Incorporating Natural Resources Conservation Service (NRCS) – Soil Survey Geographic (SSURGO) data into a GIS Database:

Extracting and weighting SSURGO’s hierarchical scheme for analytical applications

(Supplemental Information to Presentation)
Michael O’Donnell Western Regional Support Center GIS-ITAM
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Description

Soil Erodibility adjusted for 

effect of Rock fragments

Soil Erodibility with rock fragments.  An erodibility factor which is adjusted for the 

effect of rock fragments

Soil Erodibility

Soil Erodibility factor which quantifies the susceptibility of soil particles to 

detachment and movement by water.  This factor is used in the Univesal Soil Loss 

by water.

Available Water Capacity

Amount of water that should be available to plants if the soil, inclusive of rock 

fragments, were at field capacity.

Soil Loss Tolerance

Soil loss tolerance factor.  An engineering classification of soils

Wind Erodibility

Wind erodibility group

Wind Erodibility Index

Do not believe this is supported in data any longer

Drainage

Soil drainage condition of the Soil and refers to the frequency and duration of 

periods when the soil is free of saturation.  Possible to weight based on component 

contributions but probably better to chose primary component of mapunit.  

Categories are somewhat hierarchal.

Surface Texture

Code for USDA surface texture for surface layer / horizon.  Best to not weight 

because data is categorical.

Water Table Depth

Average distance in feet to the seasonably high water table depth.

Hydrologic Groups

hydrologic group categorizing iffiltration rates, soil depth and texture and how they 

interrelate and intrarelate

Taxonomic Great Group

Code for taxonomic great group classification

Taxonomic Subgroup

Code for taxonomic subgroup classification 

Soil Taxonomic Classification

Code for taxonomic classification for soil

Definitions of Weighted Averages


GIS Components for Working with SSURGO Spatial and Aspatial Data 

ArcView

Preparation and Notes:

Convert all info tables and coverages (SSURGO source files) to Dbase files and shapefiles accordingly.  Remember that the joins here are not permanent to your data layers but can be used for mapping.  This makes it difficult for analysis because grids are required for weighted-average outputs for most analytical procedures.  However, a table with joins can be exported to a new table which will save all the fields.

A. Viewing data

1. Add a polygon coverage

2. Set the coordinate system 

View ( Properties

3. Add the info tables mapunit and comp

Browse in the info table of the workspace and select the table icon and add

B. Joining tables (one-to-one or many-to-one relationships only)

1. To view a simple relationship in ArcView, join the mapunit table to the spatial data using musym.  

· Open the coverage attributes table and select the field musym.

· Open the mapunit table and select musym field

· Make the coverage attribute table active before joining

· Go to table ( join in ArcView menu

C. Linking tables (one-to-one, many-to-one, and one-to-many relatioonships)

· Open the interp table and select muid field

· Make the comp table active and then link the two tables.

               Note: when a polygon is selected you will see features selected in each of the three tables

       Remove all links and joins created above before proceding!

D. Collapsing tables to create one-to-one relationships 

· Many-to-one relationships are not very easily reduced to a one-to-one relationship in ArcView.  One-to-one relationships are required for map productive and/or data analysis.

· When the interp table was linked in the above example, several issues become evident.  First, when a muid is selected that has more than one component as well as each component containing six soil horizons, many records are selected in the interp table.  For this reason, a new field must be added for weighting all these values.

· One method is to use the most dominant soil component, the component with the greatest percentage coverage.  Another method is to weight values based on component percentages.  The latter will be discussed since it is the more complex scenario of the two and typically the most accurate.

For example:

I. Collapsing one-to-many to one-to-one using the most significant component.

1) Using the comp table, select comppct field and apply the sort descending button

2) Summarize the table.  This will calculate one value per mapunit and therefore combining values of different components.

· Select musym field

· Click summarize button

· Chose drainage field and summarize by first.  This will chose the component with greatest occupancy of an area.  Save as drain_sum.dbf.

· Join the new table to the SSURGO shell coverage with musym field.  In drain_sum table highlight musym field.  Bring up the shapefile table and highlight musym.  Make the shapefile table active and click on table ( join.

