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Discussion

* Background
— EC Modelling System

° Current Projects

— Model Validation
Groundwater storage and weighing lysimeters - Garth

— Coupled Model Application

EC MESH model on SSRB, legacy and ongoing work

— Ongoing software management, new data sources, new
algorithms

— Dealing with non-contributing areas

° Future Projects

— Data assimilation and development of remote
sensing tools
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Environmental Prediction Framework
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CaPA: Analyse de précipitation
CalDAS : Analyse du surface

* Assimilation combines different sources of availlable information
(model, observations, remote sensing)

— CaPA currently makes use of observed precipitation, 6h-12h ou 12h-
18h precipitation forecasts from 15 km GEM
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Static Website
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Helping Researchers Focus on the Science of Water Cycle Modelling

Introduction

Welcome to the official site for standalone MESH. Our goal is to help researchers focus their efforts on the physics of the model rather than the programming details necessary to setup
and run the model.

To acheive this goal. we will be continue to develop the model driver, "from scratch” examples. and associated documentation. We will be building on the excellent foundation provided
by our colleagues at the University of Waterloo, Environment Canada and various universities across the country. Our hope is that you will contribute to the development of this
community model as you learn about its strengths and weaknesses, and build your own tools to assist in your research studies.

The Model Development Plan

The Hydrometeorology and Arctic Laboratory of Environment Canada in Saskatoon, along with funds secured from the IPY. IP3 and DRI projects, hired a small team of computer
science, software engineering and mathematically minded students (Diane Holman, Robin Wilson, Andy Salisbury, Craig Thompson, and Cody Fong) to help with model development.
Over the summer of 2008, we released several versions of standalone MESH with each release containing improved functionality, documentation and examples. In 2009, we continued
to develop the model and improve the documentation. We also held a MESH modelling workshop in Waterloo in March, 2009.

In 2010, we will again be hiring a team of computer science and engineering students to continue to improve the model driver, example basins and documentation. There will also be an
increased focus on improving the process we undertake to produce future releases. This process improvement will include a more rigorous and consistent testing procedure and pre-
release sign-off by a MESH science and management committee.

Some of vou may have particular needs due to vour specific research interests. If this is the case, please contact Bruce Davison.

Official standalone MESH releases

May 30, 2008. Standalone MESH 1.0
June 30, 2008. Standalone MESH 1.1
July 30, 2008. Standalone MESH 1.2
Aug 11, 2009. Standalone MESH 1.3 (Unofficial release)
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Two nested modelling domains

RPN MESH runs
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Validation

* Traditionally we compare to observed
hydrographs

* Are we getting the right answer for the
wrong reasons ?
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Stand alone MESH smaller scale

BRIGHT WATER CREEK WATERSHED
106°30"

10600

*  MESH model physics (CLASS LSS)
- — with added routing based on Watroute
* Forcing with met tower data

— Temp, precip, station pressure, specific humidty,
wind, Iw and sw radiation

* May 15 to November, 2007, half hourly

* Validation on soil moisture rather than the
integration of response by examining streamflow
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(larger scale) within the RPN system
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2002-2007 modelled water availability
Indicators (SSRB), closure of water budget

availability parameter 2002 2003 2004 2005 2006 2007 average

total precipitation 394.7 334.0 392.5 396.2 447.0 414.9
evaporation 279.3 285.2 279.0 354.4 351.2 314.0
total runoff 59.4 61.9 61.7 104.8 77.0 85.5 75.0
ground water recharge 7.0 8.1 6.2 12.6 10.1 9.2 8.9
interflow 0.03 0.03 0.03 0.06 0.04 0.04 0.04
continuity equation * 49.0 -21.3 45.6 72.6 -45.3 0.9 16.9
error (% of precip) 17.5% -7.5% 16.4% 21.7% -12.8% 0.3% 5.9%

average SWE 15.9 15.7 15.9 14.6 15.0 19.8 16.1

oil moisture (vol %) 0.12 0.14 0.13 0.15 0.16 0.15 0.14

il moisture (vol %) 0.16 0.18 0.15 0.19 0.20 0.19 0.18
oisture (vol %) 0.11 0.12 0.12 0.13 0.13 0.13 0.12
withdrawal from storage 23.6 29.6 17.1 26.9 34.8 30.6 27.1

precip - evap - runoff - recharge -interflow - (change in storage)
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Running sa MESH on the larger scale

iIndependent of RPN
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NARR accumulated precipitation over
SSRB for 2007

Observed precipitation
and soil moisture at
site NWO3 for 2007
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Comparison of accumulated precipitation

to observation
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Comparison of soil moisture
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* Hydrological models do not currently incorporate the influence of
dynamic potential surface storage and the effect this dynamic
storage has on contributing area in prairie pothole basins.

* Many models simply assume that 100% of the basin contributes
to the outlet.

* TOPAZ and other landscape analysis tools can determine a
storage threshold volume that allows 100% of the basin to
contribute.

* However, due to the semi-arid environment, such a threshold
runoff event may occur infrequently in the prairie pothole
region(Leibowitz and Vining, 2003).

* To improve hydrological models for the prairie pothole region, a
methodology for quantifying contributing areas for runoff events
that only partially satisfy the potential surface storage of a basin
(pre-threshold runoff events) is required.
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Non-contributing areas

- mean annual runoff -
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Prairie pothole region
encompasses approximately
775,000 km? of the north-
central United States and
south-central Canada.

Contributing area within this
landscape varies by seasons
and year
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Importance of Connectivity
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Measured pond depth (cm)

Measured pond depth (cm)
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Key Concepts

Pond contributing area (CA,) boundary

Surface water area

Connected area

0-0-0-0 Maximum pond volume (V,,,..)

Basin contributing area —  Connected

—_———
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>><%|  Basin contributing area (CA,)

° Sub-basin ID
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Percentage of pond area vs. total land area with
Increasing runoff
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St. Denis pond depths - spring 2007
90 mm of effective runoff

Modeled vs. Actual pond
depths
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Development of remote sensing
tools and data assimilation

— Soil moisture is a control on

both the water and energy cycle

— increasingly examined by
atmospheric modellers

— Soil moisture is also very highly
variable in time and space, itis
also very expensive data to
collect

— Other methods of assessing
soil moisture include remote
sensing

Assimilation of soil moisture
into NWP

June 2009 bi-national, multi-
agency field campaign
—Logged soil moisture,

manual surveys, satellite data,
radiometer and SAR flights

I*I Environnement  Environment
Canada Canada

0

Soil Moisture - Kenaston area - Flux tower site [Fraction]

—-—SIM
— OBS [5cm

: : 15-May-07 15-Jun-07 15-Jul-07 15-Aug-07 15-Sep-07 15-Oct-07
Canada




Summary and future considerations

* Early runs of WATFLOQOD allow for basin understanding
and large-scale simulations on the SSRB domain.

°* MESH coupled system tested on SSRB

— Validation of surface soil moisture using TDR seems reasonable
— Water availability indicators derived from basin modelling

— Additional sa-MESH validation for entire SSRB currently underway with
focus on streamflow and Kenaston vertical water budget

— Soil Moisture Data Assimilation/remote sensing validation experiments
this summer
* Systematic treatment of non-contributing area is
Important.
— Detailed DEM provide insights into lateral flow mechanisms
— Difficult problem to characterize in larger scale models
— SPILL algorithm provides detailed history and conceptual curves
— Application in Tile-based (HRU) system still needs to be refined
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