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Technology for 

carbon measurements.

Veris, NIRS, and Soil Carbon

• Veris Technologies, Inc.

• Near Infrared Spectroscopy (NIRS) and soil C

• The challenges of measuring C for offset 

payments

• Results from a measurement case study

• Future issues
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Veris Technologies tools for precision agriculture

Veris 3100 EC
Veris MSP  (pH and EC)

Veris Technologies clientele: crop consultants, 

fertilizer suppliers, growers, research institutions

Indiana

Washington

United Kingdom Louisiana
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Veris Technologies clientele: crop consultants, 

fertilizer suppliers, growers, research institutions

Veris Technologies EC mapping applications: 

site-specific applications of seed, nitrogen, 

lime, nematicides, water.
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+ 24 foreign countries

The discovery of the infrared region 

in 1800 is credited to William F. 

Hershel's famous work, 

"Experiments on the Refrangibility

of the Invisible Rays of the Sun", 

read April 24, 1800 at the Royal 

Society.

Near-infrared spectroscopy is at 

work in various settings—medical, 

pharmaceutical, food and beverage 

production

Near-infrared spectroscopy 

(NIRS)
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(a) stretching vibration (b) bending vibration 

Molecules in soil that are exposed to light 
vibrate due to the force of the electric field.  
This vibration absorbs optical energy so that 
less light is reflected off the soil.  The bonds 
that absorb the most in the near infrared region 
are C-H, N-H and O-H.   

Near-infrared spectroscopy (NIRS)

Near-infrared spectroscopy (NIRS)
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NIRS measurements of soil
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Multi-field studies in

GA, MI, IA, IL, KS, MT
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Veris VIS-NIR Technology 

2006: ‘shank’ model in production

Sapphire window

Veris VIS-NIR Technology 

‘shank’ model
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Veris VIS-NIR Technology 

‘shank’ model

Initial Customers:

USDA-NSTL, Ames IA

Louisiana State University,  Baton Rouge LA

Utah State University, Logan UT

Washington State University, Pullman WA

USDA-NSDL, Auburn AL

University of Kentucky, Lexington KY

Rodale Institute, Emmaus PA (2008)

Also Romania and Denmark research institutions

Veris VIS-NIR Technology 

2008: ‘probe’ model
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20 spectra/second

386 measurements

8 nm resolution

3-4 MB/acre

Veris VIS-NIR Technology 

In-field instrumentation

Veris VIS-NIR Technology 

In-field instrumentation
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C) A system check transform using 

external references compensates 

for any instrument variation due to 

wear.  This ensures that over time 

the instrument will give the same 

readings as it did when it was first 

built.  

A)The first transform is used to 

calibrate the master instrument to the 

Avian reflectance standards. B) Then 

each slave instrument is given a 

master transform, which makes the 

data comparable to data taken on the 

master instrument.

Veris VIS-NIR Technology 

In-field instrumentation

D) An internal dark and reference 

shutter is used to compensate for 

drift in the spectrometer and light 

source. (Automatically every 10 

minutes.)

Reference

Dark

Veris VIS-NIR Technology 

In-field instrumentation
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Principle Components Analysis 

(PCA) compression of data

Clustering (fuzzy c-means 

algorithm) for soil sample 

locations

Partial least squares (PLS) 

regression for calibrating to a 

target soil property

Leave one out cross validation

Veris VIS-NIR Technology 

Data processing and management:

Veris VIS-NIR Technology Results:
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Veris VIS-NIR Technology Results:

Soil variability—an issue for measuring C.
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Soil variability—an issue for measuring C.

Carbon variability 

within 2 ½ acre grids 

(% C).

5-10%  

increase in 

average C 
over  10+ 

years, but…

Confidence 

interval

Objective: account 

for as much of the 

5-10%  increase in 

average C over  

10+ years, as is 

feasible

Year 1

Year 10

The challenge: measuring soil C with 

reduced confidence intervals.
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FIELD 

NAME N

Mean C 

Mg C ha

Expected C 

change 10 years 

(10% increase in 

mean C) Std. dev.

90% conf 

interval

110% of 

mean--

start of 

seq.

90% of 

mean--10 

year seq.

Difference 

based on conf. 

