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Current Precipitation Compared to Historical Distribution
September 1, 2000 to August 31, 2001 (A.M.)

Percentile Classes

Bl Record Dry
B Extremely Low (0-10)
Very Low (10-20)
Low (20-40)
Mid-Range (40-60)
B High (60-80)
Very High (80-90)
B Extremely High (90-100)
Bl Record Wet

Extent of Agricultural Land

Prepared by PFRA (Prairie Farm Rehabilitation Administration) using data from the Timely Climate
Montoring Network and the many federal and provincial agencies and volunteers that suppon it
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Overview

Objectives and background
Hydrogeology of the ADA
Groundwater modelling (MODFLOW)
Land surface modelling (CLASS)
Atmospheric modelling (MM5)
Coupling strategy

Software working tools

Field data required

Initial simulations and conclusions




Objectives

« Climate change impacts and adaptations for the ADA

e Couple atmosphere, surface and groundwater models
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all pore spaces filled H



Provide :

Lower boundary condition for the atmospheric model
Management schemes for sustainability of water quantity / quality

Prediction of pollution stemmed from human practices over ADA

e W
i

e |
L




Prelude

How do we deal with climate change now?
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Laural Creek Results

e Impact of recharge boundary
condition on groundwater flow
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Enhancements

e WatCLASS Development

— Motivation for adding streamflow to
atmospheric models

— Coupling WATFLOOD and CLASS
(Snelgrove, 2002)

e Results
— BOREAS Tower simulations — Point
Scale
— BOREAS Study Areas — Headwater
Scale

— Mackenzie River — Atmospheric Domain



ADA Hydrogeology
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@ Quaternary Geology with Shaded Relief Elevation
for Southern Manitoba
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Quaternary

Quatermary (simplified)
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Sand and Gravel Isopach of the Assiniboine Delta Aquifer (ft)

L.H. Frost and F.W. Render, 2002
» Bedrock 180 — 460 m

« Hydraulic Conductivity: 4 — 120 m/d
o Specific yield: 0.1 — 0.29 H



Groundwater: MODFLOW

DEM of Assiniboine Delta Aquifer
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MODFLOW model test
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Land Surface Scheme (Class

Second Generation Land Surface Scheme
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Improved CLASS Soil Column

Current CLASS Model WatCLASS
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Distributed Water Balance
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Hydrologic P-E vs. no snow simulated streamflow
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Atmospheric Models

GCM3 200 km grid

Climate

Models CRCM4 45 km grid
Weather Model GEM 15 km grid
Land Surface CLASS, ISBA,
Hydrology Models WATCLASS 15 km grid
Hydrological Process CPM, CRHM

Models 1 km grid




Atmospheric Modelling ( MM5))

Domain set-up for MM5 run

Center of the Course Domain:
54 © North , 98 © West

Domain/ Grids Grids
Grid dist. E-W N-S
D01/90 Km 41 35
D02/30 Km 61 61
D03/10 Km 52 52

National Center for Environmental
Prediction (NCEP) Reanalysis Il data
has been used to drive the model.




Model Output :

Animated Hourly
Temperature output:
From 00Z01MAY2004
to 00Z02MAY 2004
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Model Output :
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Coupling Strategy

Rain fird s
-

CLASS

MQDFLOW




Parallelized / coupled modelling environment
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Integrated Modelling
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Software Working Tools

Basics
Numerical / hydrological modeling
Computational analysis and optimization
High performance computing

Development
MODFLOW : 70,000 code lines
CLASS . 10,000 code lines
Code structure analysis
Scientific / industrial programming

GIS : ArcView, Arcinfo, etc.




Field Data Required

L and-Surface, Streams

VV VYV V VY V VYV VY

Vegetation type

Surface Soils

Precipitation, Temperature
Wind velocity, Humidity
Radiation (long/shrt waves)
Pressure

Stream flow

Snow depth

Soll moisture

Groundwater

V V V V VYV VYV V

Statigraphy

Well Observations
Pumping test

Soil Samples
Transmissivity
Time series heads

Evaporation and Runoff




Land Use
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Initial Coupled Simulations

deep water table

—— Recharge to

shallow water
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Future Work

Compare coupled MODCLASS model to
carefully controlled field observations

Obtain necessary data for Assiniboine
Delta Aquifer

RCM and look at climate change scenarios
Imbed economics and policy alternatives




Conclusions

e Early versions of a linked atmosphere
(MM5), land-surface scheme (CLASS),
stream flow (WATFLOOD) and
groundwater (MODFLOW)

« MODCLASS?
* Incompatibility of codes




Novelty of Research

Aspects of internet technologies

High resolution numerical simulations
Scientific questions

Socletal Iimpacts, economic analysis
Integration of disciplines

Maximize impact
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