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Graduate Student Cast
• Snow and ice 

– Suzan Lapp; Robert Larson  

– Ryan MacDonald et al

– Evan Booth  

• Soil water,  Fire Risk 

– Sarah Dalla Vicenza

• Ecosystem change 

– Ryan MacDonald 



Evan Booth

Historical Analysis of 

Climate Trends in Western North American 





Frost Days (fd0)

•annual count of days 

when the minimum 

temperature is below 0˚C

• Declining FD0 = 

shortening winter across 

continent



Growing Season 

Length (gsl)

•Longer growing seasons 

except one region



Warm Nights 

(TN90p)

•annual % days 

•Tmin > station-specific 

90th percentile

•increasing Tmin across 

continent



Summer Days 

(SU25) 

•annual count days 

•Tmax > 25˚C

•Tmax decline in SE?

•increased cloud/precip



Total Annual 

Precip (PRCPT)

•annual sum of all 

recorded precipitation 

events greater than 1mm

•nearly entire area has seen an 

increase in precipitation

•Increases are likely offset by 

rising temperatures and 

associated PET



Simple Daily 

Intensity Index 

(SDII)

•calculated by dividing the 

annual number of events 

by the PRCPT.

•good indicator of whether an 

intensification of the hydrologic 

cycle is accompanying 

temperature changes in 

western North America

•Eastern half of area has 

clearly experienced 

intensification



Very Heavy 

Precipitation Days 

(R20mm)

•defined as the annual count of 

days where precipitation is 

greater than 20mm

•representing events that can 

recharge soil water supply

•or potentially cause flooding in 

some natural environments 

and urban areas.



Terrain Model

 Slope

 Aspect

 Elevation

 Land cover

GENESYS: 1 ha resolution daily 

Micromet

 Temps

 Radiation

 Dewpoint

 Precip

 Wind

Hydromet

 Snowpack

 Glacier ice

 Soil water

 ET, ETP,  

Sublimation

 Interception

Runoff

Fire risk

Stream temp 



Ryan MacDonald MSc Research

Climate Change Impacts on the St. 
Mary River, Montana-Alberta



St. Mary Watershed

• 2000 km2

• Water supply - 300,000 ha 
irrigation in Canada & USA

• Ecosystem change in 
Glacier National Park 
Montana



GCM scenario selection 2050s
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Maximum SWE (mm)
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Date of Maximum SWE (Jday)
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Upper North Saskatchewan River 
watershed

•Headwaters 20,527 km2

•Elevation range from 752 

m to 3484 m  

•hydro-electric power, 

forestry, mineral mining 

and petrochemical 

extraction



Future SWE predictions
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Evan Booth MSc

Modelling the response of Glaciers to 
Climate Change in the Upper North 

Saskatchewan River Basin



AGU Fall Meeting 2010



GLACIER MASS BALANCE MODEL

Conceptual diagram of glacier mass balance model (after Hirabayashi et al., 2010). Numbered 

components (1, 2, 3, 4,…n) represent the elevation bins in a given glacier. Sn is the snowpack, V is 

ice volume, Snf is snowfall, MS is snowmelt, G is ice volume gained from previous year’s 

snowpack, F is redistributed ice volume from glacier flow, and MG is ice melt. ELA is the 

equilibrium line altitude where G=MG.



Sarah Dalla Vicenza MSc

• Historical and Future Forest fire risk 

– Currently looking at Rocky Mountain eastern 
slopes



Canadian Fire Weather Index
Adapted from Van Wagner (1987)



Historical NCAR-B1 MIRO-A1B

1961-1990 2070-2099 2070-2099

Drought  Indices?



Forest Fire Risk and Soil Moisture Dynamics in the Upper North Saskatchewan Watershed, Alberta
Sarah A. Dalla Vicenza, James M. Byrne, Matthew G. Letts

Abstract

Study Area

Methods

Results

Discussion

Wind Sensitivity

References

The objective of this ongoing MSc research is to assess forest fire risk
and soil water dynamics as part of an ongoing study assessing water
quantity and quality in the Upper North Saskatchewan watershed.
Forest fires are becoming an increasing concern as climate change
advances on the eastern slopes of the Rocky Mountains of Alberta, as
well as for mountain landscapes worldwide. Global climate change is
expected to alter precipitation patterns and intensities and increase
temperatures. Rising temperatures can cause decreases in soil moisture
and as a result, drier forests and organic soils.

The goal of this research is to further develop a methodology for
predicting potential changes in intensity and/or frequency of forest
fires occurrence and extent in mountain environments. A forest fire
risk subroutine is under development for the GENESYS model (Byrne et
al., 2010 in review; MacDonald et al., 2009). GENESYS (GENerate Earth
SYstems Science input) is a physically based hydrometeorological
model that can be applied to simulate high resolution hydro-
meteorology for watersheds in complex terrain using only recorded
temperature and precipitation data for nearby climate stations. Climate
change scenarios have been chosen to predict potential effects on
future forest fire risk for over 900 distinct terrain categories.

The study region lies east of the continental divide of the Rocky
Mountains in Alberta. The highest elevations contain substantial glacial
ice cover. Most of the terrain below the glaciers is dense coniferous
forests with mixed wood forests as elevation declines. Low elevations
feature shrublands and some open prairie. Overall the study region
covers 20,527 km2. Here the main industries are oil and gas extraction,
forestry, agriculture, and tourism. The climate is described as
continental cool.

