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The Pacific Climate Impacts Consortium (PCIC) is a regional 
climate service centre at the University of Victoria that provides 
practical information on the physical impacts of climate 
variability and change in the Pacific and Yukon Region of 
Canada.

We collaborate with climate researchers and regional 
stakeholders to produce knowledge and tools in support of 
long-term planning.

The aim of the Hydrologic Impacts (HI) theme at PCIC is to 
quantify the effect of climate change and climate variability on 
regional hydrology in order to provide analysis and information 
relevant to water resources management.

Our Program
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• How will peak flows change in the future?

• How is PCIC modelling this in BC to give practitioners 
numbers they can use to get at these changes?

• Where can you access this data?

• What does this look like for two sites: 25 km2 and 
300 km2? 

Outline 
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Historical:
• Most annual peak flows well correlated with April 1st Snow 

Water Equivalent (SWE); others likely caused by atmospheric 
rivers* (Neiman et al. 2011, Curry and Zwiers 2018, Curry et 
al. 2019).

• PIEVC – increased peak flows. FLNRORD. 
Future:
• Ratio of snow to rain declines. Projected four fold increase in 

atmospheric rivers. Reduced return period for extreme peak 
flows (Curry et al. 2018).

• Large Ensembles tell us “Intense (precipitation) gets intenser” 
over most of North America (Li et al. 2019).

Peak Flow Changes in the Fraser River

*Atmospheric Rivers are long, meandering plumes of water vapor often 
originating over the tropical oceans that bring sustained, heavy precipitation to 
the west coasts of North America and northern Europe.



PCIC’s Hydrologic Modelling Domain
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Hydrologic Projections – Study Design

Model Calibration



7

PNWNAmet versus NRCANmet (ANUSPLIN)

-
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Hydrologic Projections – Study Design

Hydrologic Projections
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Representative Concentration Pathways (RCPs)

Two RCPs:
RCP 4.5 stabilizes mid-century
RCP 8.5 increases out past 2100
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Global Climate Models (GCMs) from CMIP5

GCMs from the fifth Coupled Model Intercomparison Project (CMIP5), 
selected to cover a wide range in future temperature and precipitation.
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Hydrologic Projections – Study Design

Hydrologic Projections

2 RCPs

6 GCMs

12 Hydrologic 
Projections



Current VIC-GL Domain
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Peace:
• 203,969 km2

• 7,485 cells
• 101,348 HRUs
Fraser:
• 250,238 km2

• 8,452 cells
• 144,643 HRUs
Columbia:
• 696,417 km2

• 20,814 cells
• 267,299 HRUs

Total:
• 1,150,624 km2

• 36,751 cells
• 513,290 HRUs

Peace

Columbia

Fraser
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VIC-GL – Gridded Hydrologic Model Fluxes – 1/16°

https://www.pacificclimate.org/data/gridded-hydrologic-model-output
https://data.pacificclimate.org/portal/docs/raster.html#download-multiple-variables
Open-source Project for a Network Data Access Protocol (OPeNDAP)

Baseflow
Evapotranspiration
Glacier Area
Glacier Mass Balance
Glacier Outflow
Potential Evapotranspiration
Precipitation
Rainfall
Snow Melt
Snow Water Equivalent
Surface Runoff
Total Column Soil Moisture
Transpiration

NetCDF
ASCII
Arc Info ASCII Grid

PNWNAmet = Reference Simulation
2 RCPs x 6 GCMs = 12 Hydrologic Projections

https://www.pacificclimate.org/data/gridded-hydrologic-model-output
https://data.pacificclimate.org/portal/docs/raster.html#download-multiple-variables
http://opendap.org/
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Grid Cell: lat 49.28125 lon -122.59375
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Grid Cell: lat 49.28125 lon -122.59375
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VIC-GL – Station Hydrologic Model Output

https://www.pacificclimate.org/data/station-hydrologic-model-output

PNWNAmet = Reference Simulation
2 RCPs x 6 GCMs = 12 Hydrologic Projections

Runoff + Baseflow through RVIC 
 Routed Streamflow

https://www.pacificclimate.org/data/station-hydrologic-model-output
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VIC-GL – Station Hydrologic Model Output

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING

RCP 4.5 – Daily Streamflow from 1945 to 2099

Daily Streamflow (m3s-1)

Reference Simulation = PNWNAmet (1945 to 2012)
6 GCMs RCP 4.5 and RCP 8.5 (12 Hydrologic Projections – 1945 to 2099)

