Generating Maps of Soil Topographic Index
Bongghi Hong and Dennis Swaney

June 14, 2007

This document describes a procedure for generating maps of soil topographic index (STI) from TI maps and soil data. The procedure for generating a topographic index (TI) map from DEM is described in “Creating TI map”. The STI is one of the variants of TI, defined as:
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(1)
where:
STIi = soil topographic index of grid cell i of the watershed

Ti = soil transmissivity of the soil surface layer of grid cell i of the watershed

Soil transmissivity is defined as the product of soil depth and saturated hydraulic conductivity of the soil. Another version considers the value of Ti scaled to the watershed-average value (Sivapalan et al., 1987):
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(2)
where:
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= average soil transmissivity of the watershed
Note that if 
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is the geometric mean of Ti over the watershed (i.e., equivalent to the arithmetic mean of log(Ti)), then the average value of STI is the same as the average value of TI (without transmissivity). We will use the TI map of Androscoggin watershed as an example:
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First, we need to download the soil data from the USDA-NRCS Soil Data Mart website (http://soildatamart.nrcs.usda.gov/):
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To download the STATSGO soil data, click on “US General Soil Map”, enter email address, and click on “Submit Request”. A FTP address for downloading the requested soil data will be sent to the email address. To download the SSURGO soil data, click on “Select State”, select desired state, click on “Select Survey Area”, select desired survey area, and click on “Download Data”. Since SSURGO data are distributed on the county basis, downloading all the desired soil data may take a long time if the watershed is large. Another website for downloading soil data is USDA Geospatial Data Gateway (http://datagateway.nrcs.usda.gov/):
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We need to extract two soil parameters, soil depth and saturated hydraulic conductivity, from downloaded soil data. This can be done through Soil Data Viewer, which can be downloaded from http://soildataviewer.nrcs.usda.gov/download51.aspx:
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This program is installed as an ArcGIS extension, and you will see a new menu button after it is installed:
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Clicking on the button will open the Soil Data Viewer. Before opening the Soil Data Viewer, however, a soil database for the downloaded soil data needs to be constructed using Microsoft Access. The downloaded soil data have (1) a “spatial” folder containing spatial dataset such as ArcGIS shapefiles, (2) a “tabular” folder containing tables of soil parameters such as soil depth and saturated hydraulic conductivity, and (3) a Microsoft Access template file (such as “soildb_US_2002.mdb”), which is used to create a soil database. Clicking on the template file will open the Microsoft Access with a warning message:
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Click the “Open” button and the “SSURGO Import” window will be opened (even if the STATSGO data are used):
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You need to enter the path name for the folder containing the tabular data, e.g., “F:\STATSGO\gsmsoil_ct\tabular”. After the soil database will be constructed, close the Microsoft Access. Now you are ready to open the Soil Data Viewer. First start the ArcGIS program and open the soil map stored in the “spatial” folder (e.g., “gsmsoilmu_a_ct”):
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Clicking on the Soil Data Viewer button will open the Soil Data Viewer:
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Note that the “Database” should be selected as the soil database created using the Microsoft Access (see above). To create a map of saturated hydraulic conductivity, click on “Soil Physical Properties” and select “Saturated Hydraulic Conductivity (Ksat)” at the surface layer with the “weighted average” aggregation method:
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Clicking on “Map” will create the map of saturated hydraulic conductivity (in m/s):
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The map of soil depth can be created in a similar way, by clicking on “Soil Qualities and Features” and selecting “Depth to Any Soil Restrictive Layer” with the “weighted average” aggregation method:
[image: image16.png]=lo/x|

Ble vew tep

Atibute Foldrs | Atibute/Fodar DscipionRatng Opions | Repor Optons |
B Dptors
3 Buling 5t Dovelprent
i et [ e e r—

