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Session 2: HLS in Action
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Goals:

● Showcase real-world use of HLS across sectors and application areas, including methodology.

● Discuss the benefits and challenges to adopting HLS for downstream impact.



Understanding our relationships helps guide solution 

development and engagement priorities
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More efficient streamflow monitoring in Alaska

Ferrying traditional flow measuring equipment 

across Ikalukrok Creek, Alaska (credit: USGS)
Traditional surveying on the Yukon River, 

Alaska, (credit: Jeff Conaway, USGS)

Surface water extent June 16, 

2024

Surface water extent June 17, 

2024

Protecting Lives and 
Livelihoods: 
USGS measures and provides river flow 

and water level data, essential for 

protection of life and property, and water 

management. 

Traditional flow measurements are 

hazardous and costly, especially in 

remote locations like Alaska.

The high temporal resolution of 

Observational Products for End-Users 

from Remote Sensing (OPERA) 

surface water extent (DSWx) –HLS

enables USGS to conduct more efficient 

streamflow monitoring from space. 

Including more locations that are 

hazardous or costly to monitor and 

reducing risk to USGS field personnel.
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Monitoring Winter Cover Crops for 
Agroecosystem Assessment Using HLS Data

Feng Gao

USDA-ARS, Hydrology and Remote Sensing Laboratory

Beltsville, MD 20705, USA

USDA is an equal opportunity provider and employer

HLS Workshop, May 12, 2026 11:25-11:45 AM



Winter Cover Crops (WCC)

❑ Winter cover (intermediate) crops are planted 
between summer cash crops.  

❑ Improve soil health and water quality

❑Reduce nutrient runoff to the watershed

❑ Suppress weeds by competing for light, space, 
and nutrients

❑ Supported by federal and state incentive 
programs

❑ USDA NRCS Environmental Quality Incentives Program 
(EQIP)

❑ USDA RMA Pandemic Cover Crop Program (PCCP)

❑ State-wide WCC Incentive Programs

▪ Mid-Atlantic (e.g., Delaware, Virginia, Maryland)

▪ Midwest(e.g., Illinois, Indiana, Iowa)

▪ Southern (e.g., Missouri, North Carolina)



WCC
Mapping 
Needs

When were WCC planted and 
terminated?

(WCC Phenology)

Where were/are WCCs planted? 

(WCC Presence)

Understanding where and when WCC are planted and their performance is essential for evaluating ecosystem services and for hydrologic and ecosystem modeling



WCC Phenology Needs 

I. Emergence Date

II. Termination/Harvest Date

emerged terminated



Remote Sensing Phenology

❑ After-season (conventional) approaches

• use prepended and appended observations

• MODIS uses three years of data (+- one year)

• VIIRS and HLS use two years of time-series data (+- 6 months) 

• 6-12 months after growing season

• cover a complete cycle of vegetation growth

❑ In-season or near-real-time (NRT) approaches

• use any period (partial year) of time series 

• for specific crop growth stages 

• more useful for operational uses

target/previous 
year

current year

current year



I. Within-Season Emergence (WISE) Detection

Step 1: Gap-filling and Smoothing: Modified Savitzky–Golay

Step 2: Extracting Transition Points: Moving Average Convergence Divergence (MACD) & VI-test

Gao et al., 2020. Remote Sensing of Environment, 242, 111752, doi: 10.1016/j.rse.2020.111752

Case Studies on

❑ Fields 

❑ BARC area

❑ Maryland

❑ Corn belt states

❑ CONUS

MACD
WISE

https://doi.org/10.1016/j.rse.2020.111752


Requirement of Temporal Resolutions (Alfalfa)

(a) VENµS (b) Planet Fusion

(c) Sentinel-2 (d) HLS



Data Detected Bias MAD RMSE R2

PF 100% 0.7 4.6 5.5 0.88

Landsat 44% -1.4 6.6 8.7 0.73

S2 91% 0.4 6.1 7.2 0.82

HLS 100% 2.2 6.5 7.9 0.80



- Apr 1

- Jun 1

Summer Crop Greenup Dates

March 1 – July 1, 2023
- Jul 1

- May 1

- Mar 1
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State-level Assessment

