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Marine Data Model Tips and Tricks




Joe Breman/May 2003

This is a compilation work document of technical procedures as well as some ideas generated to clarify some of the work presented at the Marine Data Model Workshop III. This is a draft document and all contents are subject to change and revision. Many of the steps described are ideas for ways that the marine data model can be leveraged using ArcGIS extensions.

I. Some Vocabulary

· Conceptual Model: Describes in broad terms the entities involved in the data model and the relationships between them. 
· Logical Model: Describes the entities and their attributes, the relationships between them, and the properties of these relationships, independent of any implementation technology. 

· Physical Model: Describes the physical database schema, and implies (a) specific technology(ies) (in our case, the geodatabase).
II. Initial steps

Add image

Georeference to coast line using control points

Create subset of points

Using Geostatistical Analyst create a subset of the points file


GA>Create Subset>Based on number of desired points


Note this method creates an irregular matrix of sample points

Join with time series data


R-click layer in TOC>Join attributes based on FID


Or based on relationship class

III. Tracking Analyst


Add temporal data and select data to join to table

R-click>Properties>symbology>Time Window> 

Adjust symbol according to temporal property.

IV. Create Raster surface using Geostatistical Analyst

Create surface from points>Ordinary Kriging>convert output to raster

Adjust Symbology to be classified by logical division (say 100ft)

For Depth Contour lines>convert Kriging results to vector in ArcMap>Clip to Ocean Polygon layer using Geoprocessing Wizard

Add Raster layer to ArcScene and adjust Base Heights according to the Zvalue and a logical multiplier. See figure… 


[image: image6.png]&R sandiegoCaseStudy - ArcScene - ArcInfo





V. Use Tracking Analyst’s animation tool 

To create a date stamp for each frame of the output: Animate a time "clock" 

(actually just a label) as the data display changes. 

Use a date field with a value like "9/5/2003 8:59:00 PM" and label a bunch of overlapping points with these changing values, and then have the event update as the data display changes.

	Create a time/date stamp for each frame of the animation tool's output in Tracking Analyst 
	  


	Article ID:
	24807


	This procedure is specific to adding a year stamp to the output animation file. See the notes in the steps that need to be modified for other time/date format stamps.


In ArcCatalog, create a new feature class. 
a. Make it a point feature class. 
b. Import Spatial Reference from an existing feature class in the data frame. 
c. Add three new fields. 
1. One string field – length 5 (Event_id) 
2. One short integer field – length 10 (Label) 
3. One string field – length 10 (Date_stamp) 

These fields should be modified as needed to accommodate the desired time/date stamp.

Add the new feature class to a mxd. Also add a layer from the original .mxd. This layer should be the layer with the largest extent. This layer is added to provide a guide for the placement of the point features. 

Start editing the point feature class. 

Set snapping to edge of point feature class. This way all new points added are in the same location. Set the snapping from the Editor menu. 

For further information regarding setting the snapping environment see the ArcGIS Help > Contents tab > Editing in ArcMap > Creating new features > Using the snapping environment.

Use the sketch tool to add points at the location of the desired date stamp. 

Stop editing and save edits once there are enough points for the time range desired. 

Use the field calculator to populate the Event_id field with the same value. Use the following expression: 

“A”
Use the field calculator to populate the Label field with sequential values. Use the following expression, where x is the first year of data - 1:

[OBJECTID]+x


This expression will need to be modified in order to use a format other than a year stamp.

Use the field calculator to populate the Date_stamp field with a date based on the label field. Use the following expression: 

“01/01/”&[Label]


This expression will need to be modified in order to use a format other than a year stamp.

Open the original .mxd, and add the point feature class as temporal data. Use the Date_stamp field as the temporal field, and the Event_id field as the track field. 

Right click the new temporal layer and select properties to set the display properties of the new layer. 
a. Select the Temporal tab, and select Display only the most current events in the layer. 
b. Select the Symbology tab, and change the color of the point symbol to No Color. 
c. Select the Labels tab, set the label field to Label, and set the symbol as desired. 
d. Place a check mark next to "Label most current features in this layer." 

Insure that the stamp is working by running the playback manager. 

