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ABSTRACT

Fisheries and Oceans Canada is responsible for the management and protection of marine
resources on the Pacific coast of Canada. An annual State of the Pacific Ocean meeting is held
to review the physical, biological and selected fishery resources and present the results of the

mostrecent year 6s monitoring in the context of
conditions. The workshop to review conditions in 2015 was held March 1 and 2, 2016 at the
Vancouver Island ConferenceCent re i n Nanai mo, B. C. Thet water s

experience strong seasonality and considerable freshwater influence and include relatively
protected regions such as the Strait of Georgia as well as areas fully exposed to the open ocean
conditions of the Pacific. The region supports ecologically and economically important resident
and migratory populations of invertebrates, groundfish, pelagic fishes, marine mammals and
seabirds.

Observations of the marine environment in 2015 identified the continued presence of a large
pool of very warm water in the Northeast Pacific Ocean (colloquially known as the fBlobd with
surface waters over 3 °C above normal at its peak in July. The equatorial water of the eastern
Pacific also began to warm and by the fall of 2015 a strong El Nifio was building. By the end of
2015 the warm surface water anomaly in the Northeast Pacific Ocean had decreased to about 1
°C above normal, while the subsurface waters to a depth of 100 m still remained significantly
warmer than normal. These ocean conditions influenced the weather experienced during 2015,
and impacted the biological ecosystems on regional and local scales, including changes at the
base of the food web such as exceptional blooms of phytoplankton, unusually high abundances
of gelatinous zooplankton, and range extension northwards of plankton and fish species more
commonly found further south.

A special session at the meeting was convened to focus on the monitoring and research being
undertaken on the freshwater conditions relevant to the health of anadromous fish populations.
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RESUME

Péches et Océans Canada est responsable de la gestion et de la protection des ressources

marines de | a ct*te ouest du Canada. Une rencontre
lieu pour réviser les conditions physiques, biologiques, ainsi que certaines ressources

halieutiques et pour présenter les résultats des derniers recensements et les mettre en contexte

avec les observations précédentes et les conditions futures basées sur les prédictions. Un

atelier pour réviser les conditions de 2015 a eu lieu a Vancouver Island Conférence Centre,

Nanaimo, C.B., les 1-12 mars 2016. En général, les eaux canadiennes du pacifique ont

démontré une forte saisonnalitt s o uisnfilbuence consi d®r able dbéapport
incluant des régions relativement protégés comme le détroit de Géorgie ainsi que des régions

completement exposés aux conditions en vigueur au large des cotes du pacifique. La région
supporte des populations r®sident esdeenammifiéresr at oi r e
marinsetd@di seaux de mer qui sont importantes dbéun poi

Les observations des conditions marines au début de 2015 ont indiqué la présence continue
doelargemassed 6eau chaude-edansel ¢6oao®an Padcdodni gue, (f a
sous le nom firhe Blobd avec les eaux de surface de plus de 3 °C supérieures a la normale, a

son apogée en Juillet. L'eau équatorial du Pacifiqgue a commencé a se réchauffer et a I'automne

de 2015 wun fort EI Ni no ®nhamnalie chaude®ls leaude surfacel a f i n d
dans I'océan Pacifique Nord a diminué a environ 1 °C au-dessus de la normale, mais les eaux

sous-jacentes, a une profondeur de 100 m, sont demeurées beaucoup plus chaudes que la

normale. Ces conditions océaniques ont influencé le climat en 2015, et les écosystémes

biologiques a I'échelle régionale et locale.

Une session spéciale a été convoquée pour mettre l'accent sur le suivi et les recherches sur les
conditions d'eau douce pertinentes pour la santé des populations de poissons anadromes.
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1.1.

1. HIGHLIGHTS

The annual DFO State of the Pacific Ocean meeting was held March 1 and 2, 2016 at
the Vancouver Island Conference Centre in Nanaimo, B.C.

Two significant ocean events were observed in the Northeast Pacific in 2015: the
continued warming of the upper 100 m of the central Gulf of Alaska (colloquially referred
to as the fBlobd during the first half of 2015, and a strong El Nifio during late 2015 and
early 2016.

Phytoplankton blooms off the west coast of Vancouver Island were observed earlier
(May) and remained longer (August) than normal. This bloom included species which
produce domoic acid, a human neurotoxin, but, in contrast to widespread shellfishery
closures along the US coast, only three areas along the west coast of Vancouver Island
were closed to shellfish harvesting as a consequence of this bloom.

