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OUTLINE FOR TODAY

•OpTIS/DNDC methodology
•CONUS-wide results now available
•Exemplary uses of OpTIS data
•Conservation Validation Network (CVN): Phase 1 
Pilot

•Anonymized ground-truthing data for OpTIS and other 
systems that use remote sensing to track adoption

•What’s next for OpTIS & CVN? 5



o Operational Tillage Information System - OpTIS

o Uses publicly-available remote sensing data to map & 
monitor adoption of tillage practices and cover crops

o OpTIS data are “longitudinal,” making multi-year products 
possible (e.g., include crop rotation overlays, etc.)

o Calculations at field-scale (30 m) but released only at HUC8 
and CRD geographic scales. Grower privacy is fully 
respected,

o Data (2015-2021) freely available at ctic.org/OpTIS

TECHNOLOGY FROM
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GEOGRAPHIC SCOPE: LOWER 48 (CONUS)
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Source: NLCD 2021
Croplands
Grasslands

Regrow algorithms are 
run at the pixel-scale, but 
are spatially-aggregated 
to CRD/HUC8/EcoRegion 
when provided to CTIC

https://www.usgs.gov/centers/eros/science/national-land-cover-database


OPTIS: HOW DOES IT WORK?

The algorithm works using a time series of Normalized Difference Vegetation Index (NDVI) as an estimate of green cover 
through the fall, winter and spring. source: https://www.ctic.org/files/TNC_Methodology_Report_Sept2023.pdf

DEMONSTRATION OF OPTIS ESTIMATES OF WINTER COVER
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OPTIS DATA: USED AS INPUT TO DNDC MODEL

Operational Tillage 
Information System

OPTIS

Biogeochemical 
Model
DNDC

▪ OpTIS Data are used as input to DNDC, a process-based model that produces estimates of 
losses/sequestration of soil organic carbon and greenhouse gas emissions (methane, N2O)

▪ DNDC was created in the 1990s, with more than 500 peer-reviewed studies
9



CONUS DATA AVAILABLE ON CTIC WEBSITE
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Dataset Name Data to Display Spatial Resolution
OpTIS (on croplands) Tillage categories

Cover Crops
HUC8
Crop Reporting District 
(CRD)

DNDC Croplands Soil organic carbon
Methane
Direct N2O
Indirect N2O

HUC8
Crop Reporting District 
(CRD)

Grazing Lands Vegetation 
Metrics (on perennial 
grasslands)

NPP
NPP deviation from 
weather

Cover categories

HUC8
Crop Reporting District 
(CRD)

DNDC Perennial 
Grasslands

Soil organic carbon
Methane
Direct N2O
Indirect N2O

US EPA Level 3 Ecoregion
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OpTIS 4.0: Row Crop Adoption of Climate-Smart Practices (2015-2021) 
www.ctic.org/OpTIS
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OpTIS 4.0: Row Crop DNDC Modeling Results (2015-2021)
www.ctic.org/OpTIS

http://www.ctic.org/OpTIS


EXEMPLARY USES OF OPTIS DATA

•Researchers
• Input to basin-scale water quality models
• Analyze impact of crop insurance programs

• Industry
• Support product development and marketing (e.g., cover crop 
seed companies, etc.)

•Conservation professionals
• Target outreach to regions with lower adoption

•Agencies
• Track adoption of practices? Not officially, so far as we know
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CALIBRATION & VALIDATION

Field-scale: Compared with nearly 20,000 
road-side observations of practices, as received 
from partners and via the OpTIS Mobile App
▪OpTIS typically matches such observations 60-80%

County-scale: Compared to 2017 Ag Census
▪  Correlation with county-level statistics is typically 0.6 
to 0.8

More info: Hagen et al., Land 2020, 9(11), 408 
and new validation report on CTIC website.
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https://www.ctic.org/files/TNC_Methodology_Report_Sept2023.pdf


QUICK COMPARISON WITH 2022 AGCENSUS
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CONSERVATION VALIDATION NETWORK: CVN

•A network of producers providing anonymized 
ground-truthing data, meant to validate and improve 
remote sensing methods now being developed to 
track the adoption of:

