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Our Challenge

10B

people to feed by 2050

4.3 AC

of US farmland lost per
minute per day over last 22
years

1/3

of carbon-rich topsoil lost to
erosion in US Corn Belt

Source: https://agriculture.vermont.gov/sites/agriculture/files/documents/land_use/OnsiteMitigationReport_Final_Compressed.pdf
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Sustainable Agriculture

Water Quality ~ Soil Health Complex, multi-faceted

Exist at multiple scales

Location-specific

Flooding o!he Otter Creek as it enters Lake Champlain following Tropical Storm Irene in 2011. State of Source https //WWWtharmtoplate Com/SIteS/defaUIUflleS/

vermant phato. 2024-01/Farm-to-Plate-Annual-Report-2023-Final.pdf Req u | reS b al an C e

- GHGs and Carbon
co, -

Agronomy

Source: https://aces.illinois.edu/newsl/illinois-leads-most- Source: https://agriculture.vermont.gov/agency-agriculture-
rigorous-agricultural-greenhouse-gas-emissions-study-date food-markets-news/vermont-online-farm-feed-finder-
marketplace-now-online
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What is Stone doing to support sustainable outcomes in agriculture?

Agricultural Policy/Environmental eXtender
Model (APEX)

Farm Phosphorus Reduction Planner (Farm-PREP)

A web-based tool developed by Stone A USDA supported field to small watershed
Environmental to incentivize management that scale model that simulates water, sediment,
improves adoption of conservation practices in nutrient, and pesticide transport from fields, as
Vermont, recently enhanced with additional well as crop growth, biomass, yields,
sustainability-focused metrics. carbon/nutrient cycling.

Farm-PREP runs APEX model simulations Primary drivers are weather, physical

designed to assess the impacts of long-term characteristics of fields, and agronomic
agronomic management at field and farm scales. management.

FARMPREP APER
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Presentation Outline

Background

Tool background, programmatic
implementation

Tool Development

Customization for Vermont Agency of
Agriculture, Food, and Markets, public access,
data entry, assessment framework

Model Development

Multi-objective calibration, evaluation of
management scenarios

Case Study

Field and farm scale results, scenario
comparison in the tool

Take Aways

Implementation of this work, potential
avenues for future development
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Background: Farm-PREP

-9
T gk Missiquoi Bay
J s 24.2% of Total Load

In Vermont, agriculture contributes significant amounts of

phosphorus (P) to our surface water bodies and is the primary =
contaminant of concern in the Lake Champlain Basin (LCB). Sk ot R

St. Albans
2.2% of Total Load

] A Morth East Arm
i T

‘5 2.6% of Tatal Load

Farm-PREP was originally developed to help LCB reach TMDL
goals for phosphorus.

| Malletts Bay
8.9% of Total Load

Collaborators and Funders:
« Vermont Agency of Agriculture, Food, and Markets (VAAFM)
e National Resource Conservation Service

. Burlington Bay
0.7% of Tata! Load

Shelburne Bay

e Lake Champlain Basin Program / New England Interstate Gﬂf Y ¢ o
Water Pollution Control Commission South ke otter Creck
 University of Vermont Extension 9 — ij i v,o3
: i ¢ 2
 University of Vermont Researchers S Sl é ' Land Use Types
- N o L
® N eWt r I e nt - EJ:?.'ello-pe: [Ir'u‘::: i:i:rrliae;kmadbs,
-For\est '
-Str\earnbank
Figure 4: Vermount sources of phosphorus loading to Lake Champlain
-t ke SEPA

kap Tracker 10 10357
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Background: Farm-PREP (2)

Key CO m po ne nts Of th e tool fram eWO rk I F—A—R—NIEF')—R—EP Welcome jstryker | (.:HANGE PASSWORD | ABOUT FARM-PREP | LOGOUT

include:
e CUStom Ized Web-based user Interface All fields must be added before running an assessment. All crop and hay fields managed by

the farm must be added for assessment for VPFP. Field shapefiles can be uploaded or drawn
directly in FarmPREP. Field names must be unique and exactly match the field names of any

— Stre am | i ned data entry data to be imported, i.e. field shapefiles or soil tests.