Make the animation file. 


VI. GENERATE fishnet

1. First convert fc to cov then in Arc use generate: fishnet

2. Build poly on the fishnet output cov

3. Then convert cov back to fc

Creates a fishnet of rectangular cells. Nodes are created at intersection points of each cell. 

The fishnet origin is the lower-left corner of the fishnet. The y-axis coordinate is a point on the positive y-axis from the origin point and is used to orient the fishnet. Cell size refers to the size of the cells in the x and y directions. Cell sizes are expressed in coverage units and should reflect the map projection of the coverage. As an example, a cell size of 0.5 is half of a degree in geographic, but 0.5 meters in UTM. The number of rows and columns is used with the cell size to determine the size of the fishnet.

If 0 is entered for the Cell Size, then it will be automatically computed based on the next two prompts asking for the numbers of rows and columns and the opposite corner of the fishnet.

On the other hand, if you specify the cell size and enter 0 for the number of rows and columns, you will be prompted to enter the opposite corner of the fishnet. The specified cell size will be used to automatically calculate how many rows and columns can fit within the area defined by the origin and the upper-right corner without exceeding the corner coordinates.

Here are the actual commands I used for the San Diego dataset:
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Usage: GENERATE <cover>

orc: generate fish

Copyright (C) 1982-2002 Environmental Systems Research Institute, Inc.
11 rights reserved

GENERATE 8.3 (lWled Dec 18 08:17:08 PST 2002)

Generate: Fishnet

Fishnet Origin Coordinate (X,V):

Generate: Fishnet

Fishnet Origin Coordinate (X,Y): -117.35469, 32.54491
v-axis Coordinate (X,v): -117.35469, 32.74902

Cell Size (Width, Height): O

Nunber of Rows, Columns: 80, 80

Opposite corner of Fishnet (X,Y): -117.07526, 32.74966




Much Easier:

You can now use a fishnet tool .dll at:

http://support.esri.com
Search on fishnet, this script was added May 2003

Once fishnet is created

Build polygon layer from output

Note: Don’t try to import this fishnet poly cov to gdb (bug…closes arccatalog)

Instead add to mxd and clip using perimeter polygon, and geoprocessing wiz

Then join to points with attributes using spatial join:

For discussion: a better way to use the geodatabase to provide the framework for this workflow, we need to assess the limitations of the fc in this scenario.

4. clip the fishnet polygon layer (clipfish)

5. Add clipfish to ArcScene

6. Join elevation attribute to fishnet polygon using spatial join in ArcMap


7. Extrude fishnet as shown below
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Extrude features in layer. Extrusion tums points into vertical ines, ines into walls, and
polgans into blacks.

Extrusion value or expression

[Avg_hdp]*0004] =
Apply extrusion by:
using it as a value that features are extuded 1o =~





8. Apply transparency and grauduated color, or appropriate symbology see next figure...

representing the salinity and temperature values in the water column.
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VII. Script to convert 3D point data to a multipatch shape file

Original data is in lat/lon  Project small subset to a UTM Zone 11 South projection so that the distances between points make sense (small integer instead of very small decimals).
This script is mostly hard-coded for this particular dataset.  

add it to a VBA IDE in ArcScene.

1. Add temperature and salinity fields to SurveyPoints fc

2. Set the projection for the dataframe to WGS_1984_UTM_Zone_11S

3. Add points from Geodatabase to ArcMap

select a logical radius to use populate the script with appropriate values

Use measure tool to find average space between points, and divide by 2 for r

4. Select subset of points Export to shapefile

5. Set coordinates to take on projection from the dataframe

6. Store points in directory separate from multipatch script (because it generates an output that resides uniquely in the same folder with the script)

7. Add point.shp to ArcScene

8. Set vertical exageration of dataframe

Rclick Scene Layers (Data Frame) and click scene properties>general>calculate from extent. Vertical points cluster, and now zoom in on them. 

