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NCSS 2007 Committee 4:  Water Movement and Water Table Monitoring in Soil Survey

I. Committee charges 

This committee will discuss and synthesize how soil survey should address water movement and water tables for national and regional updates of soil surveys, database representation and interpretations.
1. Review and document progress from 2005 Committee on Water Movement and Water Table Monitoring in Soil Survey.
2. Review water table studies nationally to formulate institutional and regional guidance of measurement techniques, database documentation and interpretations for taxonomy, mapping, and practical user applications in soil survey.

3. Document progress of hydropedology research nationwide in soil survey and applications to interpretations.
4. Evaluate and recommend standards and research needs in the areas of hydrologic applications to updating and refining soil survey, landscape/watershed hydropedologic studies, and saturated hydraulic conductivity methods and algorithms for use in soil surveys.
II. Committee members 
Co-chairs:

Henry Lin, PSU (henrylin@psu.edu)

Steven Sprecher, NRCS (Steven.Sprecher@in.usda.gov)  

2007 Participants and Contributors:

Ahrens, Bob, NRCS
Armington, Kathleen, U Wisc

Bell, Jay, U. Mn
Ditzler, Craig, NSSC

Finnell, Paul, NRCS, NE

Galbraith, John, VA Tech Univ.

Greenwald, Sabine
Hahn, Tom, NRCS, CO

Hansen, Mike ,NRCS, MT

Hempel, Jon, NRCS, WV

Henry Ferguson, NRCS, WV

Hipple, Karl, NRCS
Hudnall, Wayne, TX Tech

Indorante, Samuel J., NRCS, IL

King, P.S. , NRCS, DE

Kingsbury, Dave, NRCS, WV

Meyer, Phil, NRCS, WI

Mokma, Del, Michigan State Univ.

Morgan, Cristine, Texas A&M

Owens, Phillip, Purdue
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Remley, Chad, NRCS, KS

Richardson, Jim, NRCS

Schoeneburger, Phil, NRCS, NSSC

Seybold, Cathy, NRCS

Slabaugh, Doug, State Soil Scientist, TN

Stiles, Cindy, UW-Madison

Thanos Papanicolaou, Univ. of Iowa

Walker, Jerry, NRCS, TX

Weber, Rich, NRCS, TX

West, Larry, U. Ga
III.   Summary of comments on the charges

Charge #1.  Review and document progress from 2005 Committee on Water Movement and Water Table Monitoring in Soil Survey.
Some progress has been made since 2005 NCSS in implementing three of the committee’s recommendations, as documented in the following:

Recommendation: “We recommend that a set of standard protocols for whole landscape hydropedologic studies be developed. A new initiative for a nationwide coordinated hydropedologic study in major MLRAs could be developed.” 

Progress: With the support from the NGDC, a NCSS Hydropedology Research Program has been launched. Five research projects have been funded, and more are expected. The purpose of a nationwide coordinated hydropedology study goes beyond Soil Taxonomy and the NASIS interpretations.  The benefits to modern soil survey and updates include: (1) properly and consistently designed protocols and monitoring systems for collecting in situ data, (2) understanding of fundamental processes of interactive pedologic and hydrologic phenomena and their impacts on soil distribution and function, (3) addressing scaling issue from soil core/horizon to landscape/watershed, (4) enhanced pedotransfer functions for data population in the NASIS, (5) improved means of incorporating land use impacts on soil change, and (6) better incorporation of soil types and functions in hydrological and ecological modeling.
Recommendation: “We recommend that a new committee charge be identified, that is, to evaluate and recommend saturated hydraulic conductivity (Ks) methods and algorithms for use in soil surveys.”

Progress: Cathy Seybold submitted a progress report on this effort, which focused on evaluating “algorithms for estimating Ks for the NASIS data population where measurements are not available.” They have programmed 15 published Ks prediction models and are comparing models calculated from NASIS data elements with Ks measured in the field (using Amoozometer) and in the laboratory over a range of soil textures, including organic soils.  Their objective is to identify (and modify, if necessary) models that are best for different classes of soils for incorporation into NASIS.  
Recommendation: “We recommend that this committee be continued for another couple of cycles (2007 and 2009).”
Progress: This committee has continued its efforts in 2007 and will target 2009 as the final stage to wrap up with some deliverables. 
Charge #2.  Review water table studies nationally to formulate institutional and regional guidance of measurement techniques, database documentation and interpretations for taxonomy, mapping, and practical user applications in soil survey.
Henry Ferguson (National Geospatial Development Center) has been working on “Soil Business Requirements for Point Data Collection Toolbar” (Draft of September 1, 2007) and how water data are entered into NASIS. Committee participants unanimously agreed that NRCS needs to develop a complementary database for storage of water monitoring data, even if those data are not directly incorporated into NASIS yet.
Summary of Status of Soil Business Requirements for Point Data Collection Toolbar: The current condition is that there is a table in NASIS called the Site Observation Table and a child table called the Site Soil Moisture Table.  These tables are designed to record multiple observations of soil moisture by layer.  These tables are designed to store moisture state information and percent moisture by volume and weight. These tables have been under utilized to date.  Recommendations from this effort include the following:

