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Remote Sensing Data at Montréal VAAC

CMC NOAA’s CLASS
Satellites (Canada, Alaska, Greenland, (Kamchatka Peninsula
Northern CONUS) and Iceland)
AVHRR AVHRR
* Metop-A/B * Metop-A/B
Polar orbiting . NoAA-15/18/19 . NOAA-15/18/19

satellites
MODIS

* Aqua/Terra

Geostationary * GOES-W
orbit satellites e GOES-E

® CMC has initiated procedures to share Canadian data with
USGS’s VolcView application (http://volcview.wr.usgs.gov/)
= Collaboration with Dave Schneider (USGS)
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http://volcview.wr.usgs.gov/
http://volcview.wr.usgs.gov/
http://www.nsof.class.noaa.gov/saa/products/welcome
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CMC’s Atmospheric Transport and
Dispersion Models Suite

®* Trajectory: Modele de trajectoires

= Short/large scale, runs in forward/backward

=  few air parcels movingin the 3D wind field

= quick estimate of the expected trajectory of an air parcel by the advection transport mechanism
® MLCD: Modéle lagrangien a courte distance

. Short scale (< 10 km), runs in forward/backward

. Driven by NWP data and/or onsite meteorological observations

® | MLDPO: Modéle lagrangien de dispersion de particules d’ordre zéro Most used
= Large scale (regional, continental, global) > 100 km operational
= Runs in forward mode model

® | MLDP1: Modéle lagrangien de dispersion de particules d’ordre un

A

= Short scale (local, regional) < 100 km R
=  Runsin forward mode MLDPn will replace
MLGI: Modéle lagrangien global inverse MLDPO, MLDP1 and MLGI

=  large scale (continental, global) > 100 km
. Runs in backward mode

MLDPn: Modéle lagrangien de dispersion de particules d’ordre n
=  Short/large scale

= Runs in forward/backward

CUDM-urbanLs: Canadian Urban Lagrangian Stochastic Dispersion Model
= Urban scale, 3D building geometry, driven by a CFD model

= Runs in forward/backward

Relachement hypothétique a Vancouver, BC
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MLDPn: Modele lagrangien de dispersion
de particules d’ordre n

® A new Lagrangian atmospheric transport and dispersion
model (ATDM) called MLDPn has been developed

= 1) to unify the three operational models (hamely MLDPO, MLDP1 and
MLGI)

= 2)to combine the advantages and strengths of each model into a
single one

= 3) to simplify code maintenance
= 4)to improve some algorithms
= 5)to add several new features for operational use

® The model is currently in its final validation phase and will be
fully operational in the coming months.
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New Features in MLDPn

® Restart mode useful for extended simulations in time (e.g. Eyjafjallajokull,
Fukushima Daiichi)

® |nverse mode to track and identify a possible emitting source

® Handling of a complex emission source term varying in space and time

® User can define a 3D polygon associated with a volcanic cloud (observation)
® Handling of multiple emitting sources

® New dry deposition and wet scavenging schemes developed by Jian Feng available
as an option

® Written in C and parallelized using both distributed (MPI) and shared-memory
(OpenMP) standards

® n refers to type of diffusion kernel
= 0:order0, trajectories calculated according to particle displacement increments
= 1:order ], trajectories calculated according to particle velocity increments

= m: mixed mode, switch from order 1 (short scale) kernel to order O (large scale) kernel based on
age of particle criterion

= w: petroleum/oil spill in water
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Numerical Weather Prediction (NWP)
Systems at CMC

® Global Deterministic Prediction System (GDPS)
® Regional Deterministic Prediction System (RDPS)

* High Resolution Deterministic Prediction System (HRDPS)  Global (25 km) and Regional
(10 km) NWP model grids

Date Implementation Feature
3 October 2012
13 February 2013

RDPS: increase grid mesh 15 km — 10 km

GDPS: increase grid mesh 33 kmm — 25 km

 HRDPS: New experimental model with 2.5 km grid mesh
covering most of Canada
Hourly meteorological analyses data available from GDPS
(before: 6-h)

* HRDPS: required meteorological variables will be available
to drive MLDPn

 HRDPS will become fully operational and will replace
RDPS
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Theludge: A Statistical Validation Tool

® |n order to operationally implement MLDPn,
a statistical validation tool called “TheJudge”
was developed.

® This innovative tool allows the quantitative comparison
and analysis of different numerical simulations based on a wide variety of
statistical indicators/metrics.

® Can be used for various applications such as
= implementation of a new model for operations
= sensitivity studies
= uncertainty quantification

® MLDPn was validated successfully against MLDPO and MLGI. MLDPn produces
comparable and valid results to those of MLDPO/MLGI.
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Theludge: Basic Principle

®* |n the absence of analyses and observations valid over the whole
computational model grid, we vary the seed that initialize the random
number generator used in the stochastic component calculation
associated with the turbulent diffusion in the particle displacements.

® This method is applied to create two independent simulations (statistical
realisations), thus producing slightly different results.

® By comparing these two simulations, we create a ‘control or reference or
benchmark’ curve that can be used for comparison with the ‘test’ curve.
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Importance of Considering Different
Statistical Indicators

® |tis crucial to know the strengths, weaknesses, limitations and bias of
each indicator.

® Each statistical indicator provides a unique and different information from
others.