— User specific T -
— User role-based functionality 9% oy s n
« Secure backend database including g g Q%
thousands of options for agronomic Seind 11 agemes 0 ay

management representative of Sered 34 Vegemes Qs
common practices in Vermont ’

e Dynamic, on-the-fly APEX simulations — ssesmens win

« Multiple types of assessments xemuasmre
(comprised of many APEX e

Alternative Management

S I m u I ati O n S) Assessment Name Assessment Type P Target Reduction Status Action

Alternative

Demo Incomplete Edit Delete
Practices —_—

« Field and farm-level model analysis —

Optimization
Alternative

an d r‘e po rti n g Optimize_|S1 Optimization 35% Complete Results Edit L




Background: Vermont Pay for Performance

For the last 5 years, Farm-PREP has been used in support of the
Vermont Pay for Performance program, goals of which were:

 Reduce phosphorus loss from agricultural fields to meet
phosphorus TMDLs and state water quality goals

Increase farmer buy-in by allowing farmers to decide what practices
to implement on their fields

Produce verifiable, measurable, location-specific outcomes
Incentivize stewardship
Provide sufficient and equitable payments to farms

VAAFM uses Farm-PREP to execute field-specific APEX modeling of
current and baseline management for cropland and pasture fields.

e Predicts relative changes in runoff, erosion, and phosphorus loss

e Calculates payments (performance and stewardship) based on
APEX predictions

e Customized reporting to show what fields contribute to payments or
lack of payments

VPFP

FARMPREP

A FARM P-REDUCTION PLANNER

Figure 1: Percentage of field acreage, percentage of phosphorus loss, and percentage of

payment by current phosphorus loss levels (Ib/ac). Fields with lower phosphorus loss levels represen

lower percentage of total phosphorus loss (Ib) and a higher percentage of payment.

100_ -
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50

B Very Low (<=0.5)
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Tool Development: Farm-PREP Functionality

Data entry:
e Pulls soil and weather data for fields.

« Creates APEX management inputs
from dynamic drop-down options.

« Conservation practice
Implementation options.

e Customized data entry workflows _‘
— Streamlined for public users | Request Access o Soil Health Calulaor \
— Additional requirements for

. Don't have a login? Click here to learn more about Farm-Prep
programmatic use =
- Ve r Ifl C atl O n / r eVI eW Farm-Prep does not support Internet Explorer. To use Farm-

Prep please upgrade your browser to Google Chrome or

— Coordination with other tools in Firefox.
Ve rm O nt (g 0 C ro p y N utri e nt Farm-PREP has been funded wholly or in part by the United States Environmental Protection Agency under assistance agreements LCO0OA00981-0, LCADOADO377,

LCDOAQO394 , and CE982720010 to the New England Interstate Water Pollution Control Commission in partnership with the Lake Champlain Basin Program.

I\/I a n a e m e nt P I a n S e tC ) Althoug information in this application has been funded in part by the United States Environmental Protection agency, it has not undergone the Agency's
g y . U s and therefore, may not necessarily reflect the views of the Agency and no official endorsement should be inferred. The viewpoints
exp essarily represent those of NEIWPCC, the LCBP Steering Committee, or EPA, nor does mention of trade names, commercial products,
ndorsement or recommendation for use.

- orc
- U p I O ad S fo r far m S W I t h I arg e Farm-PREP is also supported by the U.S. Department of Agriculture, under Regional Conservation Partnership Program Supplemental Agreements numbers 2145

and NR2016448X000(G001.

n u I I I b e rS Of fl e I d S Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and do not necessarily reflect the views of the

U.S. Department of Agriculture. In addition, any reference to specific brands or types of products or services does not constitute or imply an endorsement by the
ep AgTi products or services.
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Tool Development: Farm-PREP Assessments

Planned/Actual Assessments Practice Assessments Optimization Assessments

Assess user specified (current) Tool creates alternative Tool creates and tests various
management against a spatially practice-based management for configurations of practices on
explicit baseline management all included fields included fields to meet user
specified farm-scale reduction
Baseline representative of Baseline is current of phosphorus
TMDL modeling management
_ _ Baseline is no practice scenario
Used to calculate performance- Shows users predicted impact
based and stewardship of practices on all included Shows users first 10
payments fields (where applicable) management configurations
that achieve desired reduction
Pay for Performance users All users (within 5% threshold)

User can prioritize or exclude
practices

All users
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Model Development: How do we ‘calibrate’ the tool?

APEX, as with many process-based models, has many inputs and requires calibration/validation.

