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Lake Champlain
Basin

~ 5.3 million acres

Can we grow deep-
topsoil, water-secure
catchmentsin a
decade?

Lake Champlain Watershed

1992 Land Cover Characteristics |}

| I Forest: 67.8%
{| | Cropland/Pasture: 18.4%
o I Water: 10.9%
| I Urban: 2.5%
/| I Transitional: 0.3%

I Barren: 0.2%
[ I Shrubland: 0.1%

Elevation Derivatives for
National Applications
Watershed Footprints




Regenerative farmers and ranchers have learned how to grow new topsoil
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Multiply farm-scale solutions to achieve water security

Increased biodiversity, soil health and solar
harvest

9
More landscape work Working Watersheds.
N Avoided Costs. Stronger

economies.

More, regular, cleaner water




Scaling a 16X increase in infiltration

= Brown’s Ranch: 5,400 acres in Bismarck, North Dakota:

= 265% increase in organic matterin 13 years
= 16-fold increase in water infiltration: ¥2”/hour to 8”/hour
= 13.6"” of rain in 22 hours: zero erosion, little runoff

= Current home farm inputs: Zero fertilizer and herbicide
use

= 127 bushel corn yield compared to 100 bushel county
average



The Soil Aggregate is Primary Infrastructure

Soil Macroaggregates: formed by a healthy soil
(Large Aggregates: > 2 - 5 mm dia.)

P 53 Coarse Sand: 1.0 - 0.5 mm
™ ® Med. Sand: 0.5 - 0.25 mm
Fine Sand: 0.25 - 0.10 mm

L>a  Silt: 0.05 - 0.002 mm
- Clay: < 0.002 mm

Soil Microaggregates: consisting of silt, clay,

humus, iron & aluminum oxides, lime (i.e.,
depending on soil pH), precipitated
minerals (e.g. calcium phosphate).
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Grow Topsoil to Grow Clean, Available Water

= "Every era has been shaped by its response to the great water challenge of its time....those societies
that find the most innovative responses to the crisis are most likely to come out as winners."

-- Steven Solomon, Water - The Epic Struggle for Wealth, Power and Civilization



Healthy topsoil and plants yield

clean water, groundwater recharge, improved base flow, flooding
regulation, drought requlation, avoided damage to infrastructure,
etc.

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
PEASONAL SAFETY
Provisioning SECURE RESOURCE ACCESS

FOOD SECURITY FROM DISASTERS

FRESH WATER

WOOD AND FIBER

FUEL

: Baslc material
for good life Freedom
= ADEQUATE LIVELIHOCDS of choice
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WATER PURIFICATION - H l h VALUES DOING
ealth AND BEING
STRENGTH
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Cultural ACCESS TO CLEAN AR

AESTHETIC AND WATER
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RECREATIONAL Good social relations
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Infiltrate, Hold, Purify, Slowly Release




Two Perspectives, Two Futures

Topsoil is non-renewable

Conserve what’s left.
Continually solve the
problems that are
symptoms of degraded soil.

Topsoil is renewable

v

Grow new topsoil in our
watersheds. Pay soil-
growers for outcomes.
Monitor to complete the
feedback loop. Be
creative. Cooperate. Get
to work.
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Deep-rooted
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Clean, Regulated Water as A Crop

* Forbes: The $8 e —

asll asslshm—

Billion Bargain: rials
How Watershed Upstream commnjnlty!.“k

Stewards and p ld BES— Balances upstream and

Payments Save of waterhsedfilihce i
Cities, Support |
Farms And
Combat Climate
Change

Watershed senim
e.g., water purification,
flood risk mitigation,

aquifer recharge,
erosion minimization

Image: Forbes Magazine



Deep Topsoil Watershed Needs

Soil Macroaggregates: formed by a healhy soi Zgidh x P B2 """‘Q} A ‘ |
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. @ Med. Sand: 05 -0.25 mm B : A

® fine Sand: 025010 mm for the future we want for

Soil Microaqgar: : < 0.25 mm dia =3 Silt: 0.05 - 0.002 mm
. - Clay: <0.002 mm
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Soil Microaqgregates: consisting of silt, clay,

humus, iron & aluminum oxides, lime (i.e.,
depending on soil pH), precipitated
minerals (e.g. calcium phosphate).
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Infiltration.