The very warm water anomaly did not induce widespread Sockeye Salmon recruitment
failures in 2015, but did influence the return timing and size-at-age traits of many
populations. The warm ocean conditions in 2015 and El Nifio in 2016 are likely to have
produced unfavourable survival conditions for Central-to-South Coast salmon that went
to sea in 2015, and therefore reduced returns in 2016-2018 of these stocks are
expected.

A special session on freshwater conditions and anadromous species in 2015 identified
the low snowpack and early spring river runoff in southwestern B.C., and the warm water
temperatures in late summer, as factors contributing to widespread losses of return
migrating adult Sockeye Salmon.

Northeast Pacific and outer BC coast

Land and ocean temperatures made 2015 the warmest year on record both globally and
in the Northeast Pacific; 2014 is the second warmest year on record.

Land surface temperatures in B.C. in 2015 were the warmest in the past 116 years, and
new seasonal records during the first half of the year were established for many regions.
Snowmelt was early and rapid in 2015, leading to above normal streamflow in the spring
and below normal in late summer.

Indicators of the spring transition to upwelling conditions, including wind, currents and
waves off the west coast of Vancouver Island, showed a near average timing of mid-
April.

The pool of warm water, known colloquially as the Blob, that had dominated the upper
100 m of the Gulf of Alaska in 2014 remained a coherent feature until August 2015. After
August the sea surface temperatures (SST) of Northeast Pacific decreased to levels
more consistent with typical conditions, although sub-surface temperatures to a depth of
100 m remained much warmer than normal.

During the latter half of 2015 the equatorial waters of the eastern Pacific warmed
significantly, consistent with the development of strong El Nifio conditions.

Offshore SST data collected at west coast ODAS meteorological NOMAD buoys showed
increased temperatures at times exceeding 3 °C above normal, with record high SSTs
observed in the summer of 2015.



Coastal SST observed at lighthouses showed warmer temperatures in 2015 than 2014.
The average annual increase in SST for all stations was 1.98 °C (standard deviation of
1.02 °C).

Increased stratification of the upper ocean associated with the Blob restricted the
renewal of nutrients by vertical transport in the winter of 2014/15. As a result, nitrate
depletion in the surface coastal waters extended farther westward in June and August
2015.

Phytoplankton blooms off the west coast of Vancouver Island were observed earlier
(May) and remained longer (August) than normal.

The warmer ocean temperatures brought warm water species of zooplankton and fish to
the west coast of Canada. Southern species of copepods (poor food for fish) were
caught in increasing numbers in the survey areas west of Vancouver Island while there
were fewer sub-Arctic and boreal copepods. Monitoring revealed a considerable
increase in the presence of gelatinous animals off the west coast of Vancouver Island
(such as doliolids).

Off the west coast of Vancouver Island the biomass of Smooth Pink Shrimp declined
from the peak in 2014, but remained among the highest observed (since surveys began
in 1973). Walleye Pollock and Pacific Halibut also had record high biomass in 2014, and
their biomass also declined in 2015 to near-normal amounts.

The triennial Canada-U.S. survey for Pacific hake conducted in summer 2015 identified
the largest biomass of hake in the history of the survey. However, the fish were not
aggregated as usual resulting in many Canadian hake fishers switching to the shrimp
fishery. Significant aggregations of age-1 hake were observed at the southern end of
Vancouver Island.

During the La Perouse acoustic trawl survey, there were more Pacific Herring observed
along the southwest coast of Vancouver Island than in previous years (2013-2014), and

In 2015, there was an increase in Pacific Herring biomass in three areas (Prince Rupert,
Strait of Georgia, Central Coast). The biomass of Pacific Herring in three major stock
areas (Haida Gwaii, Central Coast, and west coast of Vancouver Island) have
experienced prolonged periods of low biomass in the absence of fishing. The two areas
that are open to fishing maintain stable or high biomass estimates (PRD and SOG).

In all five major stocks of Pacific Herring, there was a declining trend in weight-at-age
beginning in the 1980s through 2010, with an increase or leveling off in recent years.