Date,  PNWNAmet,  ACCESS1-0_rcp45_r1i1p1,  CanESM2_rcp45_r1i1p1,  
CCSM4_rcp45_r2i1p1,  CNRM-CM5_rcp45_r1i1p1,  HadGEM2-ES_rcp45_r1i1p1,  MPI-
ESM-LR_rcp45_r3i1p1,  ACCESS1-0_rcp85_r1i1p1, CanESM2_rcp85_r1i1p1,  
CCSM4_rcp85_r2i1p1,  CNRM-CM5_rcp85_r1i1p1,  HadGEM2-ES_rcp85_r1i1p1,  MPI-
ESM-LR_rcp85_r3i1p1 

https://www.pacificclimate.org/data/station-hydrologic-model-output
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Calibration of VIC-GL in the Fraser River Basin

-
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VIC-GL – PNWNAmet vs. Observations

Alouette River at Alouette Dam – 283 km2
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VIC-GL – PNWNAmet vs. Observations

Reference Simulation or PNWNAmet run 
allows us to verify the model.obs mod %diff

0% 0 0 0
10% 2 1 -33
20% 4 3 -18
30% 6 6 -5
40% 9 8 -2
50% 12 12 3
60% 16 16 -2
70% 21 20 -7
80% 30 26 -13
90% 47 36 -23

100% 452 233 -48

obs mod %diff
Spring - MAM 23 21 -8
Summer - JJA 12 10 -14
Fall - SON 23 15 -34
Winter - DJF 28 20 -30

Alouette River at Alouette Dam – 283 km2

Percentiles – 1971-2000

Seasonal – 1971-2000


quant_xts_BCHAL_obs+mod+diff_19

				obs		mod		%diff

		0%		0		0		0

		10%		2		1		-33

		20%		4		3		-18

		30%		6		6		-5

		40%		9		8		-2

		50%		12		12		3

		60%		16		16		-2

		70%		21		20		-7

		80%		30		26		-13

		90%		47		36		-23

		100%		452		233		-48

				21		17		-23






seas_xts_BCHAL_obs+mod+diff_197

				obs		mod		%diff

		Spring - MAM		23		21		-8

		Summer - JJA		12		10		-14

		Fall - SON		23		15		-34

		Winter - DJF		28		20		-30
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Response to Climate Forcings – RCP 4.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING

Uncertainties – due to RCPs and GCMs 

Min, Median and Max for 6 GCM run under RCP 4.5

Alouette River at Alouette Dam – 283 km2

https://www.pacificclimate.org/data/station-hydrologic-model-output
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Response to Climate Forcings – RCP 8.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING

Min, Median and Max for 6 GCM run under RCP 8.5

Uncertainties – due to RCPs and GCMs 

Alouette River at Alouette Dam – 283 km2

https://www.pacificclimate.org/data/station-hydrologic-model-output


23

Low, Median and High Streamflow RCP 4.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

Q10 Q50 Q90 Q10 Q50 Q90 Q10 Q50 Q90
Low Median High Low Median High Low Median High

med.dat.1980 2 12 34 2 12 33 2 13 35
med.dat.2020 1 10 36 1 9 33 1 12 42
med.dat.2050 1 9 40 1 8 37 1 10 41
med.dat.2080 1 6 41 1 5 37 1 8 47
med.per.diff.2020 -61 -17 9 -64 -29 -4 -46 -3 20
med.per.diff.2050 -64 -28 19 -68 -39 5 -55 -15 22
med.per.diff.2080 -66 -50 25 -68 -58 12 -61 -33 33

Mean of Ensemble Min of Ensemble Max of Ensemble
Alouette River at Alouette Dam – 283 km2

https://www.pacificclimate.org/data/station-hydrologic-model-output

BCHAL.rcp85.median.min.max.stre

				Mean of Ensemble						Min of Ensemble						Max of Ensemble

				Q10		Q50		Q90		Q10		Q50		Q90		Q10		Q50		Q90

				Low		Median		High		Low		Median		High		Low		Median		High

		med.dat.1980		2		12		34		2		12		33		2		13		35

		med.dat.2020		1		10		36		1		9		33		1		12		42

		med.dat.2050		1		9		40		1		8		37		1		10		41

		med.dat.2080		1		6		41		1		5		37		1		8		47

		med.per.diff.2020		-61 		-17 		9		-64 		-29 		-4 		-46 		-3 		20

		med.per.diff.2050		-64 		-28 		19		-68 		-39 		5		-55 		-15 		22

		med.per.diff.2080		-66 		-50 		25		-68 		-58 		12		-61 		-33 		33
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Low, Median and High Streamflow RCP 8.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

Q10 Q50 Q90 Q10 Q50 Q90 Q10 Q50 Q90
Low Median High Low Median High Low Median High

med.dat.1980 2 12 34 2 12 33 2 13 35
med.dat.2020 1 11 37 1 10 36 1 12 39
med.dat.2050 1 9 38 1 9 37 1 10 41
med.dat.2080 1 8 40 1 8 38 1 12 43
med.per.diff.2020 -54 -9 10 -63 -24 4 -47 -3 14
med.per.diff.2050 -63 -24 13 -68 -28 8 -59 -21 20
med.per.diff.2080 -64 -32 18 -70 -35 10 -57 -4 27

