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Introduction: 

The JSCA Board of Directors has directed the JSCA Planning Committee to develop a set of 
stress tests related to Global Climate trends.  This stress test exercise is meant to help guide 
and inform the JSCA’s Course Made Good 2045 long-term strategic development plan. Given 
that the time-horizon for most published climate projections is 2050, we adopt 2050 (rather 
than 2045) as the operational time-horizon for this document.


“Climate adaptation related stresses refer to the climate trends that impact systems such as 
hotter, drier summers and sea level rise”. (City of Vancouver, 2018).  This document will 
therefore address sea level rise and high (ambient) temperatures.  Because it is likely that JSCA 
will have to adapt both operations and infrastructure to both mean (chronic), and extreme 
(event) conditions of both climate variables, we address both statistics.


Since this document is prepared in support of a planning exercise, it will rely on literature in the 
planning and operational realm, rather than literature in the research realm.  This is often called 
“grey literature”. It must be recognized however, that planning materials are always supported 
by research results.


Common to all work involving projections into the future, the recommendations can only be 
considered as reasonably likely estimates of what might occur.  There exist many sources of 
uncertainty in climate projections.  The major uncertainty lies in present and future emissions of 
climate-driving greenhouse gases (GHG). This source of uncertainty is accounted for in the 
work of the UN Intergovernmental Panel on Climate Change (IPCC) by a set of SSPx-y 
scenarios. SSPx-y refers to the Shared Socio-economic Pathway or ‘SSP’ describing the 
socio-economic trends underlying the scenario, and ‘y’ refers to the approximate level of 
radiative forcing (in W m–2) resulting from the scenario in the year 2100. Each scenario is 
associated with specified, possible global GHG emission pathways. These form a set of 
reasonably achievable societal actions regarding GHG emissions - effectively future scenarios. 
These scenarios replace the RCP scenarios of earlier IPCC reports.  That approach will underly 
(both explicitly and implicitly) all results in this report.  An additional uncertainty lies in 
unanticipated climate system interactions that may affect sea level (such as the collapse of a 
major Antarctic ice sheet) or global mean temperature (such as significant or extensive 
vulcanism).  It is not possible to account for these sources of uncertainty.


A final consideration that must be used in applying the recommendations of this report is the 
need to act locally (Jericho Beach, English Bay and the Salish Sea), while climate models upon 
which the projections are based are essentially global in cover, and therefore do not give 
results specific to our location.  However, climate downscaling and other analytical techniques 
are used to provide local guidance from global model output.  These approaches are used in all 
of the guidance documents on which this report is based.
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Sea Level: 

Sea level measurement, modelling and prediction is referenced to a local datum. Sea level at a 
point in time is then determined from a number of additive factors. These factors are (Ausenco-
Sandwell, 2011a):


1) Regional subsidence or uplift (isostatic rebound) of land due to glacial retreat.  This occurs 
over tens of thousands of years, and is well-documented from geophysical studies, and is 
typically on the order of a few mm/yr.


2) Regional (mean) sea level rise relative to datum due to global climate heating.  This occurs 
over decades and is determined by climate studies.


3) Tidal maxima (and minima). This occurs as a semi-diurnal cycle and is determined from 
tidal predictions supplied by government agencies - DFO in Canada.


4) Wind driven surge effects. This occurs over hours to tens of hours and can be determined 
from local studies and weather forecasts. In Canada, DFO and ECCC provide guidance.


5) Wave effects. These effects are due to waves generated by distant storms (for open ocean 
coastlines) and local storms and fetch length (for inland waters such as the Salish Sea).  
The effect is variable, dependent on local shoreline character, and maximum for sloping 
gravel or sand beaches.  In Canada, DFO and ECCC provide guidance.


The first three factors must be considered when estimating mean sea level for operational and 
infrastructure planning. All five factors must be considered when estimating how sea level rise 
may affect infrastructure during extreme events. It would seem that the conditions under which 
extreme sea level rise would be important are such that normal JSCA operations would be 
suspended.


It is important to note that sea levels used in any estimation of coastal flooding in extreme 
events must incorporate all five (additive) factors noted above. 


Mean Sea Level at JSC to 2050: 

Regional subsidence is very small and so slowly changing that it can effectively be ignored for 
the present consideration.