Eulachon catch per unit effort observations from an annual spring multispecies trawl
survey were relatively high in 2013 to 2015 compared to previous years. In 2015, there
was only one mode of Eulachon lengths where normally a bi-modal distribution has been
observed.

The growth of juvenile Coho Salmon off the west coast of Vancouver Island in 2015 was
above average; a positive indicator for high survival. However, physical indicators
associated with smolt survival are less positive.

Anomalously warm ocean conditions in 2014-15 did not induce widespread salmon
recruitment failures in 2015 but did influence the return timing, straying rates and size-at-
age traits of many salmon populations.

The 2015 returns of Okanagan Sockeye were far above average and Barkley Sound
Sockeye achieved a new record return of 2.1 million fish; returns of Fraser Sockeye and
Pink were half of that expected in 2015.



1.2.

The association of Albacore Tuna with particular ocean temperatures (14-19 °C)
coincides with an unusually high abundance northwest of Haida Gwaii in 2014, and off
the west coast of Vancouver Island in 2015.

The diets of nestling Rhinoceros Auklets on Pine Island in 2015 included considerably
less juvenile salmon than observed in the preceding three years, but the amount fed to
nestlings at Lucy Island, in Chatham Sound in northern B.C., was normal.

Observations from ships and recordings of vocal activity from autonomous acoustic
recorders depl oy e dnodhaoast showithead-oocapgtioBof C. & s
historically occupied habitat in Hecate Strait, Queen Charlotte Sound and Caamarfio
Sound by Fin Whales. Fin Whales are present year round. The region appears to be

important for foraging and possibly breeding and calving.

Strait of Georgia

A rapid and early snowmelt introduced large volumes of fresh water resulting in negative
salinity anomalies in the first part of the year, and positive anomalies after the summer.

Water temperatures in the Strait of Georgia and Juan de Fuca Strait during 2015 were
up to 2 °C warmer than normal.

The UBC model of the physics and lower trophic levels in the Strait of Georgia predicted
the 2015 spring bloom would occur in mid-March. The maximum phytoplankton biomass
was registered by ferry instruments on March 11, 2015. Interpretation of (MODIS)
satellite imagery, and fluorometer data from the central Strait of Georgia, showed the
start date of the bloom as March 7 in the southern Strait and February 21 in the northern
Strait. This is the earliest spring bloom in this region since 2005.

Monitoring of carbonate parameters (ocean acidification) by the Hakai Institute in the
northern Strait of Georgia showed winter pHt a n daagdevels near 7.8 and 0.9,

r e s pec tabgleeels less than 1 indicate the tendency for aragonite dissolution. The
spring phytoplankton bloom drove a large increase in both pHr a n daagdo 8.4 and 2.8,
respectively, and these levels persisted until autumn except during periodic wind mixing
events.

Three natural drivers (SST at Entrance Island, wind speed at Vancouver airport, and the
North Pacific Gyre Oscillation Index) with the explanatory power to identify shifts in
ecosystem state in the Strait of Georgia showed that 2015 clustered with 2013 and
2014, but it was the weakest grouping of any year in the 1970-2015 time series.

Fraser River Eulachon spawning biomass (as estimated with an egg and larval survey)
increased to 317 tonnes in 2015; the spawning biomass was well below 120 t during
2004 to 2014.

The relative biomass of age-0 herring (as sampled by the SOG juvenile herring survey)
was lower and stable during 2013-2015, compared to peaks within the time series
(1992-2015). Also in 2015, age-0 herring were heavier for a given length.

Tracking of out-migrating juvenile Steelhead with internally-implanted acoustic tags show
marine survival was higher in the central Strait of Georgia than in the northern Strait of
Georgia to Queen Charlotte Sound, and that Burrard Inlet is associated with higher
mortality.

In recent years (2010-2014 return years) productivity, and consequently returns have
increased across 19 Fraser Sockeye stocks (those with stock-recruitment data). In 2015
although productivity and returns for the total aggregate of these stocks has been poor
there was considerable variability among these stocks.



1.3.

Freshwater conditions and anadromous species

In 2015, the high water temperatures off the coast of B.C. and a strong EIl Nifio weather
pattern affected Fraser River freshwater discharge and temperature conditions. Salmon
in water temperatures above 18 °C show signs of decreased swimming performance,
and above 20 °C can suffer increased mortality, disease, and legacy effects on egg
guality. Warmer water and lower discharge were associated with widespread en route
loss estimates for most Fraser Sockeye stocks, but water conditions improved for
spawning periods.