1. Provide training in the use of these tables

2. Evaluate the current structure to determine which data elements may not be accommodated by the current structure

3. Evaluate the business requirements for storing these data elements

4. Evaluate the business requirements for storing methods, and models

5. Evaluate the interrelationships between the raw data, the methods for extrapolation and the models for aggregation
6. Set up a working group to act upon the recommendations
7. Forward the evaluations and recommendations to the Soil Business Analysis Group for consideration
Craig Ditzler (NSSC) reported on the agency’s response to questions about the classification, hydrology, chemistry, and hydric status of the Sharkey soils and related inclusions in the Sharkey map units.
Phillip Owens (Purdue Univ.) commented that we need a standard for installation of wells and piezometers and that we should have some descriptions of water behavior in soils that could accompany the soil survey information. There is a lot of confusion between the aquifer, or permanent saturation, and the perched seasonal water table. We should make a concerted effort to clarify this.
Charge #3. Document progress of hydropedology research nationwide in soil survey and applications to interpretations.
Henry Lin (Penn State Univ.) reported on the overall perspective and advances of hydropedology, its fundamental importance in moving modern soil survey from “soil classification” era to “soil function” era, in providing scientific underpinning for soil mapping and interpretations, and in linking soil survey databases with dynamic soil properties. He also reported three research projects that his group at Penn State has been working on, namely 1) Land Use Impacts on Soil Hydraulic Properties and Their Seasonal Changes, 2) Landscape Hydropedologic Studies and Watershed Subsurface Flow Network, and 3) Precision Soil Mapping and Hydropedologic Functional Units.  
Cristine Morgan (Texas A&M Univ.) commented that it is important to recognize that traditional "repeated measures" in one location is not a transferable approach, especially when wanting to evaluate the surface hydrology of a landscape. The focus at this point should be a holistic concept of relative changes in infiltration and redistribution as one moves across a catena or landscape. The strength of looking at landscapes and watersheds is not being able to predict absolute infiltration, but understanding how it might change as vegetation, land use, topography, and other soil forming aspects change. In this way inputting data into a hydrology model becomes doable. 
Samuel J. Indorante (NRCS-Carbondale, IL) commented that if hydropedology is to be applied to real life natural resource issues, we must develop a cartographic component to hydropedology.  Resource planners and land users need maps to guide them in their day to day decision making.  It is becoming more and more obvious that soil maps contain excellent information, but they are still lacking when it comes to the critical hydrology part.
Jon Hempel (NGDC, WV) reported the highlights of hydropedology research through NRCS, including five research projects that have been funded.  He also distributed the RFP for this fiscal year that is expected to fund more research projects.
Thanos Papanicolaou (Univ. of Iowa) reported the project funded by the NRCS on “In-Situ Measurements of Infiltration by Accounting for the Role of Management Practices.” 
Cindy Stiles (UW-Madison) reported on the project funded by the USGS on “Identifying High Infiltration and Ground Water Recharge Areas in Dane County, Wisconsin - an Integrated Field/GIS Study.” 
Charge #4. Evaluate and recommend standards and research needs in the areas of hydrologic applications to updating and refining soil survey, landscape/watershed hydropedologic studies, and saturated hydraulic conductivity methods and algorithms for use in soil surveys.
Ks procedures were evaluated with several research projects, including:
Cathy Seybold submitted a progress report on her effort to evaluate “algorithms for estimating Ks for the NASIS data population where measurements are not available.” This is described under Charge # 1 above.   
Jim Richardson (NSSC), with assistance from Steve Sprecher (NRCS-Indiana), is working on guidance for “Installation of monitoring wells and piezometers for soil survey”. The product is in draft. The core sections on actual procedures for constructing and installing instruments is very near final format. The team identified the following problem areas that need further inputs from colleagues who have developed successful field solutions: 

1. Methods of construction and installation when instruments must be driven into recalcitrant ground, such as very rocky soil, fractured bedrock, saturated sands, etc.