Regional sea level rise however is of much greater concern. Projections of global sea level rise 
prepared by IPCC 2021 are presented in Figure 1.
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Figure 1: Global mean sea level change relative to 1900. (source: IPCC 2021). The various 
future scenarios are referred to as SSPx-y, where 'SSPx' refers to the Shared Socio-economic 
Pathway describing the socioeconomic trends underlying the scenarios, and 'y' refers to the 
level of radiative forcing (in W m-2) resulting  from the scenario in the year 2100. The upper 
dashed line labelled SSP5-8.5 reflects the combined effect of radiative forcing and ice-sheet 
instability.


The projected sea level rise indicated in Figure 1 is broadly consistent with similar projections 
published by Province of British Columbia (2018, 2019) and The City of Vancouver (2018, a & 
b).  Figure 2 gives the projected rise published by the Province of British Columbia (2018). The 
linearly increasing sea level is intended to give a conservative and practical scenario for 
planning purposes.


Figure 2. Recommended Global Sea Level Rise Curve for Planning and Design in BC. (Source: 
Province of British Columbia, 2018).


Tidal maxima (and minima) can be obtained from statistical studies of past tidal data. For Point 
Atkinson, Port of Metro Vancouver, (2014) used data from 1914 to 2010 and determined that 
the extreme high water level was 5.6 m above datum, and the extreme low water level was 
0.24 m below datum. The mean water level was 3.0 m above datum. 
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Recommendation 1: Based on these projections, we recommend that JSCA build 
infrastructure and operational stress tests that assume a mean sea level rise of 0.5 m 
beyond 2000 levels and an extreme high tide of 5.6 m (referred to datum) by 2050. 

Recommendation 2: JSCA adopt the Global Sea Level Rise Curve recommended for 
sea level rise policy in British Columbia  as a working basis for sea level rise stress 
tests through time.



While no analysis of global warming trends in mean sea level over the 1914 to 2010 was done, 
we must assume that the extreme statistics noted above are influenced by the trend evident in 
Figure 1. A rough estimate of the bias due to trend would be the average rise over the data 
period.  From Figure 1, the rise from 1950 to 2010 is about 0.1 m, resulting in a positive bias of 
0.05 m.  This bias is well within the uncertainty inherent in sea level rise of available projections 
to 2050.


Tidal adjustment between Point Atkinson and JSCA is negligible.


An interesting perspective on coastal inundation (by tidal effects in combination with mean sea 
level rise) is given by an analysis prepared for the City of Vancouver (2014), and reproduced in 
Figure 3.


Figure 3: Time series of inundation probability at three English Bay locations. (Source: City of 
Vancouver, 2014).


As indicated in Figure 3, the probability of inundation of JSCA (at 2.6m geodetic height) in 2022 
is roughly 25%.  This probability will rise to 100% by 2040.  In the absence of wind driven 
surge and wave effects JSCA will be inundated on average every year by 2040.  Extreme sea 
levels due to wind effects means we will reach this threshold sooner.
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Recommendation 3:  Given the high probability of annually frequent inundation, we 
recommend that JSCA approach the 2045 planning horizon with a sense of urgency. 



Extreme Sea Level at JSCA to 2045: 

In addition to sea level rise due to a warming climate and high tides, extreme sea levels are 
contributed to by wind-driven surge and wave effects.  These are extreme events, and only 
occur if all governing factors converge.  For this reason they occur intermittently.  However, in 
the short term (a few days to hours), they can be forecast via combined weather, surge and 
wave forecasts provided by ECCC and DFO. For the purposes of constructing a stress test for 
JSCA, it seems reasonable to simply provide a realistic worst case based on existing modelling 
and data.


Wind-driven Surge Effects:  


Appendix D of Ausenco-Sandwell (2011b) examines the joint occurrence of storm surge (they 
call this residual water level as it is the difference between forecast and observed water level), 
tide  and waves on the BC coast in some detail. 


Ausenco-Sandwell (2011b) analyze the 1995, 9-16 December storm the maximum storm surge 
at Point Atkinson (as determined by the water level residual) was 0.8 m.


Ausenco-Sandwell (2011b) analyze long term data from Halibut Bank, and  show a maximum 
storm surge of 0.9 m.  Wave data from this station show a maximum height of approximately 3 
m, but are not applicable to JSCA.


The Appendix to this document shows a maximum storm surge of 0.7 m at JSC during the 
2022.01.07 wind storm.


In the public outreach document “Vancouver’s Changing Shoreline” (City of Vancouver, 2018b), 
the public are cautioned that storm surges will cause “water levels up anywhere from 50 cm to 
100 cm above normal levels”.