- 2018 – 2023
- Corn and soybean

- Major crop states (~25) 
- Median VE dates from NASS CPR
- Median green-up dates

Mean differences for WISE and MACD 
Corn: 5.7 and 3.7 days
Soybean: 1.3 and -0.5 days

• WISE has less pixels than MACD, so they 
are not directly comparable for state-
level median values

• MACD was earlier than WISE for the 
state-level statistics, which means the 
missing detections from WISE are mostly 
early green-ups 



II. Within-Season Approach for Detecting 
Cover Crop Termination 

• The Maryland Department of Agriculture (MDA) cost-share program uses 
cover crop termination dates to determine incentive payments
o occurs between March 1, 2020, and June 14, 2020

o eligible for additional incentive payments after May 1

• Termination dates need to be collected timely from fields. 

• Remote sensing termination date helps to reduce field visits since 2020



Within-Season Termination (WIST) Algorithm 



(a) 5/1                  (b) 5/8               (c) 5/15               (d) 5/22             (e) 5/29                (f) 6/5   (g) 6/12

(h) 6/19                (i) 6/26                (j) 7/3                (k) 7/10              (l) 7/17              (m) 7/24  (n) 7/31

5-8 5-9

5-2
4-25

5-21

5-45

4/1 5/1 6/1 7/1

4/28

5/8 5/17

4/28

6/23

7/14

7/14

7/26

Cover crop termination maps from weekly near-real-time simulations using VENµS 
images 

Cover crop field names (yellow text) are shown in (a). Newly detected termination dates 
from six fields in the 2019 weekly simulations are shown beside the field (white text).



HLS Assessment I: Roadside Survey
Statistics Photos

/Points

Percent in terms of all 

points (N=396)

Percent in terms of  WIST 

detected  (N=330)

Total number of photos 396 N/A

N/A
WIST failed to detect  (no result) 66 16.7%

WIST succeeded and returned results 330 83.3%

Correctly detected terminated fields 189

79.3% 95.2%
Correctly detected unterminated fields 125

Falsely detected termination fields 4

4.0% 4.8%
Falsely detected unterminated fields 12

Survey 

Date

Terminat

ed 

Fields

Un-terminated 

Fields

4/30/21 99 52

5/3/21 128 43

5/14/21 30 44

Total 257 139



HLS Assessment II: Reported Dates

~48.6%, 71.8%, 84.2%, and 90.2% of detected fields were within 1, 2, 3, and 4 
weeks of agreement in the 2020-2021 season



In-season monitoring of winter cover crops using HLS 
to support ecosystem assessment

Using HLS data, WISE and WIST 
algorithms, we have detected winter 
cover crop emergence and 
termination dates for Maryland and 
Delaware operational incentive 
programs since 2020

Gao et al., 2020. Remote Sensing. 
https://doi.org/10.3390/rs12213524

Gao et al., 2022. Science of Remote Sensing. 
https://doi.org/10.1016/j.srs.2022.100073

Enrolled Fields

Reports
LCLUC
Program

Termination Dates

https://doi.org/10.3390/rs12213524
https://doi.org/10.1016/j.srs.2022.100073


Mapping WCC Presence 

❑Remote Sensing Methods

❑ Traditional classification methods

❑ Operational Tillage Information System (OpTIS) (Landsat, MODIS, 
Sentinel-2)

❑ UIUC (Landsat and MODIS data fusion)

❑Challenges 

❑ After-season methods delay decision-making

❑ Confusion with weeds, winter wheat and WCC

❑ Binary maps oversimplify WCC performance

Develop an operational remote sensing method to map WCC 
presence during and post the WCC growing season



WCC Presence Detection using Remote Sensing Phenology 



Remote Sensing Phenology-Based Approach

❑ Satisfy minimum requirements for WCC 

❑ Used four phenological metrics to compute likelihood score 

Absolute NDVI: max and large Integral

Relative NDVI: amplitude and small integral

❑ Normalized with a sigmoid function to scale metrics from 0 to 1

❑ Generate WCC likelihood score with a scale of 1 to 10 

(10 means most likely with strong performance)



(a) Field #4-7 (b) Field #5-23

(c) Field #6-60 (d) Field #2-71

   

   

   

   

   

   

                                                  

 
 