3) Delete the count field

II. Collapsing one-to-many to one-to-one while applying component weighted averages.

1) Using the comp table, select table ( start editing

2) Add field through edit menu

Name: wt_wtdep

Type: number

Width: 8

Decimal: 4

3) Click on calculate button

Enter in this formula:    (([wtdeph] + [wtdepl]) / 2) * (comppct / 100))

4) Summarize 

· Select edit ( select none

· Select mysum and summarize

· Sum up each component and divide by the number of components

  First: wtdep

  Summarize by average

  Add

  Save as wtdep_wgt.dbf

5) Join the wtdep_wgt.dbf to the shapefile

· Select mysum in wtdep_wgt

· Select mysum in shapefile attribute table

· Select menu Table ( join

6) Delete the field count

III. Collapsing one-to-one to one-to-one while applying component weighted averages to 

               three-dimensional space: Incorporates layer aspatial data into weighted averages.
1) Using the layer table, select table ( start editing

2) Add field through edit menu

Name: wt_awc

Type: number

Width: 8

Decimal: 4

3) Add field through edit menu

Name: wt_lay

Type: number

Width: 8

         Decimal: 4

4) Add field through edit menu

Name: awc_lay

Type: number

Width: 8

Decimal: 4

5) Create a composite key in comp and layer tables by applying the following:

· Add field 

                             Name: unique

                             Type: string

                             Width: 10

                             Decimal: 0

· In calculator apply:

                             [muid] + [seqnum].AsString

         Note: Make sure type is selected for string

6) Select field to make calculations as specified below and click on calculate button

· Enter in this formula:    (([awch] + [awcl]) / 2) for wt_awc field

· Enter this formula: [laydeph] – [laydephl] for wt_lay field

· Enter this formula: [wt_awc] * [wt_lay] for awch_lay field

7) Summarize 

· Select edit ( select none

· Select unique and summarize

· Sum up each component and divide by the number of components

 First: awc_lay

 Summarize by average

 Add

 Save as awc_lay.dbf

8) Stop editing comp.dbf and start editing awc_lay

9) Join comp to awc_lay

· Select unique in comp

· Select unique in awc_lay

· Select menu table ( join

10) Add field

Name: awc_wgt

Type: number

Width: 8

Decimal: 2

11) Click on calculate button

Enter (comppct / 100) * [ave_awc_lay] for awc_wgt field

12) Delete the field count

Note: There were a couple of ways to approach the above procedure.  Because of the unfamiliarity with ArcView, there may be a slightly easier method.  Joins are only saved in projects and not within the actual data.  To save the joined fields, export the table as a new table.  Joins are used for one-to-one or many-to-one relationships.  Links produce ties between tables without adding all the fields to another table, but links still allow for queries.  Links are necessary when there are one-to-many relationships because a join will only look at the first attribute value of the join table and drop everything else.

ArcGIS

A. Viewing data

1) Open polygon coverage in ArcCatalog then ArcMap and make sure ArcCatalog is connected to your data folder.

2) Double click on the layer added in ArcMap and click on the symbology tab.  Data can be displayed by single symbol, categories, quantiles, charts, or multiple attributes. 

3) If you click on joins and relates tab, information and functionality about joining tables can be found here.

B. Joining tables (one-to-one or many-to-one relationships only)

1) To view a simple relationship in ArcMap, join the mapunit table to the spatial data using musym.  

· Double click on the added data layer / coverage to your map and click on ‘joins and relates’ tab.

· Select ‘join attributes from a table’ in the first pull down.  Choose musym in the join table or spatial data layer for the field to join.  Choose mapunit.dbf table, as the target table, to join to the spatial data layer now.

· Choose musym as the target field and click apply

· Open the attribute table to your data layer by right clicking on the data layer and selecting open attribute table.

· To remove the join double click again on the data layer, select the joined table and click remove and then click apply.  Or if you right click on the layer and navigate to ‘joins and relates’ then remove joins.

C. Linking tables (one-to-one, many-to-one, and one-to-many relationships)

· Add the interp.dbf table to your ArcMap session.

· Right click on the added data layer / coverage to your map and navigate to ‘joins and relates’ and then relate.

