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Why Enhance Agricultural Soil C Stocks?

Shi et al., Nature Geosciences, 2020 



Why reduce other GHG 
emissions from Agriculture?

N
2
O Emissions



Key Challenge: Quantifying the Benefit

US-EPA National GHG Inventory Report

2019 IPCC Refinement to the 2006 
National GHG Inventory Guidelines

… ensure that greenhouse gas 
inventories are accurate in the sense that 
they are systematically neither over- nor 
underestimates so far as can be judged, 
and that they are precise so far as 
practicable …
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Uncertainty and Risk



Estimating Soil Organic C Stock Change and 
GHG Emissions
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Measurement-Based Approach

Sampling Design

Sampling Methods

Soil Preparation/Laboratory Analysis

Calculate SOC Stock Change and GHG 
Emissions



Samplin
g Design
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Sampling Design

Simple Random Sampling

Project Domain

Systematic Random Sampling Stratified Random Sampling
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Scale is Important!
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Measurement-Based Approach

Sampling Design

Sampling Methods

Soil Preparation/Laboratory Analysis

Calculate SOC Stock Change and GHG 
Emissions
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Lark et al. 2006, European 
Journal of Soil Science

Regression Toward the Mean



Sample 
Plot



Field 
Sampling 
Consideration
s

• Cores v. soil pits

• Depth of sampling

• Segmenting samples

• Manual coring vs. 
mechanized



NATURAL RESOURCE ECOLOGY LABORATORY

CH
4
 and N

2
O Emissions
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Measurement-Based Approach

Sampling Design

Sampling Methods

Soil Preparation/Laboratory Analysis

Calculate SOC Stock Change and GHG 
Emissions



Soil 
Preparatio
n NATURAL RESOURCE ECOLOGY LABORATORY

Field-moist Soil 
Sample in Bag

8mm Sieve

Mass soil in bag
Air-dry empty plastic bag

8mm Plant Frac

8mm Soil Frac

8mm Rock Frac

Mass empty, dried 
coin envelope

Mass empty, dried coin 
envelope

Air-Dried 8mm Soil

Air-dry 2-3 days

8mm Soil Archive 
(500g)

Dried 8mm Plant Frac Dried 8mm Rock Frac

Oven-dry 1-3 days
60ºC

Oven-dry 1-3 days
60ºC

Mass envelope Mass envelope

Mass Soil & empty plastic bag

2mm Sieve 
(75g)

Bag remaining in 
original plastic bag

2mm Plant Frac

Mass empty, dried 
coin envelope

Dried 2mm Plant Frac

Oven-dry 1-3 days
60ºC

Mass envelope

2mm Rock Frac

Mass empty, dried 
coin envelope

Dried 2mm Rock Frac

Oven-dry 1-3 days
60ºC

Mass envelope

2mm Mineral Soil

50g 
Sub-sample

50g Oven-dried
Sub-sample

Oven-dry 1-3 days
105ºC

Mass dried Soil
Save in Labeled Vial

Mass AL pan

Save in labeled 
plastic bag

Mass Soil
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Lavallee et al., 2020, Global 
Change Biology;  Leuthold et al. 
2022,Encyclopedia of Soils in the 
Environment

Further Fractionation

0.

Bulk soil

53 µm wet sieving 

Dispersion in 0.5 % SHMP

POM Fraction 

> 53 µm< 53 µm

MAOM 
Fraction



Laborator
y Analyses
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Measurement-Based Approach

Sampling Design

Sampling Methods

Soil Preparation/Laboratory Analysis

Calculate SOC Stock Change



Estimating 
Soil C Stocks 
Changes with 
Confidence 
Intervals NATURAL RESOURCE ECOLOGY LABORATORY

 

 

Standard Survey Statistics
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Model-Based 
Approach
Select/Develop Model

Calibrate/Evaluate

Input Driver Data

Application/Estimation
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Ecosystem Models