(background black is here too)

9. Tools>Macros>Vb Editor

10. File> import file> Browse to multipatch.bas

Arguments for MultiPatch Script:

  MakeTube "SurveyPoint" (filename), "ZValue"(fieldname), 6 (3 of sides), 12 (radius), CurDir (directory), "Tube"(output file name), True (closed), True (add to map document)

End Sub

12. Click cursor into line where arguments are listed and run
VIII. Create evenly spaced point file from interpolated raster

1. Convert Floating point raster to integer raster

Raster Calculator

INT ([input raster])

This outputs an integer raster from which you can 

2. Convert raster to features and select points

3. To create subset convert FID to string field and weed out 10% of the points

Create new text field > Calc values from FID to this using this expression:

right( [FIPS],1) = 1

This will select each value that ends with 1, giving 10% of the data.

 Then Select by attribute all points that equal –1

Export these to a new fc and join with other data.

To select and display animation of points within water column

1. Select points from table using either definition query or spatial selection

2. create subset by exporting to new layer (optional)

3. Increase size of points (8 pts works well) and make 80% transparent


Layer properties>display

4. Adjust base heights and extrusion using an expression to represent data based on field and z factor



for example –[Salinity]*.0035
IX. Some thoughts on 3d representation:

So far the best results of this set of testing has been using a fishnet converted to a polygon fc, spatially joined to inherit point attributes, and symbolized persisting the data with multiple extrusions in ArcScene. 

Tests on multipatch feature output has been time intensive, poor performance, display is slow, and the results are only viable if the set of origin points are evenly spaced across a grid.

Where to go from here? Perhaps a hexagon 'fishnet' tool, we could call it 'honeycomb'. And GUI to make it easy to incorporate this workflow including: number of desired sides, Origin coordinate, cell size (radius), number of rows/collumns (or) opposite corner coordinate, average distance between points, clip polygon, and a place to add spatial join attribute fields.  

X. Some Questions

Will most marine data have the time as an attribute, or will we be joining fc to tables of time series data? Either way bears different workflow scenarios.

What are the scaling parameters we should consider, performance for small vs. large scale?

Spatial join for 6,000 points takes about :15, why and how does this effect us?

Which is better, hexagon tubes, or extruded fishnet? 

Symbology? Querying? Display? Analysis?

Suggestion, to create 3 Feature Data Sets in GDB

1 for pre-processed data (subsets, tables, join stuff)

2 for processed data

3 for output results 

Challenge Step:

TEMP/DEPTH/SALINITY

<From NNS for density and salinity web article>

Invert the UES to obtain salinity as a function of temperature, density and depth (or pressure). Unfortunately...invert the density to obtain salinity as a function of temperature, density and depth, S(T,r,Z).

USING NEURAL NETWORKS TO SOLVE THE INVERSE PROBLEM OF EXTRACTING SALINITY FROM THE UNESCO EQUATION OF STATE FOR SEA WATER AND TO SPEED UP THE EVALUATION OF THIS EQUATION
Vladimir M. Krasnopolsky, Laurence C. Breaker, Dmitri Chalikov, and Desiraju B. Rao

National Centers for Environmental Prediction, Washington, D.C. 20233

  
We consider two related problems which arise in oceanic modeling and data assimilation. (1) In most ocean models, the UNESCO International Equation of State for Seawater (UES) [1] is evaluated at each point of a three-dimensional grid for each time step. For high-resolution models, the solution of this equation consumes a significant part of the overall computation time. (2) In data assimilation systems, the assimilation of temperature into ocean circulation models which employ the full equation of state, without making corresponding adjustments to the salinity can lead to problems in the assimilation process. To perform such an adjustment, we must invert the UES to obtain salinity as a function of temperature, density and depth (or pressure). Unfortunately, it is not a simple matter to extract salinity, given temperature and density, from the UES since this represents what is essentially an inverse problem. Alternately, we could use a simpler and more readily invertible version of the equation of state for seawater such as that given by [2], but then we sacrifice accuracy, particularly for extreme values. Here we propose solutions for both problems using neural networks (NNs) - a technique which well-suited for nonlinear modeling and inversion. 

The UES gives the following expression for the density  (kg/m3) as described in [1], 
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where  is the density of seawater in kg/m3, T is the temperature in C, S is the salinity in psu, P is the pressure, and K(T,S,P) is the secant bulk modulus [1].
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