Initial Parameters

· Priority areas 

· As determined by client (FESA, NSW DNR and SES, Tas SES).  

· GA to provided assistance in this process by provision of hazard maps and other available scientific information

· Source of event 

· As determined by client.  

· Client to instruct what parameters are required for the event, e.g. 1 in 10,000 return period or event with given offshore wave height.

· Data extents 

· As determined by the inundation team, in accordance to the priority area, source of event and coordination with PMD and NM&I.  

· Area must extend to the 100m bathymetry contour to incorporate the boundary ordering file.

· Internal Boundary

· Through consultation with PMD and NMI identify preliminary internal boundaries, notably the 500m2 mesh found within the -5 and 5 metres depth.  

· See ‘Build ANUGA DEM: part 1’ for more details
Data acquisition

· Bathymetry (PMD)

· Source available bathymetry for the data extent provided

· Need a full coverage

· Focus on 500m2 internal boundary

· Transform all data to one GDA zone (consult with NMI and Inundation team if the area of interest covers two zones)

· Convert the data to AHD (using the current tide table book, produced by Australian Hydrographic Office, sourced from LOSAMBA, PMD)

· Provide inundation team with data coverage (JPEG image)

· If required source charts or fairsheets (tiffs) for digitising, to fill ‘holes’ in the dataset.  Consult inundation team.

· Provide to NM&I:

· data as xyz (easting, northing, AHD), projected GDA94 

· metadata statement (template).

· Provide jpg image of data provided (template).

· Provide tidal range of extent area to NM&I and inundation team. 

· Highest Astronomical Tide (HAT), at AHD/MSL. 

· Lowest Astronomical Tide (LAT), at AHD/MSL

· Topography (NM&I)

· Develop DEM; 

· Read GA_Datum_Projection_standards.doc in this directory

· Source onshore data with given extent 

· Compare offshore (xyz provided by PMD) and onshore data

· QC with available total station survey data as absolute ground truthing

· QC by creating the HAT and LAT contour lines and test with time stamped imagery, geomorphology information and common sense.

· Demonstrate QC activity by 
(1) Measuring difference between DEM and spot elevations and other survey information and 
(2) Issuing contour lines.

· Provide jpg of all data within the data extent, if insufficient coverage, consult with the inundation team.

· Provide to the inundation team when sufficient data has been gathered:

· jpg of all data within the data extent (template)
· Bathymetry (x,y,z) issued by PMD (note corrections (if any) within metadata statement)

· If using ArcGIS to create x,y,z textfile - ensure that all data is exported correctly. i.e. if you are exporting data from arc to txt file and then loading this into excel in order to manipulate it as required (eg. deleting relevant columns) sometimes the volume of data is too large, and excel does not load all the data. Therefore the resulting file that will be loaded into anuga will be missing values. Consider alternate editing programs to edit large datasets (eg. Ultraedit). Or export as ASCII?
· Coastline AHD (x,y,z) extracted from DEM

· Topography (ASCII grid or x,y,z if available) to inundation modelling team.

· Lineage/Metadata statement (template) inclusive of the metadata provided by PMD.  Included in this report should be the licence agreements for the supplied data.

· In addition to the data please provide 

· jpg image of HAT, LAT and MSL contour lines overlaid on aerial photography to inundation modelling team for inclusion in report. Image size required to be 300-400Kb in size (template).
· Shapefiles of bathymetric and topographic contours (in 5m increments).  Used for interior polygons.

· An image showing 0.5 – 1m contour lines to inundation modelling team to allow interpretation of model output.

Points of Interest (NM&I and Inundation team)

· Determine point of interest for developing time series

· Onshore – hospitals, schools, power stations, airports etc.

· Offshore – to demonstrate wave amplitude in approach

· Additional points (local icons) – as determined by FESA and local representatives

· Create jpg image showing these point locations with elevation to two decimal places (no titled required) on aerial photography and issue to inundation modelling team for inclusion in the report.  Image size required to be 300-400kb in size.