A chlorophyll time series (2002-2012) has been validated for Chilko Lake based on the
European MERIS sensor aboard the ENVISAT satellite.

Empirical evidence suggest a correlation between early phytoplankton blooms and larger
smolts, and that strong summer primary production is associated with better growth,
freshwater survival, and smolt survival.

Annual estimates of Chinook abundance by the Pacific Salmon Commission show that
relative abundance has been consistently higher in northern fisheries and that there
have been three peaks in abundance (1988, 2003, and 2014).

In 2015 Barkley Sound Sockeye returning to the Somass River, and Columbia River
Sockeye returning to the Okanagan River were influenced more by the anomalous warm
temperature regime than the discharge conditions in their rivers of origin.

The declining returns of Coho Salmon in the Salish Sea are attributed to neither open
ocean conditions nor fresh water conditions but rather conditions within the Salish Sea
itself.



2. INTRODUCTION

Fisheries and Oceans Canada, Pacific Region, conducts annual reviews of physical, chemical
and biological conditions in the ocean, to develop a picture of how the ocean is changing and to
help provide advance identification of important changes which may potentially impact human
uses, activities, and benefits from the ocean. These reviews take the form of one to two day
meetings, usually held in February or March of the year following the year under review. The
first meeting was held in 2000 to assess conditions in 1999; reports from these reviews are
available at

http://www.dfo-mpo.gc.ca/oceans/publications/index-eng.html

or by conducting a web search using the search te
and scrollingpbotB8Oae@ednypubllilcianng odhoswn ttoh emStsactreo o f
Oceano

Reviews and reports from 2007 to 2013 were conducted under the direction of the Fisheries &
Oceans Canadian Science Advice Secretariat (CSAS). In 2014, these State of the Pacific
Ocean reviews were moved to a separate process and are now presented as Fisheries &
Oceans Canada Technical Reports. The report from 2015 (of conditions in 2014) is available at

http://www.dfo-mpo.gc.ca/Library/358018.pdf

In 2016, the meeting on conditions in 2015 took place on March 1 and 2 at the Vancouver Island
Conference Centre in Nanaimo, B.C. The agenda for the meeting is presented in Appendix 1,
and the participants are listed in Appendix 2.

This technical report presents the highlights and summaries of the presentations and
discussions at the workshop. These summary reports are not peer reviewed, and present the
status of data, interpretation, and knowledge as of the date of this meeting. For use of, or
reference to, these individual presentations, please contact the individual authors.


http://www.dfo-mpo.gc.ca/oceans/publications/index-eng.html
http://www.dfo-mpo.gc.ca/Library/358018.pdf

3. OVERVIEW AND SUMMARY

The unusually warm ocean water observed in the central Northeast Pacific (Figure 3-1) in 2014
continued in 2015 with surface temperatures in July peaking at more than 3 °C above normal.
While the sea surface temperatures in this area (Figure 3-2) cooled to normal temperatures in
the second half of the year, above normal temperatures persisted in the subsurface waters.
Changes to the stratification of the surface waters to more normal conditions suggest that the
nutrient supply will also return to normal.
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Columbia
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Figure 3-1. Map of the Canadian waters discussed in this report.

In the autumn of 2015 increased sea surface temperatures in the eastern Pacific equatorial
waters were associated with the development of a strong EIl Nifio, which was expected to reach
Canadian Pacific waters by the end of 2015. Identification of this El Nifio signal in coastal
temperature data, however, was complicated by the already warm conditions caused by the NE
Pacific warm anomaly. Stronger than average surface winds appeared to have mixed the warm
temperature surface waters downward in late 2015 and early 2016, which initially intensified the
pychocline around 100 m and re-oxygenated these upper layers. By the first half of 2016,
however, this strong pycnocline appeared to have weakened, with the warmer waters spread
more broadly over the NE Pacific.