· Select ‘join attributes from a table’ in the first pull down.  Choose muid in the relate table or spatial data layer for the field to relate.  Choose comp.dbf table, as the target table, to relate to the spatial data layer now.

· Save the relate as relate1.

· Choose muid as the target field and click apply

· Open the attribute table to your data layer by right clicking on the data layer and selecting open attribute table.

· In the attribute table, click on the options tab and choose ‘Related Tables’ ( ‘Relate: comp.  This will add the comp table to your map layout.  Click again on the options tab and choose ‘Related Tables’ ( ‘Relate: comp.  This will bring up the comp table.  

· Now select a field in the interp table and view what is selected in the comp table.  If the record you selected has a many-to-one relationship, you will notice several records selected in the comp table.

· To remove the join double click again on the data layer, select the joined table and click remove and then click apply.

               Note: when a polygon is selected you will see features selected in each of the three tables.

       Remove all links and joins created above before proceeding!  This will require removing the two table interp and comp from your layout.

D. Collapsing tables to create one-to-one relationships 

· Joining tables in ArcMap is identical to the procedure in ArcView.  A virtual join is created that allows you to map attributes joined to your map table. 

· You can only join tables in ArcMap if you have a one-to-one relate, or a many-to-one relate. You cannot map a variable from a destination table when there is a one-to-many relationship. 

· ArcMap allows you join and relate shapefiles, Dbase tables, INFO tables, Coverages, and Geodatabases. 

· ArcMap does not require the old ArcInfo requirements that all variable definitions must match exactly, via field name and field definition.  However, ArcToolBox still retains these restrixtions as of 8.2. 

· To view tables in ArcMap click on the source tab while to view geospatial data click on the display tab.

· One-to-Many requires a relationship in ArcMap or setting up a RELATIONSHIP CLASS. 

· Relates work in ArcMap only.  But a more robust procedure is to set up a ‘Relationship Class’  in ArcCatalog.  This allows one to view the origin and destination tables in ArcCatalog or ArcMap, as well as perform operations in ArcToolbox. You cannot map the data with this cardinality, but you can look at the attributes between 2 tables and perform queries that show the map features of selected records.

· However a ‘Relationship Class work only on coverages and Info tables and not on shapefiles or Dbase tables. 

· Once a ‘Relationship Class’ is assigned, the tables must be joined in ArcMap, but it can not be one-to-many cardinality.

· While editing coverages in ArcGIS ArcMap, coverages can not always be in edit mode if you want to delete a field.  In other words, it will not work every time.

· ArcGIS ArcMap does not always handle coverages very well and you may want to import the data into a personal geodatabase.

· Joining tables in ArcMap to layers are virtually stored in the map document.  One can export the joined table to a new table, as accomplished in ArcView, to create a physical join.

· Many-to-one relationships are not very easily reduced to a one-to-one relationship in ArcGIS.  One-to-one relationships are required for map productive and/or data analysis.

· When the interp table was linked in the above example, several issues become evident.  First, when a muid is selected that has more than one component as well as each component containing six soil horizons, many records are selected in the interp table.  For this reason, a new field must be added for weighting all these values.

· One method is to use the most dominant soil component, the component with the greatest percentage coverage.  Another method is to weight values based on component percentages.  The latter will be discussed since it is the more complex scenario of the two and typically the most accurate.

· It is important that new fields created for calculations are identical to those fields calculating.

· Relationship classes are how one makes relationships within a personal geodatabase.  The relationships must be within the same geodatabase, relationship classes enforece dependent behavior, it is possible to create stacked relationships (i.e. table A connected to table C through table B), and Cardinality.  These can be created through ArcCatalog.  For additional information refer to ESRI’s documentation.

For example:

IV. Collapsing one-to-many to one-to-one using the most significant component.

1) Add the comp table in ArcMap and right click to open, select comppct field, right click and then choose sort descending button

2) Right click on the musym column and choose summarize the table.  This will calculate one value per mapunit and therefore combining values of different components.

· Select musym field

· Click summarize button

· Chose drainage field in the second input of the form and summarize by first.  This will chose the component with greatest occupancy of an area.  Save as drain_sum.dbf.  Click ‘OK’ and add results to the layout.