Creating event (Tsunami Source Modellers (TSM) and Inundation team)

Rewrite to reflex sts boundary

· The inundation team provide TSM with a .csv and .urs of the boundary condition (created by run_boundary_points.py script)

· The TSM then will create four file, filed by urs/gun/scale within the anuga/boundaries  

· The URS files will have the following attributes;

· An [base name].sww file

· There will be 3 files (note: base name must be the same): 

· [base name]_waveheight-z-mux, (relative height, depth will be given in metres, with area’s of land being negative and sea being positive)

· [base name] _velocity-e-mux (x-velocity, m/sec, positive for eastern direction)

· [base name] _velocity-n-mux (y-velocity, m/sec, positive for southern direction)  

Preparation for modelling (Inundation team)

· Create Boundary Ordering file

· Note steps 

· QC boundary conditions

· Check elevation data used from boundary condition with provided DEM in ArcGIS (use export grid of the sww file that is created from the mux files) 
· Compare time series from several points very close to the model boundary from the boundary condition and ANUGA evolved model to confirm that the boundary condition is being used correctly. (could use boundary_plot or sww2csv_timeseries) 

· Source National Exposure Information System (NEXIS) information for study area

· Append column (with name SHORE_DIST) which calculates the distance from coastline, in metres.

· Ensure locations lie in one UTM zone only.

· QC by loading NEXIS output and GNAF into ArcMap for verification. 

Build ANUGA DEM: part 1

· All the data provided from the geospatial scientist (NM&I) should be in the directory called ‘elevation_final’ inside the defined directory structure.

· The build script (eg \anuga_work\production\broome\build_broome.py) is used to do one off file conversion for ANUGA. Mainly the converting, adding and exporting of the ‘raw’ elevation data and conversions of the URS/MOST boundary conditions into SWW file.

· If there are significant areas without data, consider inferring from a TIN. This involves using ArcGIS to interpolate from what data is available and make a raster which is then exported at a suitable resolution. Note, select resolution carefully.

· Mesh Generation (determining internal polygons):

· Find all the areas of interest (This will allow you to determine the areas which will be reported on and how to get accurate results): 
1. Review NEXIS data in this area, 
2. Is there any available data from tide gauges or anecdotal evidence? 
3. Are there areas with recorded run-up? 
4. What elevation features should be resolved, cliffs, islands, inlets? 
5. Are there any other areas of interest? 
6. Discuss with client about main areas of interest.

· It is also important to have a good mesh resolution in areas around islands that are between the earthquake source and the areas of interest. Also along the coast as reflections can be significant and along coastal rivers. 
· Create internal polygons in ArcGIS, display contours like the -20m and 20m contour. There are instructions covering this see  ‘\anuga_core\source \documentation\user_manual\How to develop a polygon for scenario models using ArcGIS.pdf’

· Recommended mesh size

· For boundary from 100,000 to 150,000m2 
· Near the coast 20000 m2 
· Area of interest 500m2 
· NOTE: The mesh size can not be smaller than the resolution of the data.

For examples \\gneiss\gem5nhi\inundation\data\western_australia\perth_tsunami_ scenario\anuga\polygon\sperth_polygon.mxd
· Extract polygon as a csv (convert to points, and export via attribute table)

1. The internal polygons points (x,y) must be record in a single direction, delete the last point (in the csv) that replicates the start point.  

· Update ‘project.py’ with new internal polygons csv files.

· Once internal regions and cell resolutions are adequate;

1.  use “res_factor” = 10 to model a coarse mesh, 
2. inspect using swollen/anuga_viewer 

3. Continue if it looks okay

4. Change “res_factor” = 1 
5. Count triangles - by using ‘number_mesh_triangles’ (generally this is in the project file), if too much over 500000 consider resizing polygons or boundary.

· Further you can check mesh resolution is correct using “graphical_mesh_interface.py” in pmesh

Build ANUGA DEM: part 2

· Consider what grid data is required in internal polygon (to reduce size of dataset)

· For example having a 10x10m (asc) grid in area where the triangle resolution is 50000m2 triangle is very computational expensive, a 200x200m is much more appropriate and 400 times smaller! 
· As a rule there should be a minimum of 3 points per triangle (This can be done easily with asc files as you know the grid resolution and you know what resolution is in the mesh). 
· Use ‘geospatial_data’ ‘split’, ‘clip’ and ‘clip_outside’ to make smaller but accurate elevation files. This is done in the build script.