The warm ocean conditions created unusual plankton blooms in 2015 (Figure 3-3). In the early
July survey at the shelf break off Vancouver Island, Pseudo-nitzschia fraudulenta (a potential
domoic acid producer) comprised 32% of all diatoms, and 19% of all microplankton sampled.
Domoic acid concentrations were considerably higher along the US west coast, causing marine
mammal deaths and closing fisheries. Only three areas along Vancouver Island had domoic
acid concentrations above the human heath cut-off level, which were therefore closed to harvest
of shellfish during July 2015.



yYTYTYTYYOYYTY Y

NOAA/ESRL Physical Sciences Div'\sk-” 2.5 Temperature anomaly along Line-P - July 2015
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Figure 3-2. The upper panels show ocean temperatures in July 2015, the bottom panels show conditions
in January 2016. The panels on the left show contours of sea surface temperature anomaly data from
the National Oceanic and Atmospheric Administration Extended Reconstructed Sea Surface
Temperature (NOAA_ERSST_V3) data which includes information from satellites, ships, moored and
drifting buoys. The Line P monitoring transect is shown extending from the coast to Station Papa (145°

W, 50° N). The panels on the right are derived by interpolating observations from Argo floats along Line
P (courtesy Howard Freeland).
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The warmer ocean temperatures brought warm water species of zooplankton and fish to the
west coast of Canada from both the Gulf of Alaska and the coast of California. Southern species
of copepods were caught in increasing numbers in the survey areas west of Vancouver Island.
Monitoring revealed a considerable increase in the presence of gelatinous animals off the west
coast of Vancouver Island, especially of doliolids. Neither of these types of plankton (southern

copepod species or gelatinous plankton) are particularly good food for fish such as Pacific
Salmon.

These warm water temperatures also enabled northward rage extensions of fish which are
normally found further south such as Albacore Tuna (including unusually high abundances in
summer northwest of Haida Gwaii) and ocean sunfish (Mola mola). Pacific Hake, a warm water
species, was more abundance off the west coast of Vancouver Island than in previous years,



and included age-1 hake which have not been observed in this region in recent years. Also off
the west coast of Vancouver Island, surveyed biomasses of Smooth Pink Shrimp, Walleye
Pollock, and Pacific Halibut declined towards more normal values from their record highs in
2014. In summer, Pacific Herring were distributed more broadly than previous years in this
same region, and further offshore.

The growth of juvenile Coho Salmon off the west coast of Vancouver Island was above average,
although physical and biological indicators of smolt survival indicated opposite trends. The
2014-2015 anomalously warm water conditions in the North Pacific Ocean did not induce
widespread salmon recruitment failures in 2015 due to common ocean effects as some feared
but, did influence return timing, straying rates and size-at-age traits of many salmon populations
originating from eastern Pacific waters from south-central Alaska, through B.C., Washington and
Oregon. The impacts of a warmer than average ocean in 2014-2015 followed by the EI Nifio in
spring 2016 suggest survival unfavourable conditions for juvenile salmon making sea entry from
the B.C. central to south coast in those years so significant reductions in returns to many
populations (Okanagan-Columbia River salmon; Barkley and west coast Vancouver Island
salmon) may be expected in 2016-2018.
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Figure 3-3. NASA MODIS Agua standard processing chlorophyll image showing high chlorophyll
concentrations off the west coast of Vancouver Island in the summer of 2015.

The fresh water input to the Strait of Georgia was above normal in early 2015 due to above
average precipitation and air temperatures contributing to an early and rapid snowmelt. Fraser



River discharge rates at Hope were five times higher than normal in April (Figure 3-4). The lack
of snowmelt later in the summer, and lower than average rainfall, resulted in above average
river temperatures and low flow conditions until autumn. In 2015 an additional 40 days of water
temperatures above 18 °C, associated with stress in salmon, were observed in southwestern
B.C. and Vancouver Island rivers.

