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Smith Creek Hydrology Study

 Problem: Inability to reliably model the basins
of the Upper Assiniboine River and other prairie
basins where variable contributing area,
wetlands, nonsaturated evapotranspiration,
frozen soils, snow redistribution and snowmelt
play a major role in hydrology.

 Objectives

— Develop and test a hydrological model suitable for
wetland dominated Prairie basins.

— Use the model to estimate the sensitivity of
streamflow to changes in drainage and land use.
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CRHM - Prairie Hydrological Model Configuration

Flow Chart in Cold Regions
Hydrological Model Platform
(CRHM)
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Hydrological Response Unit (HRL
Configuration for Smith Creek

Modules run on
HRUs which are
grouped into
Representative Basi
*HRUs grouped into
sub-basins.
*Routing

between sub-basins
permits large scale
runoff simulation.

Small scale Processes Large Scale Processes




Instrumentation of Smith Creek

Completed
Summer 200

Hydrometeorological Station
11 dual rain gauges
7 wetland level recorders




Main Hydrometeorological Station

Temperature, humidity, wind speed,
shortwave radiation,
longwave radiation, soil moisture,
soil temperature,
soll heat flux, snow depth, rainfall,

snowfall




Snow and Wetland Surveys




Smith Creek Basin Characteristics

Drainage Network Spot Image




Remote Sensing Supervised Classificat

SPOT5

Field tests of
vegetation
classification

vegetation
used to define
HRU area,
HRU location &
vegetation
parameters




LIDAR-Derived DEM Drainage Network
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_IDAR DEM to Calculate
Depression Storage usin
pond volume-depth-area
relationship




Derivation of Wetland Depressions




CRHM Tests Smith Creek — No Calibrati

Observed SWE vs Simulated SWE at Smith Creek Sub-ba sin1
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Snow Accumulation

7-Feb 18-Feb 29-Feb 11-Mar 22-Mar
2008
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Runoff Prediction 2008

Smith Creek Spring Discharge near Marchwell

—— Observation
Non-LIiDAR Simulation
—— LIiDAR-based Simulation
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MB  RMSD (m®s Peak Discharge (m®/s)
Non-LiDAR Simulation -0.07 0.10 4.61
LiDAR-based Simulation -0.39 0.12 4.17
Observation 4.65




Runoff Prediction 2009

Smith Creek Spring Discharge near Marchwell

—— Observation
Non-LiDAR Simulation
—— LIDAR-based Simulation
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23-Mar 28-Mar 02-Apr O7-Apr 12-Apr 17-Apr 22-Apr 27-Apr 02-May 07-May
2009

MB  RMSD (m® Peak Discharge (m®/s)
Non-LIDAR Simulation -0.21 0.28 7.83
LiDAR-based Simulation -0.57 0.31 5.37
Observation 6.22
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Sensitivity Analysis: Change In
Spring Discharge

1999-2000

| "normal condition"

@ complete forest cover

O primarily agricultural land use
W high wetland extent

Bl minimal wetland extent




Sensitivity of Spring Discharge
Volume to Land use and Drainage

¢ Agricultural Conversion
Forest Conversion
A Wetland Restoration

Wetland Drainage
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Spring Discharge Volume (1000 dam3)




Long-term Impact of Land Use and
Drainage Change
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Wetland Change in Low Discharge
Volume Year

Scenarios of Smith Creek Spring Discharge near Marc  hwell

"Normal Condition"
— high natural wetland extent
— minimum wetland extent
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2000 Drought: Lowest Discharge Volume on Record




Wetland Change in High Discharge
Volume Year

Scenarios of Smith Creek Spring Discharge near Marc ~ hwell
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Discussion on Scenarios

Changes in wetland extent often are accompanied by
changes to land use.

Increasing forest cover decreases discharge volume
Increasing agricultural land increases dischaaanae.

Increasing wetland area reduces discharge voluimst
decreasing wetland area results in an increase.

The changes to discharge volume due to decreasing
wetland area are similar for almost all dischargeimes,
but changes due to increasing wetland area temtitease
with discharge volume.

In dry conditions, when storage is small, wetlanainage
Increases discharge volume, whilst wetland restorditas
little impact.

In flooding conditions, when storage is filledjther
wetland drainage nor restoration has an effechen t
hydrograph.




Conclusions

Consideration of snow, frozen solil and surfacease
processes are essential to calculating spring fumdfe
Prairies.

Depressional storage Is exceedingly difficult écalate in
this flat, poorly drained environment — LIDAR permits
estimation of depressional and wetland storagerwefu

It is possible to model prairie snowpack, soil store and
streamflow without calibration using physically bds
simulations that aggregate landscape scale hydoalogycle
calculationsif high resolution information is available on
catchment characteristics.

There is moderate sensitivity of streamflow volsne
changes in agricultural and forest land use.

There Is strong sensitivity of streamflow voluntesvetland
drainage and restoration.
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