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statistical emulation model.
Neglecting changes in glacier
storage and late summer glacier melt may also be partly
responsible for the error.
Regardless, the results of Figure 9a are indicative of increasing aridity during the summer
and the possibility for substantially reduced summer discharge. Further, we are able to
demonstrate the use the emulated results to rapidly prototype the entire CMIP5
ensemble and identify those
climate projections of particular interest, e.g., those indicative of high summer water
stress, so they can be subject
to a more thorough analysis
using process-based models.

Results for the Peace are qualitatively similar (Figure 9b).
Again, projected monthly
streamflow changes for the
2080s under CMIP5 RCP8.5 are
more severe than those projected for CMIP3 A2. As per the
Fraser, 9 of 50 projections show
negative streamflow for July.
Curiously, the GCM projections
that generate negative streamFigure 11. CMIP5 RCP2.6,
RCP4.5,
and
RCP8.5
2020s,
2050s,
and
2080s
monthly
streamflow
Schnorbus and Cannon, 2014
projections for the Fraser River at Hope. Dark lines show ensemble median and bands show
flow in the Peace and Fraser are
the 5–95% percentile range (1970s range based on bootstrap estimate).
not the same (with the exception of three). This is perhaps
By Pfly - Own work, CC BY-SA 4.0,
not surprising given the large regional variation in hydrologic response across western Canada to climate varihttps://commons.wikimedia.org/w/index.php?curid=39470770
~o-Southern Oscillation and Pacific Decadal Oscillation) [Gobena
ability (e.g., El Nin
and Gan, 2006; Woo and
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1894 à 16,000-18,000 m3s-1 (15,000-19,000)
Likely greatest discharge since 1847
Source – wateroffice.ec.gc.ca
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Alexandra Bridge, 44km north of Hope
1863

Figure 2.7: Alexandra Bridge Completed in 1863

Source – Northwest Hydraulic Consultants / BC Ministry of Environment, 2008
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Alexandra Bridge, 44km north of Hope
1894

Figure 2.8: Alexandra Bridge during Flood of 1894

Source – Northwest Hydraulic Consultants / BC Ministry of Environment, 2008
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(162 years)
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RECOMMENDED INTERIM FLOOD FREQUENCY ESTIMATES

Maximum
discharge frequency
Until further investigations are completed we tentatively recommend the following flood
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frequency estimates and approximate 95% confidence limits be adopted at the Hope gauge:
100 year daily maximum: 14,700 m3/s (+ 1,100 and -900 m3/s)
200 year daily maximum: 15,600 m3/s (+ 1,300 and -1,000 m3/s)
500 year daily maximum: 16,800 m3/s (+ 1,600 and -1,200 m3/s)
These values are based on the log Pearson Type III distribution using an extended record
length of 162 years. The daily records between 1957 to 2008 were adjusted by +10% to
account for upstream storage effects, making the time series more representative of natural
flows. The magnitude of the reduction in peak flows due to present-day Nechako operations
is not well defined at this time. There is no good basis for adjusting the flood frequency
estimates further until this issue is clarified. Based on these flows, the 1894 flood had a
return period of slightly more than 500 years and the 1948 flood was close to a 200 year
event.

A significant reduction in flood risk may be achievable if formal upstream reservoir
operating agreements can be established for flood mitigation. Detailed studies should be
completed to determine if reservoir operating rules can be introduced to ensure a reduction in
peak flows of about 1000 m3/s (i.e. similar to 1972) for a full range of flood scenarios,
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VIC/emulator based projections

Photo: F. Zwiers (Yukon River)
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Consideration of Nonstationarity
Generalized Extreme Value (GEV) distribution

𝜉 ≠ 0,

𝑥−𝜇
1+𝜉'
,>0
𝜎

Nonstationarity is represented by making GEV
parameters dependent upon climate state
è Achieved using neural nets (details in
Shrestha, et al, 2016, submitted)
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Evaluation of nonstationary model skill
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Predictors –
Training data –

DJF and MAM T and P
CMIP3 predictors, CMIP3 driven VIC, 1961-2098,
A1B (8 GCMs) and B1 (7 GCMs)
Evaluation data – as above, except A2 (8 GCMs)
Location and scale parameters set to be predictor dependent
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Changes in Q2, Q10, Q100

Selected model retrained with all CMIP3
Applied to CMIP3, and subsequently to CMIP5
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Projected Change in Flow Quantiles (CMIP5)
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Projected Change in Flow Quantiles (CMIP5)
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Projected Change in Return Values (CMIP5)
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Assessing Fraser River flood risk
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Discussion

Photo: F. Zwiers (Yukon River)
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Discussion
• Is 1894 more or less likely today than historically?
• Design criteria flood protection in the Lower
Fraser still largely based in 1894 (although
recently updated in 2014)
• Any increase in magnitude/frequency would be
compounded with sea-level rise
• What physical process would allow magnitude to
increase at very low frequencies?
• This seems a critical “event attribution”/risk
assessment problem given the population and
infrastructure at risk
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Questions?
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