Two categories of inputs into APEX when we run from Farm-PREP:
» Site-specific
— in Farm-PREP these are acquired from publicly available datasets (e.g., SSURGO, NOAA land station
weather time series) and user inputs
— these contribute to expected variability across fields
* ‘Global’ parameters
— these apply to all fields simulated in the tool
— dictate which algorithms are used to estimate certain processes
and coefficients/parameter values for certain equations.

Source: Stone Environmental, Inc.

Global parameter set requires calibration/validation
to observed data.
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Model Development: Multi-Objective Calibration, Observed Data

Number ofdata .. Data used for model evaluation:

Data Type points (mostly : _ - _ _
reflects data-years) ©' SIt€S * Site specific comparisons (outputs in table, management

Runoff 34 9 known, location or physical characteristics known)
Erosion 32 8

Soluble Phosphorus Loss 30 7

Sediment Phosphorus Loss 25 6

Total Phosphorus Loss 29 8

Soluble Nitrogen Loss 22 5

Sediment Nitrogen Loss 22 5

Total Nitrogen Loss 25 6

Tile Drain Flow 24 8

Tile Drain Phosphorus 14 7

Tile Drain Nitrogen 14 7

Crop Yield 51 7

Net Ecosystem Production 4 4

Carbon Dioxide 18 8

Nitrous Oxide 22 12

Carbon Stocks 6 6

Soil Nitrogen 6 6

Soil Respiration 52 8

Soil Organic Carbon 52 8

Total 482 32
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Model Development: Multi-Objective Calibration, Observed Data (2)

Data used for model evaluation;

 Site specific comparisons (outputs Iin table, management
known, location or physical characteristics known)

:—erlcl « Larger standardized datasets to compare to lots of
»Awailzble water capacity hypothetical model runs

*Aggregate stability

Biological Ch:eemlcal
»Organic matter *50il r:arbmn
*ACE soil protein index 'Extract‘;irzlpiisphnms

*50il respiration
+ Active carbon
*Metabolic diversity
*Metabolic vigor

=Extractable potassium
#Minor elements

*Particulate and mineral
associated carbon fractions

Figure 2. Physical, Chemical and Biological indicators of soil health measured by the 2021 State of Soil
Health initiative.

Source: The State of Soil Health in Vermont: Summary statistics from Vermont Agriculture in 2021 (White et al.,
2022).

0 125 25 50 Kilometers

N

A

MNLCD Land Use

+ Deciduous Forest
+ Ewvergresn Forest
+  Mixed Forest
*  Grassland/Herbaceous
*  Pasture/Hay
Cultivated Crops
I:l State Boundary




Model Development: Multi-Objective Calibration, Observed Data (2)

Data used for model evaluation;

 Site specific comparisons (outputs Iin table, management
known, location or physical characteristics known)

COMET « Larger standardized datasets to compare to lots of
el hypothetical model runs
= e oo @) S » Comparison to other models

DND
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Model Development: Multi-Objective Calibration, Observed Data (2)

Adoption of agricultural conservation practices
in the United States: Evidence from 35 years of
quantitative literature

L.S. Prokopy, K. Floress, J.G. Arbuckle, S.P. Church, F.R. Eanes, Y. Gao, B.M.
Gramig, P. Ranjan & A.S. Singh

Impact of Agricultural Practices on Soil
Health

Chapter | First Online: 27 May 2020

Conservation Agriculture as a Sustainable System for Soil
Health: A Review

Belén Carceles Rodriguez', Victor Hugo Durdan-Zuazo"', Miguel Soriano Rodriguez?, lvan F. Garcia-Tejero®,

Baltasar Gélvez Ruiz' and Simén Cuadros Tavira®

USDA
sl

United States

il Growing Carbon and
Reducing Greenhouse

Gas Emissions
Opportunities for Agricultural Stewardship

August 2005

ONRCS

Data used for model evaluation;

 Site specific comparisons (outputs Iin table, management
known, location or physical characteristics known)

« Larger standardized datasets to compare to lots of
hypothetical model runs

e Comparison to other models

« Evaluation of known/established trends from literature

Conservation Agriculture for Sustainable Soil Health
Management: A Review of Impacts, Benefits and Future

Directions

Fatihu Kabir Sadig"?”, Ojone Anyebe?, Fatima Tanko®, Aisha Abdulkadir?, Bonface O. Manono®,

Tiroyaone Albertinah Matsika5, Fahad Abubakar® and Suleiman Kehinde Bello?