· Join the new table to the SSURGO shell coverage with musym field.  Right click on the spatial data layer, choose ‘Joins and Relates’ then join. 

· Make sure ‘Join attributes from a table’ is selected.

· Select musym for the field to join (1).

· Select the drain_sum table to join (2).

· Select musym as the field table as join table (3)

· Press ‘OK’ and open the attribute table to the spatial layer and review the results.

3) Delete the drain_sum_OID field if you plan on exporting the table.

4) To remove the join double click again on the data layer, select the joined table and click remove and then click apply.

V. Collapsing one-to-many to one-to-one while applying component weighted averages.

1) Using the comp table you added in ArcMap, navigate to the editor toolbar, you may have to add this through Tools ( customize, and select start editing.  You will be prompted to select the proper data format.  In this case we are working with a coverage.

2) Add a field to the comp table.

       Open the table by right clicking on it and selecting open.

       Click o nthe options button and add field.

Name: wt_wtdep

Type: short integer

Precision: 4

3) Select the field wt_wtdep, right click and select calculate option.

Enter in this formula:    (([wtdeph] + [wtdepl]) / 2) * (comppct / 100))

4) Summarize 

· Select mysum column, right click and select summarize

· The purpose here is to sum up each component and divide by the number of components

  Apply:

  Choose musym field to summarize (1).

  Choose wtdep and summarize (2).

  Save as wtdep_wgt.dbf.

  Add the new table to ArcMap.

5) Join the wtdep_wgt.dbf to the coverage

· Right click on the added data layer / coverage to your map and click on ‘joins and relates’ tab ( Join.

· Select ‘join attributes from a table’ in the first pull down.  Choose musym in the join table or spatial data layer for the field to join.  Choose wtdep_wgt.dbf table, as the target table, to join to the spatial data layer now.

· Choose musym as the target field and click apply

· Open the attribute table to your data layer by right clicking on the data layer and selecting open attribute table.  If the table was already open you may have to close it to reopen it to for refreshing.  

6) Delete the drain_sum_OID field if you plan on exporting the table.

7) To remove the join double click again on the data layer, select the joined table and click remove and then click apply.

VI. Collapsing one-to-one to one-to-one while applying component weighted averages to 

               three-dimensional space: Incorporates layer aspatial data into weighted averages.
1) Using the layer table you added in ArcMap, navigate to the editor toolbar, you may have to add this through Tools ( customize, and select start editing.  You will be prompted to select the proper data format.  In this case we are working with a coverage.

2) Add a field to the layer table.

· Open the table by right clicking on it and selecting open.

· Click on the options button and add field.

       Name: wt_awc

       Type: float

       Precision: 3

       Scale 2

3) Add a field to the layer table.

· Open the table by right clicking on it and selecting open.

· Click on the options button and add field.

       Name: wt_lay

       Type: short integer

       Precision: 4

4) Add a field to the layer table.

· Open the table by right clicking on it and selecting open.

· Click on the options button and add field.

       Name: awc_lay

       Type: float

       Precision: 3

       Scale 2

5) Create a composite key in comp and layer tables by applying the following:

· Open the table by right clicking on it and selecting open.

· Click on the options button and add field.

       Name: unique

       Type: text

       Length 10

· Select the field awc_lay and right click.  Then choose calculator and apply:

[muid] & [seqnum]

           Note: Make sure type is selected for string

6) Select field to make calculations as specified below and click on calculate button

· Enter in this formula:    (([awch] + [awcl]) / 2) for wt_awc field

· Enter this formula: [laydeph] – [laydephl] for wt_lay field

· Enter this formula: [wt_awc] * [wt_lay] for awc_lay field

7) Summarize 

· Select unique, right click and choose summarize

· The purpose here is to sum up each component and divide by the number of components

  Apply:

  Choose unique field to summarize (1).

  Choose awc_lay and summarize (2).

  Save as awc_lay.dbf.

· Add the new table to ArcMap.

8) Join comp to awc_lay

· Right click awc_lay and select ‘Joins and Relates’ ( join.

