\

\

Bernie Engel, Professor and Associate Dean for Agricultural

Research and Graduate Education
Agricultural and Biological Engineering and College of Agriculture, Purdue
University

Email: engelb@purdue.edu

PURDUE

UNIVERSITY




Depa_rtment of
Agricultural and

Biological Engineering

Trends Impacting Modeling

Model improvement
Computational capabilities
Sensors and data

Data science
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Advances In Models

» Better representation of processes
— Additional processes represented
— Interactions of processes
— Span spatial scales
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Computational capabilities

Supercomputers

Parallel computing

Cloud based computing and storage
Edge computing



Large Area Assessment

s NLCD 2011 edition datasets (2001, 2006, 2011, and 2016) across the
nation makes the assessment of urbanization impacts on surface runoff at

the national level feasible.
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Focused on urban land




How has urbanization impacted water quality on a national scale?

Outliers of TN load change
from 2001 to 2016

Distribution of Total Nitrogen (TN) and Total Phosphorus (TP) load
from urban land in U.S. Counties in 2016 (kg/ha)

2016 TN

b
Outliers of TP load change
from 2001 to 2016
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Sensing and Data

loT

Better spatial and temporal resolution data

Flows of data from federal, state and other
sources

Data that modelers have been wishing for
becoming available or on horizon
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loT4Ag Mission

To create and translate to practice Internet of Things (loT) technologies for precision
agriculture and to train and educate a diverse workforce that will address the societal grand

challenge of food, energy, and water security for decades to come.
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« Data flows/Data pipelines
* Machine learning
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6.2 Watershed level optimization results
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Watershed level optimization results.



6.3 Optimized scenarios that attain the watershed management plan goal
HRU level BMPs Subbasin level BMPs

HRU level BMPs GSS WETL
None Il FS+GW B NM+GW — No GSS |:| No WETL
Elrs B NM NM+GW+FS GSS --712% WETL
GW FS+NM 57% WETL
0o 1 2 4 6 8 . 224 67% WETL
Kilometers

Optimized types, quantities, and spatial locations of BMPs that reduce
spring DRP losses by 40% with minimum cost.



[ In Situ Input }

A framework for creation of decision support systems for sustainable
water management

Site Output
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Metadata

Run LTHIA Digitize Surnrﬂ:ir:\.l Peak Runoff | SEDSPEC ' Download

Click on link to Run SWAT LTHIA Run LTHIA
Click on link to Run Midwest Calibrated LTHIA Bun LTHIA,
Click on link to Run LTHIA Model with standard curve numbers Bun LTHIA
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indows Internet Explorer /2 L-THIA Basic Input - Windows Internet Explorer

- |g, http:jicobweb, ecn, purdus, eduj~wakergenfowlsfoutputfig/wdcjy 100895 mainoutput heml j *2 || x ILiveSearch

i-bin-wi-10/lthiaZ _wi_10,html?del=08watershed=wdcjy 100895#st atename=Yisconsindcountyname=5 ey

vnload KML |

File Edit ‘Wew Favorites Tools  Help

$7 4 [ L-THIA Basic Input | | G- - -

L-THIA Basic Input

Home
Documentation
+ Name to identify output: wdcjy10083

i + State : Wisconsin 'l
Detailed Inp ot
Advaneced Input + County : Adams hd
Impexvious .

Input Areain: acres ¥

Eresious LAND TISE\ HYD. SOIL GROUP 1 2

Run LTHIA

Digitize Summary SEDSPEC ‘mpenvic

|SCENARIO 1 |SCENARIO 2
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[Agrcturai [ (A5 40— I
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Click on link to Run SWAT LTHIA Run LTHIA
Click on link to Run Midwest Calibrated LTHIA Run LTHIA
Click on link to Run LTHIA Model with standard curve numbers RBui
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Back to Watershed Delineation
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Overview of Web-based LDC Tool
and STEPL
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Enhancement of Web-based LDC Tool — Result