The City of Vancouver also states: “Storm surge …..  usually peaking at less than 0.5m but can 
be greater than 1m.” (City of Vancouver, 2014)


The above results appear to be consistent, and can form the basis for what is in effect a 
consensus value for maximum likely storm surge at JSC.




Ausenco-Sandwell (2011b) estimate the annual exceedance probability of having the peak of 
an extreme winter storm (such as that of 1995.12.09) at high tide as approximately 1 in 300.  It 
must be noted that the 2022.01.07 event at JSCA occurred during a period of very high (for the 
BC inner coast) wind. The event would however not be classified as a severe storm because 
the wind was driven by a pressure readjustment, rather than a mid-latitude cyclonic storm.
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Recommendation 4: Based on these results, we recommend that JSCA build 
infrastructure and operational stress tests that assume a maximum wind-driven storm 
surge of 0.7 m to be superposed on mean sea level rise by 2045. 



It must be pointed out that the magnitude of wind-driven storm surges are strongly related to 
the storm intensity.  Scientific information on the expected future changes in storms 
approaching BC coastal waters and their characteristics, specifically the intensity of storms, 
their related wave conditions and associated storm surges is only starting to emerge.  In the 
absence of firmly established results it seems premature to assume more intense storms on 
the BC coast in future warmed climates.


Wave effects.


Wind driven wave height is strongly dependent on wind fetch, wind strength and bottom 
topography.  Wave heights can be estimated from modelling of waves driven by wind, or 
alternately, statistics of wave heights can be obtained from wave height measurements.


Higher ocean waves are represented by the significant wave height (Hs), which is the average of 
the highest one third of all waves. The theoretical maximum wave height (Hmax) is then given by:


	 	 	 	 	 


Worley Parsons (2013) use an industry-standard wave model (SPM-84) and and 21 years of 
measured wind data to estimate the wind-generated wave height at Jericho as a function of 
wind speed as follows:


These modelled wave height estimates are based an open-water fetch distance of 3.5km.


Moffatt and Nichol (2017) estimate the 1 in 200 year wind-driven significant wave height at 
Jericho Pier as 1.2 m, and the corresponding maximum wave height as 2.2 m. They do not 
specify how these figures were arrived at.


Northwest Hydraulic Consultants (2014) conduct a hind-cast exercise using data from 1910 - 
2013 to explore ocean level statistics, including wave height in English Bay. In this analysis the 
significant wave heights at Spanish Banks were found to be around 0.5 min westerly winds of 
around 16 kt, rising to 1.75 m at 38 kt.

Mean Temperature at JSCA to 2045: 

Hmax = 1.8Hs

Variable

Return Period (years) 1 5 10 20 30 40 50 100

Wind Speed (kt) 30.22 36.56 38.92 41.48 42.89 43.92 44.72 47.18

Significant Wave Height (m) 0.63 0.79 0.85 0.92 0.96 0.99 1.01 1.08

Page  of 6 13

Recommendation 5: Based on these results, we recommend that JSCA build 
infrastructure and operational stress tests that assume a wind-driven significant wave 
height of 1.5 m to be superposed on mean sea level rise and wind surge effects by 
2045. 



The most directly understood and widely distributed climate change statistic is global 
temperature.


Figure 4: Modelled global mean surface temperature changes 2000 to 2100  (source: IPCC 
2021, 2022).  RCPx.y are representative concentration pathways which can be related to the 
more recent SSP y-y scenarios.  In general terms, RCP8.5 corresponds to “business as usual” 
GHG emissions for the remainder of the century. The RCP4.5 “medium stabilization” scenario 
represents mitigation efforts that result in about half of the emissions compared to the RCP8.5 
scenario. Substantial and sustained reductions in GHG emissions would be required to achieve 
RCP2.6, which is the only pathway that would keep global warming below 2°C above pre-
industrial temperatures. While recent commitments, including the 2021 COP26 Glasgow 
Agreement, correspond with RCP2.6, to date public policy continues to reflect the RCP8.5 
pathway. It is prudent to plan for an RCP8.5 future until global mitigation actions begin to catch 
up with commitments.


Global temperature projections are downscaled to a 10 km grid by making use of historical 
daily time series in conjunction with the climate model projections. This process was followed 
by the Pacific Climate Impacts Consortium in support of Metro Vancouver’s climate projections 
(Metro Vancouver, 2016). Results are available as high-resolution maps.  


