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Overview

I propose to conduct an investigation of soil spectral properties for the purpose of finding a correlate to the soil carbon stock of soil samples. This research will be conducted simultaneously with samples collected as part of my current doctoral research with Dr. Stephen Ogle. I will work with Dr. Ogle at NREL and with Dr. Barrett Rock, at the University of New Hampshire to conduct spectral analysis of soils samples. In addition to the proposed research, I plan to conduct various outreach activities at both UNH and to local educators and/or students in Fort Collins. 

Introduction

Research is currently being conducted on soil carbon stocks at ~35 agricultural sites in the central states (Iowa, Illinois, and Minnesota) for use in an uncertainty analysis of modeled soil carbon stocks based on various agricultural management practices, climate, and soil factors. This research is a part of Dr. Stephen Ogle’s North American Carbon Program project (Ogle et al., 2006) to establish a nation-wide soil carbon monitoring network for use in assessing climate influences and agricultural management practices on the ability of agricultural and rangeland soils for sequestering carbon. A major focus of the nation-wide network will be to provide a benchmark set of long-term data for soil carbon stocks that can then be used for validation of ecosystem simulation models (Ogle et al., 2006; CAST, 2004).

The current research being conducted comprises a pilot study of the nation-wide network and includes a formal uncertainty analysis of model results from CENTURY, and potentially other soil carbon models, based on the measured soil carbon stocks at the 35 initial sites. Each sample site corresponds to one of USDA’s Natural Resource Inventory (NRI) CEAP points, so that management information will be available for the uncertainty analysis. Soil samples are taken at five depth increments to ~75 cm and will be taken on a 5-10 year return interval so that a long-term soil carbon stock change data base will be provided. At each sample site three sub-samples will be collect with 2-3 soil cores composited at each sub-sample location and depth increment; this will provide within field soil organic carbon (SOC) variability, as well as insure that future field divisions are less likely to impact the long-term data. When the nation-wide network of sampling is realized, it is estimated that 3000-5000 sample sites will be established and sampled on the 5-10 year basis.

Needless-to-say, this nation-wide network will require significant resources and effort to provide this critical dataset. The research proposed here will investigate the ability of a field or lab-based spectral instrument to be used as a proxy for lab-based SOC determination. Spectroscopy is a fast and cost-effective method as compared to traditional wet oxidation or dry combustion methods (Stevens et al., 2006). Though spectroscopic methods are generally not as accurate as conventional methods, they offer the potential to collect and process a large number of samples either in situ or in the lab. Spectral analysis of soils has a long history for mineralogical studies, and various studies have used detailed lab-based studies to estimate SOC content (Stevens et al., 2006). A few recent studies of the efficacy of using spectroscopic methods to quantify SOC changes due to land use management changes have shown favorable results (Reeves et al, 2002, Stevens et al., 2006, Cremers et al., 2001). Here I hope to capitalize on the results of these past studies to attempt to develop a lab or field-based method for SOC determination of soil samples collected as part of the nation-wide soil monitoring program. If I am able to find a possible correlation with my subset of soil samples that are being collected as part of the pilot phase of the soil monitoring network, a larger, more detailed study could be proposed to fully investigate the efficacy of field-based spectroscopy as a potential method for SOC determination for the network monitoring. 

Dr. Rock is currently conducting a related experiment using the lab-based spectral methods on vegetation and soil samples from Hubbard Brook Experiment Station and the Bartlett Experimental Forest in New Hampshire to characterize carbon and nitrogen. He has expressed his willingness to assist me in analyzing my soil samples. In past research, I have worked with Dr. Rock to spectrally analyze vegetation samples using his field-portable spectrometer. Working with Dr. Rock and Dr. Ogle, a revised protocol will be developed for analysis of the soil samples collected this coming fall.

If a spectral method can be shown to be an effective approach to SOC determination, there is a potential for significant time and monetary savings for a large soil sampling network. The spectral analysis of soil samples planned in this proposal will supplement the already planned sample collection and lab-based determination of carbon stock for these soils.

Approach

As part of the pilot study and initial uncertainty analysis, 25-30 sites will be sampled in October-December this year, and then the samples will be processed using standard soil procedures to determine several soil parameters, including the SOC stock by depth increment, at each sub-sample site. Five sites were initially sampled this past spring in Iowa to work out the field and lab procedures and to provide initial data on soil carbon variability within sub-sample, within site, and across soil depth increment. These data will be used to modify the sampling design and methods to be used this fall.

I propose using a subset of the soil samples to be collected this fall to analyze for spectral properties as well as soil carbon content. The spectral data will then be analyzed in order to determine the feasibility of using field or lab spectral methods to determine the SOC in future studies, or as part of the soil monitoring network protocol.  

