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Prairie Runoff Generation
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How to Characterise Hydrological

Drought for the Prairies?

River flows are gauged, but subject to abstraction,
storage and do not reflect Prairie hydrological conditions.

Streamflow network is more representative but is very
sparse, and subject to changes in land cover, drainage,
abstraction, storage.

Possibility to model prairie runoff generation and related
hydrological processes to create a hydrological drought
Asurfaceo for the Prairies
and standardised representation of prairie snow
redistribution, melt, runoff generation, infiltration and
evaporation over small first order prairie basins.



Cold Regions Hydrological Model (CRHM)
Drought Hydrology Simulation

1 Model the effects of local drought meteorology on the
hydr ol ogy of or ®naer grarie basirsst | v e
1Create fAvirtual o basin model
gridded datasets

1 Allows comparison of basin response to drought
conditions and to normal variability

1 Requires high resolution driving data over entire Prairies
for normal (1961-1990), non-drought (1962-1987) and
drought periods (1999-2004)

I Snowfall, rainfall

i Incoming shortwave radiation, cloudiness or sunshine hours
I Temperature
I Humidity
I Wind speed



Study Region

Station locations, Prairie ecozone and
Palliser Triangle boundaries
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Model Setup and Inputs

1 Continuous model simulations using CRHM

Each location over 46 year period (1960-2005/06)

blowing snow transport,

sublimation,

snowmelt,

infiltration into frozen and unfrozen soils;

ET is calculated by the Penman-Monteith (1965,1981) method

soil moisture accounting and runoff to estimate actual evaporation
during snow free period

1 Virtual basin: after Bad Lake (3 HRUS)

Crop/fallow; tall grass (e.g. alfalfa type); grass/shrub coulee

1 Meteorological forcing

Hourly: T, RH, Wind speed, Rainfall (Env. Canada); Qsi to drive net
radiation estimates (Shook and Pomeroy)

Daily: snowfall (Env. Canada)



Mo del Setup and |

8 Vegetation : simple linear growth to max heights
(crop/fallow and grass)

I Stubble left for snow capture; Fallow no growth

I Specified Julian dates for start, maturity and harvest

8 Simulations started on January,1 1960

I Spin-up year: standardized initial soil moisture conditions at
each location : 50% of available water holding capacity

I PFRA: A Brief History (AAFC) nl
Prairies from 19m@neée¢ oofl 9t6l2e® ; d rli¢
on record across most of t he Pr



Solil Attributes: Texture

Polygons: Soil Landscapes
of Canada 3.1.1 (2007)

Agriculture and Agri-Food
Canada

- Digital database of
compiled soil survey maps
at 1.1 million

1 Determination of soll texture at any given polygon

I Weighted average; % sand, silt, and clay of each soil layer In
profile for every soil component located in the polygon

I Typically: 1 m profile depth, 3-5 soll layers, 2 or more
components



Growi ng Season Cl| tomat
1 |f Capt. Palliser only had GIS!

Rain (mm) ‘ Temp (°C)
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Evapotranspiration

a Indicator of plant productivity, ecosystem
function

21 Impaired by drought and cold weather
I Lower in cold or dry conditions
I Higher in warm and/or wet conditions

2 Controlled not only by summer meteorology, but
by vegetation type, length of winter, snowmelt
Infiltration, runoff, soll texture, soil moisture
status

2 Excellent indicator of the impact of drought on
surface hydrology



Growl ng Seasddm))ET:

1 Distributions for sub-humid climate very peaked
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Growli ng Seasdm )ET:

1 Distributions for drier climates show large variability
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Daily ET: Dry vs Normal vs Wet

1 Sub-humid locations: increased variability over growing
season during drought; wet similar to normal
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Daily ET: Dry vs Normal vs Wet

1 Drier locations: variablility reduced during drought; strong
shifts between dry and wet periods
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Spatial Variation Among Stations
(Normal period)

1 Large variability in driving factors: rainfall symmetrically distributed,
soll moisture bimodal, ET and RH skewed left, Temp skewed right
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Spatial Variation in Soil Moisture
1 Strong shifts in distribution during drought period
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mn: 326.3
md: 320.6
sd: 76.1
ov: 023
sk: Q.02
kt: -1.7

md: 369.4 7 ' md: 357.3
sd: 733 gd: 906
ov: 0.20 Y o ov: 0.26
sk: -0.4 p=d sk: -0.5
kt: -1.0 kt: -0.9

100 300 500 700 900 100 300 500 700 900 100 300 500 700 900
Soil Moist (mm)

Soil Moist (mm) Soil Moist (mm)

- Soil moisture is highly variable
- Mean during normal period was 332 mm
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Spatial Variation in Soil Moisture

8 Decline in mean soil moisture continues until 2002 and
Increases again over wet period
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Spatial Variation in ET
1 Shifts in spatial distribution of ET
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- Variability increases as drought spreads
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Spatial Variation in ET

1 Shifts in spatial distribution of ET continue as drought
ends
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- Variability greatly reduced with breaking of drought
— - Least variability in 2005

d: 365.1 - Normal period mean ET was 352 mm
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Summary and Conclusions

Reductions in ET associated with reduced soil moisture availability in
drought

Mean ET is not only measure of spatial distribution, width of
distribution is also important

Only looked at 15 sites, behaviour at other locations is unknown



CRHM Surface Water
Drought Modelling

EICRHM was used to crec¢
models of typical prairie basins

2 Models were run over climate normal
period (1961-1990)

2 Output(s)during drought period were
compared to normal period and spatially
Interpolated




CRHM model of small upland
prairie stream basin

Small stream basin CRHM model

HRU1 = == == =) HRU2

1 HRUs 1 and 2 alternate ¢
between stubble and U
fallow

1

1 HRUS3 Is grassed



Fallow Stubble
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Fallow Stubble

Grass



