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Using LIDAR and 137Cs to
measure soil erosion




Great Resources In Minnesota

= Access to LIDAR
and DEMs

= Paired with soil
measurements

How 1s LIDAR Data Used to Protect Water Quality In Minnesota?
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Model develope
University of
Minnesota soil
scientists
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Modeling Soil Eresion with '“Cy
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Executive Summary

In order to develop hindscape-scale extimates of ol eronson m Minnewta's agrceliursd
landscapes, we conducied 3 deoad servey stady of “''Cs i cultvaned flelds and uscultivated grasshud
referencs smes locatiad acrows the southers thind of Misnesos. Bocame the cnly sowrce of 'O i macier

s,

fession and i binds tightly 1o solls, laadscapes were "Tabelod™ with *“Cs dunag aboveground testing of
omchear weapons 0 B¢ 19505 sad 19605, As a result of thes, 'Cs inventones cen serve as an effective
tracer foe woil movemest on decadal timescales. A VCx comvenaon medel was usad 1o determine soil
erosion raes for 107 locetions in culsvated sives. Measured soll erosion s ranged from 49 1 e v
leromon) 10 74 1 ha' w' (deposition). Rased on these measond rates, rogresaon models wore doveloped
with tho goal of broadly prodicting soil erosson rates based on pographes charactenistics. Digital terrain
anridates wete calculated from LiDARderived (Light Detection Asd Rarging) digial elevation models
and then wsed as prodictor torme in regression model dovelopment. Resslting models showed thae (1)
profile curvature, (2) planform cervature, ssd (3) shope stoepacss were sqonilice! smodel serms =
predicting crosion rases for Sdfforent Minsesota Magor Land Resource Arcas (MLEAs). The resslting
regresecn modch were ahke 10 explain 38% uf the variability obscrved in messurad sel croson s
Whes sppliad 10 cultnvated landcapes, the regroaion models crente maps of prodiciod losg-lcrm rates of
ol crosson o deposttion. These maps will be helptul o BWSR personmed, soll consorvationdsts, and
other local goverrenent enit perennel 10 help sdentify which portions of the lindscape would benefit the
most froos porennial Vepetanion conservation practoes. i a2 complementary meaner, these maps may also
be usad % quamtify the soll and waser guality beaefins of Bamnland enrolimest (ndo 2 Conservimion program
{or, comersely, the env | impact of 1l d tand for cul )
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What is it?

Soils

BWSR works with partner agencies to increase the usefulness of current soils data, update soil surveys in
the state, and provide technical support and training to local governments.

Soils data and resources

Minnesota Statutes Chapter 103F Soil Erosion Law: History, Perspectives and Recommendations
This paper is intended to frame questions and comments in relation to Minnesota's present soil erosion
law.

Soil Carbon & Long-term Land Use

Web Soil Survey (Updated crop yields and an index of soil productivity now available on the WEB Sail
Survey. This project is a joint effort of the LISDA Natural Resources Conservation Service, University of
IMinnesota and the Board of Water and Soil Resources. Financial support was provided by the
Minnesota Environment and Matural Resources Trust Fund.)

Minnesota Geospatial Information Office (Soils Information)

Minnesota Geospatial Information Office (Crop Productivity Index)

Minnesota Geospatial Information Office (Crop Equivalent Ratings)
Air Photo Information Page

Model Ordinance for Agricultural Erosion Control (see M.5. 103F.41)
LCCMR Estimators Project: Soil Erosion Maps

= Download County Shapefile:| Choose County ¥ &
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= Raster
Geodatabase

= 3m DEM
= Erosion rates
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What you can use this for

= Precision
conservation:
targeting, prioritizing

= Estimate benefits of

easements and other
grass plantings

= Predict erosion due
to landuse change
(CRP to row crop)
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.
What you can use this for

= Precision
conservation:
targeting, prioritizing

= Estimate benefits of

easements and other
grass plantings

" Predict erosion due
to landuse change
(CRP to row crop)
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Goals of research

1. Measure long-term erosion rates across southern
1/3 of Minnesota

2. Develop empirical models based on digital terrain
attributes

3. Produce maps of long-term erosion
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L \ Areas
= S I B S sampled

.. Soil Sampling Locations and
| Major Land Resource Areas (MLRAS)

l Land Cover MLRA
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137Cs Inventory

= Sample collection in

iIncrements
= 150cm _
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Why is 137Cs important?