 
 

                                  

                              

   

   

   

   

   

   

                                                  

 
 
 
 

                                  

                              

Incentive WCC



Winter cash wheat shows later EOS dates than incentive WCC



In-season WCC Mapping Using 
Phenological Metrics

1/1/2022 - 12/31/2022

1/1/2022 - 3/1/2023

1/1/2022 - 6/1/20231/1/2022 - 8/1/2023



0  1  2  3  4  5  6  7  8  9  10

WCC Score 

Thresholds 

(ST)

Producer's 

Accuracy of 

WCC

User's 

Accuracy of 

WCC

Balanced 

Overall 

Accuracy

Kappa 

Coefficient

ST >= 1 89.0% 58.5% 68.3% 0.35

ST >= 2 88.8% 64.4% 74.1% 0.47

ST >= 3 86.3% 70.5% 78.2% 0.55

ST >= 4 80.3% 77.5% 80.5% 0.61

ST >= 5 71.6% 84.1% 80.2% 0.61

ST >= 6 60.9% 87.9% 76.9% 0.55

ST >= 7 49.1% 89.5% 72.2% 0.46

ST >= 8 34.7% 88.9% 65.5% 0.33

ST >= 9 20.4% 87.6% 59.0% 0.19

Incentive WCC and non-WCC detected from HLS vs. 
MDA enrolled and unenrolled WCC fields from two 
seasons (2019-2020 and 2020-2021)



Summary

Winter cover crop emergence and termination dates are mapped in 1-
3 weeks after the events when HLS are timely available

The presence and likelihood of winter cover crop are mapped (>80% 
overall accuracy) either during or after WCC season using HLS

For HLS data products: short latency and reliable cloud mask are 
critical for the in-season winter cover crop mapping
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Near-Real Time Processing of HLS for Rangeland Management

Sean Patrick Kearney, Lauren M. Porensky, David J. Augustine, Justin D. Derner, Martha Anderson, Feng Gao, 

Haoteng Zhao, Melissa Johnston, David Hoover, Erika Peirce, Mikael Hiestand, John Ritten, Gonzalo Irisarri
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Objective: Support within-season decision-making

Why HLS?
• Temporal frequency

• Explore time series and trends
• Change over time (30-day change)

• Near-real time
• Low latency (very important!)
• Current conditions (within days or weeks)

• Historical comparisons
• Go back in time
• Compare to long-term average

Products/metrics
• Herbaceous standing biomass
• Cover (fractional)
• Crude Protein (diet quality)
• Leaf area index
• Evapotranspiration

35
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Wilmer et al. 2019, Social Sciences 37



Wilmer et al. 2018, Rangeland Ecology and Management

38



Methods
Going from spectra to vegetation metrics

39
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Methods – training/validation

Extensive field data
• > 10,000 samples (rapid methods)
• > 10 years (long-term research)
• > 8 projects (CO, WY, OK, TX, MI, NM, ID, FL)
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Methods – Data processing

SCINet
(ARS HPC)

Access via 
LPDAAC

Bring into Python Train models

Share in near-real time Gap-fill and smooth
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Examples
Using HLS products to inform rangeland research

42
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Bare Dry Green

Weather effects
Outcomes of spatially variable rainfall

1 mile
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Weather effects
Outcomes of spatially variable rainfall
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Management effects
Outcomes of grazing intensity
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Management effects
Recovery after grazing events

Zhao et al. (in review)
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Kearney et al. (2022) 
Ecological Applications

Cattle weight gain 
(ADG)
Timing grazing with peak forage 
quality

When greenup started 
early, cattle weight gains 
were reduced by ~20%, 
despite adequate forage 

biomass.
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Kearney et al. (2023) Ecological Indicators

Prairie Dog Colonies
Detecting recent plague events

Plagued colony



Interactive mapping tool
A near-real time prototype for collaborative adaptive 
rangeland management

49
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One section
(1 sq. mile)
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5 miles!



Challenges

Near-real-time availability
• Clouds

• Wildfire
• Smoke
• Data access – AK ground station

• NASA funding and staffing

Cloud/shadow masks
• Higher omission error for S2?

52



Thank you!
Questions?

53

sean.kearney@tbgpea.org
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