After samples are collected in the fall, a subset of samples will be taken to the Rock Lab at Complex Systems Research Center at the University of New Hampshire to be spectrally analyzed using a GER 2600 spectroradiometer set-up. The GER 2600, by the Spectral Vista Corporation (www.spectravista.com), measures spectral reflectance in 2 nm bands from 350 nm to 2500 nm of whole samples in either the lab or field (Figure 1 shows example mineral soil spectra). The soil samples collected and processed for this research can be conducted at both field moist and air-dried conditions to determine the effect of moisture content on the spectral response pattern. Soil organic carbon provides a unique signature due to the C-H, N-H, and O-H bondings found in organic matter, resulting greater light absorption than mineral soil without organic matter (Stevens et al., 2006, Martin et al., 2002). This should allow for SOC quantification at either field moist or air-dried conditions. After scanning their spectral response patterns, samples will be air-dried and processed for the determination of soil carbon as planned for the main research effort (Ogle et al., 2006). Spectral data will be analyzed using spectral bands, indices, spectral averaging, ratios, and derivative analysis in order to determine the best spectral estimator of soil carbon. Soil organic matter shows strong absorption at 1400 nm, 1900 nm, and 2200 nm based on previous research (Reeves et al, 2002; Stevens et al., 2006). Inorganic carbon should also be separable spectrally from the SOC. The exact sample processing methods and spectral data mining will be determined in advance of my trip in consultation with Drs. Rock and Ogle. Additionally, the literature on soil spectral characterization will be extensively reviewed to assist in determining the best methods and spectral analysis to provide a robust SOC estimator.


Figure 1. Example spectra of mineral soils collected using the GER 2600 
(figure from manufacture’s website: www.spectravista.com)

Outreach

I strongly believe that research scientists have an obligation to share information and results about their studies and methods with the general public, especially science teachers and students. I have over 12 years of experience in conducting formal science educational outreach and would like to continue this effort as I conduct my Ph.D. work. The research proposed here will allow for the sharing of this research, and scientific research in general, with several lay audiences. I will directly involve students from Barry Rock’s Forest Watch program, and/or some of his undergraduate students in the collection, processing, and interpretation of the spectral data. Forest Watch is an inquiry-based environmental science outreach program administered through UNH to New England teachers and students (Spencer et al., 1998, Evans et al., 2001, Rock et al., 1999). This research is directly related to the type of research Forest Watch participants conduct, and will aid in their understanding of the role of soils in environmental monitoring and functioning. Additionally, I will also provide a presentation to colleagues at Complex Systems Research Center on this research and the larger research project for the uncertainty analysis of carbon budget models. If possible, I will provide a seminar or training session to Forest Watch teacher at the University of New Hampshire while I am there conducting the spectral analysis, and I will work with Dr. Andrew Warnock at the Center for Science, Mathematics, and Technology Education (CSMATE) at CSU to plan a local outreach activity for Fort Collins teachers and/or students.

Additionally, in conjunction with the spectral analysis using a lab-grade spectroradiometer (GER 2600), I plan to assess the ability of a student-grade radiometer (the ALTA II from the Lunar and Planetary Institute (www.lpi.usra.edu/education/ products/spectrometer)) to determine soil carbon, and moisture. This effort would allow for the future possible development of student protocols for assessing local soil samples for use in student/school projects. As the past coordinator of the Forest Watch program, I have conducted similar comparisons using this devise for assessing tree health, allowing students to make measurements in their classroom for school-based projects. Developing a soils protocol for students to use would greatly enhance student-based inquiry projects for programs like Forest Watch.

Outcomes

The primary outcome will be a spectral data set to compliment the carbon and nitrogen data sets being collected as part of the NACP project. Ultimately, a spectral estimator of SOC content is desired, which will allow faster and cheaper soil processing if it represents a robust proxy measure. It is hoped that a refereed article can be published based on this work with Drs. Ogle and Rock. Several outreach activities will be conducted as part of this effort in order to share the information and results of this study with a larger audience. Specifics of this outreach plan will be developed in consultation with Drs. Barry Rock, Andrew Warnock, and Stephen Ogle.

Estimate Budget

The awarded funds will be used to support this supplemental research and associated outreach activities. The primary expense includes the cost of travel from CSU to UNH, in Durham, New Hampshire in order to conduct the spectral analysis of the soil samples. Additionally, funds will be used for miscellaneous expenses associated with processing the samples. Expenses for outreach activities will include providing copy materials, possibly purchasing 1-2 ALTA II educational spectrometers (~$150 ea.), and any supplies needed to offer outreach sessions.

Roundtrip Travel to UNH (1-2 trips):  $1200

Misc. sample processing expenses: $300

Outreach expenses: $300

Total requested:  $1800
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