= Radioactive isotope is human-made

= Uniform atmospheric deposition

= 137Cs movement is a physical process

= Unique tracer for studying erosion and sedimentation
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Using fallout isotopes

= Use of fallout isotopes is not new
= Combining isotope movement with DEM is new

= Allows for field-scale estimates of erosion and
deposition =

i

gW'
x

EL
B8
g s

Resources

|



137Cs Inventory
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137 Cs distribution with depth

Cs activity (Bqg/kg)
0 5 10 15
5 [ ]

= [ ]
E; 10
~ [ ]
c 15
)
Q. L
o 20
9 25 .
©
(p] 30 ¢

i5e

" Grassland

45 WP Fo

1/30/2015 14

Reference Site -
grassland



137 Cs distribution with depth

Cs activity (Bqg/kg)
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137 Cs distribution with depth

Cs activity (Bqg/kg)
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Landscape data

CTI Values

= Compound
topographic Index
= Quantifies the

position of a site in
the local landscape

Resources



Putting all the pieces together

Predicting Soil Erosion

= Bulk density

= Depth of cultivation

= % reduction in *3/Cs relative to reference

= Time since onset of 13/Cs accumulation S
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Soil erosion rates in Geodatabase
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Geodatabase
availability




Determining field-average
erosion/deposition

Inputs

" Geodatabase raster for your county of interest
= Air photo layer to help identify area of interest
Outputs

= Shapefile of area of interest

= Raster showing the average predicted erosion/deposition
rate for area of interest
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Step 1a

Manually
delineate
area of
interest
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Help
85 e & SWAT Project Setup * Watershed Delineator + HRU Analysis ~
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Step 2

Convert
Graphics to
Feature
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5 rep

RO P SWAT Project Setup ~ Watershed Defineator = HRU Analysis ~ Write Input Tables »
= Dramng'lk(:)ﬁ v A~ 1< 0 xa *~0 «B 1 U A
{ = New Annotation Group... ; 1

Active Annotation Target » B
Overflow Annotation...

Graphic Operatrons »

Order >

Nudge »

Algn > B =
Dstnbute > q....-_.,___,_B

Rotate or Flip >
Convert anhig To Features...

Defons i Properies.. Convert Graphics To Features

Convert point, line, polygon or
text graphics into features in 2
new shapefile or feature class.
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Step 3

Perform
Zonal
Statistics
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#.. Zonal Statistics

Imput raster or featurs zone data
| Converted_Graphics

Zone field
[Marme

Input value raster
| MLRAL05_Extr

Cutput raster
CiWsersbdalzall \Documents WrcGIS \Default gdb\ZonalSt_shp2

Statisbcs type (optional)
MEAM

| Igrore MoData in calculations (optional)



T R Ve Rk s Siiin Caspeocesing " Catocuie Windwe i Output Ra ster

D2E& BB x 0~ & 1547 P EEERO R, +XASE LT Y
RAMQ e F-BxO 2 MNES TRy Oawng- kO - A< O

Editor> » * : . B
A x

B v\gdrs\data\ pub\us_mn_state_dnr\trans_hus
= [0 Hunter Walking Trails
= (&3 H\Soil Erosion 137Cs
= B Converted_Graphacs_2
-
= 1L v\gdes\data\pub\us_mn_state_dar\bdry_cou
[0 Names
= i Boundaries - Full Detail
O
= L HALCCMR\2010 projects' Estimators\Erosion |
= & field_erosion_2

Field Average
erosion (t/ha yr)

Value
' High : 482808 =
Low : $32808 |8 '
5 3 HASoil Erosion 137Cs\EstModelResults_Sept2) w/&*
M Fillmore mm
Value M.
W High: 773101 innesota
” Boardof |
" Water & Soil
Resources

1/30/2015 26



R
Keep in Mind

= Estimates of long-term average erosion
= Doesn’t account for management practices
= Compare row crops to grassland
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We want your feedback

Try it out, let us know what you think

www.bwsr.state.mn.us/soils

Megan.Lennon@state.mn.us
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http://www.bwsr.state.mn.us/soils