GENESYS Databases
GENESYS model output for the historical period (1960-2008) and for a range of GCM ensemble future scenarios
(2010-2099) was available from previous work (Byrne et al in review). This project is developing a forest fire risk
module for GENESYS based on applying the Canadian Forest Fire Weather Index System (CFFWIS).

Figure 2: The Canadian Forest Fire Weather Index 
System. Adapted from Van Wagner (1987).

CFFWIS
The CFFWIS model structure is shown in Figure 2. CFFWIS calculates a
daily Fire Weather Index (FWI) and an associated Daily Severity Rating
(DSR) or Seasonal Severity Rating (SSR). GENESYS output provides
temperature, precipitation, and humidity data for all watershed
terrains categories. Wind data was not available for the study area.
Wind speed sensitivity tests of the model were carried out and are
presented herein. For these preliminary model runs, a constant wind
speed of 10 km/h was assumed.
DSR/SSR values: extreme ≥ 12 ; 4 ≤ high < 12 ; 1 ≤ moderate <4 ; low <
1

Byrne, J.M., R.J. MacDonald, S.W. Kienzle, & S. Boon (in review). Modelling the potential impacts of climate change on snowpack in the North
Saskatchewan River watershed,  Alberta.

MacDonald, R.J., J.M. Byrne, S.W. Kienzle (2009). A physically based daily hydrometeorological model for complex mountain terrain.  Journal of 
Hydrometeorology, 10, 1430-1446.  

Van Wagner, C.E. (1987). Development and Structure of the Canadian Forest Fire Weather Index System. Can. For. Serv., Ont. For. Tech. Rep. 35.

Wind speed data was not available for this study. The sensitivity of the
CFFWIS model was tested using constant wind speeds of 0, 10, 20, and 30
km/h. Figure 5 illustrates a wind sensitivity test for the year 1960 at an
elevation of 2000 metres.

Figure 5: Sensitivity of the CFFWIS model to wind speed.

Future Directions:

•Developing a wind speed simulator from NCEP 700 and 850

mbar data. This will include linking NCEP data to regional

climate station wind data.

•Statistical analysis of fire risk simulations.

•Testing the CFFWIS for a larger range of GCMs.

Figure 1: The upper North 
Saskatchewan watershed, 
Alberta.

Future Directions

Figure 3: 1960-2099 using the NCAR-B1 GCM showing

a) annual count of days with high or extreme fire risk; 

b) annual cumulative sum of high and extreme daily 

severity ratings; c) annual soil moisture deficit in 

millimetres.

Figure 4: 1960-2099 using the MIRO-A1B GCM showing

a) annual count of days with high or extreme fire risk; b) 

annual cumulative sum of high and extreme daily 

severity ratings; c) annual soil moisture deficit in 

millimetres.

General Circulation Models (GCMs)

Two GCMs were chosen for this study; NCAR-B1 and MIRO-A1B. Both GCMs predict an increase in

temperature and precipitation in future decades. NCAR-B1 is more conservative - a 2°C temperature

increase and 15% increase in precipitation by 2050. MIRO-A1B estimates a 3.5°C temperature

increase and almost 25% increase in precipitation by 2050.

NCAR-

B1
a)

b)

c)

MIRO-A1B

a)

b) 

c

)

Soil Moisture (SM)

SM(t) = SM(t-1) + P(t) – I(t) – ET(t) – R(t)

Where P is precipitation, I is canopy interception, ET is evapotranspiration, R is runoff, and t is day.

a) Historical b) NCAR-

B1

c) MIRO-

A1B

Figure 6: Average Seasonal Severity Rating for a) 1961-1990; b) 

2070-2099 using the NCAR-B1 scenario; c) 2070-2099 using the 

MIRO-A1B scenario.

•Both the NCAR-B1 and the MIRO-A1B scenarios show an

upward trend in the count of days with high or extreme daily

severity risk (Figures 3a and 4a) as well as the cumulative daily

severity rating (Figures 3b and 4b), with the MIRO-A1B showing

a much more pronounced rise through 2099.

•Figure 3c indicates little change in soil moisture deficit for the

NCAR-B1 GCM which conforms to the fire risk index charts.

Similarly, Figure 4c shows a rise in soil moisture deficit which

coincides with the rise in both the annual count of days with high

or extreme risk and the cumulative daily severity rating.

•Figure 5 demonstrates the sensitivity of the CFFWIS model to

wind speed. It is evident that a change in wind speed can

greatly alter the daily severity rating.

•Figures 6 a, b, and c display the change across the watershed

in seasonal severity rating. While both GCMs predict an

increase in average SSR, the MIRO-A1B shows a greater area of

high risk.

Water and Environmental Science Centre, University of Lethbridge, Lethbridge, Alberta

Legend
Driver Stations



Ryan MacDonald PhD Research

Stream temperature response to 
Environmental Change 



Study site



Hourly measurements of:
Stream temperature
Air temperature
Relative humidity
Wind speed/direction
Net radiation
Stream stage

Routine sampling of:
Discharge
Groundwater level
Hyporheic  water level
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