The spring bloom in the northern Strait of Georgia occurred about one month earlier (15
February) than in the southern Strait of Georgia. The occurrence of the spring phytoplankton
bloom in mid-March in 2015 was the earliest spring bloom since 2005. The biomass of juvenile
Pacific Herring in the Strait of Georgia in 2015 was similar to the previous two years, and the
fish were heavier for a given length. Catches of juvenile Coho Salmon in the Strait were above
average, and also with larger sizes. In recent years (2010-2015 return years), productivity has
varied across the 19 Fraser Sockeye stocks with stock-recruitment data. Marine and freshwater
factors contribute to these differences. Chilko Lake is the only stock where total survival can be
partitioned into freshwater and marine over a long time series. In the past decade, this stock has
generally exhibited above average freshwater survival and below average marine survival.
Fraser Sockeye returns in 2016 (2.3 million at the 50% probability level) are expected to be
below the cycle average (3.9 million), due to the very low brood year escapements for many
stocks in 2012. Considering the inconsistent productivity responses across Fraser Sockeye
stocks in 2015, it is unclear how productivity for the 2016 returns will be affected by the
unusually warm conditions in the NE Pacific (i.e. whether returns will fall above or below the
50% probability level forecasts).
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Figure 3-4. Fraser River flow at Hope in 2015 (blue) and the average flow based over the past 103 years
(data source: Water Survey of Canada).
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5. BRITISH COLUMBIA HYDROCLIMATOLOGICAL CONDITIONS,
2015
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!Pacific Climate Impacts Consortium, University of Victoria, Victoria, B.C., fanslow@uvic.ca,
mschnorb@uvic.ca

2Ministry of Forests Lands and Natural Resource Operations River Forecast Centre, Victoria,
B.C., David.Campbell@gov.bc.ca

5.1. Highlights

9 Air temperature observations set a record high for the B.C.-wide average. Regionally,
annual records were set in the southwestern two thirds of the province.

1 Seasonally, spring was the most anomalously warm while winter and summer contained
at least one region with record breaking warmth and were much above elsewhere.

9 Precipitation was near normal or above normal in seasonal averages, but included very
dry months.

1 Snow accumulation was near or above normal in central B.C., below normal in the
northwest and southeast and extremely low in southwest B.C.

1 Snow melted rapidly in spring leading to very low snowpacks at the end of the season.

1 Hydrologically, streamflows were much above normal in the spring province-wide
leading to much below normal to record low province-wide by summer.

5.2. Introduction

In early 2016, three of the major centres for global climate monitoring determined with high
confidence that 2015 was the warmest year on record by a substantial margin (Hansen 2010,
Osborn and Jones 2014, Gleason et al. 2015, Huang et al. 2015, GISTEMP 2016). All centres
point toward ongoing greenhouse warming coupled with the development of a very strong El
Nifio as causes of the record warmth. The cyclical La Nifia/El Nifio may influence global climate
by storing and then releasing energy in the deep Pacific ocean (down to 700 m; Meehl et al.
2011). More locally, the seasonal weather of British Columbia is directly influenced by El Nifio
via atmospheric teleconnections spanning the North Pacific Ocean and North America.
Furthermore, during the winters of 2013, 2014 and 2015 anomalously high atmospheric
pressure and the attendant dearth of storms over the Northeast Pacific (Bond et al. 2015;
Hartmann 2015) resulted in a very large region of record warm ocean surface temperatures to
the west of British Columbia i a pattern inadvertently coinedthe 1 ob o6 by cl i matol ogi !
Washington State. These combined events likely had a strong warming effect on the weather
that British Columbia experienced throughout 2015. In this article we discuss conditions in the
province in terms of seasonal averages of daily minimum and maximum temperature and
precipitation, the evolution of the winter and spring snowpack, and the effects of these on spring
and late summer streamflow throughout B.C.

5.3. Data

Seasonal temperature and precipitation anomalies were calculated from data gathered through
a data sharing agreement among the B.C. Ministries, B.C. Hydro and Environment Canada.
These data are assembled into a centralized database housed at the Pacific Climate Impacts
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Consortium (PCIC) at the University of Victoria and made available via the web. Data are
gathered from both hourly and daily sources. The database is updated with near real-time data
feeds from the Ministry of Transportation and Infrastructure, the Ministry of Forests Lands and
Natural Resource Operations Wildfire Management Branch and Environment Canada. Basic
guality control is done by the network operators before the data is made available to PCIC and
no further quality control was done for this analysis.

Anomalies are computed on a seasonal basis using monthly climatologies calculated using the
197117 2000 climate normal period. For temperature, the anomalies are computed as a simple
difference between the climate normal and the observed three-month average. For precipitation,
anomalies are computed on a relative basis as (P-Pnorm)/Pnorm * 100. P is the observed total
precipitation for the season and Pnorm is the long-term average amount. Thus a season in
which no precipitation was recorded will receive an anomaly of -100%. A normal precipitation
season will have an anomaly of 0% etc.

