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To:      Josh Picotte, Birgit Peterson, and Kurtis Nelson


 cc Gregg Johnson
From:  Norman Bliss

I have finished the processing of the soil data for the FireScience project.

The following soil attributes were requested (cf. email from Josh Picotte, April 29, 2016):

percent sand, silt, and clay

soil organic carbon

soil organic carbon on Histosols, soil with histic-modifiers, peat or muck (HHPM)

hydrologic group

soil erodibility (k-factor of surface layer)

SSURGO map unit key

In subsequent discussions, we also added to the list

Available water storage

As a bonus, I also added

hydric soils (hydricrating_Yes)

These attributes have been mapped for the SSURGO data in the Conterminous United States at 30 meter resolution, registered to the National Land Cover Database (NLCD). The files were placed on a Touro hard drive provided by Josh Picotte. The collected size of the files provided is about 1.74 Terabytes.

The following files are provided (alphabetical order):

mu_aws_r_mm_000_005_A.img

mu_aws_r_mm_005_015_A.img

mu_aws_r_mm_015_030_A.img

mu_aws_r_mm_030_060_A.img

mu_aws_r_mm_060_100_A.img

mu_aws_r_mm_100_200_A.img

mu_claytotal_r_pct_000_005_A.img

mu_claytotal_r_pct_005_015_A.img

mu_claytotal_r_pct_015_030_A.img

mu_claytotal_r_pct_030_060_A.img

mu_claytotal_r_pct_060_100_A.img

mu_claytotal_r_pct_100_200_A.img

mu_kffact_surface_A.img

mu_sandtotal_r_pct_000_005_A.img

mu_sandtotal_r_pct_005_015_A.img

mu_sandtotal_r_pct_015_030_A.img

mu_sandtotal_r_pct_030_060_A.img

mu_sandtotal_r_pct_060_100_A.img

mu_sandtotal_r_pct_100_200_A.img

mu_silttotal_r_pct_000_005_A.img

mu_silttotal_r_pct_005_015_A.img

mu_silttotal_r_pct_015_030_A.img

mu_silttotal_r_pct_030_060_A.img

mu_silttotal_r_pct_060_100_A.img

mu_silttotal_r_pct_100_200_A.img

mu_soc_r_HHPM_g_cm2_000_005_A.img

mu_soc_r_HHPM_g_cm2_005_015_A.img

mu_soc_r_HHPM_g_cm2_015_030_A.img

mu_soc_r_HHPM_g_cm2_030_060_A.img

mu_soc_r_HHPM_g_cm2_060_100_A.img

mu_soc_r_HHPM_g_cm2_100_200_A.img

mu_soc_r_pa_g_cm2_000_005_A.img

mu_soc_r_pa_g_cm2_005_015_A.img

mu_soc_r_pa_g_cm2_015_030_A.img

mu_soc_r_pa_g_cm2_030_060_A.img

mu_soc_r_pa_g_cm2_060_100_A.img

mu_soc_r_pa_g_cm2_100_200_A.img

mu_sum_comppct_r2_hydgrp_AD_A.img

mu_sum_comppct_r2_hydgrp_A_A.img

mu_sum_comppct_r2_hydgrp_BD_A.img

mu_sum_comppct_r2_hydgrp_B_A.img

mu_sum_comppct_r2_hydgrp_CD_A.img

mu_sum_comppct_r2_hydgrp_C_A.img

mu_sum_comppct_r2_hydgrp_D_A.img

mu_sum_comppct_r2_hydgrp_NoData_A.img

mu_sum_comppct_r2_hydricrating_Yes_HRY.img

mu_sum_comppct_r2_kffact_surface_A.img

mu_sum_comppct_r2_soc_r_HHPM_A.img

mu_sum_comppct_r2_soc_r_pa_A.img
mukeyint_30m.img

With the Erdas Imagine format (.img), the large raster file is often named with extension .ige but is still accessed with the .img extension.

Some of the files have an 8-bit unsigned integer format, and are about 15 Gigabytes.

Some of the files have a 32-bit floating point format, and are about 60 Gigabytes.

The SSURGO map unit key file has a 32-bit unsigned integer format and is about 60 Gigabytes.

Where an attribute is derived from the horizon table (chorizon), a series of depth zones was used, with the range in centimeters indicated in the filename (e.g., 000_005 indicates a 0-5 cm depth zone).