· Select ‘Join attributes from a table’

· Select unique field that join will connect to (1).

· Select comp table (2).

· Select unique in comp table to base join on (3).

9) Add field

· Open the awc_lay table by right clicking on it and selecting open.

· Click on the options button and add field.

   Name: awc_wgt

                             Type: float

    Precision: 3

    Scale 2

10) Select the awc_wgt field and right click on the calculate button

Enter (comppct / 100) * [ave_awc_lay] for awc_wgt field

ArcInfo

Due to dwindling numbers of ArcInfo users, discussion of how SSURGO data can be utilized here will not be elaborated.

Access / Excel

Access and Excel are slightly different, but only Access will be illustrated here.  The Access database scheme is more organized and allows up twenty relationships and because this software is available to most people, this method will be addressed instead of Excel.

A. Export all SSURGO GIS tables into a DBASE format

1) Use the infodbase command in ArcInfo workstation.

          Note:  Problems have been found with importing for codes and taxclass.  Code conversion 

          reports ‘error Writing 454 bytes to an array 320 bytes long, truncating (bytchr).’  Taxclass 

          conversion reports ‘Error INFO item name PARTSIZEMOD modified to dBASE field 

          PARTSIZEMO.’

B. Import all DBASE tables into Access

1) Create an Access database

2) Import all DBASE files created in step 1

        File ( Get External Data ( Import

C. Joining tables (one-to-one or many-to-one relationships only)

1) To view a simple relationship in ArcMap, join the mapunit table to the spatial data using musym.  

· Because these can be directly joined without calculation or collapsing of records this does not require addressing in Access.

D. Linking tables (one-to-one, many-to-one, and one-to-many relationships)

· Open the interp.dbf table in Access.

· Go through tools ( relationships menu and add comp and interp tables.

· Select muid field in comp table and drag to interp muid field.  The join properties should be ‘only include rows where the joined fields from both tables are equal’ (1), which is accessed through join type.  The referential integrity is a set of rules used to ensure relationships between records and related tables so related data not accidentally altered.  If this is used, then several stipulations are enforced between field characters of linked tables.  Refer to Access help for additional information.

· Open the interp and select a field in the interp table and view what is selected in the comp table.  If the record you selected has a many-to-one relationship, you will notice several records selected in the comp table.

· To delete a relationship click on relationship button or go through tools.  You may need to click on show table as well.  Select the line of the relationship to be deleted.  When selected, it becomes bold, then hit your delete button on the keyboard.

For example:

VII. Collapsing one-to-many to one-to-one using the most significant component.

1) Open the comp table and select comppct field then right click and sort descending button

2) Right click on the musym column and choose summarize the table.  This will calculate one value per mapunit and therefore combining values of different components.

· Select queries new
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Table

Description

kfact

layer

Soil Erodibility with rock fragments.  An erodibility factor which is adjusted for the 

effect of rock fragments

kffact

layer

Soil Erodibility factor which quantifies the susceptibility of soil particles to 

detachment and movement by water.  This factor is used in the Univesal Soil Loss 

by water.

awcl

layer

Available water capactiy.  Minimum value for the range of available water capacity 

for specified horizon in inches

awch

layer

Available water capacity. Maximum value for the range of available water capacity 

for specified horizon in inches.

tfact

layer

Soil loss tolerance factor.  An engineering classification of soils

weg

layer

Wind erodibility group

wei

layer

wind erodibility index

drainage

comp

Soil drainage condition of the Soil and refers to the frequency and duration of 

periods when the soil is free of saturation.

surftex

comp

Code for USDA surface texture for surface layer / horizon.

wtdeph

comp

Water table depth- maximum value for the range in depth to the seasonally high 

water table during the months specified.

wtdepl

comp

Minimum value for the range in depth to the seasonally high water table during the 

months specified

cmmpct

comp

Percentage of soil component found for muid

hydgrp

comp

hydrologic group categorizing iffiltration rates, soil depth and texture and how they 

interrelate and intrarelate

grtgroup

taxclass

Code for taxonomic great group classification

subgroup

taxclass

Code for taxonomic subgroup classification 

classcode

taxclass or comp

Code for taxonomic classification for soil

A Sample of SSURGO Features Commonly Applied in Analysis

Choose design and set up the following:

VIII. Collapsing one-to-many to one-to-one while applying component weighted averages.

1) Copy comp table to comp_edits

2) Open the design table for comp_edits and follow the below setup.
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Enter in this expression into the last field as illustrated above:    
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3) Save the query as wtd_wavg

IX. Collapsing one-to-one to one-to-one while applying component weighted averages to 

               three-dimensional space: Incorporates layer aspatial data into weighted averages.
1) Create a new query (Design View).