To compute regional anomalies from station data we use the so-called eco-provinces which
define regions of ecological and climatological coherence within B.C. First anomalies at
individual stations are interpolated to a regular 0.5 degree grid using thin-plate splines. Next, the
gridded anomalies are sampled within a given region and an average of those anomalies is
taken. This yields an area weighting of the stations within a region and also provides support for
regions that contain few observational stations. The regions are then ranked among the
averages from the period of record spanning from 1900 through 2015. These percentile ranking
are displayed in this analysis.

For seasons, we combine three complete months such as December, January and February for
winter and March, April and May for spring etc. Because of this, the annual anomalies computed
over the months of 2015 are slightly different than what would be computed combining the
individual seasons because, seasonally, December 2014 is included in the analysis of 2015.

Streamflow data were gathered from the national hydrometric network and anomalies were
computed similarly to those for precipitation in the above analysis. Streamflow was averaged
through the seasons and compared with averages from data available since 1970. Because
numerous observational periods of record go earlier than 1970, the record extremes in this
analysis are only relative to the 46-year timeframe and in some cases may not be true records
in the full length of the data. The purpose of this analysis is to show that 2015 was extreme and
that extreme values existed province-wide. Hydrometric data are quality controlled through
roughly 2012 at present, so data in this analysis may contain errors and may be subject to
revision in the future.

Snow survey and automated snow pillow data are gathered by the Ministry of Environment and
cooperatively through partner agencies. The data are analyzed by the Ministry of Forest Lands

and Natur al Resource Operationsd6 River Forecast
risks due to spring snowmelt. Anomalies are calculated in a similar manner as those for

precipitation except the anomaly is expressed as a ratio relative to the long-term average snow

water equivalent. Station anomalies are averaged within regions to arrive at regional values.

5.4. Winter
Starting with the winter (spanning December 2014 through February 2015) the conditions that

lead to the maintenance of the Blob at this time were also associated with higher than normal
pressure over British Columbia which, in turn, led to warmer than normal temperatures across
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the entire province for the season. The storms that did come through produced sufficient
precipitation to keep the province at or above normal for rain and snowfall, with the central part
of the province receiving larger than normal precipitation amounts leading to above normal
showpacks (Figure 5-1 ¢ and d). For both daily maximum and minimum temperature (Figure 5-1
a and b), the far southwestern corner of the province experienced record-breaking warmth and
all but the northeast corner of the province experienced much warmer than normal temperatures
with values that rank in the top 10 for the past 116 years.

5.5. Spring

The warmth and relative wetness of winter set the stage for spring. Over the period from March
through May, precipitation patterns remained similar to those of winter, with much above normal
precipitation amounts in the central parts of the province and above normal precipitation
everywhere except the far northeast corner, where precipitation was below normal (Figure
5-2c¢). Temperatures, however, continued to be very warm. The behaviour of minimum and
maximum temperatures also began to differ from each other in terms of how extreme the
anomalies were. Minimum daily temperatures in spring were of record-breaking warmth for
much of the western and central regions of the province (Figure 5-2b). Elsewhere, in the north
and eastern parts of the province, minimum temperature was in the top 7 years of the long-term
period of record. Maximum temperatures set a record for warmth in the north and were in the
top 4 warmest years everywhere else except in the region around southern Vancouver Island
and the city of Vancouver which ranked 11th warmest. The warm spring conditions likely
contributed to an early start to the fire season in the province and what would lead to a more
active than normal fire season in B.C. These warm spring conditions also led to much lower
than normal late spring snowpacks in much of the province and, eventually, the earlier than
normal loss of the winter's snow despite relatively wet conditions (Figure 5-2d).

5.6. Summer

Although summer started very warm, conditions began to moderate as the season progressed,
eventually leading to a relatively cool and wet August. Overall, minimum temperatures were still
very warm (Figure 5-3b). Records were still broken in the southwest part of the province and
were in the top 8 warmest years for all regions but the far northeast. The behaviour of maximum
and minimum temperatures continued to diverge with maximum temperatures attaining less
extreme values than minimum temperatures. Average maximum temperatures reached much
above normal values in the southeast with near or above normal conditions for the remainder of
the province. Precipitation was near normal for the southern half of the province and ranged
from above normal to much above normal in the north (Figure 5-3c). The simultaneous much
above normal precipitation, warm daily minimum temperatures and near normal maximum
temperatures suggests that unusually warm, cloudy conditions prevailed in the north. We
speculate that the warm ocean temperature associated with the Blob helped to provide warm,
moist conditions leading to this combination of seasonal anomalies. The summer season was
punctuated by a very strong cyclonic storm that impacted southwest British Columbia in the last
few days of August. This storm broke records for how low the air pressure was at its centre and
drove strong winds which caused numerous impacts across SW British Columbia.