· Only reduce the ASCII grid resolution in areas which we are not exporting the results and reporting on them. This is due to two reasons; 
1. Reducing the resolution of the data will increase the impact as it will smooth the slopes 
2. we are reporting we are using “best available” data and if we reduce the resolution we will not be using all the best available data.

· QC Digital Elevation Map (DEM):

· build a mesh at MSL and visually inspect in swollen for problems, 

· Cross-validate DEM to determine appropriate smoothing parameter, alpha, using find_optimal_smoothing_parameter

· export a grid(s) in areas of interest and work with GIS staff to QC, or use ArcGIS. (Export ASCII grid to NM&I for validation, and draw HAT and LAT contours.)

· Are there any positive bathymetry points, or negative topography points?

Run Model:

· The ‘run_scenario.py’ (eg run_perth.py) script is setup like a function. Basically import all the parameters from ‘project.py’ at the bottom of the script and execute ‘run_model’ and then ‘export_model’ running this way reduces confusion with the use of the different scripts and makes it easy to capture the input data of the model for tracking in the future.

· If necessary create or ask for an Initial Condition polygon that covers any area onshore that is below the HAT level and use them to set the stage to less than the MSL or maybe LAT? This is important when modelling areas which have onshore water bodies. If provided with a polygon for this function check it by running a coarse model with stage =1000 or plot IC.csv in excel.

· Analysis and export data

Results from ANUGA 

· Determine maximum inundation location and elevation (or run-up) for HAT, LAT and MSL scenarios. Use data_manager.get_maximum_inundation_data(). Check with maximum inundation map.

· Export ASCII grids to GIS team to develop inundation maps and decision support tool, might need to make rasters first and mosaic together. Use ‘shallow_water.data_manager  export_grid’

· To make the clip_depth and speed rasters from ArcGIS (ascii to raster for each ascii file that contain data, then mosaic to new raster, then extract by mask using the topo clip to get the clip_depth. Note, the speed raster doesn’t have the “extract by mask” stage. Ensure the “projection is defined” correctly).

· Determine damage estimates for HAT, LAT and MSL scenarios. Use inundation_damage and add_depth_and_momentum2csv from anuga.damage_modelling.inundation_damage (see run_building_inundation.py in broome for example). This step needs to be QC’ed to ensure that buildings that are determined to be damaged are “real” buildings. This should be picked up in the earlier QC stage, however, worth checking. Comment on where damage is and whether in high-resolution interior regions.

· If significant damage, then discuss calculating casualty estimates with EVP (Engineering Vulnerability Project, Ken Dale)

· Run time series at identified points to understand the dynamics of the tsunami; eg
· How many waves are there? 
· Which one is the largest? 
· How long between waves? 
· How long does the tsunami persist?

· Develop report; include lineage/metadata document and images from NM&I and casualty estimates from EVP team if necessary.

· Develop visualisation on chosen scenario if required.

EVP outputs:

· NEXIS data in extent

· If required, casualty estimates based on damage modelling outputs

PMD outputs:

· Provision of best available offshore data with accompanying metadata

NMI outputs:

· QC’ed DEM

· jpg image of HAT, LAT and MSL contour lines overlaid on aerial photography

· shapefile of HAT,LAT and MSL

· jpg image of chosen point locations overlaid on aerial photography

· shapefile of point locations

· image of data extent for region

· image detailing 0.5-1m contour lines

· shapefile of contour lines

· Lineage/metadata documentation

Tsunami Risk Modelling outputs:

· Inundation and speed maps
· Decision support tool
· Visualisations
· Impact estimates
· Report including information on licence agreements for all GIS layers
· Hazard maps
· URS output
All through the process, communication within the team and with the client is VIP.

Need to identify what

MOST – Method of Splitting Tsunami

URS – company from the USA

Deep water models, we use URS

