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This memo describes the methodology used for the extraction of mean monthly precipitation and temperature values from PRISM raster files and assigning the values to DETAW model subareas. 

Data Files Used
The PRISM data originated with the Oregon State University PRISM Climate Group[footnoteRef:1] and was purchased in ASCII raster format from Climate Source, Inc.[footnoteRef:2]  [1:  http://www.prism.oregonstate.edu/docs/]  [2:  http://www.climatesource.com/] 

For DETAW subareas, I used the shapefile originally created by Mary Serrato, based on the DICU subareas. We decided to do our work in the NAD 83 UTM Zone 10.5 projection, created by Tom Hawkins. This projection is now referred to as California TM, so the tag Ca_TM is used in file naming.

Software Programs Used
Work was done using ArcGIS ArcInfo version 10.0 service pack 3 with the Spatial Analyst extension, and Microsoft Excel 2010.

References Used
Working with Iterators in ModelBuilder – Tutorial by Shitij Mehta , July 11, 2011, Esri, Inc.[footnoteRef:3] [3:  http://resources.arcgis.com/gallery/file/geoprocessing/details?entryID=1D0B467A-1422-2418-88B2-2F32E993AFE8] 

ZonalStats.py script written by Jeff Galef
Getting to Know ArcGIS ModelBuilder – David W. Allen, Esri Press, 2011

Preparing the Data for Geoprocessing
After examining the previous work on this data performed by Jeff Galef, and exploring the new geoprocessing tools available in ArcGIS 10, I decided to use ModelBuilder tools rather than python scripting for this work. All of the models and tools will be stored in a toolbox with the final deliverables for this project.

The ASCII files obtained since Jeff last worked on this project (covering 2008 through 2010) needed projection defined, and then conversion to the Esri GRID format. In order to make use of the iterator tools in ModelBuilder, the input files for each geoprocessing operation had to be organized into either a workspace folder or workspace file geodatabase. The file geodatabase was generally used because it allows for more flexibility in file naming, and is a more efficient storage format.



The climate parameters and geodatabases for this project are setup as follows:
precip = total monthly precipitation 
tmax = maximum monthly temperature 
tmean = average monthly temperature 
tmin = minimum monthly temperature 

These parameter terms will be referred to and used within the model tool dialogue box throughout the remainder of this documentation.

Workflow with ModelBuilder Tools (models)


Step One – Define projections
I made use of inline variable substitution (%Name%) to keep the original file name as part of the output file name. This helps to ensure data integrity.
 
Figure 1 illustrates the Define Projection model used.

						Define Projection
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Figure 1




Model Operation: Define Projection

Input: ASCII rasters already converted to Esri GRID format, but with undefined spatial reference. Definition: GCS_WGS_1984, as specified in the Climate Source metadata

Output: Raster grids defined




Step Two – Reproject Rasters to NAD 83 UTM ZONE 10.5

						Reproject Rasters
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Figure 2



Model Operation:
Reproject raster grids to Ca_TM using the “Iterate Raster Project” model illustrated in Fig. 2.

Input: defined rasters organized into file geodatabase
Input Coordinate System: GCS_WGS_1984
Output Coordinate System: NAD_1983_CaTM
Geographic Transformation: WGS_1984_(ITRF00)_To_NAD_1983
Resampling Technique: NEAREST
Output Cell Size (use default)

Output: \\destination_geodatabase\%Name%_CaTM (reprojected raster grids using NAD 83 UTM  Zone 10.5 (CaTM)
Registration Point (leave blank)


For the conversion process of ASCII raster to GRID, I attempted to run the ASCII to Raster Tool in batch mode, whereby I discovered a bug in the tool and reported it to Esri. Esri sent me a python script, Convert ASCII.py, to use as a workaround.

Typically, a Zonal Statistics tool would be used for this process, however, some of the DETAW subareas are too small to pick up a value from the raster grid.  After reviewing the previous work done on this data by Jeff, I converted the raster grids to polygons and geoprocessed them according to the following workflow. 

Step Three – Convert Rasters to Polygons
The next data preparation requirement involves conversion of raster files to polygons and assigns a value to each polygon based on its grid_code. 




							Raster to Polygon
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Model Operation: Raster to Polygon, assign value to grid_code

Input: climate raster grids (precip, tmax, tmean, tmin)

Output: Converted raster to polygons with grid_code













Step Four – 1st Dissolve
Following raster grid conversion to polygon is a first dissolvement , whereby climate values are actually assigned to each polygon. The climate parameters of Precip., tMax, tMean and tMin are continued and kept as climate feature grids in separate geodatabases.
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Figure 4.





Model Operation: First Dissolve
Precipitation/Climate grids are dissolved on their mean grid _code so that one multipart polygon (i.e. precip, tmax) can be assigned to each distinct climate value. 

Input: Polygons from the precip, tmax, tmean and tmin geodatabases.

Output: Converted polygon with assigned climate values to each polygon feature grid.




Step Five – Intersect with DETAW shapefile
Next, an intersection of the DETAW shapefile with the dissolved polygon files is performed in order to aggregate data output to the168 DETAW subareas.

Intersect
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Figure 5.


Model Operation: Intersect
Climate grid feature classes are intersected with the DETAW subarea shapefile. 
A new feature class is created for each month with one mean value assigned to each DETAW subarea: 

Input: 1st dissolved polygons from climate geodatabases (precip, tmax, tmean, tmin)

Output: Intersected feature class polygons with climate values assigned to each subarea from the DETAW intersect shape file. 





Step Six – 2nd Dissolve
After the intersection, a second dissolve is used to extract one mean climate value for each DETAW subarea.