2. Design for soils with very slow hydraulic conductivity.

3. Design for soils with vertic properties.

Larry West (Univ. of Georgia) reported on the project funded by the NRCS on  “Evaluation of Saturated Hydraulic Conductivity in Southern Piedmont Landscapes.” 
IV. Recommendations 

Based on extensive discussions of this committee and repeated surfacing of some critical issues relevant to soil survey over the past several years, this committee recommends the following:

1. The NCSS should take a hard and careful look at the fundamental principles and basic concepts involved in understanding water movement and water monitoring in soils. Clarifications of terminologies and consistency of methodologies will provide the highly needed foundation upon which to collect quality field data and develop robust interpretations. For example, the concepts of “water table”, “saturation”, “Ksat”, and “steady-state” should be re-visited and more precisely defined. Hydropedology can provide an appealing framework to enhance our understanding of soil-water interactions in various landscapes across scales, and will improve the precision of terms, data, maps, and interpretations used in soil surveys. A technical note on this is highly recommended, and then a recommendation to the NCSS Standard Committee to adopt it can be followed. 
2. The NRCS should issue a technical guidance for use and installation of shallow monitoring wells and piezometers for both general conditions and in problem soils. General protocols should be developed without waiting to finalize guidance for problem soil situations. The NRCS should amend the general guidance with specialized instructions for problem soils as the latter instructions are developed. This technical guidance will greatly facilitate the coordination among states and MOs for consorted efforts in water table and soil moisture monitoring and incorporating it into the NASIS. This will help ensure consistent monitoring and comparable data collections across the nation and over a long period of time.
3. The NRCS should make strong efforts to recommend protocols to characterize saturated hydraulic conductivity (Ks), including field protocols and modeling protocols. Studies of field Ks protocols should include benchmark soils in a variety of landscapes, soil types, and parent materials. An attempt should be made to identify a possible “gold standard” for Ks measurements to which other methods can be compared. The NRCS should continue to refine models to estimate Ks, and the most promising of these models should be tested against field measurements of Ks. Specific aspects that need to be addressed include: (1) standard method(s) for measuring Ks for use in field soil survey, (2) algorithms for modeling Ks for the NASIS data population where measurements are not available, (3) evaluation of Ks data structure in the NASIS, (4) extrapolation of Ks from point measurements to catena/hillslope and landscape/watershed scales, (5) vertical versus horizontal Ks, (6) quantification of Ks variability with soil map units. The regional NCSS committees may want to evaluate some of these Ks issues.  Furthermore, the NRCS needs to get started with regular collection of Ks in the field and could consider making this effort become part of field soil scientists’ job performance evaluation.
4. The NRCS really needs to develop a database that allows for storage of temporally changing soil properties, including water table, soil moisture, soil temperature, and others.  Meta data and spatial reference points for each point data must be included. These data should be accessible to a wide range of data users independent of or in connection with the NASIS. Development of this database will be best served using web-site approach, incorporating the Soil Business Requirements for Point Data Collection Toolbar, and may be done in combination with dynamic soil properties database.
5. The NCSS is strongly recommended to compile and synthesize the wet soils monitoring data collected in the past decade (in 1990’s). Lots of time and money have been spent on this and a comprehensive document needs to be developed that organizes the principles and processes that have been learned and how they can be applied to soil survey updates.
6. Workshop(s) should be convened in which the major players in monitoring, mapping, modeling, and regulating vadose zone hydrology should participate, including universities, NRCS, USGS, USEPA, and their state counterparts, with a goal of making soil survey products more useful for sister agencies and informing those agencies of the utility of NRCS products. Regional NCSS meetings should address hydropedologic issues, including measurement of Ks and soil hydrology in regionally important and/or unique soils. Results of these meetings should be communicated to national NCSS committees in a timely manner. 
7. This Committee on Water Movement and Water Monitoring in Soil Survey should continue to function through 2009, with deliverables to be targeted in the end.
V. Proposed Charges for 2009
Charge #1.  Review and document progress from 2007 Committee on Water Movement and Water Table Monitoring in Soil Survey.

Charge #2. Oversee completion of outstanding work:
a. Continue theoretical oversight for hydropedologic research conducted by the NCSS member organizations.
b. Complete the Soil Business Requirements for Point Data Collection Toolbar.
c. Wrap up the Wet Soil Monitoring Project from the 1990s, including collection of research products and data sets and summarization of results.
d. Complete instrumentation protocols for monitoring wells and Piezometers.
e. Oversee progress in standardizing measurement of Ks in the field (and in modeling).

Charge #3. Oversee new business:

Design and format a Web-site where the NRCS can house research data on water movement and water table monitoring in soils, and products of other spatial-temporal pedologic research.

Charge #4. Help the Regional Committees to improve communication among the various parties (universities, NRCS, USGS, USEPA, and their state and local counterparts) who study water regimes in soils and weathered parent materials, and collect and summarize their reports. Make recommendations to the NCSS based on the regional findings. 
Charge #5. Evaluate and recommend standards and research needs in the areas of hydropedologic applications to updating and refining soil survey and landscape/watershed studies.
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