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Outline

• HBV and HBV-EC

• Typical Changes

• Representation of…

• Lakes

• Glaciers

• Rainfall Events
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Hydrologiska byråns vattenbalansavdelning

• Developed by Sten Bergstrom at the Swedish Meteorological and Hydrological 
Institute

• Earliest version of the model date back to 1972

• Goals:

• Sound physical description but not complex

• Data demands met by observational network

• Avoid overparameterization

• Numerous model variations – many applications, publications

3



HBV-EC Origins
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HBV-EC 

Why do we like HBV-
EC?

• Limited forcing 
inputs

• Simple, easy to 
understand

• Limited parameters

• Does well in 
snowmelt 
dominated basins

What could use 
improvement?

• Original model did 
not consider non-
stationarity

• Process 
representation

• Lakes

• Vegetation

• ….

What are we using it 
for? 

• Climate change 
assessments

• Forecasting

• PMF 
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HBV-EC Emulation in Raven
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Similkameen Watershed – Some simple changes
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Similkameen Watershed – Some simple changes

• Project purpose: understand climate 
change impacts to Similkameen near 
Nighthawk gauge (influencing 
Osoyoos Lake operations)

• Key Model Structure Changes:

• Change PET from monthly values to 
Hargreaves 1985

• Eliminate lateral equilibrate for fast and 
slow reservoir

• Use Raven lake release/evaporation 
instead of soil 2 reservoir
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Representation of Lakes and Reservoirs 

• Traditional HBV-EC structure is not 
ideal for watersheds with significant 
lakes and reservoirs

• Hydrologic model of the Okanagan 
mainstem uses HBV-EC as the basis 
but with power of Raven’s other lake 
and reservoir representation 

• Project goal: Understand implication of 
climate change to lake inflows, 
outflows, levels 

• 11 lakes/reservoirs and 3 operating 
schemes 
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Lake Storage and Evaporation
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Evaporation from Lakes

• Lake evaporation is a significant 
portion of the water balance

• External model developed for 
Okanagan mainstems used to calculate 
Lake evaporation

• Used PET_DATA and gauge weights to 
apply external model results within the 
Raven model 
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From Schertzer and Taylor, 2010



Backwater Effect on Lake Osoyoos

• Under normal conditions Osoyoos 
Lake levels determined by inflow from 
the Okanagan River and operations of 
Zosel dam 

• Under certain conditions Osoyoos 
Lake levels become backwatered by 
Similkameen River with backflow 
occurring in extreme conditions
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Backwater Effect on Lake Osoyoos

• Implemented latest reservoir 
management methods in Raven

• Used regression that describes 
relationship between Osoyoos Lake 
Levels, Okanagan Flow, and 
Similkameen Flow 

• When specific criteria met typical 
operations stop and regression 
equation used to determine “target 
water level”
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Representation of Glaciers
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GMELT_HBV = POTMELT*HBV_MELT_GLACIER_CORR

GRELEASE = -K*φGlac K* = KMIN + (K – KMIN)-AG(SN+SNLiq))



Representation of Glacier Retreat – Historic 
Conditions
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Incorporate Glacier 
Retreat into HRU 

discretization

Define Glacier HRU 
groups by time 

period

Change LandUse, 
Vegetation, HRU 

Type 



Representation of Glaciers – Reality Checks

𝐵𝑎 = 𝐼𝑐𝑒𝑤𝑎𝑠𝑡𝑎𝑔𝑒 + ∆𝑆𝑊𝐸

𝐼𝑐𝑒𝑤𝑎𝑠𝑡𝑎𝑔𝑒 = min _𝑖𝑐𝑒𝑦𝑖- min _𝑖𝑐𝑒𝑦𝑖−1

∆𝑆𝑊𝐸 = min _𝑆𝑊𝐸- min _𝑆𝑊𝐸𝑦𝑖−1

Custom Outputs – Yearly minimum 
glacier ice and yearly minimum SWE 
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Representation of Glaciers – Parameter Ranges
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GMELT_HBV = POTMELT*HBV_MELT_GLACIER_CORR

GRELEASE = -K*φGlac K* = KMIN + (K – KMIN)-AG(SN+SNLiq))

Shea et al. 2009

• HBV_MELT_GLACIER_CORR should always 
be greater than 1

• Typical Range 1-2

• Kmin < K (Tied parameter in Ostrich)
• Both Kmin and K < 1
• Kmin: 0.05 default
• K: 0.1 default
• AG: 0 – 0.2 (Green Kenue Manual)



Wrap Up

• HBV-EC is a great model choice, particularly in snowmelt dominated systems

• Works well at hourly and daily timestep

• Add complexity as needed – make the model fit for purpose
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Thank you!
gbrown@nhcwater.com
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