22 Soi Cherica Propeties
22 Soi Erosion Factors
22 Soi Physial Proeries
=/ C3 Sol Quskies snd s

© Depthto s Selected Soi Restictve Layer
Jp Depth o Any Soi Restctive Layer [~ Advanced Optons
@ Drainage Class [~Aggregation Method
© Fosthction [Weghethvomge =] Method Descrpion
© FrostFee Days

@ Hyclologic Soil Graup [~ Component Percent Cutoff
Campansres whose percentcomposiioni belavs the cutff vl ot be considerad. lino
@ Map Unit Name. Ut 3k Speciid S omanEnL i he dsabace il b canidaed Th daa 0 e

© Represerative Sope v s o i e o 3 e A, and o . o o
22 Vegetaive Productviy Tiebreak Fule
e e
3 Wate Featres © Lower i i e, ot i v oo b e
 Hiher et of St s

[P Inepret Nl a5 220,

T otionindeate 5 vl o2 component ol be
€ ves corveit zeo beore ggregsion oeeus, T wil b coneiy
1o e i et componen e vl &t

 Basic Modk & Advanced Mode Aggiegation Aeport_| Map Unit Deso. Fpart | Map Synchvorize | Clear Themes

Sometvorzsion e Al ot o

Map Layer: [FTI Wark\STATSGONG TATE \gsmsal_etsgsmsal_ctspali gsmsoimi,
Database: [FATI Work\STATSGO\TATE \gsmsai_ctigsmsol_ctisoldb_US_2002\saidb_US_2002mdb

" ctshp gsmssi_a_ct





Again, clicking on “Map” will create the map of soil depth (in cm):
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After generating these maps, they should be merged as necessary and clipped using watershed boundary map. Finally, they should be converted to rasters with the same resolution as the original TI map. An example below shows the maps of saturated hydraulic conductivity (left) and soil depth (right) for the Androscoggin watershed:
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Soil transmissivity (in m2/day) is defined as the product of soil depth (in cm) and saturated hydraulic conductivity (in m/s). To generate the map of soil transmissivity, use the Raster Calculator to multiply these two maps with the unit conversion factor of 0.000864 (= (1/106) / (1/60/60/24) * (1/100)):
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The resulting soil transmissivity map for the Androscoggin watershed is shown below:
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We will generate the STI map using the Equation (2) above. To do this, we need to know 
[image: image22.wmf]T

 (arithmetic mean of log(Ti)). Open the original TI map and create the map of log(Ti) using the Raster Calculator:
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After the calculation is done, right-click on the new map name “Calculation” and select “Properties…”. The “Layer Properties” window will be opened, and you can find the mean of log(Ti) at the “Source” tab:
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Copy the value into the clipboard. Now we are ready to use the Raster Calculator to type in Equation (2):

[image: image25.png]Raster Calculator 21

Layers:

Aihmetc - Tigonometic
s A N R T A sin | asin
sl e s e | 5| =] or|| ce | meat||| cos | aces
1| 2| s | | x| | Foor | st ||| Tan | aTen
0 | | wet| -Logartme ~Pavers
£ | Log Sat
[and3itorg] - Lu([ansand3t]) + 2.016290554467463
Ew2 | Log2 ||| sa
Exptn| Logto ||| Pow
bout Buiding Enpressions | cacel |«





Note that the constant at the end of the equation is the mean of log(Ti) obtained above. Clicking “Evaluate” will generate the STI map:

[image: image26.png]Fle Edt View Insert Selection Tooks Window Help

=lolx|

= £ Layers

Ve
Hoh : 35.3272

Low: 0.831235
£ 0 transandsn

value

High : 13.0205

Low: 0.173664
© 0 andsotiorg

value

High : 36.9283

Low: 2.78074

K — |

Diply [Souce ] Selecion] 51 | 2w |

DSHEE|[ BB |0 |dhimes S| LEB0K QA

ol

[ fuoi77i a5 27090884





_1220327954.unknown

_1243334935.unknown

_1220243695.unknown