•Conservation Tillage
•Cover Crops

•Data to be held securely, support model development 
and validation queries, without disclosing locations
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CVN: INITIAL PROPOSAL TO INDIANA NRCS

•Submitted January 2021
•Decision deferred
•Proposed as a random 
sub-sample (1%) of all 
CRM transect points 
within each CRD

•Leverage existing data
17



CVN PHASE 1 PILOT SEED FUNDING
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The Nature Conservancy (TNC)

Corteva/Granular



CVN PHASE 1 PROJECT TEAM
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CTIC
•Project leadership

Corteva/Granular
•Input on system design

Arva Intelligence
•Technology provider

Conservation Technology 
Information Center



CVN INDIANA PILOT: PHASE 1 DELIVERABLES

•Host Kickoff Workshop (25-Aug-2021)
•Design CVN Database (Dec-2021)
•Launch CVN Enrollment Webpage (Jun-2022)

•System is now ready to accept ground-truthing data 
from CVN network participants

•Phase 2 (implementation) on-hold pending funding
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https://www.ctic.org/projects/ConservationValidationNetwork


CVN DATABASE DESIGN
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CVN ENROLLMENT WEBPAGE

22



CVN VISION: PUBLIC-PRIVATE PARTNERSHIP

•Strawman long-term funding approach:
� Producers receive nominal annual compensation
� Users of the network data pay an annual fee, 

possibly a different rate for academia vs. private 
sector entities
� Public-sector contribution would be helpful, a  

logical use of new USDA/NRCS MMRV funds
23



WHAT’S NEXT FOR OPTIS AND CVN?

•Update data visualization tool (now partnering with 
Saint Mary’s University MN Geospatial Services)

•Add a Grazing Lands vegetation health product
•Continue to promote use of new OpTIS data via 
webinars, presentations, social media, etc.

•Seek support for annual OpTIS updates (2022 & 
beyond)

•Pursue funding options for CVN Phase 2
24

http://www.geospatialservices.org/
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Dave Gustafson
gustafson@ctic.org

(314) 409-7123
Check-out the website to explore 

OpTIS data for your region
www.ctic.org/OpTIS
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THANK YOU!

mailto:gustafson@ctic.org
http://www.ctic.org/OpTIS


BACKUP SLIDES
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North America Regenerative 
Agriculture
Contributions to TNC’s 2030 Goals

Collaborating with farmers and ranchers to grow food in ways that benefit people, climate and nature

7.3M

308K

Regenerative Grazing Lands

Tackling Carbon Emissions
7.3M metric tons of CO2e
Avoided or Sequestered per year

93M
23M

Saving Healthy Lands
93M Hectares of grazing lands
23M Hectares of at-risk natural lands

Benefitting People
308K people benefitted

50M

4.8M
261K

Regenerative Crop Systems

Tackling Carbon Emissions
50M metric tons per year of CO2e 
Avoided or Sequestered per year

1.67M Deepening Solutions for Our Oceans
1.67M Hectares of improved 
management in the Chesapeake Bay and 
Gulf of Mexico

Conserving the World’s Freshwater
4.8M Hectares & 261K River KM of 
improved management in the 
Chesapeake Bay, Great Lakes and 
Mississippi River 
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Corn Belt Release is >1 Billion Acre-Years

OPTIS: USES BEYOND TILLAGE & COVER CROPS

▪  Contains >1 Billion Acre-Years of DATA

▪  Measure SOIL HEALTH baselines and trends

▪  Input to WATER QUALITY models (local and basin-scale, e.g., N-Gage) 

▪  Input to Biogeochemical models (e.g., DayCent, DNDC, etc.) to estimate 
   GHG emissions, SOIL CARBON, NITRATE losses …
▪  Target CONSERVATION efforts

▪  Provide verification data for ECOSYSTEM SERVICES MARKETS

▪  And many others … (e.g., BIODIVERSITY, etc.)
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OPTIS 1.0: COMPARISON WITH CRM DATA
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OPTIS 1.0: COMPARISON WITH AGCENSUS

30



OPTIS 1.0: COMPARISON WITH EWG RESULTS
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*
* 2019 only

data source: ctic.org/OpTIS

http://www.ctic.org/OpTIS
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● Area of Interest: Contiguous United States