Greenhouse gas emissions under conservation agriculture:
a synthesis of field observations on integrating
conservation tillage and cover crops

Sandhya Karki &, Rattan Lal & Klaus Lorenz
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Model Development: Batch Simulations, Comparison to Observed Results

Soil organic matter (SOM): Primary . Soil Organic Matter (%) - 30 cm

driver of carbon storage and impacts ' q

the physical, biological, and chemical | " I .

properties of soll. 9 : I

7.51

The range of values for SOM is similar g I 'R

between modeled and measured g E_ *

datasets, with model results bracketing = s : *

the observed. € 0 .

5 ﬁ :

APEX predicted SOM is lower than . :

SSHVT measured SOM while

predicted OM is generally a bit higher

that VLTHS measured OM, largely due

to simulated management. Source r_E" E E 2 3 2 % § %
- APEX Cropland E“ a g“‘ % } E‘ %‘ %
B APEX Pasture s S 2 2
- OBSERVED SSHVT (Cropland) E ﬁ
— OBSERVED VLTHS (Pasture) Soil Texture @
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Model Development: Batch Simulations, Comparison to Observed Results (2)

Available Water Capacity

Available water capacity
(AWC): related to porosity and
represents the amount of
water stored in the soll that is
available for plant uptake.

0.4

Calculated with APEX as the
difference between field
capacity and wilting point

Available Water Capacity
= =
* &
T »
. ¢
L
- L L]
——-
.
|
L]

dynamic). 0
(dy ) ! | !
) ’
. 0.1 . 9 0

There is strong agreement . . «lo .

between modeled and = = = = - 5 = = = = =

measured AWC in both Source s § § § @ § § § § 3 8§

- > N > c > > = = >

cropland and pasture soill. - 3 : & a 3 = = a
B APEX Pasture = S ':é" 2 =
- OBSERVED SSHVT (Cropland) e ?
E| OBSERVED VLTHS (Pasture) Soil Texture
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Model Development: Batch Simulations, Management Trends

Soil Organic Carbon/Matter — 15 cm

All practice scenarios except low nutrients result in higher modeled annual average percent soil organic carbon.
This is consistent with research that has demonstrated that cover crops increase SOC and that long-term no till
systems increase SOM.

: !
] !
; .
_ 1507 ! '
o
£ s l
®©
O
L
G
100
> : :
O t . i
E ) :
s, : : -
: :
£ 50
2 l
et
| =
©
et * ‘ ‘
o ——]
o *
O_
! % !
*
Cover Crop High Nutrients ~ Low Nutrients  Manure Injection Mulch No Till No Till Injection Reduced Till
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Model Development: Batch Simulations, Management Trends (2)

Respiration

No-till and reduced tillage
systems generally increase soil . $

moisture and surface residue, i .
both of which lower soil
temperatures. These factors
reduce aeration, slow microbial
decomposition, and therefore
soil respiration.

[y
—
1

* * 8 &
L 2
&*

Other practices that increase
available nutrients like mulching
and high nutrient inputs also
represent additional carbon
inputs, favoring plant root
growth by providing additional C  -0;
and N, and increasing

respiration.

FPercent Change in Respiration
*
L ]
*

» ¥

Mulch 1
No Till A

Cover Crop 1
Reduced Till -

Low Nutrients A + 8 naEm m *
L ]
[

High Nutrients 1
Manure Injection 1
No Till Injection 1
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Model Development: Batch Simulations, Management Trends (3)

Sediment-driven phosphorous loss declines with cover cropping, lower nutrient inputs, mulching, and
reduced tillage due to reduced erosion and lower near surface soil phosphorus concentrations.

100

Percent Change in Phosphorous in Erosion

-100 -

Cover Crop High Nutrients  Low Nutrients Manure Injection Mulch No Till No Till Injection Reduced Till
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Model Development: Greenhouse Gas Comparison, Preliminary

| | Comparing COMET-Farm and DNDC to APEX
results for outputs and scenarios we can
. harmonize, predictions generally show decent
agreement.
Name
8 APEX
© E- DNDC
5000
g 5 5 e : € E e : Name
© =) E % % 2 § | . : . . . || £ APEX
- E - g == =1 == : % F3 cOMET-Farm
Management Scenario '5 B [ = | . [ [ .
g = e
Are predicted values from different models similar? =
Do different models respond similarly to simulated 5 5 2 3 & & 3
management? A = F
§ =