Parton et al. 1987, SSSAJ; 
Parton et al.
1998, Global and 
Planetary Change
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Model-Based 
Approach
Select/Develop Model

Calibrate/Evaluate

Input Driver Data

Application/Estimation
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Bayesian Parameterization

Gurung et al. 2020, 
Geoderma

Filter

“Initial Sample” 
from Prior

Re-sample with probability 
= importance Weights

(Posterior)

Run the model and estimated 
likelihood (importance weights) 

for each sample

Step 1 Step 2 Step 3
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Gurung et al., 
2020, Geoderma
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Bayesian Calibration – Soil Organic C

Gurung et al. 
2020, Geoderma
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Model-Based 
Approach
Select/Develop Model

Calibrate/Evaluate

Input Driver Data

Application/Estimation



0 365
CORN

Tillage
Planting Harvest

Fertilizer
Manure 

Amendme
nt

Ecosystem Model Simulation

Need information for every year in the time series!

Cover 
Crop



USDA-NRCS National Resources Inventory (NRI)

Land Use Crop Irrigation EVI Weather Soil
Planting 

Date
Harvest 

Date
Tillage Fertilization

Manure 
Amendment

Cover 
Crops

Cropland Corn
Non-irriga

ted
? ? ? ? ? ? ? ? ?



Land Use Crop Irrigation EVI Weather Soil
Planting 

Date
Harvest 

Date
Tillage Fertilization

Manure 
Amendment

Cover 
Crops

Cropland Corn
Non-irrig

ated
0.88

15-28°C and 
1.9 cm 

precipitation

Clay 
Loam

? ? ? ? ? ?

MODIS Enhanced Vegetation Index
(NASA)

SSURGO Soils Data
(USDA-NRCS)

PRISM Daily Weather Data
(Oregon State University)



Land Use Crop Irrigation EVI Weather Soil
Planting 

Date
Harvest 

Date
Tillage Fertilization

Manure 
Amendment

Cover 
Crops

Cropland Corn
Non-irrig

ated
0.88

15-28°C and 
1.9 cm 

precipitation

Clay 
Loam

May 2 Oct 10 No-till 150 Kg N/ha 2 tons/ha none

Statistical Machine Learning

USDA-NRCS 
Conservation Effects 
Assessment Project 

(CEAP)

OpTIS Tillage 
and Cover Crop 
Data (Regrow 

Agriculture, Inc.)

USDA Agricultural 
Resource Management 

Surveys (ARMS)

Conservation 
Technology 
Information 

Center (CTIC)

USGS Sales 
Fertilizer 
Database

USDA Census 
of 

Agriculture



NATURAL RESOURCE ECOLOGY LABORATORY



NATURAL RESOURCE ECOLOGY LABORATORY

Model-Based 
Approach
Select/Develop Model

Calibrate/Evaluate

Input Driver Data

Application/Estimation
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Ecosystem
Model

Imputation 1
Scaling Uncertainty: 
Replicate Weights

Results

Joint Posterior Distribution 
for Parameters

Estimates 
and 

95% Confidence Intervals

Imputation 2

Imputation 3

Imputation 4

Imputation 5

Imputation 6

Management 
Data

1000
Iterations

Monte Carlo Simulation Framework



Opportunities 
for Reducing 
Uncertainty
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Opportunity 1: Observations/Measurements

Expand observational 
networks, increasing 

measurements of soil C 
and GHG emissions
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Opportunity 2: Advancing Our Understanding

Lehmann and Kleber, 2015, 
Nature
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Opportunity 3: Improving Models

Operationalize new 
generation of models, 
incorporate new driver 
data (remote sensing 
data products), and 

evaluate AI 

Zhang et al., 2021 
Biogeosciences
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Opportunity 4: Improving Management 
Practice Datasets

Develop new surveys 
and remote sensing 

products to fill gaps in 
management data
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Thanks for your Attention!