● Spatial Units: Aggregated field data by USDA crop reporting districts and USGS HUC-8 

watershed

● Time Period: Data set focused on  2015-2021 crop year  - Year captures transition into 

following year

● Crop ID: Primary Summer crops

1) Corn 2) Soybeans 3) Cotton 4) Rice 5) Wheat (spring) 6) Fallow 7) Perennial 8) 

Other Crops - Winter commodities

● Cover Crops: presence/absence of cover crop

● Tillage: classification of post harvest tillage practice

● DNDC Results: DeNitrification DeComposition greenhouse gas emissions

Regrow Data Products Available from CTIC

Product Description Resolution Refresh Rate
Field Level 
Accuracy Coverage

Crop ID Crop map of primary commodity 10-30m Semi-Annual 95%

CONUS, 

Canada, 

Europe, Brazil 

(roadmapped)

Cover Crop Cover crop classification layer 10-30m Annual 80%

Tillage Tillage practice and residue cover 10-30m Annual 60%
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DNDC

Model inputs: Climate data, soils data, management data and vegetation data 

with over many 300 parameters. Much of the data comes from remote sensing 

(OpTIS), field measurements from scientific literature (observations), and 

government agencies  (weather, soil).

Model calibrated and tested using validation data.

Regrow’s protocol verified by Climate Action Reserve (CAR) to credit soil 

carbon removals and N2O emissions reductions using process models.

DNDC allows us to calculate…

● Soil Organic Carbon
● Methane
● Nitrous oxide - Direct
● Nitrous oxide - Indirect
● Nitrous oxide - Total
● Greenhouse gas -  Total

*Results for Florida out of scope due to soils types and variable crop types/rotations  (citrus, sugarcane, and 

vegetables)

Source:  User's Guide for the DNDC Model  

https://www.dndc.sr.unh.edu/model/GuideDNDC95.pdf
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Results

Between 2015 and 2021…

Regrow data show that cover crops in the contiguous 
United States  acres grew 67% from 9.3 million to 15.6 
million acres…

Which equates to sequestering approximately 0.33 
metric tons  of Soil Organic Carbon per acre in 2021…

And there is plenty of room to grow.

2021 Cover Crop Difference from Seven Year Average (2015-2021)
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Cover Crops

Data Inputs: Normalized Difference Vegetation Index (NDVI) - Regional NDVI 

thresholds

The time series of residue cover fraction at the pixel level is then analyzed for 

patterns and consistency, returning a residue cover fraction value together 

with a certainty level at the time of planting. 

Residue is evaluated both in the spring and fall, with the annual tillage intensity 

calculated from the average residue cover observed across the two seasons.

● Harvest event: determined by observing a sharp drop in NDVI on the 

field

● Presence of green pixels following harvest 

● Persistence of green pixels through the fall

● Increase in greenness over the spring 

● Planting event: detected by observing a decrease in greenness on the 

field near planting time, followed by the emergence of a summer crop

Each pixel is then classified into one of three classes:

● No cover crop -  no cover crop planting, or very weak emergence
● Cover crop -  cover crop, with strong emergence
● No data - not enough data to estimate

2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22

No Cover 
Crop Acres 241 mil 245 mil 245 mil 242 mil 239 mil 241 mil 238 mil
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Data inputs: Normalized Difference Tillage Index (NDTI), Crop 

Residue Cover Index (CRC) and Precip Data

The time series of residue cover fraction at the pixel level is then 

analyzed for patterns and consistency, returning a residue cover 

fraction value together with a certainty level at the time of planting. 

Residue is evaluated both in the spring and fall, with the annual tillage 

intensity calculated from the average residue cover observed across 

the two seasons.

● Conventional tillage — same as very low residue cover level 

(0-15%) for all previous year crop types;

● Reduced tillage — low to moderate residue cover (16-50%) for 

all previous year crop types;

● No-till — moderate residue cover (31-50%) where any crop 

except corn was the previous year's crop and high residue 

cover (51-100%) for all previous year crop types

● No Data — not enough data to estimate

Tillage



US EPA LEVEL 3 ECOREGIONS
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