VOLIARTRIC WATER CONTENT OF S0 B LAYER
Turadoy, Ady 05, 2905 100 AM




LandStream Monitoring

Producer Feedback for Accelerated Regeneration and Watershed Benefit Quantification

Soll MycoNet SkyView
Information Networked
System

(SIS)

Aerial Sensing

Sensors




LandStream Models Enable Understanding of Field, Farm and Catchment

Quantify landscape function from field to farm to catchment wholes
Streaming, real-time management € —2>landscape feedback
Models obey laws of conservation of energy and mass and are bounded by sensor measurements
Trustworthy basis for accelerated regeneration and watershed economics

Precipitation

Radiation

TSl Interception
Transport _
Photosynthesis

Infiltration

Drainage

A 4

Critical Zone €<= Groundwater€< > Streamflow




From Dozens of Measurements to Understandable, Actionable
Landscape Feedback and Benefit Quantification

Solar (in & reflected)
PAR (in & reflected) rea Index Energy Budget

} _
IPAR (veg) Solar Reflected: s,al

NDVI “‘\\ Net Radiation

PRI
IR Thermometer

Soil Heating: 1.7
Air Heating: 5.1 I

Radiation

=111 Soil Heat

Sensible Heat Solar In: 30.0 Transpiration: 8.3

[ Air Temperature |
[ Humidity |- |
| Wind | ll
|
|

Soil Evaporation: 1.5
Photosynthesis: 1.0

Budget: 59.5

)|

Precipitation |Evap0transpiration |

|
\
|
|
|
|

Weather

Thermal Emitted Out: 36.1

Air Pressure Soil Evaporation Sky Thermal In: 29.5

Manual LAI |
Vegetation Height 1
il || Transpiration |
Type
Residue | — — Water Budget
Precipitation I

Veg Interception

Vegetation

Infiltrometer

Sand,/Clay/Silt Runoff I
[ Soil Organic Matter Transpiration: 17.0"
Soil Depth

Bulk Density

Drainage/Recharge |

Measurements

|

Temperature | Precipitation: 35.0" Budget: 35.0"

Water Content | Soil Evaporation: 5.6"
|
|

Soil

| Water Conductivity S Vegetation Interception: 2.1" |

Soil Surface CO2 S
Suction Lysimeter Assimilation I

Runoff To Stream: 7.8"

| Soil Surface Roughness I

| Microbial Biomass Soil Carbon — Carbon Drainage To Gnd Water To Base Flow: 2.5"

Stream Bed Slope Soil Surface CO2 |
Stream Bed Profile

Water Depth ]
Manning’s Coefficient
pH

Dissolved Oxygen Stream Flow I Nutrient Budget
Temperature

Oxi-Red Potential .

Nutrient Concentration Aquifer
Electrical Conductivity Transmissivity
Turbidity
| Ground Water Level

Stream/Ground water
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Advanced Soil Monitoring

Accurate, Precise Mapping of All Soil Properties to 4’ +

e The Soil Information System

e Track change in the fundamental resource

e Improve management

e Quantify environmental services benefits

e Enable quality modeling of whole-watershed function




WatchTowers
Monitor Weather, Energy and Water Flux and Soil Moisture

Investigate and scale energy flow, plant growth and water cycling from representative locations.

Solar Reflected: 5.8 I
Soil Heating: 1.7
Air Heating: 5.1 I B

Solar In: 30.0 Transpiration: 8.3

Soil Evaporation: 1.5
Photosynthesis: 1.0

Budget: 59.5

Thermal Emitted Out: 36.1
Sky Thermal In: 29.5




SkyView Scaling Quantifies:
Photosynthesis, Energy Flow, Biomass Production, Evapotranspiration




Infiltration
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Locations of measurements determined by
Soil Information System



LandStream Stations
Stream Flow and Water Quality

Groundwater Level Monitoring

Stream Stations

Non-contact level
sensors

Water-level with stream
cross-sections yields flow
Storm water samplers
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Groundwater Monitoring Wells




5-Ranch Catchment Pilots

Deep insight on leading farms and ranches to seed and scale accelerated regeneration.

Instrument, support and network leadership ranches. Connect them with each other and the
public. Provide:

= Management decision-support and landscape feedback to land managers

= Practical demonstration of the timing and economics of growing deep-soil water security at
ranch and catchment scales

= Shared monitoring data and modeling to inspire and teach

= Quantification of farm/ranch contribution to whole-catchment function

= Scalable lessons within the catchment and to other catchments




What will you do in your place to grow a deep
topsoil watershed?
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