Interval

% of expected 

C increase 

accounted for

Markley 18 25.30 27.83 7.26 2.28 27.58 25.55 -2.03 -80%

25.30 Mg C ha

27.83 Mg C ha

Year 1 Year 10

This field could 

sequester >2 Mg C ha 

(at 10% over 10 years)

The impact of confidence intervals…

CI 2.28 Mg C ha

27.58 Mg C ha

25.55 Mg C ha

Year 1

FIELD 

NAME N

Mean C 

Mg C ha

Expected C 

change 10 years 

(10% increase in 

mean C) Std. dev.

90% conf 

interval

110% of 

mean--

start of 

seq.

90% of 

mean--10 

year seq.

Difference 

based on conf. 

Interval

% of expected 

C increase 

accounted for

Markley 18 25.30 27.83 7.26 2.28 27.58 25.55 -2.03 -80%

Year 10

But based on the 

confidence interval, the 

field couldn’t achieve 

any measurable C. 

The impact of confidence intervals…

(It would take 60 samples 

to break even and 240 to 

collect 50% of the mean 

average increase)
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Can VIS-NIRS carbon ‘survey’ maps 

reduce confidence intervals?

Can VIS-NIRS carbon ‘survey’ maps 

reduce confidence intervals?
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Case study: 6 Kansas Fields

C case study: 6 Kansas Fields

Variability—within triangle, within field, within profile

% of carbon measurable with lab analysis only (without sensors)

% of C measurable if VIS-NIR sensors and lab analysis are used
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Carbon varibiability at 

different spatial scales--

0-15 cm hyd. cores

FIELD NAME

Std dev within 

field (MgC/ha)

Std dev within 10m 

triangle  (MgC/ha)

% of field var. in 

3 m triangles

Drummond 4.57 2.44 53%

Gypsum 8.71 6.07 70%

Kejr 10.18 1.72 17%

Lund CT 2.46 1.64 67%

Lund NT 3.08 2.36 77%

Markley 7.26 3.01 41%

Tarn 5.25 2.29 44%

ALL 6 KS FIELDS 7.82 2.79 36%

C variability found on 6 Kansas Fields

FIELD NAME N

Mean C 

%

Std. 

dev.

90% conf 

interval

110% of 

mean--

start of 

seq.

Expected C 

change 10 years 

(10% increase in 

mean C)

90% of 

mean--10 

year seq.

Difference 

based on conf. 

Interval

% of expected 

C increase 

accounted for

Drummond 15 31.10 4.57 1.59 32.69 34.21 32.62 -0.06 -2%

Gypsum 18 32.62 8.71 2.76 35.38 35.88 33.12 -2.26 -69%

Kejr 24 21.30 10.18 2.74 24.04 23.43 20.69 -3.35 -157%

Lund CT 15 29.55 2.46 0.85 30.40 32.51 31.65 1.25 42%

Lund NT 15 30.96 3.08 1.07 32.03 34.06 32.99 0.96 31%

Markley 18 25.30 7.26 2.28 27.58 27.83 25.55 -2.03 -80%

Tarn 18 27.30 5.25 1.65 28.95 30.03 28.38 -0.57 -21%

All fields 123 27.87 7.82 0.91 28.78 30.66 29.75 0.97 35%

C variability found on 6 Kansas Fields

Confidence intervals and ‘countable carbon’
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Bulk Density 

varibiability at 

different spatial 

scales (0-15 cm 

hyd. cores)

FIELD NAME

Std dev within 

field (g/c³)

Std dev within 10m 

triangle  (g/c³)

% of field var. in 

3 m triangles

Drummond 0.11 0.09 82%

Gypsum 0.11 0.09 82%

Kejr 0.16 0.10 63%

Lund CT 0.06 0.06 100%

Lund NT 0.08 0.08 100%

Markley 0.11 0.10 91%

Tarn 0.13 0.10 77%

Average 6 FIELDS 0.11 0.09 82%

BD variability found on 6 Kansas Fields

Carbon % by depth: NT vs. CT
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C variability found on no-till (NT) and 

conventional tillage (CT) fields
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Veris VIS-NIR results

Veris VIS-NIR results
             % C--NIR SHANK              

Field N R² RPD RMSE SD

Gypsum 12 0.93 2.34 0.14 0.34

Kejr 15 0.85 1.88 0.2 0.38

Drummond 12 0.53 0.88 0.05 0.05

Lund_CT 10 0.92 2.34 0.07 0.15

Lund_NT 10 0.82 1.11 0.11 0.12

Markley 14 0.91 1.69 0.11 0.19

Tarn 12 0.92 1.83 0.08 0.15
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Veris VIS-NIR results