E-mail:
Select Model Mumber : [0+ Vater Quality Data Check _{ LOADEST Run

Run LOADEST or | RunLOADIN |
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I/ [ OiSc Manure Appic % ¥ - GeoServer: Layer Pre x V| Manure Application % &9 Web-based STEPL x ) gm STEPL WER x Y88 Web-based LDC To. x 1 88 Web-based STEPL  x 1 My Wi
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Define Load type, Interest rate, and Required Pollutant Reduction

Fopulates reduction

Define Load Type:  Sediment v
Interest Rats: 4%

Requred Polhotant Reduction: | 90.74 %%

Set Costs
' Cost Establishment Cost ($ per ac)

AL Cost: Amrnial Msintenance Cost (26 of establishment cost)

“Life: BAP Design Life (vear)

. — | BMP Efficiency (fraction) - 2| Lin?
| 3 | P l B-CIDI & | QF wims b @F [ .
Cropland Contour Farming l 0.485 [ 0.55 I o/l 0405 6 ]|
Cropland Dirversion [ 0.1 [ 0.3 ’ ] 0.35
1 Crardand | Radurad Tillane Swalana | i BER | AR | f | n7e | 72 | 1 | 111

User can run an optimization module to compare
efficiency of BMPS for the specific Ioad target
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Forest Road tree planting . ] l 0 I 1] ns 1 l 10|
Forest Site praparation'hydro mulch/seed/fartilizer ] l 0 I ] 0. 1500 1| | 10
Forest Site preparation’hydro mulch/seedTerilizentransplanis i[ ] [ 0 ’ 0 068 1 [ 10
Forest Site preparation/stesp slope seederitransplant _, 0 |_ 0 I 0l|| os1
Forest Site preparation/straw/cnmp seedferilizertranspland l ] [ 0 ’ 1] 0.es l
Forest Site preparation/strawicnmp/net 1ol ol o] osa]]|l1asss iy D
Forest Site praparabon/straw/net/seedfartikzeriransplant [ ] [ 0 ’ a 083 1 | 10| |
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Zoom to Zip Code or City,State: (Example: 47906 or Pullman, WA)

Start Over |

zoom in and out to select the
area by scroll up and down

A i 1

Critical Source Area (ha): 9 @ Tile drainage depth (m): Tile_not_installed

BIEVERTe Mol Vs GETAN ¥ NASS 2016 L) Fallow B Perennial Grass [ Tree [SUVLIWANS =y @\ (ol (=]
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Zoom to Zip Code or City,State: (Example: 47906 or Pullman,WA)

Start Over

Select the management
scenario(s) you want

~lirls +n etark Arawina

Critical Source Area (ha): 9 iffage depth (m): Tile_not_installed

Draw a field boundary ¥ NASS 2016 & Fallow " Perennial Grass ) Tree BRFULFAZ S @Y 6162
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Wait for couple seconds to 1 minute, you will
have the results and scroll down to see the
results

Critical Source Area (ha): 9 @ Tile drainage depth (m): Tile_not_installed

DIV RERT= o Molo N o=1aA ¥/ NASS 2016 L Fallow [J Perennial Grass ) Tree [E{SIaWANG = @Y ols (=]

Area Weighted Average Annual Values for the field

Scenario Surface runoff (mm) Soil Erosion (ton/ha) Total Nitrogen (kg/ha) Total Phosphorus (kg/ha)
nass2016 194.9 0.17 8.49 0.04

fallow 289.9 0.37 2.05 0.06
peregrass 732 0.02 0.27 0.03

frees 85.0 0.02 0.85 0.03
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What Might the Future Hold"?

Models that learn and adapt to their application area
to improve estimates

Intelligent modeling systems that support local
decision making

Location (field and small watershed) specific
regulatory approaches supported by models and real
time data

Within year, location specific regulatory approaches
supported by models

What do all of these have in common?

— Data science, loT, computational advances 25
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