Average daytime high temperatures in summer are expected to rise from past values of 21 °C 
to 24.7 °C by 2050 (Metro Vancouver, 2016).  It is unlikely that this increase in temperature will 
require adjustment to JSCA infrastructure and operations.


Extreme Temperature at JSCA to 2045: 

As mean temperatures increase, so will extreme heat events. The statistical downscaling 
approach can also be used to generate statistical representations of temperature extremes.  It 
is likely that these extremes will require adjustment of JSCA infrastructure and operations.
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Some indicators of expected extreme summertime heat in 2050s and 2080s are given Figure 5.





Figure 5: Hot summers indicators. (Source: Metro Vancouver, 2016) Data in this table are 
extracted from downscaled climate model output for future scenarios. The downscaling does not 
allow spatial resolution that distinguishes temperature differences between coastal, urban and 
downtown locations.  As is well known, urban locations are warmer than suburban locations 
which are warmer than coastal locations due to urban heat islands and advection of cooler 
marine air over coastlines. 

Our past 1-in-20 hottest day temperature is 34°C. By the 2050s we can expect this value to 
increase to 39°C. This is a significant departure from what the region is accustomed to 
experiencing. (Metro Vancouver, 2016)

It seems obvious that the 2050 hot summer temperatures will be so high that there will be 
impacts on operations and infrastructure at JSCA.



Conclusion: 

We have presented six recommendations designed to be the basis of climate change stress 
tests for the Jericho Sailing Centre Association infrastructure and operations.  The stress test 
will use the sea level rise and temperature statistics outlined in our recommendations as a 
basis for elaborating climate mitigation strategies that will be the basis of a Course Made Good 
2045 planning document.


All our recommendations are based on existing planning and policy guidelines applicable in 
British Columbia, Metro Vancouver or the City of Vancouver. We are confident that the 
recommendations are not extremes, but represent realistic future conditions.  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Recommendation 6: Based on these projections of hot summers indicators, we 
recommend that JSCA build infrastructure and operational stress tests that assume 
temperature conditions summarized in Figure 5. 
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Appendix 1: Analysis of sea level versus wind speed and direction on 2022.01.07.

Data on observed and predicted sea level at the Kitsilano monitoring station (DFO 
station 07707) are available from: 

https://www.qc.dfo-mpo.gc.ca/tides/en/stations/07707

A short time series of sea level extracted form the archive is presented as Figure A.2.

While these data are continuously recorded, instantaneous values every 30 minutes are 
easily extracted from the archived data base.

Wind speed and direction collected by the JSCA operated instruments mounted on a 
mast on the western end of the JSCA rooftop were extracted from the archived data 
base.

If we assume that the difference between observed and predicted sea level (called 
“residual water level” by Ausenco-Sandwell, 2011b) is a reasonably accurate measure 
of wind-driven surge, these data give us access to the degree of surge experienced on 
2022.01.07.
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Surge and wind speed are presented as a scatterplot on Figure A.2.

From the plot and the underlying data we can draw the following conclusions:

1) The maximum surge on 2022.01.07 was nearly 70 cm.  This is an important quantity 
for our stress test.

2) There are three surge regimes; two before and one after the tidal maximum at around 
1000

2.1) Regime 1 - 0000 to 0500: During the strongly rising tide, and SE winds, surge rose 
independent of roughly constant wind speed.

2.2) Regime 2 - 0500 to 1200: Around the tidal peak, and in W winds, surge was roughly 
constant, and at its maximum.
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2.3) Regime 3 - 1200 to 2022: During the dropping tide, surge consistently decreases in 
a roughly linear way, in concert with reducing wind speed.  During this period, winds at 
JSCA were consistently from the West.

Some of the complexity of these regimes may come from the shoreline direction to the 
west, and the mud flats in that direction.

Two caveats are important:

1) Jan 07 not necessarily the extreme.  wind speed

1) Wind driven surges operate on time scales of multiple hours, and so analysis of 
instantaneous winds should be treated with caution. However, the apparent surge 
occurred over many hours, and the analysis probably does reveal something about 
the magnitude of likely wind driven surge in high winds at JSCA.

2) The wind data used in the analysis is point data from JSCA. Wind driven surge 
originates over a large fetch of open water - in this case probably much of the 
central Salish Sea. Wind data from JSCA should be used as an indication of the 
general wind conditions under which the surge occurred.  However, the wind event 
of 2022.01.07 covered much of southeastern BC.
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