                  % C--NIR PROBE                 BULK DENSITY

Field N R² RPD RMSE SD RPD R² RMSE SD

Drummond 42 0.69 1.81 0.22 0.40 1.11 0.21 0.12 0.14

Kejr 51 0.89 3.06 0.17 0.51 1.28 0.40 0.13 0.17

Lund_CT 33 0.88 2.89 0.08 0.22 2.09 0.76 0.07 0.14

Lund_NT 38 0.77 2.09 0.20 0.42 2.16 0.78 0.08 0.18

Markley 45 0.84 2.52 0.14 0.35 1.95 0.73 0.10 0.19

Tarn 52 0.74 1.97 0.16 0.31 1.59 0.61 0.11 0.17

SD Mg C ha from each stratification method

Field By NIR By field By soil type

Drummond 3.74 4.57 4.57

Gypsum 7.38 8.71 8.74

Kejr 8.84 10.18 6.48

Lund CT 1.80 2.46 2.6

Lund NT 2.45 3.08 3.04

Markley 3.77 7.26 5.82

Tarn 2.95 5.25 5.34

Average 4.42 5.93 5.23

Veris VIS-NIR results
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Veris VIS-NIR results

Stratification Method N

Mean C 

%

Std. 

dev.

90% conf 

interval

110% of 

mean--

start of 

seq.

Expected C 

change 10 years 

(10% increase in 

mean C)

90% of 

mean--10 

year seq.

Difference 

based on conf. 

Interval

% of expected 

C increase 

accounted for

All fields as one 123 27.87 7.82 0.91 28.78 30.66 29.75 0.97 35%

By field 123 27.87 5.93 0.68 28.55 30.66 29.97 1.418 51%

By USDA soil type 123 27.87 5.23 0.60 28.47 30.66 30.05 1.58 57%

By NIR zone (high-low) 123 27.87 4.42 0.51 28.38 30.66 30.15 1.77 63%

Field Leco C

Lund NT 1.305

Lund CT 1.199

All six fields 1.154 1.153

NIR C-field

1.303

1.188

% C--lab

Veris VIS-NIR results
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Veris VIS-NIR results—implications of 

sensor ‘readings’ serving as ‘samples’.

FIELD 

NAME N

Mean C 

Mg C ha

Expected C 

change 10 years 

(10% increase in 

mean C) Std. dev.

90% conf 

interval

110% of 

mean--

start of 

seq.

90% of 

mean--10 

year seq.

Difference 

based on conf. 

Interval

% of expected 

C increase 

accounted for

Markley 18 25.30 27.83 7.26 2.28 27.58 25.55 -2.03 -80%

FIELD 

NAME N

Mean C 

Mg C ha

Expected C 

change 10 years 

(10% increase in 

mean C) Std. dev.

90% conf 

interval

110% of 

mean--

start of 

seq.

90% of 

mean--10 

year seq.

Difference 

based on conf. 

Interval

% of expected 

C increase 

accounted for

Markley 3000 25.30 27.83 7.26 0.18 25.48 27.65 2.18 86%

Future Considerations

More public-sector research needed on C field measurements and 

establishment of standards: (stratification and sensor-samples)

Veris will continue to improve its stratification methods with 

spectral calibrations and libraries.

Nitrous oxide emissions from agriculture—can precise maps of 

soil C and N help develop site-specific prescriptions of nitrate N? 

Under a full-blown offset program, what % of acres will be 

measured?
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Future Considerations

Auditing a % of acres or measuring every acre?

Scenario 1 nets C seller $45/ac over 10 yrs.

Scenario 2 nets C seller $60/ac over 10 yrs.

Consider this hypothetical: if the price per acre of carbon 

offsets is $10/yr, over a 10 yr contract the full payment 

could be as much as $100.  If validation choices are:

1. Auditing X% of acres--$5/ac cost…50% discount of C 

2. Measuring every acre--$20/ac cost…20% discount of C

Also, detailed C-N maps may help reduce NOX emissions; CSP 

and EQIP funds may be available to cover mapping costs.

Summary…

• On-the-go VIS-NIR measurements can be 

collected with commercially available equipment 

• NIR shows potential to improve carbon 

measurements and reduce confidence intervals

• More public sector research needed on 

measurements of C using VIS-NIR
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