Mean of Ensemble Min of Ensemble Max of Ensemble
Alouette River at Alouette Dam – 283 km2

https://www.pacificclimate.org/data/station-hydrologic-model-output

BCHAL.rcp85.median.min.max.stre

				Mean of Ensemble						Min of Ensemble						Max of Ensemble

				Q10		Q50		Q90		Q10		Q50		Q90		Q10		Q50		Q90

				Low		Median		High		Low		Median		High		Low		Median		High

		med.dat.1980		2		12		34		2		12		33		2		13		35

		med.dat.2020		1		11		37		1		10		36		1		12		39

		med.dat.2050		1		9		38		1		9		37		1		10		41

		med.dat.2080		1		8		40		1		8		38		1		12		43

		med.per.diff.2020		-54 		-9 		10		-63 		-24 		4		-47 		-3 		14

		med.per.diff.2050		-63 		-24 		13		-68 		-28 		8		-59 		-21 		20

		med.per.diff.2080		-64 		-32 		18		-70 		-35 		10		-57 		-4 		27
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Response to Climate Forcings – RCP 4.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING  – 1230 km2

Uncertainties – due to RCPs and GCMs 

Min, Median and Max for 6 GCM run under RCP 4.5

https://www.pacificclimate.org/data/station-hydrologic-model-output
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Response to Climate Forcings – RCP 8.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING – 1230 km2

Min, Median and Max for 6 GCM run under RCP 8.5

Uncertainties – due to RCPs and GCMs 

https://www.pacificclimate.org/data/station-hydrologic-model-output
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Low, Median and High Streamflow RCP 8.5

https://www.pacificclimate.org/data/station-hydrologic-model-output

https://www.pacificclimate.org/data/station-hydrologic-model-output
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GCM Agreement and RCP 4.5 versus 8.5 Response

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING

There is a range in response between GCMs. High confidence in 
direction of change in all seasons. Moderate confidence only annually 
because sign of change is different.

https://www.pacificclimate.org/data/station-hydrologic-model-output
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Median Seasonal and Annual Streamflow Change

https://www.pacificclimate.org/data/station-hydrologic-model-output

CHILLIWACK RIVER AT VEDDER CROSSING

RCP 4.5 RCP 8.5

Projected increases in spring, fall, winter and annually based on the 
median of six GCMs. Decreases projected for summer.

Median RCP 4.5 Ensemble Median RCP 8.5 Ensemble
Spr. Su

m.
Fall Win. Annu

al
Spr. Su

m.
Fall Win. Annu

al

Streamflow 
(m3s-1)

1980s 65 94 37 31 57 65 94 37 30 57
2020s 75 78 40 41 58 78 70 40 42 58
2050s 77 62 42 50 59 80 58 46 58 61
2080s 82 54 44 58 61 72 43 49 86 63

Change vs 
1980s (%)

2020s 14 -18 8 33 1 19 -24 7 42 3
2050s 17 -32 7 69 4 22 -38 23 98 9
2080s 27 -44 19 97 7 12 -55 35 186 11

https://www.pacificclimate.org/data/station-hydrologic-model-output
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Hydrologic Projections – Study Design + Portals

Study Design

https://www.pacificclimate.org/data/station-
hydrologic-model-output

https://www.pacificclimate.org/data/gridded-
hydrologic-model-output

https://www.pacificclimate.org/data/daily-
gridded-meteorological-datasets

https://www.pacificclimate.org/data/statistical
ly-downscaled-climate-scenarios

Data Portals

https://www.pacificclimate.org/data/station-hydrologic-model-output
https://www.pacificclimate.org/data/gridded-hydrologic-model-output
https://www.pacificclimate.org/data/daily-gridded-meteorological-datasets
https://www.pacificclimate.org/data/statistically-downscaled-climate-scenarios
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• Completion and analysis of large ensemble VIC-GL simulations
• Application of VIC-GL to study of

• flow and water temperature in coastal basins
• flow and water temperature in the Nechako watershed
• large basin calibration procedures

• Couple RAVEN to dynamic glacier model; initial application to
• Mica and Cheakamus basins
• Somass basin (flow and water temperature)

• Hydrologic tool development for PCIC Data Portal
• Routing to any point in modelling domain (MOTI)

• Percent increase in precipitation with degree of warming

Current Directions – HI Theme
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Questions?
wernera@uvic.ca

PCIC’s Hydrologic Projection Portals

mailto:wernera@uvic.ca
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