Management Scenario

STONE ENVIRONMENTAL



Modeling Results: Sustainability Metrics

Soil Health Crop Metrics
e Bulk density e Crop nitrogen stress L
Reporting is f n

e Soil organic matter e Crop phosphorus stress €po | g is focused o
e Respiration * Yields annua average (or
 Active carbon  Total nitrogen applied average growing season)
e Peak soluble P in soil  Total phosphorus applied V_alueS over 30-year
e Plant available water capacity simulation.
Greenhous Gases Surface Losses organic matter and
* CO, Flux * Precipitation change in bulk density
e N.O Flux e Runoff from start to end of

2 . .
e Gross GHG Emissions e Erosion simulations.
e (Carbon Sequestered in Soil * Nitrogen surface losses
e Soil Carbon Stocks  Phosphorus surface losses

Can report on inter-

e Nitrogen volatilization C
annual variability.
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Modeling Results: Farm-PREP Example Assessments

Field List «& Upload Fields

All fields must be added before running an assessment. All crop and hay fields managed by the farm must
be added for assessment for VPFP. Field shapefiles can be uploaded or drawn directly in FarmPREP. Field
names must be unique and exactly match the field names of any data to be imported, i.e. field shapefiles

or soil tests.

Field> Acres Soil Name  Hydro Group Slope Proximate to Water

Apartment ;3 Farmington D 25 Qi "
Pasture ’ % ’ -

Back 0.6 Vergennes D 5.1 Q o @' pal

Corner et o,
Back 2
13 Vergennes D 4.3 W ]
Paddocks g Qi 2
Behind ren g
1.1 Vergennes D 47 Q ) @‘ t
Pond = s
r=n i
BigField 34  Vergennes D 3.2 QW 2
4 Emm——— )
Assessments  Hint
Create new assessment: , ‘
Alternative Management
A 1t Name A nent Type P Target Reduction Status Action
Demo Alternative Practices Ready Edit Delete
Demo Opt Alte_r nat.we 50% Incomplete Edit Delete
Optimization DL A DT
. Alternative ’ ;
Optimize_|S1 35% Complete Results Edit Delete
pumize.} Optimization omp R (Ueeie
Practice_J51 Alternative Practices Complete Results Edit Delete

4-—__

r——

Welcome jstryker | CHANGE PASSWORD | ABOUT FARM-PREP | LOGOUT
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Take-aways: Our goal

Increased adoption of agricultural management practices
that enhance and/or maintain healthy solls, reduce
greenhouse gas emissions and sequester carbon,
reduce nutrient and pesticide losses, and meet the
agronomic needs of farmers through customized
scenario analysis.

Source: Drilled cover crops in Waterford VT
(https://vermontbiz.com/news/2023/january/05/vermont-pay-performance-
program-application-now-open-farms).

e
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Take aways: Where are we?

We established a robust global APEX calibration for modeling multiple processes and output metrics on
agricultural fields VT

Trends in environmental responses to management practice changes align with our expected behavior across a
broad range of metrics

Tillage and nutrient inputs are a primary driver across most metrics, but land use and other practices/factors also
have an impact

Our updated APEX modeling approach and calibration are implemented in Farm-PREP, providing a more holistic
guantification of the environmental benefits to changes in farm management

e = i

Source: https://cedarcirclefarm.org/tips/entry/no-

STONE ENVIRONMENTAL


https://cedarcirclefarm.org/tips/entry/no-till-agriculture
https://cedarcirclefarm.org/tips/entry/no-till-agriculture
https://cedarcirclefarm.org/tips/entry/no-till-agriculture
https://cedarcirclefarm.org/tips/entry/no-till-agriculture
https://cedarcirclefarm.org/tips/entry/no-till-agriculture

Take aways: Future work and opportunities

Continue to work with Vermont Agency of Agriculture on Pay for Performance 2.0
* Improve comparison tool for even better communication of outcomes and decision support
« Additional outreach and training

« Continue to evaluate APEX modeling for greenhouse gases and working lands (e.g. forest)

Alternative baselines (relative field vulnerability, or other)
Build climate change scenarios into the tool

Customization and additions ... for pesticides, national scale, user workflows, ‘talking’ to other tools, ...

VPFP
_ PREF [l FARMPREP

A FARM P-REDUCTION PLAMMER
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Questions?

For more information contact:;

Jody Stryker: [stryker@stone-env.com



mailto:jkiesel@stone-env.com
mailto:jkiesel@stone-env.com
mailto:jkiesel@stone-env.com
mailto:jkiesel@stone-env.com
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