Second Dissolve
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Figure 6


Model Operation: Second Dissolve
On the second dissolve, polygons are aggregated by the DETAW shapefile to produce one feature class with a mean value for each of the 168 DETAW subareas. 

Input: DETAW shapefile, dissolve on the New_Sub field and mean value of the grid_code from each polygon

Output: Feature class polygons with mean values for precip, tmax, tmean, and tmin for each DETAW subarea.





Step Seven – Join to DETAW shapefile
Mean values from the second dissolve are aggregated to the DETAW shapefile.

Up to this point, it should be noted the volume of data and attributes generated thru all the previous model processes have caused the Join model to fail, unless smaller geodatabase increments are used. The work around to this problem was to set up each climate parameter geodatabase in five batches, broken into 20 year increments (i.e. tmax_1921_1939) and process the Join iteration with a unique DETAW shapefile for that increment to produce the final DETAW shapefile, from which a .dbf file will be exported into Excel to produce the data tables in the final step.
 
The benefit for working with smaller increment geodatabases is twofold: 

1) attribute fields per final DETAW shapefile is kept under the allowed maximum of 255, and

2) the join model process run time is kept around 15 minutes for each 20 year increment.

Join Mean Grid Fields to DETAW shape file
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Figure 7
Model Operation: Join
Joins the aggregated mean_grid code fields to a DETAW shape file, one shape file per each 20 year increment (DETAW_precip_1921_1939). 

Input: 2nd Dissolved polygons from each climate parameter geodatabase (Precip_ 1921_1939)

Output: Output join field is based on the New_Sub. 

The final DETAW shape files will only contain monthly mean values for each climate parameter within the 168 DETAW subareas, spanning each incremental time period.

Project Deliverables and Data Accuracy Check
As a final step, a .dbf file from each final DETAW shapefile is exported to an Excel file and sorted by the new subarea, grid_codes renamed by month and year, and then transposed to show the DETAW subareas on the top row and date-year column on the left. A total of (4) cumulative tables (one each for precip, tmax, tmean, tmin) spanning monthly totals for the DETAW study region over the 88-year period are the final deliverables (see example below)

[image: ]

For an accuracy check, a separate Excel worksheet is created (one for each climate parameter) and populated with a random sampling of the final DETAW subarea climate values. These are checked against the original climate raster values as well as the converted polygons for that same subarea and month. We then noted the percentage differences between original raster grid and polygon values in the final Excel table (see shaded region below).

[image: ]

Storage server location for all data, models and documentation are in: \\nasbdo\climate_source\


Project Workflow Diagram/Summary

[image: ]   
Data Preparation: AscII-to-Raster Grid conversion, define datum and projection, reprojection, and conversion to polygons.  Model iterations: Define projection, reproject, and raster-to-polygon.
   
  [image: ]                                                                          
Data Process/Modeling: Assign polygon grids to separate geodatabases for model processes. (precip, tmax, tmean and tmin)

Model iterations used include Dissolve (1st and 2nd), Intersect & Join.

[image: ]
		                                                                
Final shapefiles representing the DETAW subareas are produced and data is exported to Excel tables. 

[image: ]
Project Delivery: Precipitation and temperature tables produced in Excel 
(converted from dbf portion of the final DETAW shapefile)


I would like to acknowledge the assistance of American River College GIS student Adolfo Galindo for his help in validating the workflow, performing accuracy checks, and the writing and creation of graphic illustrations for this workflow documentation.  His work on this project will help to fulfill the Work Experience requirement for the GIS certificate program, and is much appreciated.
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Step Four— 15t Dissolve
Following raster grid conversionto polygonis a first dissolvement, whereby climate values are

actually assigned to each polygon. The climate parameters of Precip., tMax, tMean and tMin are
continued and kept as climate feature grids in separate geodatabases.

First Dissolve
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Figure 4.

Model Operation: First Dissolve
Precipitation/Climate grids are dissolved on their mean grid code so that one multipart polygon
(precip, tmax) can be assigned to each distinct climate value.

: Polygons from the Precipitation, tMax, tMean and tMin. Geodatabases.

d polygon with assigned climate values to each polvgon feature grid.
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The climate parameters and geodatabases for this project are setup as follows:
precip = total precipitation for the month

tmax = maximum temperature for the month

tmean = average temperature for the month

tmin = minimum temperature for the month

These parameters will be referred to throughout the rest of this documentation.

Workflow with ModelBuilder Tools (models)

Step One — Define projections
| made use of inline variable substitution (%Name%) to keep the original file name as part of
the output file name. This helps to ensure data integrity.

Figure 1 illustrates the Define Projection model used.

Define Projection

Figure 1

Model Operation: Define Projection

Input: ASCII rasters already converted to Esri GRID format, but with undefined spatial
reference

Definition: GCS_WGS_1984, as specified in the Climate Source metadata

Output: Raster grids defined

Step Two — Reproject Rasters to NAD 83 UTM ZONE 10.5
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VIGS _1984_(TTRFO0)_To_NAD_1383

Step Two — Reproject Rasters to NAD 83 UTM ZONE 10.5

Iterate Raster Project

Figure 2

Model Operation:
Reproject raster grids to Ca_TM using the “Iterate Raster Project” model illustrated in Fig. 2.

Input: defined rasters organized into file geodatabase
Input Coordinate System: GCS_WGS_1984

Output Coordinate System: NAD_1983_CaTM
Geographic Transformation: WGS_1984_(ITRF00)_To_NAD_1983
Resampling Technique: NEAREST

Output Cell Size (use default)