2) Add table layer

3) Create the following setup:
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4) Save as awc_lay.

5) Enter in these Expressions into the last fields as illustrated above:
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6) Create a new query (Design view).

7) Add table comp
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Create the following setup:

9) save query as comp_unique.
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Create a final query with the following setup:

11) Save query as awc_wgt

12) Create a new query (Design view).

13) Add the awc_wgt and comp_unique tables.
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Create the following setup:

15) Enter in the Expression into the last field as illustrated above:
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16) Save the table as awc_wgt_final.

17) Delete the fields Field0 and Field1 in the design layout.
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		Definitions of Weighted Averages

		Element		Description

		Soil Erodibility adjusted for effect of Rock fragments		Soil Erodibility with rock fragments.  An erodibility factor which is adjusted for the effect of rock fragments

		Soil Erodibility		Soil Erodibility factor which quantifies the susceptibility of soil particles to detachment and movement by water.  This factor is used in the Univesal Soil Loss by water.

		Available Water Capacity		Amount of water that should be available to plants if the soil, inclusive of rock fragments, were at field capacity.

		Soil Loss Tolerance		Soil loss tolerance factor.  An engineering classification of soils

		Wind Erodibility		Wind erodibility group

		Wind Erodibility Index		Do not believe this is supported in data any longer

		Drainage		Soil drainage condition of the Soil and refers to the frequency and duration of periods when the soil is free of saturation.  Possible to weight based on component contributions but probably better to chose primary component of mapunit.  Categories are somewhat hierarchal.

		Surface Texture		Code for USDA surface texture for surface layer / horizon.  Best to not weight because data is categorical.

		Water Table Depth		Average distance in feet to the seasonably high water table depth.

		Hydrologic Groups		hydrologic group categorizing iffiltration rates, soil depth and texture and how they interrelate and intrarelate

		Taxonomic Great Group		Code for taxonomic great group classification

		Taxonomic Subgroup		Code for taxonomic subgroup classification

		Soil Taxonomic Classification		Code for taxonomic classification for soil
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		A Sample of SSURGO Features Commonly Applied in Analysis

		Element		Table		Description

		kfact		layer		Soil Erodibility with rock fragments.  An erodibility factor which is adjusted for the effect of rock fragments

		kffact		layer		Soil Erodibility factor which quantifies the susceptibility of soil particles to detachment and movement by water.  This factor is used in the Univesal Soil Loss by water.

		awcl		layer		Available water capactiy.  Minimum value for the range of available water capacity for specified horizon in inches

		awch		layer		Available water capacity. Maximum value for the range of available water capacity for specified horizon in inches.

		tfact		layer		Soil loss tolerance factor.  An engineering classification of soils

		weg		layer		Wind erodibility group

		wei		layer		wind erodibility index

		drainage		comp		Soil drainage condition of the Soil and refers to the frequency and duration of periods when the soil is free of saturation.

		surftex		comp		Code for USDA surface texture for surface layer / horizon.

		wtdeph		comp		Water table depth- maximum value for the range in depth to the seasonally high water table during the months specified.

		wtdepl		comp		Minimum value for the range in depth to the seasonally high water table during the months specified

		cmmpct		comp		Percentage of soil component found for muid

		hydgrp		comp		hydrologic group categorizing iffiltration rates, soil depth and texture and how they interrelate and intrarelate

		grtgroup		taxclass		Code for taxonomic great group classification

		subgroup		taxclass		Code for taxonomic subgroup classification

		classcode		taxclass or comp		Code for taxonomic classification for soil






