult to
know where the initial priorities should be.

In this situation it makes sense to examine what information or procedures are needed to meet the
following principal objectives:

i) verify or downscale climate models;

ii) monitor ongoing changes in climate;

iii) provide regional data suitable for environmental effects monitoring;  and

iv) provide regional data suitable for engineering design, natural resource management
and resource allocation decisions.

Each of these objectives is reviewed below.
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5.4.2 Verify or Downscale Climate Models

As discussed in SECTION 1, none of the 29 hydrologic zones meet the desired station density to verify
regional climate models (i.e. 1 station per 200 km²) and nineteen hydrologic zones have less than 10%
of the recommended station density.  Approximately 4,400 new climate stations are needed to meet this
criteria (see Table 4.3.1).  This is both unreasonable and financially impossible.  It does however, make
sense to monitor a few representative areas of the province to this standard, such that models can be
tested, satellite data can be verified and downscaling experiments can be undertaken.

Selection of representative areas should ideally involve a re-analysis of the present climate-related station
availability on the basis of the CRCM grids and maximum use should be made of the existing data network.
On the basis of the information on Table 4.3.1, sections of the following hydrologic zones are potential
candidates, given the comparatively large number of presently active climate stations.

HYDROLOGIC ZONE # NAME

24 Southern Thompson Plateau

27 Western South Coast Mountains

28 Eastern Vancouver Island

29 Western Vancouver Island

Proximity to the ocean, large variations in elevation and rapidly expanding populations may complicate the
analysis of climatic trends in Zones 27, 28 and 29.  It is therefore recommended that a number of
additional calibration and verification ‘grids’ be established in both more northern and less rugged
topography.  Hydrologic zones which appear to include appropriate candidate sites include:

HYDROLOGIC ZONE # NAME

2 Stikine Plateau

6 Southern Interior Plains

8 Nechako Plateau

10 Central Coast Mountains

15 Fraser Plateau

20 Central Kootenay Basin

23 Okanagan Highland

These eleven areas represent approximately one third of the hydrologic zones in the province and include
many of the centres of population.  We can roughly estimate the cost of this network by assuming that
five to eight additional climate stations might be required in each of these zones to meet a criterion of ten
stations per single 200 km² CRCM grid.  A conservative cost estimate would be on the order of
$1,500/station year if these sites were operated by volunteer observers.  This results in an annual cost of
$75,000 to $120,000 per year per zone and a province-wide investment of $0.8 to $1.3 million.  In some
areas it may be difficult or inappropriate to use volunteer observers and automatic instruments could need
to be deployed.  Depending on their location and the type of sensor to be operated, these could cost
between $2K and $20K per site.  However, considerable cost saving might be achieved if it was possible
to incorporate MOF or MOT climate stations and provincial snow courses into this network.  [This could
require some shifting in hydrologic zones on the basis of MOT of MOF station suitability.]   Estimating the
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cost of installing remote stations will require more detailed study, but an initial capital expenditure of $200
to $300K is a reasonable initial estimate (15 to 20 stations at $15K±  each). 

The network described above would provide a reasonable basis to calibrate and downscale regional climate
models plus, if maintained over the long term, would provide local information needed to detect regional
changes in climatic parameters over representative areas of the province.

5.4.3 Monitor Future Changes in Climate

The existing long term climate-related network probably provides the best available basis for monitoring
the future regional changes in climate as an extensive period of record is needed to achieve this objective.
This implies that considerable effort should be undertaken to preserve the existing long term network.
In some areas obsolete equipment may require updating or automatic stations may need to be installed
at sites where manual observers are retiring.  Climate or hydrometric stations with >30 to 50 years of
record should be given the highest priority.  Climate-related stations which meet these criteria should be
reviewed and cost estimates to maintain or ensure the preservation of these sites prepared.  

The analyses in SECTION 4.2 indicate that the present distribution of reference climatological stations is
inadequate in 11 hydrological zones.  Approximately 12 stations are required to meet the WMO (1986)
station density criteria (see Table 4.2.1).  Station costs would depend on the existing capability.  If we
assume $10K would be required for instrumentation, the capital cost to expand this network would be
approximately $120K.  Annual maintenance and data compilation would be an additional $40K (at an
average of $3K/site).

5.4.4 Monitor Watersheds Not Subject to Development

Future engineering design and land management practices will require a better understanding of the inter-
relationship between various climate-related variables and the confounding effects of various land use
practices.  As discussed in SECTION 4.5, this requires an integrated or hierarchical data collection program
and the provision of baseline information in undisturbed watersheds. 

Large community watersheds (such as in Vancouver and Victoria) could be particularly important
monitoring sites as future development activities are likely to be severely restricted.  These watersheds
could therefore allow the changing relationships between climate-related parameters to be examined in
areas without the confounding factor of future land development.  Efforts should therefore be made to
ensure that the existing climate-related data collection programs and data storage in appropriate com-
munity watersheds with restricted land use meet national standards and that the collected information is
made freely available to the scientific community.  Existing data collection programs should also be
reviewed and upgraded where warranted.

The four MOF experimental watersheds discussed in SECTION 3.2.3 should be used as the nucleus of a
provincial monitoring program.   Although originally intended to investigate the effects of forestry activities,
it is likely that, over the long term, they will provide important information on how changes in climate
affect conditions on a watershed basis.    Other university or municipal sites (e.g. UBC Research Forest in
Haney, the Stuart–Takla watershed in northern BC., etc.) should also be supported if the university or
municipal managers can reasonably guarantee a commitment to support long term research projects. 
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The objectives in these and other watersheds is to provide information on how the watershed responds
to changes in forcing conditions, such as temperature and precipitation.  As indicated in the GHOST
monitoring protocol summarized on Table 4.5.1, this requires at least a few sites where a sizeable array
of data are collected.  Additional investigation is required to provide a reliable cost estimate for this
proposed program.

5.5 NEXT STEPS

The WMO criteria and other methods used in this report have been applied to assess the adequacy of
existing networks.  We do not, however, suggest that the WMO criteria be used to determine the number
of stations and the funding required to improve the networks.  An outline of a procedure to be imple-
mented jointly by WLAP and MSRM to meet the priority needs identified is proposed as follows:

1. Stop further reduction in provincial funding to the hydrometric network;

2. Begin discussions with federal network managers to determine federal intentions and
avert further reductions to the climate network in BC;

3. As a matter of immediate priority enhance climate and hydrometric monitoring in the
regions of BC subject to high drought and flood risk;

4. Consult with other network operators including BC Hydro, Ministry of Transportation
and Highways, and the Ministry of Forests to identify opportunities for integration with
the major federal and provincial networks;

5. Consult with other stakeholders who have an economic interest in hydrometric or
weather networks and determine the potential for partnerships and their particular
area of interest;

6. Conduct detailed assessments by parameter class to establish short and long term
network station density and location objectives;

7. Prepare complementary hydrometric and climate network strategies;  and

8. Incrementally implement the strategies with partners.  
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