® [t is necessary to consult many/different indicators before arriving to a

final conclusion. Q

2r
Top view: circle Side view: rectangle Tilted view: cylinder
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Modelling Setup for Sensitivity Study

INPUT TO DRIVE MLDPn:
® Source: Mount St. Helens, WA, USA (within HRDPS and RDPS domains)
® Date-time of hypothetical release: 23 July 2015 at 00 UTC
® Release duration: 48 h

® Number of Lagrangian particles: 10° (~21000 part./h)

®  Maximum initial plume height: 12 km AGL

® Vertical distribution of mass: uniform

® |nitial seed for random number generator: fixed, variable

e Different NWP meteorological input forecast fields:
=  GDPS (25 km), RDPS (10 km) and HRDPS (2.5 km)
=  3-hand hourly meteorological fields
= 30 and 58 vertical levels in meteorological fields

OUTPUT FROM MLDPn:
® 48-h forecast air concentrations in 3 aviation flight layers

Mount St. Helens, WA, USA,
= SFC-FL200, FL200-FL350, FL350-FL600 19 May 1982

® Computational output horizontal grid mesh: 10 km

STATISTICAL ANALYSIS: Use the statistical validation tool TheJudge to make quantitative assessment based
on COR, FMS and FA2.
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Sensitivity Study

Measure the impact of

® changing from|GDPS-3h-30lev|tof[RDPS-1h-58lev.
® changing from|RDPS-3h-30levfto|HRDPS-1h-58lev.
® changing from|GDPS-3h-30lev|to|HRDPS-1h-58lev.

Current Future
Operational Operational
Configuration Configuration

——> Example:

["A: GDPS-3h-30lev-fix vs GDPS-3h-30lev-var
B: RDPS-1h-58lev-fix vs RDPS-1h-58lev-var
C: GDPS-3h-30lev-fix vs RDPS-1h-58lev-fix «<— 1 test curve

< 2 control curves

®* 3 NWP data sets X 2 meteorological time intervals x 2 sets of vertical levels % 2 different
seeds = 24 simulations

® 45 comparisons/curves
® 243 time series (for only 3 statistical indicators: COR, FMS, FA2)!
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MLDPn Simulations
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COR Time Series for Air Concentrations
in Layer FL200-FL350
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FMS Time Series for Air Concentrations
in Layer FL200-FL350
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Sensitivity Study: Preliminary Results

® Modelled air concentrations are very sensitive to the choice
of NWP model, including temporal resolution and number of
vertical levels in the driving meteorological fields.
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New VAAC Layout for Automatic and
Hypothetical Simulations

http://meteo.gc.ca/eer/vaac/index e.html
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Atmospheric Transport Modelling at Global Scale:
15-Day Simulation at Puyehue — Corddn Caulle, Chile,
4-19 June 2011 — Support Provided to other VAACs
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SEVIRI MSG Satellite Imagery, 6 June 2011 at 15 UTC
VS
Modelled Concentrations in Layer 10-12 km

2011-06-06 15:00
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ABSTRACT This paper describes the integrated suite of Lagrangian |
operation at the Canadian Meteorological Centre. These models have be,
applied to many types of environmental emergencies covering spatial scal
The Modeéle Lagrangien Courte Distance (MLCD) is used for atmospheric s
The Modéle Lagrangien de dispersion de particules d’ordre 1 (MLDPI) i
areas less than 100 km; Modéle Lagrangien dispersion de particules d’ord
of continental and global consequences. The Modéle Lagrangien
mixte (MLDPmm) alternates between first-order and zeroth-order dependi
The theoretical bases of the models are presented, and the main algorith
discussed. Modelling of the diffusion processes is based on a stochastic diffd
of quasi-stationary Gaussian turbulence, locally homogeneous in the hori
operational implementation are also described. Using these models, resul
scales ranging from the very local, to a few kilometres, to regional (ap
(approximately 1000 km) and to global (approximately 10,000 km) are coi
observational data.
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Five different atmospheric transport and dispersion model's (ATDM) deposition and air concentration
results for atmospheric releases from the Fukushima Daiichi nuclear power plant accident were evalu-
ated over Japan using regional 1¥7Cs deposition measurements and '¥’Cs and 'l air concentration time
series at one location about 110 km from the plant. Some of the ATDMs used the same and others
different meteorological data consistent with their normal operating practices. There were four global
meteorological analyses data sets available and two regional high-resolution analyses. Not all of the
ATDMs were able to use all of the meteorological data combinations. The ATDMs were configured
identically as much as possible with respect to the release duration, release height, concentration grid
size, and averaging time. However, each ATDM retained its unique treatment of the vertical velocity field
and the wet and dry deposition, one of the largest uncertainties in these calculations. There were 18
ATDM-meteorology combinations available for evaluation. The deposition results showed that even
when using the same meteorological analysis, each ATDM can produce quite different deposition pat-
terns. The better calculations in terms of both deposition and air concentration were associated with the
smoother ATDM deposition patterns. The best model with respect to the deposition was not always the
best model with respect to air concentrations. The use of high-resolution mesoscale analyses improved
ATDM performance; however, high-resolution precipitation analyses did not improve ATDM predictions.
Although some ATDMs could be identified as better performers for either deposition or air concentration
calculations, overall, the ensemble mean of a subset of better performing members provided more
consistent results for both types of calculations.

Published by Elsevier Ltd.
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Eyjafjallajokull, Iceland: 15 April 2010
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valid 15 April 2010, 11:30 UTC

10p8

Bel o™ G Canadd




Eyjafjallajokull, Iceland: 6-9 May 2010

Brightness Temperature Difference (BTD) in Infrared
AVHRR NOAA-15 Valid 9 May 2010 at 1758 UTC
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Eyjafjallajokull: MLDPO Quantitative Verification
Against DTB AVHRR (T, — T;) Satellite Imagery
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