5.7. Fall

The trend toward more normal conditions that began in late-summer continued into the fall.
During this period temperature returned to near normal or above normal (as defined earlier) for

14



both daily maximums (Figure 5-4a) and minimums (Figure 5-4b). For precipitation, conditions
were similarly near normal with only the southeast corner of the province above or much above
normal (Figure 5-4c).

5.8. The Streamflow Response

The evolution of seasonal temperature, precipitation and concurrent snow accumulation and
melt had major impacts on the streamflows observed in B.C. in 2015 (Figure 5-5). As described
above, very warm temperatures in spring led to rapid declines in snowpack, in some cases from
much above normal snowpack to much below normal in the span of three months. This rapid
decline in snow along with ongoing normal or above normal precipitation led to much above
normal streamflow almost uniformly across the province. Almost everywhere March, April, May
streamflows were in the top 10 % of the 46-year record from 1970 through 2015 for the season.
The consequence of the rapid, early loss of snow cover across the province was much reduced
water supplies for the remainder of the year. Combined with much above normal to record
breaking temperatures and periods with little precipitation, these conditions led to much below
normal streamflows by the July, August, September period. During this time, the majority of
stations recorded streamflows in the lowest 25™ percentile with many below the 10" percentile
to record lows within the 46-year context of this analysis. The exception to this is central B.C.
where some stations reported streamflows that remained near- to slightly above-normal. This
region sustained above-normal to normal snowpacks into late spring and this water source likely
helped maintain normal streamflows. Furthermore, several of these watersheds have glacier
cover whose melting ice may have contributed, but this is speculation because there are no
observational data for glaciers in these watersheds.

The observed transition from high springtime streamflows to low summertime flows bears a
strong resemblance to projections of streamflow change under numerous climate projections.
For watersheds driven by snowmelt, those projections show a triad of effects: higher flows in the
early spring along with earlier onset of melting, an earlier and lower peak flow, and reduced late
summer flows owing to lower snowpack and increased evapotranspiration (Schnorbus and
Cannon 2014). More detailed analysis of the 2015 hydrograph for several watersheds exhibits
all of these behaviours suggesting that 2015 may be a useful analogue for future streamflow
behaviour in British Columbia.
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Figure 5-1. Panels (a), (b), and (c) depict winter (December 2014, January 2015 and February 2015)
temperature and precipitation anomalies colorized by ranking among the 116 years of data from 1900
through 2015. Minimum temperature is shown in panel (a), maximum temperature in panel (b), and
precipitation in panel (c). Colour classification is such that Near Normal corresponds to the 33rd to 66th
percentiles, Above Normal to the 66th through 90th percentiles, Much Above Normal to 90th to all but
the record year. The final category is for record which is the 99.2 percentile. Analogous categories for
the below normal values are 33rd to 10th, 10th to 0.8 and record for Below Normal, Much Below Normal
and Record respectively. Numbers indicate ranking relative to warmest or wettest. Regional divisions
are Ecoprovinces. Panel (d) depicts snow water equivalent as a percentage of normal.
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Figure 5-2. Panels (a), (b), and (c) depict spring (March, April and May 2015) temperature and
precipitation anomalies colorized by ranking among the 116 years of data from 1900 through 2015.
Minimum temperature is shown in panel (a), maximum temperature in panel (b), and precipitation in
panel (c). Colour classification is such that Near Normal corresponds to the 33rd to 66th percentiles,
Above Normal to the 66th through 90th percentiles, Much Above Normal to 90th to all but the record
year. The final category is for record which is the 99.2 percentile. Analogous categories for the below
normal values are 33rd to 10th, 10th to 0.8 and record for Below Normal, Much Below Normal and
Record respectively. Numbers indicate ranking relative to warmest or wettest. Regional divisions are
Ecoprovinces. Panel (d) depicts snow water equivalent as a percentage of normal.
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