The NoData values for these images are as follows:

uint8
255

uint32
4294967295
float32   -3.4e+038

Although the presence of non-soils (e.g., Rock Outcrop or Urban or Water) is the most common reason for a NoData value, there can also be missing data in the original SSURGO files, or an attribute may not be appropriate (e.g., %sand for an organic soil). There are also gaps in coverage because SSURGO does not cover all the land area in the Conterminous United States.
When weighted averages are computed by averaging values over components to compute a mapunit value, only the components with data for the attribute are included. For example, if the soil organic carbon for a soil was 10 grams per square centimeter for a component that represents 50% of the mapunit, and the other 50% of the mapunit was a non-soil, then the mapped value would be 5 grams per square centimeter. The logic here is that the map unit value can be multiplied by the area of the map unit to correctly calculate the total amount of carbon. This could be called the “soil mapper’s view” of the data. A second variable is computed giving the sum of the component percentages used in the calculation (e.g., mu_sum_comppct_r2_soc_r_pa_A.img) which can be used to understand the proportion of the land area for which the SOC calculation was possible. To compute the soc on just the soil areas, the soc_r measure could be divided by the sum_comppct measure (e.g., 5 g_cm2 / 50% = 10 g_cm2). This could be called the “soil sampler’s view” of the data, as it is more comparable to the original field measurements or estimates, but it requires an understanding that the sampled soils do not represent the whole land surface. Only the data for the “mapper’s view” are provided here, and the “sampler’s view” could be calculated by the user if needed.
The suffix “_A” on the file name indicates that all component records were considered in the overall run to compute these values. The suffix “HHPM” means that only the components having the attributes of Histosol, histic-modifier, Peat, or Muck (HHPM) were considered, so in this case having the suffix “_A” is an artifact of the naming convention and not meaningful.
The mu_aws_r_mm series represents Available Water Storage in millimeters, and is a measure of how much water the soil can hold that would be available for plant growth. This is computed from the Available Water Capacity (cm of water per cm of soil) by multiplying by the thickness of the layer within the zone (cm).  The result is multiplied by 10 to convert from cm to mm. This can be thought of as a volume measure, where the area of land surface is implicit (similar to the measurement of precipitation in mm). Where several of the original chorizon records fall within a zone, a weighted average is computed using the thickness of the layer within the zone as the weighting factor. The available water storage in intuitive terms is the Field Capacity water content minus the Permanent Wilting Point water content. The Field Capacity is how much water the soil can hold considering gravity drainage but not evapotranspiration (e.g., 3 days after a rain that saturated the soil). The permanent wilting point is how much water the soil can hold even after transpiration has extracted all the water that is available to plants. In terms of laboratory measurements, this is the water retention difference, which is the amount of water that can be held at 33 kPa minus the amount of water that can be held at 1500 kPa soil water tension (kPa = kiloPascals). In obsolete terminology, this is the 1/3-bar water content minus the 15-bar water content.
The mu_claytotal_r_pct represents the percentage of clay. The original SSURGO attribute claytotal_r represents the ratio of the mass of clay per mass of soil fines, expressed as a percentage. The clay fraction consists of soil particles less than 0.002 mm in size. The mass of soil fines is the sum of the mass of sand, silt, and clay, and represents all soil particles less than 2 mm in size (i.e., excluding rocks). The values are rounded to the nearest 1 percent, and stored as an 8-bit (1-byte) integer.
The mu_kffact_surface represents the erodibility of the surface layer. The soil erodibility factor (kffact) was designed as a factor to be used in the Universal Soil Loss Equation (USLE) or the revised USLE (RUSLE). Higher values indicate soils that are more susceptible to erosion by water. If an organic layer is present at the surface, no kffact may have been coded, so the NoData value may present in the output file. If this happens for only some of the components in a mapunit, the reported value will be the weighted average of the available data, and the mu_sum_comppct_r2_kffact_surface_A.img will have a value less than 100% for the pixels in that mapunit.
The mu_soc_r_HHPM_g_cm2 represents the soil organic carbon on organic soils, where the organic soils are defined in terms of “Histosols, histic-modifiers, Peat, or Muck” (HHPM). The soil organic carbon measure is defined in more detail below (see “mu_soc_r_pa_g_cm2”). For the HHPM query, only the soil components that are classified as HHPM are included in the calculation. The component meets the criteria for HHPM if it has the soil order in the Soil Taxonomy (taxorder) of Histosol, or the full taxonomic class name includes the “histic” modifier (taxclname), or the soil texture term includes “PEAT” or “MUCK” or “MPT” (Mucky Peat). The peat or muck test was applied at the horizon level (SSURGO table chorizon), and the sum of the thickness of such horizons was carried to the component level. If the total thickness of peat or muck or mucky peat was 40 cm or more, then the component was included in the query. The taxorder and taxclname attributes are on the component table in SSURGO. Any component for which one of these criteria are satisfied was included in the calculation of map unit soil organic carbon for this query. The units are grams of soil organic carbon per square centimeter of land surface.  The units of kgCm-2 can be obtained by multiplying by 10, based on (10,000 cm2/m2)(1 kg/1,000 g).
The mu_soc_r_pa_g_cm2 represents the soil organic carbon (SOC) for all components. The “_pa” in the file name represents “per area” to distinguish this calculation from other potential methods used in other projects. The soil organic carbon calculation is based on the SSURGO attribute for the representative value of organic matter percentage (om_r), where the percentage represents the mass of organic matter per mass of soil fines (soil with particle size less than 2 mm). The NRCS assumed that organic matter is 58% carbon when populating the data base, so the the factor 0.58 was used to convert back from organic matter values to carbon values. The bulk density at field capacity (dbthirdbar_r) was used to compute the mass of soil fines from the volume of soil fines. Three SSURGO attributes were used to compute the volume of rocks (fraggt10_r, frag3to10_r, sieveno10_r). The volume of soil fines is the volume of the whole soil in a depth zone minus the volume of rocks. Soil volumes are less than the maximum for a zone if bedrock is encountered. The mapped units are grams of soil organic carbon per square centimeter of land surface. The units of kgCm-2 can be obtained by multiplying by 10, based on (10,000 cm2/m2)(1 kg/1,000 g). The total amount of SOC in a study area can be computed by summing SOC values for the pixels in the study area and multiplying by the area per pixel (900 m2 per pixel at 30-m resolution). The total amount of SOC in a study area is often represented in terms of Teragrams (1012 g) or Petagrams (1015 g).
The mu_sandtotal_r_pct represents the percentage of sand. The original SSURGO attribute sandtotal_r represents ratio of the mass of sand per mass of soil fines, expressed as a percentage. The sand fraction consists of soil particles between 0.05 mm and 2.0 mm in size. The mass of soil fines is the sum of the mass of sand, silt, and clay, and represents all soil particles less than 2 mm in size (i.e., excluding rocks). The values are rounded to the nearest 1 percent, and stored as an 8-bit (1-byte) integer.

The mu_silttotal_r_pct represents the percentage of silt. The original SSURGO attribute silttotal_r represents ratio of the mass of silt per mass of soil fines, expressed as a percentage. The silt fraction consists of soil particles between 0.002 mm and 0.05 mm in size. The mass of soil fines is the sum of the mass of sand, silt, and clay, and represents all soil particles less than 2 mm in size (i.e., excluding rocks). The values are rounded to the nearest 1 percent, and stored as an 8-bit (1-byte) integer.

There are eight output images with names that start with “mu_sum_comppct_r2_hydgrp”. The hydrologic group attribute (hydgrp) is populated in SSURGO with a character string on the component table. As such, it is not a quantitative variable subject to averaging, but can be thought of as a ranking variable (or ordinal variable), where the classes “A” to “D” represent high to low rates at which water can infiltrate into the soil. For example, the Sand Hills of Nebraska are mostly class “A” because water can easily move into the sandy soils. A “D” value could be due to high clay content, but also due to other conditions, such as a valley bottom topographic position in which the soils can easily become saturated and therefore not accept additional infiltration. There are three additional classes to represent situations in which the hydrologic group would be different if the soil were artificially drained (e.g., if farmers were to install a tile drain system). These are “A/D”, “B/D” and “C/D”, represented in filenames as “AD”, “BD”, and “CD” respectively. The first letter in these cases represent the hydrologic group that would apply in an artificially drained field, and the second letter “D” represents the hydrologic group for the undrained situation. The SSURGO database does not consistently have information on whether or not a location is artificially drained. This was considered by the soil mappers to be a land management choice, not a soil property, and could change more quickly than a soil survey update cycle. In some cases the “other phase” or “local phase” attributes may indicate a “drained” or “undrained” situation, but a lack of such an entry does not convey information. With the non-quantitave nature of this attribute, a series of maps was developed showing the percentage of the map unit in each of the possible hydgrp classes, including a class for NoData if the hydgrp attribute was not populated in the database. The sum of all 8 maps should be 100%. The user could calculate the dominant condition by finding the class with the maximum component percentage.
The mu_sum_comppct_r2_hydricrating_Yes_HRY.img file represents the sum of the component percentages for which the component variable “hydricrating” had the value “Yes”. The “HRY” is an abbreviation of “Hydric Rating Yes” and redundant in this filename. These represent hydric soils, which is an indicator of very wet soil conditions. Because this is not a quantitative variable, the sum of the component percentages is used to map this condition in a quantitative way. For all of CONUS, about 10% of the soil area is classified as hydric, whereas only about 3% of that area would currently be consisdered wetland. The hydric designation is based on soil properties, such as mottles that reflect anaerobic conditions at the present or at some prior time, so many areas of former wetlands may still be classified as hydric even if presently used for agriculture.  This attribute is a bonus for the FireScience work, as it was not included in the original request.
The mu_sum_comppct_r2_kffact_surface_A.img file represents the sum of the component percentages which were used in the kffact_surface query. This could be considered a “metadata” image in support of the primary attribute for the erodibility factor represented in mu_kffact_surface_A.img.

The mu_sum_comppct_r2_soc_r_HHPM_A.img and mu_sum_comppct_r2_soc_r_pa_A.img files represent “metadata” for the soil organic carbon calculations. A component percentage is included in this sum if any of the depth zones have data for the attribute (it is not required that all depth zones have data). See above for the interpretations of the primary attribute, and how these could be used to compute a “soil sampler’s view” of the carbon values.
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